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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 markt~t 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 ground·water 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 efficien•cy 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 hurr..an 
health and the environment. 

For the rest of this century, agricultural producers and policymakers v.rill 
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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of alternative systems that can help farmers and policymakers achieve these 
goals. 

Chnpter 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 nne dee farm are presented. The case studies provide in
sights into the uperation 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. 

}OHN PESEK 
Chainnan 
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Executive Summary 

I N THE 19305, CROP YIELDS in the United States, England, India, and Argen
tina were essentially the same. Since that tirae, researchers, scientists, 

and a host of federal policies have helped U.S. farmers dramatically increase 
yields 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 fertilizt~rs 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 hallmark of an 
alternative farmin~ 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 

3 



4 ALTERNATIVE AGRICULTURE 

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, o;ganic, 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
duc~ 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 emphz.size disease prevention through 

health maintenance, thereby !'educing 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 pesticicles, 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 physkal 
conditions of the farm and region. For example, it is relatively easy for com 
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 committee 

• 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' ch0ices o: agricultural practices. As a 
whole, federal policies work against environmentally benign practices and 
the adoption of alternative agricultural systems, particularly those involving 
crop rotations, 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 practkes, 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 wtations, 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 com, 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 little 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 also continue to overcome 
inbred genetic re<>istance 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.S. crops and livestock species (most notably dairy cattle 
and poultry) increases the potential for sudden widesprearl economic losses 
from disease. 

Evaluating Alternative Farming Methods and Systems 

A review of the literature led the committee to conduct a set of case 
studies to furth\?r 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 understood. 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 mNe 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 become 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 econom~ and the environment. With ap
propriate changes in farn1 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, ecolog~cal, and economic conditions and on farms pro
ducing a variety of crops and livestock. Further, a <;mall 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 yields 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. 

Altemaiive farming practices are not a well-defined set of practices or 
nzanagenzent techniques. Rather, tlzey 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 g~ains 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 pf'r 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 management and housing systems commonly used in 
intensive production. 

Alternative farming practices typicdly 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, 
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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 Polley 

Many federal policies discourage adoption of alternative practices and 
systems by economically penalizing those who adopt rotations, apply 
certain soil consen1ation 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 io maximize present and future program benefits, 
sometimes at the expense of environmental quality. 

Commodity program rules have an enormous influence 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 
hi" 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 com 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 ba~e 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, com 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 
economiL 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 identWC?d 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 produc
tion of crops in regions poorly suited to a particuldr 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 efficient 
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 poliClJ 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 stamf.ards 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 to 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 or 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 biote.:hnology, to develop agricultural 
products and technologies. This is largely due to declining support for 
applied research and ~xtension 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 funditzg. 

15 

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 farming 
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 practict!S and dealing \Vith 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 iunding, 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-famz consequences. 



16 ALTERNATIVE AGRICULTURE 

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 
rate~ 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 ~~lese areas, genetic research could greatly reduce pesticide use, 
incr~ase 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 irlfluence agriculture, the committee 
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 lags 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 Polley 

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 
altemative practices. These practices inclZ<de 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 
tlzat 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 ciiversified 
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 poUcies 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 pmctices and structures installed witll govemment technical or 
financitrl assistance must be enforced. 

Adjustmen~s in regional cropping patterns must be facilitated wllen 
such changes are necessary in order to make progress toward profitable 
and environmentally sustainable production systems. 

Regulatory Change 
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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 recomme:1dations 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 
difference 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. Furthermore, these standards 
discourage alternative pest control practices that may not be as effective in 
meeting their rigid criteria. 

Research and Devt~lopment 

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 comm'::?rcial 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:..Hsh at least six research and demonstration farm sites in each of the 
four Cooperative State Research Service (CSRS) administrative regions. 
Within each region, grants from between $100,000 and $1 million would 
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 foundations. 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 altemative farming research. The USDA should distribute the 
monf?IJ through its competitive grants program to scientists from uni
versities, private research institutions, foundations, and industry. 
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A new competitive grants program is essential to accelerate work in sup
port of alternative agriculture. New funding ehould give pr1lority 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 focusjng 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
Gease 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 nutri~nts 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 genetk 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 demonstrate 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 manJgement 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 jarmers make more in,formed choices. 

Research should be undertaken to predict the long-term impacts of 
various levels of adoption (If alternative jarmirzg practices on the total 
production and prices of various agricultural commoditie~; 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 e.cpanded on consumer attitudes toward paying 
slightlu higher prices fvr ;;,ods with lower or no pesticide residues, even 
thougn such foods may not meet contemporary stm·dards for appearance. 

THE FUTURE OF ALTERNATIVE FARMING 
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Current scientifk, tech!1.ological, 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 intensiv€ 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 adoptioP of alternative practices 
must be reformed. Information about alternative practices and new policies 
to 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. 
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Agriculture and the Economy 

0 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 possible. 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 manv other countries. 

The historica( pattern is clear: today' s alternatives are tomorrow's conven
tions. The committee 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 
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production capacity, environmental considerations, and increased foreign 
competition .. .1\J.though there has been some improvemP:.tt 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 
producet: 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.S. 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 marke!s, 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 defidts 
(figure 1-4}. 

From 1981 to 1986, many factors contributed to a decline in agricultural 
exports. Tite loan rates in the federal commodity programs (the price that 
the government guarantees farmers) were rigidly set well above interna
tional market p:rices. 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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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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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 1-9 Distribution of food and fiber system employment in the national economy. 
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, U.C. 

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 personal 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 Hems (U.S. Department of Agriculture, 1986g) (Figure 1-11). 

A decreasing amount of the total spent en 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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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 
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 1-14 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 fedP.ral 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, 198-">. 
SOURCE: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm Sector: Costs 
of Production, 1986. ECIFS 6-1. Washington, D.C. 



AGRICULTURE AND THE ECONOMY 

90 

80 

70 

60 

50 
t-z 
w 
(_) 
a: 
w a.. 

40 

30 

20 
........ . . . . . . . .. . . . . . . . . 

. .. . . . . . . . ...... . .. .. . . . . . . . '. . ........ . 

!(/! //! i//: ::::::::: ):/ :J/ 
:-:-:-:-: :-:-:-:-: 

D Fuel 

D Seed 

till Pesticides and fertilizers 

·········} ............................ i 
a~~~~~~~~~~~--~~~~~~~~~~~ 

r:: r:: E CJ) II) 

m r:: r:: E Q.l II) m .... 0 (.) r:: ... 0 (..l r:: 0 = :::1 a: co 0 = :::1 a: m (_) 0. .r:: CJ) .r:: (_) 0 .c .r:: 
(_) 

C) .c !: (_) 
C) .0 ~ ... ... 

0 >- 0 ~ en 0 en 
c: (J) 

r:: (/) 
·a; ·~ ... 
(.!) (.!) 

VARIABLE COSTS VARIABLE AND 
FIXED COSTS 

39 

I 



40 ALTERNATIVE AGRICULTURE 

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 million 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 ni~rogen 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 to $6.4 billion in 1985 (US. 
Department of Agriculture, 1987b). 

Anhydrous ammonia is often applied as a 
source of nitrogen. The material is stored in 
liquid form in pressurized tanks. It is usually 
released into the soil in 6- to 8-inch deep 
trenches formed by chisel-type blades. The 
ammonia reacts with soi! moisture to form 

the ammonium ion, which is held on the 
mineral and organic exchange complex. The 
blades have been retracted from the soil to 
demonstrate the release of ammonia. 
Credit: Soil Conservation Service. U.S. Depart
ment of Agriculture. 
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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 frtcilitate the substi
tution of capital for relatively more expensive in?uts sttch 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 Oohnson 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 m 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 
..;sed 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); Jo!1n 
Colwell 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~ reiatively 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 
com 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
mPnt of Agriculture, 1970, 1986c; 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 com, 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, 1986c) (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, 1986c). 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. 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. IOS-2. Economic Reseat:ch Service. Washington, D.C.; U.S. Department of 
Agriculture. 1984. Inputs-Outlook and Situation Report. IOS-6. Economic Research Service. 
Washington, D.C.; U.S. Department of Agriculture. 1987. Agricultural Resources-Inputs
Situation and Outlook Report. AR-5. E..:onomic 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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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, mo-.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 insedicides, 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 
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FIGURE 1-21 Herbicide use estimc.tes on corn, cotton, soybeans, and wheat. SOURCEs: U.S. 
Department of Agriculture. 1974. Farmers' Use of Pesticides in 1971. Agricultural Economic 
Report "Jo. 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. IOS-2. Economic Research Service. Washington, D.C.; U.S. 
Department of Agriculture. 1984. Inputs-Outlook and Situation Report. IOS-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 
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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 antibiotics 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
poration 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 cattk, 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.S. 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 one 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 vrill increase animal performance (Curtis, 1983). The 
routine use of feed ar.timicrobials in confined animal units is a common 
practice in most regim ts. 

Concerns that feedi .-1g animals subtherapeutic doses of antibiotics could 
lead to antibiotic-resbtant 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. Finai action remains delayed pending the results and analysis of 
additional research requested by the Congress (Hays et al., 1986). Results 
to date show that 1cood animals appear to be the largest single source of 
resistant salmonell; te, although documented incidence of the development 
of resistant strains and their transmission to humans is rare. In the interim, 
subtherapeutic fef·ding of antibiotics has increased (see Figure 1-23). In 
Europe and }a pal"', 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 d1 ug use to the discretion of veterinarians have met with 
opposition from · ivestock producers and drug manufacturers. 

Irrigation 

Agriculture aec :ounts for 85 percent of all consumptive use of water, which 
is use that makes water unavailable for immediate reuse because of evapo
ration, transpir 1tion, incorporation into crops or animals, or return to 
groundwater or surface water sources. Ninety-four percent of agricultural 
water is used fo1 · irrigation, 2 percent fer domestic use, and about 4 percent 
for livestock. Ot 1 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 bilHo,n gallons per day (U.S. Department of Agriculture, 1987a). 
From 1950 to 191,78, 25 million additional acres came under irrigation (U.S. 
Department of Agriculture, 1986b) (Figure 1-24). Total irrigated acreage 
peaked at slightl)',· 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 \he composition has changed slightly; irrigated acreage in 
the West has dec\ined, while irrigated acreage in the East has increased. 
Ninety-four percei\t of all irrigated acres are in 17 western and 3 southeast
~r~ st~tes. Tot~ irr\~ation water wi~hdra_wals ~the ~mount of water used for 
rrngahon) declmed .n 1985 for the frrst ttme smce 1950 (U.S. Department of 
Agriculture, 1987a). \ 

Irrigation in some a\_eas 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 Re!'ources-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 wei! 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" Irrigated Yields~> 

Crop (per acre) (per acre) 

Corn for grain 106.0 137.0 
(bushels) 

Wheat 32.0 69.0 
(bushels) 

Sorghum for grain 54.0 93.0 
(bushels) 

Barley 48.0 81.0 
(bushels) 

Cotton 0.9 1.7 
(bales) 

Soybeans 31.0 36.0 
(bushels) 

Potatoes 83.0 333.0 
(hundredweight) 

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

Ratio of Irrigated 
to Dryland Yields 

1.29 

2.16 

1.72 

1.69 

1.89 

1.16 

4.01 

SOURCES: U.S. 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 Agriculture. 1987. U.S. Irrigation-Extent and Economic Importance. 
Agriculture Information Bulletin No. 523. Econorr.ic 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, whi::h 
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 significt::ntly 
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 com and nearly 7 percent of all wheat acres are 
irrigalted (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 
wJh national average yields on the same acres. Irrigated wheat acres pro
duced nearly 170 mili.ion 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 tht:·se regions is likely to be higher than the 298 and 170 million bushel 

TABLE 1-2 Harvested Irrigated Cropland and Pastureland, a 1982 . 
Irrigated 
Acreage 

Type of Land (in thousands) 

Cropland'' 
Corn 9,604 
Sorghum 2,295 
Whmt 4,650 
Barley and oats 2,098 
Rice 3,233 
Cotton 3,424 
Soybeails 2,321 
Irish potatoes 812 
Hay 8,507 
Vegetables and melons 2,024 
Orchard crops 3,343 
Sugar beets 550 
Other' 2,428 

Subtotal'' 45,289 
Pastureland 4,499 

TotaJd 49,788 

aln the contiguous United States. 
~>cropldnd is land on farms used for crops. 

Share 
(percent) of Share (percent) of 
Crop Irrigated Total Irrigated Acres 

12.3 19.3 
17.0 4.6 
6.6 9.3 

11.8 4.2 
100.0 6.5 

35.0 6.9 
3.6 4.7 

64.0 1.6 
15.0 17.1 
60.7 4.1 
70.4 6.7 
53.2 1.1 
17.9 4.9 
13.4 91.0 
0.9 9.0 
6.1 100.0 

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

JFigures 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. 
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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 crec!it, 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, jncrease 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 CvUlpe
tition with urban users for supply. Improved management 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 220,000 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 almost 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 fur 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. :tvlost farmers produced 
forage and feed grai.~ ; 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 jon; 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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Mosl beef cattle are fed or finished in feed
lots. where they eat high-energy grain ra
tions. Cattle enter feedlots between the ages 
of 7 and 12 months. weighing b~tween 450 
and 800 po• mds. Most cattle are slaughtered 
between the ages of I 5 and 24 months. 
weighing between 1,000 and 1,200 pOLmds. 

55 

Low-cost feed grains and consumer prefer
ence for marbled (higher fat) grain-fed beef 
led to the proliferation of feedlots in the 1960s 
and 1970s. Large feedlots offer economies of 
scale but may also create problems with dis
ease control and manure disposal. Credit: 
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 l-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, Puolic 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: 
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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 Com 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 \Vestern 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. 



Weatem Great Plains. Typically. farms 
here have large acreages, and low rates 
of part-time farming and off-farm 
employment The farm population relies 
mere heavily on farming for Its Income 
than is the case In seven of the eight 
other regions. 

California Metro. Its 
farm incomt:O is mostly 
derived from sales of 
fruits, vegetables, and 
other crops not 
covert.d by the 
government's major 
commOdity programs. 
II has a very large 
average farm size 
and a high proportion 
of sales from large 
farms. Its mobile farm 
population includes 
many people who -re 
residents of another 
county 5 years earlier
almost twice the national 
average. 

Core Com Belt. Farm program 
crops provide most farm sales. 
Most farmers are full-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 
income, and they make up much of 
the rural popuiation. 

Western Com Bell-Northern Plains. Most 
farmers here work full-time on their farms. 
Overall, this area looks more to 
farming as a source of Income than any of 
the other regions. Farmers also comprise 
the largest proportion of the total rural 
population (nearly a third) in this region. 

Delta. Of all the areas studied, it is the most dependent 

Wisconsin-Minnesota Dairy Area. As its 
name !ndicates, It relies heavily on dairy 
sales. A relatively low proportion of 
production comes from large farms, and 
fewer than 30 percent of farmers hold full-time 
jobs off the farm. The farm population here 
is more dependent on income from farming 
than in many other regions. 

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

Southeast Piedmont 
This area relies less on 
sales of farm 
program crops or dairy 
products than other 
areas. It surpasses all 
other regions with the 
highest proportion of 
operators having full-time 
off-farm jobs. Farming 
provides a below
average portion of total 
household income. 
Farmers make up a fairly 
small part of the rural 
population. 

on sates of farm program crops, which provided 85 percent 
of gross farm income in 1982. Although less than 30 percent 
of its farm operators work full-time off the farm, the 
percentage of the region's total farm population 
employed outside agriculture is about 54 percent, the 
national average. 

FIGURE 1-27 Characteristics of nine farming regions. souRcE: D. 
Martinez. 1987. Wanted: Policies to Cope with Differences in Farming 
Regions. Farmline 8{11):11-13. 

Coastal Plains. In many ways, 
this region is similar to the 
national averags. But It don rely 
more heavily on sales of farm 
program crops and less on dairy 
sales. The percentage of its 
farmers working full-lime off the 
farm is about average, but the 
area is less dependent on farm 
income than most of the other 
regions. 
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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 

souRcE: U.S. Department of Agriculture. 1988. Regional Characteristics of U.S. Farms and 
Farmets in the 1980'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 re6ions depend on one 
program commodity, while others are more diversifted. 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 th~ 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, a 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 J-4 Farm Sales for Selected Agricultural Subregions, 1982 (in percent) 
Wisconsin- Core Western Western 
Minnesota Com Eastern Great Corn Belt- Coastal Southeast Califcmia United 

Item Dairy Are;_ 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 17.1 11.3 
$1,000-9,999 24.9 21.7 31.0 62.7 22.6 14.4 36.1 51.2 32.9 37.7 
$10,000-39,999 25.4 27.3 19.5 17.6 28.8 29.3 22.7 u.s 18.6 22.7 
$40,000-99,999 27.1 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 
2:$250,000 2.6 4.9 9.6 0.5 4.9 5.3 5.8 3.1 11.7 3.9 

Sales from farms 
with salu of: 

<$1,000 a a a 0.4 a 0.2 a 0.1 
$1,000-9,999 1.9 1.4 1.5 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 22.2 11.8 18.5 16.0 23.2 14.4 10.5 4.2 16.5 
$100,000-249,999 34.8 35.3 27.2 18.0 21.7 31.2 27.7 28.7 8.4 24.9 
2:$250,000 22.7 32.8 54.7 17.0 54.2 36.6 48.1 48.7 84.3 47.7 

aLess than 0.05 percent. 

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. 



TABLE 1-5 Major Agricultural Sources of Gross Farm Income for Selected Agricultural Subregions," 1982 

Wisconsin- Core Western Western 

Sales Minnesota Com Eastern Great Com Belt- Coastal Southeast California United 

Ranking Dairy Area Belt Delta Highlands Plains Northern Plains Plains Piedmont Metro States 

1 Dairy Com 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 Com 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 Com Hogs Rice Dairy Com Wheat Soybeans Cattle Dairy Com 

(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 

(6.4) (17.9) (10.5) (5.0) (4.0) (12.6) (10.1) (5.5) (11.7) (8.1) 

aNumbers 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 the 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 nonethe
less remain dependent on federal commodity programs. Soyb('ar.s, for 
which the government sets a support price or loan rate, and three commod
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 Com 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 ar~ 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 safety 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 
crvps 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 median 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, VJestern 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 associdted 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 Com Eastern Great Com 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,%2 436,103 574,384 109,512 630,975 491,263 273,083 149,560 789,633 346,071 

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 crops 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 PO\T/ER 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 .... Je 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 1-28 Net outlays for U.S. farm programs and net cash farm 
income (in billions of dollars). souRCE~: U.S. Department of 
Agriculture. 1987. Economic Indicators of the Farm Sector: National 
Financial Summary, 1986, Table 32. ECIFS 6-2. Economic Research 
Service. Washington, D.C.; U.S. Department of Agriculture. 1988. 

1980 1985 

YEAR 
Agricultural Outlook, Table 37. Data on farm program outlays from 
1970 to 1978 provided by the USDA Agricultural Stabilization and 
Conservation Service, Commodity Analysis Division. A0-145. 
Economic Research Service. Washington, D.C. 

g: 



AGRICULTURE AND THE ECONOMY 

50 

45 

40 

35 

{i) 30 
c 
.Q 
:.0 
c 
;:.. 

25 (/) 
a: 
~ 
....1 
0 
0 20 

15 

10 

5 

1950 1955 1960 

Net farm Income 

Direct government payments to producers 

1965 

YEAR 

1970 1975 1980 

67 

I I I I 

198587 

FIGURE 1-29 Net farm incnme and direct government payments to farmers. Net farm income 
includes all farm business income and expenses associated with dwellings located on farms; 
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].1nuary I. souRcE: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm 
Sector: Nation.11 Financial Summary, 1986. ECIFS 6-2. Economic Research Service. 
Washinr,ton, 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 1.987 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 farm 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 Commodity Polley 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 com 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 com 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 
yenalty, 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 producers who strive 
for maximum per acre yield rather than maximum net return in the market
place. The higher the farmer's established proven yield, 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 1990 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 com, 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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FIGURE 1-31 Market price, target price, and percentage of com growers participating in the 
corn commodity program. souRcE: Data provided by the U.S. Department of Agriculture, 
Agricultural Stabilization and Conservation Service, Commodity Analysis Division, 1988. 
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FIGURE 1-32 Market price, target price, and percentage of sorghum growers participating in 
the sorghum commodity program. souRCE: Data provided by the U.S. Department of 
Agriculture, Agricultural Stabilization and Conservation Service, Commodity Analysis 
Division, 1988. 
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FIGURE 1-33 Market price, target price, and percentage of wheat growers participating in 
the wheat commodity program. SOUI<CE: Data provided by the U.S. Department of Agriculture, 
Agricultural Stabilization and Conservation Service, Commodity Analysis Division, 1.988. 
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FIGURE 1-34 Market price, target price, and percentage of rice growers participating in the 
rice commodity program. SOURCE: Data provided by the U.S. Department of Agriculture, 
Agricultural Stabilization and Conservation Service, Commodity Analysis Division, 1988. 
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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 {USDAJ 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 Corporation {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 to the crop. 
Direct deficiency payments may not exceed 550,000 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 commodity. 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: 
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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 crups 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 l981 to 1986. Under changes in the Food Security Act of 1985, 
Joan 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 authority, the Secretary of Agriculture may not lower 
the Joan rate more than 20 percent below the normally computed rate. 
Such discretionary reductions in the Joan rate are not used to calculate 
subsequent rates. 

For 1986 the secretary was required to reduce the loan rate for wheat 
and feed gi"ains by at least JO percent; the actual reduction was the 
maximum allowed, 20 percent. In 1986 a j 1987, Congress set the soy
bean Joan rate at 55.02 per bushel. During 1988 through 1990, with the 
above formula in effect, the rate is not allowed to drop below S4.50 per 
bushel. 

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

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; sen 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 expE:'nses 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 real interest rates depressed land value (equity), 
in turn eroding the net worth of most farms. Lowered equity has affected 
not only those who had invested in land speculatively, which includes 
farmers and nonfarmers, but also farmers who bought land with the sole 
interest of farming it. 

Another effect of volatile land prices is consolidation of land holdings. 
Capital gains taxes, which helped make farm real estate speculation profit
able and thus destabilized land prices, reinforced the trend toward fewer 
and larger farms. When land prices rise above the value sustainable from 
current farm income, only buyers who have enough equity can compete for 
land that comes on the market. When land prices fall, farms with high debt
to-asset ratios and equity in the form of land can have greater difficulty 
securing capital at competitive interest rates. Those in more favorable posi
tions can increase their holdings by buying land at "distressed" prices. 
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Increasing investment in physical plants and equipment, accompanied by 
a rapid decline in the use of labor, have been two of the most salient features 
of the agricultural economy for many decades. Since World War II, the value 
of agricultural machinery and vehicles increased sevenfold in constant dol
lars to more than $100 billion. Use of labor decreased by a factor of five 
(U.S. Department of Agriculture, 1985b). Tax advantages and shelters avail
able through investment in agricultural facilities and equipment, such as 
irrigation systems, orchard plantings, and animal confinement structures, 
accelerated the use of certain technologies and altered the structure of many 
farming enterprises. 

Investment tax credits spurred the use of irrigation in the Great Plains 
with water from the Ogallala aquifer. More than 1 million acres were brought 
under center pivot irrigation in Nebraska between 1973 and 1983. Convert
ing the sandhills of Nebraska to center-pivot-irrigated com has been esti
mated to generate $175 per acre in tax advantages through a combination 
of the water-depletion allowance, accelerated depreciation, and investment 
tax credits (Benfield et al., 1986). The water-depletion allowance permits 
farmers to claim a deduction if they can prove that they are irreversibly 
depleting certain groundwater reserves. Agricultural overuse is depleting 
the slowly recharging Ogallala attuifer in some locations. The Tax Reform 
Act of 1986 denies deduction of any expenses associated with preparing 
land for center pivot irrigation. 

Accelerated depreciation and investment tax credits also motivated the 
rapid growth of custom beef feedlots, which started in the 1960s and in
creased through the early 1980s. These tax provisions are responsible for 
the surge of off-farm investment in hog confinement facilities in the Mid
west in the early 1980s. The Tax Reform Act of 1986 lengthened the depre
ciation period for single-purpose agricultural structures from 5 to 7 years. 
Tax code changes in 1988 further lengtlu~ned this depreciation to 10 years. 

Research and Education 

The primary goal of agricultural research and education policy has been 
to increase farm production and profitability while conserving the natural 
resource base. Achieving higher crop yields per acre has traditionally been 
viewed as the best way to do both. Emphasizing the attainment of higher 
yields per acre makes the greatest sense if land is the most limiting factor 
in production or if the cost of land is high on a per acre basis relative to 
other costs. Some high-value per acre specialty crop operations are exam
ples in which large investments for an irrigation system or pesticides can 
be justified economically. Because government programs do not support 
these crops, the intensity of input use is generally a function of the market 
demand and price paid for the crop. 

Much research conducted over the past 40 years has responded to the 
needs of farmers operating under a set of economic and policy incentives 
that encourage high yields. Much of the focus has been on chemical- and 
drug-related technologies to support specialized, high-yield operations and 
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simplify farm management. Until recently, research has generally not delib
erately addressed the possibility of maintaining current levels of production 
with reduced levels of certain off-farm inputs, more intensive management, 
increased understanding of biological principles, or greater profitability per 
unit of production with reduced government support. 

Yet, increased international competition, the decline in world market 
prices for most commodities, and the relatively high percentage of total 
variable costs for inputs needed to achieve current high yields warrants a 
reassessment of farming practices, research, and the effects of policy on 
farm decision making. In general, further increases in yield are an ineffec
tive means of achieving greater profitability or international competitive
ness. For many crops like corn, cotton, wheat, and small grains, higher 
yields are often justified in terms of profitability only in the context of 
government support, particularly high target prices. 1be added costs of 
purchased inputs soon become more than the free market value of the 
added yield. Moreover, high-yield, specialized production systems can re
sult in more variable yields than diversified systems that also reduce per 
unit input costs (Helmers et al., 1986). This is especially true when rainfall 
or other climatic conditions deviate far from the norm (Goldstein and Young, 
1987; Lockeretz et al., 1984). 

Increased yield variability can also raise risk and capital costs. Farmers 
growing commodity program crops, however, are often willing to take this 
risk, because government commodity payments provide an economic safety 
net that does not depend on annual harvested production. Disaster relief 
and crop insurance benefits may also be available, further reducing the risk 
borne by farmers. In years when high yields are attained, farmers may have 
an opportunity to raise the proven yield that is used as the basis of future 
program benefits and insurance settlements. When high yields fail, disaster 
payments and insuran(:e program mechanisms protect farmers. These pro
grams are expensive, however. The economic, agronomic, and environmen
tal consequences associated with these practices are leading to fundamental 
changes in the targets for agricultural research and education. Throughout 
the system, a new emphasis is being placed on identifying crops better 
suited to a region's natural resources and to reclucing costs per unit of 
production, sometimes even at lower per acre yields. 

Other Programs and Policies 

Soil Conservation Programs 

Soil conservation and other federal farm policies have been linked since 
the Soil Conservation and Domestic Allotment Act of 1936. This connection 
was politically expedient. \'Vhen pictures of the Dust Bowl were a symbol of 
the Great Depression, the public was willing to pay farmers to shift from 
erosion-prone crops to soil-conserving land uses. The soil-conserving crops 
such as hays and forages were not in surplus, while crops that generally 
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require more tillage and often result in higher rates of erosion, such as corn, 
wheat, and cotton, were in surplus. Reducing the acreage devoted to these 
crops provided an opportunity to reduce erosion through cover crops or 
other conservation measures. Since the 1940s, conservation programs have 
done better in times of depressed prices and surpluses and worse in periods 
of strong prices and expanding production. 

Voluntary compliance or participation has been an underlying principle 
of soil conservation programs since their inception. The government has 
historically relied on the "carrot," such as availability of free technical assis
tance, cost-sharing funds. and commodity program benefits, rather than 
the "stick" of mandatory compliance or penalties. The price and income 
support aspects of farm programs have dominated environmental and con
servation considerations. This was particularly apparent in the mid-1970s 
through the mid-1980s, when expanding production exacerbated erosion 
losses. As production expanded, there were no policies in place to slow the 
conversion of wetlands or highly erodible grasslands to cultivated crops. 
Nor were there policies to slow the resulting steady growth in commodity 
program base acreage allotments. 

Congress addressed this problem in the Food Security Act of 1985 by the 
adoption of the so-called sodbuster and swampbuster provisions. The sod
buster provision denies all federal program benefits to farmers who plow 
highly erodible lands without first adopting a locally approved soil conser
vation plan. The swampbuster provision denies benefits to farmers who 
drain or otherwise convert certain wetlands to cultivated crop production. 

Soil and water conservation measures often require continuous refine
ment, maintenance, and good management to reduce erosion significantly 
and protect water quality. In periods of high commodity prices and strong 
demand, some farmer& have planted grain crops on almost all available 
land, with few steps taken to reduce soil and water runoff. Farmers who 
have continued conservation practices in boom years lost opportunities to 
build base acreage and, in some cases, forfeited chances to imp.rove their 
farms' proven per acre yield and payments. 

In response to this inequity, the Food Security Act of 1985 incorporated 
several mechanisms designed to simultaneously control surplus production 
and reduce soil erosion on the most highly erodible land. The CRP pays 
farmers to take their most highly erodible land out of production for 10 
years. Over 60 percent of the land now in the CRP is drawn from crop base 
acres. Nearly half of the base acres now in the CRP are from the wheat 
program (Table 1-7). As of February 1988, 25.5 million acres had been idled 
under the CRP (Table 1-8). Five million to 10 million more acres are expected 
to be idled over the next 2 years. It is noteworthy that even though set-aside 
acreage from the commodity programs and the CRP idled nearly 70 million 
acres in 1987, excess production capacity of major commodities remained 
near its highest point at 16 percent of potential output (Figure 1-37). (Excess 
production capacity is defined here as the difference between potential 
output and commercial demand at prevailing farm prices.) 

Another feature of the Food Security Act of 1985, the conservation com-
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TABLE 1-7 Commodity Base Acres Enrolled in CRP Through July 1987 
Million Acres 

Total Base 
Acres 

Crop in 1985 

Barley 12.4 
Sorghum 18.9 
Oats 9.2 
Wheat 91.7 
Cotton 15.4 
Corn 82.2 
Rice 4.1 
Peanuts 1.5" 
Tobacco 0.7" 

Total 236.1 

NOTE: The dash indicates that the values were negligible. 

a Acres harvested. 
1'This figure represents the percentage of all crop base acres. 

Base 
Acres 
Enrolled 
in CRP 

1.8 
1.7 
0.8 
6.8 
0.9 
2.7 

14.7 

Percentage of 
Base Acres 
Enrolled in CRP 

14.5 
9.0 
8.7 
7.4 
5.8 
3.3 

6.2~ 

souRcE: U.S. Department of Agriculture. 1987. Agricultural Resources-Cropland, Water, and 
Conservation-Situation and Outlook Report. AR-8. Economic Research Service. 
Washington, D.C. 

TABLE 1-8 Regional Distribution of Acres Enrolled in CRP Through 
February 1988 

Acres Share (percent) 
Enrolled of U.S. Acres 

Region (in millions) Enrolled 

Northeast 0.13 0.5 
Lake States 2.07 8.1 
Corn Belt 3.56 13.9 
Northern Plains 6.04 23.7 
Appalachia 0.86 3.4 
Southeast 1.25 4.9 
Delta States 0.78 3.0 
Southern Plains 4.10 16.1 
Mountain 5.22 20.4 
Pacific 1.51 5.9 

United States 25.53 100.0 

"This figure represents the percentage of all crop acres. 

Percentage 
of Region's 
Cropland 

0.8 
4.7 
3.9 
6.5 
3.8 
6.8 
3.5 
9.1 

12.1 
6.7 
6.1" 

souRcE: U.S. Department of Agriculture. 1988. Agricultural Resources-Cropland, Water, and 
Conservation-Situation and Outlook Report. AR-12. Economic Research Service. 
Washington, D.C. 
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pliance provision, will require farmers wishing to retain eligibility for gov
ernment program benefits to implement recommended conservation plans 
beginning in the 1990 growing season. To retain eligibility for any govern
ment program-diversion payments, deficiency payments, CCC commodity 
loans and storage payments, Farmers Home Administration (FmHA) loans, 
government loans for storage facilities, federal crop insurance, and conser
vation reserve payments-farmers must manage all highll erodible fields in 
accordance with an approved soil conservation plan by 1995. Between 80 
million and 95 million acres will require these plans, although more than 25 
million of these acres are now in the CRP. 

The impact of conservation compliance on farming practices is n Jt known, 
although no-tillage or conservation tillage practices are often recommended 
for highly erodible land. In many instances, alternative farming systems 

(i) 
c: 
g 
'E 
C/) 

w 
a: 
(.) 
<( 

400 r-

390 1-

380 1-

37i) .... 

360 -

350 r-

340 1-

330 r-

320 1-

310 r-
.~:j 

300 r- :;:; 
:;:; 

290 1-

1970 

I'\ 

[J Conserving uses 

0 Cror acres pl9nted 

PF 

1975 

- 25 

:;:: 

- 20 

II 

v 
II 

- 5 

1980 1985 
YEAR 
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may be used to sustain high levels of crop production and comply with the 
erosion control goals sought under conservation compliance. Future gov
ernment policy may provide new incentives for farmers to develop alterna
tive crop management systems that protect environmental quality and 
maintain current levels of production and farm incomes. 

Pesticide Licensing 

About 600 pesticide active ingredients are registered for use in the United 
States. Approximately 200 active ingredients, however, account for over 95 
percent of all agrinlltural pesticide use. Congressional policy and the EPA's 
application of c.urrel."'t law regulating pesticides have resulted in a slow, 
deliberate peFticide re~ulatory process. From the inception of the EPA spe
cial review program ir. 1975 through September 3li, 1987, the agency com
pleted 40 special reviews or risk-benefit analyses of the most hazardous 
pesticides. These r'.!Views resulted in 5 cases where all agt1cult1Iral uses 
were cancelled, 3-~ cases where some uses were cancelled or restriction , 
imposed, ;md 1 case where no action was taken. These cases do not include 
the cancellation of all fuod uses of aldrin, chlordane, chlordecone, DDT, 
dieldrin, and hl"'ptachlor, nor the voluntary cancellation of all or some uses 
of 2~ other acti\1~ ~ngredi~nts that occurred outside the special review proc
ess (U.S. Environmental Proteclion Agency, 1987). Between 1975 and 1987, 
these reviews took from 2 to 7 years to complete, with some important 
reviews still outstanding. Recently, however, the re'l·iew process has been 
expedited and newly initiated reviews may now take an average of 11/2 to 3 
years (U.S. General Accounting Office, 1986). Legal challenges commonly 
delay the final resolution of regulatory actions, as does the sheer size of the 
task in comparison to available EPA resources. 

Since the amendment of the Federal Insecticide, Fungicide and Rodenti
cide Act (FIFRA) in 1972, through 1987 the EPA registered 69 new insecti
cides, 60 new herbicides, and 31 new fungicides (U.S. Environmental Pro
tection Agency, 1988) (see Figure 1-20). New products are generally 
subjected to stricter standards before they gain market entry than are exist
ing products with which they would compete. Typically, these pesticides 
are safer and more biologically benign. In some cases, new compounds that 
are safer than the existing products they might replace have been denied 
registratior,s, while more hazardous products were left on the market (Na
tional Research Council, 1987). Current regulations are complex, sometimes 
inconsistent, and exceedingly difficult to implement. The Delaney Clause 
(1958) of the Federal Food, Drug and Cosmetic Act of 1954 offers the best 
example of inconsistency. This provision of the law forbids the residues of 
pesticides in .my process~d food that induce cancer in laboratory animals if 
those residues concentrate above the level allowed on the raw food. The 
Delaney Clause, however, does not apply to raw foods with no processed 
form or to carcinogenic pesticides that do not concentrate in processed 
foods. Consequently, residues of the same carcinogenic pesticides are al-
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lowed on certain fresh and processed foods, but not in processed foods 
where they concentrate. Further, the EPA has applied the Delaney Clause 
only to new pesticides, thereby maintaining registrations for many older 
pesticides that pose risks acknowledged by the EPA to be greater than those 
posed by most new substitute chemicals (National Research Council, 1987). 

The benefit-assessment methods employed oy the EPA are also a concern. 
The EPA does not, as a matter of routine procedure, incorporate alternative 
or nonchemical pest control methods into its assessment of pe::;ticide bene
fits when carrying out a regulatory review (U.S. Congress, 1988). As a 
result, the benefits of currently used products are sometimes inflated, and 
the economic values of alternatives are not taken into ac:~.ul.lnt or formally 
recognized and acted upon. The most recent example of this is the EPA's 
review of the herbicide alachlor. Alachlor is the most widely used pesticide 
in the nation. It is used to control grassy weeds on 30 percent of the corn 
and 25 percent of the soybeans produced in the United States. The benefits 
analysis in this review v/as l:Onfined solely to ~n economic comparison of 
the benefits of alachlor with those of a similat herbicide, metolachlor (U.S. 
Environmemal Protection Agency, 1986a). The comparative economic ben
efits and costs associated with the use of cultivation, tillage, and planting 
t? ... hnique~ that are used effectively by many farmers to control similar 
weeds were not considered in the analysis (see the Spray, Bre9~,hl, Sabot 
Hill, Kutztown, and Thompson case studies). According to John Moore, 
former EPA assistant administrator for pesticides and toxic substances, the 
alachlor benefits assessment is representative of most EPA pesticide benefits 
assessments. These assessments routinely consider only the benefits of the 
most likely alternative pesticide, ignoring all other alternative control strat
egies (U.S. Congress, 1988). 

Food Quality and Safety 

Food safety regulations and meat inspection programs are primarily de
signed to prevent health risks and acute illnesses from chemical and micro
bial contaminants in food. These regulations, however, do not enhance food 
quality. For example, meat-grading standards have traditionally rewarded 
producers of fatty beef. Cosmetic standards for fruits and vegetables can 
encourage late-season pesticide use that results in higher residues in food. 
Certain poultry slaughter practices re.:mlt in a high prevalence of microbio
logical contamination. Methods of producing food with fewer of these in
herent risks are well known and widely practiced (see the case studies in 
this report; Allen et al., 1987; National Research Council, 1985, 1988b). 

The EPA reviews health and safety data and establishes tolerance levels 
for pesticide residues in foods that are thought to present minimal health 
risks. Foods with pesticide residues up to these levels are then allowed in 
the market. The FDA then monitors food for compliance with these toler
ances. For some types of risk, however, particularly cancer risk, there re
mains considerable debate about the certainty of the data and assumptions 
supporting calculations of acceptable r;sk. Moreover, the monitoring does 
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not regularly check for many wideiy used pesticides, including a number of 
widely used compounds classified by the EPA as probable human carcino
gens (U.S. Congress, House, 1987). 

Livestock are being fed an increasing amount of various by-products from 
the processing of agricultural commodities. This is particularly true in states 
like California and Florida that produce a great variety of commodities 
(National Research Council, 1983). By-product feeds like citrus pulp, tomato 
pomace, and almond hulls are valuable livestock feeds with nutritive and 
economic va!ue often comparable to that of feeds prodnced exclusively for 
aniwal use. Many of these feeds, however, have not been historically rec
ognized as animal feeds. Because of this, many pesticides used on these 
l:ommodities do not have tolerances for residues in by-products used as 
animal feed or in the ensuing animal food product. The potential for the 
introduction of these pesticides into tood-producing animals is unknown. 
While animal food products may contain residues of the pesticides found 
in nontraditional animal feeds, the EPA has generally not examined the fate 
of pesticides in animals consuming these feeds vr the food products derived 
from them (National Research Council, 1987). 

There is also concern about combinations of residues on food to which 
people may be regularly exposed (National Research Council, 1988a). The 
EPA set~ acceptable levels for residues in food for each resticide separately, 
although many combinations of pesticides are regularly used and detected 
on food crops. Even though risks from pesticides are presumed to be addi
tive, acceptable levels of exposure are calculated assuming exposure to each 
pesticide in isolation. Some chemicals, moreover, may act synergistically. 
Current regulations and standards do not assess or incorporate margins of 
safety reflecting the possibility of synergistic or additive effects. 

The federal government also sets grading standards for farm products. 
Beef grading tended to equate high-fat content with high quality in Prime 
and Choic~ cuts for example, until recent changes in grading standards. 
Excessive consumption of an~mal f;:~t is known to raise the likelihood of 
heart disease (National Research C::ouncil, 1988b). Similarly, the USDA grad
ing standards and milk pricing standards reward producers for butterfat 
content of milk. Since the 1940s, however, butterfat consumption has de
clined dramatically, while consumption of low-fat and nonfat dairy products 
has increased. Consequently, the butterfat-based pricing system has re
sulted in large government-held surpluses of butter, despite the capability 
of producers-through genetics and management-to produce lower-fat 
products. 

Salmonellae also remains a significant concern, particularly in poultry 
products. A National Research Council study reported that aLout one-third 
of all poultry sold is contaminated with salmonellae. Although salmonellae 
is controlled by proper cooking and sanitation, not all people follow rec
ommended food handling procedures. The possibility of resistant strains 
and human health problems following infection remains a concern (Institute 
of Medicine, 1989; National Research Council, 1985). 
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SUMMARY 

Agriculture produces the essential elements of the $700 billion food and 
fiber economy. Since \A/orld \A.Jar II, agriculture has become more specialized 
and dependent on off-farm inputs and has substantially increased per acre 
yield. Machinery, pesticides, irrigation water, fertilizers, and antibiotics have 
replaced land, diversity, and I. .. oor as principal components of agricultural 
production. Fewer and la:rger farms produce more food and fiber than ever 
before. Government commodity mcome and price support programs, tax 
policy, and agricultural rese&r( 11 heavily influence on-farm decision making 
in major sections of U.S. agriculture. Producing food to meet government 
criteria, however, often precludes farmers from responding to changing 
market conditions or imposes financiaJ penalties for practices that improve 
food safety and environmental quality. 

In the midwestern states, government programs and subsidies have re
duced the risk of specialization and thus encouraged the separation of 
livestock operations from feed grain production. The result is a decline in 
two important agricultural practices: return of animal manures to the soil 
and rotation of cultivated crops with grass and leguminous forages. Feed 
grain production without livestock or legumes requires additional commer
cial fertilizer and often entails increased pesticide use to compensate for the 
lost pest control benefits of rotations. The i..rtCl"ease irt corJir:.ement livestock 
operations, particularly for swine and poultry. correlates with the subther-
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ap~unc us~ or annomucs ru prumu1:~ gruwrn ana ro suppr~ss o1s~ase mci-
dence. BetweP.n 80 and 95 percent of program crop acreage is currently 
enroiied in the federai commodity programs. The base acres and cross
compliance provisions of these programs will penalize growers who want 
to adopt diversified crop rotations or integra~ed livestock feed and forage 
operations on this land. 

There are many economic and environmental problems to be solved that 
are associated \"-Jith current conventional agricultural practices. Ho'V'Jever, a 
substantial number of growers practice many systems that provide solu
tions, in spite of actual disincentives or little support from federal pro
grams. Chapter 2 describes some of the major problems derived from con
ventional practices. Subsequent chapters describe the alternatives. 
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Problems in U.S. Agriculture 

-r:E u.s. AGRICULTURAL SYSTEM has been beset by numerous economic and 
J :nvironmental pwblems in the 1980s. In the economic sphere, with 

storage facilities filled with surplus crops, the cost of federal farm support 
programs skyrocketed from $3.5 billion in 1978 to a peak of $25.8 billion in 
1986, falling to $22 billion in 1987 (U.S. Department of Agriculture, 1988f). 
Financial stress hit tens of thousands of farmers and many tural communi
ties. Some farmers still find it difficult to pay debt accumulated during the 
prosperous 1970s. Many U.S. products are no longer competitive in world 
markets. From 1981 through 1986, the United States' agricultural trade 
surplus declined substantially. Although agricultural trade performance has 
improved since then, this has come at considerable expense to U.S. taxpay
ers. Competition among nations for worldwide markets is fierce and vola
tile. 

Agriculture is also causing serious environmental problems. Agriculture 
is the largest single nonpoint source of water pollutants, including sedi
ments, salts, fertilizers, pesticides, and manures. Nonpoint pollutants ac
count for em estimated 50 percent of all surface water poHution (Chesters 
and Schierow, 1986; Myers et al., 1985). SalinizatiOn of soils and irrigation 
wate~ from i:rigated agriculture is a growing problem in the arid West. In 
at least 26 states, some pesticides have found their way into groundwater 
as a rest:lt of normal agricultural practice. In California alone, 22 different 
f2Sticides have been detected in groundwater as a result of normal agricul
tural practices. Nitrate from agricuitural sources (principally manures and 
synthetic fertilizers) is found in drinking water wells in levels above safety 
standards in many locations in several states. 

Agriculture presents other environmental rroblems. M·.1jor aquifers in 
California and the Great Plains have been deplet-:d because withdrawals 
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exceeded recharge rates. Cultivation of marginal lands has caused soil ero
sion. The use of certain pesticides on some crops and antibiotics in animal 
production for disease control and growth promotion presents risks that 
may be avoidable. 

Agricultural leaders and policymakers are currently confronting questions 
about contemporary production practices. These questions are the subject 
of this chapter. It is important to note that many problems discussed in this 
report are prevalent only in certain regions and under specific management 
practices. Almost all of these problems can be overcome. Nonetheless, 
problems such as groundwater contamination will likely grow if current 
practices are continued. 

Many of these problems have developed in large part as a result of public 
policies and thus may be overcome through policy reform. The important 
link among all of these problems is that productive and profitable alterna
tive practices are available in most cases and are already implemented in 
some. The benefits of alternatives in addressing these prublems are pre
sented in subsequent chapters. 

Publicly and privately funded agricultural research since World War II has 
created a wealth of technology and information. This information and tech
nology has led to vastly increased yields of a number of commodities and 
has reinforced movement toward specialization. High deficiency and disas
ter payments for most program crops reduced risks and further accelerated 
specialization. The development of specialized large farm equipment made 
it possible for individual farmers to grow one crop or a few related crops on 
more acres. Because nf these trends, farmers were able to take advantage of 
market forces in the 1970s that stimulated demand for U.S. agricultural 
commodities. 

THE FARM ECONOMY 

In their desire to accelerate industrial growth, many developing countries 
neglected their agricultural sectors in the 1950s and 1960s. By the 1970s, a 
growing number of developing nations needed to import food to feed rap
idly growing populations. Many of them imported food from the United 
States. Growing trade with Pacific Rim nations and trade agreements with 
the Soviet Union further expand~d available markets for the United States. 
The 1970s also brought generally favorable weather for agriculture to the 
United States and unfavorable conditions to many other countries. Tax 
policies such as accelerated depreciation and capital gains preferences en
couraged machinery purchases and cultivation and irrigation of previously 
uncultivated or erodible land. Crop prices were well above the loan rate; 
expanded exports were used to offset the trade deficit created by oil im
ports. The res11lt was greater demand for U.S. commodities, higher prices, 
and an all-out effort by U.S. farmers to increase production. 

Farmland prices followed the upward movement of commodity prices, 
inflation, and negative real interest rates. In some midwestern states, the 
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FIGURE 2-1 Gross farm income and production exptnses. SOURCE: U.S.. Department of 
Agriculture. 1988. 1988 Agricultural Chartbook. Agriculture Handbook No. 673. Washington, 
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rrice of farmland increased by 15 percent or more per year. Rising land and 
commodity prices led farmers to increase purchases of inputs such as fertil
izers, seeds, chemicals, and equipment. Production expenses and gross 
farm income soared as farmers responded to a growing market (Figure 2-1). 
Agricultural lending organizations, responding to inflation and rising mar
ket values of farm assets, were eager to make loans to farwers. Total farm 
debt went from $52.8 billion in 1970 to a peak of <!)206.5 billion in 1983 (U.S. 
Department of Agriculture, 1987c). 

In late 1Y79, events began to change the economic .. political, and social 
environment of agricultural production. Policy changes caused increases in 
real interest rates and the virtual end of inflation. Prices received for crops 
began to level off and drop although input prices continued to rise through 
1984 (Figure 2-2). Demand for U.S. agricultural commodities declined as a 
result of the increased value of the dollar; fixed loan rates; foreign compe
tition from t~e European Community (EC), Argentina, Australia, and Bra
zil; foreign debt; global recession; and reduction of U.S. loans to developing 
countries to buy food. Commodity surpluses around the world swelled, and 
prices dropped. Falling commodity prices deflated land values, which fell 
by 1986 to less than half their 1980 value in many agricultural areas. 

In a few years, prosperity turned into economic recession. Many farmers 
borrowed heavily in the 1970s to invest in land and machinery and take 
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advantage of high crop prices. The sudden change in the ~~conomic environ
ment placed those with the greatest debt in the most vulnerable position. 
The debt-to-asset ratio suddenly became a major criterion for a farm's 
viability. 

The financial plight of farmers also affected the farm credit sector. One-· 
fourth of all farm loans-$33.7 billion-from the Farmers Home Administra
tion (FmHA), federal land banks, production credit associations, commer
cial banks, and life insurance companies were nonperforming or delinquent 
in 1984 and 1985 (U.S. General Accounting Office, 1986a). The farm credit 
system lost $4.6 billion in 1985 and 1986. Agricultural banks accounted for 
more than half of 1985 bank failures, although they comprise only one
fourth of all banks (U.S. General Accounting Office, 19.%a). New rules to 
implement the Agricultural Credit Act of 1987, howevet~ will help to keep 
tens ot thousands of farmers on their land. The act requires the FmHA, the 
farmers' bank of last resort, to make all feasible efforts to restructure loans, 
including forgiving debt. Up to $7 billion in debt and interest may be 
written off under this program. 

Suppliers of farm inputs have also been hurt by bad debt and federal 
supply-control programs that have reduced sales. Farm machinery sales, for 
example, fell more than 50 percent from 1980 to 1985. In Nebraska and Iowa 
alone, hundreds of farm implement dealers have gone out of business since 
1985. The industry has recovered somewhat since 1986 as farm income has 
1isen. 

As of January 1, 1988, 4 percent of farms were technically insolvent be-
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cause debt exceeded assets. An additional 4.9 percent of farms had debt-to
asset ratios of 70 to 100 percent, and 10.0 percent had debt-to-asset ratios 
of 40 to 70 percent (U.S. Department of Agriculture, 1988d). Farms with 
ratios above 70 percent generally experience serious financial problems. 
Those with debt-to-asset ratios of 40 to 70 percent face declining equity 
unless commodity prices are strong or production expenses fall, which they 
have since 1983. 

Although some farmers experienced financial hardship in the 1980s, many 
prospered. Total net farm income was $37.5 billion in 1986 and a record 
$46.3 billion in 1987 (see Figure 1-29). Off-farm income totaled a record 
$44.7 billion in 1986 (Van Chantfort, 1987). Table 2-1 shows that most farms 
had positive income in 1987, and that debt is now concentrated in farms 
with sales over $250,000. This record inc0me and reduction in debt was 
made possible, however, only by record levels of government support. 

In 1987, 44 percent of all farmers had no long-term debt. The average 
debt-to-asset ratio, which reached 25 percent in 1985, fell to 22 percent in 
1986 and 15 percent in 1987 (Figure 2-3). Total farm debt fell from $206.5 
billion in 1983 to $150 billion in 1988 (U.S. Department of Agriculture, 
1988a). 

Federal programs can have a great effect on the agricultural economy. In 
general, they are slow to alleviate the economic problems of farmers with 
the greatest need. This has been evident in the 1980s. Weli over one-half of 
all major commodity producers have been enrolled in the programs since 
1983. But 60 percent of direct government payments in 1985, for example, 
went to only 14 percent of all operators with net cash incomes averaging 
nearly $130,000 (Agricultural Policy Working Croup, 1988). This is largely 
because federal payments are based on farm yields and sales. Even though 
Congress has limited certain categories of federal payments to $50,000 per 
farm, many growers have found ·"'ays to reorganize their operations to avoid 
this and other limitations. 

TRADE 

U.S. agriculture built a substantial trade surplus during the 1970s as the 
manufactured goods sector slipped into a deepening trade deficit. The U.S. 
agricultural trade balance deteriorated in the 1980s, however, falling from 
$27 billion in 1980 to $6 billion in 1986 (U.S. General Accounting Office, 
1986b). The United States depends primarily on grain and oil seed exports; 
growth in this market is slowing as the U.S. share declined from 72 percent 
in 1979 and 1980 to 50 percent in 1986 (U.S. Department of Agriculture, 
1986b). 

The trade situation has improved sirl~e 1986; exports are expec~2d. to 
increase to about $33 hillion in 1988, with the trade surplus rising to be
tween $12 billion apj $13 billion. The U.S. agricultural trade balance has 
increased, in part because of a drop in market prices for most export com
modities. Government subsidies, credit guarantees, and product promoi:ion 
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TABLE 2-1 Farm Financial Conditions by Farm Size, Re~i?n, and Commodity 
Percentage of Farms in Each Financial Condition 

Favorable Negative Marginal Vulnerable 
(Positive Income Income- Solvency- (Negative Income 
and Favorable Favorable Positive and Marginal 

Factor Solvency) Solvency Income Solvency) 

Farm size 
;?:$250,000 59 14 20 7 
$40,000-24q, 999 64 12 17 6 
·, :t-40,00,) i'l 19 6 4 

;(eg.••:l 
Northeast 68 22 7 .3 
Great Lakes 59 1 15 7 
Corn Belt 71 12 13 5 
Northern Plains 64 17 15 5 
Appalachia 76 16 ' 5 3 
Southeast 73 18 6 4 
Delta 72 16 8 4 
Southern Plains 69 20 8 4 
f\.lountain 64 20 10 6 
Pacific 67 18 9 7 

Farm type 
Cash g!"ain 65 14 14 7 
Tobacco 78 9 8 5 
Cotton 65 11 15 9 
Vegetable, fruit, nut 71 16 9 3 
Nursery -green house 80 12 h 2 
Other field crops 65 17 10 7 
Beef, hog, sheep 70 20 7 3 
Dairy 63 12 20 5 
l'oultry ?3 6 16 6 
Other livestock 58 30 5 7 

NOTE: The income measure :.tsed in the:,;;e statistics is net cash farm income; marginal solvency 
indicates a debt-asset ratio of 40 percent or more. Favorable solvency indicates a debt-asset ratio of 
40 percent Llr less. Adding across, numbers may not total exactly to 100 peru~nt because of 
rou'1ding. 

souRCE: U.S. Department of Agriculture. 1988. Financial Characteristics of U.S. Farms, January 1, 
1988. Agriculture Information Bulletin No. 551. Economic Research Service. Washington, D.C. 

also supported increased exports. The rise in export volume, however, far 
exceeded the increase in the value of exports in current dollars largely due 
to the declining value of the dollar (Figures 2.-4 and 2-5) (U.S. Department 
of Agriculture, 1987e). 

Meanwhile, the United Stc:.tes is increasing its imports of high-value prod
ucts such as processed foods and horticultural products. The United States 
accounts for about 10 percent of the value of world trade in high-value 
markets, primarily through exports of soybean meal, tobacco, cigarettes, 
cattle hides, and corn-gluten feed. Imports of supplementary high-value 
commodities (crops also produced in the United States) have increased from 
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$7 billion in 1977 to almost $14 billion in 1987 (Figure 2-6). The total value 
of agricultural imports reached $20 billion in 1987. 

Increasing competition is also contributing to the rising cost of federal 
agricultural subsidies. The government spent $25.8 billion in 1986 and $22.0 
billion in 1987 for price supports and related activities. Of this amount, 
$11.8 billion in 1986 and $16.7 billion in 1987 were direct payments to 
farmers (U.S. General Accounting Office, 1988). Nonetheless, U.S. agricul
tural subsidies as a percentage of producer income are far less than those 
of the EC, Canada, and japan (Figure 2-7). 

NATURAL RESOURCES 

The diversity in plant and animal products produced in the United States 
has increas~d in the past three decades, but individual farms have become 
more specialized. Technology has contributed to a shift from multi-enter
prise farming operations to those having as few as one or two income-



I 

98 ALTERNATIVE AGRit.:.V£.1 "1JRE 

generating crops or products. Recently, however, this trend of specialization 
has slowed down. Over the past decade, many farmers have adopted alter
native methods more consistent with the goals of profitability with less 
government support and greater natural resource and human health protec
tion. 

The following section is a brief review of the adverse consequences that 
some current agricultural practices have on natural resources and the envi
ronment. It must be emphasized that many conventional agricultural prac
tices are environmentally sound and are components of certain alternative 
strategies. The following analyses are not intended to be fully comprehen
sive; however, they do illustrate the factors that must be considered in any 
agricultural production system. 

Water Quality 

Surface Water 

Water pollution is probably the most damaging and widespread environ
mental effect of agricultural production. Agriculture is the largest nonpoint 
source of water pollution, which accounts for about half of all water pollu
tion (Chesters and Schierow, 1985; Myers et al., 1985). Under sections 304(f) 
anC. !JS(b) of the Clean Water Act of 1972 as amended, 17 states and Puerto 
Ri.::o Uentified agriculture as a primary or major nonpoint source of water 
pollution, and 27 states and the Virgin Islands identified it as a problem 
(Table 2-2) (U.S. Environmental Protection Agency, 1984). Surface water 
damage from agriculture is estimated at between $2 billion and $16 billion 
per year. These estimates are approximate, however, and may underesti
mate the long-term costs of pollution. 

Precipitation- and irrigation-induced runoff carries sediment, minerals, 
nutrients, and pesticides into rivers, streams, lakes, and estuaries. Most 
experts consider erosion's effects on water resources to be greater than its 
potential effects on productivity (National Research Council, 1986c; Schnei
der, 1986). The U.S. Department of Agriculture (USDA) calculates that the 
economic cost of off-farm water pollution due to agricultural erosion is from 
two to eight times the value of erosion's effect on productivity (U.S. De
partment of Agriculture, 1987a). This comparison, however, is crude. 

Sediment deposition and nutrient loading are major agricultural water 
pollution problems (Clark et al., 1985; U.S. Dep. tment of Agriculture, 
J987a). Agriculture accounts for more than 50 percl 1t of susp~nded sedi
ments from all sources discharged into surface waters (U.S. Department of 
Agriculture, 1987a). In predominantly agricultural regions, these percent
ages are higher; in other regions, agriculture's contribution is less. Nation
wide trends in surface water sediment deposition between 1974 and 1981 
were significantly rela+ed to cropland erosion within basins. They were not 
closely related to estimates of total basin erosion from forestland, pasture
land, or rangeland (Smith et al., 1987). 

I 
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TABLE 2-2 Agriculture (Including Feedlots) as a Nonpoint Source of Water 
Pollution by Stat_e_o_r_l1_e_rr_i_to_r...,t_y __________________ _ 
Agriculture Identified as a Primary or 
Major Nonpoint Source of Water Pollution 

Delaware 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Minnesota 
Mississippi 

Montana 
North Dakota 
Ohio 
Oregon 
Puerto Rico 
South Dak'Jta 
Utah 
Vermont 
Washington 

Agriculture Identified as a Nonpoint 
Source Pollution Problem 

Alabama 
Arizona 
Arkansas 
California 
Colorado 
Florida 
Georgia 
Hawaii 
Louisiana 
Maine 
Maryland 
Michigan 
Missouri 
Nebraska 

Nevada 
New Jersey 
New Mexico 
New York 
North Carolina 
Oklahoma 
Pennsylvania 
South Carolina 
Termessee 
Virgin Islands 
Virginia 
West Virginia 
Wisconsin 
Wyoming 

souRcE: U.S. Environmental Protection Agency. 1984. Report to Congress: Nonpoint Source 
Pollution in the U.S. Office of Water Program Operations, Water Planning Division. Washington, 
D.C. 

The principal consequence of sediment loading is increased turbidity, 
which causes decreased light for submerged aquatic vegetation. Species 
that depend on aquatic vegetation for breeding and food can thus experi
ence stress and decline. Sediment also has direct economic consequences 
when it fills reservoirs, clogs navigable waterways, reduces recreational use 
of waters, and increases operating costs of water-treatment facilities. Be
tween 675 million and 1 billion tons of eroded agricultural soils are depos
ited in waterways each year (National Research Council, 1986c; Schneider, 
1986; U.S. Department of Agriculture, 1986a). The USDA (1988e) estimates 
that the removal from production of 30 million to 40 million acres of highly 
erodible land through the Conservation Reserve Program (CRP) ·will reduce 
sediment delivery to surface waters by as much as 200 million tons per year. 

Phipps and Crosson (1986) and the USDA (1987a) estimate that between 
50 and 70 percent of all nutrients reaching surface waters, principally nitro
gen and phosphorus, originate on agricultural land in the form of fertilizer 
or animal waste. Nitrate, which is relatively soluble, is carried in solution 
by water; phosphorus is most often carried attached to sediment. From 
1974 to 1981, 116 stations from the National Stream Quality Accounting 
Network and the National Water Quality Surveillance System reported 
increasing nitrate concentrations; o.uy 27 stations reported decreases. Ele
vated nitrogen levels were strongly associated with agricultural activity and 
atmospheric deposition of nitrogen in rainfall. Phosphorus deposition has 
been less consistently observed because increases are closely linked to levels 
of suspended sediments. Nitrate moves with water; thus, nitrogen move-
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Flooding and extensive water runoff carry of all nonpoint surface water pollution. 
sediment, fertilizers, ana pesticides into Flooding can also severe;y damage crops, 
surface water. Agriculture contributes one-half land, and t-• Jildings. Credit: Agrichemical Age. 

ment into surface waters more fully reflects the effects of agricultural .1ctiv
ity than phosphorus movement does. Phosphorus moves as a passenger 
bound with sediment, much of which erodes from fields but is not depos
ited in surface waters (Smith et al., 1987). 

Nutrient loading has had a devastating effect on many lakes, rivers, and 
bays throughout the country. Increased nutrient levels, particularly of phos
phorus, stimulate algal growth, which can accelerate the natural process of 
eutrophication. In its later stages, the algal growth stimulated by nutrients 
will die and decay, which can significantly deplete available oxygen and 
reduce higher-order aquatic plant and animal populations. The accelerated 
eutrophication of the Chesapeake Bay is an excellent example of the conse
quences of nutrient loading from agricultural and municipal sources. Nutri
ent loading in the bay has contributed to a significant decline in the bay 
fisheries (Kahn and Kemp, 1985). 

Sediment and nutrient runoff from agricultural land plays a part in estu
ary degradation. For 78 estuaries examined by the USDA, agricultural run
off supplied on average 24 percent of all nutrient loading and 40 percent of 
total sediment. In 22 of the 78 estuaries, agriculture contributed more than 



PR0BLEMS IN U.S. AGRICULTURE 101 

25 percent of total nitrogen and phosphorus pollution. High rates of pesti
cide runoff (greater than 30 percent above the average of all coastal states) 
were found in 21 estuary systems. High nutrient and pesticide runoffs were 
found in 15 systems (U.S. Department of Agriculture, 1988b). 

Between 450 million and 500 million pounds of pesticides are applied to 
row crops each year. The majority of these are herbicides, most of which 
are applied before planting, and many of which are incorporated into the 
soil. Probably less than 5 percent of all pesticides applied reach a body of 
W..i.ter (Phipps and Crosson, 1986). The highest concentrations of pesticides 
are related to agricultural runoff into streams and lakes. !n intensively 
farmed states, such as Iowa, Minnesota, and Ohio, a number of the widely 
used corn and soybean herbicides have been detected in rivers, many of 
which serve as drinking water sources. In humid areas where groundwater 
conti:"ibutes a major proportion of stream flow, some herbicides may be 
delivered to surface water via groundwater (Hallberg, 1987). 

It appears that many of these herbicides are not effectively removed from 
drinking water by conventional treatment or more sophisticated carbon 
filtration systems (Table 2-3). Maximum and mean levels of 10 herbicides 
detected in treated drinking water in Ohio and Iowa are shown in Table 
2-4. In Iowa, 27 of the 33 public water supplies from surface water sources 
tested, or 82 percent, had 2 or more pesticides detected in treated drinking 
water san::ples; 73 percent had 3 or more; 58 percent had 4 or more; and 21 
percent had 5 or more (Tahle 2-5). These samples were collected after 
rainfall between mid-April and July 30, 1986, when most herbicide~ are 
applied; consequently, they may represent a peak 0f exposure to thost 
compounds. The mean detection levels were below 4.0 parts per bilJion 
(ppb). Samples collected and analyzed by Monsanto between May 1985 and 
March 1986, however, had only slightly lower percentages of detection for 
all herbicides except alachlor, which was far lower, in treated drinking water 
from surface water sources (Wnuk et al., 1987). 

Glenn and Angle (1987) studied the effect of tillage systems on runoff of 
the herbicides atrazine and simazine in the Chesapeake Bay watershed. 
There was less runoff of water, atrazine, and simazine from the untilled 
fields compared to conventionally tilled fields each year that a major rain 
occurred during the growing season. From 1979 through 1982, total runoff 
from fields in the untilled watershed was 27 percent less than that from the 
conventionally tilled watershed. The highest levels of atrazine in runoff 
water were 1.332 micrograms/liter and 0.975 micrograms/liter in conven
tional tiliage and no-tillage systems, respectively, or 1.6 and 1.1 pE>rcent of 
atrazine applied at 2 pounds/acre. The hjghest reported runoff of simazine 
at 2 pounds/~cre was 0.456 micrograms/liter or 0.5 percent for conventional 
tHlage and 0.210 roicrogramslliter or 0.36 percent of the total applied for no 
tillage. Most of the runoff occurred within 2 weeks of application. In 1981 
and 1982, when rainfall was delayed more than 2 weeks, levels declined 
substantially. Losses of up to 16 percent for atrazine and up to 3.5 percent 
for simazine have been reported (Glenn and Angle, 1987). 



TABLE 2-3 Pesticide Detections Reported in Iowa Drinking Water Survey (in percent) 
Water Type Atrazine Cyanazine Metolachlor Alachlor Metribuzin Trifluralin Butylate Carbofuran 2,4-D Dicamba 

Treated 30/33 (91) 26/33 (79} 21/33 (64) 17/33 (52) 4/33 (12) 1/33 (3) 1/33 (3) 9/33 (27) 2/30 (7) 1/30 (3) 
water 

Untreated 14/15 (93) 11/15 (73) 11115 (73) 10115 (67) 1/15 (7) 0115 (0) 0/15 (0) 5115 (33) 2/14 (14) 1/14 (7) 
water 
Total 44/48 (92) 37/48 (77) 32/48 (67) 27/48 (56) 5148 (10) 1/48 (2) 1/48 (2) 14/48 (29) 4/44 (9) 2/44 (5) 

NOTE: Values indicate number of positive detections/number of samples analyzed (percent). 

For mean levels cietected, see Table 2-4. Means for all compounds were below 4.0 pg/1. Samples were taken in the spring when the presence of 
compounds in water may have been highest as a result of agricultural runoff. 

souRCE: Wnuk, M., R. Kelley, G. Breuer, and L. Johnson. 1987. Pesticides in Water Supplies Using Surface Water Sources. Iowa City, Iowa: Iowa 
Department of Natural Resources and University Hygienic Laboratory. 

a 
N 

~-----------------------~ 
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TABLE 2-4 Pesticide Concentratinns From Finished (Treated) Public Drinking 
Water Supplies Derived From Surfa~e Waters (in micrograms/liter) 

Maximum Residues Detected, 
Reported Iowa City, Icwa, 

Pesticide Ohio Iowa Mean in Iowa May 18-19, 1986 

Herbicides 
Alachlor 14.3 8.8 1.1 8.8 
Atrazine 30.0 24.0 3.8 15.0 
Butylate 0.3 0.27 
Cyanazine 2.4 17.0 2.7 7.2 
2,4-D 0.2 0.23 0.2 
Dicamba 1.4 1.4" 
Linuron 0.6 
Metolachlor 24.2 21.0 2.9 10.0 
Metribuzin 0.3 0.29 0.3 
Simazine 1.0 
Trifluralin 0.1 0.13" 

Insecticide 
Carbofuran 14.0 6.0 

NOTE: Maximum levels reported from studies in Ohio (D. Baker, 1985) and Iowa (M. Wnuk et ai., 
1987), and muliiple residues in Iowa City, Iowa, tap water May 18-19, 1986. 

aOnly one detection (see Table 2-3). 

SOURCES: Baker, D. B. 1935. Regional water quality impacts of intensive row-crop agriculture: Lake 
Erie Basin case study. Journal of Soil and Water Conservation 40(1):125-132; Hallberg, G. R. 1987. 
Agricultural ciwmicals in groun.-J water: r-:xtent and implications. American Journal of Alternative 
Agriculture 2(1):3-15; Kelley, R. D. 1987. Pesticides in Iowa's drinking water. Pp. 115-135 in 
Pesticides and Groundwater: A Health Cono~rn for the Midwest. Navarre, Minn.: The Freshwater 
Foundation and U.S. Environmental Protection Agency; Wnuk, M., R. Kelley, G. Breuer, and L. 
Johnson. 1987. Pesticides in Water Supplies LJ::.ing Surface Water Sources. Iowa City, Iowa: Iowa 
Department of !\Jatural Resources and University Hygienic Laboratory. 

The USDA predicts that pesticide and fertilizer use may be reduced by 61 
million pounds and 1.4 million tons, respectively, from 1985 levels as a 
resuit of land idled under t:f-.e CRP. Because idled land is highly erodible, 
the reduction in fertilizers and pesticides reaching surface water through 
runoff may be proportionally greater as a percentage of total pesticides and 
fertilizers applied (U.S. Department of Agriculture, 1988e). 

Declining but detectable levels of many chlorinated hydrocarbon pesti
cides are still found in several fish, shellfish, and bird species and water
borne sediments, particularly in the Great Lakes (Hileman, 1988). Levels of 
dichloro diphenyl trichloroethane (DOT) in fish contributed to a dramatic 
decline in predatory bird pcpulations, such as the peregrine falcon, osprey, 
and bald eagle in the 1960s and 1970s. The use of most persistent organo
chlorine pesticides has been phased out in the United States, although they 
continue to enter the environment as inert ingredients in a few currently 
used pesticides, and through their continued use worldwide. Some of these 
compounds are carried through the atmosphere and deposited far from 
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TABLE 2-5 Number of Pesticides Detected in Treated Drinking Water Samples 
in Iowa 
!\'umber of 
Individual 
Pe>ticides 
Detected in 
Tn:'!ated Water 
Samples 

1 
2 
3 
4 
5 
6 
7 

Number of Supplies 
with the Number of 
Pesticides Listed 
in Column 1 

3 
3 
5 

12 
3 
'3 
1 

Population (number) 
Served by These 
Supplies 

136,725 
2,828 

33,222 
115,485 
239,386 
15,~74 

20,000 

Percentage f Water 
Supplies in ~he Study 
Containing an Equal or 
Greater Number of 
Pesticide Residues 
Listed in Column 1 

91 
82 
73 
58 
21 
9 
3 

souRCE: Wnuk, M., R. Kelley, G. Breuer, and L. Johnson. 1987. Pesticides in Water Supplies Using 
Surface Water Sources. Iowa City, Iowa: Iowa Department of Natural Resources and University 
Hygienic Laboratory. 

their point of application. The presence of toxaphene, chlordane, and other 
chlorinated hydrocarbon compounds in the Great Lakes is an example of 
this phenumenon (Hileman, 1988). The U.S. Environmental Protection 
Agency (EPA) (1987) reports that other pesticides, notably the herbicide 
alachlor, have 1:-een detected at up to 6.59 ppb in rainwater. 

Mineralization and salinization of soils and irrigation wastewater are 
growing problems in irrigated agriculture, primarily in the West. Soil sali
nization and mineralization reduce crop yields, and, if not corrected, will 
ultimately leave the land unfit for agricultural purposes. The adverse repro
ductive effect of selenium on waterfowl in the Kesterson wildlife refuge in 
California is the most publicized example of the nonagricultural effects of 
salinization. The salinization and depletion of the Colorado River from its 
use as agricultural irrigation water throughout its course is perhaps the 
most vivid example of agriculture's effect on water quality and quantity in 
the West. 

Amendments to the Ciean Water Act in 1987 require states to report their 
principal nonpoint sources of water pollution and programs in place to 
mitigate the problem. The act does not require implementation of measures 
to reduce nonpoint source pollution of surface waters, however. In 1988, 
the USDA's National Program for Soil and Water Conservation and the 
Rural Clean Water Program conducted 22 water quality improvement proj
ects around the nation. Other provisions of the Food Security Act of 1985, 
such as the CRP and conservation compliance, will also help reduce agri
cultural nonpoint surface water pollution. Incentives integrated into agri
cultural conservation and commodity programs will likely remain the most 
effective way to reduce surface water pollution from agricultural sources, in 
lieu of further amendments to the Clean Water Act or regulations promul
gated under the act. 
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Groundwater 

Groundwater is the source of public drinking water for nearly 75 million 
people. Private water wells supply water to an additional30 million individ
uals. Nearly 50 percent of all drinking water, 97 percent of all rural drinking 
water, 55 percent of livestock water:. and more than 40 percent of all irriga
tion water is from underground sources. Accumulating evidence indicates 
that a growing number of contaminants from agricultural production are 
now found in underground water supplies (National Research Council, 
1986b; U.S. Department of Agriculture, 1987b, 1987d). 

Increased use of nitrogen fertilizers and pesticides, particularly herbi
cides, over the past 40 years has raised the potential for groundwater con
tamination. Greater use of feedlots that concentrate manure production also 
heightens this risk. Several of the most widely used pesticides have the 
potential to leach into grcundwatP.r as a result of normal agricultural use. 
The EPA has initiated a nationwide survey of pesticides in groundwater 
with results anticipated in 1990. The high-priority pesticides in that survey 
are listed in Table 2-6 (U.S. Department of Agriculture, 1987d). 

Pesticides have been detected in the groundwater of 26 states as a result 
of normal agricultural practices (Williams et al., 1988). The most commonly 
detected compounds are the herbicide atrazine and the insecticide aldicarb. 
Aldicarb, the most acutely toxic pesticide registered by the EPA (LD50*, 0.9 
milligrams/kilogram), has been found in 16 states; in many states, however, 
detections are isolated. Atrazine. the second most used herbicide in the 
nation, has been found in the groundwater of at least 5 states, usually at 
levels between 0.3 and 3.0 micrograms/liter. Tests show that atrazine is 
oncogenic in laboratory rats. The EPA is currently reviewing these studies 
but has not yet classified atrazine as an oncogen. The herbicide alachlor, 
rec::-ntly banned in Canada and classified by the EPA as a probable human 
carcinogen, is the next most commonly detected pesticide in groundwater. 
It has been found in 12 states at a median concentration of 0.90 micrograms/ 
liter. Pesticides detected in groundwater as a result of agricultural use in 26 
states are listed in Table 2-7. Pesticides detected in groundwater used for 
drinking water in Iowa and Minnesota are listed in Table 2-8. 

A survey by the U.S. Geological Survey (USGS) of 1,663 counties showed 
474 counties in which 25 percent of the wells tested had nitrate-nitrogen 
(N03N) levels in excess of 3 milligrams/liter (Figure 2-8). Levels above 3 
milligrams/liter are considered elevated by human activities, primarily ni
trogen fertilizer use (Nielsen and Lee, 1987). In 87 of the 474 counties, at 
least 25 percent of the sampled wells exceeded the EPA's 10 milligrams/liter 
interim standard for nitrate in drinking water. Prolonged exposure to levels 
exceeding this standard can lead to methemoglobinemia (oxygen deficit in 
the blood), although reported instances of this condition have been rare. 
The USDA (1987d) predicted that wells in an additional 149 counties may 

*LD<;(l, or the Lethal Dose 50, is the dose of a substance that kills 50 percent of the test 
animals exposed to it. The lethal dose can be measured orally or dermally. 
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TABLE 2-6 Priority Pesticides in EPA's National Survey of Pesticides in 
Groundwater {in thousands of ;eounds) 

Estimated 
Pesticide Type• Useb EPA Descnyt!Cil 

Acifluorfen H 1,399 Leacher 
Alachlor H 85,015 Leacher 
Aldicarb I, N 2,271 Mobile; marginal persistence 
Ametryn H 96 Leacher 
Atrazine H 77,316 Leacher 
Bentazon H 8,410 Leacher; toxicological concern 
Bromacil H 1,234 Leacher 
Butylate H 55,095 Mobile; uncertain persistence; 

toxicological concern 
Carbofuran I, A, 1\1 7,695 Leacher 
Chloramben H 6,069 Leacher 
Chlordane I 11 Persistent; possible direct con-

tamination via termiticide use 
Cyanazine H 21,626 Leacher 
Cycloate H 52 Mobile; uncertain persistence; 

toxicological concern 
2,4-D H 37. L.17 Marginal leacher; heavy use 
Dalapon H 261 Leacher 
DCPA H 196 Leacher 
Dio.:amba H 4,158 Leacher 
Dinoseb H 8,835 Leacher 
Diphenamid H 698 Marginal leacher; toxicological 

data g.aps 
Disulfoton I, A 2,105 Leacher 
Diuron H 1,861 Leacher 
Fenamiphos I, N 348 Moderate leacher; toxicological 

concern 
Auometuron H 2,943 Leacher 
Hexazinone H 11 Leacher 
Maleic hydrazide H 287 Leacher; toxicological data gaps 
MCPA H 9,861 Marginal leacher 
Methomyl I 425 Leacher 
Metolachlor H 37,940 Leacher 
Metribuzin T1 10,603 Leacher I> 

Oxamyl ~. ~IN 51 Leacher 
Picloram i.l 549 Leacher 
Pronamide H 83 Leacher 
Propazine H 1,287 Leacher 
Prop ham H 445 Leacher 
Simazine H 3,975 Leacher 
2,4,5-T H 204 Marginal leacher 
2,4,5-TP H 7 Marginal teacher 
Terbacil H 833 Leacher 

aAbbreviations: A = acaricide; H =herbicide; I =insecticide; N =nematicide. 
'Thousands of pounds of active ingredient per year used for agricultural purposes only. 

SOURCE: U.S. Department of Agriculture. 1987. The Magnitude and Costs of Groundwater 
Contamination From Agricultural Chemicals-A National Perspective. Staff Report AGES870318. 
Economic Re~earch Service. Washington, D.C. 
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TABLE 2-7 Confirmed Pesticide Detections in Groundwater Due to Normal 
Agricultural Use 

Health 
Advisory Median 
Level" Concentrationb 

Pesticide (parts per billion) States (parts per billion} 

Alachlor 1.5' CT, FL, IL, lA, KS, LA, MA, 0.90 
ME, NE, PA, WI 

Aldicarb 10 CA, FL, MA, NC, NY, RI, WI 9.00 
Aldrin MS, SC 0.10 
Arsenic TX N/A 
Atraton MD 0.10 
Atrazine 3.0 CA, CO, CT, IL, lA, KS, MD, 0.50 

ME, NE, NJ, PA, VT, WI 
BHC MS 2.70 
Brom.:cil 80 CA, FL 9.00 
Carbofuran 36 MA, NY, Rl 5.30 
Chlordane 0.03' MS 1.70 
Chlorothalonil 1S ME, NY 0.02 
Cyanazine 9.0 lA, LA, MD, NE, PA, VT 0.40 
1,2-D O.Offi3' CA, rT MA, NY 4.50 
1,3-D 0.20' NY 123.00 
2,4-D 70 CT, MS 1.40 
DCPA 3,500 NY 109.00 
DDT MS, NJ, SC 1.70 
Diazinon 0.63 MS 162.00 
Dibromochloropropane 0.02' AZ,CJ.' 0.01 
Die a mba 9.u CT, MF. 0.60 
Dieldrin 0.00219' NE, 1'\:J 0.02 
Dinoseb 7.0 MA,ME,NY 0.70 
Diuron 14 CA N/A 
Endosulfan ME 0.30 
Ethoprop NY N/A 
Ethylene dibromide 0.0005' CA, CT, GA, MA, NY, WA 0.90 
Fonofos 14 lA, NE 0.10 

(Thble 2-7 continued on )Age 108) 

have contaminated water based on high susceptibility to contamination and 
fertilizer use (Figure 2-9) (Nielsen and Lee, 1987). 

The USDA calculates that 1,437 counties, or 46 percent of all U.S. coun
ti~s, contain groundwater susceptible to contamination from agricultural 
pesticides or fertilizers (Figure 2-10). An estimated 54 million people living 
in these counties rely on underground sources of drinking water. The costs 
or benefits of decontaminating this water are not currently quantifiable. It 
is likely, however, that contamination in certain regions will persist for many 
years after remedial actions are taken (Nidsen and Lee, 1987). Several states 
(including California, Florida, Iowa, New York, and Wisconsin) have devel
oped strategies for dealing with agriculturally induced groundwater con
tamination. But changes in agricultural practices to reduce groundwater 
contamination are not widespread. The EPA is also developing a national 
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TABLE 2-7 (Continued) 

Health 
Advisory 
Level" 

Pesticide (parts per billion) States 

Hexazinone 
Lindane 
Linuron 
Malathion 
Methamidophos 
Methomyl 
Methyl parathion 
Metolachlor 
Metribuzin 
Oxamyl 
Parathion 
Picloram 
Prometon 
Propazine 
Simazine 
Sulprofos 
TDE 
Toxaphene 
Trifluralin 

210 
0.026' 

175 
2.0 

10 
175 
175 

490 
100 
14 
35 

0.031 

2.0 

ME 
MS, NJ, SC 
WI 
MS 
ME 
NY 
MS 
CT, IL, lA, PA, WI 
IL, IA, KS, WI 
MA, NY, RI 
NO 
ME, NO, WI 
TX 
NE, PA 
l.A. CT, MD, NE, NJ, PA, VT 
lA 
MS 
MS 
KS, MD, MS, NE 

Median 
Concentration" 
(parts per billion) 

8.00 
0.10 
1.90 

41.50 
4.80 
NiA 

88.40 
0.40 
0.60 
4.30 
0.03 
1.40 

16.60 
0.20 
0.30 
1.40 
4.80 

3,205.00 
0.40 

''The EPA sets the Proposed Lifetime Health Advisory Level. The EPA has not set levels for all 
pesticides. 

1'Median of the concentration of positive detections for all confirmed studies. If multiple studies 
were not done on a particular chemical, the single study average is given. If the d'l.ta base reports 
a single positive well, then the average concentration reported for that well is given. 

'For carcinogens, the Proposed Lifetime Health Advisory Level is based on the exposure levels 
that present a 1 in a million risk of cancer in the exposed population. 

souRcE: Williams, W M., P W Holden, D. W Parsons, and M. N. Lorber. 1988. Pesticides in 
Ground Water Data Base: 1988 !nterim Report. Office of Pesticide Programs. U.S. Environmental 
Protection Agency. Washington, D.C. 

groundwater protection strategy. Once the EPA's ongoing survey of pesti
cides in groundwater is complete, additional time will be needed to carry 
out detailed risk-benefit assessments required by the Fed~ral Insecticide, 
Fungicide and Rodenticide Act (FIFRA). The committee notes that oppor
tunities exist today to reduce surface water and groundwater contamination 
from agricultural chemicals through modified agricultural practices. Some 
of the modifications include increased use of legumes as a nitrogen source, 
adoption of integr.::ted pest management (IPM), or shifts in regional crop
ping patterns. 

The Effects of Irrigation 

Irrigated agricultural acreage doubled frcm 25 million acres in 1949 to 
slightly more than 50 million acres in 1978. Since then, total irrigated acre-
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TABLE 2-8 Pesticides Detected in Underground Drinking Water Supplies in 
Iowa and Minnesota 

Maximum 
Concentration Mean Percenta<~e of 
(micrograms/liter) in Concentration Detections in 

Con.mon Name of Iowa and (micrograms/liter) in Iowa and 
Activ~ Ingredient Minnesota• Iowa and Minnesota Minnesota• 

Herbicides 
Alachlor 16.6/9.8 0.5 15/11 
Atrazine 21.1/42.4 0.2 72/72 
Chloramben 1.7/N.D. <110 
Cyanazine 13.0/0.10 0.5 12/1 
2,4-D 0.2/4.2 0.2 <1/2 
Dicamba 2.3/2.1 0.3 2/2 
Metolachlor 12.2/2.1 0.5 10/2 
Metribuzin 6.8/0.78 0.5 9/2 
Picioram N.D./0.13 0/1 
Propachlor 1.7/0.52 0.3 1/J 
Simazine N.D./2.6 01<1 
2,4.5-TP N.D./0.26 Oil 
Trifluralin 0.2/N.D. 1/0 

Insecticides 
(and nematicides) 
Aldicarb N.D./30.6 01<1 
Carbofuran 0.06/N.D. 2/0 
Chlorpyrifos 0.07/0.21 0.1 < 1/2 
Fonofos 0.90/N.D. 0.2 110 
Phorate 0.10/N.D. <110 

NOTE: N.D. means not detected. A dash indicates insufficient data to calculate mean. 

aThe two numbers listed for each active ingredient apply to Iowa and Minnesota, respectively. 

souRcE: Hallberg, G. R. 1987. Agricultural chemicals in ground water: Extent and implications. 
American Journal of Alternative Agriculture 2(1):3-15. 

age in production has declined to about 45 million acres (U.S. Department 
of Agriculture, 1986a). The growth of irrigation has been most dramatic in 
the western Great Plains. There, irrigation has increased the production of 
corn and sorghum, thus contributing to the growth of cattle feedlot opera
tions nearby. As large quantities of water are used for irrigation, however, 
some water tables decline and the cost of irrigation can rise. Inefficient 
irrigation practices have contributed to aquifer depletion in some regions. 
On sandy soils, certain irrigation practices have contributed to the move
ment of pesticides and nitrai:e into ~oundwater. 

Irrigation has made agriculture possible in areas previously unsuitable for 
intensive crop production, such as the sandhills of Nebraska, parts of the 
central valley of California, and much of th~ arid West. In certain regions of 
California, irrigation is depleting aquifers at rates up to 1.5 million acre-feet 
per year. Land subsidence of up to 10 feet has resulted in some areas 



FIGURE 2-8 Agricultural counties with nitrate 
nitrogen (N03N) in groundwater. souRcE: U.S. 
Department of Agriculture. 1987. The Magnitude and 
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FIGL1RE 2-9 Counties with potential for groundwater 
contamination from nitrogen fertilizers. souRCE: U.S. 
Department of Agriculture. 1987. The Magnitude and 
Cost.!' of Groundwater Contamination from Agricul-

Nitrate Levels 

Greater than 10 mgjl 
(USGS survey data) 

Between 3 and 10 mgjl 
{USGS survey data) 

tural Chemicals: A National Perspective. Staff Report 
AGES870318. Economic Research Service. Washing
ton, D.C. 

---



FIGURE 2-!0 Counties with potential for groundwater 
contamination from agricultural chemicals. souRCE: 
U.S. Department of Agriculture. 1987. The Magnitude 
and Costs of Groundwater Contamination from 
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TABLE 2-9 \creage Irrigated in Areas With Declining Groundwater Supplies, a 

1980-1984 
Total Area Share (percent) of 
(acres, in 1,000s) Groundwater Total Area Irrigated Average Annual 
Irrigated With Declioe Area From Declining Rate of Decline 

State Groundwater (acres, in 1,000s)1
' Groundwater Aquifers (feet) 

Arizvna 938 606 65 2.0-3.0 
Arkansas 2,337 425 18 0.5-1.3 
Caiifornia 4,265 2,069 ·18 0.5-3.5 
Colorado 1,660 590 36 2.0 
Flori..:ia 1.610 250 16 2.5 
Idaho 1,450 225 15 1.0-5.0 
Kansas 3,504 2,180 62 1.0-4.0 
Nebraska 7,025 2,039 29 0.5-2.0 
Nev-.· Mexico 805 560 70 1.0-2.5 
Oklahoma 645 523 81 1.0-2.5 
Texas 6,685 4,565 73 1.0-4.0 

Total 30,924 14,032 45 

''In the contiguous United States. 
1'Areas with at least one-half foot average annual decline. 

snuRCE: U.S. Department of Agriculture. 1987. U.S. Irrigation-Extent and Economic Importance. 
Agriculture lnfllrmation Bulletin No. 523. Economic Research Service. Washington, D.C. 

because of withdrawals in excess of recharge. In other areas of California, 
the groundwater table is rising, waterlogging soils and threatening agricul
tural production. In parts of the Great Plains, such as northern Texas and 
Oklahoma, where aquifer recharge is particularly slow, the Ogallala aquifer 
Ins been depleted to levels that restrict agricultural use. Between 1980 and 
1984, groundwater levels declined by 0.5 to 5.0 feet per year below 14 million 
acres of irrigated land (Table 2-9) (U.S. Department of Agriculture, 1987d). 

Total groundwater-irrigated acreage rose significantly in the 1970s and 
early 1980s. Center pivot irrigation alone increased from 3.4 million to 9.2 
million acres between 1974 and 1983. Of the 30.9 million acres irrigated with 
groundwater, over 14 million acres, or 45 percent, are in areas where 
groundwater is declining at least 1 foot per year (see Table 2-9). California, 
Kansas, a'ld Nebraska account for more than 2 million acres each of declin
ing groundwater; Texas is responsible for more than 4 million acres. 

Much of this land produces crops already in surplus. More than 10 million 
acres of cotton, corn, grain sorghum, and small grains are produced wi~h 
water frmr declining aquifers (Table 2-10). More than 1.4 million acre~. of 
irrigated corn production in Nebraska are depleting groundwater between 
0.5 and 2.0 feet per year. Most irrig..1ted acres receive high levels of fertilizers 
and other yield-enhancing inputs tc· boost yields. High yields secure high 
per acre federal farm program payments, which help pay for the cost of 
irrigation. In several areas in Nebraska that produce irrigated corn, pesti
cides and high levels of nitrate have been detecte~.~ in groundwater. This 
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TABLE 2-10 Irrigated Acreage of Surplus Crops in Areas of Groundwater 
Decline,a 1982 (in thousands) 
State Cotton Corn Grain Sorghum Small Grains 

Arizona 211 57 180 
Arkansas 3 
California 613 87 295 
Colorado 315 56 73 
Idaho 108 
Kansas 664 542 683 
Nebraska 1,456 123 44 
New Mexico 72 55 96 126 
Oklahoma 17 31 181 213 
Texas 1,108 56e 1,019 1,029 

Total 2,024 3,176 2,074 2,751 

NOTE: A dash indicates no irrigated crops. 

"In the contiguous United States. 

soURCE: U.S. Department of Agriculture. 1987. U.S. Irrigation-Extent and Economic Importance. 
Agriculture Information Bulletin No. 523. Economic Research S~rvice. Washington, D.C. 

contamination is prevalent in areas with sandy soils, which are highly 
porous. 

Irrigation in the arid West has been associated with mineralization and 
salinization of soils and water, as well as groundwater depletion and surface 
and groundwater contamination. The Colorado River is perhaps the most 
striking example of depletion of water resources. The Colorado River is so 
intensively used for municipal water and agricultural irrigation that in very 
dry years there has been virtually no water left in the river as it crosses the 
Mexican border. The New River in the Imperial Valley is an example of 
surface water pollution from irrigated cropland. 

As municipalities and industry demand a greater share of available water 
in the West, agriculture will have to conserve. Conserv:ttion will require 
more prudent water use. It also may involve growing different crops and 
using production systems that retain more moisture in the soil. Agriculture 
currently uses 85 percent of available water in the West. The "use it or lose 
it'' code of western water law encourages overuse of water based on fear of 
losing rights to use it in the future. With modest conservation, however, 
there is enough water to go around. If agriculture reduced water use through 
conservation by 15 percent, the amount of water available for municipal and 
industrial use in the region would double. 

Arizona's recent decision to place urban water needs ahead of agricultural 
use and to demand its share of the Colorado River's water is the most 
dramatic example of changing western water priorities. In the future, mar
ket forces and demand for western water will continue to alter use patterns, 
accelerating efforts and investments in conservation practices designed to 
increase the efficiency of agricultural water use. 
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The buildup of salts on irrigated cropland can 
severely reduce yields. This field of grain 
shows heavy damage by salt. The principal 
method to reduce salinization of soils is to 
flush salts OL:t of soils by flooding fields with 

Soil Erosion 
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water. This method, however. moves salts 
downstream and requires large volumes of 
water. Credit: Soil Conservation Service, U.S. 
Department of Agricult• ... re. 

Soil erosion remains a serious environmental problem in parts of the 
United States, even after 50 years of state and federal efforts to control it. 
Common management practices such as increased reliance on row crops 
grown continuously, fewer rotations involving forages, and larger farms 
being tilled by one operator have made it difficult to conserve soil resources 
in some areas. Similarly, some federal farm programs, particularly the com
modity price and income support programs, have historically encouraged 
high levels of production that work as a disincentive for effective erosion 
control practices. 

Soil erosion causes off-farm as well as on-farm damage. Quantifying the 
economic cost to society of offsite effects of erosion is difficult and estimates 
vary widely. Except for specific locations that have been studied intensively, 
it remains impossible to reach reliable judgments about the relative magni
tude of on- and off-farm costs associated with erosion. The USDA calculated 
annual. offsite damage at between $2 billion and $8 billion annually. Each 
year, the 350 to 400 million acres of land used for agriculture are estimated 
to account for more than 50 percent of suspended sediments deposited in 
surface waters (U.S. Department of Agriculture, 1987a). Onsite erosion 
damage can reduce the productivity of land, labor, and capital on the farm, 
and increase the need for fertWzer and other inputs. About one-fifth of U.S. 
cropland is subject to serious d.1mage from erosion (Clark et al., 1985; U.S. 
Department of Agriculture, 1987a). The unpacL of onsite erosion have been 
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Farm chemicals can reach dangerous levels in Imperial Valley and entering the Salton Sea in 
rivers that drain irrigated fields. Shown here southern California. Credit: Richard Steven 
is the New River leaving the heavily irriga(ed Street. 

estimated at between $1 billion and $18 billion per year, although the meth
odology to make such estimates is complex, controversial, and of limited 
value (National Research Council, 1986c; Pimentel, 1987; U.S. Department 
of Agriculture, 1987a). 

One part of the controversy involves what is being measured. For exam
ple, Crosson (1985) reported that about $0.5 billion is necessary to offset the 
annual loss of soil nutrients by erosion; in contrast, Troeh et al. (1980) 
reported that a total of $18 billion in soil nutrients is lost annually from 
agriculture. Crosson estimated the nutrients directly available to crops each 
growing season; Troeh et al. estimated the value of all nutrients lost, which 
included those directly available and those which would have been available 
after mineralization. There are many other aspects of the controversy on 
the impact oi soil erosion on productivity. They include water runoff, water
holding capacity, organic matter, and soil depth (Pimentel, 1987). 

It is generally recognized that soils with deep profiles are able to with
stand erosion without an appreciable drop in productivity. Thin soils over 
bedrock or other impermeable barriers are more vulnerable to erosion
induced loss of productivity. Wind and water erode between 2.7 billion and 
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Runoff from conventionally tilled cropland in new conservation policies adopted in the Food 
Greene County. Ohio. pollutP.s surface water Security Act of 1985, farmers will be helped to 
with sediments and nutrients. The grass at the install grassy ditches and filter strips to reduce 
edge of the field and along the ditch filters agricultural runoff. Credit: Soil Conservation 
some of the sediment from the runoff. Under Service. U.S. Department of Agriculture. 

3.1 billion tons of soil from the nation's cropland each year (National Re
search Council, l986c; U.S. Department of Agriculture, 1986a). One ton per 
acre is roughly equal to 1/150 of an inch per acre. More than 118 million 
acres of cropland are considered highly erodible under the current federal 
conservation compliance provisions. According to the USDA, about 35 mil
lion of these acres are in compliance under current management. More than 
25 million additional acres have been enrolled in the CRP, which pays 
farmers to idle highly erosive land for 10 years. When vegetation is in place 
on CRP land, the USDA estimates that erosion could be reduced by up to 
800 million tons per year (U.S. Department of Agriculture, 1988e). The 
remaining 58 million acres of highly erodible land either will be placed in 
the CRP or, by 1990, will require approval of conservation plans to reduce 
erosion below tolerable levels (Table 2-11) (U.S. Department of Agriculture, 
1988c). Farmers must fully implement these plans by 1()95. Farmers not 
complying by that time will lose eligibility for nearly all federal program 
benefits. 

The USDA projects negligible productivity loss on about 345 million acres 
of farmland under current practices and erosion rates. Such soils are ex-



TABLE 2-ll Cropland Affected by Conservation Compliance 

Region 

Northeast 
Great Lakes 
Corn Belt 
Northern Plains 
Appalachia 
Southeast 
Delta 
Southern Plains 
Mountain 
Pacific 

United States 

Cropland Requiring Compliance by 1990 

Total Acreage 
(in millions) 
Before CRP" 

3.7 
3.9 

19.1 
13.8 
5.9 
2.7 
2.3 

13.8 
14.7 
3.5 

83.4 

Maximum Acreage 
(in millions) 
Enrolled in CRP 
Throagh Fe~ruary 19881

' 

0.1 
2.1 
3.6 
6.0 
0.9 
1.2 
0.8 
2.1 
5.2 
1.5 

25.5 

NOTE: Totals may not be exact because of rounding. 

Balance Requiring Compliance by 1990 or Enrollment in CRP 

Minimum Area Share (percent) Share (percent) 
(in million acres)' of U.S. Total of Region's Cropland 

3.6 6.2 21 
1.8 3.2 4 

15.5 26.8 17 
7.8 13.5 8 
5.0 8.6 22 
1.5 2.6 8 
1.5 2.7 7 
9.7 16.8 22 
9.5 16.9 22 
2.0 3.5 9 

57.9 100.0 14" 

alncludes all lands with an erodibility index (EI) equal to or greater than 8, excluding 35 million acres of land with an EI greater than 8 that is eroding 
at the T level or !es5 under current use and management. This land is considered already under compliance. 
~aximum acreage, based on the assumption that all CRP lands through the February 1988 sign-up had an EI equal to or greater than 8. 
ccould be slightly greater to the extent that some of the CRP acreage included lands with an EI of less than 8. 
dThis fig1.1re represents the percentage of ali r.wp acres that will require compliance by 1990. 

SOURCE: U.S. Department of Agriculture 1988. Agricultural Resources-Cropland, Water, and Conservation-Situation and Outlook Report. AR-12. 
Economic Research Service. Washington, IJ.C. 

--CD 
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pected to lose less than 2 percent of their productivity after 100 years. The 
USDA considers this loss insignificant because annual productivity gains 
from new technology and improved management are projected to average 
at least 1 percent per year. Again, the methodologies available to project 
long-term consequences ot erosion-induced productivity losses are crude 
and may not fully anticipate ways in which future technologies and eco
nomic conditions could interact with soil quality. For example, if fossil fuel 
prices increase, nitrogen fertilizer prices could rise because of higher prices 
for natural gas and energy needed in fertilizer production and distribution. 
The future value of uneroded soils may rise appreciably because of the 
capacity to sustain high levels of crop yields using rotations and leguminous 
cover crops. 

The use of conservation tillage practices has increased since 1980. Nearly 
100 million acres in 1987 were farmed using some form of conservation 
tillage, compared with about 40 million in 1980. The main practice uses 
crop residue management to provide a partial mulch cover on the soil 
surface. This is accomplished through reduced tiilage, primarily chisel 
plowing, which can decrease erosion rates by up to 50 percent. The use of 
no tillage, strip tillage, and ridge tillage, which can reduce erosion by 75 
percent or more, accounts for only about 16 million acres (U.S. Department 
of Agriculture, 1987a). 

A large body of evidence indicates that intensive tillage practices associ
ated with continuous monoculture or short rotations may make soils more 
suscPptible to erosion. Reganold et al. (1987) recently reported this phenom
enon on two neighboring farms in the Palouse region of Washington state. 
The fields on one farm were worked for 38 years with conventional tillage 
and a shorter rotation. These fields had 6 inches less topsoil than an adja
cent farm where the fields were in longer rotations. Similar but fewer tillage 
operations were used on the second farm. Water erosion research in the 
same area supports tht:: .:unclusion that tillage and fC'rtilization practices 
associated with longer rotations, which often use legumes to supply nitro
gen, are less prone to erosion. Water erosion rates on similar fields of winter 
wheat were 13.1 tons per acre per year for fields not using leguminous 
meadows in the rotation compared to 2.4 tons per acre for fields that 
included them (Reganold et al., 1987). 

Conventionc,.ly tilled soil with continuous intertilled crops almost always 
experiences a decline in organic matter and some ability to retain moisture. 
All other factors being equal, soils that historically receive nutrients in the 
form of manure or legumes tend to have higher levels of organic carbon and 
overall organic matter (Power, 1987). Organic matter improves soil quality 
by increasing granulat1on, water infiltration, nutrient content, soil biota 
activity, and soil fertility and productivity. Management systems that reduce 
or eliminate synthetic fertilizer applications depend on increased microbial 
activity to make sufficient nutrients available to sustain crop yields (Doran 
et al., 1987). Conventionally tilled fields without cover crops will likely have 
diminished organic content and be more susceptible to erosion and leach~ng 
of applied chemicals (Hoyt and Hargrove, 1986; Reganold et al., 1987). 



120 ALTERNA71VE AGRICULTURE 

Genetic Diversity 

U.S. agriculture produces a diverse array of crops and livestock. The 
genetic diversity of these crops has been substantially redistributed in re
cent years, however. A limited number of improved varieties of crops resis
tant to certain diseases and pests and responsive to fertilizers, management, 
and other inputs are now widely used. Increased genetic potential and 
improved cultural practices share about equal credit for past productivity 
gains. As a result, yield increases of 100 percent or more per acre have been 
recorded for most major commodities (Fehr, 1984). Vast areas are now 
planted with wheat, corn, and soybean varieties that are closely related and 
very uniform. Recent isozyme electrophoresis and zein chromatography 
analysis of 88 corn hybrids identified 49 as genetically unique; the remain
ing 39 fell into 6 categories that these techniques were unable to distinguish 
as different (Smith, 1988). 

Concern for the genetic resources of domestic animals has been limited 
in spite of the decline in the populations of many breed populations and 
increasing uniformity within dominant breeds. The s:·'.lation for dairy cattle 
is particularly ncute. With the exception of Holsteins, most breed popula
tions are decreasing. This may eventually result in a decline in genetic 
variability within breeds. The Holstein breed is predominant; more than 90 
percent of U.S. dairy cows are Holsteins (Niedermeier et al., 1983). Only 
400 to 500 artificial insemination sires impregnate about 65 percent of the 6 
million to 7 million dairy cows bred each year in the United States. And of 
the approximately 1,000 performance-tested dairy bulls used for artificial 
insemination in a given year, nearly half are the sons of the 10 best bulls of 
the previous generation (U.S. Office of Technology Assessment, 1987). With 
practices like this, the genetic base will become narrower. 

A few major producers control the production of eggs and poultry. The 
genetic diversity of the breeding lines of chickens, which have undergone 
extensive selection for production in a controlled, high-input environment, 
is likely to be quite limited. A similar trend is beginning to emerge in the 
swine industry, with the development of specialized inbred lines raised 
under controlled conditions. There is a basis for concern regarding the loss 
of potentially important variation in these species. 

In the short term, genetically uniform plant and cmimal varieties can be 
resistant to certain pests and therefore be very productive. They can, how
ever, be susceptible to other pests. The number of pests to which the variety 
or breed is susceptible can increase rapidly, resulting in vulnerability to 
devastating epidemics (National Research Councit 1972). Genetic diversity 
within a crop variety provides some buffering against environmental ex
tremes, including pressures of diseases and insects. Likewise, planting 
several varieties of the same crop, which differ genetically for resistance to 
diseases, together or in different fields decreases the likelihood of losses 
due to a particular disease. This contributes to stability in yields and there
fore stability in income for a farmer. In the long term, unless genes are 
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preserved and maintained in germplasm banks or in the wild, crop and 
livestock species will suffer an irretrievable loss of genetic variability and, 
thus, reduce our ability to respond to specific stresses such as diseases 
(Duvick, 1986). 

The value of maintaining a diverse plant genetic resource base is illus
trated in the case of the use of classical plant breeding to control greenbugs 
in grain sorghum. The rapid increase in greenbugs caused an estimated 
$100 million loss to the U.S. sorghum crop in 1968. In the following year, 
about $50 million was expended for chemical insecticides on about 8 million 
acres. By 1976, however, resistance to the greenbug was found in a sorghum 
var~~ty and incorporated into hybrids, which were grown on about 4 million 
acres. This example shows how common plant-breeding techniques, draw
ing on the genetic resource base for sorghum, could reduce chemical de
pendence, pest control costs, and pest damage. 

The subsequent emergence of a new biotype of greenbug illustrates an
other point. Biotype E of the greenbug emerged in 1980 and attacked the 
previously resistant sorghum hybrids. Again, researchers have found an
other resistant variety of sorghum, which is now in general use by sorghum 
hybrid producers. Because insecticides to control greenbugs were not used 
for the length of timP and in i'l manner that produced resistant greenbugs, 
the chemical could be used later when an emergency arose. 

Genetic resistance to pests in plants is widespread. The reservoir of plant 
genetic resources for biological pest contro! is an extremely valuahle p•est 
control component. There are many other examples (including wheat stem 
rust and European com borer) where host plant resistance genes have 
continuously controlled a once-serious pest for several decades after a dev
astating crop loss. 

Effects of Pesticides 

One of the consequences of widespread genetic uniformity in crops and 
livestock is that when pests appear in epidemic numbers, they can have 
devastating effects on productivity. Existing pesticides are effective in con
trolling many serious threats to production and assuring unblemished 
products for market. They have helped maintain pest damage at be~ .1een 
5 and 30 percent of potential production in many cropping situations, 
including highly uniform and often continuous monocultures that would 
otherwise be highly susceptible to severe pest damage. However, the ad
verse effects of some pesticides are a serious problem in U.S. agriculture. 

Although the data are not conclusive, evidence suggests that pesticide 
usP creates several immediate health hazards on the farm. There is growing 
evidence that pesticide use may pose serious health problems for farmers 
and farrnworkers. A 1986 study by the National Cancer Institute found that 
Kansas farmworkers who were exposed to herbicides for more than 20 days 
per year had a 6 times higher risk of developing non-Hodgkin' s lymphomas 
(NHL) than nonfarm workers (Hoar et al., 1986). Follow-up work in Ne
braska found that exposure to the herbicide (2,4-Dichlorophenoxy) acetic 
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acid (2,4-D) more than 20 days per year increased the risk of developing 
NHL threefold (Hoar et al., 1988). Other stuc'ies have suggested a link 
between pesticide use and increased incidence of NHL and multiple mye
loma among farmers (Pearce et al., 1985; Weisenburger, 1985). In addition 
to the risk of developing cancer, pesticides also increase the incidence of 
acute illness. 

Acute exposure to pesticides may result in systematic or local disease. 
With systemic poisonings the clinical picture reflects the known toxicol
ogy of the compound and occurs shortly after exposure. Cholinergic 
illness due to cholinesterase inhibition from excessive organophosphate 
and carbamate exposure is the commonest type of systemic poisoning. 
Other less comtr.0n, but equally life threatening examples of tlcute poi
sonings include the gastrointestinal, hepatic, renal, and pulmonary 
phases of paraquat poisoning, the metabolic stimulation that follows 
excessive exposure to the nitrophenol group of pesticiries, ... and the 
seizure disorders that herald the ·~xcessive chlorinated hydrocarbon ex
posures (Davies, 1985). 

A number of recent studies have documented farmer applicator exposure 
to organophosphate and carbamate insecticides through residues in urine 
and cholinesterase reduction (American Farm Bureau Federation, 1988; 
McDonald, 1987). Many farmworkers and their families, particularly mi
grant farmworkers, live and work in close and regular proximity to pesti
cides and are exposed to far greater amounts of these compounds than the 
average consumer. There is, however, no systematic monitoring of the health 
or exposure to pesticides of the more than 2 million farmworkers, applica
tors, harvester~, irrigators, and field hands who work around pesticides. 
Industrial workers who produce these pesticides receive the benefits of such 
monitoring. 

Widespread and heavy use of pesticides in this country has severely 
stressed some animals, including honeybee a.,d wild bee populations 
(Brown, 1978). Honeybees and wild bees are vital to the production of about 
$20 billion worth of fruits, vegetables, and forage crops. The large number 
of honeybees killed by pesticides resulted in the Bee Indemnity Act of 1970 
to compensate apiarists for such losses. The act was repealed in 1980. But 
honeybees killed by pesticide use, loss of honey, and reduced crop yields 
account for at least $135 million in losses each year (Pimentel et al., 1980). 

Because ecological interactions are extremely complicated and have gen
erally not been studied by the EPA, the effect of pesticides on the environ
ment is not well understood. The decline of predatory birds in the 1Q60s 
and 1970s because of chlorinated hydrocarbon pesticide use, however, is 
well documented, as is their recovery since the cancellation of these com
pounds. This recovery, hmvever, i.s an anomaly. Although the ecological 
effects of pesticides are thought to be substantial, human health risks have 
traditionally been given priority. The EPA's special review of the insecticide 
carbofuran in October 1985 was the first time that ai.l agricultural pesticide 
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Insecticides and fungicides are often applied 
to tree crops using blasters. Here, herbicides 
also have been used and have killed all yrass 
and weed growth beneath the trees. As a 
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result. there is a limited habitat for beneficial 
insects. Erosion may also become a problem. 
Credit: Agrichemical Age. 

had been so treated solely on the basis of its effects on wildlife. The EPA is 
currently reviewing a number of pesticides for ecological effects in conjunc
tion with human health effects, including the widely used ethylene bisdi
thiocarbamate (EBDC) group of fungicides and the insecticides dicofol and 
diazinon. The EPA has canceled other pesticides, based partially on their 
effects on the ecology and wildlife. They include the insecticides DDT 
endrin, and toxaphene. The EPA, the Department of the Interior, and states 
are currently in the process of implementing restrictions on more than 100 
major pesticides to protect between 250 and 300 endangered plant and 
animal species en croplands, rangelands, and forestlands in more than 900 
counties, pursuar.t to the Federal Endangered Species Act of 1973. When 
implemented, these restrictions could benefit plant and wildlife species 
remaining on or around these lands. 

Other unintended effects of pesticides include the resurgence of pests 
after treatment, occurrence of secondary pest outbreaks, and development 
ot pesticide resistance in target pests. When insecticides or other pesticides 
are employed against one pest, its natural enemies or those of another pest 
may be reduced or eliminated. The control of insects by broad-spectrum 
insecticides also destroys beneficial insect populations. Populations of many 
previously innocuous species may then increase rapidly and cause major 
economic damage. 
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After heavy applications of pesticides over can cause severe damage in some crops, 
many years, Colorado potato beetles are now notably potatoes. Credit: Mycogen 
resistant to most registered insecticides and Corporation. 

In the early 1900s, for exampl'r, the major pests of cotton were the boll 
weevil and cotton leafworm (Newsom, 1962). Since 1945 and the extensive 
use of toxaphene, DDT, methyl parathion, and other insecticides on cotton, 
the cotton bollworm, tobacco budworm, cotton aphid, and spider mite have 
become more serious pests than threy were previously (National Research 
Council, 1975). In particular, tl\e cotton bollworm and tobacco budworm 
populations have grown because pE·sticides destroyed the tr natural enemies. 
In 1978, it was estimated that ini California 24 of the 25 top agricultural pests 
were secondary pests. The pest}cides that wiped out theh predators created 
or aggravated their role or domlnance as pests (Van den P.osch, 1980). 

More than 440 insect and mi~e species and more tl-._::i 1 70 fungus species 
are now known to be resistant ~ son.~ pPstic:::!.:s (National Research Coun
cil, 1986a). The committee exp cts that the problem will worsen. Pest pop
ulations already resistant to on or more pesticides generally develop resis
tance to other chemicals more rapidly, especially when the compounds 
work in the same way as previously used pesticides (National Research 
Council, 1986a). To counteract fhis, increased pesticide resistance in jnsect, 
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mite, and funges populations, larger doses and more frequent applications 
of the previously used pesticides become necessary. It often becomes nec
essary to combine pesticides or substitute a different type (\t ::-~sticide to 
achieve control. In some cases, more expensive, toxic, or ecologically haz
ardous pesticides have to be used. This starts a cycle of shifting resistance 
and increased use of pesticides. For these reasons, increasing levels of 
pesticide resistance in pest populations have significant environmental and 
economic costs. 

Pesticides can also cause crop losses. This can occur when the usual 
dosages of pesticides are applied improperly; when herbicides drift from a 
treated crop to nearby, susceptible crops; when herbicide residues prevent 
chemical-sensitive crops from being planted in rotation or inhibit the growth 
of subsequent crops; and when excessive residues of pesticides accumulate 
on crops, causing the harvested products to be destroyed or devalued in the 
marketplace. 

Beetles have seri;;usly damaged potato plants 
in the foreground, despite insecticide 
treatments. A new biological insecticide that 
controls the Colorado potato beetle and is less 

toxic than routinely used insecticides protects 
the healthy plants. Credit: Mycogen 
Corporation. 
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Food Safety 

Many of the chemical agents introduced into the food supply, including 
pesticides, fertilizers, plant-growth regulators, and antibiotics can be harm
ful to humans at high doses or after prolonged exposure at lower doses. 
Although cancer-causing chemicals have attracted the most concern, agri
cultural chemicals can also have behavioral effects, alter immune system 
function, cause allergic reactions, and affect the body in other ways. 

Concern about the adverse effects of synthetic chemical pesticideE: on 
human and animal health began in the 1950s when it was discovered that 
organochlorine pesticides such as DDT are very persistent in the environ
ment and can damage animal systems. In the following years, the use of 
pesticides increased dramatically, largely because of their affordability, ef
fectiveness, ability to cut labor costs, and a variety of economic incentives 
for higher yields. Pest resistance also led to more applications per growing 
season. Increased use placed a growing burden on regulatory agencies to 
ensure the safety and proper use of the compounds, and set the stage for 
subsequent dietary exposure and environmental problems. 

The two major problems facing policymakers attempting to regulate pes
ticides are the lack of data on the health hazards of pesticides and a lat:k of 
accurate exposure data. A National Research Council (NRC) panel esti
mated that data to conduct a complete assessnwnt of health effects were 
publicly wailable for only 10 percent of the ingredients in pesticide prod
ucts, mainly because of a lack of testing of older, widely used pesticides 
(I\Aional Research Council, 1984). Pesticide producers and the EPA held 
more confidential data at that time, however. And since 1984, more data 
have been generated on the chronic health effects of these compounds. To 
date, insecticides accounting for 30 percent, herbicides accounting for 50 
percent, and fungicides accounting for 90 percent of all agricultural use 
have been found to cause tumors in laboratory animals (National Research 
Council, 1987). There is still much scientific debate, however, over the 
extrapolation of the results of these studies to adverse effects in humans. 
Lack of accurate human exposure data further complicates the problem. A 
recent NRC report found little data on the actual levels of pesticides present 
in the human diet (National Research Council/ 1987). Although residue 
studies are being conducted, a complete picture of residue patterns in the 
food supply is still lacking. 

Based on available data, pesticide residues in the average diet do not 
make a major contribution to the overall risk of cancer for humans (National 
Research Council, 1982, 1987). The risk, however, may not be insignificant 
and in most cases can be substantially reduced. Fungicides pose a particu
larly difficult chronic health problem. They account for more estimated 
oncogenic risk than herbicides and insecticides combined, but few effective 
alternatives are available or under development (National Research Council, 
1987). Fcrther complications in risk assessment are that fungicides are often 
used in combinations, and residnes of several oncogenic fungicides and 
other pesticides are commonly detected on the same crop. 
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Although little research has been done, there is evidence of synergistic 
interactions among pesticides and their contaminants with other com
pounds and with each other (DuBois, 1972; Knorr, 1975). In 26 percent of 
15 fruits and vegetables tested by the Florida Department of Agriculture, 
residues of two or more pesticides (including DDT, which was banned for 
agricultural use in 1972) were detected. This may understate actual residues, 
however, because the analytical method used cannot detect some com
pounds widely used on these crops. Although several pesticides are often 
present on a given food, pesticides continue to be regulated individually 
(Florida Department of Agriculture, 1988; Mott, 1984). 

Organic fertilizers (mc."'lures and sewage sludge) and some inorganic fer
tilizers present health hazards if used inappropriately. These hazards in
clude increased nitrate levels in some foods and water, which pose a health 
problem when they are converted to nitrite through the action of bacteria 
and enzymes in the stomach. Nitrate can also be further metabolized during 
digestion to form nitrosamines, which are strongly carcinogenic. The poten
tial accumulation of nitrate in parts of some crops is generally greater when 
nitrogen is supplied in the synthetic chemical form because there is usually 
more nitrate available for uptake (Hodges and Scofield, 1983). 

Nitrate percolation to groundwater and runoff from fields and feedlots 
are major water contamination problems. Organic and inorganic fertilizers 
can cause these problems. Some sewage sludges, particularly those from 
industry, can contain high levels of heavy metals. These metals, which 
include cadmium, chromium, lead, and others, are toxic to most life forms 
and can accumulate in soil and in plant and animal tissues. The EPA has 
established guidelines for the agricultural application of sludges that con
tain heavy metals to avoid toxic accumulations in soil, forages, and vegeta
bles. Additionally, sludges that are not dried and/or completely composted 
can result in contamination of the soil with human pathogens (Maga, 1983; 
Poincelot, 1986; Vogtmann, 1978). 

In addition, a wide variety of tuod-borne illnesses constitute a significant 
health problem in the United States. It is estimated that all types of food
borne illnesses are responsible for 33 million human illnesses and 9,000 
human deaths in the United States each year (Young, 1987). A significant 
percentage of these can be attributed to pathogenic bacteria of animal ori
gin. The bacterial pathogens listeria and salmonellae, found in contami
nated dairy products, and salmonellae and campylobacter, found on some 
meat and poultry, have taken a significant disease toll in recent years. 
According to the Centers for Disease Control, bacteria from animal products 
account for approximately 53 percent of all outbreaks of food-borne illness 
for which a source was determined (Tauxe, 1986). 

Antibiotics 

There has been scientific debate and concern about the subtherapeutic 
use of antibiotics in animal feed for nearly 20 years (Ahmed et al., 1984; 
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Council for Agricultural Science ar.d Technology, 1981; Jukes, 1973; Ken
nedy, 1977; National Research Council, 1980). The focus of concern is the 
frequent development of antibiotic resistance in pathogenic bacteria as a 
consequence of antibiotic use in animals and in humans. Because many 
antibiotics used in animal feed are also used in human medicine, antibiotic
resistant pathogenic bacteria, particularly salmonellae, could develop and 
cause infections in animals and humans. The effectiveness of antibiotics for 
disease therapy would thus be diminished (Institute of Medicine, 1989; 
Murray, 1984). 

Hirsch and Wigner (1978) demonstrated the transmission of resistant 
pathogens from animals to humans. This has been the subject of a thorough 
review (Feinman, 1984). But there are still few studies that document the 
incidence of human disease caused by antibiotic-resistant pathogens of 
animal origin. Disease in humans due to antibiotic-resistant salmonellae of 
animal origin is difficult to confirm and appears to be rare. Holmerg et al. 
(1984), however, demonstrated that antibiotic-resistant salmonellae caused 
disease in humans who consumed meat from animals harboring salmonel
lae. In a study of 542 human cases of salmonellosis in 1979, 28 percent of 
the bacteria isolated were resistant to at least 1 antibiotic. Resistance to 2 or 
more antibiotics was found in 12 percent of the salmonellae strains (Tauxe, 
1986). 

In addition to an aprarent increase in the incidence of salmonellosis in 
humans, there are data to show that antibiotic resistance in the bacteria in 
animal intestinal microflora can be transmitted to humans because the same 
antibiotic-resistant bacteria are found in the human intestinal tract (Institute 
of Medicine, 1989). This increases the concern that antibiotic resistance in 
animal pathogens might spread from animals to humans. The risk that this 
transmission poses to human populations is a matter of intense scientific 
debate. Meanwhile, antibiotic use continues to increase. 

A recent report by an Institute of Medicine (IOM) committee assessed 
human health risks resulting from the subtherapeutic use of penicillin and 
tetracyclines in animal feeds (Institute of Medicine, 1989). Although the 
10M committee recognized that there is little direct evidence implicating 
subtherapeutic use of antimicrobials as a potential human health hazard, 
the committee found substantial indirect or circumstantial evidence indicat
ing a potential human health risk from subtherapeutic use of antibiotics in 
animal feeds. This evidence includes the following: 

• The use of antimicrobials in a variety of doses generates a strong selec
tive pressure for the emergence of drug-resistant bacteria. 

• Antimicrobial resistance among isolates of salmonellae from farm ani
mals is prevalent because of extensive antimicrobial use on farms. 

• Animal and poultry carcasses in meat-processing plants are often found 
to be contaminated with intestinal pathogens resistant to antimicrobials. 

• Human infections from salmonellae or other enteric bacteria may follow 
handling and ingestion of improperly cooked meat or food products 
from animals contaminated with these organisms. 
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In assessing human health risk, the committee used a risk model that 
estimated the number of deaths from salmonellosis attributable to use of 
antimicrobials in animal feeds for prophylaxis and growth promotion and 
concluded that the likeliEst estimate was in the range of 40 deaths per year 
(Institute of Medicine, 1989). Further, it found that increased difficulty of 
treatment probably led to 20 additional deaths per year. The committee 
estimated that less than half of these deaths were from the use of antimicro
bials in growth promotion. It recognized, however, that the distinction 
between the use of these antimicrobials for growth promotion and prophy
laxis may not be great. The committee did not estimate incidences of mor
bidity because even fewer data were available. For the same n~ason, it did 
not estimate deaths due to other infectious organisms that cause food-borne 
illnesses and are known to develop resistance to the antimicrobials. The 
committee's conclusions suggested that reductions in subtherapeutic anti
biotic use would lessen the severity of human disease complications follow
ing infection with salmonellae. Because data are limited, it is not possible 
to predict accurately the magnitude of public health gains that would result 
from a reduction of antimicrobial use in livestock agriculture. 

Human health concerns from antibiotic use go beyond bacterial resis
tance. Drug residues in food may also present risks. Many types of animal 
drugs are available to lay persons or farmers without the necessity of a 
veterinarian's prescription. Furthermore, it appears that even antibiotics 
limited to veterinary prescriph,')ns are also widely available to lay persons 
(U.S. Congress, 1985). An example of the inappropriate use of antibiotics is 
the use of chloramphenicol. Chloramphenicol was never approved for any 
use in food-producing animals; however, residues of chloramphenicol have 
been detected in animal food products (U.S. Congress, 1985). The drug's 
sale in large containers, which was designed for the treatment of dogs, was 
banned by the U.S. Food and Drug Administration (FDA) in 1.986 in an 
attempt to discourage the mixing of chloramphenicol with animal feed (U.S. 
Food and Drug Administration, 1986). Chloramphenicol nonetheless con
tinues to be used in food-producing animals. Recent surveys of milk in New 
Jersey, New York, Oregon, and Pennsylvania found residues of chloram
phenicol in 15 to 20 percent of the samples analyzed (Brady and Katz, 1988). 
Its only FDA-approved use is for pet animals under veterinary care. 

University- and government-sponsored studies have found sulfametha
zine residues in meat and milk (Brady and Katz, 1988). Sulfamethazine is 
available over the counter only in combination with other antibiotics, for 
use in swine and cattle. It is not allowed for use in lactating dairy animals. 
Surveys of commercial milk, however, revealed that in certain parts of the 
country, greater than 50 percent of the samples had detectable sulfametha
zine residues. The human health hazard from these residues is not dear, 
although the compound may be carcinogenic in rodents (U.S. Food and 
Drug Administration, 1988). Further, approximately 3 percent of the human 
population is allergic to sulfamethazine and many other antimicrobial drugs 
that may contaminate food products (Bigby et al., 1986). 

The FDA surveillance programs for the detection of violative residues of 
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all veterinary antibiotics and chemicals are limited. Field investigations into 
tissue residue violations have revealed areas where the FDA may need to 
concentrate its enforcement activities. Dairy cows culled from herds had 
the highest rate of violative residues, followed by Bob veal calves (calves 
slaughtered at less than 4 weeks of age). In addition, 18 percent of the 
violative tissue residues in meat were from intramammary medication. Of 
these residues, 85 percent were derived from gentamicin, a drug not ap
proved by the FDA for intramammary use and legally available only through 
veterinarians (Paige and Kent, 1987). These problems point out the need to 
improve the effectiveness of the FDA's regulation of animal drugs. 

SUMMARY 

Many economic and environmental factors have converged in the 1980s to 
make alternative farmine practices more appealing. Exports have declined 
since 1981. Although the situation is improving, sectors of the agricultural 
economy continue to experience hardships. Despite the fact that net farm 
income has reached record levels, federal programs support an unprece
dented percentage of total net farm income. 

Nonpoint surface water pollution and contamination of groundwater by 
agricultural chemicals are recognized as environmental problems. Soil ero
sion remains serious in certain regions. In subhumid and arid regions, 
irrigation practices continue to deplete aquifers and cause salinization of 
agricdtural land and water. Antibiotic and pesticide residues in food pre
sent risks that, while difficult to quantify and evaluate, can be reduced 
through alternate management systems. The ecological effects of certain 
pesticides are considered to be significant in some regions, although they 
remain largely unstudied. 

In response to these factors, some farmers are beginning to implement a 
range of alternative practices. The scientific bases for the major components 
of alternative agricultural systems are presented in Chapter 3. 
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R,~search and Science 

A LTERNATIVE AGRICULTURE is a systems approach to farming that is more 
responsive to natural cycles and biological interactions than conven

tional farming methods. For example, in alternative farming systems, farm
ers try to integrate the beneficial aspects of biological interaction among 
crops, pests, and their predators into profitable agricultural systems. Alter
native farming is based on a number of accepted scientific principles and a 
wealth of empirical evidence. Some of both are presented in this chapter. 
The specific mechanisms of many of these phenomena and jnteractions 
need further study, however. In general, much is known about some of the 
components ot alternative systems, but not nearly enough is known about 
how these systems work as a whole. 

Examples of practices or components of alternative systems that the com
mittee has considered are listed below. Some of these practices are already 
part of conventional farming enterprises. These practices include: 

• Crop rotations that mitigate weed, disease, and insect problems; in
crease available soil nitrogen and reduce the need for synthetic fertiliz
ers; and, in conjunction with conservation tillage practices, reduce soil 
erosion. 

• Integrated pest management (IPM), which reduces the need for pesti
cides by crop rotations, scouting, weather monitoring, use of resistant 
cultivars, timing of planting, and biological pest controls. 

• Management systems to improve plant health and crops' abilities to 
resist pests and disease. 

• Soil-conserving tillage. 
• Animal production systems that emphasize preventative disease man

agement and reduce reliance on high-density confinement, costs asso
ciated with disease, and need for use of subtherapeutic levels of antibi
otics. 
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ADVOCATES AND PRACTITIONERS OF ALTERNATIVE FARMING 
SYSTEMS 

• lna·ividuals who adhere to philosophies that advocate nonconventional 
farming practices. Some farmers never changed to the chemically intensive. 
specialized approach to crop and animal production that currently domi
nates U.S. agriculture. These farmers include followers of traditional organic 
farming movements. s•xh as biodynamic ag1iculture and the systems ad
vocated by Albert Howard and Eve Balfour (Balfour. 1976; Howard, 1943). 
These individuals also include farmers who farm organically because of 
religious beliefs. such as some Am1sh and Mennonite farmers of Pennsyl
vania and the Midwest. Others have practiced a generic form of organic 
farming not associated with any of the established organic movements 
(Harwood. 1983). 
• Farmers looking for new ways to reduce production costs. Throughout 
the United States. indi·vidual farmers have recognized that heavy purcr.ases 
of off-farm inputs can put them in a less competitive ecot~omic position. 
These farmers have modified their farming practices. ofte:1 in innovative 
ways. to reduce production costs. Examples include a wide variety of 
conservation tillage systems; the use of legume-fixed nitrogen through ro
tations; interplanting; the substitution of mar 1:.::-es. sewage sludges. or other 
organic waste m.::~terials for purchased inorganic fertilizers; and the use of 
IPM systems and biological pest control. 
• Farmers responding to consumer interest in chemical-free organic pro
duce. Mdny enterprising farmers producing agronomic and horticultural 
crops. milk. eggs. poultry. beef. and pork without synthetic chemical inputs 
have taken advantage of the fact that many consumers and businesses are 
Willing to pay higher prices for these sorts of products. In response to 
market demand. several commercial supermdrket chains have recently be
gun to market produce grown with no or very low levels of certain syn
thetic chemical pesticides at prices roughly comparable to those of conven
tionally grown produce. 
• Farmers responding to concerns about the adverse imp~ct of many con
ventional farming practices on the environment. Environmental groups and 
soil conservation organizations have raised public awareness of the envi
ronmental hazards of conventional agricultural practices. As a result of these 
hazards and personal concern for the environment. some farmers have 
adopted alternative farming practices that are helping to reduce the deteri
oration of our nation's soil and water resources. 
• University research scientists. Critics have attacked the colleges and 
schools of agriculture in the land-grant universities and the U.S. Department 
of Agriculture (USDA) for not researching farming systems that protect the 
environment and reduce dependence on synthetic chemical inputs. But 
many individuals at these institutions have been investigating for years 
practices and systems that have alternative agricultural applications. Exam-
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pies include integrated pest management (IPM). biological controls of pests, 
rotations. nitrogen fixatron. timing of fertilizer applications. disease- and 
stress-resistant plant cultivars. conservation tillage. and use of green manu~e 
crops. These research efforts have fostered some important changes in U.S. 
agriculture. As greater effort is made toward implementing the results of 
this research. more progress can be expected in the futL're. Much of the 
scientific knowledge of alternative practices summarized below is the result 
of rese~rch at the land-grant universities and the USDA. 
• Alternative agriculture organizations. Groups such as Practical Farmers of 
Iowa. the Land Stewardship Project. the Institute for Alternative Agriculture. 
the Regenerative Agriculture Association. the Center for Rural Affairs. the 
Land Institute. and many others have worked to provide farmers with 
information on alternatives. They have organized research and demonstra
tion projects. lobbied state legislatures and Congress for research and dem
onstration support. and produced numerous technical publications and 
reports with information designed to help and encourage farmers to adopt 
alternatives. 

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

Many alternative agricultural systems devt>loped by farmers are highly 
productive (see the boxed article, "Advocates and Practitioners of Alterna
tive Farming Systems," and Part Two). They typically share much in com
mon, such as greater diversity of crops grown, use of legume rotations, 
integration of livestock and crop operations, and reduced synthetic chemi
cal use. Although many practices show great promise, the scientific bases 
for many of them are often incompletely understood. 

During the last four decades, agricultural research at the land-grant uni
versities and the USDA has been extensive and very productive. Most of 
the new knowledge has been generated through an intradisciplinary ap
proach to research. Scientists in individual disciplines have focused their 
expertise on one aspect of a particular disease, pest, or other agronomic 
facet of a particular crop. Solving on-farm problems, however, requires more 
than an intradisciplinary approach. Broadly trained individuals or interdis
ciplinary teams must implement the knowledge gained from those in indi
vidual disciplines with the objectiv.;? of providing solutions to problems at 
the whole-farm level. This interdisciplinary problem-solving team approach 
is essential to understanding alternative farming practices. 

Agricultural research has not been organized to address this need except 
in a few areas, such as IPM, the use of organic residues as an alternative 
nutrient source, and the use of leguminous green manure crops and rota
tions for erosion control and as a nitrogen source. Even this research has 
not significantly contributed to the adoption of alternative agricultural sys
tems for two principal reasons. First, most research has focused on individ-

l 
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ual farming practices in isolation and not on the development of agricultural 
systems. This is because of the high expense of farming systems research, 
the intradisciplinary nature of university research, and lack of resources. 
Second, most research results have been implemented under policies that 
encouraged ever-increasing per acre yields as the best way to increase farm 
profits and the world food supply. 

In contrast, alternative farming research must include the interaction and 
integration of all farm operations and must consider the more comprehen
sive goals of resource management, productivity, environmental quality, 
and profitability with minimal government support. Only a limited amount 
of research has taken this comprehensive approach. Nevertheless, the sci
entific literature about specific farm practices and the empirical evidence 
from individual operators illustrate the efficacy and potential of alternative 
farming methods and provide the foundation on which to build a program 
of alternative farming research. 

Important elements of the scientific knowledge base relevant to further 
development of alternative agricultural systems are briefly reviewed in the 
following sections. Knowledge of biological systems and the management 
of their interactions throughout agricultural ecosystems are emphasized. 

CROP ROTATION 

Crop rotation is the successive planting of different crops in the same 
field. A typical example would be c~rn followed by soybeans, followed by 
oats, followed by alfalfa. Rotations are the opposite of continuous cropping, 
which involves successiveiy planting the same field with the same crop. 
Rotations may range between 2 and 5 years (sometimes more) in length and 
generally involve a farmer planting a part of his or her land to each crop in 
the rotation. Rotations provide many well-documented economic and envi
ronmental benefits to agricultural producers (Baker and Cook, 1982; Heady, 
1948; Heady and Jensen, 1951; Heichel, 1987; Kilkenny, 1984; Power, 1987; 
Shrader and Voss, 1980; Voss and Shrader, 1984). Some of these benefits 
are inherent to all rotations; others depend on the crops planted :md length 
of the rotation; and others depend on the types of tillage, cultivation, 
fertilization, and pest control practices used in the rotation. When rotations 
involve hay crops, on-farm livestock or a local hay market are generally 
required to make the hay crop profitable. 

Much of the literature on crop rotat~ons refers to the rotational effect 
(Heichel, 1987; Power, 1987). This term is used to describe the fact that in 
most cases rotations will increase yields of a grain crop beyond yields 
achieved with cont1nuous cropping under similar conditions. This rota
tional effect has been shown to exist whether rotations include nonlegumi
nous or leguminous crops. Com following wheat, which is not a legume, 
produces greater yields than continuous com when the same amount of 
fertilizer is applied (Power, 1987). The increase in crop yields following a 
leguminous crop is usually greater than expected from the estimated quan-
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Between 40 and 45 percent of the U.S. corn 
crop is grown in continuous rnonoculture. 
Corn grown continuously generally requires 
greater use of fertilizers and pesticides than 
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corn grown in rotation. Thi!; corn field is 10 
miles from Kearney, Nebraska, which can 
be seen on the horizon. Credit: U.S. 
Department of Agriculture. 

tity of nitrogen supplied (Cook, 1984; Goldstein and Young, 1987; Heichel, 
1987; Pimentel et al., 1984; V0ss and Shrader, 1984). In fact, yields of grains 
following legumes are often 10 to 20 percent greater than continuous grain 
regardless of the amount of fertilizer applied. 

Many fdctors are thought to contribute to the rotational effect, including 
increased soil moisture, pest controL and the availability of nutrients. It is 
generally agreed, however, that the rnost important component of this effect 
is the insect and disease control benefits of rotations (Cook, 1984, 1986). 
The increase in soil organic matter, pdrticularly in sod-based rotations, may 
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Contour strip cropping can reduce erosion wheat-alfalfa rotation shown here. nitrogen 
and pest infestation. When a legume is fertilizer needs can be decreased. Credit: Grant 
included in a rotation, such as the corn- Heilman. 

be the basis for the improved physical characteristics of soil observed in 
rotations. This may account for some yield increase. Certain deep-rooted 
leguminous and nonleguminous crops in rotations may use soil nutrients 
from deep in the soil profile. In the process, these plants may bring the 
nutrients to the surface, making them available to a subsequent shallow
rooted crop if crop residue is not removed. 

Another benefit common to all rotations is the control of weeds, insects, 
and diseases, particularly insects and diseases that attack the plant roots 
(Cook, 1986). This pest control is achieved primarily through the seasonal 
change in food source (the crop), which usually prevents the establishment 
of destructive levels of pests. As root disease and insect damage are re
duced, the healthy root system is better able to absorb nutrients in the soil, 
which can reduce the rates of fertilizers needed (Cook, 1984). Healthy root 
systems also take up nutrients more effectively, thus reducing the likelihood 
of nutrient leaching out of the root zone. 

Rotations with particular crops or crop cDmbinations can provide addi
tional benefits. Legumes in rotations will fix nitrogen from the atmosphere 
into the soil. The amount of nitrogen fixed depends on the legume and the 
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management system; however, without any additional nitrogen fertilizers, 
leguminous nitrogen can support high grain yields (Heichel, 1987; Voss and 
Shrader, 1984). The length of the rotation and yield expectations of the 
farmers, however, influence the level and acceptability of these yields. 

Hay and forage crops and closely sown field grain crops, such as wheat, 
barley, and oats, can provide some soil erosion control benefits in rotations. 
In some eroding areas with steep terr<:~.ins, the practice of strip cropping 
com (a row crop) with wheat (a closely sown crop) or a hay crop, such as 
alfalfa, is a common use of rotations to slow erosion. It must be stressed, 
however, that tillage practices greatly influence the erosion control benefits 
of crops planted in rotations (Elliott et al., 1987). For example, a rotation of 
com, soybeans, and wheat is excellent for disease control but not for erosion 
control unless no tillage or reduced tillage is used. 

An indirect but im~ortant benefit of all rotations is that they involve 
diversification. The benefits of diversification are described in more detail 
later in this chapter. In general, however, diversification provides an eco
nomic buffer against price fluctuations for crops and production inputs as 
well as the vagaries of pest infestations and the weather. 

Rotations may have their disadvantages, however, particularly in the con
text of current government sub::.idies and requirements for federal program 
participation (see Chapters 1 and 4). Rotations that involve diversifying 
from cash grains to crops such as leguminous hays with less market value 
involve economic tradeoffs (see Chapter 4). Adopting the use of rotations 
may also require purchasing new equipment. As with all sound manage
ment practices, rotations must be tailored to local soit water, economic, 
and agronomic conditions. 

PLANT NUTRIENTS 

Soil, water, and air supply the chemical elements needed for plant growth. 
Photosynthesis captures energy from the sun and converts it into stored 
chemical energy by transforming carbon dioxide from the air into simple 
carbo~~ydrates. This stored chemical energy becomes the fuel for all life on 
earth. Water is also needed to provide essential elements, transport nutri
ents anJ sugars within plants, serve as a medium for essential chemical 
reactions, and provide structural form and strength by exerting turgor pres
sure from inside plant cells. Nutrient elements essential to the chemical 
reactions that occur within the plant are taken up from the soil through the 
roots. If nutrient elements or water are not adequately available at the time 
they i!re needed, plant growth and development will rye affected. Growth 
and yield will be reduced or the plant may die. 

Plants need three soil-derived nutrient elements in large amounts-nitro
gen, phosphorus, and potassium. These elements are frequently not avail
able in adequate amounts from soil. Nitrogen is a constituent of all proteins 
and a part of chlorophyll. the pigment that reacts to light energy. Nitrogen 
is a component of nucleic acids and the coenzymes that facilitate cell reac-
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tions. Phosphorus, as a component of adenosine triphosphate (ATP), is 
critical to the development and use of chemical energy within the cell. 
Phosphorus is also a constituent of many proteins, coenzymes, metabolic 
substrates, and nucleic acids. Unlike nitrogen and phosphorus, potassium 
does not have a clear function as a constituent of chemical compounds 
within the plant. It is important in regulatory mechanisms affecting funda
mental plant processes, such as photosynthesis and carbohydrate translo
cation. In addition to these three nutrients, other soil-supplied nutrients 
are essential to plant growth and development: boron, calcium, chlorine, 
cobalt, copper, iron, magnesium, manganese, molybdenum, sulfur, and 
zinc. These elemeuts are needed in small amounts that are often available 
in soil. 

Soli Properties and Plant Nutrients 

Soil Texture 

The mineral particles that make up the soil are classified on the basis of 
their size. Clay particles are the smallest, silt is intermediate, and sand 
particles are the largest. The relative proportions of clay, silt, afld sand 
determine soil texture. Soil texture has a critical influence on water and 
nutrient retention and movement through the soil. The large pores among 
grains of sand in a sandy soil allow water to pass through with relative 
ease, whereas the small pores formed in clay soils slow the flow and retain 
water. 

Soil particles can exist separately or they can be bound together in larger 
aggregates. Organic colloids and clays play a critical role in binding soil 
particles into soil aggregates, which increase pore space and water and air 
movement. 

Cation Exchange 

The molecular surfaces of clays and organic colloids have a net negative 
charge that interacts witl-t the polar charge of surrounding water molecules. 
This causes the colloids to bind with positively charged ions of elements 
(cations). Because cations have differing abilities to bind with soil colloids, 
one cation may displace another; this is referred to as cation exchange. 
Displacement depends on relative bond strength and relative concentration. 
The cation exchange capacity of a soil is an expression of the number of 
cation-binding sites available per unit weight of soil (Foth, 1978). This ca
pacity has a significant effect on nutrient movement and availability and 
binding of pesticides in different soils. Because hydrogen ions are cations 
that compete with nutrient cations for exchange sites, soil acidit~ which is 
a measure of hydrogen ion concentration, has a marked effect on which 
nutrient elements are bound and which are displaced. 
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Soil Quality 

The quality of agricultural soils is derived from their effectiveness as a 
medium that provides essential nutrients and water. Mineral elements in 
soil required for plant growth exist in soluble and insoluble forms, which 
affects their availability for plant uptake. For example, under acidic or alka
line soil conditions, phosphorus fertilizer is rapidly converted into less 
soluble ~ompounds that may be nearly unavailable for plant nutrition. Even 
available forms of phosphorus are bound to clay, and organic soil com
pounds and are relatively immobile in the soil profile except as a passenger 
during soil erosion. In contrast, potassium and the ammonium and nitrate 
forms of nitrogen are more soluble than phosphorus. Nitrate ions are not 
held by negatively charged soil and are readily leached. Because of their 
positive charges, potassium and ammonium !'litrogen are held on the cation 
exchange and will not leach appreciably except through sandy soils. 

Organic matter in soils influences plant growth in a number of ways. The 
greatest benefits of organic matter in soil are its water-holding capacity; the 
manner in which it alters soil structure to improve soil tilth; its high ex
change capacity for binding and releasing some mineral nutriPnts; its pres
ence as a food source for soil microbiota that recycle soil nutrients; and its 
mineralization to nitrogen, phosphorus, and sulfur. The cycling of mineral 
nutrients between living organisms and dead organic components of the 
soil system provides an important reservoir of the elements needed in plant 
growth. 

Nutrients are lost from soil through removal by crops, leaching, and soil 
erosion. Nitrate nitrogen can also be lost from the soil by conversion to 
nitrogen gases (denitrification) or by volatilization of ammonia. Gaseous 
loss of sulfur can ..:tlso occur. Some farming practices help to mitigate the 
loss of nutrients and in some cases replace nutrients. For example, crop 
rotations that include nitrogen-fixing legumes benefit the soil in several 
ways. Legumes, in symbiotic relationships with microbes, fix atmospheric 
nitrogen into nitrogen compounds available for plant nutrition. When le
gumes are plowed under as green manures, they add nitrogen and organic 
matter to the soil. Cover crops help hold nitrogen in the root zone during 
the winter. 

The accumulated scientific knowledge on the role and fate of mineral 
elements, organic matter, and water in crop growth provides some indica
tion of why some alternative farming practices succeed and others fail. 
Characteristics of a particular crop or farming system that yield maximum 
efficiency are not well understood, however. The task remains to assemble 
the interdisciplinary expertise needed to analyze and understand the com
plex relationships that contribute to the relative efficiencies of different 
farming systems. 

Nutrient Management 

The adequate supply of nutrients-particularly nitrogen, phosphorus, and 
potassium-and maintenance of proper soil pH are essential to crop growth. 
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Ideally, soil nutrients should be available in the proper amounts at the time 
the plant can use them; this avoids supplying an excess that cannot be used 
by plants and may become a potential source of environmental contamina
tion. The current conventional approach is to apply nutrients in the form of 
fertilizers at levels needed for maximum profitability. Profitability in the 
context of current government programs has generally been achieved, how
ever, through maximum yield per acre, often in continuous cropping or 
short rotations that require significant amounts of fertilizer. The nutrients 
in any excess fertilizer or high levels of decomposing organic matter are 
subject to leaching or rur.off. 

An alternative, more environmentally benign approach to nutrient man
agement is to reduce the need for fertilizer through more efficient manage
ment of nutrient cycles and precise applications of fertilizer. Such practices 
include application of organic waste residues from animals and crops, crop 
rotations with legumes, improved crop health that may result in better use 
of nutrients, and banded or split applications of fertiiizers. In mixed crop 
and livestock operations, for example, many of the nutrients contained in 
the grain and residue from crops grown on the farm can be retun1ed to the 
soil if the manure and crop residues are incorporated into the soil. Crop 
rotations that include legumes can also play an essential role in nutrient 
cycling, pa1·~icularly for replenishing the nitrogen supply. Plant residues and 
manure can release nitrogen more continuously throughout the growing 
season than can common commercial fertilizers. Hm-vever, nitrogen irum 
organic sources may be released when crops are not actively absorbing it. 
In contrast, inorganic fertilizer nitrogen is relatively quickly converted to 
the soluble and leachable nitrate form. 

Efforts to provide adequate nutrition to crops continue to be hindered by 
inadequate understanding and forecasting of factors that influence nutrient 
storage, cycling, accessibility, uptake, and use by crops during the growing 
seasons. Soil testing and plant tissue analysis can provide the farmer with 
information to assure adequate nutriLion for all agronomic and horticultural 
crops. But variable soil and climatic conditions that influence nutrient up
take and loss make it difficult to predict the most profitable and environ
mentally safe levels of :rmtrients. As o. result, farmers often follow broad 
guidelines that lead to insufficient or excessive fertilization. For example/ 
studies of fertilizer recommendations revealed that some commercial soil 
testing services consistently recommended the use of far more fertilizer 
than was needed (Olson et al., 1981; Randall and Kelly, 1987). Additionally/ 
some farmers apply more nitrogen than is recommended. 

Nitrogen 

Nitrogen is the soil-derived plant nutrient most frequently limiting grain 
production iu the United States. This is ironic because the atmosphere is 79 
percent nitrogen by volume. Atmospheric nitrogen is in the form of inert 
nitrogen gas, however, which higher-order plants cannot use. Converting 
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atmospheric nitrogen to ammonia and other forms that plants can use 
requires a high energy input. This is true for biological nitrogen fixation as 
well as industrial synthesis. The biological process is fueled by photosyn
thates; the synthetic industrial process is fueled by natural gas, petroleum, 
coal, or hydroelectric power. The predominant process for producing syn
thetic nitrogen fertilizers involves combining hydrogen from methane gas 
and atmospheric nitrogen at high temperature and pressure to form am
monia. Ammonia can then be converted to nitric acid or combined with 
other elements to form a number of nitrogen fertilizers, including ammo
nium nitrate, ammonium sulfate, ammonium phosphate, and urea. A sig
nificant amount of energy is required to synthesize ammonia. Conse
quently, energy and methane gas costs can affect the availability and cost of 
synthetic nitrogen fertilizers. 

Neutral ammonia molecules gain a hydrogen ion when added to moist 
soil and become stable ammonium ions with a net positive charge. Most of 
the ammonium ions in soil undergo biological nitrification, in which oxida
tion results in the formation of a nitrate ion as well as hydrogen ions that 
acidify tl,e scil. Because ammonium ions have a positive charge, they are 
adsorbed and held on the soil cation exchange. Nitrate ions, because of 
their negative charge, are not adsorbed on the soil exchange complex. While 
readily available for plant use, the nitrate freely moves through soil in water 
unless it is absorbed by the plant. 

Although these basic processes are understood, there is a need to know 
much more about nutrient cycling and the behavior of nitrogen under 
variou::; environmental conditions. To accomplish this, progress is needed 
in estimating the rates of biological reactions that control nitrogen transfor
mation in soil. 

Legumes as a Source of Nitrogen 

Nitrogen can be provided by growing legumes in rotation with grains. 
For alternative farming, legumes are an effective and often profitable way 
to supply nitrogen. Leguminous nitrogen is consistently released through
out the growing season when temperatures are high enough to permit 
microbial decomposition. Combined with the rotational effect, leguminous 
nitroger. can support high yields of corn and wheat (Holben, 1956; Koerner 
and Power, 1987; Voss and Shrader, 1984). The overall contribution of leg
umes, however, depends on the management system and climate. For ex
ample, forage legumes are most effective in humid and subhumid regions 
(Meisenbach, 1983; U.S. Department of Agriculture, 1980). In regions with 
less than 20 inches of rain a year, deep-rooted, nonirrigated legumes may 
decrease subsoil moisture and lead to reduced corn yields the following year 
(Meisenbach, 1983). The profitability of leguminous hay crops is strongly 
influenced by the presence of on-farm liv~stock or a local hay market. 

Legumes supply substantial nitrogen to the soil, but the amount of nitro
gen fixed is highly variable. Different species and cultivars fix different 



146 

These fields, currently producing corn and 
soybeans, have received no nitrogen, 
phc :;phorus, or potassium fertilizer for 18 
years. A corn, soybean, small grain, and red 
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clover crop rotation and the application nf 
manure supply nutrients. Credit: Rex Spray, 
the Spray Brothers Farm. 

amounts of atmospheric nitrogen. A number uf physical and managerial 
factors, including soil acidity, temperature, druinage, the timing of harvest, 
and whether foliage is turned under as green manure, influence the amount 
of nitrogen fixed as well as the amount of fixed nitrogen subsequently 
incorporated into the soil. Nitrogen fixation by soybeans, for example, was 
found to vary from 0 to 277 pounds per acre depending on management 
practices, soil characteristics, and water availability. 

The amount of nitrate in the soil also affects nitrogen fixation. Soil rich in 
nitrate inhibits nitrogen fixation. In the Midwest, soybeans are managed for 
grain production and are commonly grown after corn in soils with residual 
nitrate. Where there is residual nitrate in the soil, soybean production can 
result in a net export of nitrogen. For example, nitrogen budget analyses on 
midwestern soybe&ns show that 40 percent of nitrogen in the crop is derived 
from nitrobr-n fixation and 60 percent is from residual nitrogen in the soil. 
Typically, the nitrogen removed in the soybeans at harvest exceeds the 
amount of nitrogen fixed, leading to a net nitrogen loss of about 70 pounds 
per acre. Thus, under these circumstances, soybeans may be depleting the 
soil of nitrogen and increasing nitrogen fertilizer needs for the subsequent 
crop, rather than enriching soil nitrogen as had been previously thought. 
In contrast, when soybeans can be managed to fix 90 percent of their 
nitrogen needs, the result is a 20 pound per acre nitrogen gain (Heichel, 
1987). 
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Management systems also influence nitrogen made available by legumi
nous hay crops. Leguminous hays are commonly grown for their value as 
hay and for their ability to fix nitrogen from the atmosphere into the soil 
and provide nitrogen in the form of crop residue. The timing of harvest, 
however, dramatically affects the amount of nitrogen available for subse
qi.'!ent crops. After they are cut, leguminous hays first use the reserve of 
nitrogen in the crown, roots, and soil to support their own growth. As the 
3rowing plant increases leaf area and photosynthesis, the energy is again 
available for nitrogen fixation. The nitrogen-rich leaves and stems of the 
plant are then removed when the crop is harvested (Heichel, 1987). Heichel 
(1987) reported results of studies with alfalfa showing that one harvest 
followed by moldboard plowing of lush, late August regrowth resulted in a 
net nitrogen gain of 48 pounds per acre. In contrast, harvest of the August 
regrowth followed by plov.'ing under of October regrowth resulted in an 
insignificant net nitrogen loss of 4 pounds per acre. The slight loss occurred 
because most of the nitrogen fixed by the lush August regrowth was re
moved during harvest. Harvest of the October regrowth followed by plow
ing under only the roots and crowns resulted in a net nitrogen loss of 38 
pounds per acre. 

Management also affects the amount of legume-fixed nitrogen that drains 
to groundwater. Results of an unpublished Minnesota experiment (G. Ran
dall) showed that over 4 years, continuous soybean (45 bushels/acre) con
tributed two-thirds as much nitrate to drainage water as heavily fertilized 
corn (165 bushels/acre). Unpublished experiments in Michigan (B. Ellis) 
found more than twice the concentration of nitrates below crop root systems 
when alfalfa was plowed down than under irrigated or nonirrigated corn. 
Few measurements have been made of the contribution of legumes to 
groundwater contamination or, if necessary, how to minimize it. 

Tillage practices also influence the amount and availability of nitrogen 
supplied by legumes (Dabney et al., 1987; Heichel, 1987). No-tillage systems 
may reduce the nitrogen avaibble to the subsequent crop compcred with a 
conventional tillage system such as moldboard plowing, which more thor
oughly inn .. rporates plant matter into the soil (Varco et al., 1987). Koerner 
and Power (1987) reported increased corn yield following double-disking of 
vetch. Corn yields were lower when vetch was left standing throughout the 
corn growing system or when the vetch was killed with herbicides. 

In a greenhouse experiment, the relative nitrogen fixation varied widely 
depending on species of legume, duration of growth, and temperature 
(Zachariassen and Power, 1987) (Table 3-1). Some species performed best 
under low temperatures; others fixed more nitrogen at higher temperatures. 
For example, fava beans were found to fix 54 percent more nitrogen than 
hairy vetch e;.uly in the growing season (42 days) at a temperature of 10°C. 
But at 30°C the nitrogen fixation of the fava beans declined by 86 percent. 

Using legumes in a rotation, or as winter cover crops in the South, can 
reduce and, in some cases, eliminate the need for nitrogen fertilizers (Dab
ney et al., 1987; Goldstein and Young, 1987; f'\eely et al., 1987). Cultivars 
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TABLE 3-1 Nitrogen Fixation of Legume Species as Affected by Soil 
Temperature and Time Under Greenhouse Conditions 

Species and NitrO!!(ll Fixation (percent) at": 

Temperature ("C) 42 Days 63 Days 84 Days 105 Days 

Hairy vetch 
10 100 108 147 223 
20 46 88 67 122 
30 14 8 12 30 

Sweetclover 
10 21 46 67 66 
20 52 86 128 122 
30 42 46 50 104 

Fava bean 
10 154 131 135 122 
20 136 124 122 134 
30 22 12 11 4 

Lespedezd 
10 0 .j. 3 0 
20 9 29 93 145 
30 16 22 60 176 

Field pea 
10 36 48 29 51 
20 38 21 12 8 
30 12 10 6 0 

White clover 
10 20 54 8H 162 
20 39 78 108 153 
30 2 0 40 38 

Nodulated soybeans 
10 31 33 37 34 
20 no 215 315 415 
30 94 163 260 291 

Crimson dover 
10 43 43 72 107 
20 54 79 86 5b 
30 9 2 14 5 1 

''Values are expressed as a pe~centage of the nitrogen fixation found in hairy vetch at 10°C for 42 
days, which was arbitrarily selec,. d as the basis for comparisons. To translate these percentages to 
the originally reported data (in milligrams/pot) multiply by 1.1339. 

souRCE: Zachariassen, J. A., and J. F. Powers. 1987. Soil temperature and the growth, nitrogen 
uptake, dinitrogen fixation, and water use by legumes. Pp. 24-26 in The Role of Legumes in 
Conservation Tillage, J. F. Power, ed. Ankeny. Iowa: Soil Conservation Society of America. 

are being developed that fix more nitrogen than their predecessors. Bacteria 
in the Rhizobium and Bradyrhizobium genera that fix atmospheric nitrogen in 
the roots of legumes are being studied extensively. Current work focuses on 
the mechanism of nitrogen fixation itsElf, the infection process that leads to 
a successful symbiosis, the genetic determinants and biochemical processes 
that make plants receptive, and the bacteria capable d sustaining the asso-
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TAP1 r 3-2 Reported Quantities of Dinitrogen Fixed by Various Legume 
S I::L•: :-, 

N Fixed N Fixed 
Species (pounds/ acre/year) Species (pounds/ acre/year) 

Alfalfa 70-198 Hairy vetch 99 
Alfalfa-orchardgrass 13-121 Ladino clover 146-167 
Birdsfoot trefoil 44-100 Lentil 149-168 
Chickpea 21-75 Red clover 61-101 
Clarke clover 19 Soybean 20-276 
Common bean 1.8-192 Sub clover 52-163 
Crimson clover 57 Sweet clover 4 
Fava bean 158-223 White clover 114 
Field pe<.s 155-174 

souRcE: Adapted from Heichel. G. H. 1987. Legume nitrogen: Symbiotic fixation and recu;•<>ry by 
subsequent crops. Pp. 63-80 in Energy in Plant Nutrition and Pt:st Control, z_ R. Helsel, ed. 
Amsterdam, The Netherlands: Elsevier Science Publishers B. V. 

dation between plants and nitrogen. Improvements have already resulted 
from selecting for crop varieties and naturally occurring Rhizobium strains 
that fix large amounts of nitrogen. In a 2-year rotation with corn in Minn~
sota, a new annual cultivar of alfalfa, Nitro, developed by the U.S. Depart
ment of Agriculture's (USDA) Agricultural Research Service and the Uni
versity of Minnesota Agricultural Experiment Station, fixed 94 pounds of 
nitrogen per acre between the last harvest in early September and the death 
of the plant at the first frost in October (Barnes et al., 1986). This was 59 
percent more nitrogen than was fixed after the September harvest of the 
commonly grown perennial cultivars used as controls in the study. About 
11 percent of this increase was from the improved nitrogen-fixing capability 
of the legume. The remaining 48 percent was from this variety's greater 
productivity at the end of the growing season. 

Nitro alfalfa was bred as an annual crop for use in a 2-year rotation with 
corn. It is grown for 1 year and continues to grow and fix nitrogen uni:il it 
is killed by the first frost, usually in mid-October. Commonly used alfalfa 
varieties, in contrast, are usually grown for 2 or more years, and (in Min
nesota) begin to go dormant and stop tixing nitrogen in early September of 
each year. 

Research conducted in northern California showed that vetch can be an 
economical source of nitrogen for rice. The study examined the effect of 
cultivar selection and time of planting. Aerial broadcast of purple vetch or 
Lana woolypod vetch seeded 2 days before or after field drainage produced 
an excellent stand. Vetch fixed between 30 and 60 pounds of nitrogen per 
acre in rice stubble-up to 100 pounds under ideal conditions (Williams and 
Dawson, 1980). The nitrogen-fLxing capabilities of various legume species 
are listed in Table 3-2. 

There is a general knowledge of the factors that affect nitrogen fixation by 
legumes, but little is understood about the interaction of these variables 
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Incorporating manure into the soil soon after 
application can keep nutrient losses to a 
minimum. The manure truck pictured is 
followed by a moldboard plow and a leveling 
harrow to incorporate manure into the soil. 
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Between the time of its application and the 
emergence of the fir~t crop, this manure tends 
to be vulnerable to erosion and runoff from 
rainfall. Credit: Rodale Press. 

and their effect on total available nitrogen. This information is essential for 
determining nitrogen fertility credits of legumes and assessing the nitrate 
that legumes contribute to groundwater. More information is needed on 
nitrogen cycling in agricultural systems; the yield-boosting effects of rota
tions; the effects of tillage practices; and how fixed nitrogen is affected by 
other sources of nitrogen, soil organic matter, compost, and crop residues. 

Manure as a Source of Nutrients 

Animal wastes can make a substantial contribution to nitrogen, phospho
rus, potassium, and other nutrient needs. Total supply, however, depends 
on the nature and size of animal enterprises and the methods used in 
storing and spreading the manure (Young et al., 1985). The potential nutri
ent contribution from manure is very high in some regions (Van Dyne and 
Gilbertson, 1978). 

Most animal manure is returned to the land. Its nutrients, however, are 
often inefficiently used as a result of poor storage and application practices 
(Smith, 1988; U.S. Department of Agriculture, 1978): Runoff, volatilization, 
and leaching losses of plant nutrients in stored animal manure may be so 
high that only a fraction of the original nutrients remain to be applied to 
cropland. Poor manure hauling and spreading practices add to these losses. 
However, practices that increase the efficient use of nutrients may be eco-
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TABLE 3-3 _Nitrogen Losses in Manure Affec_ted by Application Method 
Method of Application Type of Manure Nitrogen Loss (percent) 

Broadcast without incorporation 

Broadcast with incorporation 

Injection (knifing) 

Solid 
Liquid 
Solid 
Liquid 
Liquid 

NOTE: These numbers do not include losses from storage. 

15-30 
10-25 

1-5 
1-5 
0-2 

souRcE: Sutton, A. L., D. W. Nelson, and D. D. Jones. 1985. Utilization of Animal Manure as 
Fertilizer. Extension Bulletin AG-F0-2613. St. Paul: University of Minnesota. 

nornically costly. ThP cost of ?roper application, for example, may exceed 
the value of the increase in available nutrients compared with inefficient 
application methods. The effect of manure application methods on nitrogen 
loss, not including loss during storage, is shown in Table 3-3. Table 3-4 
indicates the range of nutrient loss possible through different storage and 
handling systems. In many cases, manure is not applied at a time in the 
grow~ng or fallow season that results in optimal use of the manure as 
fertilizer. For example, winter application of manure can result ir significant 
nutrient loss. Little use is being made of animal manure in aerobic corn
posting, even though cornposting may offer advantages of increasing nutri
ent concentration and reducing the volume of material to be applied (Gran
atstein, 1988). Anaerobic fermentation of manure to produce the biogas 
methane is not economical compared to the cost for other fuels. In addition, 

TABLE 3-4 Nitrogen Losses in Manure 
Affected by Handling and Storage 

--------~-----------
Method 

Solid systems 
Daily scrape and haul 
Manure pack 
Open lot 
Deep pit (poultry) 

Liquid systems 
Anaerobic deep pit 
Above-ground 

storage 
Earthen storage pit 
Lagoun 

N loss (percent) 

15-35 
20-40 
40-60 
15-35 

15-30 

15-30 
20-40 
70-80 

NOTE: These numbers do not include losses due to 
application. 

souRcE: Sutton, A. L., D. W. Nelson, and D. D. Jones. 
1985. Utilization of Animal Manure as Fertilizer. Extension 
Bulletin AG-F0-2613. St. Paul: University of Minnesota. 
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fermentation creates residue that must be disposed of or otherwise used 
(Smith, 1988). 

Although systems are available to handle wastes in slurry form, other 
systems are essentially designed to dispose of the animal waste as an 
undesirable by-product. If animal waste is to be used more efficiently, 
systems and related equipment for proHtably storing, handling, and spread
ing it are needed. Research is needed to devise low-cost systems of produc
ing biogas from animal manures, make efficient application systems more 
economical, and educate farmers about the beneficial aspects of manure. 

About 110 million tons (dry weight) of manure were voided by livestock 
and poultry in 1974. The total estimated amounts of nitrogen, phosphorus, 
and potassium in this manure were 4.1, 1.0, and 2.4 million tons, respec
tively. An estimated 40 percent of the total, or 1.3, 0.5, and 1.2 million tons 
of the nitrogen, phosphorus, and potassium voided, was estimated to be 
available and economically recoverable for use elsewhere. Cattle provided 
about 62 percent, or 800,000 tons, of the economically recoverable nitrogen 
from livestock manure in 1974 (Van Dyne and Gilbertson, 1978). The total 
nutrients economically recoverable from manure contained the equivalent 
of about 15 percent of the total nitrogen, 9.9 percent of the total phospho
rus, and 24.2 percent of the total potassium fertilizer applied on farms in 
the United States during 1974 (U.S. Department of Agriculture, 1987). Sim
ilar data are not available for trace nutrients and organic matter supplied by 
manure. 

The amount of nutrients available from manure largely depends on how 
it is stored and handled. Nitrogen is most readily lost; in fact, some loss is 
inevitable no matter how the manure is stored or applied. Phosphorus and 
potassium losses are less likely except through direct runoff and leaching 
from open storage lots or as a result of settling in open lagoons. Table 3-5 
lists the approximate nuttient content of several types of manures as a result 
of different storage and handling techniques. Good management in manure 
handling is essential to successful use of manure as a nutrient source. 

Farms in Lancaster County, Pennsylvania, have a high ratio of livestock 
per acre of cropland. Manure applications average over 40 tons per acre per 
year, supplying far more than the nutrient needs of the crops grown in the 
region. In addition, many farmers apply about 100 pounds of commercial 
nitrogen per acre, bringing thP total nitrogen applied to ccx:t to 350 pounds 
per acre (Young et al .. 1985). i: . .1ny of the county's wells have nitrate levels 
two to three times the U.S. Environmental Protection Agency's (EPA) stan
dards for safe drinking water. 

Phosphorus 

The amount of phosphorus in solution in soil water determines the avail
ability of phosphorus for plants. There is often a substantial amount of 
phosphorus in agricultural soils, but it is in a form that releases phosphorus 
to the surrounding soil water in a slow equilibrium reaction. In soil, the 
soluble phoephorus in fertilizer quickly reacts with aluminum and iron 
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TABLE 3-5 Approximate Nutrient Content of Several Manures 
Nutrient Content (pounds/ton) 

Type of Storage/ Ammonium Phosphate Potash 
Livestock Handling• Total N (NH4+) (P2n,) (Kp) 

Swine Solid NB 10 6 9 8 
Solid B 8 5 7 7 

Liquid P 36 26 27 22 
Liquid L 4 3 2 4 

Beef cattle Solid NB 21 7 14 23 
Solid B 21 8 18 26 

Liquid P 40 24 27 34 
Liquid L 4 2 9 5 

Dairy cattle Solid NB 9 4 4 10 
Solid B 9 5 4 10 

Liquid P 24 12 18 29 
Liquid L 4 2.5 4 5 

Turkeys Solid NB 27 17 20 17 
Solid B 20 13 16 13 

Horses Solid B 14 4 4 14 

"NB = Nu bedding; B = bedding; P = pit; L = lagoon. 

souRcE· Sutton, A. L., D. W. Nelson, and D. D. Jones. 1985. l:•ilization of Animal Manure as 
Fertilizer. Extension Bulletin AG-F0-2613. St. Paul: University of Minnesota. 

oxide and with calcium to form compounds that are relatively insoluble and 
slowly available to plants. Moreover, phosphate quickly binds to day col
loids (Foth, 1978). Consequently, phosphate does not readily leach but 
neither does it remain in a form readily available to plants in either acid or 
alkaline soils. 

Some organic farmers apply rock phosphate to their fields instead of 
acidulated phosphate. Rock phosphate found in the United States varies in 
solubility but generally has very low immediate availability to plants even 
w~1en finely ground (Council for Agricultural Science and Technology, 1980). 
Chemical treatment, or acidulation, with sulfuric or phosphoric acids 
significantly enhances its availability. One 24-year study showed rock phos
phate to be only one-sixth as effective as acidulated phosphate in a corn
oats-alfalfa rotation in slightly acid soils. Rock phosphate is even less effec
tive on a less acid soil (Webb, 1982, 1984). 

F<::rmers have buili: up the phosphorus content of U.S. soils over the past 
three decades. According to the USDA (1980), growers could eliminate the 
use of acidulated phosphates for several years in some regions without yield 
loss on well-managed soils. How long the resulting mining of phosphorus 
from such soib could continue is not known and will vary. Application of 
manures and organic wastes can replenish some phosphorus but removal 
by crops is inevitable. BecaltSe phosphorus docs not leach, rep!:1cement 
applications to meet crop needs are advisable. Farms cannot be self-suffi
cient in phosphorus (Eggert and Kahrmann, 1984). 

Phosphorus bound to sediment in runoff water is often implicated in 
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eutrophication and decline in surface water quality. Although most farmers 
could reduce applications of phosphorus with little effect on crop yield, 
reductions are best made based on soil tests. Properly managed phosphorus 
applications and reduced soil erosion will be accompanied by improved 
water quality in watersheds with highly erodible cropland. 

Potassium 

Weathering of minerals has supplied many soils in subhumid or arid 
regions with adequate levels of available potassium. Potassium fertilizer 
applicatio11s, however, are especially required in humid regions and highly 
organic soils. Potassium has a net positive charge, so it is bound to the 
soil's cation exchange complex. Potassium is available in soil water solution 
in an equilibrium reaction wHh exchangeable and fixed potassium in the 
soil. It is more soluble and readily available than phosphorus but has little 
mobility and leaches only in sandy soils. 

If there is excess potassium in the soil, plants will absorb more than is 
needed for normal physiological functioning. Forage crops such as alfalfa 
and clovers absorb large amounts of potassium; thus, harvest of hay or 
fodder (silage) leads to rapid depletion of readily available potassium in 
soils. Grain crops deplete potassium in the soilless rapidly, provided only 
the grain is removed. Potentially high levels of potassium in leguminous 
forages emphasize the need for conservation of manure from animals con
suming these forages. Most of the potassium ingested by animals passes 
through the intestinal and urinary tracts. If all of the manure is conserved 
and uniformly redistributed to the land, little additional potassium will be 
needed for soils that begin with adequate levels. Leaching of exposed ma
nure by rain can cause large losses of potassium, and this must be avoided 
to make recycling fully effective. 

Amending Soil Reaction 

One of the basic principles of soil management is to maintain a soil 
rea.::tion appropriate to the crops produced. Soil reaction is measured by 
hydrogen ion activity and reported as pH. A neutral pH is 7.0. Most agro
nomic crops perform best between pH 6.0 and pH 7.5. The leguminous 
crops tend to perform better toward the upper end of the range while grain 
crops are usually not as responsive. 

Figure 3-1 illustrates the relative availability of 12 essential plant nutrients 
as a function of the pH of the soil (University of Kentucky, 1978). The three 
primary fertilizer nutrients-nitrogen, potassium, and phosphorus-have 
the greatest availability within the pH 6.0 to pH 7.5 range. Hence, it is 
understandable why crops might grow well over this range of reaction. The 
availability of magnesium, sulfur, copper, and boron are also well repre
sented within this range, although their availability tends to taper off as pH 
7.5 is approached. 
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pH 

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 
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FIGURE 3-1 The relative availability of 12 essential plant nutrients in well-drained mineral 
~;oils in temperate regions in relation to soil pH. (Aluminum is not an essential nutrient fN 
plants, but it is shown because it may be toxic below a soil pH of 5.2.) A pH range between 
6.0 .md 7.0 is C•>nsidered ideal for most plants. The thirteenth essential plant nutrient from 
the soiL chlorine, is not shown because its availability is not pH-dependent. The saw-toothed 
pattern in the figure n;•presents precipitation. SOURCE: University of Kentucky. 1978. Liming 
Acid Soils. Leaflet ACR-19. Lexington, Ky. 
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The availability (solubility) of aluminum, iron, and manganese increases 
rapidly below about pH 5.3. The increase in the solubility of these three 
elements, especially aluminum, creates a toxic environment for plant roots. 
Growth of most plants is severely limited at low pH values. Poor plant 
performance, however, is not necessarily linked to low pH. Deficiencies in 
calcium and magnesium or toxic levels of aluminum or manganese may also 
affect plant growth. At low values of pH, aluminum and iron cause precip
itation of phosphate (Figure 3-1). This can cause phosphorus deficiencies. 
At the upper end of the pH scale in the presence of large amounts of 
calcium, the calcium precipitates phosphates, but usually not to as great an 
extent as aluminum and iron do at the lower end. 

The application of agricultural limestone-either calcitic limestone con
taining mostly calcium carbonate or dolomitic limestone containing a mix
ture of calcium and magnesium carbonates-can amend soils with low pH 
values and increase the pH to the favorable range. The procedure for deter
mining the amount of neutralization required is a simple one involving the 
measurement of the pH of a soil sample suspended in a buffered solution. 
This pH value, compared to the pH of a suspension of the soil in water, 
provides a basis for measuring the total amount of acidity that needs to be 
neutralized and thus the amount of agricultural limestone needed. 

Excess calcium carbonate usually dominates soil systems with pH values 
up to 8.0 or 8.2. This is a consequence of a soil development process that 
occurs mostly in drier climates. Additionally, in some crops, there may be 
a deficiency of iron or other micro nutrients that need to be corrected. Soils 
with pH values above 8.3 are likely to contain sodium carbonate or potas
sium carbonate. These alkaline soils also have poor physical characteristics 
because of the presence of sodium. They are generally found in arid or 
semiarid climates. The application of gypsum (calcium sulfate) and leaching 
with adequate quantities of high-quality irrigation water can amend these 
soils. Calcium replaces sodium on the exchange complex of the soils, dis
placing the sodium that is leached out of the root zone. This results in 
improved soil properties. 

Tillage 

Farmers have adopted a wide range of tillage practices in the past three 
decades. Most of these conservation tillage practices were developed by 
researchers to slow soil erosion and conserve water through decreased soil 
disturbance. Nearly 100 million acres are farmed using some form of con
servation tmage. Most of this is in the form of mulch tillage or reduced 
tillage; no tillage, strip tillage, and ridge tillagt are practiced on about 16 
million acres (U.S. Department of Agriculture, 1987). While these practices 
may advance some of the goals of alternative farming, such as increasing 
organic matter in soil and reducing soil erosion, some conservation tillage 
practices may increase the need for pesticides, particularly herbicides (Geb
hardt et al., 1985). 

Conservation tiliage generally leaves a layer of crop residue on top of the 
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A ridge-tillage planter places seeds in a 
narrow band of soil scraped off the top of the 
ridges. This method preserves the residue 
cover between the rows, reducing soil and 

Ridge tillage is an effective alternative tillage 
system that can reduce erosion and costs and 
help control weeds without herbicides. Here, 
seeds are planted in a field with the 
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water runoff. Planted last fall as a cover crop, 
hairy vetch helps to meet the nitrogen needs 
of the corn crop now being planted. Credit: 
Dick Thompson. the Thompson Farm. 

residue of last year's corn crop, which protects 
the soil surface from erosion. Credit: Randall 
Reeder, Ohio State University. 
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Chisel plowing. a form of conservation tillage. 
mixes crop stubble into the soil, leaving the 
ground partially protected from wind and 
rain. Chisel plowing can reduce erosion by 30 
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to 50 percent from levels expected with 
moldboard plowing. Credit: John Deere 
Company. 

soil (Hendrix et al., 1986; House et al., 1984). This residue may provide a 
favorable habitat to some pests. Some plant diseases overwinter in crop 
residues left on the soil, above and below ground insects survive, and 
perennial weeds may establish a foothnld. The effects of these pest popula
tions are more severe if the same crop is planted the next year but may be 
inconsequential or minimized in a rotation. 

rf"\T\C.Ot"U::>f-tr\1"\ f-tll::>n-0 rh::>nn-oc cnil ..-.T"rvnat"f-tOC' tn Ur<lluc f-h.,f- .,.ffa.-.f. ...... t-.nf-""'"''V''"-J. Y-I.A~J.l L.I..I.&Ub'- '"-.l.t. .... J.lb'-V "-"~.1.1 t'LVt-'"-.1.1..1 ...... _ .1.&1 'l"tU]..:J L.llU'- U.I.L\...'-L ya~t.l.I.L 

growth (Phillips et al., 1980). Researchers are studying twphic interactions 
~-~ _____ , ___ __)~ ___ !11_ --- .~1•-~- --- _1 ------- _ •• ____ , ,•tt_-- T"\1 -• - •• --•-. 
ut uuptctnu~ wun nu nuage anu t:unvenuunat nuage. rtan{ nut:nenrs 1n no-
tillage soils are more stratified than those in soils under reduced or conven
tional tiliage. Nutrients also tend to concentrate in the upper portion of the 
soil profile. Soil under conservation tillage practices, which leaves a surface 
mulch, is often 3 to 4 oc cooler in late spring than soil under conventional 
tillage. In the spring, the cooler temperatures can slow early season plant 
growth at higher latitudes. With no tillage, the soil is also more likely to be 
compacted, which can also reduce plant growth. 

In summer, however, the mulched soil is cooler and the soil surface under 
the residue is moister. As a result, many conservation tillage systems have 
been very successful. The concentration of soil microbes and earthworms is 
greater in conservation tillage systems. Inadequate research on the range of 
conservation tillage practices, however, makes it impossible to draw general 
conclusions for most crops, soils, or climates. A number of the committee's 
case studies demonstrate the effectiveness of various tillage practices in 

I 

I 
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No tillage is another effective way to reduce 
erosion. Soyb~ans are planted into barley 
stubble as barley is harvested. Farme1 s in the 
South and mid-Atlantic are often able to 

Corn grows on top of the ridges in a soybean 
field. Credit: Soil Co:1servation Service, U.S. 
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harvest two crops in one season. Credit: Soil 
Conservation Service, U.S. Department of 
Agriculture. 

Department of Agriculture. 
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One conventional tillage method is moldboard 
piowing. The steei biades of tr1e piow tum 
over furrows of soil. This method helps to 
control some diseases and insect pests by 
disrupting their environment and burying 
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weed seeds. But it also leaves the soil surface 
fuiiy exposed to rain and wind and increases 
soil erosion. Credit: Soil Conservation Service, 
U.S. Department of Agriculture. 

controlling weeds and as a component of viable alternative systems (see the 
Sorav. BreDahl. Kutztown. and Thomoson case studies). .1. _,, • • .l , 

Conventional moldboard plowing, in contrast to reduced tillage, contrib
utes to pest control by destroyirtg some perennial \AJeeds, disrupting the life 
cycle of some insect pests, and burying disease inoculum. But conventional 
tillage may also disrupt the life cycle of beneficial organisms, contribute io 
soil erosion, and require more energy and larger tractors. Chisel plowing, 
the most widely used form of reduced tillage, requires large tractors but 
uses less energy than moldboard plowing. Conventional tillage creates more 
bacterial activity and has a "boom-and-bust" effect on nutrient cycling 
processes (Holland and Coleman, 1987). No tillage or other conservation 
tillage pro~ides a slower but mar~ eve~ rate of n;:;_trient release. Legumes 
are an effective source of nitrogen in some conservation tillage systems, 
although different tillage methods can influence the amount of nitrogen 
available to subsequent crops (Heichel, 1987). 

Conservation tillage can reduce water runoff from fields. Data reported 
by Haii et ai. (1984) showed that compared with conventionai tiUage, no
tillage systems reduced runoff by 86.3 to 98.7 percent, soil losses by 96.7 to 
100 percent, and the herbicide cyanazine losses by 84.9 to 99.4 percent. 
Glenn and Angle (1987) reported 27 percent less total runoff of water and 
the herbicides atrazine and simazine with no-tillage versus conventional 
tillage systems. 

Some forms of conservation tillage, however, may increase the concentra
tion of broadcast nitrogen and phosphorus fertilizers and pesticides in the 
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An offset disk is a conventional tillage tool 
used for further soil preparation {top). Final 
field preparation is accomplished with a field 
cultivator, which in this case is also 
incorporating a preplant herbicide into the soil 
{bottom). At the left. a planter follows. These 
conventional tillage operations work the soil 
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into fine particles and leave almost no crop 
residue on rhe soil surface. This field could 
experience high soil losses if hard spring rains 
occur before the growing crop begins to 
protect the soil surface. Credits: Soil 
Conservation Service, U.S. Department of 
Agriculture {top); Grant Heilman {bottom). 
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runoff. However, the total amount lost is generally reduced because runoff 
is usually less (Andraski et al., 1985; Sauer et al., 1987; Springman et al., 
1986). \'Vith conservation tillage, fertilizer loss via runoff can be further 
reduced by drilling the fertilizer in the row. The effects of conservation 
tillage practices on pesticide runoff are largely unknown; simulation mod
els gPnerally show a decrease in runoff (Crowder et al., 1984). This may be 
accompanied by an increase in percolation to groundwater, however. 

Ridge tillage is a form of conservation tillage with significant erosion 
control benefits that overcomes some of the soil temperature, weed control, 
and soil compaction problems associated with untilled systems. In the 
spring the tops of the ridges are tilled for planting (Figure 3-2). This re
moves residue from the top of the ridges and disturbs the soil enough to 
create a seedbed. Soil on the ridges is also generally warmer than that 
between ridges or in fields without ridges. Warmer soil facilitates crop 
germination. Tilling only the top of the ridges disturbs fewer weed seeds, 
reducing weed germination. Erosion is slowed because soil and crop residue 
between the ridges is not disturbed. Weeds that emerge later in the growing 
season tend to be between the ridges. Cultivation easily controls these 
weeds and reduces soil compaction in crop rows, thereby enhancing plant 
root growth and water infiltration. 

The use of reduced tillage is expected to increase primarily as a means to 
meet conservation compliance provisions of the Food Security Act of 1985. 
As its use increases, farmers and researchers will need to better understand 
its effects on soil structure, soil biota, plant growth, and pest populations. 
Research is needed to reduce the use of herbicides to control weeds in 
untilled fields and increase the use of conservation tillage in vegetable and 
other specialty crops. 

Effect of Soli Biota on Nutrient Availability 

Numerous free-living but plant-associated microorganisms aid in nutrient 
uptake (Hendrix et al., 1986). Mycorrhizal fungi are important in the uptake 
of nutrients from soil and in the establishment of vigorous seedling growth 
in many crop and nursery species (Gerdeman, 1976). Little is known about 
the genetics of these or other similar organisms or how their association 
benefits plants. Improvements in their use and establishment of beneficial 
microorganisms in the rhizosphere could make crop plants more efficient in 
their use of soil nutrients (Holland and Coleman, 1987). In particular, work 
under way on the genetic basis of specific root associations may make it 
possible for free-living nitrogen-fixing bacteria to attach to the roots of 
cereal grasses or establish dominant relationships in the surrounding rhi
zosphere, thereby improving nitrogen use (Baldani et al., i987). 

The harmful effects of insect, nematode, and fungus pests in soil on crop 
growth and yields are well known and receive substantial research atten
tion. Less studied is another group of organisms that benefit crop produc
tion by decomposing leaf litter and root residues, playing an integral role in 
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FIGURE 3-2 Ridge tillage advantages in alternative production systems. The planter tills 2 to 
4 inches of soil in a 6-inch band on top of the ridges. Seeds are planted on top of the ridges, 
and soil from the ridges is mixed with crop residue between the ridges. Soil on ridges is 
generally warmer than soil in flat fields or between ridges. Warm soil facilitates crop 
germination, which slows weed emergence. Crop residue between the ridges also reduces 
soil erosion and increases moisture retention. Mechanical cultivation during the growing 
season helps to control weeds, reduces the need for herbicides, and rebuilds the ridges for 
the next season. souRCE: Dick Thompson, The Thompson Farm. 
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making inorganic nutrients available fer subsequent plant growth (Coleman 
et al., 1983, 1984a, 1984b; Ingham et al., 1985). The activities of these biota 
could influence crop nutrient needs, although their relationships with plants 
are not precisely understood. It is not known whether pesticides used to 
control soil insects and plant pathogens destroy other soil organisms. If 
they do, however, pesticide use may be a factor in nutrient managemer.t. 
Research is needed to know how pesticides affect soil biotic activity and 
thus influence nutrient cycles and crop nutrient requirements. 

Bacteria and fungi, the primary decomposers, break down sugars, poly
saccharides, and proteins in organic matter. They also assimilate mineral 
nutrients such as nitrogen and phosphorus into their tissues. When these 
organisms die, they release mineral nutrients, such as ammonium, nitrate, 
phosphates, and sulfates. This step is known as mineralization. A consid
er.Jble portion of mineralization occurs when various members of the soil 
fauna prey on dead bacteria and fungi (Coleman et al., 1983, 1984a, 1984b; 
Mitchell and Nakas, 1986). Much of this micrl)bial and faunal activity occurs 
in the top few inches of the soil. A typical plow layer of 6 inches on 1 acre 
of farmland, which equals about 1,000 tons, contains approximately 4 tons 
of flora (2 tons of bacteria and an equal amount of fungi) and about 1 ton 
of all fauna combined (Ingham et al., 1985). 

A majority of soil fauna is found in the plant rhizosphere (Ingham et al., 
1985). Current agroecosystem research on microbial flora, fauna, and or
ganic matter sources is directed toward discovering how microbial produc
tion and turnover can best be understood and managed to synchronize 
nutrient supply with the nutrient uptake needed for plant growth (Hendrix 
et al., 1986). As a result, some farmers in the northern Great Plains are 
switching to spring wheat, because its growth is more synchronous with 
organic matter decomposition and nutrient cycles. Several ecologists and 
agronomists argue that farming practices matched to soil microbe activity 
are more energy and nutrient efficient than conventional practice (Coleman 
et al., 1984a, 1984b; Hendrix et al., 1986). Such factors as soil moisture, 
temperature, and texture must be included in decisions on timing of culti·· 
vation, planting, and general tillage management. The relationships among 
soil microorganismb, nutrient cycling, pest pressure, plant growth, yield, 
and many other factors of crop production need further study. 

LIVESTOCK 

Livestock play an important role in many alternative farming systems in 
terms of nutrient cycling and their ability to make crop rotations economi
cally feasible through the consumption of forage crops (see the Spray, 
BreDahl, Sabot Hill, Kutztown, and Thompson case studies). Converting 
marginal cropland to pasture for grazing also helps promote soil conserva
tion and reduce water runoff. Nutrients not retain·vi by the animal can be 
readily returned to the soil in the form of manure. Manure provides soil 
nutrients and enhances organic content and tilth. Research in this area has 
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been neglected in recent years because agriculture has focused on monocrop 
and monospecies systems and has increasingly separated crop and livestock 
activities. Much could be done to further understand and enhance crop
livestock interactions. 

Research is needed in the following areas to achieve the full benefits of 
crop-livestock systems: 

• Crop and forage rotations and forage handling/ harvest, and storage; 
• Ruminant digestion of lignocellulose; 
• Quality and digestibility of pastures and forages; 
• Animal muscle-to-fat ratio; 
• Animal health systems; and 
• Manure handling. 

Obstacles to Greater Use of Hay and Forage 

Impressive advancements have been made in the harvesting, storage, and 
processing of forages for hav and silage, but major difficulties remain in 
integrat~ng hay and silage into crop-livestock systems (Wedin et al., 1980). 
The principal obstacles to further adoption of hay or forage crops are 
weather constraints and the time and labor required to harvest forage crops, 
purticularly when cash crops require attention. Weather can interfere with 
harvesting; rain can seriously damage hay crops. Harvest of forage crops 
often occurs at peak demand times for labor and equipment and is often a 
lower priority than taking care of grain crops. These factors can significantly 
increase production costs per unit of digestible energy produced. Conse
quently, many livestock producers choose to maximize use of grains and 
silage and to minimize the area devoted to pastures and forages. 

t3ecause pastures and forages have some advantages over row crops, such 
as reduced soil erosion and the potential to supply nitrogen, they are an 
important element in many alternative farming systems. Convincing more 
farmers to incorporate or expand acreage devoted to pastures and forages, 
however, will require animal systems that are profitable and that save time 
at.d labor and an agricultural policy that encourages their adoption. 

Lignocellulose Digestion 

In many alternative crop~livestock systems, forages and crop residues 
comprist> a large portion of the total diet for beef cattle, dairy cattle, and 
sheep, particularly in contrast to more intt"nsive systems that rely on pur
chased feed grains. The availability of the energy stored in forages thus 
becomes critical to the viability of these operations. Th..: gross energy con
tent of these cellulosic plants and crop residues is equal to that of grain and 
root crops. But animals do not use this energy efficiently hecause the cellu
lose structure is highly ordered and often associated with indigestible lignin 
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(Council for Agricuiturai Science and Technoiogy, 1986; Oitjen et ai., 1980; 
Wedin et al., 1980). 

Forage or hay crops will often be produced on land that could otherwist. 
be in grain or other high-value crops. The economic viability of producing 
these crops, and ultimately the viability of incorporating livestock into an 
operation, therefore, will depend on the efficiency of ruminants in trans
forming these forages, hays, and crop residues into animal products. 

Unless corn stalks are harvested prior to maturity, as with silage, little 
sugar is in the stalk. When left in the field, feeding value of corn stalks is 
further reduced by weathering. Methods for improving the feeding value of 
lignocellulose materials, such as corn stalks and small grain straw, have 
been studied. These methods include treatment with sodium hydroxide 
(Klopfenstein, 1978), a mixture of sodium and calcium hydroxides (Klopfen
~tein and Owen, l981), ammonia, urea (Ibrahim and Pearce, 19S3), ·and, 
mn<::t rPrPntlv hvrlrno-Pn nPrmdriP fKPrlPv Pt o:ll ~ 1QR!:i) RPf'o:lll~P nf chPmico:ll --·--- -----·--J' --J---o-·· r---~--- ,------J ----, ----,· ------- ------------
hazards, special equipment requirements, and modest improvement in feed 
value, the use of these intensive chemical treatments is limited. 

Microbiological interventions to improve the use of lignocellulose materi
als have largely concentrated on the introduction of dietary agents that will 
favorably influence rumina! fermentation. Several drugs, most notably the 
ionophores, can improve the efficiency of weight gain by reducing methane 
loss and increasing propionate production (Chalupa, 1980). However, very 
few studies have been conducted on the genetics and genetic manipulation 
of ruminal bacteria (Forsberg et al., 1986; Hazelwood et al., 1986). 

Research is needed to improve the bioavailab~lity of lignocellulose. This 
would include plant breeding to improve the digestibility of pastures and 
forages and the vegetative portions of crop residues. Genetic manipulation 
of corn, for example, reduced the percentage of lignin by 40 percent. This 
resulted in a 30 percent increase of digestible dry matter from corn stover. 
When consumed, the forage caused a 1 pound per day increase in weight 
gain. Similar improvements might be possible with other forages (Council 
for Agricultural Science and Technology, 1986; Wedin et al., 1980). Addi
tional research can help develop microbiological, chemical, and physical 
interventions that will improve the digestion of lignocellulose materials. 

Improving Quality of Pastures and Forages 

Genetic improvement in cash crops has resulted in significant increases 
in per acre yieids. Simiiar yieid improvement is possibie for forages, ai
though it has not been as widely exploited. For example, Bermuda grass 
yield potential has been doubled in the southeastern United States, but, in 
general, forages have not received the same level of research as cash crops. 
Improvement is also possible in nutrient availability, palatability, and the 
reduction of antimetabolite concentrations in plants. Reducing the amount 
of plant cell wall constituents, including hemicellulose, lignin, and silica, 

" ' '1 1.. "I" can impr<Jve nutrient avauauu1ty. 
Palatability is important because livestock must eat the forage to benefit 
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r •• • ••• 1 __ •--• ~, _ ~'--•---· _rr ___ .~--- ___ , _ _ ,_~1"!•-- ____ 1!••'- ___ _ rrom us nurnnona1 cunrenr. 1 ne rauun; arreumg pa1araomry an~ nrne un-
derstood, and research could produce significant results. A variety of anti
metabolites .1nd plant toxins are present in forage crops. Researchers are 
making progress in identifying and eliminating these chemicals. Plant 
breeders have lowered the indole alkaloid concentrations in a line of reed 
canary grass by one-third. Lambs fed the low-alkaloid canary grass gained 
weight at twice the daily rate of those fed the commercial variety (Marten 
et al., 1981). Similar results might be possible in reducL11g tannins in sor
ghum and lespedeza; coumarin in sweet clovers; cyanogenic glycosides in 
sorghum, Sudan grass, and white clover; and saponins in alfalfa. 

Tall fescue is grown on 35 million acres in the United States. Poor animal 
performance and health problems have been reported in animals grazing 
some fescue pastures (Blaser et al., 1980; Goodman, 1952; Robbins, 1983; 
Studemann et al., 1973). The presence of the endophyte fungus Acremonium 
cocnovhialum has been imvlicated in ooor animal oerformance in cattle rrraz
ing f~scue (Hoveland et aL 1983). !~proved perf~rmance has been rep~rted 
in cattle grazing endophyte-free fescue. A number of fungus-free varieties 
have been developed; however, these varieties are more prone to insect 
damage due to loss of an insect toxin provided by the endophyte. 

Fairly convenient and accurate methods of determining forage nutritive 
quality are available. improvement in methods and availability, however, 
would enhance forage quality research. 

Muscle-to-Fat Ratio 

One goal of agricultural research and farming is to improve the nutritional 
quality of food. Growing evidence of the link between consumption of fat 
and heart disease has stimulated efforts to produce meat with lower fat 
content. Efficiency of conversion of feed to meat is improved when reduced 
fat content of meat is the 1!oal because much more ener1!v is reauired to 

u ~ • 

produce fat than lean meat. Livestock fed on pastures are leaner than those 
fed grains, but leaner meat sometimes lacks the taste and texture desired 
by consumers (National Research Council, 1988). Perhaps more impor
tantly, the price and grading structures for beef traditionally rewdrded farm
ers for producing animals with higher fat content. Recent changes in grad
ing standards have opened new markets for leaner products, but full 
adoption of research results is still hindered by economic incentives. Ani
mal breeding, feeding intact rather than castrated males, and genetic engi
neering are producing leaner livestock. Consumer demand for leaner meat 
is growing. Genetic engineering has great potential to accelerate this pro
gress. Hormones are also creating opportunities for decreasing fat content 
in meat. For example, porcine growth hormone increases growth rate, feed 
efficiency, and ratio of muscle to fat. 

Animai Heaith Systems 

Disease prevention through management has become an increasingly im
portant research objective throughout the last decade. Nonetheless, tech-
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nologies for disease treatment rather than management systems for disease 
prevention dominate current animal health systems. The subtherapeutic 
feeding of antibiotics and antibiotic treatment of diseased animals remain 
the mainstays of current animal health practices. Many alternative systems 
exist, however, and are widely practiced today (see the BreDahl, Kutztown, 
Thompson, and Coleman case studies). Some major commercial producers 
maintain animal health with reduced or no prophylactic feeding of antibi
otics. They are able to achieve this by modified production systems, includ
ing reduced animal confinement, improved ventilation and waste manage
ment systems, and, in certain cases, the use of alternative technologies. 

Antibiotics 

The antibiotic era ushered in with the discovery of penicillin has permit
ted treatment and control of animal disease not previously possible. The 
application e>f inexpensive antibiotics to animal feed controlled many of the 
disease problem::. that were exacerbated by the strict confinement and inten
sive management of animals. Conversely, the use of antibiotics has facili
tated the trend toward confinement housing and greater concentration of 
animals in production facilities (Council for Agricultural Science and Tech
nology, 1981). About 9.9 million pounds of antibiotics are fed to livestock 
each year (Institute of Medicine, 1989). The widespread use of antibiotics 
in feed and to treat disease has reinforced a trend not to manage for disease 
prevention and to accept the costs of antibiotic feeding and use as a routine 
production expense. Feeds that contain antibiotics are widely used because, 
on the typical farm, they help animals use feed more efficiently. Research 
has demonstrated that the control of subclinical infection by feeding sub
therapeutic levels of antibiotics results in increased production and growth 
(Freedeen and Harmon, 1983). It appears that antibiotic feeding also works 
by decreasing the total antigenic challenge to the animal's immune system. 
Immune systems that are stimulated for defense appear to channel nutri
ents to the need of the immune response and away from growth and 
production (Klasing et al., 1987). 

Antibiotics will always be needed, to some extent, for the clinical treat
ment of disease. The extensive use of antibiotics in feed and for therapy, 
however, has the attendant risk of promoting the selection of resistant 
bacterial strains that may be passed on in food, become pathogenic in 
humans, and resist antibiotic treatment. Research to develop new antibiot
ics for use only in agriculture may not resolve the concerns about resistant 
strains, because resistance in bacteria tends to occur for groups of bacteria. 
Moreover, the research. development, and federal approval process of new 
antibiotics is slow and _ustly, and drug companies may become unwilling 
to take the financial risk for new antibiotic product development (Liss and 
Batchelor, 1987). It mo.y be unwise, therefore, for animal agriculture and 
human medicine to assume that new antibiotics will always be developed 
to resolve resistance problems. 
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Alternatives to Antibiotic Use 

The occasional adulteration of milk with antibictics has been a problem 
for the dairy industry since the introduction of penicillin. To this day, peni~ 
cillin and other antibiotic residues in milk, primarily from treatment for 
mastitis, remain a major concern for regulators and the dairy industry. 

Mastitis, a common bacterial infection of the lactating dairy cow, remains 
a predominant reason for the use of antibiotic therapy. Considerable re
search into mastitis has revealed that the disease is controllable and, most 
importantly, largely preventable. National data indicate that approximately 
50 percent of the dairy cattle in the country have mastitis (National Mastitis 
Council, 1987). But other studies have identified large numbers of dairy 
herds that have very low levels of mastitis, as evidenced by the low numbers 
of white blood cells in the commercial milk produced (Bennett, 1987). 

Mastitis, like many other diseases of domestic animals, is a result of 
management practices. Dairy systems can be instituted and managed to 
reduce infection rates enough to greatly reduce intramammary use of ther
apeutic antibiotics. The opportunity to achieve this level of disease control 
is independent of the size of the dairy herd (Bennett, 1987). 

The procedures and management for effective mastitis control have been 
widely published. A recent publication providing this information for pro
ducers and the allied industry is available nationwide (National Mastitis 
Council, 1987). 

In general, effective disease control is achieved by: 

o Pre- and postmilking disinfection of the udder; 
• Proper milking machine function and use; 
o Identification, diagnosis, and segregation of infected animals; 
• Comprehensive prophylactic therapy of nonlactating animals; 
o Maintenance of dean and dry cattle housing; and 
o Culling chronically infected cattle. 

Other common dairy disease problems 4-hat may result in antimicrobial 
residues in milk are largely preventable, and similar control strategies have 
been developed (Amstutz, 1980). The specifics of a control program must 
be tailored to each situation, and professional assistance is critical to the 
success of any program. Therefore, these systems often require a greater 
degree of management, knowledge, and information than is readily avail
able to producers. 

Swine Production 

The trend in swine production IS toward larger confinement operations 
(see Chapter 1). It is now common to find more than 1,000 sows per 
production unit. Without careful planning, design, and operation of these 
units, the risk of animal disease increases with the numbers of animals in 
the operation. Respiratory problems in pigs produced for market is a major 
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Partial confinemt.•lt facilities provide shelter 
and open air space. Hogs raised in these 
systems generally have les~ incidence of 
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disease and require fewer antibiotics than 
those raised in confinement facilities. Credit: 
Grant Heilman. 

problem in swine production (National Research Council, 1988). A multi
tude of factors, including close proximity confinement, sanitation, and breed 
susceptibility, influence disease risk and the consequences of infection. 

The practice of feeding livestock a wide variety of antibiotics at low or 
subtherapeutic levels has become commonplace as producers have adopted 
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confinement production systems. Animals respond to antibiotic feeding by 
increasing feed intake and using less feed per unit of weight gained, which 
improves the growth rate. The mode of action of subtherapeutic antibiotics 
has not been fully explained, however. Their bacteriostatic and bacteriocidal 
activities are probably the primary causes of improved feed efficiency and 
growth rate (Zimmerman, 1986). However, additional theories ha··e been 
proposed. Antibiotics may spare certain nutrients by reducing bacterial 
destruction of certain vitamins and amino acids or by favoring bacteria that 
synthesize these essential nutrients. Some studies have reported that anti
biotics reduce the thickness of the intestinal wall and suggested that af
fected animals may absorb nutrients more efficiently. Antibiotics may also 
inhibit the growth of toxin-producing bacteria within the intestinal tract. 
For example, antibiotics may depress bacterial urease production, which 
would result in lower ammonia levels in the intestine and blood (ammonia 
is a powerful toxin). Antibiotics may also kill or inhibit pathogenic organ
isms in the intestine, thus reducing the incidence of subclinical or clinical 
disease states. 

The significant benefits of antibiotic feeding have revealed the extent of 
disease problems in modern swine production. Because of the complex 
etiology and the pervasiveness of disease in swine, the subtherapeutic 
feeding of antibiotics will likely remain a simple and effective method of 
reducing disease loss in lieu of changes in production practices with greater 
emphasis on other methods of disease prevention. 

Alternative management systems and techniques, however, can greatly 
red,.ICe reliance on subtherapeutic feeding of antibiotics (Kliebenstein et al., 
1981). Reduced confinement and the increased use of outdoor shelters and 
pastures are components of alternative livestock production systems that 
allow lowering or elimination of subtherapeutic feeding of antibiotics (see 
the BreDahl, Kutztown, Thompson, and Coleman case studies). Veterinary 
and medicine costs stemming from swine confinement production systems 
have been shown to be at least double those of a comparably productive 
pasture and hutch system. Kliebenstein et al. (1981) found that the total 
costs of producing 100 pounds of pork were $40.18 for the pasture system 
compared to $42.97 for the individual confinement unit system. In another 
example, veal calves raised in stall and pen confinement facilities have been 
shown to need five times the amount of antibiotics as hutch and yard calves 
(Friend et al., 1985). Using pastures and forages may improve other aspects 
of production, such as waste management and nutrition. Preventive disease 
management, however, is not as simple as redesigning production systems 
and facilities. Similar disease conditions can develop in these situations as 
well. 

Hormonal Therapy 

A wide variety of physiological hormones modulate the natural disease 
defense mechanisms of animals. Research is needed to further identify 
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more hogs. Calves. hogs, and poultry in 
confinement livestock systems have grer1ter 
risk of respiratory diseases. requiring use of 
antibiotics. Credit. Grant Heilman. 

these hormones and determine what potential they represent for infectious 
disease therapy. 

One of the natural reproductive hormones, prostaglandin F2a, has been 
shown to be useful as no'nantibiotic therapy of the postpartum bovine 
ut~rus (Momont and Sequin, 1985). Uterine infection is a major cause of 
infertility in animals. Prostaglandin injections in the animal changes the 
naturai reproductive hormone levels to the extent that the uterus has en
hanced disease resistance. 

Protection 

Immunization to prev~nt diseases has been successfully used for decades 
to control many diseases associated with major herd and flock health prob-
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lems or epidemics. For other important diseases, vaccinations have either 
not been effective or available. This is the case with acute coliform mastitis 
in dairy cattle. 

Standard antibiotic treatments are not effective against coliform mastitis. 
Thus, veterinarians and producers attempt treatment with different and 
more costly antibiotics. Gentamicin, a drug reported by the Food and Drug 
Administration (FDA) to occur in meat from cull dairy cows, is being us~d 
for intramammary therapy (Paige and Kent, 1987). But advances in molec
ular immunology are beginning to reveal new opportunities for the devel
opment of effective vaccines. One vaccine developed with these techniques 
has been shown to modulate acute coliform mastitis in dairy cattle (Gonza
lez et al., 1988). 

Often, disease problems of newborn animals are devastating and result 
in major economic losses. There is a need for tesearch to develop manage
ment systems, breeding programs, and immunological interventions that 
will enhance immunological protection against diseases in the newborn 
(Anderson et al., 1980). 

Parasitism 

Intensive use of chemical agents in the treatment and prevention of par
asitic infestation has resulted in the appearance of ecto- and endoparasites 
resistant to many insecticides and deworming agents. Research is needed 
to determine the influence of parasitism and quantify its economic effects. 
Integrated control programs using management, breeding, nutrition, and 
chemical or biological agent interventions should be developed (Anderson 
et al., 1980). Parasitism of animals on pasture can be a major animal health 
problem and is often cited as a justification for the confinement housing 
and feeding of livestock. 

Anthelmintics are administered on a regular or seasonal basis to treat 
subclinical parasitism before it induces a major production loss. The FDA 
establishes srecific label instructions for use and withdrawal periods before 
slaughter. The prescribed withdrawal periods and use limitations should 
help producers avoid high residue levels in animal products. Research on 
the integrated management of parasites associated with animals grazing on 
irriJated and nonirrigated pasture is needed in order to break the cycles of 
parasitic infection and reinfection. 

Genetic Resistance to Disease 

The genetic selection of animals has placed emphasis on productivity and 
efficiency and has potentially reduced natural disease resistance. Studies in 
dairy cattle have shown that as milk production increased, resistance to 
mammary disease decreased. It is generally thought that animals free of 
disease will produce more milk. It is not known, however, whether antibi-
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otic treatment and management or genetic resistance is the disease control 
strategy that will produce the most milk (Alrawi et al., 1979). 

Use of genetic resistance for tolerance to disease and parasitism has been 
largely confined to tropical environments, where adaptation has been criti
cal to animals' survival. Research is needed to develop improved breeds 
and strains of livestock that are more resistant to disease or tolerant of ecto
and endoparasites in various climates (Anderson et al., 1980). 

Stress and Disease 

The stress response in animals is not well understood. There is a consen
sus, however, that distressed animals become less able to adjust effectively 
to additional change (Selye, 1950). Various stressors, such as close confine
ment, transportation, and temperature, have been shown to affect disP.ase 
resistance. Although little scientific information is available t!tat quantifies 
animal stress, observational research on the effects of stressors on animal 
health and behavior has fueled the debate on animal welfare and the signif
icance of stress (Mickley and Fox, 1987). It is generally agreed that reducing 
the stress associated with confinement, transportation, and temperature 
decreases incidence of disease in certain cases. It has yet to be determined 
whether or not stress resistance can be genetically altered. There is evi
dence, however, that swine bred for high muscle content are more suscep
tible to stress, and that the stress effects of transportation reduce meat 
quality. Research is needed to define more fully and quantify stress in food 
animals. Subsequently, research may be able to determine if low stress 
systems offer disease protection and economic advantages. 

Technology and Advanced Diagnostics 

The performance of ar.imals in disease··free and diseased states is difficult 
to measure precisely. It is very difficult to accurately diagnose diseases, 
particularly those that are subclinical. 

Immunological, biochemical, and electronic advances, however, are pro
viding new tools for the rapid and accurate determination of disease and 
the measurement of disease effects. Immunodiagnoslics employing biotech
nological advances such as monoclonal antibodies and enzyme-linked anti
bodies have aided in disease control in virtually every food animal species. 
The electronic enumeration of white blood cells in cows' milk can provide 
every dairy producer with monthly information about the udder health 
status of every cow in the herd. Major advances i_'1 udder health nationwide 
may be possible because of this technology. 

A comprehensive or systems approach to the maintenance of health in 
food-producing animals offers perhaps some of the greatest opportunities 
for increasing the safety, quality, and profitability of food animal products. 
The academic intradisciplinary approach to research has precluded investi
gations into the larger systems approach to animal disease problems. By 
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examining the interaction of nutrition, management, animal disease resis
tance, and the biology of disease agents, it may become possible to identify 
the critical control points governing the susceptibility and spread of disease 
and select those that will provide the most cost-effective means of disease 
prevention. 

PEST CONTROL IN CROPS 

Control of pests (including insects, nematodes, mites, weeds, and patho
gens) has been a major research activity in agriculture for decades. Crop 
management practices, rotations, genetic improvements through classical 
plant breeding .. and synthetic organic chemicals are widely used to control 
pests in modern commercial agriculture. Steady progress has been made in 
these areas, and much of what has been accomplished is relevant to alter
native agriculture. Plant breeding that has produced many economically 
significant pest-resistant varieties of major cultivars is particularly relevant. 
Nevertheless, most of agriculture relies on synthetic chemical pesticides, 
even though in many cases effective alternatives are now available. 

Use of synthetic chemicals for pest control began in the 1940s, when the 
discovery of organic compounds such as dichloro diphenyl trichloroethane 
(DDT), benzene hexachloride (BHC), and (2,4-Dichlorophenoxy) acetic acid 
(2,4-D) heralded a revolution in pest management. Pesticides made it feasi
ble to control many pests and pathogens for which no effective control 
measure was previously available. Consequently, pesticides contributed sig
nificantly to yield increases in the 1940s through the 1960s. Pesticide use, 
especially of insecticides, grew rapidly. Many farmers began to apply insec
ticides on a regular schedule, often with little attention to actual infesta
tions. As a result, insecticide-resistant strains developed. Pesticides, partic
ularly insecticides and fungicides, wiped out certain beneficia~ species, 
which often led to the emergence of their prey as an even more serious pest 
problem. Many of the original organochlorine insecticides had detrimental 
environmental effects and presented unacceptable risks to human health. 
Most of these compounds have been removed from agricultural use and 
replaced with less persistent organophosphate, carbamate, and synthetic 
pyrethroid insecticides. 

Herbicide use has more than doubled since 1970, currently accounting for 
more than 65 percent of all pesticides applied. Today, more than 95 percent 
of all com and soybean acres are treated with herbicides. As farmers con
tinue to cut input costs in response to economic conditions, researchers are 
seeking more effective, economical, and ecologically sound ways to control 
pests. Nonetheless, pesticide expenditures are about 20 percent of total 
input costs, although this figure varies substantially by crop and region {see 
Chapters 1 and 4). Farmers and society could benefit from safer and more 
economical methods of controlling pests. Progress in this direction is under 
way as government, university, and industry researchers discover biological 
and genetic alternatives to the use of pesticides and devise a variety of 
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cultural and biological control strategies aim£>d at reducing and even elimi
nating pesticide use. These efforts remain small, however, compared with 
the time and resources devoted to chemical pest control research. Nonethe
less, there are promising results to report. 

IPM Development 

Led by entomologists, researchers began to recognize the problems asso
ciated with dependence on extensive insecticide use in the 1950s. They 
developed concepts leading to what is now commonly referred to as inte
grated pest management (IPM). A central principle of IPM is the economic 
threshold concept, which holds that the mere presence of a pest population 
does not necessarily indicate an economically damaging situation where 
benefits will exceed the cost of control. In principle, IPM is an ecologically 
based pest control strategy that relies on natural mortality factors such as 
natural enemies, weather, and crop management and seeks control tactics 
that disrupt these factors as little as possible. 

Trad~tionally, the term IPM has been associated with insect control. in 
large part because formal IPM systems began with efforts to reduce insecti
cide use and avert a growing insect resistance problem, principally in cot
ton. Today, however, pest management systems that integrate a number of 
tactics for control of plant diseases, weeds, and other pests are widely 
practiced in a number of crops. For the purposes of this report the commit
tee uses the term IPM to include the integrated control of insects, diseases, 
and weeds. Ideally, the term IPM refers to control of all agricultural pests 
through the use of an integrated approdch. 

IPM involves all aspects of crop production, including cultural practices 
such as cultivation, fertilization, postharvest management of fields, scout
ing for pests, tillage practices, the use of genetically improved pest-resistant 
varieties, rotations with other crops, and the use of biological controls (see 
the Florida, Pavich, Ferrari, and Kitamura case studies). However, most 
current IPM programs do not use all of these techniques. Current insect 
IPM programs generally focus on the use of improved crop varieties, scout
ing for pests, better timing of pesticide applications, and the use of more 
specific, less biologically active pesticides. The need for protection of natu
rally occurring biological control agents, such as predators and parasites, in 
the crop ecosystem is widely recognized but often overlooked in practice. 
In many situations, their populations cannot be preserved. Cultural prac
tices, such cts increasing a crop's ability to resist pests through nutrient 
management techniques that promote crop health, appear to offer great 
promise. But these practices are not well articul<1ted or understood. They 
are therefore underused and in need of quantitative research (see the Pavich 
case study). 

The common thread for all IPM programs is the concept of an economic 
threshold below which pest populations or damage is tolerated. The deter
mination of an economic threshold is difficult, however, because it is not a 
constant. It varies depending on an individual farmer's pest problems, 
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stage of crop growth, and economic expectations. As economic thresholds 
differ, so will IPM programs. Decreased pesticide use is often :1ssociated 
with IPM, but it is not a mandatory component of the systein. Most WM 
programs decrease pesticide use, but many increase the number of pesticide 
applications in light of better knowledge of pest populations (Allen et al., 
1987). 

Significant federal support for IPM extension, research, and field studies 
began in 1972. The National Science Foundati\:'n (NSF), EPA, and USDA 
jointly funded this work known as the Huffak,~r Project through the Coop
erative State Research Service (CSRS). 

Reauthorized in 1979 as the Consortium for lntegrated Pest Management 
(CIPM), this project supported interdisciplinary research to develop IPM 
systems in alfalfa, apples, cotton, and soybean&. In 1984, the project was 
reorganized and decentralized. It is now administered in four regions-the 
Northeast, North Central, South, and West. The regions set research prior
ities to match regional needs, and as a result, IPM research proJeCts now 
deal with a wider range of pests on more crops. The funding for IPM 
research through CSRS has been about $3 million per year since 1972. 

The Extension Service (ES) has operated an IPM program since 1973. This 
program is designed to implement IPM systems and to develop an inde
pendent capacity for IPM among grower organizations, consultants, and 
other private parties. Allen et al. (1987) estimate that private IPM consult
ants generate $400 million per year in economic activity. Sinr.e 1979, funding 
for IPM activities through the ES has been steady but relatively small at 
about 2 percent of the total extension budget, or $7 million per year. 

Although effective, highly profitable, and relatively safe, IPM has been 
widely adopted only for some crops. Table 3-6 shows the implementation 
of IPM in 12 major crops. Implementing IPM programs for some crops in 
some regions, such as vegetables and ornamental flowers in the southeast
ern states, is particularly difficult (see the Florida fresh-market vegetable 
case study). The sophistication of IPM programs also varies greatly by crop, 
region, and individual grower. Insects and disease are an ever-present threat 
in hot are;1s with a long growing season. Some plant diseases are more 
consistently a problem in hot areas with high humidity, such as the south
eastern United States. Fruit and vegetable crops have a high unit value, and 
the loss of even a small share of the crop could be costly. Under the current 
federally regulated grower-operated grading system, blemish-free produce 
often receives a higher price. This incentive encourages uniformly sched
uled pesticide applications and works strongly against reductions in pesti
cide use. Extremely low tolerance levels for insects or their fragments in 
high-value canned and processed foods also encourage prophylactic pesti
cide applications. Faced with this stituation, a grower has a strong incentive 
to eliminate any chance of damage by applying pesticides on a schedule 
rather than depending on monitoring and IPM. In the context of these 
grading standards, IPM in high-value crops may involve a very low eco
nomic threshhold that results in a greater number of pesticide applications 
based on increased monitoring of pest populations. 
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TABLE 3-6 U.S. IPM Use in 12 Major Crops, 1986 
Percentage of 

Acres Acres Total Acres 
Crop Planted {1,000s) Under IPM" (l,OOOs) Under IPM 

Alfalfa 26,748 1,273 4.7 
Apples'' 461 299 65.0 
Citrusb 1,057 700 70.0 
Com 76,674 15,000 19.5 
Cation 10,044 4,846 48.2 
Peanuts 1,572 690 43.8 
Potatoes 1,215 196 1ti.l 
Rice 2,401 935 38.9 
Sorghum 15,321 3,966 25.8 
Soybeans 61,480 8,897 14.4 
Tomatoes 378 312b 82.5 
Wheat 72,033 10,687 14.8 

NOTE: IPM is defined broadly to include all acres where basic scouting and economic threshold 
techniques are reportedly u:-.~d. 

alncludes acres under IPM management by the Cooperative Extension Service, grower 
orr,anizations, producer ind•Jstries, or consultants. 

Data based in part on conversations with IPM entomologists in major growing regions. 

souRCES: U.S. Department of Agriculture. 1987. Agricultur:tl Statistics. Washington, D.C.; U.S. 
Department of Agrk:ulture. 1987. National IPM Program. Cooperative Extension Service. 
Washington, D.C.; U.S. Department of Agriculture. Forth..:oming. Fruit Situation and Outlook 
Report. Economic Research Service. Wash~ngton, D.C. 

Alternative Insect and Mite Control 

When intervention is necessary, chemical insecticides and acaricides will 
continue to be important ways to protect many commercially produced 
crops. Research shows, howeve~·. that significant progress has been made 
with other approaches. Incorporating pest control into the overall manage
ment of a farm by modifying cultural practkes or rotating crops, for exam
ple, is essential to effective alternative pest control strategies. The most 
limiting factor in the adoption of these strategies is the failure to introduce 
them as a part of an overall farm management system. When used in the 
environment of conventional agriculture, the effectiveness of many alterna
tives is diminished or lost. 

Cultural controls for insects include modifying the pest habitat through 
use of crop rotations, increasing ecosystem diversity, adjusting the time of 
planting and harvest, precise management of water and fertilizer, modified 
cultivation and tillage practices, and improved sanitation. Cultural controls 
have demonstrated their effectiveness in many situations against such pests 
as pink bollworms on cotton in Texas. There a short-season, early-harvest 
crop is followed by immediate shredding ,~r·_d plow-down on a uniform 
basis (often state-mandated) throughout the area. Rotating corn with soy
beans is another common cultural practice that so far has virtually elimi
nated damage by corn rootworms. 
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Before resistant varieties of wheat were 
developed, wheat rust annually caused 
millions of c':JIIars of damage in the Un1ted 
States. Fungicides are sometimes still needed 
to control isolated infestations. Breeders 
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continue to develop high-yielding res1stant 
varieties to ,..,<:lp farmers cut costs and remain 
competitive. Credit: Agricultural Chemicals 
Division. Mobay Corporatir· 1. 

Plant breeders have developed many widely grown cultivars with insect 
and disease resistance. Plant breeding, which is the science of manipulating 
a plant's genetic composition, has been a very effective cor:trol method for 
insects, mites, and particularly plant diseases. Resistant cu!tivars have dra
matically reduced fungicide use in wheat and peanuts and the vulnerability 
of wheat, corn, and alfalfa to certain pests. The potential benefits from 
future research remain substantial. Research and development on wheat 
resistant to Hessian fly and wheat stern sawfly, alfalfa resistant to spotted 
alfalfa aphid, and corn resistant to European corn borer cost less than $10 
million. The annual savings to farmers are estimated at hundreds of mil
lions of dollars (National Research Council, 1987b). Recent developments in 
genetic technology promise to enhance this approach to crop improvement 
(Goodman et al., 1987). 

Natural biological controls, such as antagonists, predators, and seif-de
fense mechanisms, suppress most pests. Biological control of pests by nat
ural enemies (parasites, predators, and insect pathogens) is partially or 
entirely effective on most potential pests. Additionally, this sort of control 
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Successful biological control of pests involves 
attracting and keeping beneficial insects in 
crop fields. Here. a spined soldier bug feeds 
on a Mexican bean beetle larva, one of the 
most damaging soybean insect pests. U.S. 
Department of Agriculture scientists have 
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isolated the phemmone to atuact the spined 
soldier bug. This development may aid the 
biolcgica! control of the Mexican bean beetle. 
Crt'clit: Agricultural Research Service, U.S. 
Department of Agriculture. 

is long-lasting if it is not disrupted by farming practices such as insecticide 
use, certain crop rotations, or unusual climatic cond1 · ."'ns. Ironically, the 
cases in which insectkides reduce the beneficidl insect ~ r>ulation and new 
insect problems emerge best illustrate the importance of natural enemies 
(Ridgway and Vinson, 1977; Settle et al., 1986). 

Importatio!l and release of exotic natural enemies is another effective 
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Pheromones in the trap in this staked tomato 
field .n Florida attract insects. which are 
counted to determine their populations. 
Pesticide applications. as described in the 
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Florida case study, can then be made in 
response to the actual magnitude of the pest 
infestation. rather than on a routine schedule. 
Credit: Will Sargent. 
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biological control tactk (Osteen et al., 1981). The first example of classic 
biological control by an introduced exotic species occurred about a century 
ago, when the Ac.stralian vedalia beetie was introduced into California to 
control the cottonyutshion scale insect of citrus. Since then, the introduc
tion of exotic parasites, predators, and pathogens in the United States has 
controlled almost 70 insect pests (National Reseurch Council, 1987a). 

Augmentation of indigenous natural enemies is an important biological 
control technique. It is u~ually accomplished by mass release of natural 
enemies in the targei field. But this means of pest management has been 
very costly in some cases. FL.rther, its effectiveness is sometimes difficult to 
evaluate. In several instances, however, it has been very cost-effective. One 
exi!mple is the use of natural enemies in controlling the alfalfa weevil (Os
teen et al., 1981). The release of insecticide-resistant natural enemies can be 
very effective in certain permanent crops if monitored and managed care
fully. While this approach is not universally successful, it has shown great 
utility in controlling spider mite pest species in deciduous fruit and nut 
orchards (Hoy, 1985; Hoyt and Burts, 1974). 

Insect diseases are highly selective in their action. Although these dis·
eases are somewhat limited to use in special situations, some scientists are 
convinced of their potential, having observed epidemics caused by viral 
disease under natural conditions. The use of viruses to control insect pests 
has been inconsistent and generally disappointing in trials, however. Re
search is needed to improve virus formulation, production, and application 
in field situations. 

Bacteria have also been used successfully. For example, Bacillus thuringien
sis (Bt) controls certain lepidopterous larvae. Bt is also sometimes used for 
larvae "cleanup" just before the harvest of vegetable Ciops. Bacillus thurin
giensis israelensis, a subspecies, has demonstrated promise for use against 
immature mosquitoes living in aquatic environments. Genetic engineering 
technology creates other possibilities for Bt. Reseclrchers have transferred 
the toxin gene from Bt into tobacco to control certain leaf-feeding caterpil
lars. It may also be transferred to corn seed to control European corn borer. 
Some entomologists, however, have serious reservations about this process 
because of potential resistance selection in species feeding on the plant 
containing the toxin. 

There are many types of control agents for insects that are relatively 
nontoxic to other organisms. Future research may prove their safety and 
usefulness in applied situations (National Research Council, 1987a). Recent 
advances in the understanding of insect ecology, biology, physiology, and 
biochemistry are providing new opportunities for insect centro]. The rear
ing and releasing of sterilized insect pests have successfully controlled the 
screwworm, which afflicts livestock. The technique has proved successful 
for eradicating new infestations of fruit fly species on the U.S. mainland. 
Prospects are good for similar results with other species. A similar strategy 
is to breed genetically altered pest species that can mate with pests to 
produce offspring unable to reproduce, feed, or perform other functions 
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necessary for survival. Increased knowledge of such insect hormones as ~ 
brain hormones, molting hormones, and the juvenile hormone has made it 
possible tc synthesize them. Introduction of devices that emit synthetic 
hormones offers the potential to disrupt normal functions such as breeding, 
growth, and molting, thus controlling the pest population. 

Insect pheromones are used commercially to monitor, detect, and predict 
insect populations and to control several insect pest species on a variety of 
crops. They have great promise for more widespread use when registration 
procedures under the Federal Insecticide, Fungicide and Rodenticide Act 
(FIFRA) are completed. University, USDA, and industry scientists have 
identified sexual attractant or aggregation pheromones for more than 436 
insect spLcies. More than 50 companies sell about 250 of these pheromones 
worldwide, mostly for population monitoring and detection traps, for which 
they are in great demand. 

Pheromones dispensed over fields to ;:onfuse males and prevent mating 
successfully control insect pests in a number of crops, including grape 
leafroller, ori_ental fruit moth on peaches, pink bollworm on cotton, and 
tomato pinworm. Commercial formulations are economically competitive 
with insecticides, even taking application costs into account. Additionally, 
pheromones affect only the target species because of their extreme specific
ity. 

During season-long pheromone disruption with no insecticides, treated 
grape fields in New York had crop damage below 1 percent. Similar fields 
treated with the insecticide carbaryl reported crop damage of 18 and 2.5 
percent (Booth, 1988). Pink bollworm disruptant has been sold commer
cially in the Southwest for almost 10 years and has been applied on as many 
as 100,000 acres per year. New formulations have held infestations to 
1 percent or less throughout the season with one application; consequently, 
insecticide applications have been reduced by nearly 90 percent (Baker et 
al., in press). Oriental fruit moth infestations on peaches are routinely held 
to a fraction of a percent by d single season-long application of disruptant; 
subsequent insecticide ust: is eliminated (Rice and Kirsch, in press). Contin
ued development of new controlled-release technologies and cheaper syn
thetic pheromones will further improve the competitiveness of pheromones 
in the marketplace. Small companies specializing in pheromones will con
tinue to be the innovators in developing new pheromone products-unless 
fees imposed by the government for entry into the registration process reach 
prohibitive levels and force them out of the market. 

Alternative Plant Pathogen Control 

The integration of a variety of methods has historically controlled plant 
diseases. The selection and development of varieties with specific or general 
(multigenic) resistance have helped to avoid overdependence on chemicals. 
Genetic resistance is the single most important defense against plant dis
ease and the proven alternative to chemical control when available. 
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For a variety of reasons, most plant diseases cannot be directly controlled. 
For example, many of the fungi that infecl plant roots have not been fully 
investigated, nor has their importance in affecting yield been quantified. In 
most cases, farmers rope with diseases by using good farm management 
practices and planting resistant varieties. When combined with the existing 
natural level of biological control, management and resistant varieties keep 
the majority of diseases in check. Nonetheless, disease can still cause sig
nificant yield loss. Moreover, germplasm for desirable resistance has not 
been identified for many of the world's i!llportant crops. More research is 
needed to better characterize available germp!asm for genetic resistance to 
disease and plant transformation. 

The development and durability of re~istant varieties have been a chal
lenge to plant pathologists and plant breeders. Genetic strategies to im
prove the durability of resistance include use of multilines and cultivar 
mixtures as well as multigenic or horizontal resistance. Modern genetic 
technology will speed the development of resistant crops. 1t should be 
po5sible to identify genes that confer resistance to a specific pathogen. 
These genes would then be introduced to the appropriate plant. without 
incorporating othei' genes that may confer detrimental characteristics. This 
gene transfer has been achieved to produce resistance to several plant vi
ruses in tobacco plants (National Research Council, 1987a). Advances in 
understanding the genetic and molecular bases of disease in plants promise 
major improvements in plant disease control using genetic rather than 
chemical methods (Goodman, 1988). 

Cultural practices such as crop rotations, alteration of soil pH, sanitation, 
and adjustment of the timing cf planting and harvest to avoid peak periods 
of the pathogens complement genetic resistance in many situations. For 
examp!e, raising soil pH with lime from 6.5 to 7.5 reduces the severity of 
fusarium wilts on tomato and put,:to crops in Florida (Jones and Woltz, 
1981). Lov.ering soil pH with sulfur to 5.0 controls potato scab caused by 
Streptomyces scabies (Oswald and Nright, 1950). Forms of nitrogen also can 
play a significant role in disease severity. For example, ammonium nitrogen 
suppresses the disease take-all in wheat but nitrate favors it (Huber et al., 
1968). 

Tillage practices can have effects on pathogen populations and resultant 
diseases. Ecofallow is a form of conservation tillage that can reduce stalk 
rot of sorghum but permits increases in other diseases (Cook and Baker, 
1983). 

tlarvesting and processing practices can also influence the inception of 
disease. The hydrostatic pressure from tank-washing potatoes causes water 
infiltration of pathogens into the ienticels of the tubers, predisposing them 
to attack by bacterial soft rot (Bartz and Kelman, 1985). Potatoes are then 
generally treated with a fungicide. There is enormous need and potential 
to control diseases by nonchemical methods (Cook and Baker, 1Q83). But 
there remains a lack of understandin5 of the underlying mechanisms that 
affect disease inciaence and severity. 
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Synthetic chemical control of plant pathogens has become an increasingly 
important pest control tactic as agriculture has shifted toward intense cui .. 
tivation of monocultures (Delp, 1983). Practices previously used to control 
pathogens, such as crop rotations, are not compatible with current crop 
specialization (Tweedy, 1983). Because commercial cultivars are genetically 
related, the loss of resistance to pathogens could cause serious problems if 
fungicides were not available. In California, the use of methyl bromide and 
chloropicrin soil fumigation resulted in huge increases in yield and quality 
in several crops (Wilhelm and Paulus, 1980). This combination is widely 
credited with saving the strawberry industry from high production costs 
and foreign competition. 

Although the total amount of iungicides used in the United States is 
much less than the amount of herbicides or insecticides, the potential 
chronic health risk to humans is significant. Ninety percent (by weight) of 
fungicides applied are known to cause tumors in laboratory animals. Fun
gicide residues in food are responsible for the largest share of potential 
dietary oncogeniL risk from pesticides. Developing fungicides not toxic to 
nontarget organisms, including humans, is difficult; very few new fungi
cides have reached the market. Only four nononcogenic fungicides have 
been introduced in the past 15 years that have captured greater than 5 
percent of any food crop market (National Research Council, 1987b). In 
recent years, there has been a movement toward the development of highly 
specific systemic fungicides, but this has ctccelerated evolutionary selection 
of fungicide-resistant plant pathogens. Research to understand the mecha
nisms of ~esistance could aid the development of chemicals with new modes 
of acticn and better-targeted effects. 

The introduction or application uf biological control agents has not been 
very successful with plant pathogens because of the great complexity in 
micwbial communities. Although many of the management practices that 
indirectly control diseases si.rike a balance between beneficial and deleteri
ous microorganisms, there is insufficient knowledge to effectively develop 
and use biological CPntrol agents commercially (Schroth and Hancock, 1985). 
Little is knmvn concerning the ecology, classification, and physiology of 
biological control organisms or the underlying mechanisms affecting the 
interactions among beneficial microorganisms, pathogens, and plants. 

The potentjal to use microorganisms against microorganisms has stirred 
the interest of many investigators. A number of companies have pioneered 
efforts to develop biological control agents for plant pathogens. Several 
products have already reached the market. An avirulent, antibiotic-produc
ing strain of Agrohacterium is available to control crown gall tumors of orna
mental plants and orchard trees caused by Agrobacterium tumefaciens 
(National Research Council, 1987a). Plans are underway to market a root
colonizing Pseudomonas bacterium as a control for Rhizoctonia and Pythium 
fungi in cottun. 

Another interesting disease control possibility is to stimulate a plant's 
own defense system with chemicals or by inoculation with an avirulent 
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form of a pathogen. The citrus tristeza virus from Africa entered Brazil in 
the 1920s and nearly decimated the citrus industry. In the 1950s, researchers 
found a mild strain of the virus that protected trees from the severe strain. 
Commercial inoculation with the mild virus began in the late 1960s and has 
been very successful so far (National Research Council, 1987a). It remains 
unlikely, however, that disease control in continuous crop monocultures in 
certain regions, such as fruit and vegetable production in the East and 
Southeast, will be possible without use of synthetic chemical fungicides 
and fumigants. Disease pressures in areas with high temperatures and 
humidity and long growing seasons are so severe that only dramatic changes 
in production systems will enable widespread adoption of alternative dis
ease control measures. 

Alternative Nematode Control 

Nematode control is particularly difficult. Strategies include genetic resis
tance, chemical control, and cultural methods such as rotations (see the 
BreDahL Kutztown, Thompson, and Kitamura case studies). Genetic resis
tance is successful in only a few cases. Chemical control, which is feasible 
only in certain situations .. relies on broad-spectrum, highly toxic, and often 
volatile materials. It is expensive and hazardous. The decline of basic cul
tural practices such as rotations, particularly in the Midwest, has led to an 
increase in nematodes in soybeans. Rotating corn with soybeans will control 
most nematPde problems. Current research for nematode control is focusing 
on the development of effective cultural practices such as those traditionally 
practiced before the advent of broad-spectrum nematocides. 

Genetic research to develop nematode-resistant cultivars has been suc
cessful in sugar beets and tomatoes (Goodma;1 et al., 1987). More research 
is necessary to determine how various nematodes damage different crops 
and how to modify practices if a combination of nematodP species is pres
ent. Similarly, the accuracy and efficiency of techniques for estimating nem
atode populations needs to be improved. 

The biological antagonism level of the sci! must be determined if manage
ment decisions are to be based on an understanding of the relationship 
between yield and population density of nematodes. A given number of 
nematodes will affect the same crop differently in soils of differing biota. 
More basic studies in biological control and interactions in the rhizosphere 
are required. Improved assay techniques for assessing the biological antag
onism coefficients of various soils must be developed. 

One promising biological control agent is the pathogenic bacterium Pas
teuria penetrans, which is effective against several economically important 
nematodes. It is expensive to produce on a large scale, however. A less 
expensive, but also less effective, biological control option is the use of 
plants such as Crotalaria spectabilis that prevent thP nematode from repro
ducing. Coa · •1 Bermuda grass (Cynodon dactylon) incorporated before 
planting lespeueza, tobacco, or vegetable transplants protects again3t root-
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knot nematodes (Meloidogyne spp.) (Burton and Johnson, 1987). Coastal 
Bermuda grass will also reestablish itself after the annual crop is harvested. 
These plants could be even more effective if they could be genetically 
engineered to produce nematode attractants or pheromones. 

The selection and development of varieties for resistance and tolerance to 
nematode stress will continue. This may involve incorporation of appropri
ate genetic material into varieties already selected for production, economic, 
and marketing qualities. It is stili important to develop biological and chem
ical nematocides that are systemic, easily associated with the root system, 
target organism specific, or a combination of these factors. These pesticides 
will allow flexibility in management decisions and compensation for man
agement errors that have promoted or amplified ilematode stress problems 
in a particular production system. 

Alternative Weed Control 

Farmers in the United States depend greatly on herbicides to control 
weeds. Nearly two-thirds of U.S. pesticide purchases are for herbicides. But 
a vc.:riety of other means, such as crop rotations, mechanical cultivations, 
competition with other plants, and biological control through natural ene
mies can control weeds (see Spray, BreDahl, Sabot Hill, Kutztown, Thomp
son, Pavich, and Lundberg case studies). In fact, growers are often unaware 
of the forces naturally controlling weeds. The purslane sawfly and the 
leafmining weevil, for example, help control purslane in California. These 
insects would be even more effective if their populations were not reduced 
by insecticide use. The moth Bactra verutana suppresses the weed Cyperus 
rotundus that infests cotton in Mississippi. More than 70 plant-feeding in
sects and plant pathogens have been introduced to control weeds in the 
United States; 14 weed species are now controlled in this way (National 
Research Council, 1987a; Osteen d al., 1981). Few weeds are controlled 
biologically in agriculture, however, although future opportunities are nu
merous. For example, many of the hundreds of species of carabid beetles 
are seed eaters and could play a role in weed control (Andres and Clement, 
1984). 

Cultural practices are currently the most effective alternative to herbi
cides. Cultivating, rotary hoeing, increasing the density of the crop plant 
to crowd out weeds, intercropping, timing of planting to give the crop a 
competitive advantage, and transplanting seedling crop plants to give them 
a head start on weeds are currently practked and effective measures. Trans
planting tomatoes to a high density has successfully controlled the growth 
Gf shade-intolerant redroot pigweed. Clover planted as an understory or 
living mulch reduces weed growth in corn. Several combir1tions of cover 
crops and tillage practices are effective in controlling weeds in corn and 
soybeans. 

Weed-tolerant crops and crops that produce substances toxic to weeds are 
potentially promising approaches that have received little research atten-
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tion. Nattually occurring phytotoxic alleJopathic chemicals, however, may 
not always bt :?fer than some of the more undesirable synthetic herbicides. 
Introducing we:j diseases is also a possibility. The rust Puccinia chondrillina 
controls the .~ush skeleton weed, which is a problem in wheat and pasture 
areas. Altemu ria macros para can inhibit the growth of spurred anoda, a 
damaging wee'--l in cotton production that is resistant to several cotton 
herbicides. 

The development of herbicide-resistant crops may offer opportunities to 
substitute safer herbicides for more dangerous herbicides. For example, 
efforts are being made to develop crops resistant to the herbicide glyphos
ate, a compound with very low rnammalian toxicity. Like other broad
spectrum herbicides, glyphosate has limited use in crop production because 
it destroys crops as well as weeds and therefore must be used before crop 
germination or with special application methods and equipment. In re
sponse to this problem, researchers have isolated glyphosate-resistant genes 
and successfully transferred them to poplar trees, tobacco, and tomatoes 
(Della-Croppa et al., 1987; Stalker et at, 1985). If the plants tolerate gly
phosate, the herbicide could then be used as a postemergent treatment. In 
certain cases, this strategy cou.ld reduce weed control costs, improve weed 
control quality, and reduce human health hazards. 

SUMMARY 

Alternative farming encompasses a range of farming practices, including 
the use of crop rotations, IPM, biological and cultural pest control, use of 
organic materials to enhance soil quality, cilfferent tillage methods, and 
animal rearing techniques that involve less reliance on antibiotics and con
finement. The unifying premises of alternative systems are to enhance and 
use biological interactions rather than reduce and suppress them and to 
exercise prudence in the use of external inputs. 

Re::...::arch has not fully C~.ddressed the integration of study results essential 
to the adoption of a number of alternative farming methods as unified 
systems. Although some components of alternative systems have been ex
amined, they have been generally studied in isolation. Lack of systems 
research is a key obstacle to the adoption of a number of alternative farming 
practices. On the whole, land-grant universities and the USDA have not 
adequately integrated the results of this research into production systems. 

Nonetheless, a significant amount of scientific evidence exists that sup
ports the effectiveness of a range of alternative practices. There is a large 
body of information about the value of legumes in fixing nitrogen, improv
ing soil quality, reducing erosion, and increasing yields of subsequent crops. 
IPM programs are effective, profitable, and increasingly adopted. Although 
biological and natural controls are underused, they have been demonstrated 
to be effective and warrant increased research support. Genetic engineering 
techniques should enhance this aspect of IPM. The integration of livestock 
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into farming systems provides additional means for nutrient cycling. Im
proving forage digestibility needs further researC;h, however. 

The scientific basis for some of these practices and their interactivn in 
agricultural systems is not always understood, but they work. Many farmers 
have adopted them and are using them profitably. The economics of these 
and other . ·lternative farming practkes and systems are discussed in the 
following chapter. 
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Economic Evaluation of 
Alternative Farming Systems 

I NTEREST IN ALTERNATIVE FARMING SYSTEMS is often motivated by a desire to 
reduce health and environmental hazards and a commitment to natural 

resource stewardship. But the most important criterion for many farmers 
considering a change in farming practices is the likely economic outcome. 

Wide adoption of alternative farming methods requires that they be at 
least as profitable as conventional methods or have significant nonmonetary 
advantages, such as preservation of rapidly deteriorating soil or water re
sources. Economic performance can be improved in several ways: 

• Lowering per unit expenditures on production inputs; 
• Increasing output per unit of input; 
• Producing more profitable crops and livestock; 
• Reducing capital expenditures on machinery, irrigation eqaipment, and 

buildings; 
• Reducing natural crop and animal losses; 
• Reducing income loss through commodity pr]ce fluctuations; and 
• Making fuller use of available land, labor, and other re~.ources. 

Severa! economic analyses of alternative far 1ning systems were conducted 
in the 1970s. A review found most of these studies'were methodologically 
flawed, however, and used prices, technologies, and policies that are of 
limited relevance today (Lockeretz et al., 1984). In particular, energy and 
land values have fallen, real interest rates have risen, inflation has slowed, 
cash market commodity prices have gene.rally declined beginning in 1982, 
and a wide range of government policies have exerted greater influence on 
farm~r decision making. These factors are dynamic and constantly influence 
agricultural producers and policies. 

Nonetheless, a growing body of contemporary data supports the eco-
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nomic viability of alternative farming practices and systems. The committee 
re·viewed and interpreted available literature on the economics of alternative 
methods and systems, focusing on the general areas of pest control, diver
sification, nutrient sources, and the effect of government and market price 
structures on the adoption of alternative practices. Economic findings from 
the case study farms are presented in this chapter. 

ECONOMIC ASSESSMENTS OF ALTERNATIVE METHODS 

Understanding the overall economic implications of alternative farming 
systems requires research at several levels, including individual components 
of crop and livestock enterprises, whole-farm studies, cmd national and 
international analyses. 

Traditionally, most evaluations of the economic impact of adopting alter
native farmiag practices have focused principally on the cost and returns of 
adopting a specific farming method. For example, many studies at the farm 
level have estimated the economic benefits of integrated pest management 
(IPM), crop rotations, and manur~ management options. Such studies gen
erally assume no other changes in the farm operation, input or output, or 
prices. These studies fall into a broader literature on farm management that 
employs partial budget analysis techniques. 

Fewer studies have considered the impact of alternative farming systems 
on the economic performance of the whole farm. At the aggregate level, the 
committee could identify no useful studies of the potential effects of wide
spread adoption of alternative agricultural systems. 

Most aggregate studies are flawed in their methods and assumptions 
regarding the effectiveness of alternative systems and the impact of com
modity policy on farm management. The common approach has been to 
compare conventional farming practices with the economic performance of 
a similar farm, assuming total withdrawal of certain categories of farm 
inputs. These studies usually assume or project substantial reductions in 
per acre yields in many crops and then project the effect of these reductions 
in the context of strong export demand and limited commodity supplies. 
These assumptions and conditions often result in projected food production 
shortfalls that do not accurately reflect the constznt change of markets or 
the production capabilities of many available alternative systems. The com
mittee could identify no aggregate studies that compare the costs and 
benefits of conventional agriculture with successful alternative systems. 
Such analyses are needed but will be complex, involving a wide range of 
factors. 

Economic Studies of Farming Practices 

Economic analyses of single enterprises or their components usually em
ploy partial budgeting techniques that estimate the change in production 
costs, profits, and risks accompanying a specific change in farming practice 
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(Boehlje and Eidman, 1984). Results are often expressed as a change in the 
net return over cash production costs per acre or per unit of output. Meth
odologically, partial budget studies focus on short-term net returns, includ
ing labor, and generally do not take into account off-farm impact or long
term changes in the productivity of the natural resource base. They also 
assume no change in farm size, enterprise combinations, prices of commod
ities or inputs, or other variables. 

Despite these limitations, this method is practical and easy to understand. 
Partial budget study findings can be augmented by drawing on additional 
analyses from specialists in biology, ecology, and physical science. In recent 
years, biological, physical, and social scientists have made much progress 
in their collaborative research efforts in developing new methodologies for 
estimating the economic consequences of farming systems and practices. 

Partial budgeting is reported to be the most widely used method of 
estimating changes in income of an individual farm as a result of adopting 
IPM (Allen et al., 1987; Osteen et al., 1981). The landmark research on the 
economics of crop rotations by Heady (1948) and Heady and Jensen (1951) 
was based essentially on the partial budgeting approach, because the only 
aspect of the farm operation assumed to vary was the crop rotation. Con
temporary research that includes a greater consideration of biological and 
economic factors is presented later in this discussion (Goldstein and Young, 
1987; Helmers et al., 1986). The review by Allen et al. (1987) of the agricul
tural, economic, and social effects of IPM is another example of the multi
disciplinary approach to partial budgeting analysis. 

Whole-Farm Analysis of Alternative Methods 

Frequently, a farming method that appears profitable when analyzed at a 
component level may prove less attractive from the perspective of the whole 
farm, particularly in relation to other possible practices or combinations of 
practices. 

Analysis at the whole-farm level recognizes that a farmer's dech.ion to 
adopt one or more farming practices is not made in isolation from the rest 
of the farm enterprise. Perhaps the most important factor in adopting any 
management system or combination of crops is the net return to the farm 
family. The successful commercial farmer must assess the compatibility of 
proposed alternative practices with other practices already in place, taking 
into account a farm's physical and biological resources and anticipated 
changes in crop yields, livestock productivity, production costs, farm pro
grams and policy, and labor and machinery requirements. These and other 
factors will strongly affect the farm operator's cash flow and the farm's 
profitability and long-term economic viability. 

Whole-farm studies typically use one of two approaches: linear budget 
(risk programming) or overall farm surveys. Both approaches attempt to 
examine the effect of different farming practices or production systems at 
the farm level, taking into account all components of the farming system 
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and operation, such as land-use patterns, pest control practices, and nutri
ent management. 

Microeconomic programming or planning models analyze farm decision 
making based on particular resource and financial assumptions as well as 
estimated relationships between management choices and crop or animal 
production levels. The usefulness and validity of these models depend on 
the availability of reliable experimental or empirical data on input and 
output relationships in specific agricultural systems. When such data are 
present, whole-farm planning models can analyze the economic conse
quences of a widt:- range of alternative production systems. A principal 
objective of the committee's research recommendations is the development 
of such a k:10wledge and information base (see the Executive Summary). 

Partial- and whole-farm analyses can take a short- or long-term perspec
tive. For short-term analyses, some resources and technologies are assumed 
fixed, and management decisions are made among existing alternatives. 
Long-term studies are more complex and difficult because many more vari
ables are changeable, including technologies and policies. A critical need 
identified by the committee is expanded multidisciplinary research on long
term technological trends and policy changes and how these trends and 
chanbes are likely to influence the relative costs and benefits of various 
farn1ing systems. For example, the committee suspects that biotechnology 
will greatly increase technological options in support of alternative agricul
tural systems, and that society's environmental and public health goals will 
tend to support producers successfully adopting these technologies. The 
cmmnittee cannot go further in quantifying these trends, however, because 
the necessary knowledge base and analytical framework do not exist. 

Farm surveys are based on empirical m~asures of the performance of 
agricultural production systems. It is often difficult to draw cause and effect 
inferences from surveys, however. For example, farm operators' technologi
cal choices and management abilities greatly influence profitability. But it is 
difficult to separate the contribution of technology from that associated with 
managerial skill. Nonetheless, the performance of agricultural systems as 
captured in well-designed surveys implicitly reflects the interaction of these 
factors. Experimental data on alternative agricultural systems are clearly 
lacking, and relatively few well-designed surveys have been undertaken. 
The literature is beginning to grow, however, and a number of solid studies 
have reached conclusions indicating the prospective economic benefits of 
alternative production systems. 

The Transition to Alternatives 

Most economic studies of alternative production at the whole-farm level 
~ake a static approach, ignoring the year-to-year difficulties associated with 
~he transition from one system to another. Moreover, the assumptions used 
.r"'W' ............ ,. ........ ,,,..., : ........... r.. ........... ................................. : ......... ., tl"t ................. ~: ......... .... "9'¥11 .... \... ....... •• ,.....,."'j.J........,. ... r'I'Pr"'r.'r"t. .. .,;L't-1~~ "'""r''r~'l"\ 
OCllClallJ 1511Ult:: Ull\..CllalllLJ ;:tLClllllUllO llUlll LllC VVCQL11Cl1 '-lV}-' JIICOIU.i:! 1 uu;lu-
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agement skills, prices of inputs and products, government policies, and 
other variables. As a result, these studies must be interpreted cautiously. 

Several whole-farm studies have exa:mined the financial impact of chang
ing from conventional to alternative farming practices (Hall, 1977; Osteen 
et al., 1981; Reichelderfer and Bender, 1979). These stuuies recognize that a 
farm's economic performance can change significantly duri:rlg a multiyear 
evolution from conventional to alternative practices (Dabbcrt and Madden, 
1986). 

Many factors can influence the economic performance of farms during the 
transition to alternative practices. The use of certain kinds of pesticides and 
fertilizers may have disrupted natural predators and other biota. Reesta
blishing these populations and the balance among them can occur quickly 
or require several years (Koepf et al., 1976; U.S. Department of Agriculture, 
1980). Although crop rotations will generally increase yields, decrease pes
ticide costs, and, in the case of legumes, decrease fertilizer costs, the full 
benefits of crop rotations may take several yPars to materialize. Depending 
on the prices of farm commodities and inputs, adoption of a rotation some
times reduces net farm income, particularly during the initial years of a 
transition (Dabbert and Madden, 1986). For example, including a forage 
legume in a rotation may not sufficiently decrease production costs and 
increase the yields of cash grain crops to compensate for the reductions in 
their acreage--especially when cash grain pricef. are snpported far above 
market levels (Duffy, 1987; Goldstein and Young, 1987). Farmer~ 1nay also 
need a few years of experience to acquire the additional knowledge and 
management skills necessary for more diversified operations. The economic 
impact of a farmer's decision to change from c(jnventional to alternative 
farming methods on all or part of a fdrm operation will vary depending on 
factors such as climate, soil type, crops and livestock produced, cropping 
history of the farm, the farmer's skills, and many other considerations. 

Because of these factors, most iarmers adopt alternatives gradually. Al
though the transition may be difficult, successful alternative systems tend 
to reduce variability of net returns (Helmers et al., 1986). The consistency 
of yield and return to the f~rm family is a potential benefit of alternative 
agriculture that deserves further study. 

Comparative Regio,nal Cost of Production 

Production cost per unit of output is one of the most important short
term measures of the economic performance of an agricultural operation, 
production system, or sector. Comparing per unit production costs for a 
given crop by region is a good indicator of regional absolute advantage-or 
the inherent suitability of an area or farm for the profitable production of a 
given crop. 

Another common measure--production costs per acre-is widely used in 
comparative analyses. This measure, however, differs significantly from per 
unit production costs. Per acre costs do not take into account the actual 
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TABLE 4-1 Regional per Bushel and per Acre Production Cost Estimates and 
Yields, 1986 

Crop 

Corn 
Total variable costs (dollars) 

Per bushel 
Per acre 

Yield/acre (bushels) 
Soybeans 

Total variable costs (dollars) 
Per bushel 
Per acre 

Yield/acre (bushels) 

Com Belt-
Great Lakes Southeast 

0.93 1.81 
118.68 120.15 
126 66 

1.31 3.15 
49.93 67.89 
37 21 

NOTE: The Corn Belt and Great Lakes region includes Minnesota, Wisconsin, Michigan, Iowa, 
Missouri, Indiana, Illinois, and Ohio. The Southeast region includes Kentucky, Tennessee, 
Alabama, Georgia, South Carolina, North Carolina, and Virginia. 

souRCE: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm Sector-Costs of 
Production, 1986. ECIFS 6-1. Economic Research Service. Washington, D.C. 

yields harvested; they reflect the level of inputs applied on a per acre basis. 
Consequently, per acre production costs do not as accurately reflect the 
productivity of a cropping system or an area for a particular crop. Likewise, 
high per acre costs for fertilizer and pesticides do not necessarily indicate 
high per unit costs or low productivity. For example, farmers in highly 
productive corn-growing regions generally use more fertilizer and other 
inputs per acre because they can afford it based on the high yields they will 
achieve, not because the area is unsuited to corn production. This is partic
ularly true when market or government support prices are high. 

In contrast to the limitations of per acre costs, per bushel costs are good 
indicators of an area's suitability for production of a given crop. The exam
ple in Table 4-1 shows this and indicates the superiority of per unit produc
tion cost figures in defining the productivity of regions. The Corn Belt
Great Lakes region is highly suited to corn and soybean production in terms 
of rainfall, soils, and temperature, particularly in contrast to the Southeast 
region. Per acre production cost estimates, however, do not reveal this 
advantage as clearly as per unit production cos:s do; the total per acre 
VL..riable costs are similar for these regions. The same costs expressed on a 
per bushel basis, however, show that it requires far less cash expenditure to 
produce a bushel of corn or soybeans in the Corn Belt-Great Lakes region 
than in the Southeast. Table 4-2 shows total variable costs and fertilizer and 
pesticide cost estimates per unit of production for various regions produc
ing corn, soybeans, and hard red winter wheat. 

Pe1 unit production costs reflect what actually happens during a given 
growing season. Many things, such as too mul:h or too little rain, cold 



TABlE 4-2 Regional per Acre Y1eld and Selected per Bushel Production Cost Estimates for Corn, Soybeans, and Hard 
Red Winter Wheat, 1986 

Corn Belt- Northern Central Southern 
Crop Delta Great Lakes Northeast Plains Southeast Southwest Plains Plains 

Corn 
Yieidlacre (bushels) 126 89 116 66 117 
Total variab~e costs/bushel (dollars} 1 53 2.22 1.59 2.34 1.92 
Fertilizer and pesticide costs/bushel 

(dollar~) 0.54 0.67 0.39 1.07 0.54 
Soybeans 

Yield/acre (bushels) 19 38 34 22 
Total variable costs/bushel (dollars) 2.80 1.31 1.21 3.15 
Fertilizer and pesticide costsibushel 

(dollars) 1.31 0.64 0.49 1.69 
Hard red winter wheat" 

Yield/acre (bH~hels) 27 72 32 21 
Total variable costs/bushel (dollars) 1.60 2.37 1.18 2.22 
Fertilizer and pesticide costs/bushel 

(dollars) 0.69 0.74 0.31 0.77 

NOTE: A dash indicates that data were not reported. 
For com, the Com Belt-Great Lakes region includes Illinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Ohio, and Wisconsin; the Northeast, 
Maryland, New York, and Pennsylvania; the Northern Plains, Colorado, Kansas, Nebraska, and South Dakota; the Southeast, Alabama, Georgia, 
Kentucky, North Carolina, South Carolina, Tennessee, and Virginia; and the Southwest, Califomi.t and Texas. For soybeans, the Delta region includes 
Arkansas, Louisiana, and Mississippi; the Com Belt-Great Lakes region includes lllinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Ohio, and 
Wisconsin; the Northern Plains, Kansas, Nebraska, and South Dakota; and the Southeast, Alabama, Georgia, Kentucky, North Carolina, South 
Carolina, Tennessee, and Virginia. For hard red winter wheat, the Northern Plains region includes ldahc, Montana, and Wyoming; the Southwest, 
Arizona and California; the Central Plains, Colorado, Kansas, Nebraska, and South Dakota; and the Southern Plains, New Mexico, Oklahoma, anJ 
Texas. 

a Averages for 1984-1986. 

souRC.E: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm Sector-Costs of Production, 1986. ECIFS 6-1. Economic Research 
Service. Washington, D. C. N 
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spells, pests, hail, or soil fertility problems, can affect productivity in farm
ing. These factors, as well as diverse soil types, climates, and levels of pest 
infestation, often account for large regional differences in per unit costs for 
a given crop, despite fairly similar per acre production costs. 

I:.-•c:.Pased efficiency and lower per unit production costs are essential for 
agricultural producers to remain competitive in domestic and intematior. .u 
markets. Alternative systems can often help achieve these goals. To better 
understand the role and viability of specific alternative agriculture systems, 
however, far greater knowledge of regional differences in production costs, 
their variability, and their causes is needed. Such understanding will help 

• Explain how and why some farmers within regions and in different 
regions of the country can produce a given crop at markedly lower per 
unit costs than their neighbors or producers in other regions; 

• Identify the production cost advantages and disadvantages stemming 
from soil, water, weather, pests, and other natural factors; 

• Target technologies, management approaches, and policy decisions that 
most effectively reduce these costs a.ad make the most of regional ad
vantages; and 

• Better understand how commodity, conservation, regulatory, and other 
policies influence on-farm management decisions and production costs. 

Methods for Comparing Production Costs 

A variety of farm accounting systems and methods can be used to calcu
late per acre and per unit production costs. Most farmers use some system 
of recordkeeping to track expenditures and determine profits and losses at 
the end of each season. 

Most states and the U.S. Department of Agriculture (USDA) collect and 
analyze farm budget data. A variety of private organizations have devel
oped recordkeeping systems that farmers can use for estimating cash flow, 
working with lenders, tracking returns to certain investments, identifying 
areas where profits could be increased, and preparing income tax state
ments. Some lenders require these records. Many of these recordkeeping 
systems are very sophisticated and have been used to study the distribution 
of per acre and per unit production costs for major commodities. The 
quality of individual farmers' recordkeeping, however, has a great effect on 
the quality of the data reported. The committee has reviewed several farm 
budget and cost of production studies, including Southwestern Minnesota 
Farm Business Management Association data, Southwest Kansas Farm 
Management Association data, and data complied and published by the 
USDA. 

Reports by these and other organizations use a variety of different meas
ures, assumptions, and formats in collecting, analyzing, and reporting data. 
They are not random samples and do not generally employ sampling tech
niques. As a result, care must be exercised in drawing inferences from data 
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and findings associated with different data sets. To the extent possible, the 
USDA tries to use consistent definitions and accurate methods in its pub
lished reports on state average production costs. The level of aggregation 
reported, however, masks much of the variability within states in the costs 
incurred on individual farms. 

Addidonal insights can be extracted from analyser. of comparative pro
duction costs on particular groups of farms within a given region. A com
mon analytical approach is to separate a sample of fal'ms producing a given 
crop into groups based on a given indicator or particular farm characteristic. 
The results of one such analysis of dryland wheat farms in southwest 
Kansas are shown in Table 4-3. 

The sample of 3,000 farms was divided into quartiles by income. The first 
column in the table reports average yields, costs, and acreage for the 750 
farms-or 25 percent-reporting highest income; the second column reports 
the same information for the 750 farms reporting the lowest income. 

These data show 

• Low-income farms incur per unit production costs nearly twice those of 
high-income farms ($3.66 versus $1.87 per bushel). 

• The yields on low-income farms are about 9 percent less than on the 
high-income farms even though the per bushel production costs are 
almost double. 

• All variable costs per acre were greater on the low-income farms. The 
per acre differential was greatest for machinery hire ($7.57), fertilizer 
($7.53), machinery repair ($6.02), and herbicides and insecticides ($5.28). 

Insights into the potential benefits of certain alternative production sys
tems arise from identifying the cost factors that tend to distinguish high
income low-cost producers from less profitable but otherwise similar farms. 

Some important factors contributing to higher per acre costs in Kansas 
wheat production and corn and soybeans grown in southwest Minnesota 
are surnmarized in Table 4-4. The difference in fertilizer and pesticide per 
acre and per bushel production cost for high-cost and low-cost corn and 
soybean farms in Minnesota are presented in Table 4-5. Per bushel fertilizer 
and pesticide costs were 144 percent greater for high cost soybean farms in 
1986 and 60 percent greater on corn farms in 1987. Variable costs associated 
with machinery and repairs are also consistently high on lvw-income farms, 
in part because these farms are smaller on average and machinery costs are 
spread over fewer acres. These data are consistent with national average 
cost of production data for major rrops (Table 4-6). 

Alternative Agricufture and Production Costs 

Alternative production systems are designed to enhance beneficial biolog
ical interactions and improve economic performance through better nutrient 
management and pest control. vVhen successfully adopted, most alternative 
systems greatly influence fertilizer and pest management costs (see all case 
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TABLE 4-3 Cost of Production for Dryland Wheat in Southwest Kartsas, 1986 

Costs 

Crop production costs 
Hired labor 
Repairs 
Seed crop insurance 
Fertilizer-lime 
Machine hire 
Storage-marketing 
Fees-conservation-auto expenses 
Gas-fuel-oil 
Personal property tax 
General insurance 
Utilities 
Herbicide-insecticide 
Interest on operating costs (12%) 
Interest on machinery 

investment (12%) 

Total operating costs 

Depreciation 
Motor vehicles 
Machinery 
Buildings 

Total depreciation 
lotal production costs 
Total production costs/bushel 

Management, labor, and land costs 
i\~a:-u1gement charge" 
Operation, unpaid labor' 
Land chargee 

Total management, labor, land costs 
Total management, labor, land costs/ 

bushel 

Total costs 
Total costs/bushel 

Wheat acres 
Wheat yield/acre (bushe.s) 

25 Percent of Farms 
with Highest Income 
(per acre) 

$ 4.02 
8.90 
2.17 
2.62 
8.09 
1.68 
1.06 
6.91 
0.27 
0.45 
1.31 
1.19 
3.48 

3.62 

$ 45.77 

$ 13.01 
3.98 
1.50 

$ 18.49 
$ 64.26 
$ 1.87 

$ 4.17 
10.12 
27.82 

$ 42.11 

$ 1.23 

$106.37 
$ 3.10 

1,482 
34.35 

as percent of yield per acre t'mes $2.43 per bushel. 
b$15,000 per operator divided by wheat acres. 
'"33.33 percent IJf yield per acre times $2.43 per bushel. 

souRcE: B. L. Flinchbaugh, Kansas State University, correspondence, 1988. 

25 Percent of Farms 
with Lowest Income 
(per acre) 

$ 4.35 
14.92 
3.18 

10.15 
15.66 
3.97 
3.14 
9.99 
0.46 
1.13 
2.27 
6.47 
6.81 

5.31 

$ 87.81 

$ 12.69 
9.13 
5.01 

$ 26.83 
$114.64 
$ 3.66 

$ 3.81 
20.44 
21i.40 

$ 49.65 

$ 1.58 

'164.29 
$ 5.24 

734 
31.36 
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TABLE 4-4 Major Inputs Resulting in Higher per Acre Costs: High-Cost 
Farms Versus Low-Cost Farms, Selected Studies 
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Difference in Variable Costs Between High- and Low-Cost Farms 

Year 
Location/Crop 

1985 
Kansas/wheat 

1986 
Kansas/wheat 

1986 
Minnesota/ soybeans 

1987 
Minnesota/ corn 

.Input 

Repairs 
Machine hire 
Fertilizers 
Pesticides 

Machine hire 
Fertilizers 
Repairs 
Pesticides 

Pesticides 
Repairs 
Fertilizers 

Repairs 
Fertilizers 
Pesticides 

Dollars/ Percentage of rota) 
Acre Difference 

4.46 20.9 
2.65 12.4 
1.59 7.5 
0.99 4.6 

7.57 18.0 
7.53 17.9 
6.02 14.3 
5.28 12.6 

5.09 24.1 
3.01 14.2 
0.24 1.1 

19.37 36.3 
8.00 15.1.1 
4.61 8.6 

souRcEs: Kansas Cooperative Ext""nsion Service. 1987. The Annual Report-Management 
Information-Kansas Farm Manager.1ent Associations. Manhattan, Kans.: Kansas State University; 
Olson, K. D., E. J. Weness, D. E. Talley, P. A. Fales, and R. R. Loppnow. 1987. 1986 Annual 
Report, Revised. Southwestern Minnesota Farm Business Management Association. Economic 
Report ER87-4. St. Paul, Minn.: University of Minnesota; Olson, K. D., E. }. Wl.'ness, D. E. Talley, 
P. A. Fales, and R. R. Loppnow. 1988. 1987 Annual Report: Southwestern Minnesota Farm 
Business Management Association. Economic Report ER88-4. St. Paul, Minn.: University of 
Minnesota. 

studies). Regional cost of production studies based on farm recordkeeping 
systems (Goldstein and Young, 1987; Kansas State University, 1987; Olson 
et al., 1981, 1986, 1987) and the committee's limited case studies indicate 
that the most profitable alternative and conventional farms are often those 
that successfully cut back on fertilizer, pesticide, and machinery expenses 
while sustaining high lev-,s of crop production. 

The extent and causes of variability in production costs warrant careful 
study in assessing agricultural commodity, conservation, and regulatory 
policies. High target prices, deficiency payments, and disaster provisions 
that compensate farmers for crop iosses are principal causes of inefficient 
input use. Current farm programs base payments on historical per acre 
yield levels, multiplied by a per bushel deficiency payment rate. The per 
bushel deficiency payment is the difference between the government-set 
target price and loan rate ur the market price, whichever difference is less. 
When deficiency payments are large, during periods of protracted low crop 
prices, farmers have greater incentive to apply fertilizers and pesticides in 
greater amounts to produce the most bushels per acre and collect the 
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TABLE 4-5 Fertilizer, Pesticide, and Total Variable Costs for Minnesota Corn 
and Soybeans (in dollars) 

Year 
Location/Crop 

1986 
Minnesota/ soybeans 

Average high-cost farm 
Average low-cost farm 
Difference 

1987 
Minnesota/corn 

Average high-cost farm 
Average low-cost farm 
Difference 

Fertilizer and 
Total Variable Costs Pesticide Costs 

Per Acre Per Bushel Per Acre Per Bushel 

70.24 
49.10 
21.14 

153.88 
100.58 

53.30 

2.62 
1.07 
1.55 

1.24 
0.65 
0.59 

17.67 
12.34 
5.33 

55.64 
43.03 
12.61 

0.66 
0.27 
0.39 

0.45 
0.28 
0.17 

souRcEs: Olson, K. D., E. J. \Veness, D. E. Talley, P. A. Fales, and R. R. Loppnow. 1987. 1986 
Annual Report, Revised. Southwestern Minnesota Farm Business Management Association. 
Economic Report ER87-4. St. Paul, Minn.: University of Minnesota; Olson, K. D., E. J. Weness, 
D. E. Talley, P. A. Fales, :md R. R. Lnppnow. 1988. 1987 Annual Report: Southwestern Minnesota 
Farm Business Management Asf'ociation. Economic Report ER88-4. St. Paul, Minn.: University of 
Minnesota. 

TABLE 4-6 National Average Cost of Production for Selected Inputs, 1986 
Grain 

Input Corn Sorghum Wheat Rice Soybeans Cotton 

Dollar Cost per Acre 
Custom operation 6.70 3.49 5.38 49.06 3.77 14.19 
Seed 16.62 3.9'"' 5.97 24.14 8.54 8.16 
Fertilizers 45.51 17.88 14.30 31.20 6.41 20.14 
Pesticides 19.21 9.27 3.25 5.73 18.93 50.32 
Fuel 9.52 10.73 6.06 26.67 4.80 18.71 

Subtotal 97.76 45.29 34.96 136.80 42.45 111.52 
Total variable costs 118.74 59.25 44.36 242.85 52.04 193.19 

Fixed cash costs (interest, 
insurance, and overhead) 70.83 32.27 30.77 71.72 51.88 65.33 

Total variable and fixed costs 189.57 91.52 75.13 314.57 103.92 258.52 

Percentage of Total Variable Costs 
Pesticides and fertilizers 55 46 40 15 49 37 

Percentage of Total Variable and Fixed Costs 
Pesticides and fertilizers 34 30 23 12 25 27 

souRcE: U.S. Department of Agriculture. 1987. Economic Indicators of the Farm SectcL"-Costs of 
Production, 1986. ECIFS 6-1. Economic Research Service. Washington, D.C. 
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highest payments. Between 80 and 95 percent of major commodity produc
ers currently participate in federal commodity programs. (For a further 
discussion of loan rates and target prices, see "The Power of Policy" section 
in Chapter 1.) 

Farm programs strongly influence input use, planting decisions, and the 
use of marginal lands ln generally productive areas. The effect of these 
programs on input use differs greatly by region. Two basic types of ineffi
ciency can arise from 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 production of crops in regions poorly suited to a particular 
crop. 

In areas well suited to the production of a crop (for example, corn in the 
Corn Belt), high government payments encourage excessive and inefficient 
input use (Olson et al., 1981; Randall and Kelly, 1987). In areas where 
production of a crop is inherently more difficult (for example, corn in the 
Mississippi Delta), government payments often subsidize the production of 
crops that would not otherwise be profitable (see Tables 4-1 and 4-2). 

There are sound correlations, although complicated and often poorly 
documented, between the economic and environmental performance of 
farming systems. Efficient systems generally are associated with fewer en
vironmental problems because cropping patterns, fertility, and pest cuntrol 
practices are matched to the strengths and limitations of the resource base 
and follow sound biological and agronomic principles. Both types of ineffi
ciencies identified above can lead to environmental problems, such as water 
pollution, soil erosion, or loss of wildlife habitat. For example, when Corn 
Belt farmers overapply nitrogen fertilizer, the result can be nitrates in sur
face water and groundwater. When western farmers produce cotton or other 
crops with irrigation in the face of inherent environmental, resource, and 
climatic limitations, the result can be salinization of soils and water and 
depletion of aquifers. 

The adoption of policies that reduce or remove incentives for these inef
ficiencies would reduce environmental damage and enhance the competi
tiveness and profitability of U.S. agriculture. By reducing program crop 
acreage in high per unit cost regions or on high per unit cost farms and 
expanding production in low per unit cost regions or on particularly effi
cient farms, policy reform has the potential to 

• Reduce average per unit production costs; 
• Improve efficiency of input use; 
• Reduce environmental consequences of inefficient input use; 
• Lower federal program costs; and 
• Cause farmers to abandon certain high-cost crops in certain areas. 
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Production cost analyses can yield important insights into the economic 
and environmental performance of farming systems. Studies based on ac
tual farm records for operations within a given region appear particularly 
promising. f\1ore in-depth assessments designed to distinguish features of 
low-cost farms, in contrast to high-cost farms, could guide agricultural 
researchers and extension specialists toward the most important technical 
and managerial factors underlying profitability. 

Production system and technology changes designed to attain environ
mental and public health goals must also help to reduce costs. The unique 
and highly variable interrelationships among resources, management, pol
icy, and economics must be much better understood and quantified so that 
reliable and realistic estimates can be provided to policymakers regarding 
the tradeoffs, costs, and consequences inherent in policy choices. 

The case studies and the committee's review of available cost of produc
tion studies support a number of important conclusions that warrant fur
ther exploration and analysis. 

• Within a given region for a sp2cific crop, average production costs per 
unit of output on the most efficient farms is typically 25 percent less, 
and often more than 50 percent less, than average costs on less efficient 
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 expenses, pesticides, 
fertilizers, and interest charges (excluding land)-account dispropor
tionately for differences in per unit production costs. 

ALTERNATIVE PEST MANAGEMENT STRATEGIES 

Successful alternative pest management strategies include a range of 
methods. Examples include traditional IPM insect control systems, systems 
based primarily on cultural practices such as rotations and short growing 
seasons, and biological control systems that use no synthetic chemical pes
ticir'2s. 

IPM 

IPM is a pest control strategy based on the determination of an economic 
threshold that indicates when a pest population is approaching the level at 
which control measures are necessary to prevent a decline in net returns
that is, when the predicted value of the impending crop damage exceeds 
the cost of controlling the pest. In this context, IPM rests on a set of 
ecological principles that attempt to capitalize on natural pest mortality 
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This tractor pulls an alfalfa cutter in fields planted with a corn. alfalfa, and wheat rotation. 
Credit: Larry Lefever from Grant Heilman. 
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Irrigation makes production of high-cost, l1i~:1-value crops, such as lettuce, possible in the arid 
central valley of California. Credit: Richard Steven Street. 
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Salinated soil stunts irrigated cotton growth in a Califomia field. Credit: U.S. Department of 
Agriculture. 
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Alternative cropping systems 
research farm. Credit: Rodale Press, 
Inc. 

Most growers burn rice fields after 
harvest to remove crop stubble and 
prepare fields for the next rice crop. 
The Lundberg Farm case study 
describes an alternative method for 
incorporating rice stubble into the 
soil, which eliminates the need for 
burning. Credit: Philip Wallick. 
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More than 28 million acres of 
highly erodible land have been 
removed from cultivation and 
enrolled in the Conservation 
Reserve Program. This CRP land is 
in New Mexico. Credit: Soil 
Conservation Service, U.S. 
Department of Agriculture. 

Soil erosion and sedimentation in 
Clinton County. Missouri. Credit: 
Chevron Chemical Company. 
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Dairy farm ir: Elizabethtown. Pennsylvania. Credit: Isaac Geib from Grant Heilman. 
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Center pivot irrigation in southeastern Nebraska. Credit: Reinke Manufacturing Company, Inc. 
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These Emperor grapes were grown with no synthetic chemical pesticides or fertilizers. Credit: 
Richard Steven Street. 

This farm in the sandhills of Nebraska was irrigated and planted with continuous corn. Wind 
has eroded the soil in the white wedge-shaped section. The sandhills, which need cover 
throughout the year. are far more suited to grazing or small grain production than cultivated 
row crops. Credit: A. D. Flowerday. 



This waist-deep field of switch 
grass was established on cultivated 
cropland removed from production 
under the Conservation Reserve 
Program of the Food Security Act 
of 1985. Credit: Soil Conservation 
Service. U.S. Department of 
Agriculture. 

Nitrate occurs naturally in 
groundwater. Levels over 3 
milligrams/liter are thought to be 
caused by human activity. (Data 
were not available from all 
counties.) Credit: U.S. Geological 
Survey. 
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Contour strip cropping of corn, alfalfa, and wheat in Lancaster County, Pennsylvania. Credit: 
Larry Lefever from Grant Heilman. 
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factors; pest-predator relationships; genetic resistance; and the timing and 
selection of a variety of cultural practices, such as tillage, pruning, plant 
density, and residue management. In practice, however, IPM is generally 
based on scouting fields to determine pest or disease populations or infes
tation levels, more precise timing and application of pesticides derived from 
scouting, better knowledge of consequences of various levels of pest and 
predator populations, rotations, and more precise timing of planting. To 
further advance IPM systems, more research is needed into the develop
ment of economic thresholds and agroecosystem pest biology (Frisbie and 
Adkisson, 1985). 

Individual farmers generally determine economic thresholds based on 
individual objectives and experience. Farmers producing the same crop are 
often willing to accept different levels of pest damage prior to the imple
mentation of control measures. Most economic thresholds determine the 
most profitable short-term pest control strategy, taking account of the prices 
of the crop or livestock and the cost of the proposed control action. Othet 
factors in developing thresholds and IPM methods include population trends 
of the target pest and its natural enemies, anticipated damage under various 
scenarios (including taking no action), potential increase in value of the 
crop, possible costs of adopting rotations, cost of pest scouting, probable 
effectiveness of chemical or nonchemical control techniques, and changes 
in pesticide application costs. 

For insect control, most IPM systems rely on precise application of specific 
pesticides. In some instances, the nun1ber of pesticide applications per acre 
actually increases with scouting because a threatening pest population is 
discovered that would otherwise be missed, and more selective materials 
are used in the hope of minimizing the disruption of ecological balance in 
other pest species. The total volume of pesticides applied usually declines, 
however, because of more precise timing and selective applications of pes
ticides (Allen et al., 1987). 

For disease control, the use of rotations, planting dates, weather monitor
ing, and resistant varieties are the most common components of IPM pro
grams. Few formal IPM programs for weeds have been developed because 
many alternative weed control strategies already exist and are currently 
practiced by farmers. 

In addition to focusing on increasing net farm income, the development 
of economic thresholds must take into account specific biological character
istics of the target pest and the long-term implications of current pest 
control actions. For example, it may be profitable in a given season to 
toltrate a certain number of weeds in a field; but from a long-term stand
point, increased weed pressure from weed seeds in the soil may become a 
serious problem (Coble, 1985). Long-term adverse implications can also 
arise from recurrent use of the same or related pesticides. The emergence 
of pesticide-resistant pest populations is a particularly worrisome phenom
enon (National Research Council, 1986b). Neglecting pest resistance may 
lead to higher volume Clr more frequent applications of pesticides, with 
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TABLE 4-7 Percentage Differences in Yields, Crop Values, Pesticide 
AEElications, and Pest Control Costs for IPM Users Compared With Nonusers 

Dollar Value/ Pest Control 
Unit of Pesticide Costs/Acre 

Crop/State or Region Yield/Acre Production Applications tmcluding scouting) 

Alfalfa seed/Northwesta +17 +3 +107 NS 
Almonds/California +118b NA 1\JA ~A 

Apples/Massachusetts +12 -8 -4 -23 
Apples/New York +21 +3 +15 -6 
Corn/Indiana +10 +4.5 +41 +45 
Cotton/Mississippi'" +20 NS NA +32 
Cotton/Texas +30 +5 NA +40 
Peanuts/ Georgia +11 NS +10 -11 
Soybeans/Virginia +9 +4 +38 +23 
Stored grain/Kentucky NR NS NA -14 
Tobacco/North Carolina +0.5 NS -17 NS 

NOTE: This study surveyed 3,500 growers. NA =Not available. NR =Not relevant. NS =Change 
not significant, less than 1 percent. 

aNorthwest in•·1udes Wat·hington, Idaho, Oregon, Montana, and Nevada. 
Prhree-year aver age. 
ccompared with low IPM users. 

souRcE: Adapted from Allen, W. A., E. G. Rajotte, R. F. Kazmeirczak, M. T. Lambur, and G. W. 
Norton. 1987. The National Evaluation of Extension's Integrated Pest Management (IPM) 
Programs. VCES Publication 491-010. Blacksburg, Va.: Virginia Cooperative Extension Service. 

serious economic consequences for the individual farmer, the industr~ and 
even the nation (Hueth and Regev, 1974). Human health risks, environmen
tal impacts, and water-quality degradation are other serious concerns. 

Several studies have estimated the farm level and aggregate monetary 
benefits and costs associated with development and adoption of IPM pro
grams (Osteen et al., 1981). A 1987 evaluation of the Extension Service's 
IPM programs for insects on nine crops in 10 individual states and 5 states 
in the Northwest is the most comprehensive review to date (Table 4-7). The 
results show higher average per acre yield in every case for IPM users over 
nonusers growing the same crop in the same state. In 13 of the 15 cases, 
growers using IPM received the same or higher prices for their crop. Only 
one case reported a lower per unit price; the other did not report these 
data. In every case the net return per acre was higher for IPM users versus 
nonusers, primarily as a result of increased yields and prices received by 
growers using IPM systems. In some states, growers using IPM systems 
were the only group able, on average, to earn a profit from sale of those 
commodities studied (Allen et al., 1987). The study's survey of 3,500 grow
ers using IPM showed a $54 million increase in net return for these growers, 
compared with growers not using IPM (Allen et al., 1987). 

In most cases reported by Allen et al. (1987), IPM resulted in more pesti
cide applications per growing season. In nine cases growers made more 
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applications, in two cases less, and in four cases growers did not report the 
data. In four of the cases with significant changes in pest control costs 
(including scouting), costs increased; in four cases control costs decreased; 
in six cases costs remained about the same; and in one case they were not 
reported. Although pest control costs often increase or remain constant 
with IPM, growers nearly always profit from higher yields and improved 
fruit quality (Allen et al., 1987). As a percentage of total cash operating 
costs, pest control costs for IPM users were quite variable, ranging from 2 
to 22 percent for the nine crops studied. Many other studies have shown 
that IPM can result in fewer pesticide applications and lower pest control 
costs (Kovach and Tette, 1988; Office of Technology Assessment, 1979; 
Shields et al., 1984; Smith and Barfield, 1982). 

Although IPM users sometimes make more applications, they generally 
achieve a higher degree of control using a smaller volume of pesticide. This 
observation is reinforced by a review of 42 IPM studies. In every case, 
pesticide use or the cost of production or both decreased with IPM. Twenty
four cases reported increased net returns, 2 cases reported no change, and 
16 cases made no report (Allen et al., 1987). 

This review of the Extension Service's IPM program estimated that tile 
adoption of IPM for the nine commodities in 15 states would result in an 
estimated $578 million in additional returns for producers of thPse crops. 
This result was obtained using an enterprise budgeting approach, based on 
data obtained from farmt~rs in telephone interviews regarding pesticide 
costs and changes in yields. The study assumed that prices of pesticides 
and farm commodities would not change as a result of adoption of IPM. 
Effects on consumers or producers of possible reductions in commodity 
prices that could accompany increases in crop yield were not examined, nor 
were the secondary economic and environmental benefits likely to follow 
from widespread adoption of IPM. The same study also estimated the gross 
revenues of the private pest management consultant industry at about $400 
million per year. The economic benefits associated with the expansion of 
this in.dustry were not included in the total estimate of economic benefits 
related to wider use of IPM. 

Several studies have gone beyond the farm level to project regional eco
nomic implications of IPM adoption. Frisbie and Adkisson (1985) reported 
a variety of regional and statewide economic assessments of IPM systems. 
Studies on cotton in Texas reported regional economic benefits ranging 
from $63 million to $192 million, which translated into estimated overall 
statewide economic benefits of $92 million to $305 million (Frisbie and 
Adkisson, 1985). Massachusetts apple growers using IPM systems reported 
increased net returns of $98.00 per acre; a separate study of northeastern 
apple producers reported increases of $25.00 per acre. Increased net returns 
of $28.00 per acre with a 75 percent reduction in pesticide use for alfalfa 
IPM in the North Central region were observed (Frisbie and Adkisson, 
1985). 

Because IPM programs are grounded in economic threshold principles, 
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they nearly always result in increased returns for growers. They generally 
achieve this through better knowledge of pest and predator populations; 
more accurate, precisely timed, and better measured pesticide applications 
that reduce overall pest control costs; and use of improved crop varieties. 
Together, this results in higher yields and improved crop quality. In certain 
cases, notably cotton and alfalfa, IPM programs have resulted in dramatic 
decreases in applications and the volume of pesticides used. This is because 
IPM programs incorporate newer pesticides that are effective at far lower 
rates, and previously used pesticides are used with greater precision (see 
the Florida fresh-market vegetable case study). In other cases, applications 
remain constant or even increase whiie th~ volume of pesticide applied 
declines. Most current insect IPM systems make only modest use of cultural 
and biological pest control methods. They focus primarily on scouting and 
optimizing pesticide use. (Prominent exceptions are the control of corn 
rootworm through rotation and control of pink bollworm with short-season 
cotton.) In contrast, most IPl\1 systems to control plant disease take advan
tage of rotations and cultural practices. One common example is the control 
of wheat root pathogens through rotations. The possible economic and 
environmental benefits of biological and cultural pest control techniques 
may become more compelling as biological and genetic pest control meth
ods are improved. 

The case study farms that use IPM-the Kitamuras' processing tomato 
operation in California and the Florida fresh-market vegetable operations
dt:monstrate the effectiveness of IPM. They also demonstrate the differences 
in pest control needs in different regions of the country. Disturbance of 
endemic insect and disease populations because of pesticide use are par
tially responsible for these differences. Each case study farm using IPM 
reports substantial reductions in pest control costs. Insect and disease pres
sures, however, are generally greater in Florida than in most regions of 
California. Growers in Florida, therefore, report greater savings per acre 
even though they continue to apply far more pesticides than either the 
Kitamura Farm or the majority of California processing tomato growers 
using IPM. 

The Kitamura Farm uses cultural practices including irrigation, rotations, 
and sanitation; monitoring; and pesticides as a part of an IPM program that 
has decreased pest control costs by more than $45.00 per acre. On 160 acres 
of processing tomatoes the KiLamuras report a savings of $7,318. Their 
savings, however, are well above the average $7.70 savings per acre for 
California proc~ssing tomato growers using IPM (Antle and Park, 1986). 
One reason for this is their virtual elimination of insecticide applications, 
compared with an average reduction from 1.7 to 1.5 sprays per season for 
other growers. The Kitamuras' success is an indication of the degree to 
which management, innovation, and increased knowledge can influence 
the success of alternativeS'\ -~~ems. 

Improved control and quality with comparable yields ensure the profita
bility of JPM in processing tomatoes. California processing tomato growers 
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Farmers use plastic mulch on staked tomatoes 
in Florida to seal in soil fumigants. control 
weeds, conserve soil moisture, and re'Juce 
nitrogen fertilizer leaching. Laser-guided 
machinery levels fields to a uniform slope of 0.15 
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percent. This helps to control irrigation and 
improves water efficiency. Buried pipes at the 
end of the rows supply water. Wide rows 
permit pesticide applications from elevated 
tractors. Credit: Will Sargent. 

using IPM had virtually none of their tomatoes rejected for insect damage; 
non-IPM growers had a rejection rate of 5.6 percent. The yield on the 
Kitamura Farm is equal to or just below the historic county average. In 1986, 
however, their yield was 35.5 tons per acre, 6.3 tons per acre above the 
county average, with essentially no insect or mold damage. 

In the hot dry climate of California's Central Valley, where there is 
virtually no rainfall between April and October, the Kitamuras are able to 
nearly eliminate fungicide and insecticide applications. In contrast, the hot 
humid climate of south Florida has an average year-round daily temperature 
of 74 a and an average rainfall of 54 inches. These factors make it an excellent 
environment for insects, fungi, and other pests. Even Florida vegetable 
growers using IPM continue to need substantial quantities of pesticides. 
Nonetheless, they achieve far greater per acre savings from the adoption of 
IPivf than l''l California growers. In the committee's case study, Florida 
producers who used IPM had direct pest control costs ranging from $200 to 
$300 per acre compared with $450 to $700 per acre for nonusers of IPM. 

Scouting and better timing of pesticide applicatit:>ns that reduce the need 
for subsequent applications are primarily responsible for savings. A Univer-
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A vawum sucks insects off strawberry 
plants. This newly developed machine may 
enable farmers to forgo several insecticide 
applications for certain pests on certain crops. 
In field trials on strawberries, populations of 

ALTERNATIVE AGRICULTURE 

lygus bugs were effectively controlled. Spider 
mite populations decline because lady bugs, 
which prey on the mites, avoid the vacuum 
and return later to feast on the mites. Credit: 
Richard Steven Street. 

sity of Florida study of 40 tomato farms using IPM programs indicated that 
growers reduced insecticide inputs by about 21 percent (K. Pohronezny, 
University of Florida, interview, 1986). While generally effective at reducing 
insecticide applications, IPM in Florida has not yet been effective at reduc
ing soil fumigant applications or the use of bactericides. \Vithout rotations, 
soil fumigation will remain necessary. Reductions in fungicide use are gen
erally far less than decreases in insecticide use under IPM. Even a marked 
increase in research and development investments in the development of 
IPM programs for Florida commercial vegetable production will not elimi
nate the need for several insecticide, fungicide, or nematocide treatments 
per season for many years to come. Yet, such a goal is clearly within reach 
in other regions. 

AlternativE Weed Control Practices 

Various combinations of cultivation, tillage practices, cover crops, and 
rotations are widely used to control weeds and reduce or eliminate herbi
cide use. Five of the committee's case studies involve farms using various 
combinations of these methods for weed control in cash grain and livestock 
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operations. These include the Spray, BreDahl, Sabot hill, Kutztown, and 
Thompson farms. 

A common feature of farms using alternative production methods is the 
integration of individual practices, such as weed control, into the overall 
management of the farm. For example, controlling weeds by rotations, cover 
crops, and cultivation complements fertilization, erosion control, and ani
mal forage and feed requirements. This method of weed control also re
duces pest problems caused by certain insects, plant pathogens, and nem
atodes. Farm size can limit the practicality of some of these methods on 
some crops, however. To switch from herbicides to these methods, sole 
operators of large row-crop farms (over 2,000 acres) will have to hire farm 
help with new knowledge, change cropping patterns, and acquire new 
management skills. 

The Spray brothers plant 400 acres in a com-soybeans-small grain-red 
clover hay rotation. They have not used herbicides for 15 years. They attrib
ute this success to a prog1a:m of rotations, tillage, cultivation, rotary hoeing, 
and the timing of planting. Many farms with successful alternative produc
tion systems, such as the BreDahl, Thompson, and the Kutztown farms, 
use a similar combination of technique& to control weeds. 

The Sabot Hill Farm, on the other hand, has adopted a unique approach 
to weed control. The operators were faced with a $26,000 annual bill to 
control Johnsongrass with herbicides on 500 acres of corn and soybeans. 
They decided to alter their enterprise from cash grain farming to forage 
production, incorporating the Johnsongrass into a mixed forage hay crop. 
The objective of the operation was changed to maximize food and feed 
output with a minimum of purchased inputs. In the process, a problem 
weed requiring costly annual control was converted into a crop. Com and 
soybeans are now grown on only 325 acres, and weed control expenses have 
been cut to $6,000. The hay crop is fed to their own livestock and sold to 
area farmers. 

The Kutztown Farm controls weeds almost exclusively through rotations 
and cultivation. Corn is usually rotary-hoed once and then cultivated sev
eral times. No specific weed control measures are needed on any of the 
small grain crop acres. However, wet seasons and muddy condiHons can 
interfere with cultivation, resulting in severe weed problems. This is a 
characteristic difficulty of weed control based on traditional cultivation tech
niques. Animal manure that is used as fertilizer can also contain weed seeds 
and may increase weed problems, a problem that has occurred on the 
Kutztown Farm. It illustrates the need to continually assess, refine, and 
take advantage of the interactions of farm management practices-in this 
case, sustaining fertility through manure applications relative to the ease of 
weed control. 

The Thompson Farm has successfully addressed the shortcomings of 
cultivation-based weed control strategies with a combination of modified 
ridge-tillage planting, rotations, and cultivation. Conventional or modified 
ridge-tillage planting generally makes cultivation for weed control more 
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A cultivator kills weeds between rows during ing season and with care to avoid damage to 
the first cultivation of ridge-tilled corn on the growing plants. Credit: Dick Thompson, the 
Thompson farm. To be effective, cultivation Thompson Farm. 
must be done at the proper time in the grow-

effective and provides far more control than culttvation without ridge tilling 
(see the Thompson Farm case study). The Thompsons also include small 
grains and a hay crop in the rotation with corn and soybeans. This rotation 
appears to provide additional weed control through competition, allelopa
thy, or a combination of the two. 

The Thompsons' per acre costs of production for corn are $96.20 less than 
the costs for the production practices reported by Iowa State University 
(ISU); the Thompsons' costs for soybeans are $44.45 less per acre (see the 
Thompson Farm case study). Eighty dollars of the savings for corn produc
tion are from reduced fertilizer use and the elimination of herbicides. The 
Thompsons' average per acre yields are 140 bushels of corn and 50 bushels 
of soybeans-well above the county average of 124 bushels of corn and 40 
bushels of soybeans. The Thompsons also derive a slight savings in fuel 
costs from fewer (seven or eight) trips across the fields. ISU reported nine 
trips using conventional methods. 

While per acre yields on the Thompson Farm are high and the per unit 
costs of production are low, the overall effect on net farm income cannot be 
simply derived from these figures. Rotations provide much of the weed 
control, plant nutrients, and input cost savings on the Thompson Farm. 
However, the Thompson Farm rotation reduces total acreage planted with 
cash grain crops over their 5- and 6-year rotations. Acreage planted with 
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Rotary hoeing is another weed control 
practice. The tightly spaced blades of the hoe 
spin and cut weed seedlings just below the 
soil surface. This tillage tool is used very early 
in the season. before crops grow more than a 

217 

few inches. The hoe moves over the crop 
rows. dislodging weeds that have just 
germinated and are shallowly rooted. The 
deeper-rooted crop seedlings recover quickly. 
Credit: Dick Thompson. the Thompson Farm. 

forage or hay crops during part of the rotation generally earns less gross 
income than cash crops. Accordingly, the economic performance of the 
Thompson Farm or other farms using rotations must be evaluated over the 
full life of the rotation. This rule is true when comparing whole-farm costs, 
returns, and profits per acre or per unit harvested. 

To evaluate the effectiveness of ridge tillage for a conventional corn and 
soybean enterprise, the Thompsons have analyzed three systems of weed 
control for the common corn and soybean rotation: ridge tillage without 
herbicides, ridge tillage with preplant application of the herbicide metolach
lor, and conventional tillage without herbicides. The performance of con
ventional tillage without herbicides has clearly demonstrated why farmers 
have so widely adopted herbicides. On these plots, the weather has often 
interfered with cultivation; weed infestation has increased over time and 
yields have declined. 

In cont!"ast, the two ridge-tillage systems have resulted in ~imilar yields. 
Significantly, however, broadleaf weed infestation has increased in the her
bicide-treated area. But in the absence of herbicides, there has been no 
increase in weeds (see the Thompson Farm case study). Ridge tillage is also 
a form of reduced tillage that provides other benefits, such as reduced 
erosion and a warmer seedbed for more rapid germination. It is clear that 
the economic and environmental advantages of controlling weeds through 
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ridge tillage planting may be of significant value to many midwestern corn 
and soybean farmers. 

Quantifying the Benefits of Pesticides 

Under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), 
the U.S. Environmental Protection Agency (EPA) must weigh the benefits 
and risks of pesticides. The agency is required to determine whether the 
risks presented by each use of a pesticide are reasonable in light of associ
ated benefits. Accordingly, pesticide regulatory assessments are an impor
tant source of information on the economics of chemical pest control strat
egies. 

Since the reform of FIFRA in 1972, the EPA has issued a number of formal 
policy statements describing acceptable methods for assessing human health 
risks from exposure to pesticides. The scientific basis for risk assessment 
has evolved steadily over the past 17 years. There is, moreover, a great deal 
of research under way in the public and private sectors to identify the 
toxicologic potential of pesticides. In contrast, considerably less effort is 
directed toward estimating pesticide benefits. Neither the EPA nor the 
USDA has developed a set. of formal guidelines for calculating the benefits 
of pesticides under regulatcry review. Nor are data on pesticide efficacy, an 
ingredient in any benefit assessment, routinely gathered and reported to 
the EPA. Benefits calculations for pesticides often employ different methods 
and assumptions. 

Pesticides that meet the EPA's risk criteria may be subject to a special EPA 
regulatory review. Formal benefits assessments are conducted only during 
this review and do not generally contain detailed economic analyses of 
alternative nonchemical or IPM strategies (U.S. Congress, 1988; U.S. Envi
ronmental Protection Agency, 1982, 1985, 1986). The effect of this practice 
is to assume that the economic value of nonchemical or integrated control 
strategies is r..ear zero. Consequently, benefits assessments tend to overstate 
the economic benefits of the individual pesticide under review as well as 
the impact of pesticide cancellation (U.S. Congress, 1988). 

The thoroughness and quality of benefits assessments under FIFRA are 
an important public policy issue in the context of the economic and regula
tory incentives or disincentives for adoption of alternative agriculture. Al
ternative production systems generally reduce reliance on pesticides and 
hence reduce the benefits associated with their use. As alternative produc
tion systems and nonchemical control options are developed, refined, and 
more fully incorporated into pesticide risk and benefit assessments, the 
balance between acceptable risks and benefits is likely to change. In tum, 
more pesticides may be subject to regulatory restrictions aimed at reducing 
risks. Such actions will most likely create further economic incentives for 
farmers successfully using nonchemical pest control methods. It may be 
necessary, however, to retain some uses of more hazardous compound::, to 
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control occasional outbreaks of certain pests. For this purpose a prescriptive 
use category for pesticides used in IPM programs could be developed. 

While IPM and other alternative systems often require fewer pesticides 
on a per acre basis, pesticides will remain routine and occasionally invalu
able production inputs in most crops for the foreseeable future. Progress 
toward wider adoption of alternatives, however, will continue to raise meth
odological issues for pesticide risk-benefit balancing. Alternative systems 
typically reduce reliance on pesticides through a complex combination of 
practices, including land-use decisions, rotations, cultural practices, selec
tion of genetically resistant cultivars, and IPM programs. Benefits assess
ment techniques must be developed to take all these factors into account. 

The EPA and the USDA should jointly develop and formally adopt a set 
of improved procedures for assessing the economic value of pesticides in 
the context of risk-benefit decision making already required by federal law. 
The benefits of a pesticide should be characterized as the difference be
tween the total value of harvested commodities and the total value of the 
same crop using the next best alternative, which may involve an alternative 
cropping sytem that requires little or no pesticide use. Consideration of the 
costs of health and environmental risks of pesticides should be included in 
these analyses. 

The Economics of Biological Methods of Pest Control 

Most insects, pathogens, and other pests are kept from reaching damag
ing levels by natural enemies (see Chapter 3). Manipulations of a crop or 
populations of its natural enemies are important biological methods of pest 
control. Scientists have identified successful and cost-effective biological 
methods of control for many crops, typically by breeding resistant varieties, 
augmenting natural enemies, or introducing new predators or parasites. 
Nonetheless, a wide range of crop pests remain virtually impossible to 
control without the use of pesticides, particularly in certain regions and 
when farmers do not use crop rotations. Some remain largely uncontroll
able even with pesticides. As with many alternative practices, a broader 
range of biological control options and techniques are possible within diver
sified agricultural ecosystems (see Chapter 3). There is a need for research 
on the specific effects of diversification in crop systems on pest populations 
and biological methods of control. 

Several studies have examined the economic impacts and cost-benefit 
ratios associated with the development and dissemination of natural biolog
ical controls (Osteen et al., 1981; Reichelderfer, 1981). Reichelderfer (1981) 
lists six factors important to the success of biological control strategies. 

1. The target pest consistently occurs, causes light or moderate damage, 
and is the major pest species of a high-value crop. 

2. The biological control agent is effective and relatively risk free. Its effect 
on the pest population is not highly variable. 
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3. The price of the biological control agent, if it is marketed, is low. The 
research costs to develop the agent are justified by the economic impact of 
the target pest. 

4. The biological control use or enhancement costs or both are low. Low 
costs can directly result from ease of use or be a function of economies of 
scale realized from the applicability of the method over large areas of use. 

5. By net benefit criteria, the biological option compares favorably with 
available nonbiological control alternatives. This can be the result of its 
lower cost or its greater effect on yield or both. 

6. Institutional arrangements exist or can be made easily to facilitate 
regional implementation, if necessary. 

Many biological pest control techniques can be used in IPM systems. 
These include the use of pest predators or parasites, selection of pest
resistant plant cultivars, use of insect pheromones, release of sterile males, 
immunization of host plants, and use of bacterial insecticides. Some suc
cessful efforts using biological techniques are listed in Table 4-8. These 
include insect control by other insects, plant disease control by viruses, 
reproductive suppression by release of sterile males, and disease and insect 
control by the breeding of resistant strains. More than 100 host-specific 
insects have been introduced for the control of weeds. Plant-feeding insects 
or pathogens now partly or completely control at least 14 weed species. 
Currently, however, the viability of such techniques in agriculture is ex
tremely limited because plant-feeding insects often damage crops. 

Even though the process of developing an effective biological technique is 
sometimes expensive, the ratio of monetary benefits to costs can be very 
high (Batra, 1981). A study of the effects of introduction of six parasitlr 
species for biological control of alfalfa weevils in the 11 northeastern states 
found that 73 percent of the alfalfa acreage in the region no longer requires 
the use of insecticides for protection against alfalfa weevils. This acreage 
was expected to increase as the six species become more prevalent in the 
region. More than a dozen additional natura! enemies have been released; 
the incidence of reports of severe weevil infestation has declined steadily 
since 1962 (Day, 1981). This is one of the most successful examples of 
biological control of pests in crops. 

A study of the potet,tial economic impact of the introduction of the 
parasite Batltyplectis curculionis for biological control of alfalfa weevils in the 
eastern half of the United States concluded that $44 million per year could 
be saved in reduced crop loss and expenditures on insecticides. Insecticide 
use could be reduced by 1,100 tons. Total production of alfalfa would in
crease by only 1 percent as a result of biological control, thus avoiding any 
serious impacts on the market price of alfalfa. The greatest reductions in 
yield loss and insecticide application were estimated in the southern states, 
where insect pests are more severe because of warm winters (Zavaleta and 
Ruesink, 1980). 

Classical plant breeding to develop new varieties is the most successful 



TABLE 4-8 Selected Examples of Biological Controls 

Component 

Pest agent used against itself 

National enemies and 
antagonists (classic biological 
control agents) 

Host plant or animal 

"Experimental stage only. 

Strategy 

Regulation of the 
Pest Population 

Pheromone gossypol to control 
pink bollworm in cotton in 
Egypt, South America, and the 
United States 

Sterile males to control screw
worm in the United States 

Jt-.. 1osquitoes genetically incapable 
of vectoring the malaria agent 
used to displace capable typesa 

Wasps for control of the alfalfa 
weevil in the United States 

Predatory snail for control of 
snail vectur of schistosomiasis 
agent in Puerto Rico 

Puccinia rust for controi of 
skeleton weed in AustraJia and 
the United States 

Baciiius ihuringiensis for controi 
of certain caterpillars-used 
worldwide 

Crotalaria grown as a trap plant; 
root-knot nematode ir.fects this 
plant but does not reproduce
minor use in the United States 

Ell.clusionary Systems 
of Protection 

Avirulent strain K-84 of 
Agrobacterium for control of 
crown gall on fruit trees and 
ornamental plants in several 
countries 

Ice-minus strains of Pseudomonas 
syringae to exclude ice= 
nucleation-active strains from 
leaves of frost-sensitive plantsa 

Phlebia gigantea applied to pine 
stumps to exclude the pine 
root-rot fungus Heterobasidion 
annosum 

Nonpathogenic Lactobacillus 
strains used to exdude 
Escherichia coli from the 
intestinal lining and protect 
pigiets against neonatai scours" 

Toxin gene from B. thuringiensis 
expressed in Pseudomonas on 
---- ____ ..__ r_ __ ___ .._ __ .. ! __ 
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against certain soil insectsa 
Dense sowings of cereal-grain 

crops to preempt the 
establishment of weeds-used 
worldwide 

Self-Defense 

Mild strains of citrus tristeza 
virus to protect citrus against 
virulent strains of the virus in 
Australia and Brazil 

Resistance to tobacco mosaic 
virus (TMV) in tobacco plants 
genetically engineered to 
express the coat-protein gene 
of TMV'' 

"Immunization" (induced 
resistance) of cucumbers and 
other plant species against 
Colletotrichum (anthracnose) by 
inoculating their leaves with 
tobacco necrosis virusa 

Toxin gene from B. thuringiensis 
expressed in tobacco leaves for 
controi of certain ieaf-feeding 
caterpillarsa 

Genetic resistance to southern 
com leaf blight h1 corn in the 
United States 

Genetic resistance to Hessian fly 
in wheat L~ the United States 

souRCE: National Research Council. 1987. Biological Control in Managed Ecosystems. Pp. 55-68 in Research Briefings 1987. Washing!on, D.C.: 
National Academy Press. 
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biological method of pest control. Genetic engineering promises to acceler
ate breeding for pest resistance. Disease and insect resistance have been 
bred into many major grain and field crops, often with significant economic 
payoffs. Federal, state, and private agencies spent $9.3 million developing 
wheat resistant to the Hessian fly and wheat stem sawfly, alfalfa resistant 
to the spotted alfalfa aphid, and com resistant to the European corn borer. 
Benefits to farmers in increased yields are estimated at several hundred 
million dollars annually, not including savings from reduced pest control 
expenditures (National Research Council, 1987c). 

Many of the committee's case study farms use some type of biological 
control as a strategy in highly successful pest management programs. Gen
erally, these control methods are just one feature of an integrated produc
tion system. The Ferrari and Pavich case studies describe a high degree of 
classical or natural biobgical control; the Thompson case study provides 
insights into novel and highly successful strategies to manage weeds. 

The Pavich Farm operation grows grapes on about 1,125 irrigated acres in 
California and Arizona. A combination of complementary biological and 
cultural practices control weeds, insects, mites, and diseases. Weeds are 
controlled with a permanent cover and occasional mowing of perennial rye 
grass and the occasional use of hand labor to pull weeds from among the 
vines. The Paviches believe that this permanent ground cover also provides 
the necessary habitat for many beneficial predators and parasites that feed 
on potentially damaging pests. Soil fertility was maintained until recently 
with a permanent leguminous cover crop and now is accomplished with 
the application of compost. Some evidence suggests that the compost is 
also helpful in controlling rootknot nematodes, although additional re
search is needed to understand more fully how compost affects nematode 
populations. 

The Paviches recently removed the legume cover crop from the vineyards 
because too much nitrogen was being fixed. This caused excessive foliar 
growth, which shaded the berries and provided a favorable pest habitat. 
Trace elements are applied aerially as a foliar spray at least once a year or 
on occasions when pest infestations are high, in the belief that they improve 
plant health and the ability to fight pests. High levels of calcium relative to 
nitrate are maintained in the soil, in the belief that this also reduces disease 
and mite populations. 

The Paviches cite expert vine dressing, proper soil nutrient balances, a 
permanent ground cover supporting a population of beneficial insects, and 
the advice of qualified field entomologists as practices th.at effectively con
trol insects, mites, and diseases. The Paviches rarely use insecticides. In 
1986, they applied none to their Arizona vineyard and made one application 
of the broad-spectrum insecticide tnethomyl to 23 percent (142 acres) of 
their California crop. The Arizona vineyard is relatively isolated, which 
reduces pest pressure and the immigration of secondary pests, such as 
spicier mites, from other fields. The California operation, on the other hand, 
is surrounded by vineyards that are regularly treated with pesticides for 
infestations of leafhoppers and spider mites. Nonetheless, the Paviches 
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rarely spray for leafhopper and have only sprayed once on 40 acres in 15 
years to control spider mites. The Paviches use no synthetic chemical fun
gicides to control grape diseases; however, sulfur is applied several times 
per season for this purpose. 

The Paviches do not r··. port pest control costs in a way directly comparable 
to the University of California (UC) accounting system applied to neighbor
ing grape operations. The committee estimated production costs to be 
roughly equivalent at $2.14 per box for the UC system and $2.20 for the 
Paviches. The yield on the Pavich operation, however, is well above the UC 
average, at 653 boxes versus 522 boxes per acre. While the effectiveness of 
the Pavich system in profitably producing high-quality grapes with little or 
no pesticide treatments is evident, how and why the system works remains 
largely unknown. Research essential to understanding the interactions of 
the important cultural, pest control, and other practices on the Pavich Farm 
or similar farms has never been undertaken. As a result, agricultural re
search and extension personnel are not yet able to identify how and under 
what circumstances other producers might successfully apply some or all of 
the methods used on the Pavich Farms. 

The Ferrari Farm produ'-~s conventional a"ld certified organic tree fruits 
in California. The organic acres use a variety of biological control methods, 
including pheromones to control oriental fruit moths, the codling moth 
granulosis virus (CMGV), and the release of predacious mites. These meth
ods effectively control the oriental fruit moth and mites. CMGV costs about 
the same as conventional miticide applications at $25.00 per acre. For the 
Ferraris, CMGV is effective in apples. It holds damage to between 1 and 3 
percent, although more applications are necessary than with a conventional 
insecticide. CMGV control has not been effective in walnuts, however, al
though refinements in application technology are expected to improve 
control. 

The breeding and use of pesticide-resistant predacious mites in almond 
groves has also been very successful. California almond growers have 
adopted the use of these mites, devdoped at the University of California at 
Berkeley, with great economic benefit. The per acre saving for all aspects of 
control using predacious mites versus chemical control is calculated at $34.00 
per acre. Approximately 67 percent of all almond growers in California now 
use these beneficial mites, with an estimated economic benefit expressed as 
a net value of about $24 million. The ratio of agricultural benefits to research 
cost is estimated at about 30 to 1 (Hoy, 1985). Genetic engineering tech
niques promise to provide plant breeders with important new tools to breed 
genetically resistant crop cultivars and beneficial insects for use in biological 
systems. 

In spite of these and other successes, biological control remains underre
searched and underused relative to its potential-even as many economi
cally important pests, notably soil-borne pests and insect pathogens, are 
not effectively controlled by chemical or other means in many regions and 
important crops (National Research Council, 1987a, 1987b). 

One reason for this lack of support is that the availability of relatively 
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inexpensive, effective pesticides has clearly dampened interest in biological 
control. Another constraint has been the sporadic nature of publicly funded 
research and education efforts toward the adaptation and implementation 
of biological control systems in the field. Biological control is dependent on 
public sector research and development for two principal reasons. First, 
some effective control techniques decrease the need for purchased inputs 
and, hence, undermine future commercial market potential. Ironically, the 
more effective and long term a biological system of pest control is, the more 
difficult it can be to interest a private company in making the necessary 
investments in bringing the product to the marketplace (Booth, 1988). Sec
ond, biological control research is often location and management system 
specific. Effective biological control systems must be carefully researched 
and tailored in light of seasonal weather patterns, crop conditions, and pest 
population trends and interactions. 

Public funds for the development and delivery of biological pest control 
products or systems to growers are often lacking, as are funds to adequately 
assess conditions on individual farms. Private and public research and 
development expenditures for chemical control technologies in the United 
States have been estimated as at least five times greater than those spent 
for biological control (National Research Council, 1987b). As a result, sci
entific opportunities to research new biological control methods remain 
largely unexploited. In general, a relatively modest effort has been made to 
fully use those biological control systems that have been discovered. 

Public and private sector collaboration is needed to improve delivery of 
successful experimental results to growers (National Research Council, 
1987a). The Technology Transfer Act of 1986 is a constructive step toward 
this goal. It will encourage the research and marketing of biological pest 
control products at public research institutions by sharing profits more 
equitably from the commercialization of products flowing from public sector 
research. In the first year under this law, the Agricultural Research Service 
(ARS) received 28 licenses valued at $33 million. 

ALTERNATIVE ANIMAL DISEASE PREVENTION STRATEGIES 

There are two principal costs associated with animal disease. The first is 
that associated with decreased production. Death or losses in milk, body 
weight, or eggs sharply reduce or eliminate the profitability of the sick 
animal. Second, the cost of treatment is incurred. This cost can be com
pounded by ineffective treatments and the recurrence of disease. Because 
of growing market awareness of animal disease, animal welfare, and the 
potential for drug residues, there may be additional costs for market dis
criminations, incentives and disincentives, and regulatory fees. In addition, 
the new trace back provisions of the Food Safety Inspection Service moni
toring may improve enforcement of food safety regulations. 

Animal death and disease losses cost billions of dollars each year. Deaths 
of beef and dairy cattle are estimated to cost $4.6 billion. This figure has 
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not changed significantly in 10 years. For the dairy industry alone, losses 
from the mammary disease mastitis are estimated at $180 per cow or $2.0 
billion annually (National Mastitis Council, 1987). These losses arise from 
medical costs, decreased milk production, and death. Losses due to respi
ratory infections in cattle and swine are estimated at $800 million per year 
(National Research Council, 1986a). When these costs are combined with 
the losses that result from the condemnation of animals and the discount
ing of price for moribund, poor-quality anim.als, the cost of animal disease 
increases further. Production losses from IT'.ost chronic and subclinical dis
eases of most food-producing animals, however, are virtually impossible to 
measure. 

Veterinarians, universities, drug companies, and regulatory agencies gen
erally address animal health by treating infected herds or animals primarily 
with prophylactic feeding of and therapeutic treatment with antibiotics. 
Disease management systems not reliant on antibiotics are not widely used, 
although they are being increasingly emphasized in research. Producers 
generally seek advice on how to treat a clinically diseased animal instead of 
how to manage for lower disease incidence. Veterinarians who are able to 
charge clients for their treatment services and public and private research 
reinforce this approach to animal health. Although recent research has 
focused on management systems to reduce disease, the current animal 
health system reflects the fact that until lately, universities tended to re
search causes and cures to satisfy the demands of producers. Regulatory 
agencies continue to approve drugs with little consideration of the costs 
and benefits of alternatives. Because intensive confinement facilities gener
ally increase the risk of disease, the animal industry appears, at best, to be 
holding its own in terms of combating disease (Council for Agricultural 
Science and Technology, 1981). Yet, in almost every instance of clinical 
animal disease, it is more cost-effective to prevent the disease than to 
attempt to treat it. 

As a result of research that links udder health to economic criteria, the 
dairy industry is currently evaluating the economic impact of mastitis pre
vention and control. For example, mastitis may cause an $18,GOC loss in a 
typical 100-cow herd (National Mastitis Council, 1987). Two simple alter
native approaches to mastitis control, postmilking teat disinfection and 
comprehensive nonlactating therapy, may provide excellent health and cost 
approximately $1,000 per year. An additional $1,000 per year should be 
included for labor and management. In a 2- to 3-year period, these methods 
can reduce mastitis losses by more than 95 percent. These rough approxi
mations indicate that preventative mastitis control expenditures have a cost
benefit ratio that exceeds 8 to 1 (Barbano et aL, 1987). lhe producer will 
receive additional benefits through premiums for milk quality. The proces
sor will realize greater returns in cheese yields. The consumer will have a 
product with greater refrigerated shelf life and greatly reduced potential for 
antibiotic residues (Barbano et at., 1987). 

Considerable systems research is needed in other diseases and species to 



226 ALTERNATIVE AGRICULTURE 

determine the costs and benefits for subclinical and chronic disease preven
tion. Even though the marginal cost for disease prevention will exceed the 
marginal benefits at some point, most of the industry is far from that point. 
The industry can invest in disease prevention with confidence that it would 
be cost-effective. tvlajor advances will have to be made in subclinical disease 
monitoring and modeling, however, before the more thorough cost-benefit 
analyses necessary to convince producers of the economic benefits of dis
ease prevention will be available. Support for this work will have to come 
from public research institutions and the Congress. Veterinary health main
tenance organizations may also provide an alternative economic and health 
maintenance philosophy needed to reorient producers from disease treat
ment and its attendant costs and risks to one of disease prevention. 

Alternative Animal Production Systems 

A number of studies have documented the profitability and productivity 
of alternative animal production systems. These systems are generally char
acterized by less confinement of animals, greater use of pastures, a lower 
incidence of disease, and, consequently, less use of antibiotic3. 

Controlled-environment systems that typically invoive confinement of an
imals in stalls, pens, or cages are widely used in the poultry, pork, and veal 
industries. Intensive animal production tends to have performance charac
teristics similar to intensive crop production. Capital, technology, and 
chemicals are substituted for labor and management, resulting in systems 
that are productive and profitable under favorable economic conditions but 
more vulnerable to routine fluctuations in input and output prices. Inten
sive systems also present greater potential health and environmental haz
ards (Kliebenstein and Sieper, 1980). Confinement systems are further crit
icized on animal weltare grounds and because animals in confinement 
usually exhibit greater incidence of disease (Friend et al., 1985; Kliebenstein 
et al., 1981). The subsequent treatment with antibiotics creates additional 
costs and may contribute to antibiotic residues in animal food products. 

The principal advantages of controlled-environment systems are that they 
permit a larger operation and greater control of the animal's environment 
and feeding so that more of the animal's feed intake is converted into body 
weight. In most species, these systerns are the most efficient in converting 
feed to body weight (Table 4-9) (Lidvall et al., l980). On the other hand, 
confinement systems require great capital investments to construct and 
generally involve higher maintenance and medical expenses. Before the 
Federal Tax Reform Act of 1986, capital-intensive animal confinement facili
ties or single-purpose agricultural structures enjoyed important tax advan
tages, including tax credits and rapid depreciation. These advantages helped 
to defer the expenses of the construction of these facilities, making them 
more affordable. The Federal Tax Reform Act of 1986 eliminated investment 
tax credits for single-purpose agricultural facilities. The act also lengthened 
depreciation for these facilities to 5 to 7 years. The depreciation period was 
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TABLE 4-9 Comparative Performance of Pasture With Hutch, Partial 
Confinement, and Total Confinement Swine Production Systems 

Sw,ne Production System 

Performance Pasture Partial Total 

227 

Indicator With Hutch Confinement Confinement 

Number of sows/system 29.5 63.6 105.8 
Conception rate (percent) 82 81 78 
Litters/sow/year 1.67 1.68 1.97 
Average live farrow/litter 10.2 10.0 9.8 
Average number weaned/litter 7.7 7.7 7.6 
Percentage of live births 75 77 78 
Wean weight (pounds) 33.5 30.0 18.6 
Average daily gain during finish period 

(pounds) 1.40 1.29 1.46 
Market weight (pounds) 230 220 216 
Days to 230 pounds 205 215 210 
Total feed required to produce 1 pound of 

pork (pounds) 4.16 4.21 3.87 

souRCE: Lidvall. E. R. 1985. A Comparison of Three Farrow-Finish Pork Production Systems. 
Knoxville, Tenn.: University of Tennessee. 

extended to 10 years in 1988. Controlled-environment confinement facilities 
are also thought to require less labor than pasture or low-confinement 
systems. Several studies have shown, howe:ver, that as these facilities and 
equipment age, labor costs for repair and maintenance increase, and total 
labor costs for these systems can equal the costs of alternative systems 
(Killingsworth and Kliebenstein, 1984). 

Alternative animal production systems have long existed. These modi
fications of traditional animal husbandry systems have been refined to take 
advantage of current knowledge of animal nutrition and health care. Several 
major analyses of confinement versus pasture and hutch systems for swine 
have shown that confinement and pasture systems produce relatively equiv
alent returns (!Giebenstein and Sieper, 1980; Lidvall et al., 1980). Nine years 
of data from an ongoing comparison of pasture with hutch, partial-confine
ment, and total-confinement hog production facilities in Tennessee are sum
marized in Table 4-9. 

Confinement facilities for swine production generally result in greater 
feed efficiency and the greatest return per unit of labor. Herds are often 
larger and produce more litters per year, thus producing greater gross 
income. Pasture or low-confinement systems, in contrast, require less capi
tal investment and provide the highest and most consistent returns per unit 
of input. They provide the highest returns when livestock prices are low or 
feed prices are high. This consistency of return is an important considera
tion in the long-term viability of these systems and their effect on net farm 
family income. Low-confinement systems usually provide the greater return 
per animal for all types of swine operations (feeder or farrow to finish). The 
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animals generally exhibit less disease than those in total confinement facili
ties (Kliebenstein and Sieper, 1980; Lidvall et al., 1980). 

Most poultry and egg production facilities in the United States are under 
controlled-environment and confinement conditions. The tight caging of 
birds allows more controlled feeding, climate, and production and de
creases space and labor costs. The day and night cycle of modern egg 
production facilities is altered to as much as 22 hours of light per 24-hour 
period to increase production. Lighting is sometimes dimmed to reduce 
fighting aggravated by close caging. In contrast, alternative poultry or egg 
production systems generally do not cage the birds and usually permit 
uncontrolled access to feed. Although alternative production systems are 
often profitable, these systems are relatively few in number because of the 
drive for uniformity in the vertically integrated poultry and egg industry. 
Animal science research at land-grant institutions has reinforced this trend, 
with little funding directed toward the understanding of alternative produc
tion systems. 

STUDIES OF DIVERSIFICATION STRATEGIES 

The trend toward more specialized, high-yield agricultural production 
systems is well established and reflects many technological and socioeco
nomic factors that are firmly embedded in recent history and agricultural 
policy. Alternative farming systems, particularly for farms producing coarse 
grain and oilseed crops, small grains, and forages, generally depend on 
crop rotations and a number of other diversification strategies. These strat
egies are often contrary to the specialization and intensification character
istic of most agricultural operations. Federal commodity programs have 
accelerated specialized production by greatly reducing the risks of produc
ing only one or two crops. Today's highly specialized farms would not be 
possible without federal program subsidies. Diversification, a basic alterna
tive concept, also reduces lisks by spreading risks among a number of crops 
and animals. The result is more consistent overall farm yield among a 
number of crops and less need for federal income support. However, the 
precise extent of diversification's effects deserves further study. 

Integrated Crop and Livestock Systems 

The most common diversification strategy remains the combination of 
crop and livestock enterprises. Many studies have documented the agro
nomic and economic benefits associated with the interaction of cropping 
and livestock enterprises on diversified farms (Heady and Jensen, 1951). 
Further evidence of the potential for positive interaction is contained in the 
Spray, BreDahl, Sabot Hill, Kutztown, and Thompson case studies. 

Recent research has provided insight into whether livestock must be in
cluded as a farm enterprise in order to attain the economic benefits of crop
livestock interactions, particularly those related to soil fertility manage-
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Diversification is a basic alternative strategy 
that can reduce production costs and help 
protect natural re<;ources. Crop rotations in 
combination with contour strip cropping and 
conservation tillage can reduce erosion. 
Legumes on this Lancaster County, Pennsyl-
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vania, farm fix nitrogen for next season's 
wheat or corn crop. The triangular field 
hutches are used by hogs or calves. A nursery 
is shown in the upper right corner. Credit: 
Grant Heilman. 

ment. Analysis of a diversified crop-livestock farm in Pennsylvania esti
mated that, at 1978 to 1982 prices (which were relatively high), profits 
would have increased with liquidation of the beef herd, the purchase of 
manure at going market prices, and the sale of crops directly on the market 
rather than through the feedlot (Domanico et al., 1986). 

Similarly, the Rodale Research Center conversion experiment (4 years of 
data from a 15-acre field with 72 replicated plots) indicated that although 
livestock manure could speed the conversion from chemical-intensive to 
reduced-input methods, comparable yields could be obtained without ma
nure after an adjustment period using legumes (Brusko et al., 1985). 

Crop-livestock operations are well suited to the adoption of many alter
native practices. Crop rotations using cover crops, such as leguminous 
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hays, are readily suited to livestock operations. These rotations reduce 
fertilizer and pesticide needs and provide a valuable feed source. Many 
legumes are quality hay crops. In crop-livestock operations, hay crops with 
a market value ordinarily lower than cash grains have economic value as a 
feed source in addition to their value as a source of nitrogen. Keeping a 
portion of a farm's land in a cover crop may provide additional erosion 
control benefits and allow the planting of feed grains on more suitable !and. 
Manure also becomes a valuable source of soil organic matter, nitrogen, and 
other nutrients such as potassium and phosphorus. Diversified crop-live
stock operations also have greater protection from input (feed) and output 
(animal product) price fluctuations. 

Crop Diversification Strategies 

Crop diversification methods, which include rotations, polyculture, inter
cropping, and double cropping, have been found to be profitable in many 
situations. The primary advantages uf diversification include reduction or 
elimination of certain diseases and weeds, reduced erosion, improved soil 
fertility and tilth, increased yields as a result of rotational effects, reduced 
need for nitrogen fertilizer (in cases using legumes in crop rotation), and 
reduction of financial risks resulting from changing crop prices. 

Interplanting different crops in a given field has been known to suppress 
leaf diseases in cereal grain crops and powdery mildew in wheat (Wagstaff, 
1987). Many instances of the beneficial effects of polyculture have been 
reported, with documented reductions in insect damage and increases in 
crop yields and net returns (Dover and Talbot, 1987; National Research 
Council, 1987b). The mixed grass and native weed ground cover used by 
the Paviches provide another example of the benefits of polyculture diver
sification (see the Pavich :ase study). Disadvantages can include increased 
machinery requirements and expense (for example, when forage crops are 
added); need for additional buildings, fences, and watering facilities when 
livestock or poultry are added; increased complexity of the farmer's man
agement of production and marketing; and reduction of acreage planted 
with government-supported crops. 

Crop rotations, in particular, are proven and used successfully in various 
regions of the country. Polycultures, intercropping, double cropping, and 
other techniques are far less common but used with various degrees of 
success in certain areas. These practices all have potential benefits for agri
culture. It is important, however, that data bases are developed to support 
their adoption. Most of these practices involve trade-offs and some may 
aggravate certain pest problems. 

Legume-Based Crop Rotations 

Legume-based rotations are onP. of the most common and effective diver
sification strategies practiced in U.S. agriculture. The total nitrogen fixed by 
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legumes ~urrer.tly grown in the United States has a potential value of $1.6 
billion (Heichel, 1987) compared to the $4.3 billion spent on nitrogen fertil
izers in 1987 (National Fertilizer Development Center, 1988). Leguminous 
nitrogen couJ,. be even more valuable if legume management and fertilizer 
applicr1tion practices were improved. The inclusion of leguminous forages 
m rotations served as a primary source of nitrogen until the 1950s, when 
low-cust 11itrogen became widely available. Studies in proeress for more 
than 100 years in Great Britain, Illinois, and Missouri have demonstrated 
the capacity of legumes in rotations to sustain high levels of grain produc
tion over long periods without the use of nitrogen fertilizers (Power, 1987). 

Results of a series of rotation experiments conducted in various midwest
ern states during the 1930s and 1940s provided early evidence of the eco
nomic advantages of legume-based crop rotations (Heady, 1948; Heady and 
Jensen, 1951). Analysis of data from experiments in lllinois, Iowa, and Ohio 
found a greater total volume of grain was produced per acre using certain 
rotations including clover or alfalfa compared with continuous com produc
tion. The net return over variah!e cost was calculated for each of the rota
tions under a variety of pricing assumptions. In most instances, continuous 
corn was found to be less profitable than rotations with legumes and grains, 
even when the forage was assumed to have no monetary value. For exatn
ple, analysis of data from an experiment in Ohio determined that a rotation 
of corn-corn-corn-wheat-alfalfa (C-C-C-W-A) provided a 12.6 percent higher 
net return over variable cost compared with continuous corn (C-C) from 
1937 to 1943, even when the value of forage was assumed to be zero. These 
findings were based on the prices and technology prevailing in the 1930s 
and 1940s, when pesticides, low-cost fertilizers (particularly nitrogen), and 
modern cultivars were not available, and government programs had a much 
less dramatic effect on crop prices and farmers' land-use decisions. 

There are important regional distinctions associated with the use of leg
umes in rotations. The level of precipitation in a given area strongly influ
ences the usefulness of legumes. Alfalfa and other legumes can dry out the 
subsoil to a greater depth than corn. Consequently, in arid and semiarid 
regions or during drought conditions in subhumid and humid regions, 
introduction of a deep-rooted legume in a rotation may suppress subse
quent yields of corn or other crops. Whenever soil mristure is not a limiting 
factor, however, legumes in rotations with cash gra~ns will increase yields 
and can supply some or all of the nitrogen needed by corn or small grains. 
During the drought years from 1933 to 1940, an experiment in Iowa involv
ing continuous corn production estimated an average net return of $10.81 
per acre (assuming 1940-1944 average prices), a return more than double 
the income earned by a corn-oats-clover (C-0-Cl) rotation (Shrader and 
Voss, 1980). During the more favorable weather of 1941 to 1948, however, 
the rotation earned $17.19 per acre compared to $0.42 per acre for continu
ous corn (Heady and Jensen, 1951). 

Benefits from rotations in addition to nitrogen fixation have been noted 
in Chapter 3 and are referred to as rotational effects (Heichel, 1987). The 
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TABLE 4- JO Effect of Previous Crop on Corn Yield 

Nitrogen Rate (pounds/acre) 

0 
40 
80 

120 
162 
200 

Previous Crop 

Corn Soybean Wheat Wheat-Alfalfa 

70 
92 

102 
108 
116 
119 

Com Yield (bushels/acre) 
109 108 115 
129 127 127 
1~ 1~ 1~ 

142 139 143 
148 142 146 
148 1~ 1M 

souRcE: Adapted from Lager, D. K., and G. W. Randall. 1981. Corn production as influenced by 
previous crop and N rate. Agronomy Abstracts. American Society of Agronomy. Madison, 
Wisconsin. p. 182. In Power, J. F. 1987. Legumes: Their potential role in agricultural production. 
American Journal of Alternative Agriculture 2(2):69-73. 

rotational effect is the increase in grain or other crop yields following the 
planting of the field with another crop. Much of this increase in yield is 
thought to stem from the well-documented pest control benefits of rotations 
(Baker and Cook, 1982). Data reported by Power (1987) show that yields of 
a grain crop grown in rotation are 10 to 20 percent greater than those of 
continuous grain, regardless of the amount of fertilizer applied (Tab]~ 4-10). 

A more recent study in southeastern Minnesota examined the nitrogen 
contribution and other benefits of legumes in a crop rotation with corn or 
soybeans or both (Kilkenny, 1984). A linear programming model projected 
results for a 400-acre farm with a 60-cow dairy herd. The study concluded 
that if the monetary value of the nitrogen fixed were ignored and if nitrogen 
fertilizer is assumed to be free, the most profitable cropping system in terms 
of current net returns over cash operating costs js continuous corn on about 
two-thirds of the acreage, with about one-third of the acreage in a 3-year 
corn-oats/ alfalfa-alfalfa (C-O/ A-A) rotation. As the assumed price of nitro
gen increases, the profit-maximizing crop rotations feature increasing pro
portions of legumes. With an assumed nitrogen price of $0.115 per pound 
(the 1980-1982 price), a corn-soybean rotation was found to be more profit
able than continuous corn. If the price of nitrogen increased to $0.69 per 
pound, however, the most profitable rotation shifts from corn-soybeans 
toward continuous soybeans on more of the acreage in combination with 
the 3-year C-0/A-A rotation. Continuous soybeans, however would proba
bly not be sustainable because of disease-notably, brownstem rot. 

An 8-year experiment conducted recently by University of Nebraska sci
entists compared 13 cropping systems, including rotation, using only ma
nure for fertilizer and no herbicides or other pesticides. The crops, which 
included corn, soybeans, grain sorghum, and oats with sweet clover, were 
grown in various rotations and in continuous cropping systems. The results 
confirmed the findings of studies done in the first half of this century 
(Heady, 1948; Heady and Jensen, 1951) using more primitive cultivars and 
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no synthetic chemical pesticides: rotations can produce higher yields per 
acre than continuous monocropping systems. Different fertilization re
gimes, including manure only, were found to have little impact on yields 
and profitability. The continuous cropping systems were found to require 
higher pesticide expenditures and be subject to greater year-to-year varia
tion in yields and profits per acre compared with the various rotations 
(Helmers et al., 1986). 

For specialized operations growing government-supported crops, off-farm
purchased inputs are a significant part of total variable input costs and total 
operating costs (that is, variable costs plus fixed costs such as insurance, 
overhead, and interest). In 1986, the national average pesticide and fertilizer 
costs per acre were 55 percent of total variable input costs for corn, 46 
percent for grain sorghum, 40 percent for wheat, 49 percent for soybeans, 
and 37 percent for cotton. These two inputs accounted for 34 percent of 
total operating costs for corn, 30 percent for grain sorghum, 23 percent for 
wheat, 25 percent for soybeans, and 27 percent for cotton. On farms using 
rotations, these costs may be markedly reduced or even eliminated (see the 
Spray, BreDahl, Sabot Hill, Kutztown, and Thompson case studies). 

Legume-based rotations are not without costs, however. There are the 
direct costs of establishing a stand as weli as the opportunity costs of 
foregoing the production of higher-value cash grain crops in certain years 
of the rotation. The costs and returns of a leguminous rotation, therefore, 
must be calculated over the length of the rotation. 

The Effect of Government Programs on Legume-Based Rotations 

Comparing the profitability of a legume-cash grain rotation not enrolled 
in the federal commodity program with systems receiving federal per acre 
income and price support payments is complicated. Several provisions of 
the farm programs, notably the base acres and cross-compliance require
ments, can impose significant economic penalties in terms of lost federal 
payments to farmers incorporating certain rotations into their operation. As 
a result, the economic and ecological benefits of rotations are often foregone 
because of the financial incentives and rules of the federal commodity 
programs. 

These economic disadvantages seem to have been overcome by an alter
native rotation studied in the Palouse area of eastern Washington (Gold
stein and Young, 1987; Young and Goldstein, 1987). This rotation, called 
the perpetuating alternative legume system (PALS), featured the biennial 
legume black medic, which has been observed to reseed itself for as long as 
30 years following establishment. The PALS rotation is 3 years: spring peas 
plus medic in year one, medic in year two, and winter wheat in year three 
(P/M-M-W) (Table 4-11). The only synthetic chemical applied during this 
rotation is an insecticide applied to the peas. The rotation controls almost 
all the weeds in wheat; harrowing during seedbed preparation provides 
adequate control of the rest. 
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TABLE 4-11 Estimated Fertilizer and Pesticide Use for Conventional 
Management and PALSa 

Fertilizer Pesticides 
(pounds/ acre) Rate Insecticide Rate 

Crop N p s Herbicide (units/acre) or Fungicide (units/acre) 

Conventional~> 
Winter wheat 130 30 25 Difenzoquat 3.0 pints Benomyl 1.5 pounds 

methyl sulfate 
Bromoxynil 1.5 pints 

Spring barley 80 0 0 Triallate 1.25 quarts 
Bromoxynil 1.5 pints 

Winter wheat 130 30 25 Difenzoquat 3.0 pints Benomyl 1.5 pounds 
methyl sulfate 

Brom· ·<ynil 1.5 pints 
Spring peas 0 0 0 Triallate 1.25 quarts Phosmet 1.5 pounds 

Dinoseb-amine 0.8 pounds 
------------------------------------------------------
PALS 

Peas+ medic 0 0 0 Triallate 1.25 quarts Phosmet 1.5 pounds 
Dinoseb-amine 0.8 pounds 

Medic 0 0 0 0 0 0 0 
Winter wheat 0 0 0 0 0 0 0 

aPerpetuating alternutive legume system. A low-input system with a three-year pea plus 
medic-wedic-wheat rotation with pesticides used only 0!1 peas. 

"Four-year wheat-barley-wht:dt-pea rotation with fertilizer and pesticide inputs each year. 

souRcE: Goldstein, W. A., and D. L. Young. 1987. An agronomic and economic comparison of a 
conventional and a low-input cropping system in the Palouse. American Journal of Alternative 
Agriculture 2(Spring):51-56. 

A more common crop sequence in the Palouse is a 4-year rotation of 
wheat-barley-wheat-peas (W-B-W-P). In this rotation, it is necessary to use 
two herbicides as well as a systemic fungicide application for each crop. The 
pesticides applied to the peas include the same insecticide used in the pea 
crop year of the PALS rotation. Fertilizer applied to the conventional4-year 
rotation includes 130 pounds of nitrogen, 30 pounds of phosphorus, and 
25 pound~ of potassium per acre. The barley receives 80 pounds of nitrogen 
per acre. No fertilizer is applied in the PALS rotation. 

Input costs per year are dramatically higher in the conventional system, 
at $129.40 per acre compareci with $56.82 per acre for the PALS system. The 
majority of this difference is comprised of fertilizer and pesticide costs that 
are $57.52 per acre greater for the conventional system (Table 4-12). 

In contrast to input costs, annual crop yields were similar during 2 trial 
years at three sites. PALS wheat yields averaged 62.6 bushels per acre 
compared with 60.3 bushels on the conventional plots. The largest differ
ences occurred during the drought of 1985; yields for the PALS experimen
tal plots averaged 83 percent more than those of the conventional plots. In 
1984, when rainfall was close to normal, the PALS wheat yields were 3 
.... ~ ... ~ .............. 1.,.,..,., ... ~... .......... .a.'J.....n. ,...."' ...... .,. ........... J.:...,. .... ....,l ,...: ..... 1....1C'! 
pot:J.~'t:llL lot:;;:,;:, LllCill UlC ~VllVCllLlVllCil J l't:lU.;:,. 
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TABLE 4-12 Costs of Conventional and Alternative Rotations per Acre of 
Rotation per Year 

Costs/ Acre (dollars) 

235 

Inputs 
Conventional 
(W-B-W-P)" 

PALSb 
(P/M-M-W) 

Fertilizers and pesticides 
(appiication and prodt1.ct) 

Field operation 
(tillage, planting, and harvest) 

Overhead and crop insurance 
Total 

Average yield of winter wheat 
(bushels/ acre) 

72.52 

45.44 

11.44 
129.40 

60.3 

15.00 

35.00 

6.82 
56.82 

62.6 

"Four-year wheat-barley-wheat-pea rotation with fertilizer and pesticide inputs each year. 
"rerpetuating alternative legume system. A low-input system with a three-year pea plus 

medic-medic-wheat rotation with pesticides used only on peas. 

souRCE: Goldstein, W. A., and D. L. Young. 1987. An agronomic and economic comparison of a 
conventional and a low-input cropping system in the Palouse. American Journal of Alternative 
Agriculture 2(Spring}:51-56. 

In three out of four scenarios, including market price and government 
program price assumptions, the PALS rotation was equal or more profitable 
on a per acre basis than the conventional rotation. The conventional system 
is significantly more profitable than the PALS rotation only under high
yielding (gcod weather) conditions with government price supports (Table 
4-13). Profits are greater in this instance primarily because a greater per
centage of the acreage (75 percent of the total) produces government-sup
ported crops. Under low-yielding conditions, the productivity of the con
ventional rotation is reduced to such an extent that, even assuming 
government support prices, the net income of the two systems is roughly 
equivalent. Assuming market prices and no government program payments 
or requirements, the PALS rotation is always more profitable. 

IMPACT OF GOVERNMENT POLICY 

Crops eligible for price and income supports are planted on more than 70 
percent of the cropland in the United States. These include feed grains, 
wheat, cotton, rice, soybeans, and sugar. From 80 to 95 percent of the acres 
producing these crops are currently enrolled in federal programs. Dairy 
farmers also enjoy income protection through a price support program, 
import quotas, and marketing orders for milk. The marketplace has more 
of an influence on prices of other commodities such as fruits, vegetables, 
livestock, poultry, and hay and forage crops. However, many factors influ
ence the supply and demand for these commodities as well as practices 
used to produce a crop. Grading and cosmetic standards, for example, are 
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TABLE 4-13 Gross Returns, Variable Costs, and Net Returns (dollars/acre of 
rotation/year) Under Conventional and PALS Management, High and Low 
Yielding Conditions, and Market and Target Prices, 1986 

Conventional" PALSb 

High Yield Low Yield High Yield Low Yield 

1986 Market prices 
Gross returns 176.00 136.00 118.00 93.00 
Variable costs 129.40 129.40 56.82 56.82 

Net returns 46.60 6.60 61.18 36.18 

1986 Government target prices 
Gross returns 274.20 210.60 170.80 132.60 
Variable costs 129.40 129.40 56.82 56.82 

Net returns 144.80 81.20 113.98 75.78 

"Four-year wheat-barley-wheat-pea rotation with fertilizer and pesticide inputs each year. 
~>Perpetuating alternative legume system. A low-input system with a three-year pe.t plus 

medic-medic-wheat rotation with pesticides used only on peas. 

SOURCE: Goldstein, W. A., and D. L. Young. 1987. An agr::>nomic and economic comparison of a 
conventional and a low-input cropping system in the Palouse. American Journal of Alternative 
Agriculture 2(5pring):51-56. 

applicable to various fruit, vegetable, and meat products. These standards 
are basically designed to control supply and price of individual crops. 
Acreage reduction programs influence the amount of land available to pro
duce hay crops; water pricing policies affect costs of production on irrigated 
crops. Trade policies here and abroad affect the flow of farm commodities 
into and out of the U.S. market. 

Government price and income support programs can have significant 
unintended effects. During the early to mid-1980s, the programs tended to 
price U.S. exports out of highly competitive world markets because federal 
support prices (the loan rates) were held rigidly high during a period of 
declining world market prices. The programs have also encouraged surplus 
production of certain commodities by reducing risks. They have provided 
economic incentives for farmers to continue to grow certain crops, even in 
periods of surpluses. Over the years, the programs also have contributed to 
soil erosion and surface water and groundwater pollution by encouraging 
the cultivation of marginal lands and subsidizing excessive and inefficient 
use of inputs. Further, producers pdy no price for offsite environmental 
consequences of production. In many parts of the United States, producers 
now routinely strive for higher yields than those profitable in the absence 
of government programs designed to reduce risk. In other areas farmers 
grow crops with a high risk of failure from weather or pest conditions 
because government programs absorb all of the risk. 

The price support payment that a farmer receives per acre is based on the 
farm's historical yields, an average of the yield on supported crop acreage 
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in the pn~vious 2 to 5 years (frozen at 90 percent of 1985 program payment 
yield in the Food Security Act of 1985), and the target price established by 
Congress and the USDA through legislation. Deficiency payments per 
bushel of established yield are the difference between the target price and 
market price or support price (loan rate), whichever difference is less. For 
many crops, the target price has been far above the market price for most of 
this decade (see Figures 1-30 and 1-33 in Chapter 1). 

High target prices can promote higher levels of inputs, thereby contrib
uting to surplus production. This is illustrated by the theoretical example 
presented in Figure 1-30 in which a farmer will produce 19,000 bushels at 
the market price and 24,000 bushels at the target price (this example does 
not take into account annual set-aside requirements). It costs the farmer 
more to produce the additional 5,000 bushels tha11 they are worth on the 
market. The additional 5,000 bushels cost taxpayers $10,000 in government 
payments ($2.00 per bushel x 5,000 bushels). 

Commodity programs also influence which crops are planted and the 
economic and environmental impacts associated with land-use decisions. 
The cross-compliance provision of the Food Security Act of 1985 is designed 
to control production of program commodities by limiting a farmer's ability 
to increase base acres. It also serves as an effective financial barrier to 
diversification into other program crops, especially if a farmer has no estab
lished base acres for those crops. Cross-compliance stipulates that in order 
to enroll land from one crop acreage base in the program, 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 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 with 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 enrolled in both programs each year to retain 
full eligibility for benefits from both programs. 

High government support prices also influence planting decisions. 
Throughout the 1970s, soybean prices averaged more than twice the corn 
target prices. In recent years, soybean prices have strengthened markedly 
in contrast to corn. Yet, soybean stocks have fallen to their lowest level in a 
decade, even though prospects for increased demand in the United States 
and abroad are very good. The total acres planted with soybeans are declin
ing because of high government support payments for other crops, most 
nvtably corn. Moreover, considerable acreage is now producing corn be
cause farmers must continue to plant their corn base every year to preserve 
their current level of eligibility for future corn program payments. Even 
though commodity prices may rise somewhat as a result of the 1988 
drought, the programs will remain an attractive option to most growers. 
This is because target prices and deficiency payments are likely to remain 
substantial. Farmers have become more efficient, and interest and rents 
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TABLE 4-14 Average Annual Target Prices as a Percentage of Total 
Economic Costs 
Crop 1978-1981a 1982-19851> 

Com 95 110 
Cotton 82 107 
Rice 106 125 
Soybeansd 82 85 
Wheat 94 108 

1986-1990'" 

141 
111 
153 

91 
123 

NOTE: Total economic costs cover all fixed and variable pr•Jduction costs for an operator with full 
ownership of the land and other capital assets. 

"Crop years covered by the Food Security Act of 1':J77. 

"Crop years covered by the Food Security Act of 1981. 
'Forecasts under current legislation for crop years covered by the Food Security Act of 1985. 

Minimum target prices for grains and cotton and the minimum soybean loan rate under the 
Agricultural Act of 1949, as amended, were assumed for 1988-1990 . 

.tsoybean loan rate as a percentage of soybean total economic costs. 

souRcE: U.S. Department of Agriculture. 1988. Investigations of Changes in Farm Programs. 
201-064/80069. Washington, D.C. 

have declined, making deficiency payments even more valuable (Table 
4-14). 

The Effect of Rotations on Base Acres 
and Federal Deficiency Payments 

For farms currently participating in commodity programs, the transition 
from continuous cropping to rotations will decrease gross farm 'ncome by 
reducing a farm's acreage base eligible for federal deficiency payments. The 
magnitude of this reduction depends on the size of the deficiency payment. 
Table 4-15 illustrates the reduction in deficiency payments due to the loss 
of corn base acres resulting from the adoption of a corn-oats-meadow
meadow (C-0-M-M) rotation. When complete, the change from continuous 
corn to a C-0-M-M rotation on 1,000 base acres would cost this farm about 
$90,000 per year in deficiency payments. Overall farm income, however, 
depends on a number of factors, including the market for new crops, incor
poration of livestock into the operation, the possible increase in corn yield, 
and the type of rotation adopted. Nonetheless, the loss •Jf current and 
future income from ineligibility for governn1ent programs presents a signif
icant obstacle to the adoption of alternatives. 

The previously discussed PALS studies of wheat farms in Washington 
and additional work on cash grain farms in Iowa further illustrate the strong 
economic influence of the target price and base acres provisions of the farm 
programs. Almost no pesticides or fertilizers were used in the PALS rota
tion. This reduced variable production costs per acre to about half that of 
the conventional rotation, or $56.82 versus $129.40 per acre (Goldstein and 
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TABLE 4-15 Reduction of Deficiency Payments and Corn Acreage Base 
Following Change From Continuous Corn to C-0-M-M" Rotation on 
1,000-Acre Farm 
Years Since Corn Corn Set-
Adopting C-0-M-M Base Planted Asideb 
Rotation (acres) (acres) (acres) 

0 1,000 800 200 
4 550 250 110 
8 250 250 50 

"Represents a corn-oats-meadow-meadow rotation. 
b Assumes 20 percent corn base set-aside. 

Com Deficiency 
Yield Paymentsd 
(bushels/ acre Y (dollars) 

147 142,296 
173 52,332 
173 52,332 

"Based on Duffy, M. 1987. Impacts of the 1985 Food Security Act. Ames, Iowa: Department of 
Economics, Iowa State University. 

dCorn production times 1987 deficiency payment ($1.21/bushel}, ignoring the statutory 
$50,000 limit on payments. 

Young, 1987) (see Table 4-12). Wheat yields were nearly identical. PALS 
reduced pea yields about 10 percent from the conventional rotation yields, 
however, because of competition with the medic. 

The high support price for wheat greatly affects the comparative profita
bility of PALS and conventional rotations. When the revenue from sale of 
all crops in the rotation was based on government deficiency payments, 
favorable growing conditions, and subsequent high yields, the conventional 
rotation earned $144.80 per acre, compared with $113.98 per acre for the 
PALS rotation. These figures assumed 1986 target prices for wheat and 
barley that were 45 and 35 percent higher than market prices, respectively. 
But when market prices were used in calculating net returns, the positions 
were reversed. The PALS rotation returned an estimated $61.18 per acre 
over variable costs versus $46.60 for the conventional rotation (see Table 
4-13). 

The cause of the disparity in net returns is that the PALS rotation pro
duced wheat, a price-supported crop, on only one-third of the acreage each 
year. PALS wheat yields averaged 62.6 bushels per acre, whereas conven
tionally produced wheat yields averaged 60.3 bushels per acre. The conven
tional rotation, however, produced program crops on 75 percent of the 
acreage each year (2 years of wheat, 1 year of barley in a 4-year rotation). 
But when less favorable growing conditions were assumed, the net returns 
of the conventional rotation declined dramatically, even assuming govern
ment price supports. Under government support and less favorable weather 
conditions, PALS earned only $5.42 less per acre than the conventional 
rotation. 

An analysis of five rotations in Iowa reached similar conclusions. Without 
government payments, continuous corn was found to be the least profitable 
of the rotations at $56.00 per acre average net return over variable cost 
compared with $90.00 for a corn-soybeans-corn-oats (C-B-C-0) rotation and 
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TABLE 4-16 Returns per Acre by Nitrogen Fertilizer Application Rates, 
Rotation, and Government Program Participation" 

Dollars/ Acre 

Basic 
Participation 

No Program (20 percent Full Participation 
Rotation Participation set aside) (35 percent)b N (pounds/acre) 

C-C-C-C 56 222 221 240 
C-C-C-0 61 187 186 180 
C-B-C-0 90 177 175 120 
C-C-0-M 64 151 150 120 
C-0-M-M 67 113 112 40 

NOTE: Crops in rotations are abbreviated by the following: Cis corn; 0, oats; B, soybeans; and M, 
meadow. 

~etto.tns over variable costs only. 
b35 percent includes 20 percent set aside and 15 percent paid land diversion. 

SOURCE: Duffy, M. 1987. Impacts of the 1985 Food Security Act. Ames, Iowa: Department of 
Economics, Iowa State University. 

$67.00 for a corn-oats-meadow-meadow (C-0-M-M) rotation (Duffy, 1987). 
But with government program payments and a 20 percent set-aside, contin
uous corn earned annually on average $222.00 per acre, compared with 
$177.00 and $113.00 for the C-B-C-0 and C-0-M-~1 rotations, respectively. 
In recent years the feed grain program encouraged higher per acre corn 
yields, continuous corn production, and gr~ater use of pesticides and nitro
gen fertilizer. Duffy (1987) incorporated prevailing input assumptions into 
his study: for continuous corn, 240 pounds of nitrogen per acre was ap
plied; for the C-B-C-0 and C-0-M-M rotations, the application rates were 
120 and 40 pounds, respectively. By en('11uraging high-yield, continuous 
corn production, the program has increased the corn surplus in spite of 
acreage set-aside requirements designed to reduce production, while exac
erbating the potential for surface water and groundwater pollution (Table 
4-16) (Duffy, 1987). 

Impact of Research and Technology Transfer 

Alternative farming systems are based on better management and infor
mation rather than the use of commercial products. Hence, there may be 
fewer opportunities and incentives for current input producers to develop 
and market inputs for alternative farming systems. Markets may be created, 
however, for companies offering management advice on better crop rotation 
strategies, efficient manure use, IPM, and other such practices and technol
ogies. More resources should be allocated to collection of data about alter
native farming systems regarding costs and the value and variability of 
resource requirements, yields, and other performance measures ordinarily 
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incorporated into farm management budgets. A data base should be devel
oped to integrate findings from the various biological and physical bciences, 
Hnancial analyses, and estimates of the impact of farm practices on human 
health, water quality, and the environment. 

SUMMARY 

Research has begun to demonstrate the economic benefits of alternative 
farming systems anJ how current policies impose incentives and disincen
tives for the selection of various types of farming systems. 

The committee's case studies provide examples of several profitable alter
native operations. Additionally, several farm surveys provide general infor
mation about the overall financial performance of farmers using low-input 
methods, such as those who practice organic farming. But many questions 
remain unanswered. Farm surveys do not provide conclusive evidence re
garding the advantages and disadvantages of different farming methods 
because many factors are randomized or not constant. Somewhat more 
systematic data are available regarding the economic performance of IPM 
programs. IPM has been highly successful in many instances. Farmers who 
use IPM usually reduce the amount of pesticides applied and increase their 
net returns compared with farmers who apply pesticides on a regular 
schedule. 

Diversification strategies such as crop rotations can decrease input costs 
and increase crop yields. Experimental results must be interpreted with 
caution, however, when used to project the results of widespread adoption. 
Nonetheless, rotations have the potential to simultaneously increase farm 
income and reduce farm program expenses. Forage legumes in the crop 
rotation have the added advantage of supplying nitrogen. But when cash 
grain prices are supported far above the market level, many farmers would 
reduce their net farm incomes if they shifted from growing only price
supported crops, such as corn and soybeans, to legume-based rotations
unless commodity program rules are reformed. 

Livestock are an e.;sential component of some diversified alternative crop
ping systems. Many alternative farming systems, however, do not depend 
on livestock. Examples include perennial crop systems such as orchards and 
vineyards, and vegetable and other annual crop farms that use legumes as 
green manure crops or import organic residues from off the farm. Diversi
fication can reduce risks and variability of net returns to farm families. For 
these reasons, it should be studied in more detail. 

Very little is known about the aggregate impacts of possible widespread 
adoption of alternative farming methods. Future economic research on al
ternative farming methods should examine social and aggregate costs and 
benefits. This research should be integrated with that of other agricultural 
disciplines, the Extension Service, and the private sector to apply the results 
at the farm level. 
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PART TWO 



The Case Studies 

CASE STUDIES PROVIDE INSIGHTS into how the real world works. They 
help formulate and test hypotheses, but cannot substitute for other 

forms of scientific research. In complicated areas of human endeavor, how
ever, case studies can provide useful observations that go beyond the range 
of controlled experiments. They can indicate promising directions for fur
ther research and help demonstrate how many different factors-economics, 
bioiogy, policy, and tradition-interact. 

The committee commissioned these 11 case studies to expand the growing 
but still limited scientific literature on the range of dtemative farming 
systems currently operating in the United States. U.S. agriculture is ex
tremely diverse, and these case studies are only snapshots of certain agri
cultural sectors. These case studies were conducted during 1986. The com
mittee is aware that a complete assessment of alternative farming in the 
United States would require a much larger number of case studies, with 
systematic data collection and analysis extending over several years. More~ 
over, the committee believes that a more comprehensive set of case studies 
should be developed and regularly updated as a way to track the evolution 
in the profitability of alternative agricultural systems. Nonetheless, the com
mittee believes that these case studies provide a useful understanding of 
the range of successful alternative systems available to U.S. farmers. 

Farmers and other innovators often develop, through their own creativity, 
new approaches to solving common farming problems. Examination of 
these approaches in case studies provides insights that may benefit others. 
Yet to draw valid inferences from a given farm, it is important to understand 
fully how a given production system works, what it accomplishes, and at 
what cost. Case studies per se should not be considered alone as ample 
evidence to judge the farming practices in question, nor should these farm-
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ing practices necessarily be implemented on other farms. But case studies 
can broaden the perspective of profitable alternatives and help focus future 
research. 

Working from its own experience, a survey of the literature, and discus
sions with alternative farming researchers, the committee compiled a pro
spective list of case study farms. Only the Thompson and Kutztown farms 
have been the subject of previous scientific research. The others have not 
been examined in detail prior to this project. Consequently, the case studies 
differ in level of scientific evidence, documentation, and analysis. 

To complete a given case study, the committee relied on existing scientific 
literature and secondary data that added further insight to the direct obser
vations made during on-farm visits. Such information was necessary in 
many cases to document or explain the feasibility of applying alternative 
farming practices or systerrts. In some instances, the biological and agro
nomic basis of special performance features on a case study farm was 
readily understood in light of current knowledge. Occasionally, the per
fornlance data reported by the case study farmer could not be fully ex
plained or reconciled with current scientific knowledge or experience on 
similar farms in the same area. These cases are noted herein, and are often 
identified as areas for additional research. 

A comtnittee member or staff consultant visited each of the case study 
farms. \Vhere possible, a local expert--a university researcher, cooperative 
extension specialist, or Soil Conservation Service professional-accompa
nied the visitor to the case study farm to provide verification and interpre
tation of procedures used, resources, performance, and other aspects of the 
special management features being examined on the farm. An outline was 
used to guide the interviewer, but the discussion always extended far be
yond the questions anticipated. 

Secondary data related to the climatic conditions, pest problems encoun
tered in the locality of the case study farm, and procedures used by conven
tional farms were assembled frmn various sources. Published reports and 
verbal information were obtaL.1ed fron1 experts familiar with the location 
and type of farming in the area. As the case study draft was prepared, 
additional information was obtaineu by telephone and letter from various 
sources, including the farmer and local experts, to fill in details overlooked 
or not fully understood during the initial visit. Each farmer and local expert 
was asked to review at least one uraft of the case study manuscript and to 
indicate any errors or significant omi~sions. 

Committee members evaluated each case study according to several cri
teria. First, special features of th, case study farm were reviewed to deter
mine whether they 'vere explicable with existing scientific knowledge and 
theory. If so, the scientific findings were documented and the committee 
assessed the applicability of these features to other farms. Where the avail
able data permitted, the committee also examined the resource conserva
tion, food safety, and environmental and financial impact of the special 
features. 
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OVERVIEW OF CASE STUDY FARMS 

Crop and Livestock Farms 

The Spray Brothers Farm near Mount Vernon, Ohio, encompasses 720 acres, 
including 400 acres of cropland. The farm enterprises in 1986 included 32 
milk cows; 40 to 50 head of beef cattle; 88 acres of soybeans; 12 acres of 
adzuki beans; 100 acres of corn, of which 40 percent is sold off the farm 
and the remainder fed to livestock; and 100 acres of wheat and oats. The 
oats, soybeans, and adzuki beans are sold through specialty health food 
distributors, and the wheat is sold through normal marketing channels or 
as seed wheat. Some corn is sold as poultry feed at a pretnium price. 

The BreDahl Farm near Fontenelle in southwestern Iowa is a relatively 
small farm of 160 acres producing 35 to 40 acres of corn, 35 to 40 acres of 
soybeans, 20 acres of alfalfa, and 20 to 30 acres of pedigreed oats for seed. 
It also produces the following animal products: lambs, wool, sheep breed
ing stock, cattle, and hogs. Special features include intensive, flexible man
agement of on-farm resources-complex rotations, innovative ridge-tillage 
practices, and some spot spraying of herbicide when necessary. Strip crop
ping, terracing, and rotations have greatly reduced erosion on the farm. All 
fields are fenced so that livestock can be put on the fields after harvest to 
glean any crop residue. Turnips are double-cropped following oats and used 
as sheep forage. In addition, the turnips are grazed, a practice that provides 
excellent feed for the animals as well as improving soil tilth and fertility and 
reducing erosion. 

The Sabot Hill Farm near Richmond, Virginia, is a diversified operation of 
3,530 acres producing beef cattle, forage, and cash grain. Of special interest 
on this farm is the dramatic reduction in herbicide use as a result of har
vesting weeds, notably Johnsongrass, as a crop. Erosion is substantially 
reduced through no-tillage planting, strip cropping, and pasturing prac
tices. Improved pastures and rotational practices also allow animals to graze 
year-round with little supplemental feeding. These practices significantly 
reduce pest control, tillage, and feed costs. 

The Kutztown Farm in eastern Pennsylvania is an "alternative" 305-acre 
mixed crop and livestock farm with field slopes up to 25 percent. Crop 
acreages are adjusted to meet the entire feed needs for finishing 250 to 290 
head of beef cattle and 50 to 250 hogs per year. The farmer uses no com
mercial fertilizer except for a small quantity of liquid starter fertilizer. He 
uses a small amount of herbicide on corn and soybeans on about 45 percent 
of the acreage and crop rotation and cultivation control weeds on the 
remaining acreage. Some surplus hay is sold. The farm in past years has 
had a surplus of nitrogen. Estimated soil erosion is about 4.5 tons per acre 
per year, which is below county and state levels but above the rate at which 
soil is formed. 

The Thompson Farm in central Iowa has 282 acres of tilled cropl~nd with a 
50-cow foundation beef herd and a farrow-to-finish hog operation of 90 
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sows. The farm's innovative ridge tillage system is effective in most years 
for controlling weeds and preventing soil erosion in its rotation of corn, 
soybeans, oats, and hay. The owners use synthetic chemical pesticides only 
in emergencies, and they apply raw manure and municipal sludge to main
tain soil fertility. Livestock are raised with adequ:1te sunlight and space to 
reduce stress and witr 1 tt growth hormones or subtherapeutic doses of 
antibiotics. The pigs art. -~d probiotics (beneficial bacteria) to prevent intes
tinal diseases. 

Fruit and Vegetable Farms 

The Ferrari Farm near Stockton, California, is composed of 223 acres and 
produces about 75 acres of various tree fruits, 126 acres of nuts, and 22 
acres of fresh-market vegetables. Most of the farm is certified by the state 
as organic, and about two-thirds of the Ferrari crops are sold as organically 
produced, according to state law and local certification standards. The re
mainder of the crops are produced with an integrated pest management 
(IPM) program that includes the occasional use of pesticides. The Ferraris 
have been innovative in their pest control strategies, experimenting with 
such new biolOgiCal controls as the codling moth granulosis virus to control 
codling moth in apples, pheromones to control the oriental fruit moth, and 
predaceous mites to control phytophagous mites. They apply compost for 
its nutritional value and in the belief that it helps control nematodes. They 
also eliminate disease-prone crops. The Ferraris sell to wholesalers, a few 
retailers, and directly to consumers at the San Francisco farmers' market. 
Indirect measures such as growth in acreage and capital stock and a low 
debt-to-asset ratio indicate that the farm is prosperous. 

Four farms in south Florida producing fresh-market vegetables and using 
IPM were examined for this case study. John Hundley of Loxahatchee farms 
about 9,640 acres including 1,500 acres of sweet com, 120 acres of cabbage, 
3,000 acres of radishes, 1,600 acres cf seed com, and, 1,300 acres of field 
com. The farm also includes 500 acrt!S of pasture on which cattle are run, a 
120-acre orange grove, and, 1,500 acres of sugarcane. Ted Winsburg of Palm 
Beach grows 350 acres of fresh-market peppers. John Garguillo of Naples 
raises 1,300 acres of tomatoes for the fresh market. Fred Barfield of Immo
kalee raises 1,000 acres of vegetables, primarily varieties of bell peppers, 
tomatoes, and cucumbers; he also has a 550-acre orange grove, a 1,000-
head herd of purebred Beefmaster cattle, ar.d a 1,200-cow commercial, 
mixed-breed herd. All four farms employ Glades Crop Care, Inc., to per
fornl pest scouting as a means of reducing pesticide use. 

Stephen Pavich & Sons is one of the nation's leading producers of fresh 
grapes. The Paviches produced about 1 percent of the nation's grapes in 
1986 on about 1,125 acres of vineyard; in 1987 they purchased another 160 
acres of grapes, a 14 percent increase in acreage. They use innovative vine
yard management practices such as reliance on natural enemies to control 
mite and insect pests. The principal source of soil nutrients is the applica-
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tion of 2.5 to 3.0 tons of compost per acre. The farm maintains a permanent 
ground cover, which is periodically flail-chopped, to control weeds; weeds 
close to the vines are controlled by hand weeding and hoeing. Grape leaf
hopper is their primary insect pest. Most years the Paviches are able to 
produce all or nearly all of their grapes without using any chemical pesti
cides except sulfur, to prevent fungal diseases. They consider plant nutri
tion, especially avoiding an excessively high ratio of nitrogen to calcium in 
the plant tissue, to be an important element of pest control. The farm sells 
97 percent of its grapes on the conventional market and the rest to specialty 
organic markets. A premium price of $1.00 to $2.00 per 23-pound box, a 12 
to 25 percent premium, is charged for the organic grapes to cover the cost 
of certification and special handling and storage. 

The Kitamura Farm near Sacramento, California, includes 305 acres, of 
which 160 acres are devoted to the production of processing tomatoes. The 
farm employs a modified version of an IPM program developed at the 
University of California that includes rotation of fields planted with toma
toes, scouting for insects, and precise irrigation management. By terminat
ing irrigation 10 days earlier than the generally accepted practice, the Kita
muras incur a lower incidence of mold in their tomatoes. Through these 
techniques the farm has been able to virtually eliminate insecticide and 
fungicide use while maintaining high yields and fruit quality. 

Other Farms 

Coleman Natural Beef includes 2,500 cow-calf units on about 284,500 acres 
of mostly n1ountain rangeland near Saguache, Colorado, west of Denver. 
The Colemans have imported no livestock replacements for more than 25 
years but instead select from their own herd, using artificial insemination 
of 300 cows to get replacement bulls. Pastureland acreage per cow is high 
compared to crop-livestock farms or beef feedlots, a practice that the Cole
mans say reduces the incidence of health problems in the cattle by avoiding 
crowding stress. Unlike other ranchers in the area, the Colemans apply no 
fertilizer or lime to their rangeland. Feeder cattle are fattened under contract 
in commercial feedlots using feeds tested for pesticide r,esidues. The Cole
mans routinely administer inoculations but do not use growth hormones or 
subtherapeutic doses of antibiotics in their natural beef program. They 
receive a 25 percent premium price for 2,500 head of their own beef plus 
12,500 head produced to their specifications by other ranches, all of which 
is nationally advertised and marketed as natural beef. The marketing enter
prise is apparently much more profi.table than the ranch. 

The Lundberg Family Farms near Chico, California, is a 3, 100-acre farm that 
includes 1, 900 acres of rice produced with reduced rates of chemical pesti
cides and fertilizers and a 100-acre field experiment that produces rice with 
no chemical fertilizers or pesticides. The Lundbergs have been experiment
ing with the production of organic rice for 18 years. On all of their fields 
the Lundbergs substitute the decomposition and incorporation of their rice 
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straw into the soil for the conventional practice of burning the straw, and 
they employ an early-season irrigation schedule to prevent crop damage by 
tadpole shrimp (Triops longicaudatus). They have largely succeeded in the 
first objective of their experimental field-nonherbicidal weed control. Their 
remaining objectives include finding an acceptable way of providing nitro
gen without using synthetic chemical fertilizers or increasingly scarce and 
expensive animal manures. In spite of a nearly 50 percent premium added 
to the price of their organic rice, the experimental rice acreage has not been 
profitable in most years. With what they have learned from the field exper
iment, however, the Lundbergs have been able to improve the financial 
performance of their other fields by significantly reducing herbicide use. 



CASE STUDY 

1 
Crop and Livestock Farming in Ohio: 

The Spray Brothers 

THE FARM OF THE SPRAY BROTHERS, Glen and Rex, is located in Morgan 
J ~ownship, Knox County, which is nearly in the geographic center of 

Ohio. The farm homes and some of the land are adjacent to State Highway 
586 approximately 3 miles north of Marti9c~sburg and 11 miles south of Mt. 
Vernon, the county seat of Knox County. The Sprays currently own 650 
acres and cash-rent an additional 70 acres. They have farmed the rental 
acreage in the same manner as their own land for 15 years. They currently 
have 400 acres of cropland; the rest of the land is in permanent pasture 
(low depressional areas or steep sloped uplands) and woodland (7 to 10 
acres). A 4-year rotation of 100 acres each of corn-soybeans-small grain-red 
clover hay is currently followed on the tillable cropland. The Spray brothers' 
farming operation is a full, equal partnership (Table 1). 

Most other farms in the immediate vicinity are about 200 to 250 acres, 
although the average farm size in Knox County is 177 acres and one neigh
boring farm comprises 600 acres. The dominant farming system in the area 
is row-crop farming with continuous corn or a corn-soybeans rotation. Knox 
County has a high percentage of row crops planted with no-tillage equip
ment, a practice that markedly reduces the erosion potential for these soils. 
Dairy farmers in the area generally follow a corn-corn-soybeans-hay-hay
hay 6-year rotation. Beef farmers use a corn-soybean-hay-hay 4-year rota
tion. 

The Sprays do not participate in any government programs except for the 
dairy diversion program. 

253 
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GENERAL DATA 

The Sprays operate a diversified animal and cash grain farm, as follows: 

Milk cows*: The farm has 32 Holstein cows and 10 replacement heifers. Milk 
is sold to a local grade A market. Dairy cattle are bred using artificial 
insemination. 

Beef cows: The Sprays have 40 to 50 Herefords; their calves are finished by 
feeding out in a 90-day finishing regime. Cattle are marketed at about 15 to 
16 months of age. Some finished cattle are sold locally whue the remainder 
are marketed through National Farmers Organization (NFO) markets as far 
away as Green Bay, Wisconsin. 

Soybeans: Soybeans are a major cash crop, occupying 100 acres of cropland 
per year. The Sprays clean, bag, and market the entire crop of soybeans and 
sell it to organic tofu specialty markets at a premium price. In 1985 they 
marketed to tofu manufacturers in Cleveland and Worthington, Ohio, and 
in West Virginia at a price of $9.00 per bushel including transportation 
costs. The Sprays use a soybean cultivar with a white hilum that is desirable 
for tofu production. The soybean screenings, which contain cracked and 
broken beans and weed seeds, are fed to the dairy cattle and to beef cattle 
being finished for market. 

Adzuki beans (Phaseolus angularis, wild): This crop was a new enterprise, 
occupying about 12 acres in 1985. These beans are sold to specialty health 
food companies for $42.00 per bushel and yield about 20 to 25 bushels per 
acre on this farm. The adzuki beans replaced 12 acres that would normally 
have been planted with soybeans. 

Com: A major cash crop as well as a cattle feed for on-farm consumption, 
com acreage on the farm is 100 acres each year. Of this total, 40 percent is 
sold off the farm and 60 percent is fed to animals. The Sprays developed a 
specialty market for shelled corn as poultry feed for an Amish farm in 
Pennsylvania at a $0.50 per bushel premium price in 1985. The corn used 
for dairy and beef feeding on the farm is harvested with a picker because 
the cob is considered an important carbohydrate constituent for the cattle. 
The Sprays grind and mix the corn for animal rations directly on the farm. 
The seed corn used by the Sprays is a triple-cross hybrid instead of the 
more common single crosses. The advantages of the triple-cross hybrid are 
some prolificacy (multiears) and a savings of about 33 percent in the cost of 
seed. 

Small grains: Wheat (50 to 70 acres) and oats (30 to 50 acres) occupy about 
100 acres annually and serve as a nurse crop for the red clover used in the 

*This enterprise was scheduled to be terminated by the U.S. Department of Agricul
ture Milk Production Termination Program in August 1987. This case study does not 
reflect that termination. 
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TABLE t Summary of Enterprise Data for the Spray Brothers Farm 
Category Description 

Farm size 
Labor and 

management 
practices 

Livestock management 
practices 

Marketing strategies 

Weed control practices 

Insect and nematode 
control 

Disease control 
practices 

Soil fertility 
management 

Irrigation practices 
Crop and livestock 

yields 

no acres, 32 dairy cows, 40-50 beef cows 
All enterprises are managed by the two brothers, Rex and Glen 

Spray. Glen Spray's son is a salaried employee. Student labor is 
hired during the growing season to help with haying and weed 
control. Hired labor costs are about $1,200/year for 300 man
hours. 

Dairy cows are kept on pasture and fed roughages and 
supplements. ~f:Cf replacements are produced on the farm and 
marketed at 15-16 months of age. 

Premium prices are received for corn, soybeans, wheat, oats, 
adzuki beans, and some of the beef because the farm is a 
certified organic farm. On-farm facilities are available for seed 
cleaning, bagging, and storage. 

No herbicide has been applied in 15 years. The farmers rotate 
corn, soybeans, small grain, and red clover. Two diskings in the 
early spring control weeds; late planting of com and soybeans 
again uproots weeds; and corn and soybeans are rotary-hoed at 
emergence. Frequent cultivations (2-4 per St!ason) also control 
weeds. Hand weeding of Jimson wt:oed is performed in adzuk.i 
bean fields. 

No problems with insects or nematod~::s are i1pparent. 

Rotation and the use of disease-resistant varieties are cited as the 
reason for the absence of disease problems in farm crops. Soil 
microbial populations are also cited by the farmers as a disease
inhibiting factor. 

The farmers use a com-soybeans-small grain-red clover hay 
rotation. No lime or fertilizer has been purchased since 1971. 
Microbiai fertilizer is applied once per 4-year rotation; the 
fertJity benefits are not yet proven. Manure is applied to 100 
acres/year. 

None 
Yields of corn exceed the county average by 32 percent, soybeans 

by 40 percent, wheat by 5 percent, and oats by 22 percent. 
(There is no county yield comparison for clover hay; the farm 
averages 6 tons/ acre.) 

Financial performance Th<:? farm's overall economic viability is good. The value or sale of 
___________ c_ro"""""p~s...:..,_livestock, and livestock products was $188,000 in 1985. 

fourth year of the rotation. The wheat is all sold off-farm through normal 
marketing channels as grain or as seed wheat. (The availability of marketa
ble seed wheat is another advantage of the farm's seed cleaning, bagging, 
and storing facility.) In 1985 some of the oats were sold for a premium price 
($3.20 per bushel) to an organic market in Pennsylvania for processing into 
rolled oats. 

Pasture: Almost 300 acres are unimproved permanent pastures made up of 
timothy, white clover, and blue grass. 
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TABLE 2 Normall\1onthly Precipitation at Fredricktown Observation Station, 
Knox Count)! Ohio 

Month 

january 
February 
March 
April 
May 
june 
July 
August 
September 
October 
November 
December 

Average annual total 

Normal Precipitation 
(inches) 

2.8 
2.2 
3.4 
3.7 
4.2 
4.2 
4.3 
3.1 
3.0 
2.3 
2.8 
2.4 

38.4 

Non: The normal monthly precipitation is the average of the inches of precipitation for that 
month from 1941 to 1970. 

souRcF.: National Oceanic and Atmosptu~ric Administration. 1980. Climatt;•s of tlw Stall'S, 2d ed. 
Detroit: Gale Rest.•arch Co., Book Tower. 

Red clover: This crop occupies 100 acres of tillable land annually and is used 
as a hay crop as well as a green manure crop when incorporated in the fall. 
In some years the second crop is allowed to mature, and clover seed is 
harvested and sold. In 1986 the Sprays sold 100 pounds of clover seed at 
$0.65 per pound. 

Climate 

The climate in Knox County is typical of central Ohio, with warm and 
moderately humid days in summer and cold and cloudy winters. On the 
average there will be 15 days per year with temperatures above 90°F and 7 
days per year with temperatures below oaR The growing season at the 
Frederkktown Observation Station (about 24 miles northwest of the Spray 
Brothers Farm) is 147 days. The gr'-1wing season is longer than 170 days 10 
percent of the time and shorter than 123 days 10 percent of the time. 
Showers ilnd thunderstorms account for most of the precipitation during 
the growing season (Table 2). Snowfall averages 30 inches per year but varies 
greatly from year to year. 

PHYSICAL AND CAPITAL RESOURCI:S 

Soli 

Knox County is on the outer edge of the glaciated region of Ohio. The 
last glaciation of the Wisconsin age completely covered western Knox 

I 
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TABLE 3 Erosion Potential of Selected Soils Under Different Tillage 
and Rotations 

Soil 

Annual Soil Loss (tons/acre) 

Spray Brothers' 
Rotation 
(Reduced Tillage- Continuous 
Chisel Plowing)a No Tillagea 

Luray clay loam 0.62 0.14 
(0.2% slope) 

Titusville silt loam 6.85 1.58 
(6.0% slope) 

Corn-Soybeans 
No Tillage 

0.36 

3.95 

Corn-Soybeans 
Conventional 
Tillageb 

1.7 

18.5 

NOTE: All figures are based on an assumed 200-foot slope land. Figures are calculated using the 
Universal Soil Loss Equation. 

aThe rotation is corn-soybeans-small grain-red clover hay. 
"Conventional tillage repre~ents spring disking and normal field harrowing. 

souRCES: R. Adamski, communication, 1989. U.S. Department of Agriculture. 1984. Universal Soil 
Loss Equation Charts. Soil Conservation Service. Washington, D.C. 

County. The soils map of the Sprays' farm is quite complex, with approxi
maiely 20 soil types or phases. The farm is founded on deep, well-drained 
to very poorly drained soils. These soils were formed in glacial outwash, 
alluvium and lacustrine deposits on terraces, floodplains, and glacial lake
beds. The farm land of the main farm (along Martinsburg Road, State 
Highway 586) fits this description closely. 

The tilled land is in a flat basin, with rolling topography on the edges 
and rolling hills interspersed in the flat basin. All of the arable land on the 
farm has been tilled, and neither drainage nor wetness is a problem. The 
soil surface texture ranges from silt loam to silty clay loam. Some of the 
soils are underlain with sand and gravel and can be excessively well drained 
and slightly droughty. Although the soils are complex, four soil associations 
dominate the farm: (1) Hat to nearly flat Fitchburg-Luray soils formed on 
lacustrine materials; (2) Chili-Crane-Homewood soils formed on glacial out
wash; (3) Centerburg-Bennington soils formed on glacial till; and (4) Home
wood-Loudonville-Titusville soils formed in loamy glacial till and residuum 
from sandstone. 

The soils making up the tilled land are good soils for the region and, 
because of tile drainage, are reasonably easy to manage. The Homewood
Loudonville-Titusville soils on steep slopes could present a serious erosion 
problem if they are not properly managed. Problems could occur if the soils 
were tilled in an excessively wet state (Table 3). 

Buildings and Facilities 

The homes of both brothers are modem, substantial houses. Farm build
ings are located at three locations and are modest but adequate. Farm 
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building locations are neat and well managed. Primary and special facilities 
include a milking bam with a pipeline milking system and bulk tank, a new 
grain cleaning and storage facility for bagging and storing grains for off
farm sale (a $45,000 investment), storage bins for dried grain and shelled 
corn, an ear corn storage building, and a grain drying facility. 

Machinery 

The Spray brothers currently have nine tractors of varying ages and sizes. 
The largest is a 125-horsepower tractor mainly used for soil tillage with the 
farm's primary tillage tool, an offset disk. Other tractors are dedicated to 
specific tasks such as row-crop cultivation, manure loading, mowing and 
baling hay, and the like. None of the tractors was purchased new. All were 
purchased after being dealer demonstrators or otherwise used. 

Other farm equipment includes a self-propelled combine with grain and 
corn headers, a four-row planter for corn and beans (36-inch row width), a 
grain drill, a two-row corn picker, two manure spreaders, a four-row field 
cultivator, two harrows, a rotary hoe, a sickle bar rnower, a mower-condi
tioner for hay, a hay rake, and a square baler. Because grain handling is an 
important part of the farming operation, the Sprays own four gravity-feed 
grain wagons, two grain elevators (the auger type), and a portable hammer 
mill for grinding their cattle feed. Their estimate of total machinery inven
tory is $100,000. 

MANAGEMENT FEATURES 

Soli Fertility 

The Spray brother~ have not purchased any lime or chemical fertilizers 
since 1971. However, they do use microbial fertilizers that are applied one 
time in the rotation on those fields being planted with com. 

The Sprays use the manure that is available from their dairy and beef 
herds but do not consider this contribution of nutrients to be particularly 
important because fewer than 100 acres of their tillable land receive manure 
each year. They apply the manure to the clover field~ in the fall and winter 
montf.<; because these are the fields to be planted with com the next year. 
Thus, manure is applied only once in a 4-year rotation and then not to all 
the soils. 

The committee engaged consultants to provide an estimate of nutrients 
supplied by the manure to the soil. The estimate assumed an application of 
4 to 6 wet tons of manure per acre by a single pass. The average nutrient 
composition of beef manure is 18 pounds of nitrogen (N), 7 pounds of 
phosphorus (P20 5), and 9 pounds of potassium (K20) per ton; dairy manure 
is composed of 12 pounds N, 3 pounds P20 5, and 11 pounds K20 per ton. 
Using an average of the two values and assuming 50 percent N mineraliza
tion from the manure in the first year, the 4-ton application rate would 
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supply 30 pounds available N, 20 pounds P 20 5, and 40 pounds K20 in the 
first year after application and lesser amounts in subsequent years. These 
are not insignificant concentrations of nutrients. 

The primary source of nitrogen for the rotation is the nitrogen provided 
by the incorporation and decomposition of the red clover green manure 
crop. This crop is generally harvested for hay in late spring or early summer. 
(A second hay crop may be harvested if needed or allowed to mature for 
clover seed.) The clover is then allowed to grow back and is partially incor
porated by a late disking in October. The fall incorporation allows some 
decomposition and mineralization to oc•"ur before cold weather. In the spring 
the fields are disked twice more and harrowed before planting the com in 
mid-May. The brothers estimate that incorporation of the red clover will 
provide about 125 pounds of nitrogen per acre with about 75 pounds or 60 
percent available to the corn crop. 

The Spray brothers do not believe in soil testing, and therefore only 
limited soil test data were available. The results indicated a soil pH of 6.2 to 
7.2, 53 to 74 pounds per acre of available phosphorus, and 80 to 120 pounds 
per acre of available potassium. These data are insufficient to determine the 
pH, phosphorus, or potassium status of the entire farm; however, the yields 
obtained would seem to indicate that currently there is no soil fertility 
problem on the farm. A detailed and con1plete soil testing program over 
time would be requirt!d to determine if this fertility status can be maintained 
indefinitely. The Spray brothers attribute the favorable nutrient status to 
organic matter and microbial activity. 

Tillage 

The Spray brothers use chisel plowing as a form of reduced tillage. The 
primary tillage implement is the 12-foot offset disk. As indicated earlier the 
clover crop is disked once in October and then twice in the spring before 
planting corn. Likewise, the corn residues are disked once in October or 
November before frost and again once or twice in the spring before planting 
soybeans. The fields are harrowed before planting corn or soybeans. Soy
bean residues are also incorporated by disking, and wheat is planted im
mediately after tillage. The Spray brothers told the interviewer that they do 
not till deeper than 4 to 6 inches with the disk. 

Weed Control 

The Spray brothers have not used any herbicide for 15 years. They attri
bute the success of their weed control program to five factors: (1) the 
rotatiou they use, which includes a red clover hay crop; (2) the two diskings 
in early spring that kill off the sod as well as successive flushes of weed 
seeds; (3) a relatively late planting date for corn (near the middle of May) 
and for soybeans (in late May or early June); (4) the use of a rotary hoe at 
corn and soybean emergence; and (5) frequent cultivations during the grow-
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ing season (two to four times as needed). In discussion, the brothers also 
noted that hired labor is used for cleaning up corn, !.~oybean, and adzuki 
bean fields. Jimson weed is the major weed in the be~n fields, and it is 
removed by hand. The soybean fields and com fieiJs we1e relatively free of 
weeds during the farm visit in September 1986. Weed!:» ~ ,1 the small grains 
on the Sprays' farm are not a problem because of the rotation. 

Insect, Nematode, and Disease Control 

Insecticides, nematocides, and fungicides have not been used on the 
Spray Brothers Farm in 15 years. The brothers stated emphatically that they 
did not have serious infestations of insects or diseases. The current and 
consistently high yields they obtain suggest that they are correct in their 
assumption. Field observation of mature or nearly mature soybeans and 
corn confirmed this point; there was no evidence of a disease or insect 
problem in September 1986. 

The fields of small grain were not observed during the farm visit. The 
Sprays reported that they use an oat variety with a high test weight per 
bushel, an attractive feature in the marketplact. In 1986 this oat variety was 
not on the recommended list for Knox County, although it was on the 
recommended list in 1985. The loss of its earlier recomrrtendation suggests 
that these oats may currently be susceptible to the fungu'l disease races 
prevalent in Ohio. The wheat variety used by the Sprays has good resis
tance to rusts, smuts, viruses, and powdery mildew and was on the rec
ommended variety listing in 1986. In general, the Spray brothers did not 
feel that their small grain acreage was adversely affected by diseases or 
insects. They cited the benefits of rotation, an active soil n1icrobial popula
tion, and good soil health as the reasons for reduced disease and insect 
occurrence, although there may be other factors that are imp0rtant as well. 

The Sprays were asked why alfalfa was not used in the rotation instead of 
red clover. Their answer is significant with respect to pesticide use; they do 
not use alfalfa because they believe that it would be necessary to use insec
ticides to control alfalfa weevil. Clover, on the other hand, does not have 
such an endemic insect problem and thus is a successful alternative legume 
whose use eliminates the need for insecticide. Also clover seed costs less 
than alfalfa seed and is a better leguminous crop for biomass production in 
the first year than the locally popular cultivars of alfalfa, a significant attrib
ute for a legume that is used for only a single year in a rotation. 

Labor 

The farm's 720 acres and its multiple enterpr:.ses are operated by Glen 
and Rex Spray and Glen's son, who is paid a cash salary. During haying 
season and for weed control, the farm employs additional student labor. 
The Sprays hire about 300 man-hours of labor each year at a co~t of about 
$1,200. 
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ANIMAL ENTERPRISES 

Dairy Operations 

The 32-cow dairy herd is kept on pasture near the milking barn and fed 
roughagP (clover hay) in bunks near the barn. Ground concentrate is pre
pared on the farm, using farm-grown ear com, soybeans, and the following 
supplements: vitamins, minerals, Lactobacillus acidophilus fermentation 
product, and cmn germ meal (18 percent crude protein). 

Replacement heifers are kept on pasture until they are ready to calve. 
Winter housing without stanchions is available. 

Beef Operations 

The Spray Brothers Farm currently has 40 to 50 beef cows, and the Sprays 
plan to add 25 more after the dairy herd is sold. They raise their own 
Hereford calves and grow them to market weight at about 15 to 16 months 
of age. The cows are pastured most of the year and are returned to the 
finishing area for concentrated feeding (mostly ground ear corn and a non
medicinal supplement) about 90 days before marketing. All cattle have free
choice minerals and salt. The beef animals being fattened are fed inside but 
are not confined. 

PERFORMANCE INDICATORS 

Crop Yields 

The farm visit and additional discussions with the Knox County extension 
agent, Soil Conservation Service personnel, and some Ohio State Univer
sity faculty members (from the departments of agronomy, agricultural en
gineering, and agricultural economics) confirm that the Spray brothers have 
a highly productive, well-managed farming operation. Their farm has a 
proven and accepted reputation in the area; and, although the outstanding 
yield data (Table 4) are not completely verified, the enterprise returns for 
1985 (Table 5) are consistent with the Spray brothers' yield estimates. 

Soli Fertility 

It would seem that a crop rotation that includes clover and small grain for 
2 out of 4 years would be a soil-conserving management system as com
pared with the production of only com and soybeans. Yet, estimates made 
by the Soil Conservation Service computer program using soil loss equa
tions and rainfall patterns in Knox County indicate that, although the Spray 
system is a better system than conventional (plowing) tillage, it is not as 
effective as a no-till system, which is used on 11.2 percent of the com and 
1.4 percent of the soybean acreage in Knox County. Erosion was not evident 
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TABLE 4 Yield Comparisons of Spray Brothers Farm and Knox County 
Averages, 1981-1985 
Location or Com Soybeans Wheat Oats Clover Hay 
Soil Type (bushels/ acre) (bushels/ acre) (bushels/ acre) (bushels/ a<:re) (tons/ acre) 

Spray Brothers" 145-150 48.0 45.0 80.0 6.0 
Knox County" 111.5 34.4 42.8 65.5 
Soils inventory< 

Luray silty clay 125.0 40.0 45.0 80.0 
loam 

BennL'I"lgton 102.0 30.0 40.0 65.0 6.0 
silt loam 

Homewood 110.0 30.0 45.0 90.0 6.0 
silt loam 

"Yield estimates obtained from Glen and Rex Spray. Data based primarily on field harvest, with 
limited hand harvest data. The 1986 yields for corn, soybeans, wheat, and oats were 140, 48, 45, 
and 75 bushels per acre, respectively. 

"oata obtained from Joseph Brown, Knox County Agricultural Extension Service, Mount 
Vernon, Ohio. 

'Data irom An Inventory of Ohio Soils, Knox County, Table 1, Report No. 70 (Ohio Department 
of Natural Resources, 1984). This is an estimate of yield by soil map unit when optimum level of 
management is imposed. 

TABLE 5 Spray Brothers Partnership Income, 1985 
Income Source 

Sale of animals and animal products 
Beef cattle 
Dairy products 
Government payment (milk diversion) 
Cull dairy cows 

Subtotal 
Sale of agronomic crops 

Soybeans 
Corn 
Other grains (for example, wheat, oats) 
Feed 

Subtotal 
f' iiscellaneous 

Custom machinery work 
State gas tax refund 
Sale of microbial fertilizer 

Subtotal 

Total 

Amount (dollars) 

18,382.48 
49,216.02 
5,669.80 
5,243.45 

78,511.75 

56,726.34 
14,791.59 
23,084.78 
14,725.83 

109,328.54 

2,653.90 
695.16 

15,461.27 
18,810.33 

206,650.62 
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in the com and soybean fields observed during the farm visit; fall disking 
and frequent cultivation of row crops on the sloping fields, however, could 
present an erosion hazard. 

The Sprays' ability to supply all the nutrients needed for high yields of 
corn, wheat, soybeans, and oats using minimal off-farm inputs is a real 
accomplishment. The manure applications (once in the 4-year rotation) and 
the red clover green manure crop supply, at least for now, the nitrogen 
necessary to grow com and small grains. How the Sprays manage to main
tain an adequate pH balance and enough phosphorus and potassium in the 
soil-despite the fact that they have not added lime, phosphorus, or potas
sium in 15 years-cannot be readily explained. It may be due in part to 
previous additions of high concentrations of phosphorus and lime by the 
Sprays' father prior to 1972 and to the natural fertility of the soils. Detailed 
soil nutrient evaluations and further study of nutrient cycling on the farm 
would be useful and informative. 

Both Glen and Rex Spray attribute much of their success in maintaining 
adequate soil fertility to the use of microbial fertilizers at least once in 4 
years on all of their tillable acreage. On-farm research or comparisons have 
not been performed, however, and so no definite statement can be made 
about the reasons why the soil on the Spray Brothers Farm remains fertile. 

Weed, Disease, and Insect Control 

For the past 15 years the Spray brothers have been producing high yields 
of agronomic crops without the use of chemical pesticides, a considerable 
achievement that deserves further study. The clover in the rotatior., later
than-normal planting dates for corn and soybeans, the tillage system, fre
quent cultivation, and some hand weeding are certainly factors in their 
success. Field observations in September 1986 CO:!lfirmed that this alterna
tive system is still working for them. 

The Spray brothers did not stop using chemical herbicides because they 
were worried about the health and environmental risks associated with 
pesticide use. They stopped because herbicides were altering weed popula
tions in such a way that weeds that had never been seen before were 
becoming problems. When this occurred, they stopped using herbicides 
and began to explore other weed control methods. The Sprays do not use 
chemical insecticides or fungicides because as a certified organic farm their 
products must be pesticide free to retain their organic designation. 

Marketing Strategies 

An important component of the financial performance of this operation 
is the farm's ability to market its com, soybeans, wheat, oats, and adzuki 
beans, as well as some of its beef cattle, at higher-than-normal market 
prices. This kind of marketing is possible because the Spray Brothers Farm 
is an Ohio Ecological Food and Farm Association certified organic farm. 
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TABLE 6 Per Acre Costs of Field Operations Reported by Spray Brothers, 1982 
Field Operations Amount (dollars) 

Corn After Sod 
Unit Cost Cost/Acre 

Offset disk (3 times) 9.00 27.00 
Field cultivate (3 times) 6.00 18.00 
Spread fertilizer 1.75 1.75 
Plant corn 7.50 7.50 
Rotary hoe (1 time) 4.00 4.00 
Cultivate {2 times) 5.00 10.00 
Harvest 17.00 17.00 

Total costs/ acre 85.25 

Soybeons After Corn 
Unit Cost Cost/Acre 

Chop stalks 6.50 6.50 
Offset disk (2 times) 9.00 18.00 
Field cultivate (3 times) 6.00 18.00 
Plant beans 7.50 7.50 
Rotary hoe (2 times) 4.00 8.00 
Cultivate (2 times) 5.00 10.00 
Harvest 18.00 18.00 

Total costs/ acre 86.00 

Wheat After Soybeans 
Unit Cost Cost/Acre 

Spread fertilizer (1 time) 1.75 1.75 
Disk (1 time) 6.00 6.00 
Drill seed 5.50 5.50 

Total costs/ acre 13.25 

TABLE 7 Reported per Acre and per Bushel Costs of Production for Corn and 
Soybeans in Ohio, 1982-1983° 
Category Corn (dollars) Soybeans (dollars) 

Variable costs 
Seed 15.00 7.00 
Fertilizers 8.50 8.50 
Other 85.25 86.00 

Land charges 125.00 125.00 
Total costs/ acrea 233.75 226.50 

Per bushel costs 
Low yieldb 2.33 5.66 
High yield' 1.94 4.53 

"Costs reported by Spray brotht:rs are not directly comparable to enterprise budgets from The 
Ohio State University Extension. The Sprays did not assess costs for labor. Procedures used for 
estimating equipment costs and land charges are not available. 

bForty bushels of soybeans and 100 bushels of corn. 
'Fifty bushels of soybeans and 120 bushels of corn. 
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With this certification and judicious advertising in appropriate journals and 
meetings, the Sprays have achieved firm and regular specialty markets that 
add greatly to their profitability. It is clear, however, that not all midwestern 
farms could exploit such markets; if even a small percentage of farms shifted 
to organic methods, the market would become saturated and its premium 
prices would be greatly reduced. 

The Spray brothers' recent investment in a seed cleaning, bagging, and 
storage facility complements this marketing strategy. The facility ensures a 
quality product and provides savings in cleaning and handling, some mar
ketable wheat and clover seed sales, and a usable by-product (screenings 
for cattle feed). The facility also removes fines from shelled com, wheat, 
oats, and beans, a capability that impr;11:es air flow and allows the Sprays 
to run an effective grain drying operation without suppletnentary heat. 

Financial Performance 

The overall econon1ic viability of the Spray brothers' enterprise is strong 
at this time (see Table 5). Direct con1parisons with the performance of 
similar farms using conventional methods would require whole-farm anal
ysis of entire rotations, which is beyond the scope of the present study. 
However, per acre production costs for the Spray brothers are below the 
county averages (Tables 6 and 7). Yields are above the county averages (see 
Table 4). 

The farm's effective management and the distribution of labor over the 
entire year is impressive. The brothers are obviously busy, yet they partici
pate in community activities, host numerous vi:;itors to their farm, give 
lectures to student groups at The Ohio State University, assist other farmers 
in establishing organic farms, and provide leadership for the Ohio Ecologi
cal Food and Farm Association. They also host a farm n~1J day each year; 
on September 19, 1986, about 80 people attended this annual event. The 
Sprays are obviously proud of their operation and convinced that :h~ir 
system of farming is appropriate for them. 

The Sprays and their methods are gaining some acceptance by certain 
faculty at The Ohio State University and by U.S. Department of Agriculture
Agricultural Research Service faculty at the nearby Coshocton station. Tile 
Sprays' immediate neighbors are not particularly supportive or enthusiastic 
about their operation, but the brothers are given credit· for being good 
farmers by the Knox County extension agent. They are also willing to open 
their farm for further research and evaluation by The Ohio State University 
faculty, and there is currently some hope that this will occur. 

Finally, the Spray brothers' response to inquiries about what, if anything, 
limits further acceptance of their farming system was enlightening. They 
felt strongly that, despite acknowledgment of their achievements, the major 
hurdle that their system faces is the reluctance of the state's Cooperative 
Extension Service to accept their methods and educate other farmers on 
crop rotations and alternatives to chemical fertilizers and pesticides. 



CASE STUDY 

2 
A Mixed Crop and Livestock Farm 

in Southwest Iowa: 
The BreDahl Farm 

T:HE BREDAHL FARM IS LOCATED IN ADAIR COUNTY in southwestern Iowa, 4 
miles south and 2 miles east of Fontanelle and about 60 miles southwest 

of Des Moines. The elevation is approximately 1,200 feet. The farm com
prises 160 acres and has been in the BreDahl family since 1927 (Table 1). 
Clark BreDahl began operating the farm in 1974; he and his wife, Linda, 
currently cash-rent it from his mother. BreDahl has rented more land nearby, 
usually for hay and pasture, but until recently he felt that it would not be 
profitable to expand further, given the prevailing low commodity prices. In 
1987, however, he planned to rent 160 acres of land on a crop-share basis 
for grain and forage production because he believed that it would add to 
his net income. 

Like n1any farmers in Iowa, Clark BreDahl is an agricultural college grad
uate; Linda BreDahl teaches school full-time and, because of teaching 
schedules, is available for limited farming activities during most of the year 
and full-time farming in the summer. 

GENERAL DATA 

In some respects, Clark BreDahl farms as his father did, using crop rota
tions and strip cropping. He raises about 35 to 40 acres of corn, 35 to 40 
acres of soybeans, 20 acres of alfalfa, and 20 to 30 acres of pedigreed oats 
for seed (the o::tts are sold as either registered or certified seed, depending 
on the opportunity). 

The basic livestock enterprise is two flocks of sheep. One is a flock of 40 
registered Rambouillet ewes, and the other is a flock of 130 commercial 
ewes of Rambouillet x Finn breeding (Finnish Landrace). These commercial 
ewes are bred to Suffolk rams to produce three-breed crosses for the slaugh-
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TABLE J Summary of Enterprise Data for the BreDahl Farm 
Category Description 

Farm size 
Labor and 

management 
practices 

Livestock management 
practices 

Marketing strategies 

Weed control practices 

Insect and nematode 
control 

Disease control 
practices 

Soil fertility 
management 

Irrigation practices 
Crop and livestock 

yields 
Financial performance 

160 acres, 300-500 ewes and lambs, 30-50 cattle, 10-20 sows 
All management, which is intensive because of the highly 

diversified operation, is provided by the farmer. Farm labor is 
provided entirely by the family, except at haying, lambing, and 
shearing times, when additional laborers are hired. The farmer's 
wife works off~farm as a teacher. 

Cattle and sheep glean fenced com fields and feed on turnips in 
fall and winter. 

Oats sold as seed bring double the feed price. Soybeans are sold 
on the regular market. Corn and hay are fed to livestock. Beef 
and sheep are sold on the regular market. 

The farmer uses ridge tillage, controlled burning, and rotary 
hoeing (both preemergence and weekly for 4 weeks). Disk 
cultivation is also used if weeds become a problem. Spot 
spraying with glyphosate or paraquat is used to control thistle or 
morning glory. 

The farmer reports no problems with insects or nematodes. 
Animals consume crop residues, and the fields are usually kept 
in a S~year rotation. 

No disease problems were mentioned. 

The farm's typical rotation i·• rJrn~soybeans-corn~oats-alfalfa,(l or 
2 years). Turnips are sometimes planted with oats. A small 
..1mount of commercial fertilizer is applied to first~year com after 
alfalfa (sometimes 20-40 pounds N, up to 30 pounds P20 5, and 
30 pounds K20, closely following university recommendations). 
In addition, 80-120 pounds N are applied to corn after 
soybeans. Manure is applied prior to planting oats. 

None 
Corn yield averages are about 100-120 bushels/acre; soybeans 

yield 35-40 bushels/acre. 
Costs are reduced by the use of on-farm resources (feeds, nitrogen 

fixation, operator labor) rather than relying on purchased 
inputs. The farm's cash flow obviates the need for borrowed 
capital. Net returns from the farm are adequate to support the 
family during most years. 

ter lamb market. Some of the F x R crossbred female lambs are sold for 
breeding purposes, and usually 100 to 300 additional feeder lambs are 
purchased to finish for slaughter. 

As opportunities arise, the BreDahls may purchase 30 to 50 feeder cattle 
annually. The swine enterprise on the farm consists of a herd of 10 to 20 
white (usually Yorkshire) sows ir. a farrow-to-finish system. The BreDahls 
move in and out of swine farming as their economic and resource situations 
dictate. (They disposed of a cow herd recently because the farm was unable 
to sustain it.) 

BreDahl is a careful livestock manager. He protects young sheep and 
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swine in the livestock housing facilities and follows the best sanitation 
practices to prevent diseases. He also uses veterinarians frequently and will 
use any medication recommended for sick animals. However, he does n.:Jt 
routinely use subtherapeutic levels of antibiotics in the animal feed. Protein 
supplements, prepared by the local cooperative, are fed along with home
grown grain. The various rations are determined according to extension 
service recommendations. 

Climate 

The climate of Adair County is typical of southwestern Iowa-subhumid 
and continental, with cold winters and hot, humid summers. The maxi
mum mean daily temperature in July and August is 85°F. Average annual 
precipitation in nearby Greenfield (9 miles northeast) is 33 inches, mostly 
in the form of rain; 70 percent of the annual precipitation falls in the months 
of April through September (Table 2). The wettest months are between May 
and September, each with about 3 to 5 inches of rainfall. One year out of 5, 
the area will experience maximum daily temperatures of over 95 oF in May 
and June, 99°F in July, and 97°F in August. 

TABLE 2 Normal Monthly Temperatures and Precipitation at Greenfield and 
Corning, Iowa 

Normal Temperature Normal Precipitation 
(oF) (inches) 

Month Greenfield Corning Greenfield Corning 

January 19.4 19.3 0.89 0.90 
February 25.6 25.2 1.21 0.92 
March 35.7 35.1 2.33 2.14 
April 50.7 50.0 3.34 3.15 
May 61.9 60.9 4.11 4.06 
June 70.9 69.8 4.72 4.55 
July 75.6 74.8 3.69 4.09 
August 73.3 72.6 3.96 4.90 
September 65.0 63.9 3.87 4.28 
October 54.3 53.1 2.32 2.33 
November 38.7 38.3 1.47 1.58 
December 26.3 26.2 0.87 0.89 

Average annual 49.8 49.1 Average annual total 32.78 33.79 

NOTE: The BreDahl Farm is 9 miles from Greenfield and 25 miles from Corning. The normal 
monthly temperature is the average of the normal daily maximum and minimum temperatures for 
that month from 1941 to 1970. The normal monthly precipitation is the average of the inches of 
precipitation for that month from 1941 to 1970. 

souRCE: National Oceanic and Atmospheric Administration. 1980. Climates of the States, 2d ed. 
Detroit: Gale Research Co., Book Tower. 
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PHYSICAL AND CAPITAL RESOURCES 

Soli 

Adair County soils were formed under the area's native vegetation, tall 
prairie grass. The terrain varies from nearly level upland ridges and bottom
land to moderately sloping uplands. The soils are moderately well-drained 
to poorly drained silty clay loams mostly formed on loess deposits. As water 
percolates down through the soil's loess mantle, it reaches a relatively 
impermeable paleosol developed in glacial till. Water tends to move along 
this less-permeable material and seeps out along the hillsides leading to 
areas that are usually too wet to till unless drainage tile is installed. The 
topography of the BreDahl Farm is moderately rolling. 

The predominant soil type on the farm is Sharpsburg silty clay loam with 
less than 5 percent slope. Sizable acreages of relatively flat Macksburg and 
Winterset soil series are present along with Nira silty clay loam on the 
steeper slopes (5 to 9 percent). Average expected corn yields under excellent 
r.tanagement on these soils range from 148 to 161 bushels per acre. The 
area's corn suitability rating (CSR), which is based on yield and intensity 
of production, ranges from 69 to 95-with 100 being the best in the state. 
Poorly drained upland Clearfield silty clay loam and Clarinda silty clay loan1 
have CSR values of 50 and 30, respectively, and are not under row-crop 
cultivation. Likewise, the poorly drained alluvial Colo-Ely silty clay loam 
complex is not usually row-cropped. 

The farm's soils are classified in land capability classes 1 through 8, 
depending on the degree of slope and other land-use capability factors. 
Fewer than 20 acres of the farm are in U.S. Department of Agriculture Soil 
Conservation Service (SCS) class 4, which has up to 13 percent slope. This 
land is used as permanet:t pasture by the BreDahls; under conventionally 
tilled row crops, this class of land would incur erosion probably exceeding 
30 tons per acre per year. Even land with only 5 to 9 percent slopes would 
sustain excessive erosion if it were in continuous row-crop production. 

BreDahl said that when his father bought the farm in 1927, it was i un 
down and not very productive. This led him to use strip cropping and crop 
rotations. Today, much the same type of crop rotational system is being 
used. In the most recent soil survey of Adair County, the BreDahl Farm was 
found to be one of the few jn the county on which the soils w .:re not 
classified as moderately to severely eroded. 

The farm is not irrigated, but there are four shallow wells for household 
and livestock use. A pond was constructed in 1974 with the help of the SCS 
and thP. local Agricultural Stabilization and Conservation Service (ASCS) 
office. ASCS shared the costs of building the 1-acre pond and buying the 
grass seed needed to establish a permanent vegetative cover around the 
pond. 

Clark BreDahl approves of terracing in instances in which nothin5 else 
will work; but on most of his crop acreage, he f~els that he can get the same 
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soil conservation benefit at a lower cost by using no-tillage and ridge-tillage 
systems for row crops along with strip cropping. Another reason for his 
preference for these methods is that terracing interferes with some farming 
operations and is costly on these soils. 

Buildings and Facilities 

The BreDahls have a good set of outbuildings, barns, a11d feedlots. The 
barn, built in the 1950s, is 48-by-54 feet with a haylott. Two open-front pole 
sheds (60-by-34 feet and 60-by-36 feet) complete the major general-purpose 
buildings. The farm is completely equipped to handle pig, sheep, and cattle 
raising. Corn is picked and stored as e:tr corn. Because the entire farm is 
fenced and cross-fenced, after the harvest, cattle and sheep can be turned 
into the fields to consume crop residues. 

Machinery 

BreDahl has been able to keep his equipment costs to a minimum. He 
estimates that tr.t! current market value of all his equipment would be 
approximately $25,000. He has two tractors (a 1967, 65-horsepower model 
and a 1966, 45-horsepower model), a 4-row no-tillage planter, a 4-row disk 
cultivator, a grain drill, a rotary hoe, a disk, and a plow. His newest piece 
of equipment is a 1980 square baler with hay mower, rake, and hay wagons. 
He uses a 2-row corn picker to harvest ear corn. His corn is stored in corn 
cribs because both harvesting and drying are less expensive and storage is 
simpler using this method. Much of the ear corn if' ground on the farm and 
fed to livestock both by hand and in self-feeders. 

MANAGEMENT FEATURES 

Crop Rotation 

The BreDahl Farm's crop rotation usually extends over 5 or 6 years, 
consisting of a corn-soybeans-corn-oats-alfalfa sequence. Sometimes alfalfa 
is kept for 2 years. Turnips are som.etimes sown with the oats. By growing 
alfalfa for 1 or 2 years for hay, Bn~Dahl said that most of the nitrogen (N) 
needed to raise corn (100 pounds N or more per acre) is supplied by the 
legumes in his rotation. He may add 20 to 40 pounds N with phosphorus 
and potassium fertilizer to sod ground going into corn, depending on the 
results of annual soil tests. Generally, 80 to 120 pounds N in the form of 
anhydrous ammonia is side-dressed on corn after soybeans. 

Soli Fertility 

Sail t-·.:~ts arc generally in the high to very high range for potassium, and 
up to 30 pounds of potassium (K20) are applied per acre to maintain these 
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levels. Phosphorus usually tests in the medium range, but is increasing. Up 
to 52 pounds of phosphorus (P 20 5) per acre are applied from all sources 
(manure and fertilizer). Soil pH is maintained between 6.5 and 6.9. Soil 
fertility additions closely follow university recommendations. 

Feedlot manure is spread on the soil following soybeans or corn in the 
rotation and before the field is planted to oats. In the BreDahls' operation, 
it is most convenient to spread the manure at this position in the rotation 
because it interferes less with row-cropping activities. Packed manure left 
on the soil surface iP.t~rferes most with the use of a ridge-tillage planter and 
the cultivator. Most of the fields in the rotation receive manure once p~r 
rotation, that is, every 4 to 6 years. The manure from 300 to 500 la1nbs, 30 
to 50 cattle, and up to 250 hogs is typically spread over an area of 20 to 30 
acres each fall and spring. BreDr:hl tries to avoid lodging by the careful 
selection of oat cultivars following soybeans; he alsc plans to windrow the 
seed oats to alleviate this problem. 

The farm's corn yield in 1985 was 14u bushels of corn per acre, the highest 
yield ever obtained. Average yields are generally in the 100- to 120-bushel 
range, except in 1977, when a drought reduced yields to less than 20 
bushels per acre. BreDahl's ASCS corn base yield in 1986 was 107 bushels 
per acre,. down 3 percent from the previous year. The county average cora1 
base yield is 96 bushels per acre per year. All of the com is fed to livestock; 
it is shelled for sheep and hogs but ground with the cob for feeder cattle. 

The farm has had less success producing soybeans, which average 35 to 
40 bushels per acre. In 1986, however, a farm record was set at 45 bushels 
per acre. The soybeans are sold on the open market, and the oats are sold 
for seed, which brings nearly double the market price. Soybeans and alfalfa 
are ft!rtilized minimally. The nitrogen supplied by the soybeans and manure 
is adequate to mak: an excellent crop of oats. Yields over the last 10 years 
have ranged from 65 to 100 bushels per acre per year. 

Turnips are often planted as a second crop on some of the oat acreage. 
After the oats and straw are harvested in July, BreDahl typically disks the 
ground, broadcasts 4 to 5 pounds of turnip seed along with 50 pounds dry 
N per acre, and then disks the ground again, lightly. (This practice is also 
used on government-diverted acres.) BreDahl prefers the standard garden 
variety of purple-top globe turnips, although he has tried other varieties. 
He has learned that both oats as a sole crop and turnips as a sole crop do 
better than if seeded together. Seeding the crops separately also makes the 
turnip pasture more timely: it comes to maximum production beginning in 
late September and sometimes lasts into the new year. 

Government-diverted acres on the BreDahl Farm typically are on the 
ground previously planted in soybeans. Thus, instead of planting oats on 
all the soybean ground, some of the land is set aside to qualify for govern
ment support payments. Set-aside land is typically seeded with a cover crop 
of turnips prior to the end of June, and the oat acreage is planted in turnips 
as soon as possible after harvest in July. 
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TABLE 3 Adair County Estimated Soil Losses Under Various Tillage Methods, 
1986 

Percentage of 
Cropland Prepared __ 

Tillage t>.~ "'thod Corn Soybeans 
Estimated Soil Los: 
(tons/acre/year) 

-------· ---------------------------
Cmventic lrJJ (plowing) 
M·Jlch tillage \chisel piowing) 
Ridge tillage, strip-cropped 
No tillage 

41.6 
45.7 

1.5 
11.2 

23.U 
75.4 
0.2 
1.4 

souRn:: R. BreDahi, Adair County extension dh-~ctor. communication, 1986. 

Tillage and Planting Methods 

15-20 
12-15 
4-6 
4-o 

BreDahl' s row-crop planting methods alternC~te among no tillage, ridge 
tillage, and some moldboard plowing. Using his 4-row planter with 38-inch 
rows, Clark BreDahl plants 32 rows of corn or ~oybeans in eight passes. 
Then he plants the same-sized strip with alfalfa or oats. His fields are 
planted, therefore, in approximately 100-foot-wide strips. His disk cultiva
tor matches his planter. 

Depending on weather conditions, he may plant com without tillage into 
an alfalfa meadow after killing the legumes with (2,4-Dichlorophenoxy) 
acetic acid (2,4-D) (applied at a rate of 1 to 2 quarts per acre) in the spring 
when the plants are 6 to 8 inches tall. A residual herbicide is usually applied 
at this time as well. If this system is used, BreDahl doe"' not cultivate the 
ground and returns to the field only to harvest the crop. A side-dressing of 
fertilizer may be applied at planting. Alternatively, and preferentially, the 
alfalfa is plowed under in the spring, and weed control is by cultivation. 
After two cultivations, a ridge is formed t!lat will be used to ridge-plant 
soybeans without tillage the following spring. 

According to the Adair County extension director and the district soil 
conservationist, less than 13 percent of the corn and 2 percent of the soy
beans in the county are grown using either no-tillage or ridge-tillage sys
tems, even though these systems result in a significant reduction in soil loss 
(Table 3). 

Clark BreDahl maintains organic matter in the soil through crop rotation,. 
by incorporating the crop residue left by his livestock and by the addition 
of manure. 

Weed Control 

By adjusting his cultivator disks, BreDahl can create a ridge and cover 
weeds and crop ~esidue. His ridge-tillage planter then levels the ridge and 
plants the seeds in the newly opened soil. In this fashion the corn gets a 
head start on the weeds. The rotary hoe is used 3 to 4 days after planting, 
before the crop has germinated and before weeds are visible. The same 
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procedure is repeated once or twice, weather pern1itting. The rotary i)oe 
does its best work before the weeds emerge, destroying them before they 
break the surface. If weeds become a problem, two pairs of disk hillers are 
set on the cultivator, one behind the other (one pair to throw the soil away 
from the plant and the other to move it back). The cultivator shields are 
always kept in place because even fairly large corn and soybean plants can 
be damaged or covered completely by the soil moved by the disk hillers. 

BreDahl is not philosophically opposed to using herbicides, but he uses 
them sparingly, mainly on corn that has been no-tilled into alfalfa. His 
primary contention is that on an operation the size of his farrr\, mechanical 
weed control is just as effective and considerably cheaper than chemical 
weed control. The reduced risk of pollution is considered a side benefit. 

PERFORMANCE INDICATORS 

The BreDahl Farm is less than half the size of the average farm in Adair 
County (337 acres), but Clark BreDahl maintains that it is not the size of the 
operation that is important, but what is left after cash costs are ~ubtracted. 
Careful cost containment is a characteristic of the BreDahl operation. A 
local farm management tax consultant, who handles a few hundred farms 
in the area, indicated that in one year recently the BreDahl Farm was in the 
bottom 25 percent of the area farms in terms of gross sales, but in the top 
10 percent in terms of net inco1ne. 

The successful operation of a farm like the BreDahls' requires a high 
degree of managerial ability, a quality the BreDahls seem to have. Their 
management strategy has been to minimize risks and to pay off all debts. 
They appear to have accomplished both goals. Recent sales of some of their 
beef and sheep herds, as well as feeder pigs, have eliminated their debt. 
Currently, they do not borrow for operational costs and do not owe money 
for equipment. 

Data were not available for a detailed analysis of the fann' s financial 
performance. The BreDahls report, however, that they have internalized 
most of their operational costs by minimizing purchased inputs and by 
reducing interest expenses for the farm to zero. They provide all of their 
own labor except at lambing and haying time; they hire custom shearing of 
the sheep-this item represents about two-thirds of their $1,600 annual 
labor bill. The variety of livestock raised on the farm provides market ani
mals and income throughout the year. In addition, because the farm is 
cross-fenced, the BreDahls can make use of poor or damaged crops and 
crop residue as feed sources instead of letting the crops rot in the fields. 

Clark BreDahl reports that in 1986 the average cash rental for cam land 
(row cropland in general) was $66.00 per acre in Adair County. The Bre
Dahls, on the other hand, pay $50.00 per acre (to Clark BreDahl's mother) 
for the whole farm they rent. Given that barely half the farm is planted with 
corn and soybeans, however, this appears to be a fair rental charge. 

Although he has participated in the government's commodity support 
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programs, BreDahl feels that the family farmer would be better off without 
them. He concludes that these programs have encouraged farmers to con
vert to a monocrop culture without livestock and that they have greatly 
reduced the number of farm families. He does not think that his own 
family's way of farming would be as feasible for a farm 10 times the size of 
their farm and spread out in various locations. He does feel, however, that 
by eliminating price supports, farmers with a good managerial strategy 
eventually could be better off. 

The BreDahls' crop rotation system of 1 or 2 years in alfalfa, 2 years in 
con1, 1 year in soybeans, and 1 year in oats and possibly turnips has 
minimized purchased fann inputs of fertilizer and pesticides while main
taining high roughage production. Similarly, the alfalfa, whether plowed 
under or no-tilled, pro·V"ides nearly all the nitrogen required by the corn 
crop. In addition, cattle and sheep glean the corn fields, thereby reducing 
the need for supplemental feeding and minimizing volunteer corn problems 
in the subsequent crop of soybeans. The farm's actual costs of production 
in 1986 (la:-td and cash) were $1.52, $3.10, and $1.39 per bushel for corn, 
soybeans, and oats, respectively. 

The double crop of turnips provides an excellent feed source for the 
BreDahls' sheep enterprise. Animals can begin grazing the turnips in 60 to 
80 days, but they obtain optimum dry matter after 90 days. Both cattle and 
sheep have been grazed on the crop, but sheep tend to be more efficient, 
wasting less of the forage. The turnips provide a complete ration for sheep 
as well as 80 to 85 percent of their water consumption. The turnips are 
grazed from mid-September through early winter. 

When the turnips reach full growth, three-quarters of the root will be 
aboveground. The sheep first eat this part of the root and the vegetative 
top and then graze the turnip down and cup out the tap root below the 
surface. The holes left in the soil after grazing fill with water, snow, and ice, 
which help to hold soil moisture and prevent runoff. The B1eDahls have 
run up to 200 ewes for 10 days on an acre of turnips-that is, 2,000 ewe
days per acre. More contmonly, they average 1,400 to 1,500 ewe-days per 
acre. Clark BreDahl estimates that this method provides maintenance at a 
current cost of less than $0.04 per day per ewe. 

The BreDahls' system of farming could be used by others but only so long 
as such farms (1) diversified their operations enough to raise the livestock 
and to take advantage of all crop roughages and (2) maintained a small 
enough operation to be managed properly. The sy~ em works most effec
tively when a farm is in one contiguous unit and cross-fenced. Careful 
budgeting and management are also essential to success in operations such 
as this. 

The far, lily's financial goal, although not always achieved, has been to 
make a living from the farm and to save Linda BreDahl' s teaching salary. 
This case study illustrates that, given the required management skills and a 
conservative investment strategy, a family can still make a living today on a 
160-acre diversified farm i~ Iowa. 



CASE STUDY 

3 
A Diversified Crop and 

Livestock Farm in Virginia: 
The Sabot Hill Farm 

SABOT HILL FARM is located a few miles northwest nF Richmond, Virginia, 
in Goochland County. Run by Sandy and Rossie Fisher, the farm is 

large in comparison with other farms in the eastern United States. The land 
is in one parcel of more than 3,000 acres, half of which is in forest. The 
Fishers purchased an adjoining farm of an additional480 acres 4 years ago, 
making their total holdings 3,530 acres (Table 1). The average size of a farm 
in Goochland County is 200 acres. 

GENERAL DATA 

Sabot Hill is a diversified beef cattle, forage:, and cash grain farm. The 
livestock enterprise consjsts of 500 head of cattle. Three hundred cows are 
bred to ,-:alve in the fall, and 200 are stocker cattle. The Fishers produce hay 
both as (attle feed and as a cash crop. They plant approximately 125 acres 
in an alfalfa-orchard grass mixture grown on Madison soils and normally 
harvest from 3.5 to 4 tons per acre. This hay is square-baled and soJd 
primarily to neighborin~ horse owners. The Fishers grow orchard grass on 
another 65 acres, which yield 1.5 tons per acre. The rest of the hay acreage 
(300 acres) is a mixture of fescue, Johnsongrass, legumes, and millet, which 
is primarily used on the farm or sold as cattle roughage. Yields of 2 tons 
per acre are common (Table 2). 

Corn and soybeans are major cash crops. The Fishers produce approxi
mately 175 acres of com each year, of which 75 are irrigated, and 150 acres 
of soybeans. They also participate in the Federal Feedgrains Commodity 
Program and raise the corn to maintain their com base. The established 
yield at the fa!'m is 78 bushels per acre. The Goochland County Agricultural 
Stabilization and Conservation Service (ASCS) corn base average, by com-
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TABLE 1 Summary of Enterprise Data for the Sabot Hill Farm ------------------
Category Description 

Farm size 
Labor and 

management 
practices 

Livestock management 
practices 

Marketing strategies 

Weed control practices 

Insect and nematode 
control 

Disease control 
practices 

Soil fertility 
management 

Irrigation practices 

Crop and livestock 
yields 

Finandal performance 

3,530 acres, 500 beef cattle 
The family provides farm management and much of the labor, 

although there are several hired employees. Animal births are 
timed to coincide with the maximum amount of available labor. 

The farmer raises 300 cow-calf units and 200 stocker crtttle. A 
Hereford-Angus cross is predominant, with some other breeds 
raised on a trial basis (for example, Brahman). Feeder calves are 
grazed with no supplement used. 

Cattle are sold in the Lancaster, Pennsylvania, market in 60-head 
lots. 

The farmer interseeds native Johnsongrass with legumes and 
harvests it as a crop until the grass is depleted. The farm uses a 
2- or 3-year rotation of com, hay, and soybeans. The estimated 
savings on chemicals is $20,000 per year. 

No insect or nematode problems are reported. 

Pinkeye (conjunctivitis) and lumpjaw (caused by eating foxtail) are 
the major livestock diseases. All cattle receive complete 
injections for bovine diseases. Calves are not fed antibiotics. 

The farmer uses 2- or 3-year rotations with corn, hay, and 
soybeans sometimes double- or triple-cropped. Commercial 
fertilizer (20-20-20) is applied at corn planting; 30 pounds N is 
applied by side-dressing. No other crops receive commercial 
fertilizer. 

The farmer irrigates 75-175 acres of corn with moving sprinkler 
guns (280-foot diameter coverage). Other crops and some corn 
are grown dryland. 

Hay yields range from 1.5-4.0 tons/acre. Corn yields are 100 
bushels/acre dryland and 165 bushels/acre irrigated. 

The farmer reports annual savings of 'S20.000 on chemicals, largely 
because of the shift from chemL:ai~..ontrol of Johnsongrass to 
cultural practices (overseeding with competing legumes and 
harvesting as hay). ---______________ _..;..:_.._~------------------

parison, is 61 bushels per acre. The Fishers' primary focus, however, is on 
maximizing forage production, the main feed input to their beef cattle. 

PHYSICAL AND CAPITAL RESOURCES 

Solis 

The topography of Sabot Hill runs from flat cropland along the James 
River to rolling to steep hillsides, which are primarily in permanent pasture, 
ha)~ or forests. Most of the land is not well suited for row-crop production. 
The soils include Louisburg, Madison, and Pacelot varieties. 

The Soil and Conservation Service (SCS) has placed Virginia's soils into 
four categories according to their productive potential for specific field and 
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TABLE 2 Crops and Yields on Sabot Hill Farm, 1986 

Crop Acreage Yield/Acre 

Cash grains 
Corn, dryland 100 100 bushels 
Com, irrigated 75 165 bushels 
Soybeans 150 34 bushels 

Forest 1,500 
Hay 

Alfalfa-orchard grass 125 3.5-4.0 tons 
Mixture (fescue, Johnsongrass, 

legumes, millets) 300 2 tons 
Orchard grass 65 1.5 tons 

Pasture 1,215 Q 

Total 3,530 

"The carrying capacity is 0.5 animai units (cattle)/acre. 

forage crops. The Louisburg and Pacelot soils found on Sabot Hill are in 
class 4, which is the least productive soils classification (their productive 
potential for corn is less than 90 bushels per acre). Madison soils are in class 
3 for corn, having a productive potential of 90 to 110 bushels, but they are 
in class 2 for alfalfa hay production. 

Approximately 400 acres of the farm lie along the floodplain of the James 
River. 'fhese soils att! silt loam, mostly of the Monocan classification. Mon
acan soils are class 2 soils, having a productive potential for corn of 110 to 
135 bushels per acre. The Fishers have invested nearly $600 per acre in a 
drainage tile system on 200 acres of river bottom ground now being used 
for crop production. The Monacan soils have less than a 2 percent slope. 

· t 2 rest of the farm is considerably more hilly. Appro~dmately half of this 
acrt!age is in woods that have slopes in the D and E category (12 to 25 
percent slope) (Cook, 1962). This land is composed primarily of Louisburg 
soils. Much of the woodlands are fenced for cattle. The resi of the farm, 
which lies on the Piedn1ont Plateau, is composed or primarily Madison
type soils having B (2 to 6 percent) and C ~6 to 12 percent) slopes. 

Before the Fishers took over the farm, most of this land, over 800 acres, 
was conventionally farmed. Soil erosion on the more hilly ground was 
estimated to have exceeded 30 tons per acre; on sonle of the less sharply 
sloped ground, erosion was estimated at 15 to 20 tons per acre. Corn yields 
on these upland soils rarely averaged over 80 bushels per acre during good 
years, and the yield was half that during dry seasons. 

Through strip cropping and converting much of the highly erodible land 
to permanent pasture and hay ground, and through the use of no-tillage 
planting equipment, the Fishers have been able to cut soil erosion to 4 tons 
per acre. Sandy Fisher has been a leader in the use of no-tillage equipment 
and conservation measures in the county and state. By shifting from con
ventional row-crop farming to a more sound, conservation-oriented opera-
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tion with prin1ary emphasis on forage and livestock production, the Fishers 
have ;ignificantly reduced the rate ot soil erosion. 

Inri~:!~d, the Fishers take a keen interest: in their soils. They regularly have 
all of tht;h· fields soil-tested by the Brookside Farm Laboratory Association, 
whic~ tests ann~ally for nitrogen, sulfate, phosphate, calcium, magnesium, 
potassium, sodiunl. zinc, and boron. 

The Sabot Hill Far~ also includes a custom lime-spreading con1pany, 
which spreads about 5,000 tons of lime per year on various other farms at 
$21.00 per ton. Because thef own this company, the Fishers apply lime on 
their farm more frequently than !""lost other farmers in the area. They also 
lime their pastures whenever necessary to maintain a soil pH of about 6.5. 

lrra~atlon 

The Fishers currently irrigate 75 to 17~ "::-res co! corn usinb a movable, self
coiling. single-head sprinkler gun. The moving gun sprinkler attached to 
the 6-inch retractable hose line can be extended 800 feet. The gun can 
irrigate a 280-foot-diameter field, pumping 600 gallons per minute. The 
pumping station is a movable 100-hcrsepower air-cooled engine with a 4 x 
4 pump, burning fron1 2.5 to 3 gallons of diesel fuel per hour. The irrigated 
ground receives two applications of water at 2 inches each time. 

Normal annual precipitation in the area is 42.6 inches of moisture, nearly 
allot which is in the form of rain (Table 3). The Fishers' irrigated corn crop 
on 75 acres yielded 165 bushels per acre during a severe summer drought 
in 1986; their nonirrigated bottomland corn crop yielded 100 bushels per 
acre that year. 

Buildings and Facilities 

The Sabot Hill Farm has an extensive set of buildings and facilities. There 
are over 20 house::; on the farm, half of which house employees; the rest are 
!'ented out. 

The inventory of equipment lnd machinery is extensive. The farm has a 
well-equipped modern shop in which much of the machinery is overhauled. 

MANAGEMEINT FEATURES 

Crop Rotations 

When the Fishers tool-.. over the management of this farm 9 years ago 
(they had spent more than 7 years previously farming and ranching in 
Colombia), the farm was planted with nearly 300 acres of corn and 200 acres 
of soybeans. Herbicide expenses for these crops were more than $26,000 
annually, much of which was spent to control Johnsongrass in the cropland 
along the river. The farnt was using EPTC plus R-25788 on 500 acres of 
cropland, applying 1 gallon of active ingredient per acre at $40.00 per 



TABLE 3 Normal Daily Temperatures and Monthly Precipitation at Richmond, Virginia 
Normal Daily Normal 
Temperature (°F) Normal Degree Days Precipitation 

Monthly Days With 
Month Maximum Minimum Average Heating Cooling Inches 2:0.01 Inches 

january 47.4 27.6 37.5 R53 0 2.86 10 
February 49.9 28.8 39.4 717 0 3.01 9 
March 58.2 35.5 46.9 569 8 3.38 11 
April 70.3 45.2 57.8 226 10 2.77 9 
May 78.4 54.5 66.5 64 111 3.42 11 
June 85.4 62.9 74.2 0 276 3.52 10 
July 88.2 67.5 77.9 0 400 5.63 11 
August 86.6 65.9 76.3 0 350 5.06 10 
September 80.9 59.0 70.0 21 171 3.58 8 
October 71.2 47.4 59.3 203 27 2.94 7 
November 60.6 37.3 49.0 480 0 3.20 8 
December 49.1 28.8 39.0 &06 0 3.22 9 

Average annual 68.8 46.7 57.8 Average annual total 3,939 1,353 42.59 113 

NOTE: The normal daily maximum by month is the average of each day's (midnight to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daily minimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal mon'i:hly temperature is the average of the normal daily maximum and minimum temperatures for thllt month. The 
normal degree days heating are the sums of the negative departures of average daily temperatures from 65°F. The normal degree dayr; cooling are the 
sums of the positive departures of average daily temperatures from 65°F. To calculate the normal degree days heating or cooling, multiply the 
difference between 65°F and i:he normal monthly temperature by the number of days in the month. The normal monthly precipitation is the average of 
the inches of precipitation for that month from 1941 to 1970. 

SOURCE: National Oceanic ;-nd Atmospheric Admin:stration. 1980. Climates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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gallon, for a total of $20,000; in addition, the farm spent approximately 
$5.00 per acre to prepare the land and apply the chemicals. 

The Fishers said that when they first took over the farm, they tried many 
herbicides, especially EPTC plus R-25788, but the effectiveness of the her
bicides appeared to be decreasing. The conclusion they reached was that 
either the Johnsongrass on the farm was building up a tolerance to the 
chemical or the organic matter in the soil was tying up the chemical. 

Faced with this realization, the Fishers decided to change their primary 
goal from that of cash grain farming to forage production and to alter the 
farm's cropping system. Their experience in South America led them to 
believe that there might be some value in intensively haying Johnsongrass, 
especially if it could be interseeded with a legume. With this in mind, their 
focus shifted from trying to eliminate Johnsongrass by spraying to accepting 
it as a part of the forage mix. The mair :.nanagement strategy changed to 
one of maxilnizing the amount of food and feedstuff the farm could produce 
with a minimum of purchased inputs. 

Today, the farm's acreage in corn and soybeans has been cut to 175 and 
150 ac:-es, respectively, and the chemical bill has been reduced to around 
$6,000 per yPar, a savings of $20,000. Most of the corn and soybeans are 
still sold on the cash grain market, but the focus of the Fishers' production 
and marketing strategy is now trained more intensively on getting as much 
feed value as possible from pasture for the cattle and selling roughage to 
the farm's neighbors. The feeding values of Johnsongrass and other species 
are given in Table 4. 

The farm has a complete complement of haying equipment. But the key 
piece of equipment that assisted the switch in cropping systems was the 
purchase of a no-tillage grain drill. By using no-tillage planting, the Fishers 
avoid the high cost and severe erosion that would result from the tillage of 
pastureland prior to planting. No-tillage planting makes pasture renovation 
economically feasible. The farm currently owns two no-tillage drills. The 
drills, which cut easily through heavy corn stubble or heavy soil on pasture
land, are heavy (5 tons when loaded) and are equipped with 14-inch hy
draulically operated coulters. 

Although the rotational system varies for different arf'as of the cropland, 
the Fishers use two main rotations on various fields: a 2-year rotation of 
com, hay, and soybeans with three crops in 2 years; and a 3-year rotation 
of corn, hay, and hay-soybeans. In the 2-year rotation, the Fishers plant 
corY1 in early spring and harvest it in September or October. They drill a 
millet-pea-rye mixture into shredded corn stubble around October 15 and 
harvest two cuttings of hay the following spring before drilling soybeanc; in 
July. They plant corn in the spring (in conventional38-inch row centers with 
a high plant population of 26,000 seeds per acre) on 175 acres of bottomland 
in fields from 20 to 40 acres in size that are plowed and disked before 
planting. The Fishers use a corn variety that requires 115 days from planting 
to maturity. This cultivar is resistant to viruses carried by the Johnsongrass 
but produces yields of from 10 to 15 percent less than other cultivars that 
do not have this resistance. 
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TABLE 4 Feeding Value for Ruminants of Selected Plant Species on Sabot Hill 
Farm (in Eercent) 

Total Total 
Dry Crude Digestible 

Roughage Matter Protein Nutrients Calcium Phosphorus 

Dry 
Alfalfa and bromegrass 89.3 13.3 46.0 0.74 0.24 

hay 
Alfalfa hay (all 90.5 18.4 54.0 1.33 0.24 

analyses) 
Johnsongrass hay 89.0 8.5 48.0 0.87 0.26 
Millet hay (foxtail 87.0 7.5 51.0 0.29 0.16 

varieties) 
Mixed hay (good)-less 88.0 8.4 49.8 0.61 0.18 

than 30% legumes 
Orchard grass hay 89.0 13.4 58.0 0.35 0.32 

(early cut) 
Pasture grasses and 90.0 20.3 66.7 0.58 0.32 

clovers (mixed, from 
closely grazed fertile 
pastures; dried, from 
Northern states) 

Pearl millet hay 87.2 7.0 49.8 
Soybean hay (good, all 91.0 15.7 52.0 1.15 0.24 

analyses) 
Sudan grass hay (all 91.0 7.3 51.0 0.50 0.28 

analyses) 
Green 

Cabbage, entire 9.4 2.2 8.1 0.06 0.03 
Clover/mixed grasses, 27.3 3.0 18.9 0.16 0.08 

hay stage 
Corn fodder, dent (all 30.0 2.5 21.0 0.09 0.08 

analyses) 
Johnsongrass pasture 25.0 5.2 15.6 0.22 0.07 
Orchard grass pasture 23.0 4.3 17.0 0.14 0.12 
Pearl millet pasture 21.0 1.8 13.0 
Soybeans and pearl 24.5 4.2 15.9 

millet pasture 
Turnips, roots 9.0 1.1 7.8 0.06 0.02 
Turnips, tops 15.0 2.0 10.8 0.49 0.06 

NOTE: A dash indicates that data are not available. 

souRCES: Morrison, E B. 1949. Feeds and Feeding, 21st ed. Ithaca, N.Y.: Morrison Publishing 
Company. National Reseatch Council. 1982. United States-Canadian Tables of Ft!ed Composition, 
3d. rev. Washington, D.C.: National Academy Press. 

The Fishers also broadcast up to 500 pounds of nitrogen, phosphorus, 
and potassium (NPK) per acre in a 20-20-20 mixture and chisel the soil 11 
to 12 inche:; deep before planting. After planting, they apply 2.5 pints of 
atrazine and 1 gallon of EPTC plus R-25788 with 60 pounds N over the top; 
they apply an additional 30 pounds N as a side-dressing at 50 dPys just 
after planting. 
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Hay follows corn in both the 2- and 3-year rc~ations. Various millets 
(German and pearl) are no-tilled into the grouad along with black-eyed 
peas (or Austrian winter peas) and rye. These pJa'1tings are usually done 
after October 15, as soon as the corn is harvested. No fertilizer or herbicides 
are used. The planting rate is one bushel of rye, one-half bushel of winter 
peas, and one-half bushel of millet per acre. The total seed cost is less than 
$20.00 per acre. The Fishers claim that this mixture provides an excellent 
cattle feed. Peas provide 14 to 15 percent protein, and millet provides 5 to 6 
percent. Using this mixture, about 147 tons of round bales were harvested 
in 1986 in two cuttings from 50 acres (or 2.9 tons per acre). 

Depending on the weed populations, hay can be cut until fall, and an
other cutting can be harvested the following spring before no-tillage plant
ing of soybeans. Alternatively, the hay can be cut only twice, and then no
till soybeans can be planted in July. If there are too many weeds, especially 
Johnsongrass, the Fishers will keep the field in hay for another year before 
planting soybeans. In this case, they will redrill the hay mixture in the fall. 
If Johnsongrass is relatively sparse, howev~r, they wil1 drill soybeans after 
the second hay cutting in May, no-tillage planting the soybeans in 7-inch 
rows. If weeds become a problem in the field, they may harvest the soy
beans along with the weeds as a hay crop. The Fishers normally do not 
apply herbicides to soybeans. 

In summary, the unique feature of the Fishers' cropping system is their 
view l1f Johnsongrass and other weeds: they no longer focus on trying to 
eliminate them but instead cultivate them as sources of feed for the livestock 
operation. In learning more about Johnsongrass-especially its feed value 
and how it gr< ,ws-the Fishers have developed the strategy of interseeding 
millet and various legumes in infested fields and putting ground with 
limited potential for row crops back into productive use. 

They chose millet because it competes well with Johnsongrass and has 
comparable feeding value (see Table 4). Even fields heavily infested with 
Johnsongrass can eventually be made to produce: the grass can be har
vested as hay three or four times for a year or two to weaken its root system, 
which makes it easier for grains or soybeans to grow there in subsequent 
years without herbicides. By incorporating Johnsongrass into a hay crop, 
the Fishers derive economic benefit from land that would otherwise have 
little value. (Similar land infested with Johnsongrass rents for as little as 
$5.00 to $10.00 per acre.) 

Last year the Sabot Hill Farm sold about 1,500 tons of regular bales of hay 
as well as about 600 tons of large round bales. Forage yields per acre vary 
considerably depending on whether the hay ground is harvested only twice 
and then planted with soybeans or whether it is hayed all season long. 

Pasture Renovation and lnterseedlng 

By using a no-tillage planter the Fishers estimate that they have more 
than doubled the productive capacity of many of their pastures. For seed 
costs of under $20.00 per acre (plus a cash operating cost for planting of 
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less than $5.00 per acre), they have been able to field-graze their cattle until 
February, compared with grazing only until September or October for un
improved pasture. This extension permits them to sell most of their round 
bale hay crop to neighbors short on feed, thus increasing the farm's profits. 

The following outlines a typical approach to pasture renovation at Sabo~ 
Hill. After the pastures have been grazed down around September 1, the 
Fishers drill in 1 bushel to the acre of wheat, barley, or rye, mixed with 0.5 
bushel of Austrian winter peas. They also recommend including 10 to 20 
pounds of orchard grass or some endophyte-free fescue per acre. According 
to Sandy Fisher, fall is the best time to lime and fertilize, if necessary, 
because the slots created by the no-tillage drill allow the lime to penetrate 
the soil more easily. After seeding, animals are l<ept off the pasture until 
late fall and then are allowed to graze it dov.rn two or three times during 
the winter and early spring. 

The Fishe1.·s have also tried other methods such as no-tillage planting of 
bluestem grass (which is native to Kansas) into fescue pasture, allowing it 
to grow throughout the summer and fall, and then letting the cattle graze 
it in March. By using a combination of pasture renovation methods, thP. 
Fishers find it possible to graze their cattle throughout the year, r~quiring 
little supplemental feeding n1ost years. 

The Fishers maintain that by using this system approximately every 2 to 
3 years, they enhance the fertility of the pasture for subsequent years. They 
observe that the vigorous growth of the small grain root systems actually 
serves much like a shallow subsoiling, loosening up the sod to allow inl
proved water penetration. They believe that the animals also get improved 
nutrition from the seeded crop (compared with unimproved pasture). 

In other areas of the farm a similar method is followed using oats and 
turnips. The Fishers drill oats at a rate of 0.5 bushel per acre and turnips at 
a rate of 1 pound per acre. Turnips provide valuable feed and improve the 
condition of the soil (see the BreDahl case study). The key to success with 
this practice is to fertilize the crop heavily, promoting vigorous growth (10 
to 14 inches high); graze it quickly with a large number of cattle; and then 
rotate the stock off so that regrowth can take place. The Fishers are also 
considering seeding broccoli in place of turnips on the pastures to take 
advantage of broccoli's fast vegetative growth and its cal-'·~ :ity to withstand 
light frosts. 

An added benefit of the Fishers' system is that because the beef cattle are 
on pasture constantly, the pastureland requires no manure handling except 
dragging (with a section of chain-link fence) every few months. The Fishers 
clip some of the fields for weeds, but they look on such practices as an 
indication of a failure in pasture management. 

Cattle 

The farm is currently running 500 he~d of cattle. Of that number, 300 are 
cows bred to calve from September through November 15. The Fishers 
breed for calving in the fall to avoid labor shortages that might be incurred 

I 
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in spring calving. It is also believed that cooler fall temperatures minimize 
pest problems for the newly born animals. The Fishers keep the calves until 
the following fall and then sell them as stockers weighing 750 to 800 pounds. 

The farm's predominant breeds are Black Angus and Hereford. The Fish
ers prefer the F1 generation cross between the Hereford and the Angus, 
which produces Black Baldies, and plan to keep heifers from this cross as 
replacement cows. They are also considering what breed of bulls would be 
best to cross back to these cows; at present, they are trying out two Brah
man or Zebu bulls. 

Feeder calves do not get a grain supplement but are allowed to graze on 
the farm's improved pastures, which have been interseeded with various 
legumes and grains. The calves' primary healtn problems have been pink
eye and lumpjaw. They receive a complete set of shots for various bovine 
diseases. 

V\'hen ready for sale, the cattle are sorted into 60-head trailer loads and 
sold in Lancaster, Pennsylvania, which is more competitive than the local 
market, justifying the additional cost of shipping the animals. As of July 
1986 the cattle sold by the Fishers brought an average of $0.58 per pound 
liveweight for heifers and steers combined, or about $450.00 per head. 

PERFORMANCE INDICATORS 

Envlronmenta' Impact 

The Fishers are deeply committed to soil conservation practices and are 
willing to experiment with new methods. They try to use as few purchased 
inputs as possible on their farm to maximize the land's potential without 
harming the soil or polluting the environment. During the interview for 
this study, Sandy Fisher, who is president of the Virginia Soybean Produc
ers Association and a member of the local soil and water conservation 
district board, observed that in Goochland County, few farmers are willing 
to cut back on corn because they are reluctant to lose their corn base, on 
which corn price support payments are computed. 

What the Fishers have accomplished on their farm is similar to the goals 
established by the Conservation Reserve Program in the 1985 Farm Bill, 
which is designed to take highly erodible land out of row-crop production. 
Ironically, early innovators such as the Fishers, who have already achieved 
this goal, are not eligible for government payments on the acreage that they 
have voluntarily removed from the production of price-supported crops. 

Financial Performance 

Cost and returns data for the Sabot Hill Farm are not available for pres
entation in this case study. Yet some generalizations can be made. Cash 
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operating costs are low in comparison with those of farms dependent on 
purchased feed, and the Fishers have reduced their herbicide costs by about 
$20,000 through cultural practic~s. The farm's acreage is large in relation to 
th~t of other farms in the county. The relatively large size of the farm may 
provide the Fishers with enough economic stability to experiment with 
alternative production systems. Finally, the farm is a diversified operation, 
with its primary sources of revenue being the sale of stocker cattle and hay, 
with some income from the sale of corn and soybeans. 

REFERENCE 

Cook, R. L. 1962. Soil Management for Conservation and Production. New York: Wiley. 
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CASE STUDY 

4 
A Mixed Crop and Livestock Farm 

in Pennsylvania: 

Tr1e Kutztown Farm 

J HE KUTZTOWN FARM is a 305-acre mixed crop and livestock farm located 
near Kutztown in east-central Pennsylvania. The farm is located in 

Berks County, which has some large cash grain farms and many family
operated crop and livestock farms and is among the top five counties in the 
state for crop production and agricultural cash receipts. The principal source 
of income on the case farm is a beef-feeding operation; most of the crops 
grown on the farm are used to support this enterprise. 

The farmland consists of rolling hills with some bottomland broken down 
into 98 fields averaging about 3.4 acres (Figure 1). Most of these fields are 
laid out on the contour, commonly in strips 100 to 200 feet wide. Soil pH, 
nutrient levels, and physical conditions are measured prior to selecting the 
crops each year. The 98 individual fields g;.ve the farmer great flexibility in 
fitting the crops to the conditions of each field (Culik et al., 1983). 

The family owns 72 acres and has rented about another 173 acres from 
the Rodale Research Center since 1973; the family also rents 60 acres from 
neighbors. In comparison, the average cropland harvested per farm in Berks 
County during 1982 was 105 acres. 

GENERAL DATA 

Rodale Research Center scientists (Culik et al., 1983) studied the Kutz
town Farm over a 5-year period, presenting their work in such a way as to 
protect the privacy of the Mennonite family that operates it. This farm is 
probably the most thoroughly studied alternative farming operation in the 
country. Reports on it have appeared in numerous publications, and it has 
been the subject of extensive comparisons with state and county average 
production. One Ph.D. dissertation in agronomy (Wegrzyn, 1984) and two 
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FIGURE I Farming operation including home farm and rented land near Kutztown, 
Pennsylvania, in 1978, 1979, and 1980. SOURCE: Wegrzyn, V. A. 1984. Nitrogen Fertility 
Management in Corn-A Case Study on a Mixed Crop-Livestock Farm in Pennsylvania. Ph.D. 
dissertation, The Pennsylvania State University, University Park. 

M.S. theses in agricultural economics (Dabbert, 1986; Domanico, 1985) have 
been completed at The Pennsylvania State University using data obtained 
frcm this fann. This case study draws heavily on past research and recent 
interviews with the director of the Rodale Research Center at the time. 

The family raises all the grain, hay, and silage used on the farm. Most of 
the farm's crops are used for feed and bedding, although the farmer sells 
some alfalfa and red clover hay. In adrl.ition to providing income, these 
crops are grown to balance rotations and enhance soil fertility. In recent 
years the family has increased the acreage of grains and reduced hay acre
age. The livestock operation main!y involves finishing purchased beef cattle, 
but the family also raises hogs and laying hens. All livestock and other 
products of the farm are sold through conventional market channels 
(TabJ~ 1). 

Acreages were distributed as shown in Table 2 from 1978 to 1982 and in 

I 
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TABLE 1 Summary of Enterprise Data for the Kutztown Farm 
Category Description 

Farm size 
Labor and 

management 
practices 

Livestock management 
practices 

Marketing strategies 

Weed control practices 

Insect and nematode 
control 

Disease control 
practice-s 

Soil fertility 
management 

Irrigation practices 
Crop and livestock 

yields 
Financial performance 

305 acres, 250-290 beef cattle 
This is a family-operated farm with one full-time hired man and 

occasional help from relatives. Th~re are complex management 
duties becau;;;e of the diversity of the enterprise. The father 
manages ~he beef enterprise; his son manages crop production 
and machinery maintenance. The variety of crops grown on the 
farm results in a relatively even distribt.,tion of labor needs 
throughout the year. 

Feeder cattle are purchased from Virginia. They are fed corn, 
silage, hay, roasted soybeans, and small grain supplements. The 
size of the hog herd varies from 50 to 250, depending on the 
prices of feeder and finished hogs. 

Beef and hay are sold through conventional markets; no premium 
prices are obtained for alternative farming methods. 

Crop rotations and multiple cultivations of row crops are used. 
Imported chicken manure (r.ot composted) is a suspected source 
of weed seeds. Rain at cultivation time often results in poor 
weed control. Herbicides are applied to approximately 45 
percent of the land. 

Pest build-up is avoided in field cmps by rotation. There are no 
reported insect problems in animai operation. 

The farmer uses prophylactic application of sulfa-type drugs to 
purchased beef feeders while in quarantine immediately after 
purchase. 

A variable rotation with corn, soybeans, small grains, and hay is 
used. Manure (10 tons/acre) is applied twice in a 5-year rotation; 
on-farm beef manure and imported chicken manure are used. 
Starte" fertilizer is applied to corn in proportions of 3.6 pounds 
N, 7.2 pounds P, and 3.6 pounds K per acre once in aS-year 
rotation. 

None 
Crop yields exceed county averages for soybeans, hay, wheat, and 

corn grain; yields are lower for corn silage and rye. 
Expencl itures for fertilizers and agricultural chemicals per acre are 

substantially below county averages. Investment in machinery is 
very low because of the age of the equipment; repair costs are 
high (mostly for parts). Economic analysis indicates the 
Kutztown Farm is somewhat less profitable than a comparable 
conventional farm. 

1986. Corn silage is the most prevalent crop, currently occupying 29.5 per
cent of the land; another 26.2 percent is used for hay production. 

Climate 

The county has a fairly moderate, humid continental climate. Average 
annual precipitation is 42.5 inches (Table 3); it is normally well distributed 
throughout the year (2.8 to 4.4 inches per month) with the most monthly 
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TABLE 2 Kutztown Farm Crop Acreages, 1978-}982 and 1986 
Acreage, 1978-1982 Percentage of Total 

Crop Range Mean Acreage, 1986 1978-1982 1986 

Hay 
Alfalfa 30-63 51.7 40 17.6 13.1 
Red clovera 32-70 45.9 40 15.6 13.1 

Subtotal 97.6 80 33.3 26.2 
Small grains 

Barley 9-36 18.1 20 6.2 6.6 
Oatslr 13-29 20.9 20 7.1 6.6 
Rye 17-26 23.4 30 8.0 9.8 
Wheat 8-34 23.2 20 7.9 6.6 

Subtotal 85.6 90 29.2 29.5 
Row crops 

Corn, grain 14-30 25.0 20 8.5 6.6 
Corn, silage 52-78 63.9 90c 21.7 29.5 
Soybeans 14-42 21.8 25 7.4 R.2 

Subtotal 110.7 135 37.5 44.3 
Total 293.9 305 100.0 100.0 

~Red clover hay includes other hay. 
bOats includes spring barley and oat mix. 
'60 acres high-moisture ear corn plus 30 acres regular silage. 

souRcE: Culik, M. N., ). C. McAllister, M. C. Palada, and S. L. Rieger. 1983. The Kutztown Farm 
Report: A Study of a Low-Input Crop/Livestock Farm. Regenerative Agriculture Library Technical 
Bulletin. Kutztown, Pa.: Rodale R('search Center. 

precipitation occurring in July and August. During the su1nn1er, precipita
tion of 0.1 inch or more occurs on an average of 10 days per month. 

Maximun1 daily temperatures in nearby Allentown range from 35.7°F in 
January to about 85.4°F in July. Minimum mean daily temperatures range 
from 19.8°F in January to 62.7°F in July. Culik et al. (1983) report that the 
average growing season is 194 frost-free days. 

PHYSICAL AND CAPIYAL RESOURCES 

Soli 

Most of the farm's cropland is on steep, shaley hills, with slopes of up to 
25 percent that are somewhat eroded from past cropping. The surface of 
the soil is covered with flat, shaley pebbles. The soils are of shale, silt loam, 
sandstone, gneiss, and limestone origins (Table 4). The Berks and Weikert 
soil series are inceptisols, and the Fogelsville and Ryder soils are alfisols. 
Their productive capacity depends on their age and weathering status. 

The predominant soil type (on nearly two-thirds of the farm) is Berks 
shaley silt loam soil described as moderately deep, well-drained, medium
textured, shaley soils that have formed in material weathered from gray 



TABLE 3 Normal Daily Temperatures and Monthly Precipitation at Allentown, Pennsylvania 
Normal Daily Normal 
Temperature (°F) Normal DegTee Days Precipita~i~n 

Monthly l.Jays With 
Month Maximum Minimum Average Heating Cooling Inches 2::0.01 Inches 

January 35.7 19.8 27.8 1,153 0 3.02 11 
February 37.9 20.9 29.4 997 0 2.78 10 
March 47.7 28.5 38.1 834 0 3.61 11 
April 61.3 38.5 49.9 453 0 3.79 11 
May 71.7 48.4 60.1 190 38 3.78 12 
June 81.0 57.9 69.5 21 156 3.47 11 
July 85.4 62.7 74.1 0 282 4.36 10 
August 82.8 60.6 71.7 6 214 4.18 10 
September 75.9 53.4 64.7 85 76 3.59 9 
October 65.6 42.5 54.1 344 6 2.73 8 
November 51.7 32.8 42.3 681 0 3.59 10 
December 38.7 22.6 30.7 1,063 0 3.59 11 

Average annual 61.3 40.7 51.0 Average annual total 5,827 772 42.49 124 

NOTE: The normal daily maximum by month is the average of each day's (midnight to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daiJy rrtinimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal monthly temperature is the average of the normal daily maximum and minimum temperatures for that month. The 
normal degree days heating are the sums of the negative departures of average daiJy temperatures from 65°F. The norma1 degree days cooling are the 
sums of the positive departures of average daily temperatures from 65°F. To calculate the normal degree days heating or cooling, multiply the 
difference between 65°F and the norma] monthly temperature by the number of days in the month. The norrnaJ monthly precipitation is the average of 
the inches of precipitation for that month from 1941 to 1970. 

SOURCE: National Oceanic and Atmospheric Administration. 1980. Clin,ates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 

N 

8 



THE KUTZTOWN FARM 

TABLE 4 Soil Types on Kutztown Farma 

Soil Type 

Berks shaley silt loam 
Fogelsville silt loam 
Ryder silt loam 
Weikert-Berks shaley silt loam 
Otherb 

Total 

Number 
of Fields 

61 
25 
5 
4 
3 

98 

Acres 

193.4 
76.0 
17.1 
9.5 
9.2 

305.2 

aNumber of fields and total aueage vary slightly from year to year. 
bOther includes 5.5 acres of Litz shaley silt loam and 4.2 acres of Melvin silt loam. 
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Percentage 
of Total 

63.4 
24.9 
5.6 
3.1 
3.0 

100.0 

souRCE: Culik, M. N., ). C. McAllister, M. C. Palada, and S. L. Rieger. 1983. The Kutztown Farm 
Report: A Study of a Low-Input Crop/Livestock farm. Regenerative Agriculture Library Technical 
Bulletin. Kutztown, Pa.: Rodale Research Center. 

shale and siltstone. These soils are gently sloping to very hilly (Culik et al., 
1983). The soils are easily tillable, with a topsoil horizon usually about 9 
inches thick and a subsoil extending to about 24 inches. They have a low 
available moisture capacity and are very prone to drought. Soil erosion is a 
moderate hazard, and crop rotations that feature frequent row crops (corn 
or soybeans) are not recommended. 

The Fogelsville soil series (on about 25 percent of the farm) is described 
as "deep, well-drained, nearly level to sloping silty soils that have formed 
in material weathered from shaley limestone or cement rock" (Culik et al.. 
1983). These soils are Aasily tilled and also easily eroded, with topsoil about 
8 inches thick and a suostratum extending to about 38 inches. 

The farm contains 17.6 acres of highly erodible land with over 11 tons of 
potential soil erosion per acre. At the other extreme, 31.7 acres have an 
erosion potential of less than 3 tons of soil erosion per year (Table 5 and 
Figure 2). The average soil erosion for the entire farm is estimated as 4.5 
tons per acre per year (Culik et al., 1983). 

Buildings and Facilities 

One large barn houses the farm's cattle and hogs. The beef barn includes 
a quarantine area in which purchased feeder stock are kept for 3 to 4 weeks 
before they are housed with the other beef animals. Chickens are kept in a 
small chicken house. There is also a machine shed and a shop where the 
farmer repairs the machinery. 

Machinery 

The farm uses conventional tillage and frequent cultivation, averaging 
eight machinery operations per field per year. Because the farmer is so 
expert mechanicaily, he is able to use oider equipment and keep it repaired. 
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TABLE 5 Kutztown Farm Estimated Soil Erosion, Based on Segments of the 
Farm, 1978 -1982 

Segments 
Number 
of Acres 

Estimated 
Soil Loss 
(tons/ acre/year) 

1 8.8 11.27 
2 18.0 4.00 
3 8.8 13.84 
4 8.2 6.61 
5 44.3 3.64 
6 11.2 0.77 
7 12.6 6.79 
8 46.3 4.00 
9 37.0 3.32 

10 12.2 3.19 
11 28.9 4.94 
12 44.1 4.77 
13 20.5 2.67 

Total 295.9 Farm average 4.53 

souRcE: Culik, M. N., J. C. McAllister, M. C. Palada, and 5. L. Rieger. 1983. lhe Kutztown Farm 
Report: A Study of a Low-Input Crop/Livestock Farm. Regenerative Agriculture Library Technical 
Bulletin. Kutztown, Pa.: Rodaie Research Center. 

He is also able to adapt or fabricate parts of equipment, a talent shared by 
many other successful alternative farmers (see the Ferrari and Coleman case 
studies). 

The farm's 1982 machinery inventory included six tractors and a combine, 
plus equipment for planting, cultivating, haying, making silage, and 
spreading manure, with a total market value of about $67,000. (Purchased 
new, an inventory like this--which would not ordinarily be found on a farm 
of this size-would have cost more than $286,000 in 1982.) Because of the 
age of the equipment, depreciation and other costs of ownership are lower. 
However, this cost saving is somewhat offset by repair costs (replacement 
parts, engines, and so forth) and losses that result from a lack of timeliness 
of operations when the aging machinery breaks down. Although available 
data do not permit direct comparisons of the machinery inventory on the 
Kutztown Farm with that of a comparable farm using conventional prac
tices, it is clear that this farmer is substituting his mechanical craftsmanship 
(in repairing old machinery) for the capital that would be needed to pur
chase newer equipment. 

The timeliness of field operations is critical on farms. Equipment age and 
other factors influence the timely completion of operations. Machinery 
breakdowns occur on the Kutztown Farm. Usually, however, the farmer can 
quickly fix the problem. Back-up tractors are available when needed. Equip
ment and labor needs are divided among eight crops produced during a 
9-month period (March through November); consequently, the demand on 
equipment is spread 'Jut. This means that, when a-certal.n piece of equip-
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FIGURE 2 Kutztown Farm segments for erosion calculations. Segmented according to 
relatively uniform sod type and slopes. SOURCE: Culik, M. N., J. C. McAllister, M. C. Palada, 
and S. L. Rieger. 1983. P. 30 in The Kutztown Farm Rerort: A Study of a Low-Input Crop/ 
Livestock Farm. Regenerative Agriculture Library Technical Bulletin. Kutz\own, Pa.: Rodale 
Research Center. 

ment breaks down, it can be repaired while minimizing production losses 
(Culik et al., 1983). The machinery inventory is much th~ same in 1986 as it 
was in 1982. 

MANAGEMENT FEATURES 

Labor 

The farm is operated primarily by the farmer with one full-time hired 
man and occasional help from his wife and other family members or other 
relatives as necessary. Since 1978, and particularly in recent years as the 
father's health has declined, the son in the family has taken on the primary 
role of managing and producing the crops and repairing and operating the 
farm equipment and machinery. For the purposes of this report, the son is 
considered the farmer; his father now focuses primarily on managing the 
beef feedlot. Culik et al. (1983) measured crop labor input during the 1982 
season (Table 6). These dat& tnay or may not represent average labor input 
in other years. Nevertheless, labor is distributed much more evenly 
throughout the year, largely because of the variety of crops grown. 
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TABLE 6 Kutztown Farm Labor Requirements, 1982 
Hours/ Acre/Season 

March- June- September- December-
Crop May August November February Total 

Alfalfa hay 0.0 8.0 3.0 0.0 11.0 
Barley 0.0 7.2 2.8 0.0 10.0 
Corn, grain 1.6 1.1 3.0 a.o 5.7 
Com, silage 1.6 1.1 3.0 0.0 5.7 
Red clover hay 0.0 8.0 0.0 0.0 8.0 
Rve" 0.0 7.2 2.8 0.0 10.0 
Soyb~ans 1.6 1.1 1.5 0.0 4.2 
Spring barley/oats 1.8 7.2 1.0 0.0 10.0 
Wheat 0.0 7.2 2.8 0.0 10.0 

aNo budget for rye is given (Dum et al., 1977). Labor requirements for rye are dssumed to be the 
same as those for barley. 

souRCES: Culik, M. N., J. C. McAllister, M. C. Palada, and S. L. Rieger. 1983. The Kutztown Farm 
Report: A Study of il Low-Input Crop/Livestock Farm. Regenerative Agriculture Library Technical 
Bulletin. Kutztown, Pa.: Rodale Research Center; Dum, S. A., EA. Hughes, J. G. Cooper, B. W. 
Kelly, and V. E. Crowley. 1977. The Penn State Farm Management Handbook. University Park, 
Pa.: College of Agriculture, The Pennsylvania State University. 

Culik et al. (1983) estimated that the Kutztown Farm's labor requirements 
exceeded those of conventional farms by 10 to 30 percent. Comparable data 
for conventional farms are not available, however. The labor requirements 
in Dum et al. (1977), which have been used for such estimates, are kn v1n 

to be obsolete and inaccurate (V. Crowley, Penn State University Farm Mdl

agement Extension Director, interview, 1987). 

Tillage and Crop Rotations 

\A/hen the family first began farming the Rodale land in 1973 (on a special 
lease requiring that agricultural chen1icals not be used and other manage
ment provisions), the yields were described by the farmer's father as disas
trous for several years (interview, 1982). No crop yield data are available 
from that phase of the operation. Beginning in 1978, however, detailed yield 
inforn1ation was collected by the staff of the Rodale Research Center for 5 
years. The farmer recalls that crop yields were "very low until after the first 
plow-down of a legume," when yields increased substantially. He observed 
another increase in yields following the second plow-down of a legume (the 
second rotation), but since then yields have not increased with subsequent 
plow-downs. 

Crop production on the Kutztown Farm includes alfalfa and red clover 
hays, barley, oats, rye and wheat, com for grain and silage, and soybeans. 
The acreag,es planted in each of these crops varied during the study period, 
but the cropland usually was apportioned into about one-third hay, one
third small grains, and one-third row en ps (corn and soybeans) (see Tabie 
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2). Currently, the farmer has increased the farm's corn acreage to about 36 
percent and decreased its hay acreage in part because he became aware that 
nitrogen availability was more than adequate (Wegrzyn, 1984) and in part 
because of the declining price of hay. (Hay prices were reported to be $70.00 
per ton in 1985, compared with $110.00 per ton during the period from 
1978 to 1982 covered by the Culik study.) With the exception of the hay 
crops, all of the crops are used for the livestock raised on the farm. From 
1978 to 1982, approximately two-thirds of the hay was sold off the farm; 
today, that proportion has dropped to one-half. The farmer uses certified 
seed for most crops, although occasionally he uses some home-grown red 
clover, timothy, small grains, or soybean seeds. 

Culik et al. (1983) report that during their study a complex crop rotation 
was used throughout the farm that involved the consideration of many 
factors before a crop was selected for an individual field. The standard 
cropping sequence included small grains used for establishing leguminous 
hay crops, followed by corn, soybeans, or more corn, and, again, small 
grains. The hay crops included alfalfa, alfalfa-timothy, red clover, or mixed 
species. 

The farmer generally keeps hillsides in alfalfa hay in longer rotations, with 
shorter rotations used on the less sloping fields. During the Culik study, 
the species used for hay included pure alfalfa, pure dover, and alfalfa or 
clover seeded either with timothy or bromegrass. Currently, only alfalfa or 
a tnix of red clover and timothy is used. 

The farm's use of different hay crops has been a deliberate management 
strategy to spread out the harvest dates, thus avoiding the need to hire 
additional labor or purchase additional machinery. Each year the alfalfa is 
cut first, followed by the clover and the clover mixes, thus spreading the 
haying time-and its accompanying labor and machinery requirements
over about a month in the spring. Spreading the timing of the hay t~arvest 
also reduces the risk of rain damage, although every spring some hay is 
lessened in quality by rain. 

In the establishment year of the hay rotation the crops are seeded with a 
small grain. At the first hay harvest the residual straw from the small grain 
is mowed and baled with the hay; a second cutting is normally obtained 
late in the summer. After the establishment year the alfalfa or alfalfa-timothy 
hay is usually cut three tin1es; red clover and timofh 1: • · 'lnly cut twice. 
The clover hay stand is sometimes plowed down a1 ter just 1 full year of 
production. 

Currently, the farmer reports that he is still using a rather flexible ap
pro?ch to his rotation, depending on weather and other conditions. He says 
his typical rotation is as follows. After plowing down a legume, he plants 
corn for 1 or 2 years ( occasionaliy 3), followed by 3 years of small grain 
(usually rye, then barley, then wheat). He may underseed the wheat with a 
legume mixture (timothy and clover) if conditions permit or wait until the 
next spring to plant oats and alfalfa together. Timothy is always combined 
with the red clover. 
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The alfalfa is grown for about 3 years. The farmer says the alfalfa crop in 
the mix is nearly depleted in 3 years and must be plowed down. A former 
director of the Rodale Research Center observed that the stand is typically 
50 to 75 percent alfalfa when it is plowed down (correspondence, 1986). The 
farmer observed that if he were to use chemicals it would be possible to 
slow the stand depletion caused by diseases and insects. The conventional 
practice in the area is to apply carbofuran in the spring to control alfalfa 
weevils and dimethoate later in the season to control potato leafhopper, 
which tends to do severe damage. In this way an alfalfa stand will produce 
heavier yields and can be maintained for as long as 6 years. Conventional 
farmers often still plow down their alfalfa after 3 years, however, because of 
their rotation or other farm management considerations. 

During the study period monitored by Culik et al. (1983), another third 
of the farm was in row crops (corn or soybeans). Currently, corn is grown 
on about 44 percent of the land. Corn is always grown on plowed-down hay 
fields, usually for 2 and occasionally for up to 3 years. Animal manures 
(frorr1 poultry or cattle) are usually applied to the second- or third-year corn. 
The farmer considers weather, weed, insect, and nutrient factors when 
deciding the number of years of corn production. Normally, corn is grown 
for 1 or 2 years, making use of the resid-ual nitrogen from the leguminous 
hay plow-down and the animal manure. On the farm's more fertile soils, 
however, corn is occasionally grown for 3 years. 

The production practices used for both the corn grain and the silage fields 
are similar. The corn is grown in 38-inch-wide rows with populations aver
aging about 17/)00 plants per acre; typical corn plant populations in the 
area are 18,000 to 20,000 plants per acre for corn grain and 20,000 to 24,000 
plants per acre for silage. Wegrzyn (1984) attributes the relatively low plant 
population on the farm to the fact that an old, well-worn, 4-row planter was 
used. Although higher plant populations are considered a standard agro
nc ·mic practice for weed control (because they provide a heavy canopy early 
in the season, shading the emerging weeds), the Kutztown Farm achieves 
above-average yields with below-average plar.t populations. 

The farmer plants hybrid corn seed, usually of several varieties and some
tinles ntixed in the same field. The corn is rotary hoed at least once to 
control the early weeds and then cultivated two or three times. Because 
rainfall of 0. 01 inch or more occurs on the average every third day (see Table 
3), however, sometin1es the farmer is unable to cultivate at the optimum 
time for weed control. 

In 1986, the cern was harvested by chopping two rows for silage in the 
normal manner and then picking eight row·s. The picked ears were ground 
in the field with a picker-grinder before being blown into the wagon with 
the silage. The benefit uf this method is that, by alternating silage chopping 
with the ear picking, the feed value of the silage is increased, and about 80 
percent of the corn residue is left in the field, providing abundant organic 
matter and preventing soil erosion. Compared with the erosion that occurs 
when all corn stalks are cut for silage, a method that leaves virtually no 
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ground cover1 the farmer's practice of alternating two rows of silage and 
eight rows of grain is estimated to reduce soil erosion by 36 percent on the 
more erosive category of soils and 30 percent on the less erosive soils. 
(These estimates are based on data in Dornanico, [1985].) 

Adding the extra ear corn at silage harvest time also reduces expenses 
later when grain corn would normally be added to the feed ration. The 
addition of wet ear corn also seems to help with silage packing and subse
quent preservation. Currently, only about 20 of the farm's 110 acres of corn 
are harvested (in the fall) as grain and stored for feeding. Of the retnaining 
90 acres, about 22.5 acres are harvested as regular silage and about 67.5 
acres are harvested as high-moisture ear corn and combined with the silage 
to increase its feeding value. 

Soybeans, which are grown on about 20 acres, are roasted (by custom 
hire) and used as feed for the cattle, hogs, and chickens. Prior to 1985, 
soybeans planted on the non-Rodale land were drilled on a 7-inch row 
spacing, and herbicides were used for weed control. On the Rodale land, 
soybeans were planted in 38-inch rows and cultivated 2 or 3 times for weed 
control. Since 1985, all soybeans are planted in 30-inch rows, and the farmer 
reports that yields are similar on both lands. Scientific comparisons are 
impossible, however, because of varying cropping histories and soil types. 
Soybeans are never grown in any field 2 years in succession because of the 
farmer's concern about the risk of disease or excessive erosion. 

Roughly 29 percent of the land is typically planted in small grains (wheat, 
rye, barley, and oats). The farmer grows barley and rye as much for the 
straw (for livestock bedding) as for grain. Yields from these grains are 
gl'nerally lower than yields from wheat, but production of straw is greater. 
The farm uses oats, the first Lrop planted in the spring, .1s a backup crop 
when untimely rains prevent a fall planting of winter wheat. About 90 
percent of the oats are underseeded with alfalfa or clover (correspondence 
with the farmer, 1986). 

The farmer reports that small grains are grown for 1 to 3 years before 
returning to a leguminous hay. The economic implications of including this 
combination of four small grains in the rotations are discussed later in this 
case study. 

Soil Fertility 

The farmer views the management of soil nutrients over the whole farm 
as particularly important. During the period of the Culik study (1978-1982), 
the staff of the Rodale Research Center frequ0ntly performed soil tests and 
plant tissue tests for each of the farm's 98 fields. The farn1er had access to 
the test results (Table 7). During the transition from chemical to nonchemi
cal farming methods on the Rodale-rented land beginning in 1973, the 
farmer grew a higher-than-normal percentage of alfalfa or clover hay. By 
1978 some fields had higher-than-·optimal levels of nitrogen, according to 
nitrogen response trials conducted by \'Vegrzyn (1984). When the farmer 
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TABLE 7 Trends in Soil Sample Test Results, 1978-1982a 

Item 1977 1978 

Soil pH 6.8 6.7 
Phosphorus (pounds/ 181 276 

acre)b 
Potassium (pounds/acre) 188 211 
Magnesium (pounds/acre) 296 321 
Calcium (pounds/acre) 2,085 2,967 
Cation exchange capacity 8.0 10.6 
Organic matter (percent) 

NOTE: A dash indicates that data were not reporterl. 

aoata are averages for selected fields. 

1980 

6.9 
191 

227 
364 

2,927 
9.4 
2.2 

1981 

6.6 
213 

313 
406 

3,048 
11.8 
2.3 

1'Leveis over 101 pounds of phosphorus per acre are considered high in this area. 

1982 

6.7 
230 

274 
496 

3,048 
11.2 

souRcE: Culik, M. N., J. C. McAllister, M. C. Palada, and S. L Rieger. 1983. The Kutztown Farm 
Report: A Study of a Low-Input Crop/Livestock Farm. Regenerative Agriculture Library Technical 
Bulletin. Kutztown, Pa.: Rodale Research Center. 

saw the results of those tests (Table 8), he increased his grain plantings and 
reduced the legumes in the rotations. 

A more serious challenge than the level of nitrogen is the regulation of all 
nutrients. The major vehicle for such regulation is the application of ma
nure. The farmer applies about 10 tons of manure (including bedding ma
terial) per acre twice during the 5-year rotation, causing a bimodal fluctua
tion of potassium and nitrogen in the fields over the 5 years. A former 
director of the Rodale Research Center observes that after a manure appli-

TABLE 8 Generalized Nitrogen (N) Budget for Corn on Kutztown Farm 
Major N Supplies 
(available N) 

Forage legume residue 
Soil N pool 
Steer manure 
Poultry manure 

Total available N suppliesa 
Crop requirementsb 
Measured ctop uptake' 
N balance<~ 

N /pounds/ acre/year 

2,800 
2,207 
1,526 
1,457 
7,635 
6,449 
6,530 

+1,104 

Percentage of 
Total N 

0.36 
0.28 
0.19 
0.17 
1.00 

uooes not include contributions from soybean residue, precipitation, autotrophic N fixation, 
crop residues older than 1 year, or manure residue older than 2 years. 

"Based on 1978 Pennsylvania State University Soil Testing Service calculations for 40 acres of 
corn on 28 separate fields. 

cBased on 1978 Kjeldahl analyses of whole plant samples from 28 separate corn fields . 
.!Total N supplies minus measured crcp uptake equals theN balance. 

souRcE: Wegrzyn, V. A. 1984. Nitrogen fertility management in corn-A case study on a mixed 
crop-livestock farm in Pennsylvania. Ph.D. dissertation, The Pennsylvania State University. 
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TABLE 9 Comparison of Fertilizer and Other Agricultural Chemical 
Expenditures, Kutztown Farm Versus Berks County Estimated Average 

Item 

Fertilizers 
Other agricultural 

chemicals 

Expenditures per Acre (dollars) 

Kutztown Farm, 
1978-1982 

13.85a 

4.28' 

Berks County, 
1982 

47.17" 

"From U.S. Department of Commerce. 1982. 1982 Census of Agriculture, Vol. 1. Geographic 
Area Series, Pt. 38, Pennsylvania State and County Data, Table 6. Washington, D.C. A mean of 
599 gallons of starter fertilizer at $3.15/gallon plus 181 tons of chicken manure at $12.00/ton, 
divided by 293 acres. 
~>calculated from Culik, M. N., J. C. McAllister, M. C. Palada, and S. L. Rieger. 1983. The 

Kutztown Farm Report: A Study of a Low-Input Crop/Livestock Farm, Tables 20 and 23. 
RegenerativP Agriculture Library Technical Bulletin. Kutztown, Pa.: Rodale Research Center. 
Mean expenditures per farm were divided by mean acreage of cropland harvested per farm. This 
procedure ignores fertilizers added to land not harvested and may overstate mean exper.ditures 
for the county. 

'Estimated by dividing total expenditures for chemicals on this farm by the number of non
Rodale acres. This procedure slightly overstates the cost per acre to which chemicals were applied. 

cation there is a gradual drawdown of available potassium, especially dur
ing the alfalfa portions of the hay rotation, and then a jump in potassium 
as manure is applied to the hay. This jump is followed by another gradual 
reduction until the small grain is planted, with another jump as manure is 
applied again. A somewhat similar pattern occurs with nitrogen. 

The farmer supplements the nutrients provided by legume rotations and 
beef manure produced on the farm with imported nutrients: chicken ma
nure purchased under a contract with a local egg producer and a small 
quantity (4 gallons per acre) of liquid starter fertilizer (9-18-9) for use on the 
corn. These materials provide a total of 3.6 pounds of nitrogen (N), 7.2 
pounds of phosphorus (P), and 3.6 pounds of potassium (K) per acre. 

Culik et al. (1983) reported that from 1978 to 1982, the mean quantities of 
manure and fertilizer purchased were as follows: chicken manure with 
wood shavings, 181 tons at $12.00 per ton ($2, 172), and liquid starter, 599 
gallons at $3.15 per gallon ($1,887)-a total of $4,059 per year or $13.85 per 
acre compared with a county average of $47.17 per acre (Table 9). Currently, 
40 tons of chicken manure are delivered to the farm every 6 weeks (320 tons 
per year). Most of this manure is stockpiled (uncovered) until spring, when 
it is applied to certain fields. 

Culik and his coworkers reported that the chicken manure supplied 30 
pounds N, 14 pounds P, and 7 pounds K per ton of fresh manure (that is, 
an analysis of 1.5-0.7-0.35). However, from 30 to 90 percent of the nitrogen 
in manure can be lost through ammonia volatilization when the manure is 
left exposed (Vanderholm, 1975). Nearly 50 percent may be lost in the first 
24 hours (D. Pimentel, correspondence, 1987). 
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To maintain a soil pH of 6.5 to 7.0, lime was applied to many fields in 
1978; the use of legumes in the rotation requires that soil pH be maintained 
at or near neutral. 

During the Culik study, soil tests and plant tissue tests were performed 
for each of the 98 fields of the farm. Soil magnesium, calcium, and cation 
exchange capacity remained fairly constant during the study. Soil organic 
mattf3r, measured in 1980 and 1981, was about 2.2 to 2.3 percent, a level 
similar to that in other fields in the area (Culik et al., 1983). Available 
phosphorus, calcium, and potassium in the top 6 inches of the soil profile 
remained high enough so as not to limit crop production. In fact, the levels 
of these nutrients tended to increase from year to year, an increase that 
cannot be explained by the amounts of these nutrients applied in the ma
nure. Although this phenomenon is not well understood, the Rodale Re
search Center scientists speculate that deep-rooted sod crops in the rotation 
may be drawing nutrients upward from deep in the soil profile. 

Wegrzyn (1984) estimated the nitrogen budget for com in a typical year 
on the Kutztown Farm. The largest source of nitrogen was found to be 
forage legume residuals (see Table 8). 

Weed and Insect Control 

The Kutztown Farm largely avoids "':eed and insect problems by using 
intensive, yet flexible, crop rotations. Corn, in particular, is rarely grown in 
a given field for more than one or two seasons in succession as a means of 
breaking the reproductive cycle of corn root worm. 

Weed control on the Rodale land is accomplished primarily through cul
tivation and rotations. The corn, for exan1ple, is rotary hoed at least once 
for early weeds and then cultivated two or three times. From 1978 to 1982, 
the farmer used herbicides (atrazine, alachlor, butylate, and linuron) on 
corn and soybeans on the non-Rodale land. Currently, the farmer applies a 
mixture of atrazine and metolachlor to control yellow nutsedge on the non
Rodale land. 

The farmer has reported an increasing problem with control of velvetleaf 
in fields in which herbicides are used: "Velvetleaf weeds don't seem to be a 
problem in organic fields, but we do have weed problems that change from 
year to year. If we have wet weather during critical cultivating time, weeds 
can take over" (correspondence, 1986). 

The total cost of chemicals during the period studied by Culik and col
leagues ranged from $354.00 to $1,029.00 (the mean was $565.00); these 
costs were primarily for herbicides applied to the non-Rodale land (132 
acres) and work out to an average of $4.28 per acre of non-Rodale land. A 
small and unknown fraction of the $565.00 average chemical cost was used 
to purchase sprays for barn insects. The con1parable expenditure for other 
farms in Berks County in 1982 was $17.49 per acre (see Table 9). 

No weed control of any kind-neither cultivation nor herbicides-is used 
on the small grains, and very few weeds are observed in these fields. Culik 
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TABLE 10 Livestock Sales, 1978-1982a 

Commodity 1978 1979 1980 1981 1982 

Beef rattle (head)" 164 173 204 248 276 
Eggs(dozenY 3,100 3,634 4,531 4,967 5,235 
Hogs (head)d 168 150 139 39 55 

00ata do not include two to four cattle, several hogs, and eggs consumed annually on the farm. 
"Feeder cattle (of many breeds) are purchased at 650-700 pounds. Finished weight is 1,100-

1,150 pounds. In 1985, about 290 head were sold. 
'Number of laying hens in 1978 was about 200, increasing to almost 300 in 1982. Hens are kept 

for an egg-laying period of 14 months, after which they are butchered for consumption by the 
families of the three men operating the farm (the farmer, his father, and the hired men). The flock 
size is currently 20 hens. 

'
1Hogs are purchased at 45-50 pounds and sold when finished, usually after 90 days. The hog 

herd is now 50 head. 

souRCE: Culik, M. N., ). C. McAllister, M. C. Palada, and S. L. Rieger. 1983. The Kutztown FJ.rrn 
Report: A Study of a Low-Input Crop/Livestock Farm. Regenerative Agriculture Library Technical 
Bulletin. Kutztown, Pa.: Rodale Research Center. 

et al. (1983) reported that during the 5 years of the study c:rop rotations 
controlled weeds, insects, and diseases. 

In 1986 weed control in the corn fields was excellent. However, because 
weather cond i4:ions interfered with the timing of cultivations, the soybean 
fields had severe weed problems in 1986 despite rotary hoeing and cultivat
ing. \Needs are sometimes a serious problem w!len untimely rain prevents 
cultivation, while in other years cultivation controls weeds better than her
bicides do. The farmer suspects that the chicken manure he uses contained 
weed seeds (telephone interview, 1986). 

Animal Enterprises 

The farm gave increasing emphasis to its beef cattle finishing operation 
from 1978 to 1982. Cattle sales increased 68 percent (Table 10) at the same 
time hog production declined by 67 percent. Egg production also increased 
69 percent. Since 1982, the chicken and hog enterprises on the farm have 
been reduced. Currently, the farm has 20 laying hens (for family use) and 
50 hogs. The farmer reported that he increases the number of hogs in 
production when the price of feeder hogs declines. The number of cattle 
sold increased slightly to about 290 in 1985. 

Animals are confined but have small exercise yards; they are occasionally 
grazed in the fall on one field that is fenced. Antibiotics are used only to 
treat acute disease problems as they arise. Newly purchased feeder cattle 
are isolated until they have stabilized and are fed antibiotics (sulfa and 
chlortetracycline) for the first 3 to 4 weeks after shipping. Otherwise, drugs 
are not used prophylactically or as subtherapeutic growth promoters. The 
farmer reports th-at -feeder cattle purchased fn Virginia seem to have fewer 
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disease problems than locally purchased animals. The decline in the size of 
the hog herd noted above was partly due to disease problems in ar:imals 
purchased at a local livestock auction. 

The cattle are confined in the barn, and urine and droppings are caught 
in the bedding, which helps to keep the barn somewhat dry underfoot. The 
farmer mentioned that poor ventilation in the barn in which the cattle are 
fed sometimes causes health problems (telephone interview, 1986). There is 
essentially no runoff or effluent from the barn, and except for ammonia 
vulatilization, virtually all the nutrients excreted by the animals are caught 
in the bedding. The straw bedding is a high-carbon material, and it is 
reasonable to assume that losses of nitrogen are reduced. There is little 
smell of ammonia, even when the manure is dug out, but some nitrogen 
losses are inevitable. With a high carbon-nitrogen ratio in the bedding and 
manure, it is reasonable to expect that when they are applied to the field, 
some soil nitrogen is temporarily immobilized by sc.il bacteria while they 
are breaking down the cellulose in the straw. 

Cattle are fed approximately the following amounts per head per day, for 
200 to 240 days: corn silage, 15 pounds; a barley, oats, wheat, and rye mix 
(processed in a roller mill), 5 pounds; roasted soybeans, 1 pound; and 
ground, high-moisture ear corn, 7 pounds (wet basis). In addition, the cattle 
are fed leguminous hay, vitamins, and minerals. Younger stock receive more 
hay than do animals near finishing. The average weight gain is about 2.3 
pounds per head per day, with some animals gaining up to 2.5 pounds. 
When they reach 1,100 to 1,150 pounds the cattle (often 2 to 4 head per 
week) are sold to local butchers or meat packers. 

Hogs and chickens are fed the same feed ration: corn, oats, barley, wheat, 
and rye (in proportions of about 75 percent corn to 25 percent srnall grains); 
vitamins and n1inerals; and roasted soybeans mixed with the grains (in a 
ratio of 1:5). The hogs are allowed in the barn with the cattle but are fed (ad 
libitum) separately from the beef cattle. When finished, the hogs are sold 
to local butchers; local markets buy the eggs, except for the meat and eggs 
used by the two families on the farm and the hired man, who receives room 
and board in addition to a wage. 

PERFORMANCE INDICATORS 

Soli Conservation 

Culik et al. (1983) estimated that the soil erosion on the Kutztown Farm 
(based on the Universal Soil Loss Equation) ranged from a low of 0.8 tons 
per acre per year in one 11-acre area to 13.8 tons per acre per year on the 
most erodible 8.8-acre area. The Soil Conservation Service, which has esti
mated that soil erosion on some farms in Berks County is as high as 18 to 
40 tons per acre per year, put the tolerable soil loss levels on the Kutztown 
Farm between 3 and 5 tons per acre per year. Pimentel et al. (1987) estimated 
that this tolerable level exceeds the rate of soil formation by a factor of 10 
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times. The average soil erosion on the Kutztown Farm was estimated at 4.5 
tons per acre per year when moldboard plowing in combination with con
tour and strip cropping was used. (If moldboard plowing was used without 
contour and strip cropping, however, it was estimated that the average soil 
erosion on the Kutztown Farm would more than triple to 14.7 tons per acre 
per year.) As discussed earlier, the levels of various soil nutrients on the 
Kutztown Farm increased from 1977 to 1982. 

Yield Performance 

Crop yields on the Kutztown Farm are generally equal to or slightly 
higher than state or county averages (Table 11). The no~J.ble exceptions are 
barley and rye yields. These grains have been substantially below average 
most years because the farm uses loag-stemmed varieties to provide ample 
straw for bedding, not dwarf varieties, which are typically grown for higher 
yields. 

In addition to the lower yield effect of selecting long-stemmed cultivars, 
the farm sometimes has a peculiar problem with small grains, especially 
rye: excess nitrogen in the soil can cause lower grain yields but even higher 
yields of straw. For example, 1981 was a year with normal rainfall following 
a very dry year; alternative systems are very responsive to moisture, and in 
a dry year the nitrogen in the soil is not completely used but instead 
accumulates in a mineralized form. In 1981 the farmer reported that he 
applied the usual manure before rye, not realizing that there had been 
considerable mineralization of the nitrogen released from the organic matter 
that had been applied during the previous dry summer. In 1981 excess 
nitrogen was released not only from the manure applied that year but also 
from the mineralized nitrogen left from the year before; the rye grew 6 to 8 
feet tall with such heavy stems that they lodged (bent to the ground); and 
very little of the grain was recovered at harvest. 

In 1981 the farm averaged less than half of the average state and county 
yields of barley. The farmer observed, "I think the poor barley yield was 
mostly due to winter kill. This problem seems to be worse with the early 
fall seeding and weather patterns such as heavy freezing with bare ground" 
(correspondence, 1986). William Liebhardt (correspondence, 1986) has sug
gested that the early fall-seeded barley may also have had disease problems. 

Corn yields on the Kutztown Farm averaged 28 percent higher than the 
county average and 17 percent higher than the state average from 1978 
through 1982. In 1980, a very dry year, the farm's corn yield was 47 percent 
higher than the county average. This result is consistent with the findings 
of several studies (see, for example, Lockeretz et al. [1984]) indicating that, 
under dry weather conditions, farming systems based on crop rotations 
have relatively higher yields than conventional farms. The lik::ly cause for 
the better dry weather performance is better soil tilth and moisture-holding 
capacity. For other crops, yields for Kutztown Farm corn silage equaled 
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TABLE 11 Kutztown Farm Crop Yields per Acre Compared With County 
and State Averages 
Crop 1978 1979 1980 1981 1982 Mean 

Alfalfa hay (tons/ acre) 
County 3.2 3.1 2.4 3.3 3.2 3.0 
Kutztown 2.4 3.8 3.8 3.3 

Com grain (bushels/ acre) 
County 95.7 95.0 52.0 92.0 92.0 85.3 
Kutztown 121.3 124.4 76.6 121.3 96.6 108.0 
State 95.0 95.0 75.0 96.0 97.0 91.6 

Com silage (tons/acre) 
County 17.0 13.8 10.6 15.4 14.9 14.3 
Kutztown 17.6 9.3 15.3 15.0 14.3 
State 15.5 15.0 12.6 16.2 15.2 14.9 

Other hay (tons/acre) 
Countya 2.0 1.6 1.9 1.8 2.2 1.9 
Kutztownb 1.3 3.6 3.1 2.7 
Stat~ 1.8 1.8 1.8 1.9 2.0 1.9 

Rye (bushels/acreY 
Kutztown 23.6 24.0 39.6 30.3 27.3 29.0 
State 32.0 27.0 31.0 33.0 34.0 31.4 

Soybean (bushels/ acre)' 
Kutztown 38.8 36.8 27.9 44.0 42.8 38.1 
State 31.5 32.0 24.5 31.0 32.0 30.2 

Wheat (bushels/acre) 
County 35.0 33.0 41.0 41.0 39.0 37.8 
Kutztown 33.1 37.0 41.8 34.6 36.6 
State 33.0 31.0 37.0 36.0 36.0 34.6 

NOTE: Oats couid not be compared directly because the Kutztown Farm grew a spring barley and 
oats mix. A dash indicates that data are not available. 

11lncludes red clover and mixed hays. 
11Includes red clover and timothy hay. 
<"County average data are not available. 

souRCE: Culik, M. N., J. C. McAllister, M. C. Palada, and S. L. Rieger. 1983. The Kutztown Farm 
Report: A Study of a Low-Input Crop/Livestock Farm. Regenerative Agriculture Library Technical 
Bulletin. Kutztown, Pa.: Rodak• Research Center. 

county and state averages, and soybean yields averaged 26 percent above 
the state mean. 

Financial Performance 

Any assessment of the financial performance of the Kutztown Farm is 
complicated by a lack of comparable data for conventional farms. Culik et 
al. (1983) used a number of simplifying procedures to facilitate an economic 
comparison of the Kutztown Farm with a conventional comparison farm. 
One of their key procedures was substituting certain Kutztown Farm data 
for the comparable items in the Penn State Farm !vfanageme"!t Handbook (Dum 
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et al., 1977) in calculating the costs for the comparison farm-in particular, 
variable machine costs, which ignores labor cost, depreciation, and other 
overhead and fixed costs. Culik et al. (1983) estimated that the Kutztown 
Farm incurred a somewhat lower cost for producing various crops-for 
example, 1 percent lower costs per acre for producing corn and 20 percent 
lower costs for alfalfa. As a result, they estimated that the Kutztown Farm 
earned a 5 percent higher net cash income than a comparison farm ($69,430 
versus $65, 987). 

When the Culik team's assumption of equal variable machine costs is 
relaxed, however, and the Penn State Farm Management Handbook costs are 
used without that adjustment, and when differences in yields are taken into 
account, the cost comparisons are drastically different. The cash operating 
cost rer bushel (or the variable cost) of producing corn grain was found to 
be 6 percent higher, and alfalfa costs 45 percent higher, on the Kutztown 
Farm than on the comparison farm; the costs of producing all other crops 
were also significantly higher on the Kutztown Farm; some were more than 
double the comparison values. The farm's variable costs per bushel of small 
grains were found to be particularly high relative to those of the conven
tional con1parison farm {because its grain yields are quite low, for reasons 
explained earlier). 

There are some problems with the assumptions in this comparison, how
ever. A conventional farm probably would not produce the same combina
tion of crops as the Kutztown Farm. For example, farmers might choose the 
more profitable option of purchasing straw rather than committing such a 
high proportion of their land to the production of small grains, especially 
rye and barley, that typically produce low grain yields. 

To provide a more direct comparison, researchers at The Pennsylvania 
State University (Dabbert, 1986; Dabbert and Madden, 1986; Domanico, 
1985; Domanico et al., 1986) used economic simulation in conjunction with 
linear programming, relying on the Culik team's descriptions of the physi
cal characteristics of the Kutztown Farm and its resource requirements and 
yields, together with comparable data from the Penn State Farm Management 
Handbook and elsewhere. Studies that compare actual operating farms using 
alternative methods of production with other standards (such as county 
averages) or matched nearby farms have been criticized for their lack of 
statistical controls and for uncontrollable differences among ostensibly com
parable farms (Lockeretz et al., 1984). 

The economic simulation approach also has inherent limitations, includ
ing the risk that the mathematical combination of management practices 
may appear to be reasonable but in reality may be unworkable. (In addition, 
in this particular case the analysis conducted by the Penn State researchers 
assumed that the farm could be operated with about the same complement 
of equipment under either conventional management or the mixed conven
tional-alternative procedures employed on the Kutztown Farm, a question
able assumption.) Consequently, the findings of this type of analysis must 
always be interpreted cautiously. A strength of this approach, however, is 
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that it has the advantage of holding constant the resource base and certain 
other factors that would otherwise tend to confound the comparisons. 

The Penn State analysis calculated income in terms of net return over 
cash operating (variable) costs, ignoring energy utilization and most of the 
externalities (except soil erosion). The conventional comparison farm was 
not assumed to produce the same combination of crops as the Kutztown 
Farm. Instead, it was assumed that both the Kutztown Farm and the con
ventional comparison farm would be optimally organized; that is, they 
would produce the most profitable combination of enterprises, subject to 
the limitations of the resources available and the technologies used. Specif
ically, the analysis was designed to provide directly comparable results from 
the Kutztown Farm versus alternative scenarios featuring the use of other 
technologies (including conventional practices, overseeding, no-till, and 
other options) in the context of specific assumptions regarding the level of 
soil erosion pern1itted, the rotations appropriate for alternative farming 
systems, and the use or nonuse of chemical pesticides and fertilizers. 

The economic analysis postulated both a single-year planning horizon 
(see Domanico et al., 1986) and a multiple-year transition from conventional 
to organic farming, defined as a farming system compatible with the U.S. 
Department of Agriculture definition of organic farming (see Dabbert, 1986). 
Only Domanico et al.'s (1986) findings are discussed here. 

Domanico et al. (1986) found that when soil erosion is not limited, the 
profit-maximizing conventional farm plan is 3 percent more profitable (in 
terms of net return over cash operating costs) as compared with an opti
mally organized alternative farm plan with the same resources. Soil erosion 
was estimated to be 9.7 tons per acre per year for the optimally organized 
conventional comparison farm compared with 5 tons per acre per year for 
the Kutztown Farm (Domanico et al., 1986). But when soil erosion is limited 
to a 5-ton-per-acre average across the fann, the conventional option is 1 
percent less profitable than the alternative option. When soil erosion is 
limited to 3 tons per acre, the alternative option is estimated to yield a 
$3,200 (10.8 percent) higher profit than a conventionally operated farm. (Of 
course, the comparative financial performance of the Kutztown Farm under 
conventional and alternative management would also vary with different 
prices of farm commodities and inputs.) 

The management and labor requirements of the Kutztown Farm would be 
likely to exceed those of a conventional alternative because of the farm's 
reliance on cultivation for weed control (on the Rodale land) as well as the 
complexity of the crop rotations and the large number (98) of small fields 
necessitated by the contour strip-cropping system. The magnitude of differ
ence in management and labor requirements cannot be determined at pres
ent, however, because of data limitations. 
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CASE STUDY 

5 
Crop-Livestock Farming in Iowa: 

The Thompson Farm 

R !CHARD ANO SHARON THOMPSON'S FARM is in eastern Boone County, 
Iowa, at an elevation of about 1,000 feet. It is located in Jackson 

Township on sections 16, 17, and 21, which is about 8 miles west of Ames 
and 4 miles due north of the Iowa State University Agronomy and Agricul
tural Engineering Research Center. The farm has a total of 300 acres, all of 
it owned by the Thompsons and all of it tillable. Of this total, 282 ac:res are 
tilled, which is about the average farm size for the state of Iowa as a whole 
and for Boone County. 

GENERAL DATA 

The Thompsons have a diversified farming operation, which is no longer 
the norm in their area (Table 1). Statewide, about 55 percent of farmland is 
used to grow corn each year, and roughly one-third of the land area is 
devoted to soybeans. For Boone County, the corresponding figures are 40 
percent (127,000 acres) and 35 percent (117,000 acres), respectively, propor
tions that are typical of north-central and central Iowa. There are only 
11,000 acres of oats and 9,000 acres of hay in the county. The most common 
crop sequence in the vicinity is corn-soybeans-corn-soybeans. The Thomp
sons grow corn on 33 percent of their land and soybeans on 15 percent, on 
average. Specifically, the farm grows approxintately 100 acres of hybrid field 
corn, 50 acres of soybeans, 50 acres of oats, and 50 acres of hay; another 32 
acres are in pasture. The Thompsons keep 50 cows in the foundation herd 
and raise the calves through finishing; the farrow-to-finish hog operation 
has 90 sows. 

Dick Thompson received an M.S. degree in anin1al production from Iowa 
State in the 1950s and started farming conventionally. For a 16-year period 

308 
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TABLE 1 Summary of Enterprise Data for the Thompson Farm -----------------
Category Description 

Farm size 
Labor and 

management 
practices 

Livestock management 
practices 

Marketing strategies 

Weed control practices 

Insect and nematode 
control practices 

Disease wntrol 
practices 

Soil fertility 
management 

Irrigation practices 
Crop and live3tock 

yields 

Financial performance 

282 acres of tilled cropland, 50 cows, 90 sows 
The farm's diversified operation spreads labor requirements 

throughout the year. It is managed and operated by Dick and 
Sharon Thompson and their son, with one full-time hired man 
who takes care of the swine. Dick Thompson spends 
considerable time doing on-farm research. 

The farm has a 50-cow foundation herd of cattle (Angus-Hereford 
cows and exotic breeds of bulls); it also has a 90-sow, farrow-to
finish hog operation (1,300-1,400 pigs finished/year). 

Most crops and livestock are sold through ordinary commercial 
markets with no price differential for methods of production. 
The exception is about 15 percent of beef animals, which are 
sold directly to individuals at a $0.10/pound premium, less the 
transportation cost to the locker/slaughter plant. 

Ridge tillage and high plant populations, in conjunction with crop 
rotation and cultivation with rotary hoe, disk hillers, and 
sweeps, are used. Small grains in the rotation disrupt weed 
reproductive cycles. If rain delays cultivation and weeds threaten 
crops, postemergence herbicides will be used. 

No particular pest problems were reported. Crop rotations and 
ridge tillage, plus a diversity of plant species, are credited for 
this situation. 

No antibiotics are used except to treat illness. Various measures 
are used to build resistance in the hog herd (for example, 
probiotics, transfer of manure from farrowing units to gestation 
pen). Cattle are not vaccinated. The farmer limes the pens to 
keep the pH unfavorable to pathogens, and uses isolation, 
sunlight, and special feed rations (for example, steamed rolled 
oats) to prevent scours and other diseases. 

Municipal sludge and manure (18 tons/acre) are applied to corn 
and soybeans. Urea (30 pounds N) is applied to corn and oats at 
planting; 30 pounds K20 is applied to corn and soybeans at 
planting. The farmer uses 5- to 6-year rotations with corn, 
soybeans. oats, meadow, and green 1.11anure in various 
combinations. 

None 
Corn yields are 130-150 bushels/acre versus the county average of 

124; soybeans, 45-55 bushels/acre versus 40; oats, 80-100 
bushels/acre versus 67; hay. 4-5 tons/acre versus 3.4. Pigs are 
finished and sold. The average number of pigs sold per sow is 
14.4-15.6 versus an average of 14.8 for a group of 270 Iowa 
Swine Enterprise Record members. 

Municipal sludge is provided free of charge; only a limited 
number of farms can receive this free resource. Costs are kept 
low by the use of on-farm resources, such as N2 fixation and 
labor. Corn and soybean production costs are lower than for 
conventional farms. Farm cash flow is adequate to meet 
operating costs without borrowing, to maintain and enhance the 
capital stock of machinery and facilities. and to support the farm 
family. 
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(1967-1983), however, the farm was organic in the sense of using no pur
chased fertilizer or herbicides. The only off-farm nutrient input to the sy" 
tern during this time was through feed purchased for the livestock. More 
recently, sewage sludge from nearby Boone (population 13,000) has been 
used. 

Thompson has always been an innovative farmer, and his operations 
change-to a greater or lesser extent-from year to year. Because he is still 
not satisfied with all the procedures used on the farm, he conducts on-farm 
research and demonstration trials involving tillage, weed control, fertility, 
rotations and cropping systems, cover crops and interseeding, hybrid and 
variety comparisons, and livestock managPment. 

Commodities Produced, Used, and Marketed 

Soybean yields on the Thompson Farm are 45 to 55 bushels per acre; 7-
year county and state averages are 40 and 37 bushels per acre, respectively. 
(The state and county data are from "Iowa Agricultural Statistics," compiled 
and issued by the Iowa Crop cmd Livestock Reporting Service of the Iowa 
Department of Agriculture. The published attainable mean yield for the 
farm's best soils is 50 bus!1els per acre and 37 for the poorest.) All of tl)e 
soybeans are sold, thus far only through standard market channels. 

Corn yields on the Thompson Farm are now in the range of 130 to 150 
bushels per acre. County and state averages (1979-1985) are 124 and 115 
bushels per acre, respectively, and the highest attainable yield figures are 
150 bushels per acre on the best soil and 115 on the poorest. The grain is 
fed to the livestock, supplying their needs for about 6 months out of the 
year; the stalks are used for bedding the animals. 

Oats generally yield 80 to 100 bushels per acre for the Thompsons (al
though the yield was 127 bushels in 1985). The 7-year county and state 
averages are 67 and 62 bushels per acre, respectively. The oats are fed to 
hogs, calves, and yearling feeder cattle. 

Hay harvest (three cuttings) on the farm yields 4 to 5 tons per acre per 
year. County and state averages from 1981 to 1985 were 3.4 and 3.3 tons per 
acre, respectively. The hay is all fed. 

Statewide, 1983 and 1984 were drought years in which yields of row crops 
were severely depressed in some regions but not in central Iowa. The yields 
that are given for the Thompson Farm apply to more nearly normal crop
ping years. Also, the farming methods used by the Thompsons have been 
evolving over time; these numbers represent what can be produced now 
and not what the yields on the farm have been since 1979. Still, production 
on the Thompson Farm compares well with that of the best conventional 
farmers and the published attainable productivity of its soils. 

The hogs produced on the farm are crossbreeds. Annually, the Thomp
sons finish 1,300 to 1,400 pigs that are then sold through normal market 
channels. Boars are purchased to match the sow herd, which is replenished 
by keeping replacement gilts produced on the farm. 
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The cows are Black Baldies, an Angus-Hereford cross; the two bulls are 
of mixed exotic European breeds. Replacement heifers and bulls are pur
chased from herds known to be healthy. About four dozen cattle are fin
ished each year. Of these, six to eight head are typically sold to individuals 
on a carcass basis for a premium of $0.10 per pound. Transportation to the 
locker comes out of this premium. 

PHYSICAL AND CAPITAL RESOURCES 

Soils 

The landscape of the area is gently rolling, with slopes of up to 10 percent. 
The soils are young mollisols derived directly or indirectly from glacial till 
of the Wisconsin glaciation, from which the ice receded only about 12,000 
years ago. The farm is in the Clarion-Nicollet-Webster soil association area 
and is typical of the swell-swale topography that constitutes over one-fifth 
of the state. These soil types predominate and are very good to excellent 
for crop production in Iowa. Subsoils are calcareous, and in poorly drained 
parts of the farm the topsoils are calcareous also as a result of secondary 
calcium carbonate deposition. The Canisteo, Okoboji, and Harps soil series 
occur in such potentially wet places on the property. The soils are all loams 
and clay loams and have relatively deep A horizons of 1 to 2 feet, with 
organic matter contents now characteristically 2 to 6 percent. Clay accumu
lations in the B horizons of the subsoil restrict internal drainage. Prior to 
the installation of drainage tile, and in some places canals, this part of the 
state was marshland. 

Buildings and Facilities 

Buildings and facilities on the farm include a building that contains C! 

machine shop. The ability to repair, modify, and construct equipment at 
home is an important survival skill for any farm. In the case of the Thomp
son Farm, such a capability is absolutely essential because of the amount 
and kind of equipment needed for farming operations and the modifica
tions created by the Thompsons. 

A manure bunker (48-by-176-by-12 feet) is currently being constructed 
and will be an important element in the improvement of manure handling 
on the farm. The bunker will also receive municipal sludge from the city of 
Boone; the farm used 270 dry tons in 1986 at 80 percent moisture. The 
sludge contains 2.5 percent nitrogen and 1 percent phosphorus on a dry 
basis and is monitored for chromium because of a tannery that contributes 
to the Boone waste flow. 

The Thompsons currently dry their com on the ear. They plan to build 
another crib, narrow and oriented to catch the winter winds, that they hope 
will allow them to harvest ear corn at 25 percent moisture if necessary. In 
additicn, two metal grain bins (each with a 7,000-bushel capacity) have 
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recently been added, which will expand the farm's options for marketing 
soybeans. 

The hog operation uses a system of do-it-yourself insulated, prefabricated 
units with open fronts that offers sunshine, fresh air, and isolation and 
costs less than a confinement unit of comparable size. The farrowing isolits 
cost $937.00 per unit for 30 units in 1979; a confinement building at the 
time would have cost around $2,000 per unit. The nursery units cost $34.00 
per head; an enclosed building would have required an investment of $80.00 
per head. The Thompsons' finishing facility cost them $37.00 per head out
of-pocket, compared with the cost of a building for the purpose at about 
$145.00 per head. 

Open-front housing requires a good windbreak to keep snowdrifts out of 
the area. The farrowing isolits are equipped with both liquid propane infra
red heaters and electric heat pumps. Two truck mud flaps are hung over 
the lower part of the nursery doors in winter, stopping the wind but allow
ing enough air circulation to prevent humidity build-up in the units. Nipple 
waterers provide clean water on demand throughout the year. 

Machinery 

The Thompsons own three tractors. A 3-year-old tractor with 120 horse
power and front-wheel assist is used with the manure spreader, the baler, 
and the feed grinder and to pull the disk and cultivator. A 55-horsepower 
tractor is also 3 years old; it has a front-end loader and is used to handle 
manure, to mow and condition hay, and to cultivate. A 60-horsepower 
tractor is at least 20 years old and is used for planting and cultivation. At 
planting time, all three tractors are often in operation at once. 

Other farm equipment includes a 14-ton-capacity manure spreader; a 30-
foot flexible rotary hoe; a heavy-duty offset disk; a stacker-baler, now used 
only for corn stalks; a baler that makes large, round bales; a 12-foot wind
rower-conditioner; a hay turner; an oat windrower; a grinder-mixer; a grain 
drill; a 4-row ear corn picker; a 4-row combine for soybeans and oats; and 
a water wagon for manure tea. 

Climate 

This grain-producing region is characterized by a continental climate with 
cold, dry winters (December, January, and February) and a warm-to-hot, 
humid growing season. Except for late July and early August the area's 
average precipitation equals or exceeds the evapotranspiration of the pre
dominant crops. The root zone of soils holds about 10 inches of plant
available moisture. Even so, m0isture stress is not uncommon, and major 
drought years occur every 18 to 20 years. 

The average length of the growing season is 189 days from April 14 to 
October 20. The soil is usually warm enough to plant corn by the first week 
of May, with soybeans generally planted around the middle to the end of 
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TABLE 2 Normal Monthly Temperature and Precipitation at Boone, Iowa 

Month 

January 
February 
March 
April 
May 
june 
July 
August 
September 
October 
November 
December 

Normal 
Temperature (°F) 

Average annual Average annual total ---=-------------------------

17.1 
23.4 
33.0 
49.5 
61.1 
70.1 
74.0 
71.1 
63.5 
52.8 
37.0 
24.3 
48.2 

Normal 
Precipitation (inches) 

0.74 
0.95 
2.07 
3.40 
4.37 
5.11 
3.45 
3.89 
3.21 
2.31 
1.33 
1.28 

32.11 

NOTE: The normal monthly temperature is the average of the normal daily maximum and 
minimum temperatures for that month from 1941 to 1970. The normal monthly precipitation is the 
average of the inches of precipitation for that month from 1941 to 1970. 

souRCE: National Oceanic and Atmospheric Administration. 1985. Climatological Data Annual 
Summary-Iowa, 1985, Vol. 96, No. 13. 

May. The average first frost (32°F) occurs around the first week of October. 
The mean growing degree-day accumulation for the cropping season 
through September is about 3,100 (50 to 86°F). Mean temperature and 
precipitation for the region over the course of the year are shown in Table 
2. 

MANAGEMENT FEATURES 

The current working philosophy of the Thompson Farm is to limit or find 
substitutes for off-farm inputs wherever possible to reduce costs and pro
mote the health of livestock and people. For example, herbicides and anti
biotics are not routinely employed, although these inputs are used when a 
crisis occurs, as in the case of treating a sick animal. Or, if there are thistles 
in a pasture, the individual plants will be sprayed with herbicide. For the 
most part, balance and diversity give the Thompsons' operation a certain 
resilience, qualities that are manifest in, for example, the mix of species in 
the pastures and in the gut of the livestock and in the early-season weeds 
in the row crops. 

Rotations 

There are five outlying fields on the farnl that use a 5-year rotation of 
corn-soybeans-corn-oats-meadow. Manure and sludge are spread on these 
fields just before they are planted with com and soybeans. Four smaller 
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fields near the homestead that alternate as pastures use a 6-year rotation of 
corn-soybeans-oats-meadow-meadow-meadow. Manure and sludge are ap
plied prior to planting corn and soybeans on these four fields as well. 

Clearly, raising animals is not an option for every farmer. Recognizing 
this, and wishing to demonstrate other farming options, the Thompsons 
have allocated land for two rotations that are relevant to the typical cash 
grain operation. One is the corn-soybean rotation that is so common in the 
Midwest; the other is a 3-year oats with green manure cover crop-com
soybean rotation. The Thompsons' purpose in these rotations is to investi
gate alternative methods of production and show ways in which growers 
with no manure or sludge can still limit production inputs purchased off 
the farm. 

Tillage and Planting Methods 

Ridge tillage is a form of reduced or conservation tillage used in the 
Midwest that has gained some popularity, particularly in areas with heavy 
soils that warm slowly in spring. In this practice the new crop is planted 
directly into the ridge remaining where the previous crop grew; no prior 
working of the soil is needed to prepare a seedbed. Most ridge-tillage 
farmers plant on the top of the ridge and usually apply herbicide in a band 
over the row. Since 1980, however, the Thompsons have planted on ridges 
without using any herbicides at all. 

In the Thompson modification of the standard ridge-tillage program, the 
planter shaves off the top two inches of the ridge, throwing soil, weeds and 
weed seeds, and cover crops into the middle or interrow zone. This method 
accomplishes two things: it helps to incorporate the manure, which has 
been applied just ahead of the planter, and it provides a planting strip in 
soil that is unoxygenated and fairly free of weed seed and that has not been 
exposed to sunlight. Weed seeds from the previous year may have fallen 
onto the surface of the ridge, but these are thrown into the interrow zone. 
In addition, the strip prepared for planting is in soil lacking the environ
mental cues-oxygen, light, and warmth-that signal dormant weed seeds 
to germinate. 

Soybeans are planted at a rate of 12 seeds per foot of row instead of the 9 
or 10 customarily recommended. The Thompsons use a tall, fast-emerging 
variety, one of the benefits of which is that it quickly establishes a small 
canopy over the row itself for within-row weed control. Weeds between the 
rows are easily cultivated. The Thompsons also plant a tall corn hybrid at a 
relatively high rate (24,000 to 26,000 plants per acre), again, to assist in 
weed control. 

The basic planting unit used by the Thompsons is a 4-row ridge-tillage 
planter, which is set up for 36-inch rows (planter costs are about $2,000 per 
row). A number of alterations have been ntade, however, to adapt the 
planter to this planting method. The two drive wheels were rotated to the 
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back of the planter, where they are less likely to pick up rnanure, and a soil 
scraper was added to each. The sweep that cuts off the top of the ridge was 
extended by 4 inches on each side to throw more soil into the middle. A 
metal plate was added on the rear of the sweeps to extend them back to the 
trash rods, and these rods are also covered with plates to keep soil and 
weed seeds from falling back into the row. With these changes the planter 
can be set deep enough to ensure a clean strip on the ridge for planting. 
Flexible plastic hoses on the planter are mounted to deliver fertilizer from 
tanks on the tractor. Disk openers enable this material to be placed 2 inches 
below and 2 inches to the side of the seed; in addition, the planter shoe can 
dispense starter fertilizer with the seed itself. 

Every effort is made to rotary hoe all row crops at least twice, which is 
another key element of the Thompsons' weed management strategy. The 
depth of rotary hoeing can be controlled both by the three-point hitch and 
by gauge wheels on the implement. The field is first hoed 3 or 4 days after 
planting, before the crop emerges. The purpose of this hoeing is to turn up 
tiny, germinating weeds while they are still in ~he vulnerable white root 
stage. The second pass with the rotary hoe occurs about 7 days later, after 
the crop has emerged. (The soybeans should be showing their first true 
leaves.) 

Crop losses as a result of hoeing are quite small; in most cases, only very 
shallow penetration of the soil is required. The operator can drive through 
the field at a brisk 10 to 12 miles per hour. The benefit to the crop in terms 
of weed control is great. Thompson maintains that when he is able to rotary 
hoe twice, his weed problems are well under control. With the 30-foot 
rotary hoe, Thompson can cover 150 acres in a single day, minimizing the 
system's vulnerability to changing weather conditions. 

The 4-row cultivator costs about $1,200 per row. A mirror mounted low 
and forward on the body of the tractor allows the driver to position the 
cultivator precisely while still facing forward. Deep, adjustable shields ride 
over the crop at any desired height, protecting young plants frorn clods 
thrown by the cultivator and keeping weed seeds out of the row. The 
cultivator is also equipped to deliver a side-dressing of fertilizer nitrogen, 
although the Thompsons customarily apply fertilizer earlier in the season. 
Herbicide boxes with rubber flights are used to dispense cover crop seed, 
through more plastic tubing, to the row just ahead of the disk hillers at the 
last cultivation. 

A pair of disk hillers and a sweep are used in each interrow zone for the 
first and second cultivation of soybeans. At the third and last cultivation, 
only a sweep is used with a ridging V behind it to create a firm ridge for 
the next year's crop. On the first two cultivations of corn the cultivator is 
mounted with a set of disk hillers and a sweep. On the last cultivation two 
pairs of hillers are used; they are turned to throw soil into the row, thus 
rebuilding the ridges. When ridges are constructed at the last cultivation, 
in late June or July, weed seeds have a chance to germinate and are then 
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choked out by the growing crop and limited moisture. Experience has 
shown that in years when ridges cannct be made until late fall or the next 
spring, the following row crop has more weeds. 

Weed Control 

The main element of weed control on the Thompson Farm is the use of 
the modified ridge-tillage planting and cultivation system just described. In 
addition, the Thompsons choose varieties of soybeans and corn that are tall 
and that do well at higher population levels. If, using the ridge system, the 
weeds should exceed the economic threshold, Thompson would suggest 
banding postemergence herbicide over the soybeans or corn. Thompson 
believes that herbicide use helps select the particular weed species that 
proliferate on a farm. Years ago, on an alrazine program with continuous 
corn planting, his big problems were milkweed and ground cherry. He 
maintains thai the velvetleaf (buttonweed) now so widespread in Iowa is a 
product of the grass herbicides used in recent years. 

The inclusion of small grains and hay in the rotation helps to disrupt the 
weed cycle. The Thompsons value cover crops, such as rye, for th~ir ability 
to inhibit weeds directly. Whether this inhibition occurs through allelopathy, 
direct competition, or a con1bination of the two, weed populations appear 
to be low or very low in fields in which rye is growing or has recently been 
grown. 

Some suggest that an herbicide-free weed control program can only suc
ceed in operations in which there are cover crops and small grains in the 
rotation to prevent the build-up Jf weed populations, particularly those of 
perennials. An extended field st 1dy on the farm has evaluated weed levels 
in the bean years of a corn-soybean rotation under three weed control 
systems: (1) ridge tillage without herbicides; (2) ridge tillage with the grass 
herbicide metolachlor broadcast before planting soybeans and corn; and (3) 
conventional tillage without herbicides. 

The last of these treatments employs the method of weed control used 
~efore the development of herbicides: several diskings performed at inter
vals before planting to allow weed emergence followed by weed destruction. 
The results indicate why herbicides are now considered indispensable by 
many farmers. When it rains a lot, weed problems can be severe using this 
system. 

Weed infestation, over time, became worse in the conventional tillage 
treatment. Broadleaf weeds also increased in the ridge-tillage-plus-meto
lachlor treatment. (There was no statistical difference between the soybean 
yields obtained in the two ridge-tillage treatments, although yields in the 
nonherbicide treatment tended to be a bushel or two higher.) Most impor
tantly from the standpoint of the cash grain farmer, there was no increase 
in weeds in cases in which this form of herbicide-free ridge tillage was 
applied to a corn-soybean rotation. 
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Pest Control 

There have been no particular pest problems on the farm. In springs in 
which cutworms are numerous, the Thompsons' fields do not seem to 
suffer more or less damage than their neighbors' land. This observation is 
perhaps surprising given the weedy appearance of the fields in spring; 
cutworm moths often seek out such weeds. In terms of leafhoppers, which 
can plague alfalfa, 1986 was a bad year. But there was no major damage 
from the insects-in particular, no yellowing of alfalfa-on the farm. Possi
bly, the diversity of plant species in the pastures and hay can be credited 
for this effect: the seeding mixture contains alfalfa, red and alsike clovers, 
timothy, and orchard grass. There is soybean cyst nematode in the county, 
although it has not appeared on the farm; hairy vetch is said to be among 
the many alternate hosts for this pest. 

Labor and Costs 

The Thompsons' diversified operation tends to spread the demands for 
labor-four full-time people-over the whole year. The farming is done 
mainly by Dick Thompson, his youngest son, Rex, and a hired man, em
ployed full-time; occasionally, Sharon Thompson will also help, although 
her prin1ary responsibilities are as secretary, recordkeeper, receptionist, ac
countant, and gardener. Rex Thompson is responsible for all machinery, 
feed grinding and preparation, and the field operations; the livestock, and 
especially the swine, are the responsibility of the other employee. 

In 1984, when the demands of the farm's more than 200 field research 
plots and the many speaking requests for Dick Thompson became too 
numerous, the Regenerative Agriculture Association made it possible for 
the Thompsons to hire a farmhand. The association also pays for soil and 
leaf tissue testing; the farming operation itself, however, receives no outside 
financial support. Dick Thompson estimates that 2.5 full-time persons are 
employed in farming, and 1.5 persons do the research and demonstrations. 

In terms of trips across the field, a conventional farmer might perform the 
following operations to grow a crop of soybeans: one pass with a combina
tion chisel plow-disk in the fall prior to the cropping year; a pass in the 
spring to disk again and apply herbicide; two trips with a field cultivator to 
incorporate the herbicide; a planting trip; one rotary hoeing after emer
gence; two cultivations; and a final trip with an herbicide wick or spray 
nozzle to get the remaining broadleaved weeds. The operations require nine 
transits of the field. The Thompsons, on the other hand, pull the manure 
spreader over the field, plant, rotary hoe twice, cultivate three times, and 
occasionally weed their soybeans with hand hoes, for a total of seven or 
eight trips (Table 3). These weed control practices substitute labor for capital 
and represent money kept within the operation as opposed to the purchase 
of inputs. The expenses associated with the practices, such as the cost of 
diesel fuel used in cultivation, are out-of-pocket costs. Rather than taking 
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TABLE 3 Thompsons' Time per Task Labor Costs for Corn and Soybeans, 
1986 

Minutes per Acre 

Field Operations Corn Soybeans 

Spread manure and sludge 30 30 
Plant 15 15 
Rotary hoe (2 times) 15 15 
Cultivate (3 times) 45 45 
Harvest 30 30 
Hoe weeds 15 
Shred stalks 15 

Total time per acre 2:30 2:30 

Cost per acre ($6.00/hour) $15.00 $15.00 

out a loan in the spring to get the crops planted, the Thompsons are able to 
distribute their expenses over the growing season and operate on cash flow 
completely. Tables 4 and 5 compare the costs of production for the Thompson 
operation with a conventional, cash grain, corn-soybean operation. 

Soli Fertility 

During the period when no fertilizers were purchased, soybeans were 
nevertheless being sold off the farm; the only nutrient inputs were through 

TABLE 4 Cost Comparisons for Corn and Soybean Production Using 
Thompson Methods and Conventional Methods 

Corn (dollars) Soybeans (dollars) 

Category Thompson Conventional Thompson Conventional 

Cost per acre 
Machinery 73.30 83.20 61.15 47.05 
Seed 20.00 22.10 15.00 11.00 
Chemicals 11.40 91.40 4.20 64.95 
Labor ($6.00/hour) 15.00 19.20 15.00 16.80 
Land 100.00 100.00 100.00 100.00 

Total cost/ acre 219.70 315.90 195.35 239.80 

Cost per busheld 
150 bushels of corn 1.46 2.11 
50 bushels of soybeans 3.91 4.8C' 

NOTE: A rigorous comparison of the Thompson Farm with Iowa State University (ISU) estimates 
would require an economic analysis of entire rotations. Such analysis is beyond the scope of this 
present study. The cost of vetch seed for the cover crop in corn and soybeans is omitted from the 
Thompson data. 

'7hese estimates reflect average yields and expenses. ISU's estimated costs of production for 
these crops are somewhat higher, indicating that the Thompsons' operation is profitable. Details 
of the Thompsons' labor expenditures and production costs are presented in Tables 3 and 5. 

SOUP.CE: Iowa State University. 1986. Estimated Costs of Crop Production in Iowa-1986. FM-1712. 
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TABLE 5 Variable Production Costs for Corn and Soybeans on Thompson 
Farm, 1986 (in dollars) 

Com Soybeans 

319 

Operations and Materials (150 bushels/acre) (50 bushels/acre) 

Ridge-tillage planting 
Seed 
Spread manure ($1.00/ton) 
Purchased fertilizer 

30 pounds N at $0.24/pound 
30 pounds K2 at $0.14/pound 

Herbicides 
Rotary hoe (2 times at $1.75) 
Cultivate (3 times at $2. 95) 
Com picker 
Combine 
Transport grain 
Dry grain 
Labor 

9.70 
20.00 
18.00 

7.20 
4.20 
0 
3.50 
8.85 

23.20 

10.05 
0 

15.00 

9.70 
15.00 
18.00 

4.20 
0 
3.50 
8.85 

17.75 
3.35 
0 

15.00 
Land chargea 100.00 100.00 

Total cost per acre 219.70 195.35 

aThis cost is for comparative purposes. The Thompsons actually own the land. 

purchased livestock feed. Dick Thompson has calculated that the theoretical 
net gain-loss to the system per acre per 5-year rotation was: nitrogen, + 101 
pounds; phosphate, + 112 pounds; and potash, -336 pounds. In reality, 
additional leaks in the system also occurred. Soil tests for phosphorus 
showed a steady increase over this period, whereas potassium remained in 
the medium range. 

Leaf tissue analysis, although an additional cost, is a good way to deter
mine the nutrient status of a farm's crop. Soil tests, on the other hand, 
indicate only the probability of response to additional fertilizer. In humid 
parts of the Midwest, testing for soil nitrogen is still controversial because 
all of the variables involved are not yet fully understood. Tissue tests are 
thus useful in taking some of the guesswork out of a fertility program. 

When the Thompsons began tissue testing, they found that both nitrogen 
and potassium were below adequate levels. Their short-term solution was 
to purchase moderate amounts of both, in the form of chemical fertilizers, 
and to monitor nutrient levels through soil and leaf tissue tests. The tests 
had shown that by June, the soil had as much as several hundr~d pounds 
of nitrogen; at com planting, however, around the first week of May, there 
was very little available nitrogen. The Thompsons now apply 18 tons of 
mixed sludge and manure per acre at planting of both corn and soybeans, 
but the substantial amendments of green manure and livestock manure do 
not begin to benefit the crop until the soil warms, allowing the microbial 
breakdown of the added substrates. Currently, 30 pounds of nitrogen (N) 
per acre, in the form of 28 percent N urea solution, is applied at the planting 
of both oats and corn. In 1986, 30 pounds of potash per acre were also 
applied to corn and soybeans at planting. 
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The farm's long-term strategy is to plug the nutrient leaks in the opera
tion so t~1at purchased inputs can be reduced or eliminated. For a number 
of years the mixed livestock manure and bedding were composted before 
they were applied to the land. Dick Thompson reported that this practice 
has been discontinued for a number of reasons: 

• The success of the weed control program has made it less critical that 
weed seeds be destroyed by composting; 

• Nitrogen in the compost was apparently stabilized to such an extent 
that it could not be mineralized fast enough to supply the corn crop; 

• In the composting process itself, nitrogen was volatilized and potassium 
was lost in the liquid expressed from the compost windrow; and 

• Finally, the process required a year's delay between the collection of the 
raw material and the application of compost to the field. 

Dick Thompson also sees some evidence that compost is a less attractive 
substrate br soil fauna and flora than the mix of bedding and raw manure: 
the estimated earthworm population was significantly lower after the appli
cation of compost than after raw manure or sludge. 

The current plan for manure is to haul material from the livestock pens 
directly to the new n1anure bunker where it is added to the sewage sludge. 
In the bunker, the manure and municipal sludge will be kept cool and 
anaerobic. Any liquid that collects in the bunker will be pumped off and 
used as a starter fertilizer in the spring. 

The municipal sludge is delivered to the bunker at no cost to the Thomp
sons. Sludge deliveries began in 1984 and now amount to about 1,200 wet 
tons per year. Sludge is typically low in potassium, but the use of cement 
kiln dust as a precipitating agent may increase the potassium content of the 
material in the future. A tannery near Boone is responsible for the chro
mium found in the sludge. Chromium levels are being monitored by the 
city, however, and although there are no precise guidelines, it appears that 
the metals now found in the sludge can be applied to the farm's land for 
many years without causing problems. 

The Use of Cover Crops 

Cover crops are grown wherever possible on the Thompson Farm, both 
for soil conservation and for soil improvement. The district conservationist 
for the Soil Conservation Service has calculated annual erosion rates for the 
farm's soils, estimating them to average 4 tons per acre per year for the 
com-soybeans-com-oats-hay rotation and 1 ton per acre for the fields that 
are in a corn-soybeans-oats-meadow-meadow-meadow rotation. (These es
timates do not factor in the additional erosion control effect of the inter
seeded and overseeded cover crops, which can be sizable when the cover 
crops provide a high degree of ground cover.) The maximum tolerable 
annual level of erosion in thb ·area of Iowa is considered to be 5 tons per 
acre. In Boone County, land in a corn-soybean rotation loses an average of 
8 to 10 tons of soil per acre per year. All of the Thompsons' fields except 
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the cash grain experiments are in hay or small grains 2 years out of 5 or 3 
years out of 6. 

Winter ground cover is established after soybeans by aerially applying the 
seed as the beans approach senescence. As the soybean plant leaves fall to 
the ground, they cover the seeds, forming a good environment for germi
nation. The cost of the service in this area is about $4.50 per acre, but it 
costs considerably less in other parts of the country. Dick Thompson uses 
the following application rates, which are fairly typical: 1 bushel of oats per 
acre (currently priced at $2.50 per bushel for cleaned seed) with 20 pounds 
of either hairy vetch (prices vary widely by locality, $0.38 to $0.70 per 
pound) or rye (about $3.50 per bushel). Oats die in the winter in central 
Iowa, an advantageous characteristic in that they provide ground cover 
without interfering with the following year's r :op. Rye is exceptionally 
hardy and will grow vigorously the following spring. At seeding rates of 
greater than 20 pounds per acre, however, rye can dry out the soil through 
increased transpiration, hinder planting of the succeeding crop, and im
mobilize soil nitrogen. The soybean harvest is too late in the year to allow 
more than a few inches growth of a cover crop, but even such a late seeding 
helps to hold the snow on the ground. 

Cover crops are also seeded into corn at the time of its last cultivation. 
Hairy vetch has been the best performer in this capacity, although its winter 
hardiness is unpredictable. One stand of vetch on the Thompson Farn1 in 
the spring of 1986 contained 40 pounds of nitrogen per acre at the end of 
April and 75 pounds per acre by the end of May. These rates were deter
mined by excavating and analyzing the vetch in square-yard quadrants 
every 20 rows along a transect across the field; plant samples were then 
subjected to Kjeldahl analysis for nitrogen. Although the vetch roots were 
profusely nodulated, there is no way of knowing how much of the nitrogen 
was fixed from N2 and how n1uch was simply accumulated from the soil. 
The carbon:nitrogen ratio of this plant material was 10:1 or 12:1, so there 
should have been no immobilization of additional soil nitrogen as the green 
manure decomposed. 

The Cdsh grain rotations on the Thompson Farm do not receive applica
tions of manure or sludge. The green manure crop in the 3-year rotation is 
grown only for nitrogen fixation and nutrient accumulation. In both this 
and the corn-soybean rotation, seeds of rye, oats, or hairy vetch are aerially 
seeded just before leaf fall of the soybeans. At the last cultivation, hairy 
vetch is seeded into corn in both rotations for green manure the following 
spring. 

LIVESTOCK SYSTEMS 

Feeds 
A complete description of the feed rations used on the farm is available 

from the Thompsons. The foundation beef cow herd ration is hay, oats, and 
ground ear corn. Fattening cattle receive a protein supplement but no 
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growth hormones. There are five mixes for the hogs: one for gestation, one 
for lactation, a pig starter, a nursery grower, and a finishing ration. The 
sows get ground ear corn, oats, and purchased lysine and minerals. The 
other pigs are given ground, shelled corn (some of which comes from on 
the farm, some from outside), ground oats, and mineral and protein sup
plements. 

The cattle previously raised by the Thompsons were a large, exotic type 
that in winter required a great deal of com just to maintain weight. The 
smaller, hardier Black Baldies that the Thompsons currently raise do well 
on mostly hay. (The Thon1psons have changed from spring to fall calving, 
which has solved the problem of calving in the yard before cows get out to 
pasture in the spring and so helped to eliminate scouring in the calves.) 
Similarly, the hogs used to be of a tall, narrow body type, but eventually 
the Thompsons concluded that a medium-framed aniinal with more lung 
capacity was better suited to the outdoor environment that the farm main
tains. 

Disease Control 

The Thompsons do not use antibiotics routinely in their livestock opera
tions, and the cattle receive no vaccinations. Diatomaceous earth is added 
to the feed and is dusted on the cows once or twice a year for external and 
intestinal parasites. 

The isolation, sunlight, and generous amounts of bedding the Thomp
sons use in the hog operation help to lessen the pressure from disease 
organisn1s. Agricultural calcium carbonate (fine barn lime) is spread on the 
floors to keep the pH above the range favored by potential pathogens. The 
pens are cleaned every 2 weeks with the front-end loader tractor, but the 
facilities have never been sterilized. Manure is moved weekly from the 
farrowing units to the gestation pen so the sows are exposed to the same 
microflora found in farrowing stalls. In this way, pregnant sows build im
munity to any new microbe in the environment, and the piglets begin life 
with the corresponding passive immunities. 

Antibiotics create a "vacuum" in the gut of an animat a vacuum into 
which resistant pathogens may move with relatively few constraints. No 
amount of sterilization can keep a sow's microflora away from her piglets. 
Rather than add antibiotics to the hog rations, the Thompsons add one or 
more of a group of products referred to as probiotics. These additives 
contain live cultures of bacterial strains, prominently Lactobacillus species 
but also strains of Streptococcus, Bacillus, and probably other genera. 

The goal of their use is to create a favorable and stable balance in the 
hog's gut through this selective diversity. Some of these probiotics seem to 
be effective in preventing scours, which is also avoided through the inclu
sion of oats and ground ear corn for bulk in the sows' gestation ration. As 
a further preventive measure, piglets get steamed rolled oats in a ration 
that contains no added sugars and only 16.5 percent crude protein. 

AU of the hogs are chased out of their hutches early every morning to 
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discourage them from dunging inside. If the number of pigs in a unit is 
sufficiently high, they tend to defecate outside rather than foul the building 
in which they sleep. As the pigs grow, walls are removed to increase the 
size of their sleeping space or the number of pigs per unit is reduced or 
both. Iron shots are the only injection the Thompsons customarily admin
ister in the hog operation. 

TRANSFER OF TECHNOLOGY 

Communication between the academic community and limited-input 
farmers like the Thompsons has improved over the years. There are proba
bly at least several reasons for this improvement: 

• Limited input farmers rely on sound management and agronomic prin
ciples rather than adhering to specific ideologies; 

• The practices used on these farms are supported by empirical data, and 
incorporate many proven agricultural methods such as crop rotations; 

• Individual scientists and farn1ers have worked to develop the dialogue; 
and 

• Circumstances in the farm economy and the environment have led farm
ers to consider the philosophy of optimization rather than maximization 
in ways that might not have been foreseen a decade ago. 

Every summer, several hundred people are drawn to the Thompson Farm 
field days. A number of researchers, teachers, extension agents, and admin
istrators have visited the farm at one time or another and been struck with 
its accomplishments and successes. So far, most state universities have not 
moved to develop and promote input-efficient farming per se, as has been 
done, for example, with no-tillage cropping. For such research to occur on 
a more systematic basis, the Thompsons believe that funding must be 
available. 

During discussions at the Thompson Farm field days, questions were 
raised about three major problems confronting agriculture: (1) the farm 
credit crisis, (2) the oversupply of grain, and (3) the environmental effects 
of production. In addressing these problems, the Thompsons stress the 
links among farm management decisions (such as what to plant or which 
tillage systems or disease control practices to use), economic performance, 
and reduced environmental degradation. The Thompson Farm represents 
one possible integrated solution to all three problems. 

Experience from around the country has shown that for the methods 
used in the Thompson operation to be more widely adopted, farmers must 
first see them working in their own neighborhoods. They tend to view 
advice from leaders in government, universities, and the private sector more 
skeptically. As a result, demonstration farms, such as the Thompson Farm, 
play an important role in technology transfer. The Thompsons believe that 
the growing crowds at their field days and the desire of research scientists 
to conduct more in-d.epth studies of the family's farming system are positive 
signs. 



CASE STUDY 

6 
Tree Fruits, Walnuts, and Vegetables 

in California: 
The Ferrari Farm 

T:HE FERRARI FARM consists of 223 acres and is located near the town of 
Linden, California, east of Stockton. It is located in an alluvial plain 

near the confluence of the Sacramento and San Joaquin rivers, at an eleva
tion of just a few feet above sea level. 

GENERAL DATA 

The Ferraris grow 22 acres of vegetables, including, currently, onions, 
broccoli, sweet com, cabbage, and squash; 126 acres of nuts, including 111 
acres of walnuts (of which 41 acres are produced organically) and 15 acres 
of almonds; and 75 acres of various tree fruits, including 12 acres of apples, 
10 acres of plums, 7 acres of apricots, 1 acre of Asian pears, and about 42 
acres of peaches and nectarines combined. The operators (George Ferrari 
and his s0n, Wayne) attempt to use organic methods on all of their crops, 
both as a matter of personal preference and out of concern for the health of 
consumers and those working in and around the orchards. 

Most of the farm is certified as organic by the California Certified Organic 
Growers. Currently, about two-thirds of the total value of crop sales are 
sold as organic ($300,000 of the total $450,000); the remainder is produced 
using an integrated pest management (IPM) program that includes some 
use of pesticides. Produce from this remaining acreage is sold in conven
tional markets. 

This case study points out several areas in which the Ferraris have taken 
innovative approaches: (1) the use of nonpesticide insect control in fruit 
production on a commercial scale and, specifically, the use of experimental 
biological controls, a pheromone and codling moth granulosis virus; (2) the 
successful use of an IPM scouting and advisory service; (3) a successful 
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fertility program using 110 chemical fertilizers in most of their orchards; and 
(4) diversification of the species grown on the farm and the marketing 
strategies nece3sary to sell them (Table 1). 

Climate 

The average precipitation in the Stockton area is about 14 inches (Table 
2}. Almost no rainfall occurs from June through September; more than 2 
inches per month normally fall in December through February. Tempera
tures in the area are hot in the summer (with monthly normal maximum 
temperatures exceeding 80°F in May through September); the \\inters are 
mild (with n1onthly normal minimum temperatures above 35°F). This cli
mate is excellent for growing tree fruits and nuts, as long as irrigation can 
be provided during the growing season. According to Wayne Ferrari, how
ever, spring frost, which sometimes occurs as late as April30, has damaged 
crops on occasiOn. 

PHYSICAL AND CAPITAL RESOURCES 

Soli 

Soils in the area are highly productive (class 1) Wyman clay loam soils. 
The topography is flat, facilitating gravity irrigation. 

Buildings and Facilities 

The Ferrari Farm has an extensive set of buildings, including the follow
mg: 

• a 50-by 75-foot repair shop containing a full set of metal-working equip
ment and machine maintenance and repair facilities; 

• a cooling plant with two cooling rooms (32-by-32-by-12 feet and 32-by-
20-by-12 feet) for immediately cooling the fruit at harvest and storing 
the fruit after packing and prior to shipping; these rooms can hold 200 
and 125 storage bins, respectively (each bin is 4-by-4-by-2 feet); 

• a packing house (with a 40-by 100-foot new addition plus an older 
faciJity) containing various kinds of sorting and packaging machines 
and processins facilities for shelling nuts and dr}ing fruits; 

• a 40-by 60-foot roof shed; 
• a 30-b}r 60-fooi walnut cracking shed; 
• a 36-by SO-foot storage building; 
• a lean-to building for tractors and other equipment; and 
• an office in Wayne Ferrw·i' s home. 

Machinery 

The Ferrari Farm has an extensive inventory of machinery and equipment~ 
including the following major items: a crawler tractor; three utility tractors 
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TABLE 1 Summary of Enterprise Data for the Ferrari Farm 
Category Description 

Farm size 
Labor and 

management 
practices 

Marketing strategies 

Weed control practices 

Jnsect and nematode 
control practices 

Disease control 
practices 

Soil fertility 
management 

Irrigation practir:es 

Crop and livesi .xk 
yields 

Financial performance 

223 acres 
The farm is operated by the Ferrari family (4 adults working full 

time and 2 teenagers working part time) plus 12 regular year
round hired workers and 8 regular seasonal hired workers. 
Additional seasonal workers are hired as needed. The farm 
raises a diverse combination of fruits, nuts, and vegetables, and 
requires intensive management. Wayne Ferrari manages the 
orchards; his wife does the bookkeeping; and his father manages 
the vegetable production. Both men and Wayne Ferrari's mother 
share in the mana; ement of packing and marketing the produce. 

About 10 to 15 percent of the farm's crops have been sold at the 
San Francisco farmers' market for the past 30 years; there are 
many repeat customers. Premium fancy-grade produce is sold to 
wholesalers, mostly organic specialty markets; a 5 percent 
premium price is charged on organic walnuts. This produce is 
sold at about a constant price throughout the season in an effort 
tu introduce some stability into the market. 

Strip-spraying with herbicides is used in some orchards, including 
glyphosate for johnsongrass. In organic orchards, weeds are 
flail-chopped, disked, or hand-hoed. 

Codling moth granulosis virus (CMGV) is used successfully on 5 
acres of apples with 2 to 3 percent worm damage on Red 
Delicious, 1 percent on Granny Smith apples. It has not yet been 
effective against codling moths in walnuts. Other organically 
approved substances have not been as effective as CMGV or 
chemical pesticides used under the advice of an IPM pest control 
adviser. The application of compost is credited for controlling 
nematodes. Pheromone materials used on an experimental 
permit have been found to be effective against oriental fruit 
moth. CMGV has been found to require very thorough coverage 
of trees and more frequent applications than chemical pesticides. 
The application of predacious mites to fruit trees has been 
reported to be dfective against phytophagous mites. 

Bordeaux solution is applied weekly during high humidity to 
control blight. Disease-prone crops are withdrawn from 
production and replaced with disease-resistant species. 

The Ferraris apply 273 pounds N/acre to conventional walnuts; 
gypsum is added ' 1hen soil tests indicate a need for calcium. 
Vetch green manw e is used on certified organic acres, as is 2.7 
tons/acre composted steer manure. Supplemental foliar spray 
with a kelp fertilizer is used when crops are stressed by pests. 

Flood irrigation of orchards and vegetable fields is used. Water 
comes from six wells, pumped from a 130- to 150-foot depth. 

Yields vary by crop. Detailed yield data for six kiPds of tree fruits 
(several varieties of each) and walnuts, almonds, and fresh 
vegetables were not available. 

Cost and return 1 ata on individual enterprises and on the farm's 
overall operation were not available. Unobtrusive measures 
indicate the farm is prospering: approximate doubling of 
packing shed facilitiel:> in the past 5 years financed internally 
(there is no debt on machinery or buildings); the acreage owned 
has increased 9 percent since 1982; and the farm is supporting 
two families. 



TABLE 2 Normal Daily Temperatures and Monthly Precipitation at Stockton/ California 
Normal Daily Normal Normal 
Temperature (°F) Degree Days Precipitation 

Tt..f,..,._tJ...1 .. n,..,., With 
1~1.\.lllUUJ LJUJ~ I'T.At..ll 

Month Maximum Minimum Average Heating Cooling Inches ?0.01 Inches 

January 52.8 36.3 44.6 632 0 2.91 9 
February 59.0 39.2 49.1 445 0 2.11 8 
March 64.8 40.6 52.7 381 0 1.96 8 
A ..... ,.~1 '7'l A AA Q I:;Q t:. 'l1A .,., 1 ':l7 6 .n.y•u , ... 'T. "rr.U -JU.V ..... -.: ...... .... ....,, 
May 80.3 50.0 65.2 67 73 0.42 3 
June 88.1 55.4 71.8 15 219 0.07 1 
July 94.7 58.7 76.7 0 363 0.01 a 

August 92.8 57.8 75.3 0 323 0.03 a 

September 88.8 55.3 72.1 0 217 0.17 1 
,...,.,__.__L __ "70 1 AO n L., t: 00 A'\ n ..,.., ~ 
VUUUt:'I 10.~ 'tO.? O.:J.;:J 00 ~ U.l"- .:J 

November 64.2 41.5 52.9 363 0 1.72 7 
December 53.3 37.9 45.6 601 0 2.68 6 

Average annual 74.1 47.2 60.7 Average annuai totai 2,806 il259 14.17 52 

NOTE: The normai daily maximum by month is the average of each day's (midnight to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daily minimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal monthly temperature is the average of the normal daily maximum and minimum temperatures for that month. The 
normal degree days heating are the sums of the negative departures of average daily temperatures from 65°F. The normal degree days cooling are the 
sums of the positive departures of average daily temperatures from 65°F. To calculate lhe normal degree days heating or cooling, multiply the 
difference between 65°F and the normal monthly temperature by the number of days in the month. The normal monthly precipitation is the average of 
the inches of precipitation for that month from 1941 to 1970. 

aLess than one-half. 

souRCE: National Oceanic and Atmospheric Administration. 1980. Climates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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(60 to 70 horsepower); three row-crop tractors, ranging from very small to 
80 horsepower; five forklifts; three pickups; a 1-ton flatbed truck; a 16-foot 
van; a refrigerated, 28-foot semi-truck and trailer; a backhoe; a sweeper (for 
nut harvesting); a nut harvester (tree-shaker); a bulk trailer with a nut drier; 
a compost spreader truck; a pull-type compost spreader; a row-crop sprayer; 
a speed sprayer; a nut huller; various packing house equipment; a biomass 
burner that generates up to 500,000 BTUs of heat for the packing shed 
using walnut shells as fuel following a 90-second warmup with propane; 
and miscellaneous other machinery and equipment. 

MANAGEMENT FEATURES 

Soil Fertility 

The Ferraris use different fertility programs on the conventional and cer
tified organic portions of their farm. For example, 275 pounds of nitrogen 
are applied each year (125 pounds in the spring and 150 pounds in the fall) 
to the conventionally grown walnuts. In a wet sprin~, calcium nitrate is 
broadcast in the orchards; in a dry spring, ammoniun1 sulfate is used. Urea 
is used in the fall. If calcium is found to be deficient based on the results of 
soil tests, gypsum may be applied; in 1985, for example, the Ferraris used 2 
tons of gypsum per acre. 

A much more cornplex fertility program is used on the certified organic 
acres. About 2.7 tons of composted steer manure are applied at a cost of 
$93.00 per acre compared with about $70.00 per acre for the conventional 
chemical fertilizer ammonium sulfate, which has less nutrient value than 
compost. Spreading compost (with a spreader truck) requires about 16 
minutes of labor per acre, compared with about 4.8 minutes per acre for 
labor to apply chemical fertilizer, according to Wayne Ferrari. 

The compost used on the farm is purchased from various local firms 
specializing in its production. Ferrari also reported that the analysis of 
compost provided by one of these firms is as follows: 1.7 percent nitrogen, 
1.6 percent phosphorus (P20 5), 2.5 percent potassium (K20), 2.4 percent 
calcium, and 1.3 percent magnesium. Purple vetch (Vicia benghalensis) is 
used as a green manure crop in areas that are not overlain with permanent 
sod. 

A material made from kelp is applied during times of plant stress when 
pest populations are expanding rapidly. Farmers who use this method con
tend that the foliar spray does not reduce pest populations but instead 
stimulates plant growth so that the damage done by the pests invokes less 
stress on the crop. The relationship between foliar feeding and pest damage 
has not been experimentally established, however (A. Berlowit~., ~~rrespon
dence, 1986). 

Fertility management practices differ for the various crops, depending on 
soil conditions, the health of the trees, and other factors. Because of the 
!arge number of different species being produced and the resulting com-
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plexity of the fertility program, such activities require a high level of man
agement. 

Tillage, Crop Rotations, and Irrigation 

No special features were noted in the methods used by the Ferraris fo:::
planting the orchards or for tillL.'lg crc?land except for the rather high level 
of crop diversification noted earlier. The diversified cropping pattern is 
primarily a risk management strategy. By diversifying the Ferraris reduce 
the risk of crop loss from various pests, adverse growing conditions, and 
changes in the market. The family is constantly identifying areas of its 
orchards that appear to be u·_,profi~able and then replanting new varieties. 
When trees are removed from an orchard, vegetables are usually grown on 
the bare ground for a period of 2 to 3 years prior to replanting. Moreover, 
vegetable production is often continued in the young orchard before the 
trees reach maturity. In this way, some income is earned from that land 
befor~ •he trees begin bearing. 

The Ferraris produce more than one-third of their walnuts without the 
use of pesticides; these nuts are sold in the organic markets. All of the 
farm's other crops are produced with as few pesticide applications as pos
sible. Whenever it becomes necessary to apply a synthetically formulated 
chemical pesticide to prevent the loss of a crop, this acreage is removed 
from the organic market for 2 years in compliance with state law. The state 
does allow certain other chemicals, such as Bordeaux solutio.\ (lime, water, 
and copper sulfate), to be used in organic orchards. Currently, about two
thirds of the Ferrari tree-fruit orchards and vegetable crops are produced 
without synthetically formulated chemical pesticides. The exact acreage 
varies from year to year. 

The Ferraris irrigate their alternative orchards either with sprinklers or 
through gravity irrigation; they use sprinklers on all of their conventional 
orchards. Waj'ne Ferrari says that he applies less water than suggested by 
his hired pest control 1dviser because he prefers to save money on the cost 
of pumping the water. (Irrigation water for the farm is pumped by electric 
power from a depth of 130 to 250 feet from six irrigation wells ranging in 
depth from 350 to 500 feet.) He also reports that the water table is subsiding 
because of the intensity of irrigation in the Stockton area and observes. that 
"every few years we have to add another 10 or 20 feet of column to the 
pumps." The sustainability of this practice is a concern. 

Weed Control 

In their conventional orchards, the Ferraris spray herbicides (primarily 
glyphosate) to control weeds, most notably Johnsongrass. In their alterna
tive orchards, weed control methods include flail chopping and disking 
between the rows of trees and hand hoeing of weeds growing close to the 
trees. 

I 
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Insect and Nematode Control 

The Ferraris control insects and nematodes on their conventionally grown 
and alternative acreages with a variety of methods. A pest control adviser 
is hired to scout the entire farm and provide advice on the timing and 
necessity of spraying as pest populations approach or exceed economic 
threshold levels. Wayne Ferrari decides which material is to be applied. On 
the conventional acreage, phosalone is applied to control codling moths and 
aphids, especially on apples that have been grown on certain susceptible 
varieties of root stock; methidathion is used to control scale; and propargite 
is used to control mites. 

Nematodes are not considered a problem in walnut production. The Fer
raris use compost in the belief that it. may help control nematodes on their 
other acreage, although the ~fficacy of compost application for nematode 
control in orchards has not been established, 

On their alternative acreage the Ferraris use a number of biological con
trols and organically acceptable pesticides, as well as other n1ethods of 
insect and mite control.* Occasionally, beneficial predators are released on 
the advice of the pest control adviser. The Ferraris also apply various tnate
rials approved by the state law governing organic farming, including dor
mant oils, pheromones, and various biological control materials. For exam
ple, the Ferraris are using a pheromone, available on a U.S. Environmental 
Protecthr1 Agency (EPA) experimental use pennit, to control oriental fruit 
moth. This material is distributed through small "·:irelike devices, four of 
which are attached to each tree. 

The pheromone emitted by the wires saturates the chemical receptors on 
the antennae of the male oriental fruit moth, making it difficult for him to 
find the fen1ale and breed (\\'eakley et al., 1988). The Ferraris have found 
this material to be very effective in controlling the oriental fruit moth. The 
labor cost fer attaching the wires to the trees is approximately $0.25 per 
tree; the cost of the material under full-scale commercial production is not 
yet known. 

Another biological control measure used by the Ferraris is the codling 
mo~h granulosis virus (CMGV), which is also used under an EPA experi
mental use permit. Scientists at the University of California arP. performing 
the safety tests necessary for EPA registration of CMGV. 

Indications to date are that the virus is highly specific and innocuous to 
anything hut the codling moth and some closely related insect specie~ 
(Kurstak, i982). Several problems that must be overcome, however, include 
the development of c:. sun..;creen matErial to prevent CMGV from degrading 

*Many materials permitted under the California organic farming legislation are, in 
f~ct, pesticides-for example, sulfur, Bordeaux solution, Bacillus tlwringiensis, ryania, 
and so on. However, th~se materials are distinguished from synthetically formulated 
chemical pesticides because they are derived from naturally occurring substances. 
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in sunlight and practical ways to reduce the number of applications re
quired. (These are common formulation challenges faced by developers and 
manufacturers of agrichemicals.) 

When it has been necessary to mix CMGV with chemical insecticides, 
tests have shown that CMGV is compatible and does not deteriorate when 
mixed with most of the chemicals that are commonly used. As a result, it 
can be applied o.long with other materials, thereby reducing the number of 
separate sprays U1at would be required if CMGV had to be applied by itself 
(A. Berlowitz, cor,·espondence, 1986). 

The Ferraris report that th'-'Y applied CMGV to 5 acres of Payne English 
walnuts (on black walnut root stock) and 6 acres of apples (2 acres of Red 
Delicious and 4 acrt'S of Granny Smith). They observed 2 to 3 percent worm 
damage in the Red Delicious and 1 percent damage in the Granny Sn1iths. 
The mater!al was not effective in controlling codling moth damage in the 
walnuts, but they attribute this failure to poor methods of application. (They 
say that they were not as careful as they should have been in obtaining 
c0mplete coverage in the w.:-lnuts.) 

In places where CMGV could not penetrate (because it is not a chemical 
pesticide with fuming and contact action), such as between tightly clustered 
apples, worm damage was higher. There were three flights of the codling 
moth; CMGV was applied three times per flight. The applications were 
timed to occur 7 to 10 days prior to the peak, at the peak, and just beyond 
the peak popalation of the moths. Applied at the proper times using a 
method that achieves total coverage of the foliage, CMGV has been found 
to be highly effective in controlling codling moths on experimental blocks 
of operating farms (Falcon et al., 1985). 

Falcon et al. (1985) compared the effectiveness of CMGV with a widely 
used alternative method (oil) and a conventional method (the application of 
chemical pesticides) in an orchard near the Ferrari Farm. The results of this 
field experiment suggest that CMGV provides approximately the same pro
tection against codling moth at about the same cost for materials, but that 
it also requires n1ore frequent applications. 

Another element of the Ferrari pest control program on the farm's alter
native acreage is the periodic release of predacious mites. These mites prey 
on phytophagous mites that feed on the leaves of fruit trees, sometimes 
defoliating the trees. The beneficial predator mites are introduced to the 
orchard in a novel way: the Ferraris purchase bean plants (each about 12 
inches tall) infested with predaceous mites (about 20 to 30 per plant) from 
an insectary. Wayne Ferrari and his workers the11 place one of these bean 
plants on a branch at the northeast side of each tree (about 100 trees per 
acre). The bean plants are placed at about chest height. 

The predaceous mites are bred to be resistant to sulfur and miticides. 
Wayne Ferrari reports that t!le efficacy of this procedure is "fantastic" and 
that the predators effectively control the phytophagous mites. The cost of 
this material ($25.00 per acre) is about the same as the cost of chemical 
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miticides such as propargite; however, Ferrari estimates that the labor cost 
of applying the infested bean plants would be somewhat higher (data are 
not available) than spraying miticide on the orchard. 

In addition to applying CMGV material to an experimental plot of apples, 
the Ferraris also used this material on 3 acres of their conventional apples. 
Before applying CMGV, they had found the population of codling moth to 
be increasing very rapidly in one of the orchards just a few days prior to 
harvest. They were faced with a choice of either picking the crop early, 
thereby sacrificing the optimum sugar content of the apples, or spraying 
with the chemical pesticide phosalone, which would have required a 2-
week delay before the toxicity of the pestiCide had subsided sufficiently to 
legally permit workers to enter the orchards for harvest. This delay would 
have meant postponing harvest beyond the optimum stage of maturity. 

Instead of choosing either of these options the Ferraris applied CMGV to 
this orchard. Because there is no reentry delay time with CMGV, it was 
possible to send harvest crews into the orchard at the optimum harvest 
time. Ferrari has observed that a major advantage of Crv1GV is that, as in 
the above instance, it can be used close to harvest; it is one of the few 
pesticide materials currently available for such use. He recognizes, however, 
that conventional producers are not likely to favor CMGV for general use 
during the growing season because of the greater numbt>~ of applications 
required as compared with chemical insecticides. 

Disease Control 

Blight is one of the major diseases of walnuts. Late-flowering varieties 
(such as Hartley) tend to escape blight iniection because humidity is typi
cally low later in the season. Early varieties, however, are treated with a 1 
percent Bordeaux solution every 7 days as long as the humidity is high and 
the walnuts are small. When the humidity is low or the nuts are large, 
blight is no longer a problem. 

Labor 

The labor force on the Ferrari Farm consists of four adult family members 
(Wayne; his wife, Irene, who takes care of the bookkeeping; his mother, 
ltalia, who works in the packing shed and takes sale orders from buyers; 
and his father, George, who oversees the packing shed and vegetable pro
duction); two teenage children who work in the packing shed during the 
summer months and on weekends; 20 regular hired workers (reduced to 12 
in the winter months); and miscellaneous seasonal workers as needed. 

Wayne Ferrari provides the bulk of the management of the orchards, 
including irrigation scheduling, pest control, fertility management, and 
planting and harvesting scheduling. Wayne and George Ferrari jointly se
lect the cultivars of crops to be planted, deal with buyers, and make other 
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day-to-day decisions. Both of these men work virtually year-round on the 
farm, with their most intense schedule occurring during harvest. 

PERFORMANCE INDICATORS 

Yield Data 

Because of the large number of crops grown and the diversity of cultivars 
of each crop, it is not practical for the Ferraris to maintain accurate produc
tion and yield data on the various orchards and segments within orchards 
or in the vegetable plots. Consequer.tly, no specific yield data are available. 

Further research is needed before the yield impact profitability of CMGV 
will be verified for various growing conditk~11S and locations. It is well 
established, however, that CMGV can be effective and profitable-but only 
when applied with precise timing in a thorough coverage of trees, as a part 
of a comprehensive IPM program that ensures viability of various natural 
predators, and in combination with other aspects of good management. 

Financial Performance 

Although cost and return data are not available for the Ferrari Farm as a 
whole, several specific items of information were gathered and generaliza
tions can be made on the basis of interviews conducted with the family in 
1982 and 1986. In general, costs and returns vary depending on the crop 
grown and on whether conventional or alternative methods are used. For 
example, the Ferraris pay dues of 0.5 percent of the gross value of sales 
from al' acreage certified as org1nic (currently about $1,500) to the certify
ing organization, California Certified Organic Farmers. Approximately one
third of the walnut ~creage of a total 111 acres are certified as organically 
grown; the Ferraris receive a price premium of $0.04 per pound on the 
organic walnuts sold in the shell. Shelled walnuts bring a $0.10 p~r pound 
(5 percent) premium. 

The Ferraris use three market outlets for their fruit: (1) wholesale outlet 
firms, which handle the premium quality produce; (2) the San Francisco 
farmers' market and a few other direct marketing outlets, at which they sell 
produce that does not meet the premium grading standards; and (3) the 
d.,.ied fruit processing facility, where cull fruit (particularly insect-damaged 
fruit) is dried for marketing. The Ferraris sell their premium produce to 
several different wholesalers, particularly in the Los Angeles, San Fran
dsen, and Oregon markets. Most of these wholesalers specialize in organic 
produce; the Ferraris sell the fruit from their conventionally produced acre
age to conventional wholesalers. 

Approximately 10 to 15 percent of the Ferraris' farm products are sold 
through the San Francisco farmers' market and six small stores; currently, 
there are no restaurants included in their direct marketing network. Each 
Friday the Ferraris load their refrigerat(d van with various fruits and vege-



334 ALTERNATIVE AGRICULTURE 

tables and, early on Saturday morning, they drive to the San Francisco 
farmers' market to sell this produce. They also make deliveries to a few 
stores that have telephoned orders to them in advance. The Ferraris report 
that they have been marketing their produce in the San Francisco area for 
approximately 30 years, with a large number of repeat customers. Because 
the produce that they are selling is slightly below the grading standards for 
premium products, they are able to give the£e customers a good quality 
product at a bargain price. 

Over the years, Wayne Ferrari reports that he has made decisions to plant 
additional varieties of fruits and vegetables in response to questions and 
requests from his customers in the San Francisco market; he has also based 
such decisions on evidence in the wholesale mar~~ets suggesting expecta
tions of profitable enterprises in years to come. His management strategy 
is extremely diversified in every aspect: the number of crops he produces, 
the farm's marketing outlets, sources of compost, fertility management 
methods, and pest management strategies. 

One of the underlying goals guiding the Ferrari marketing strategy is a 
desire to promote stability in the market. They prefer to see the prices of 
produce remain relatively constant throughout the season rather than ex
hibiting wide fluctuations from month to month. They also prefer to avoid 
the inevitable haggling required in dealing with wholesalers and other 
buyers when prices fluctuate widely. Consequently, the Ferrari pricing strat
egy is to set a price for each of their various products when harvesting 
begins and to try to maintain that price throughout the harvest season and 
for as long as the product is available in storage. They realize that at times 
in the season, when prices are abnormally high, the wholesalers make 
significant profits because of this pricing practice. This fact does not appear 
to bother the Ferraris, however; they are willing to allow such profits in the 
interest of encouraging some degree of stability in the market and avoiding 
the haggling over price. 

The premium prices received for certified organic produce do vary 
throughout the season. For example, at some points the Ferraris may receive 
a premium of $2.00 to $3.00 per box above the conventional price for Granny 
Smith apples; at other times the price may be $1.00 to $2.00 per box below 
the conventional price. 

Despite the lack of detailed accounting data, there are some indirect 
indications of the Ferrari Farm's financial performance. First, the farm is 
expanding modestly based on earnings and savings, without incurring debt. 
Since 1982 the acreage of the farm has expanded by 18 acres through the 
purchase of an additional field. Second, the capacity of the packing plant 
has approximately doubled, both in floor space and in the number and 
sophistication of the machines which it contains. Each new item of machin
ery has been purchased with cash rather than credit. Expansion financed 
by earnings constitutes real growth, which is one of the most reliable indi
cators of good financial performance. 
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CASE STUDY 

7 
Florida Fresh-Market 

Vegetable Product~on: 
Integrated Pest Management 

FOUR FARMS IN SOUTH FLORIDA that produce fresh-market vegetables are 
the c;ubject of this case study. The common element linking these 

farms is tltat they are all served by the same integrated pest management 
(IPM) pest scouting service, Glades Crop Care, Inc. (Table 1). 

GENERAL DATA 

Hundley Fanns of Loxahatchee: The farmer, John Hundley, grows 1,500 acres 
of sweet com, 120 acres of cabbage, 3,000 acres of radishes, 1,600 acres of 
seed corn, and 1,300 acres of leafy vegetables. He also has a 120-acre orange 
grove and 1,500 acres of sugarcane; he runs cattle on 500 acres of pasture. 

Ted Winsberg of Palm Beach: This farm consists of 350 acres of irrigated 
sandy soil. Winsberg has raic;;ed fresh-market peppers on all of this land 
continuously for oYer 10 yea:.s. 

John Garguillo of Naples: The Garguillo Farm is located south of Ft. Myers, 
on the west side of the state. John Garguillo raises 1,300 acres of staked 
tomatoes for the fresh market. 

Fred Bllrfield of Immokalee: Fred Barfield raises 1,000 acres of vegetables, 
primarily bell peppers (green, red, purple, and yellow), tomatoes, and 
cucumbers. He has also grown eggplant and yellow squash. The farm in
cludes a 550-acre orange grove, a 1,000-cow purebred Beefmaster herd, and 
a 1,200-cow mixed-breed, commercial herd. 

Glades Crop Care, Inc.: All four of these farms employ Glades Crop Care, 
Inc. (GCC), the largest IPM farm pest scouting service in south Florida. The 
GCC staff consists of about 20 field scouts as well as a backup staff. The 
scouts have at least a B.S. degree in an agricultural discipline and are 
supported by a technical staff (with M.S. or Ph.D. degrees) under the 
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TABLE 1 Summary of Enterprise Data for Four Farms in Florida 
Category Description 

Farm sizes 
Labor and 

management 
practices 

Marketing strategies 

Weed control practices 

Insect and nematode 
control practices 

Disease control 
practices 

Soil fertility 
management 

Irrigation practices 

Crop and livestock 
yields 

350-9,640 acres 
All four farms hire the services of an IPM scouting firm during all 

phases of crop growth. The firm provides frequent and extensive 
scouting. One grower (Winsberg) retains his labor force even if 
crop prices decline to the labor cost of harvesting. 

Fresh produce is marketed through a regular packing plant owned 
by the farm firm (Garguillo), a cooperative (Hundley), or a 
vegetable exchange (Winsberg). 

Plastic mulch over seed beds smothers and shades the weeds, 
preventing emergence. Herbicides are used where plastic mulch 
is inappropriate. 

An IPM scouting service is used by all four farms, which greatly 
reduces pesticide usage. The long, hot growing season, however, 
necessitates chemical control: endosulfan and fenvalerate in 
peppers; and methomyl, fenvalerate, and endosulfan in 
tomatoes. Methyl bromide is used as a fumigant for nematodes. 
Pesticide usage has been substantially cut in all cases. 

The farmers use soil fumigation and rely on several applications of 
fungicides and bactericides to control plant diseases. 

Commercial fertilizers are used to supply N, P, K, Ca, and trace 
elements. 

Fields are subirrigated with seepage from parallel ditches 80 feet 
apart. 

No yield impacts were reported. 

Financial performance All four farms appear to be financially sound. The farmers report 
per-acre cost savings of as much as $400 from the use of IPM 
pest scouting and ensuing reductions in the frequency of 

___________ p:._e_s_ti_ci_· de applications. 

direction of H. Charles Mellinger. The committee's interviewer was accom
panied on the farm visits by Madeline Biemueller Mellinger, president of 
GCC. 

The fundamental concept of IPM is that only when a pest reaches an 
economic damage level-that is, when the expected decline in the value of 
revenue fn li.;.i. sale of the crop exceeds the cost of spraying-will treatment 
(usually a pesticide) be employed. For an IPM program to be effective, the 
pest scout must be completely familiar with the cultural practices being 
used on the farm: field preparation, bed fumigation and formation, fertil
izer application, transplanting or seeding, and irrigation. 

Scouting begins at the transplant greenhouse for some crops to ensure 
that diseases and insect problems are not spread to the fields. The IPM 
monitoring program continues in the production fields through the harvest; 
during this stage, scouts monitor pest populations and evaluate any dis
eases that are present and their severity. GCC has developed extensive field 
manuals that assist their scouts with pest and disease identification and 
monitoring techniques. 
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Threshold or action levels of acceptable pest populations may be estab
lished by the IPM scouting firm or by the growers themselves, but usually 
these levels are set through discussion and agreement between the grower 
and the firm. Once these threshold levels are reached, a treatment is rec
ommended by the scouting firm, subject to approval by the grower. One of 
the direct benefits of pest scouting is that it quantifies the stages of the 
insects, thus permitting the grower to apply pesticide to the early instar or 
egg stage or to the early disease lesions. Therefore, a much lower rate of 
pesticide can be used and a much higher level of control will result, often 
eliminating the need for follow-up applications. 

Climate 

South Florida has a subtropical climate (Table 2). Precipitation in the Ft. 
Myers area, for example, averages 54 inches per year. The normal minimum 
temperature in January is 52°E Parts of south Florida occasionally have 
freezing temperatures. 

FHYSICAL AND CAPITAL RESOURCES 

South Florida is characterized by flat topography and a high water table 
that fluctuates between 18 and 24 inches below the surface. The two generic 
soil types are sandy and an organic soil, muck. 

Sandy Solis 

Sandy soils occur on both the east coast west of Palm Beach and on the 
southwestern half of the state around Naples and Immokalee. The topog
raphy is flat, and the elevation is only a few feet to 10 feet above sea level. 
Irrigation is provided by a seepage subirrigation system. The land is laser
leveled, and a system of ditches is used to maintain the water table at the 
desired depth of 15 to 18 inches below the surface. 

Typically, each field is rectangular, approximately 20 to 40 acres in size, 
and surrounded by a diked main irrigation ditch. This main ditch can he 
flooded with a low-lift pump to a level higher than the field. Subirrigation 
ditches are dug about every 80 feet parallel to the crop beds. Water flooded 
into these ditches seeps under the beds to wet the roots from below by 
raising the water table. Water reaches the plant from the perched wate~ 
table by a capillary-type system. The water moves upward under the raised, 
plastic-covered beds, except when the fields are being drained. During 
excessive rainfall the water table can be lowered by reversing the system 
and pumping the water out ot the fields. 

Maintaining the water table at the 15- to 18-inch level is critical for proper 
root development and efficient fertilizer and water usage. A higher water 
table will cause excessive fertilizer leaching and pumping costs and will 
waste water. If the water table is too low the soil near the vegetable bed 



TABLE 2 NormaJ Daily Temperatu~es and Monthly Precipitat_io_n_a_t __ F_t._M__,._y_er_s_, _Fl_o_r_i_d_a ______________ _ 
Normal Daily Normal Normal 
Temperature ( °F) Degree Days Precipitation 

Monthly Days With 
Month Maximum Minimum ..611&lr.:;)on Ha~tino rn.nlina Inches ~0.01 Inches .. ..... .._ ... _0_ . -~-····o -~~····o 

Ja.nuary 74.7 52.3 63.5 128 81 1.64 5 
February 76.0 53.3 64.7 125 121 2.03 6 
March 79.7 57.3 68.5 48 151 3.06 5 
April 84.8 61.8 73.3 0 253 2.03 5 
y,.., 89.0 66.4 77.7 0 394 3.99 8 £,- ..... , 

June 90.5 71.7 81.1 0 483 8.89 15 
July 91.1 73.8 82.5 0 543 8.90 18 
A ul'r11c.• 91.5 74.1 82.8 0 552 7.7'2. 18 ..... o~~· 
September 89.8 73.4 81.6 0 498 8.71 16 
October 85.3 67.5 76.4 0 353 4.37 9 
November 79.9 58.8 69.4 44 176 1.31 4 
December 75.9 53.6 64.8 1U 106 1.30 5 

Average annual 84.0 63.7 73.9 Average annual total 457 3,711 53.95 114 

NOTE: The normal daily maximum by month is the average of each day's (midnight to midnight) high t{'mperature for every day in that month from 
1941 to 1970. The normal daily rr..inimum by month is the avt:iage of each dayls (midnight to rrtidnight) low tempf.:iat'we foi every day in that month 
from 1941 to 1970. The normal monthly temperature is the average of the normal daily maximum and minimum temperatures for that month. The 
normal degree d.ays heating are the sums of the negative departures of average daily tt>mperatures from 65"F. The normal degree days cooling are the 
swus of the positive departures of average daily temperatures from 65°F. To calculate the normal dc5lee days heating or cooling, multiply the 
difference between 65,F and the normal monthly temperature by the number of days in the month. The normal monthly precipitation is the average of 
the inches of precipitation for that month from 194:1 to 1970. 

5(1\JRCE: National Oceanic and Atmospheric Administration. 1980. Climates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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surface may become so dry under the plastic that the nutrients from the 
top-banded fertilizer are not dissolved and therefore cannot be absorbed by 
the vegetable plants. 

Typical practice in this area has been to grow sugarcane or other dense 
plantings along the drainage ditches to minimize wind damage to the crop 
and also to reduce wind erosion. One grower, Ted Winsberg, grows tropical 
plants along each irrigation ditch, a practice that gives the fields a beautiful 
appearance and generates additional income. 

Muck Solis 

The muck soils are located in the central part of south Florida on the east 
and south sides of Lake Okeechobee. Fields composed of such soils are 
typically flooded in the off-season to control diseases and minimize soil 
oxidation and subsidence, soil-borne insects, and so!Ile weed problems. The 
irrigation system for muck soils is basically the same as that for sandy soils: 
fields are divided into 20- to 40-acre rectangles, and the perimeter is sur
rounded by dikes and irrigation ditches. The fields are flooded in 20-day 
cycles during the growing season. Water is left on the ground for 10 days; 
the fields are then drained and dried for 10 days. This process is repeated 
two or three times, depending on the available time between crops, and it 
appears to reduce significantly the populations of soil-borne pathogens, 
weeds, and insects. The need for pesticides is also reduced or eliminated. 

The intensive cultivation of muck soils causes soil subsidence. Madeline 
Mellinger and John Hundley reported that up to 1 inch of muck soil is being 
lost each year, primarily through oxidation. Measurements at the Ever
glades Research and Education Center in Belle Glade indicate that, over a 
40-year period, nearly 4 feet of muck soil has been lost. Until 10 to 1.5 years 
ago, the oxidation of these soils was of little concern to many farmers 
because the organic soil appeared very deep. In recent years, however, so1ne 
muck soil areas have become too shallow to grow certain crops, and concern 
about conserving the remaining soil is great. Local extension personnel have 
observed that the only major crop that could be produced without a major 
loss of soil is paddy rice. 

MANAGEMENT FEATURES 

Pesticide Use 

Because consumers, with few exceptions, demand blemish-free fresh veg
etables with cosmetic appeal, commercial-scale vegetable growers produce 
fruit and vegetables free of insect or diseasE damage. Consequently, vege
table growers spend a great deal of time and money protecting their crops 
to ensure this cosmetic appeal. 

During an interview in 1986, the extension agent in Palm Beach County 
said that because of the climate in this part of the state, he doubted if it 
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would be feasible to produce vegetables on commercial-scale farms in this 
area, considering today' s technology, \\ithout chemical pesticides. He also 
observed that sugarcane may be the only major crop grown on a large scale 
in this area that can be produced without the substantial use of chemical 
pesticides. 

According to H. C. Mellinger (correspondence, 1987), the cane fields have 
been infested with the imported fire ant that feeds on cane borers, the 
principal insect pest of sugarcane in this area. As a result, spraying for 
borers has been significantly reduced; some fields have not been sprayed in 
10 or more years. Sugarcane is replanted each third to fifth year, and, for 
the benefit of the harvesting crews, the fields an.: burned each year before 
harvesting to suppress the fire ants and leaf debris. About half of the 
400,000 acres of sugarcane are hand-harvested in Florida. 

Unlike sugarcane, however, vegetables require pesticide application. Still, 
the extension agent reports that the extensive use of IPM programs such as 
that offered by GCC has greatly reduced traditional pesticide usage. But he 
adds that because of the tropical growing conditions, even with IPM scout
ing, the levels of chemical usage in south florida are ~,till greater than those 
in mo:~t farming areas of the United States. 

Except in parts of interior Florida, most vegetable crops are grown using 
raised beds covered with plastic mulch sheeting. This type of mulching 
system, which has been used extensively in Florida for about 15 years, has 
helped minimize wind erosion and the plant nutrient leaching caused by 
heavy rains. The use of chemicals, however, is an important part of thi5 
system. Most of the plant beds are fumigated each year with chloropicrin 
and methyl bromide just before the plastic is laid down. Soil fumigation 
and plastic mulch suppress nematodes, soil-borne diseases, and insects and 
obviate the use of herbicides. 

Because of the area's topog-raphy and porous soils, drinking water sup
plies may becon1e contaminated by agricultural pesticides. These substances 
need only sink 15 to 18 inches to reach the water table. The possibilitv of 
public policies banning the use of widely used pesticides is a matter of 
some concern to Florida ''~getable growers. The extension agent also indi
cated that vegetable growers are also worried about federal price supports. 
Some growers maintain that if the price support for U.S. sugar is dropped, 
the cane fields will be brought into vegetable production and flood the 
vegetable market, suppressing prices and causing substantially reduced 
farm income. This view is not held by all experts in the field, however, as 
noted by H. C. Mellinger (corresp0ndence, 1987). 

IPM Features 

The preliminary results of a 1986 survey of 40 tomato farms conducted by 
the University of Florida (K. Pohronezny, interview, 1986) indicate that 
farmers using IPM programs have been able to reduce their insecticide 
inputs by about 21 percent. Sixty-two percent of the growers hiring com-
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mercia} scout firms reported that their net returns increased (by an average 
of $121.00 per acre) as a result of their participation in the IPM scouting 
program. The other 38 percent of the growers reported no change in net 
returns: scouting costs equaled their savings from reduced sprays. Among 
growers who monitored their own fields or relied on minimal scouting by 
chemical company representatives, 54 percent reported a net savings aver
aging $62.00 per acre (K. Pohronezny, interview, 1987). Scouting tends to 
reduce insecticide costs and levels of application but causes no reduction in 
the use of fumigants, fungicides, or bactericides. 

Madeline tvtellinger, president, and H. Charles Mellinger, technical direc
tor, of Glades Crop Care, Inc., maintain that their crop scouting and con
sulting service has a significant impact on the amount of pesticides used in 
the south Florida farming cnmmunity (Pxcluding the Homestead area, which 
is outside of their territory). They estimate that their company serves ap
proximately one-third of the vegetable acreage in this area; another one
third of the acreage is operated by former GCC clients who now employ in
house IPM scouts. Thus, the Mellingers estimate that approximately two
thirds of the tctal vegetable acreage in south Florida is managed with an 
IPM prograrr •. In addition, there are at least three other IPM scouting 
companies in south Florida, ranging from a single owner-scout operation to 
one employing five scouts (K. Pohronezny, interview, 1986). 

As part of the service provided by GCC, the customer's fields and plants 
are monitored twice weekly, and the grower is told what insect and mite 
populations are present, their instar or stage, their locations on the plants, 
their in-field distribution, and the size of the population. The scouts iden
tify the diseases present, q,- lntify their severity, and pinpoint new activity 
or spread. An important aspect of GCC' s disease control service is a system 
of held management in which GCC works closely with the grower to elimi
nate introductory sources and reservoirs of disease in and around the fields 
and to eliminate or reduce the spread of a disease in the fields once the 
plants have become infected. 

A grower who relies on the observations of a pest scout applies less 
insecticide than non-IPM growers for two reasons: (1) pesticides are applied 
only for those pests present in the field, and (2) lower rates of pesticide can 
be applied becausL' ~he scout reports the eggs and early larval instars rather 
than waiting until populations of larger insects have reached critical levels. 
The scout also helps to identify and refine routine prophylactic and reme
dial insect and disease control practices used by the grower. 

According to H. C. MelHnz:~~~-, sante growers also use the Bacillus thurin
giensis products extenstv~~1y for L., •• "l ':"-.. '·~ 1 I"ol; other m.ort: specifically tar
geted insecticides are also g=-<::~i t·. 'A~ ... -'•)vantage of the beneficial insects 
that may control tnore harnlful spe~:P.s. K. F~hronezny has observed that 
this practice became quit~' poruiar m ihe late 1970s but has s\nce been 
largely replaced by applic2 :, .:ons of a new cla::;s of inse-cticides, the synthetic 
pyrethroids. 

Regarding the direct cobts of a Pf-'St control program with and without the 
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IPM scouting, H. C. Mellinger reported that, for a fresh-market tomato 
crop, an average routine pesticide program applied preventatively every 2 
to 5 days (without scouting} will cost the grower between $450.00 and 
$700.00 per crop acre for control products alone. Using IPM, a grower's 
direct pest control costs range from $200.00 to $300.00 per crop acre for 
average insect stress years. Much of this cost reduction results from the 
proper timing of insecticide use, which often eliminates the need for repeat 
applications; reduced rates of use because insecticide is applied to the early 
instars and stages; and the application of products only when necessary, 
that is, for those insects present at economic threshold levels. Another 
major benefit of IPM is reduced stress on the environment. Finally, there 
are the other benefits of reduced pesticide use, including less exposure for 
workers, less demand for and wear of spray rigs, fewer empty pesticide 
containers to dispose of, and fewer supervisory hours. 

For the bell pepper crop the costs are similar to those for tomatoes; the 
crop growing season is longer, but the insecticide usage is slightly less 
intense than in growing tomatoes. The same principles apply: using biolog
ical control materials along with the other IPM tools. In fact, the pest 
spectrum of bell peppers makes then more amenable than the tomato crop 
to a greater use of biological and more specifically targeted insecticides. 

Sweet corn is another w1dely planted vegetable crop with major insect 
and disease problems. The Mellingers estimate that scouting has had a 
substantial impact on both insecticide and fungicide usage in the sweet 
corn industry. Of the tens of thousands of sweet corn acres in south Florida, 
about 80 to 90 percent operate under an IPM program (Tables 3 and 4). 
Most of the insect problems in sweet corn involve larvae feeding in the stalk 
or ear. Methomyl (in liquid or granular form) is most commonly used for 
larval control, and mancozeb or chlorothalonil is commonly used for blight 
diseases. According to H. C. Mellinger, IPM scouting can now reduce sweet 
corn pesticide applications by up to 50 percent for insects and 25 percent 
for diseases. IPM practices on other vegetable crops have produced similar 
results. 

Glades Crop Care finds its largest task to be one of educating growers 
about the life cycles of pests, disease dissemination principles, and modes 
of action of pesticides and their spectra. Once this educational process is 
completed, the grower's progress toward an effective IPM program is often 
swift and sure. The four farmers profiled in this case study are good exam
ples. 

John Hundley of Hundley Farms has been a GCC client for the past 14 
years. He employs the company to scout all of the vegetable fields, which 
are mainly composed of peat soils. Based on GCC's findings, Hundley 
decides what pest population levels can be tolerated before spraying his 
crop. He relies primarily on flooding and cultivation for weed control; some 
herbicides are used, but few herbicides are registered for use on minor 
crops. Before hiring GCC, Hundley reported that he followed a prophylactic 
or regularly scheduled pesticide spray program for each crop, spraying 
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every other day or so. If a pest build-up problem occurred, he increased th~ 
rate of pesticide application. For the past 12 years, however, GCC has 
monitored each field, and Hundley now sprays only when necessary to 
prevent an economic level of d~mage (the value of the crop loss exceeds the 
remedial treatment cost). 

In his 1986 sugarcane crop, Hundley sprayed for sugarcane borers for the 
first time in 3 years. Normally, high populations of fire ants control the 
borers satisfactorily. He thinks that the reason he had to spray was because 
he had planted sweet corn next to the sugarcane fields, and drift from the 
spraying for sweet corn pests killed the fire ants in the cane. 

Ted Winsberg has been growing peppers continuously on the same 350 
acres for 30 years. For the past 12 years, he has been using the raised-bed 

TABLE 3 Per Acre Pesticide Application for Fall Sweet Com Under IPM in the 
Everglades Agricultural Area, 1980 

Pesticide 

Methomyl Toxaphene Mancozeb 
Date (Insecticide) (Insecticide) (Fungicide) 

9/30 1 pint 1 pint 1 pound 
10/6 1 pint 1 pint 
10/11 1 pint 1 pint 
10/1-!y 1 pint 1 pint 
10117 1 pint 1 pint 1 pound 
11/1 1 pint 
11/2 1 pint 
1113 1 pint 
11/5 1 pint 
11/7 1 pint 
11/9 1 pint 
11/11 1 pint 
11/14 1 pint 
11/17 1 pint 
11/19 1 pint 

Costs 
Insecticide, fungicide, and manganese 

$48.75 $5.30 $3.80 

Application (15 applications at $2.00 each) 

Herbicide (2 pounds atrazine + 1 quart 
11-E oil postemergence) 

Scouting 

Total 

Manganese 
(Fertilizer) 

1 pound 
1 pound 

1 pound 

$0.38 

Cost/ Active lngred ient 

$ 6.40 
4.31 
4.31 
4.31 
6.40 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 

$ 58.23 

30.00 

4.44 

750 

$100.17 

'1be Environmental Protection Agency has cancelled toxaphene for all agricultural uses except 
as a livestock dip for parasites. 

sOURCE: K. Shuler, Extension Service, U.S. Department of Agriculture, Palm Beach County, 
Florida, correspondence, 1986. 
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TABLE 4 1}rpical Per Acre Pesticide Application for Fall Sweet Corn Not Using 
IPM _in the Everglades Agricultural Area, 1980 

Pesticide 

Methomyl Toxaphene" Marcozeb 
Date (Insecticide) (Insecticide) (Fungicide) 

9/30 1 quart 
10/2 1/., pound 1 pint 1 pound 
1015 114 pound 1 pound 
10/7 1/4 pound 1 pound 
10/11 1/4 pound 1 pound 
10/14 1/4 pound 1 pound 
10/17 1/4 pound 1 pound 
10/20 114 pound 1 pound 
10/24 114 pound 1 pound 
10/27 1/4 pound 1 pound 
10130 1/4 pound 
11/2 1/4 pound 
11/5 1/4 pound 1 pound 
11/7 1/~ pound 
11/9 1/4 pound 
11/12 1/4 pound 1 pound 
11/14 1/4 pound 
11116 1/4 pound 
!1/18 11-t pound 
11/20 1/-t pound 
11/22 1/-t pound 
11/25 1/4 pound 
11127 1/4 pound 

Costs 
Insecticide, fungicide, and manganese 

$71.50 $3.19 $21.45 

Application (23 applications at $2.00 each) 

Herbicide (1 1/2 pounds atrazine postemergence) 

Totdl 

Manganese 
(Fertilizer) 

1 pound 
1 pound 

1 pound 
1 pound 
1 pound 

$0.70 

Cost/ Active ingredient 

$ 2.13 
6.26 
5.20 
5.34 
5.34 
5.20 
5.34 
5.34 
5.34 
5.20 
3.25 
3.25 
5.20 
3.25 
3.25 
5.20 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 

$ 96.84 

46.00 

2.48 

$145.32 

aThe Environmental Protection Agency has cancelled toxaphene for all agricultural uses except 
as a livestock dip for parasites. 

souRCE: K.Shuler, Extension Service, U.S. Department of Agriculture, Palm Beach County, 
Florida, correspondence, 1986. 

plastic mulch cultural practice. Wins berg has used GCC pest scouti11g for 
10 years. 

Peppers are planted in August and September through a layer of plastic, 
the top surface of which has been colored white to reflect the heat. This 
material costs $300.00 per acre. Later plantings (after September) are planted 
on black plastic, which costs $200.00 per acre. Although the use of plastic 
with the bed system has doubled his yields, Winsberg said that his costs 
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have more than tripled. The ground is fumigated with methyl bromide at a 
cost of approximately $124.00 per acre, plus labor, equipment, and plastic. 

To make the plastic mulch system work, all fertilizer must be applied 
before the plastic is spread over the field. Over $300.00 worth of fertilizer is 
applied prior to planting, including 300 pounds of nitrogen per acre. One 
hundred pounds of nitrogen in the form of sulfur-coated urea is broadcast 
before the beds are made. (The shaping of the beds helps incorporate the 
fertilizer into the soil.) Then 200 pounds of nitrogen, in a 16-0-23 nitrogen, 
phosphorus, and potassium formulation, are applied as a band fertilizer 
approximately 10 inches front the plants. The plastic helps eliminate the 
leaching of nutrients by rain. 

The soil is tested each year, but in practice, all fields receive about the 
same application rate of fertilizer. Weeds and nematodes are controlled 
through the use of fumigation. The plastic mulch also controls most other 
weeds except in the area between the beds, which is typically sprayed once 
or twice with paraquat and glyphosate (K. Pohronezny, interview, 1986). 

Ted Winsberg believes strongly in using pest scouting to determine the 
minimum frequency and dosage 0f pesticide application. Yet, he also said 
that, because of past experience, he is afraid not to spray. He reported that 
12 years ago he eliminated chemical sprays in his pepper crop for 2 years 
because of l1ealth concerns. In addition, based on extensive readings of 
biological pest control literature, he released many beneficial insects to 
control pests. But a severe outbreak of pepper weevils caused major finan
cial losses. 

Ted Winsberg is still very much interested in using less chemical pesticide 
on his crops, but because of the huge investment involved in each acre of 
peppers (up to $3,000 in operating costs before harvesting) (Table 5), he 
believes that he cannot afford to not spray. He hires GCC to look for various 
pest pro'Jlems, particularly insect pests and diseases, and an IPM scout is 
in the field looking for r'·'~sts every second or third day. Although pesticide 
applications are made every second or third day, a much lower rate of 
insecticide is now applied as a result of recommendations from the scouting 
service. 

Winsberg also reported that IPM scouting is saving him up to $200.00 per 
acre in pesticides. For exam.ple, he now sprays methomyl for worms twi~e 
per week at 1 Junce per acre; before IPM scouting, he was spraying twice a 
week at 1 to 2 pounds per acre. During the growing season of peppers (160 
days), insecticide and fungicide sprays will cost a total of $200.00 to $300.00 
per acre and involve 40 to 80 applications. This does not include the cost of 
fumigating, which is generally more than $100.00 per acre not including 
labor, equipment, and plastic to seal in the fumigant. 

During the past 7 years, bacterial spot in peppers has become more and 
more of a problem. To control the disease, copper-containing fungicide in 
combination with maneb is sprayed on the plants every third day" Up to 60 
pounds of bactericide is applied annually to control the spot. Winsberg 
expressed concern that excessive copper in the soil from the fungicide may 
become an increasing problem. 
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TABLE 5 Representative Costs for Bell Pepper Production in Palm Beach 
County, 1984 (in dollars) 
Category 

Operating costs 
Cultural labor 
Fertilizer 
Gas, oil, grease 
Interest (4-month operating cost) 
Machine hire 
Miscellaneous 
Pesticides 
Plastic 
Repair and maintenance 
Seed and transplants 
Sterilants and herbicides 

Total operating costs 
Fixed costs 

Depreciation 
Insurance and licenses 
Land rent 

Tota! fixed costs 
Harvesting and marketing costs 

Containers 
Hauling 
Pick:ng and packing 
Selling fees 

Total harvesting and marketing wsts 

Total costs 
Total receipts 
Net return 

Yield (bushels) 

Average/ Acre 

1,0C9.56 
314.14 
128.86 
127.54 
60 26 

148.20 
373.02 
268.60 
238.75 
166.72 
110.23 

3,025.88 

182.40 
94.88 

124.46 

401.74 

391.68 
87 .04 

832.32 
174.08 

1,485.12 

4,912.74 
4,373.76 

( -538.()~) 

544 

souRCE: K. Shuler, Extension Service, U.S. Department of Agriculture, Palm Beach County, 
Florida, correspondence, 1986. 

fohn Garguillio reported that he uses a three-tiered system of pest moni
toring for his 1,300 acres of fresh-rnarket tomatoes: he has employed GCC 
for 6 years to provide a full-time professional crop monitoring service; he 
has trained in-house scouts, who examine the fields daily; and he also uses 
another private crop consultant. Based on the findings of these three 
sources, and using certain threshold levels, Garguillo decides which pesti
cides to apply and when to spray. 

The grower refused to discuss his spraying program and action threshold 
levels, cal~i.ng them proprietary and confidential and indicating that he 
considers thi4l to be an area in which he may have a competitive edge. He 
did say that by usjng IPM, he has been able to cut his pesticide costs almost 
in half over the pasi 5 years from over $500.011 per acre to $250.00 to $260.00 
per acre. 

Garguillo did report that he directs his field "':nanagers to apply 350 pounds 
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of nitrogen per acre, which is broadcast and worked in with a rotary hoe 
prior to the shaping of the beds. The soil pH is adjusted to 5.5. He estimates 
that the salts in the fertilizer reduce the pH by one point. Potassium (K20) 
is applied at 1.5 to 2.0 times the amount of nitrogen. From 50 to 100 pounds 
of phosphorus (P20 5) plus 1,000 pounds of calcium are applied per acre. 
Based on soil tests, boron, manganese, zinc, and sulfur may also be added. 
As much as 60 pounds of copper-containing bactericide per acre are applied 
each year to control bacterial spot. After the beds are shaped, the soil is 
fumigated with methyl bromide and plastic is spread over a smooth seed
bed. 

Fred Barfield relies exclusively on the pest scouting services of GCC and 
has used the company for 3 years. Barfield maintains that today's farmer 
cannot afford to be out looking for insects and other pests 4 to 5 days per 
we-ek, which is what it takes to grow the quality and quantity of produce 
needed to stay in business. He therefore relies on GCC to fulfill his pest 
scouting requirements. He said that by spraying only when necessary, he 
has saved from $200.00 to $400.00 per acre in pesticide costs. Barfield 
fumigates his fields with 180 pounds of methyl bromide per acre prior to 
spreading the plastic mulch. 

Before 1970, however, Barfield followed a different course. He had large 
areas of virgin soil, and rather than fumigate soil that had become infested 
with pathogens and pests, he would bring new land into production, farm 
it for a few years, and then convert it to cattle pasture after soil pests became 
too much of a problem. Today, the costs of bringing new land into produc
tion are increased by legal requirements for engineers, water-use consult
ants, and environmental impact studies. Consequently, he now relies on 
soil fumigation. 

PERFORMANCE INDICATORS 

Ted Whzsberg markets all of his peppers through a vegetable exchange. He 
rPported that since he began using the plastic-covered bed system to pro
duce peppers 12 years ago, his yield has doubled to its current rate of 500 
to 600 cartons per acre. (A carton is approximately 1.1 bushels.) He ob
served that almost every pepper grower is using the same cultural system. 
Winsberg begins planting peppers in early August and continues until 
October, and he markets his peppers from September until May. In south
em Florida, according to Winsberg, producers can plant year-round, but 
the marketing of peppers by states further north eliminates the southern 
Florida producers' market during the months of June, July, and August. 
Buyers, and therefore trucks, will not come as far south as southern Florida 
if they can get the supply that they need further north, closer to northern 
population centers. 

The price received for peppers fluctuates widely depending on weekly 
supply and detnand. Winsberg recalls pr~ces as high as $38.00 per carton 
after a large freeze and as low as $2.00 per carton. Typically, the price varies 
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from $4.00 to $20.00 per carton. Winsberg reported that his break-even 
price is $5.00 per carton. To retain his labor force year-round, he will con
tinue to harvest even if the price falls to $2.00 per carton, which is basically 
the cost of harvesting. 

The grower indicated that one of his worst pest conditions is market 
related. Whenever there is a surplus of peppers on the market and the 
prices drop to below harvest costs, neighboring fields are often abandoned. 
Growers are typically reluctant to plow the peppers under because they 
hope for a price rise in future weeks. Yet, in order to minimize their losses, 
they typically discontinue their spraying programs, and pest problems tend 
to multiply. 

John Garguillo markets all of his fresh-market tomatoes (which beginning 
in 1986 carried the firm's brand name, Naples Fruit and Vegetables, Inc.) 
through his own packing and shipping plant. He harvests nearly 75 million 
pounds of tomatoes per year, all of which are harvested green. Nearly 20 
percent are culled at the plant and given to a local farmer for animal feed; 
only blemish-free tomatoes of a uniform size are marketed. Because the 
packing house is integrated into the business of production, Garguillo will 
continue to pick tomatoes as long as the packing house makes money. 

Florida tomatoes are sold under a marketing order, on consignment, and 
are owned by the farmer all the way up to the retail level. If they deteriorate 
or do not sell, the farmer is not paid. 

Hundley Fanns' operation is vertically integrated; everything grown on the 
farm is marketed through a cooperative. The cooperative Hundley uses 
consists of five area farmers, and it is currently trying to develop brand
name recognition. In addition to the superior appearance of their products, 
the growers are seeking to develop a reputation for the excellent taste of 
their products. To this end, Hundley has changed the varieties planted on 
his farm and the way certain vegetables are packed, stored, and marketed. 
The high-sugar hybrid sweet corn is a good example: Hundley said that he 
has been ahle to market more of this com. 

The fruit and vegetable business is extremely competitive. None of the 
owners of the four farms visited were willing to disclose details of their 
spraying programs or the pest threshold levels they used to determine when 
they sprayed. Consequently, specific information regarding cost savings on 
these farms is not available. It is apparent, however, that the use of IPM by 
these vegetable producers has improved the monetary and environmental 
performances of these fa:ms; cost savings of as much as $400.00 per acre 
were reported. Another benefit is that the amounts of some pesticide appli
cations are reduced through the use of IPM scouting, through the avoidance 
of unnecessary insecticide spraying, by the selection of different pesticides, 
and by the use of lower rates of pest control materials. Soil sterilization and 
the application of bactericides and fungicides have not diminished, how
ever, and the consequences of their continued use for water pollution and 
chemical residues on foods are unknown at this time. 



CASE STUDY 

8 
Fresh Grapes in California and Arizona: 

Stephen Pavich & Sons 

I 
N 1986, THE STEPHEN PAVICH & SONS operation included 1,432 acres, of which 
823 acres are in the Harquahala Valley, Maricopa County, Arizona, west 

of Phoenix; 467 acres are in the Delano, California, area; and another 142 
acres are in Kern County, California, near Bakersfield (Table 1). 

GENERAL DATA 

Grapes are by far the most important crop grown by the Paviches, ac
counting for 95.7 pen:ent of their gross sales revenue in 1985. That year, 
they harvested 1,105 acres of grapes. By 1986, this acreage had increased to 
1,125 acres; the purchase of another 160 acres in 1987 brought their total 
acreage to 1,285 acres of fresh grapes. On their land in Arizona (134 acres 
in 1985 and 307 acres in 1986), the Paviches also grow other crops (Table 2). 

Climate 

Kern County lies at the south end of the San Joaquin Valley of California, 
with most of the farmland just above 500 feet in elevation. This area is 
naturally a desert, and irrigation is necessary to make crop production of 
most crops feasible. Mean annual precipitation in Bakersfield is 5.7 inches, 
with 89 percent falling between November and April (Table 3). The heaviest 
average monthly rainfall, about 1.03 inches, occurs in February. This area 
typically is very hot in the summer; maximum temperatures exceed 90°F 
an average of 110 days per year, and minimum temperatures fall below 32°F 
only 11 days per year. 

A similar climate is found in Tulare Countv, which is located near the 
center of the San Joaquin Valley. The Pavich grape operation in Tulare 

350 



STEPHEN PAVICH & SONS 351 

TABLE 1 Summary of Enterprise Data for the Stephen Pavich & Sons Farm 
Catet;ory Description 

Farm size 
Labor and 

management 
practices 

Marketing strategies 

Weed control 
practices 

Insect and nematode 
control practices 

Disease control 
practices 

Soil fertility 
management 

Irrigation practices 

Crop and livestock 
yields 

Financial performance 

1,432 acres of cropland in 1986 
Stephen Pavich, Sr., works on production and marketing; Tom 

Pavich and wife, Tanya, manage marketing; Steve Pavich, Jr., 
manages field operations. Pest scouting is done by hired 
entomologists on contract, plus the brothers. Twenty-five 
permanent hired workers do pruning, vine dressing, and other 
specialized duties. Approximately 350 seasonal workers are hired 
for harvest. 

The farm is a major marketing operation selling to 19 of thP 20 top 
retail chains in the United States plus several foreign countries. 
Cold storage of a part of the crop brings seasonally high prices. 
No premium price is asked as a result of alternative farming 
methods except for about 3 percent of the crop, which is certified 
and labeled as organic and sold through health food stores. 

The Paviches use no-tillage methods with a perennial rye grass 
and native weed cover crop, chopped periodically. Hand 
weeding between grape vines is also used. No herbicides are 
applied. 

A natural parasite (the Anagrus wasp) is important for leafhopper 
control but is not deliberately released. Nematodes are controlled 
by fumigation and a 2- to 3-year fallow period. The Paviches use 
IPM scouting for insect pests and occasional insecticide spot 
spraying. 

Sulfur dust is applied to prevent fungal diseases, and soils are 
fumigated with methyl bromide before planting to suppress 
pathogens and nematodes. Grapes in storage are fumigated with 
sulfur dioxide gas. 

About 2.75 tons of composted steer manure per acre provide about 
94 pounds N, 85 pounds P20 5, and 138 pounds K20 per acre. 

Grape vineyard~ are irrigatt:d by flooding or using a modified drip 
(tanjet) system. The grapes require 3 to 6 acre-feet of water, 
depending on vineyard location, weather, winter precipitation, 
and the intensity of the crop. Water for irrigation comes from 
wells or rivers. 

Grape yields per acre (653 boxes) exceed University of California 
estimated normal yields for conventional production (522 boxes); 
culls are 1 percent versus 15 to 30 percent for conventional 
production. (Oat .. may not be exactly comparable.) 

Producing about 1 percent of the U.S. table grape output, the 
Paviches are earning a substantial net income. Their preharvest 
cost per box of grapes ($2.12) is virtually identical to the 
conventional norm. The Paviches incur somewhat higher costs 
for some items (for example, soil fertility) and less for others 
(chemicals). Profits are enhanced by higher-than-average yields, 
extensive storage, and a nationwide marketing system. 
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TABLE 2 Land Use by Stephen Pavich & Sons, 1985 and 1986 

Land Use 

Grapes 
Bakersfield area, Culifornia 

Thompson Seedless 
Delano area, California 

Almeria 
Calmeria 
Emperor 
Red Flame Seedless 
Ribier 
Thompson Seedless 

Subtotal, California grapes 
Harquahala Valley, Arizon:t 

Exotic 
Perlette 
Red Flame Seedless 
Thompson Seedless 

Subtotal, Arizona grapes 

Total grapes 
Other crops 

Arizona 
Chili peppers 
Cotton, pima 
Cotton, short staple 
Mixed melons 
Squash 
Watermelons 

Subtotal, other crops 

Total, all crops 

Fallow, roads, buildings 
Arizona 
California 

Total, all land 

Acres 

1985 1986 

142 142 

0 3 
22 46 

156 219 
20 20 
20 10 

229 169 
589 609 

12 12 
160 160 
160 160 
184 184 
516 516 

1,105 1,125 

0 16 
0 45 
0 105 

94 94 
0 32 

40 15 
134 307 

1,239 1,432 

310 137 
193 257 

1,742 1,826 

County is at an elevation of about 560 feet. At Porterville (15 miles north of 
the Pavich grape operation), the normal precipitation is 11.2 inches per 
year, occurring almost entirely from November to April (Table 4). The max
imum temperature exceeds 90°F on an average of 112 days per year; the 
minimum falls below 32°F on 26 days per year. 

The climate in the Harquahala Valley of Arizona is also hot and dry. At 
Phoenix (about 70 miles east of the Pavich ranch), the normal precipitation 
is 7 inches per year (Table 5). The precipitation is more evenly distributed 
here than in California, however, with the maximum rainfall (1.22 inches) 
occurring in August. The elevation of the Pavich farm is about the same as 



TABLE 3 Normal Daily Tempera~es and Monthly Precipitation at Bakersfield, California 

Month 

Normal Daily 
Temperaiure (°F) 

Maximum Minimum 
Monthly 
Average 

Normal 
Degree Days 

·-""------

Heating Cooling 

Normal 
Precipitation 

Days With 
Inches ~ 0.01. Inches 

January 57.5 37.4 47.5 543 0 0.96 5 
February 63.3 41.4 52.4 l53 0 1.03 6 
March 68.6 44.5 56.6 266 6 0.83 6 
April 75.5 49.9 62.7 140 71 0.85 5 
May 83.6 56.0 69.8 22 171 0.19 2 
june 91.5 62.3 76.9 0 362 0.06 11 

July 99.1 68.7 83.9 0 586 0.02 11 

August 96.5 66.6 81.6 0 515 0.01 11 

September 91.1 62.1 76.6 0 348 0.08 1 
October 80.5 53.3 66.9 55 114 0.26 2 
November 67.8 44.2 56.0 '276 6 0.69 3 
December 57.4 38.4 47.9 530 0 0.74 5 

Average annual 77.7 52.1 64.9 Average annual total 2,185 2,179 5.72 35 

NOTE: The normal daily mromum by month is the average of each da1;'s (midnight to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daily minimum by month is the average ot each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal monthly temperature is the average of the normal dailv maximum and minimum temperatures for that month. The 
normal degree days heating are the sums of the negative departures of average daily temperatures from 65"'E The normal degree days coolir.g are tlw 
sums of the positive departures of average daily temperatures from 65"F. To cakulate the norma] d~ days heating or cooling, multiply the 
difference between 65°F and the normal monthly temperature by th~ number of days in the month. The normal monthly precipitation is the average of 
the inches of precipitation for that month from 1941 to 1970. 

~than one-half. 

SOURCE: National Oceanic and Atn. 'Spheric Administration. 1980. Oimates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 



TABLE 4 Normal Daily Temperatures and Monthly Precipitation at Porterville, California 
Normal Daily Temperature (°F) Normal Precipitation 

Monthly Days With 
Month Maximum Minimum Average Inches ~ 0.1 Inches 

January 56.3 35.8 46.1 2.17 5 
February 62.8 39.5 51.2 1.61 4 
March 68.5 42.3 55.4 1.53 4 
April 75.4 46.8 61.1 1.30 3 
May 83.8 52.6 68.2 0.46 1 
June 91.9 58.8 75.4 0.06 0 
July 98.6 64.5 81.6 0.01 0 
August 96.9 62.5 79.7 0.01 0 
September 91.7 56.9 74.3 0.16 0 
October 81.4 49.1 65.3 0.62 1 
I..J'ovember 67.4 41.3 54.4 1.51 3 
December 56.2 36.1 46.1 1.72 4 

Average annual 77.6 48.9 63.2 Average annual total 11.16 25 

NOTE: The ncrmal daily maximum by month is the average of ei'lch day's (midnight to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daily minimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal monthly temperature is the average of the normal daily maximum and minimum temperatures for that month. The 
normal m:mthly precipitation is the average of the inches of precipitation for that month from 1941 to 1970. 

SOJJRCE: National Oceanic and Atmospheric Administration. 1980. Climates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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TABLE 5 Normal Dailv Temneratures and Monthly Precioitation at Phoenix, Arizona 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Average annual 

Normal Daily 
Temperature ( °F) 

Maximum 

64.8 
69.8 
74.5 
83.6 
""' n. ·:u .. ":l 

101.5 
104.8 
102.2 
98.4 
87.6 
74.7 
66.4 
83.1 

Minimum 

37.6 
37.6 
41.8 
51.8 
l"!'n" 
;:)";1.0 

67.7 
77.5 
76.0 
69.1 
56.8 
44.8 
38.5 
55.4 

Monthly 
Average 

51.2 
51.2 
59.7 
67.7 ... / "' /0 . .) 

84.6 
91.2 
89.1 
83.8 
72.2 
59.8 
52.5 
70.3 A·:erage annual total 

Normal Degree Days 

Heating 

428 
428 
185 
60 

0 
0 
0 
0 
0 

17 
182 
388 

1,552 

Cooling 

0 
0 

21 
141 
355 
588 
8U 
747 
564 
240 
26 
0 

3,508 

Normal 
Precipitation 

Inches 

0.71 
0.71 
0.76 
0.32 
n 1A 
U • .l't: 

0.12 
0.75 
1.22 
0.69 
0.46 
0.46 
0.82 
7.05 

Days With 
;;::: 0.01 Inches 

3 
4 
3 
2 
1 
1 
4 
5 
3 
3 
2 
4 

35 

NOTE: The normal daily maximum by month is the average of each day's (midnight to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daily minimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal monthly temperature is the average of the normal daily maximum and minimum temperatures for that month. The 
normal degree days heating are the sums of the negative departures of average daily temperatures from 65°F. The normal degree days cooling are the 
sums of the positive departures of average daily temperatures from 65°F. To calculate the norma) degree days heating or cooling, multiply the 
difference between 65°F and the normal monthly temperature by the rumber of days in the rr.onth. The normal monthly precipitation is the average of 
the inches of pre::ipitation for that month from 1941 to 1970. 

souRcE: National Oceanic and Atmospheric Administration. 1980. Climates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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that of Phoenix-1,100 feet. Daily maximum temperatures exceed 90°F an 
average of 165 days per year, and freezing ten1peratures occur an average of 
12 days per year. Average relative humidity in June at Phoenix is 12 percent, 
compared with 23 percent in Bakersfield. 

PHYSICAL AND CAPITAL RESOURCES 

Soli 

The Pavich operation in the Delano area j.ncludes vineyards at both Rich
grove and Mcfarland. The Richgrove vineyards have Exeter and Ducor loam 
soils, underlain with a hardpan at 3 feet, and they require heavy ripping 
before a vineyard can be established. The McFarland area vineyards have 
much deeper soils of alluvial silt (Hanford loam) with no hardpan. Soils in 
the Kern County vineyard are alluvial fan soils formed by the Kern River. 
The soils in the Arizona vineyard are deep loess soils with no hardpan but 
with an occasional rock outcropping. 

Irrigation Systems 

All of the Pavich grapes are grown using irrigation. Irrigation water for 
the California vineyards is ol.Jtained from surface water; the Paviches' Ari
zona vineyards are irrigated ft nm wells. 
- The amount of irrigation water applied per acre varies widely from 3 to 5 
acre-feet in California and fron1 4 to 6 acre-feet in Arizona. According to 
Steve Pavich, factors that tend to increase the irrigation water requirements 
for Arizona include lower-than-normal winter precipitation, higher-than
normal summer temperatures, and extraordinarily heavy crops. For the 
Tulare County vineyards, irrigation water costs $65.00 per acre-foot, com
pared with $3.00 per acre-foot in Kern County. The 20-fold difference be
tween the two counties in the price of water can be attributed to the age of 
their respective water districts. 

The construction of canals, dams, and other facilities was more heavily 
subsiJized by the federal government in older water districts, such as that 
serving the Bakersfield area, as compared with more recently constructed 
districts, which include the district serving the Delano area. Given the 
average yield of grapes per acre in the Paviches' Tulare County vineyards 
(653 boxes per acre in 1985), this difference in water prices adds about $0.10 
per 23-pound box to the cost of producing grapes, or $0.04 cents per pound 
of grapes. 

In Arizona the Paviches irrigate their fields from four irrigation wells: one 
is powered by electricity (200 horsepower, 440 volts), and three are powered 
by 450-horsepower natural gas engines with gearhead motors. The approx
imate cost of this irrigation water is $75.00 per acre-foot. 

All but 190 aG~s of the Paviches' California vineyards are irrigated by 
gravity-flood irrigation. Of those 190 acres, the Paviches use a conventional 
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drip irrigation system on 80 acres (1 gallon per hour per orifice); on the 
other 110 acres (one vineyard), the Paviches use a fanjet system, which is a 
modified drip irrigation system featuring a computer that controls the flow 
of water to a series of hoses feeding fanjets. The Paviches report that the 
fanjets distribute water uniformly throughout the vineyard at a rate of up 
to 11 gallons per hour per orifice, with 622 orifices per acre. Liquid fertilizer 
or other substances can be injected into the irrigation water at rates ranging 
from 6 ounces per hour to 450 gallons per hour. The Paviches consider this 
high maximum rate an important safety factor, reducing the risk of II getting 
behind" in irrigating and thus suffering damage to crops. 

Several advantages of the fanjet system, in comparison with flood irriga
tion, are cited by the Paviches: (1) fanjets produce little or no compaction 
of the soil; (2) they saturate the soil for a shorter time, which allows a 
periodic drying of the soil and reduces the incidence of root rot; (3) they 
provide uniform coverage of the entire vineyard; and (4) they are highly 
cost-effective. The Paviches plan to expand the fanjet system to another 330 
acres in the near future. 

Buildings and Facilities 

The Paviches have cold storage capacity for approximately 200,000 boxes 
of grapes (half of this capacity is in Arizona and the other half is in Califor
nia). They also have housing for 300 persons in Arizona and 100 persons in 
California. Miscellaneous sheds and warehouses are also available for the 
storage of equipment and materials. 

Machinery 

The Paviches have an extensive inventory of machinery and equipment, 
including 11 wheel-type tractors, 9 half-ton pickups, 1 three-quarter-ton 
pickup, 5 one-quarter-ton pickups, 7 2-ton trucks, 4 electric forklifts, 4 
fertilizer spreader trucks, and miscellaneous implements (plows, disks, 
grasscutters, a ripper, etc.). Virtually all of the equipment is duplicated in 
the California and Arizona operations. 

MANAGEMENT FEATURES 

Soli Fertility 

From 1966 until 1970 the Paviches applied commercial fertilizer to their 
vineyards. They used 16-16-16 nitrogen, phosphorus, and potassium (NPK) 
fertilizer or 15-5-25 NPK. Since 1971, however, they have not applied any 
commercial fertilizer to their vineyards because they decided to switch to an 
alternative fertilization method, relying on legumes (until recently) and 
compost as their principal sources of nutrients. Their premise is that healthy 
grape plants are achieved through a proper balance of nutrients in the soil, 
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TABLE 6 Nutrient Content of Four Batches of Compost Used in Pavich 
California Vineyards 

Percentage Nutrient ComEosition Median 
Nutrient 6/26/85" 7/29/85" 8/14/85a 11111186b (percent) 

Nitrogen 1.7 1.7 1.7 2.2 1.7 
Phosphate 1.4 1.6 1.5 1.6 1.55 
Potash 3.7 2.5 2.4 2.5 2.5 
Calcium 3.0 2.4 2.4 4.3 2.7 
Magnesium 1.0 1.3 1.2 1.4 1.25 
Sodium 0.7 NA NA 0.3 NA 
Organic matter 32.9 30.4 32.5 NA 32.5 
Water 16.0 34.4 27.8 NA 27.8 

NOTE: NA indicates data were not available. A dash indicates a negligible percentage. 

aDellavalle Laboratory, Inc., Fresno, California. 
"A&L Wesi.ern Laboratories, Modesto, California. 
''Based on median analysis and assuming 2.75 tons of compost applied per acre. 

Pounds/ Acree 
(percent) 

94 
85 

138 
148 
69 

including various trace elements. High priority is given to providing ample 
calcium for plant nutrition and good water penetration. 

The Paviches apply about 6,000 tons {about 2,000 tons in Califon1ia and 
4,000 tons in Arizona) of composted steer manure per year to their entire 
farm. This translates to about 2.5 to 3.0 tons per acre of grapes and provides 
approximately 94 pot~nds of nitrogen, 85 pounds of phosphorus {P20 5), and 
138 pounds of potassium {K20) per acre. {These figures are based on the 
medians of laboratory tt:>st results; see Table 6.) The rate of nitrogen appli
cation used by the Paviches is somewhat higher than the recommended 
rate. 1 The compost is spread by small trucks driven between the rows of 
vines. 

The Paviches purchase more than 2,000 tons per year of ready-made 
compost from a local firm in California. The compost is produced from cow 
manure, cotton gin trash, and an inoculant. The inoculant contains bacteria 
and fungi selected to be resistant to high temperatures, an addition that 
greatly expedites the completion of the composting process {about 45 days). 
Laboratory tests of four batches of compost are summarized in Table 6. 
Price quotations (not including hauling costs) were provided by the produc
ers (Table 7). 

TABLE 7 Price of Compost for Pavich California 
Vineyards 
Tonnage of Compost 

<500 
500-1,999 
?.' 2,000 

Dollars/Ton 

18.00 
16.00 
15.00 
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In Harquahala Valley, Arizona, this composting service is not available, so 
the Paviches purchase about 4,000 tons of bovine manure ($1.00 per ton 
plus $9.00 hauling cost) and compost it themselves, with improvised equip
ment. Their composting process takes about 90 days to complete. 

For trace elements, the Paviches rely on a special preparation, an enzyme
digested mixture of fish waste materials from a cannery, plus kelp, which 
has an analysis of 5-1-1 NPK along with calcium and micronutrients. The 
fish material is applied as a foliar spray at least once each year, with extra 
applications when the vines are stressed by pests. 

In previous years the Paviches grew a legume (fava beans) as a green 
manure crop between the rows of the vineyards to produce nitrogen (Mad
den et al., 1986). This practice has been terminated, however, because 
excessive nitrogen can be detrimental. Luxury consumption of nitrate can 
lead to the overproduction of foliage and shading of the grape berries, 
thereby reducing their market quality. In addition, producing such a thick 
foliar mass may cause pest problems to become more severe. The Paviches 
view the nutrient balance in plant tissue as an essential factor in determin
ing the populations of certain pests. For example, Steve Pavich, Jr., has 
observed that a very high nitrate content relative to calcium in plant tissue 
encourages spider mite populations and various diseases. It may also cause 
softer fruit, thereby reducing shelf life (Albrecht, 1975). Further research is 
needed to test these relationships. 

Over the years, Steve Pavich, Jr., has had literally hundreds of tests done 
to determine the nutrient needs of his vineyards, including both soil tests 
and pl~nt tissue (petiole and leaf) samples. He estimates that he has spent 
approximately $20,000 for these tests, which he finds accurate but limited 
in value. 

He offered the example of one tissue analysis that showed a nitrogen 
concentration of 200 parts per million (ppm) compared with a standard of 
800 to t200 ppm, clearly indicating that fertilizer was necessary. Yet, 1 
week later following the irrigation of the vineyard, a second tissue analysis 
showed the nitrogen concentration to be 1,600 ppm. No fertilizer had been 
added to the vineyard bt!tween these two tests. His conclusion was that the 
results of the iaboratory tests must be interpreted very carefully and in the 
context of other evidence such as the appearance of the vine's foliage and 
the levels of nutrients already applied. 

Planting and Tillage 

Grapes are a perennial crop, and it is th~oretically possible for them to 
retnain in production for m?ny years. In a commercial fresh grape opera
tion, however, it is important that the grape vines in a vineyard be uni
formly productive, providing a high yield of quality grapes of uniform size, 
in large bunches, and with minimal pest damage. Most fresh grape grow
ers, including the Paviches, find it necessary to periodically replace the 
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vines in some of their vineyards because of low productivity or lack of 
uniform fruit quality. 

The process of removing and reestablishing a vineyard is expensive, typi
cally exceeding $6,700 per acre (Klonsky, 1986). First, the vines are removed 
with heavy equipment, usually a backhoe or bulldozer, and taken out of the 
vineyard. The soil is then ripped deeply in both directions (north and south 
followed by east and west). The land is left fallow for 2 to 3 years; no weeds 
or crops are permitted to grow on the field during this time. Populations of 
nematodes and other pests are reduced by a combination of chemical fu
migation and solar heating of the soil. The bare field is then fumigated with 
chloropicrin and methyl bromide and ripped one more time in one direc
tion. Following this treatment, grape vines are transplanted into the vine
yard. Whereas the University of California grape enterprise budget recom
mends planting 454 vines (rootings) per acre, using a spacing of 8-by-12 
feet (Klonsky, 1986), the Paviches plant 519 vines per acre, using a spacing 
of 7-by-12 feet. 

Weed Control 

Until recently the Paviches used a French plow for weed control. This 
device is articulated so that it operates between the vines to scrape the top 
layer of soil away and return loose soil onto the berm beneath the row of 
grape vines. However, Tom Pavich's calculations proved French plowing to 
be quite costly, and the Paviches now use a nonchemical, no-tillage proce
dure for weed control in their vineyards, using labor in place of conventional 
herbicides (Flaherty et al., 1981). This method is much less expensive than 
the French plow. 

After the vines are established in the vineyards the Paviches plant a 
permanent cover of perennial rye grass (Lolium perenne). A berm or mound 
of soil is shaped around the rows of vines; a bare berm is shaped in the 
center between the rows of vines. In this way, the irrigation water is forced 
to flow closer to the vines. A specially adapted grass chopper (with the 
center flails set shorter in the middle to rise above the central berm) is used 
periodically to chop the grass and native weeds of the permanent ground 
cover. The Paviches also observe that the ground cover supports popula
tions of various beneficial predators and parasites that feed on pests in the 
vineyards. In addition to flail-chopping the ground cover, the Paviches hire 
workers to hoe or pull weeds from among the vines. 

Insect Control 

Steve Pavich, Jr., reports that the primary insect pest in their vineyards is 
the grape leafhopper (Erythroneura elegantula). In addition to monitoring the 
various vineyards himself, Steve Pavich hires entomologists on contract to 
weekly monitor insect populations and the various conditions that indicate 
trends in their numbers. 
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Although some successful efforts to augment or colonize populations of 
natural enemies to control grape insect pests have been documented (Ridg
way and Vinson, 1977), no success has been observed in efforts to control 
grape leafhoppers. Occasionally, the Paviches have released beneficial pred
ators or parasites grown in insectaries into their grape vines, melons, or 
other crops. Their current assessment, however, is that these efforts have 
been futile, and Steve Pavich reports that the practice has been abandoned. 
Naturally occurring populations of beneficial parasites and predators, if not 
decimated by the application of nonselective pesticides, can often control 
pest populations below the economic threshold of damage. 

The Arzagrus wasp (a tiny parasitic insect) occurs naturally, and when its 
population is in high enough concentration, it effectively controls the grape 
leafhopper. 2 Unfortunately, this parasite is much less effective against a 
close relative of the grape leafhopper, the variegated leafhopper (Erythro
neura variabilis), which is becoming a serious pest in fresh grapes in some 
parts of California. In addition, the increased application of insecticides to 
control the variegated leafhopper is leading to more secondary outbreaks 
of mite pests such as spider mite (Settle et al., 1986).3 

During 1986, as in most years, the Paviches were able to produce their 
entire grape crop in Arizona without the use of insecticides. This favorable 
pest situation is due in part to isolation; the vineyard nearest to their 
Arizona operation is 55 miles away. Most conventional grape growers in 
California apply four to six applications of insecticides. Most years, the 
Paviches are able to avoid spraying insecticides on any of their vineyards in 
California. For example, in 1986 they were able to avoid applying any insec
ticide to their entire 142 acres in Kern County. In their Tulare County 
vineyards, it was necessary to spray a total of 142 acres once with methomyl 
for leafhopper control, late in the season (August). Thus, a total of 13 
percent of the entire Pavich grape operation (2~ percent of the California 
vineyard acreage) was sprayed one time, whereas 100 percent of the conven
tionally produced grapes are normally sprayed one or more times, both 
with insecticide and fungicide (Flaherty et al., 1981). 

Conventional pest control practices (see Dibble, 1982) involve the appli
cation of various pesticides. Although most pesticides are poisonous (with 
notable exceptions, such as sulfur for controlling mildew and some biologi
cal preparations such as Bacillus thurirzgierzsis), the toxicity of pesticides used 
in grape production varies over a wide range. The LD50 ratings give a 
general indication of the order of magnitude of acute health risk associated 
with each pesticide. The lower the LD50 rating, the more toxic the chemical. 4 

Table 8 presents the technical description and LD50 ratings for various pes
ticides used in grape production in California in 1982 (Dibble, 1982). 

Dibble has also summarized the relative effectiveness of the various pes
ticides against specific grape pests. The various pesticides incorporated in 
the University of California farm management enterprise budget (Klonsky, 
1986) are listed in Tables 9 and 10. The levels, frequencies, and specific 
materials that are applied depend on the weather, the location of the farm, 



TABLE 8 Pesticides Used in Grape Production 
----~~-----------------------------------------

Pesticide 

Azinphos-methyl 

Bacillus thuringiensis 
Carbaryl 
Carbophenothion 
Cryolite 
Demeton 
Diazinon 

Dimethoate 

Dioxathion 

Active Ingredient 

0,0-Dimethyl S-((4-oxo-1,2,3-benzotriazin-3 (4H)-yl)methyl] 
phosphorodithioate 

Bacillus thuringiensi.:; (bacterial spores) 
1-Napthyl N-methylcarbamate 
5-((p-Chlorophenylthio)methyl) 0, 0-diethyl phosphorodithioate 
Sodium fluoaluminate 
0, 0-Diethyl 0-[2-(ethylthio) ethyl] phosphorothioate 
0, 0-Diethyl 0-(2-isopropyl-4-methyl-6-pyrimidinyl) 

phosphorothiote 
0, 0-Dimethyl 5-(N-methylcarbamoylmethyl) 

phosphorodithioate 
2,3-p-Dioxanedithiol-S, 5-bis-( 0, 0-diethyl phosphorodithioate) 

Chemical 
Classification 

Organic phosphate 

Bacteria 
Carbamate 
Organic phosphate 
Inorganic 
Organic phosphate 
Organic phosphate 

Organic phosphate 

Organic phosphate 

LD50 lmilligrams/ 
kilogram body 
weight)" 

Oral Dermal 

13 220 

Exempt 
850 4,000 
30 1,270 

10,000 
6 14 

466 900 

215 400 

43 235 

aLD51l, or the Lethal Dose 50, is the dose of a substance that kills 50 percent of the test animals exposed to it. The lethal dose can be measured orally 
or dermally. 

souRCE: Dibble, J. E. 1982. Insect and Mite Control Program for Grapes. University of California Cooperative Extension Leaflet 21102. Berkeley. July. 
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TABLE 9 Herbicide Costs per Acre for Conventional Production of Mature 
Thompson Seedless Grapes, California, 1986 

Date 

january-March 

May-June 

Subtotal 
Total costs 

Problem 

Weeds, 
preemergence, 
and clean-up 

Maintenance 

Material 

Diuron 
Simazine 
Paraquat 
Surfactant 
Glyphosate 
Surfactant 

Amount/ 
Vineyard Acre 

0.5 pounds 
0.5 pounds 
1.0 pint 
0.2 gallons 
1.0 pint 
0.2 gallons 

Cost/ Acre Application 
(dollars) Cost (dollars) 

1.65 
1.65 
6.00 
2.81 

10.00 
2.81 

8.00 

6.00 

24.92 14.00 
38.92 

soURCE: Klonsky, K. 1986. Thompson Seedless Grapes for Table Use-Sample Costs to Establish a 
Vineyard; Sample Costs for a Mature Vineyard. Davis, Calif.: University of California Cooperative 
Extension. 

and other management considerations. These budget items are designed to 
be typical of good management practices. 

The Paviches use an electrostatic sprayer (which emits electrically charged 
droplets that adhere to the grape plants) when they apply foliar spray or 
the occasional application of insecticide. This machine was redesigned at 
their request in a local machine shop with an improved agitator and heavy
duty pumps. 

The Paviches' Arizona grape operation is isolated from other (conven
tional) grape producers, but the California vineyards are literally sur
rounded by conventional grape-growing operations. Steve Pavich, Jr., ob
served that his neighboring California vineyards ar~ heavily infested with 
spider mites. In spite of the risks of infestation from neighboring vineyards, 
however, the Paviches have found it necessary to spray only once in 15 
years, on only 40 acres, to control the spider mites. Steve Pavich, Jr., be
lieves that this is a result of their improved cultural practices, including (1) 
expert vine dressing, (2) n1aintaining proper soil nutrient balances, (3) main
taining a permanent ground cover to support beneficial insect populations, 
and (4) obtaining the advice of qualified field entomologists. 

Through the advice of these experts, the Paviches avoid unnecessary 
applications of insecticides that would reduce the populations of natural 
predators and parasites, especially the beneficial western vineyard mite 
(Metaseulis occidentalis), which is a predator of the spider mite (Tetranyclns 
pacificus and Eotetrancychus 1.Pillametti), and the beneficial Anagrus, whid1 is 
a parasite of the grape leafhopper (Erytlzroneura elegantula) (Dibble, 1982). 
The fact that the Pavich vineyards have a greatly reduced load of nonspecific 
pesticides probably accounts for much of their success in avoiding second
ary infestations, such as spider mites. 

Steve Pavich, Jr., also attributes the natural control of spider mites to the 
nutrient balance in the soil. He has observed that a deficiency of calcium in 



TABLE 10 Pesticide and Growth Regulator Costs per Acre for Conventional Production of Mature Thompson Seedless 
~rapes, California, 1986 
Date/Growth 
Stage 

Mid-April 
Bloom 

Set 

Second set 
July-August 
Pre harvest 

Subtotal 
Total costs 

Problem 

Powdery mildew 
Powdery mildew 
Grape leaf skeletonizer 

and omniverous leaf 
roller 

Growth regulator 
Bunch rot 
Leafhopper 
Powdery mildew 
Growth regulator 
Growth regulator 
Leafhopper 
Bunch rot 

Material 

Triadimefon 
Triadimefon 
Sodium fluoaluminate 

Gibberellic acid: 
Fungicide" 
Endosulfan 
Triadimefonb 
Gibberellic acid 
Gibberellic acid 
Methomylr 
Fungicide dust" 

12Materials and rates are not inclul.ied because of wide variation among growers. 
~ay be combined with leafhopper spray. 
'Some growers may put on a secL.-d leafhopper spray. 

Amount/ 
Vineyard Acre 

4 ounces 
6 ounces 
8 pounds 

12 gramf' 

2.5 pounds 
6 ounces 

32 grams 
32 grams 
1 pound 
2 applications 

Cost/Acre 
(dollars) 

11.75 
17.63 
8.80 

13.44 
25.00 
10.00 
17.63 
35.84 
35.84 
14.00 
40.00 

229.93 
293.43 

Application 
Co~t (dollars) 

8.00 

12.50 

12.~ 

12.50 
8.00 

10.00 

63.50 

soURCE: KlonsJ.-.y, K. 19f6. Thompson Seedless Grapes for Table Use-Sample Costs to Establish a Vineyard; Sample Costs for a Mature Vineyard. 
Davis, Calif.: University of California Cooperative Extension. 
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relation to nitrate in the plant tissue is often accompanied by a rapid growth 
in the population of spider mites. This relationship has not been scientifi
cally established, but it is worthy of additional research. 

In the fall of 1985 the Paviches began renting a 142-acre vineyard of 
Thompson seedless grapes in Kern County near Bakersfield. Prior to their 
rental of this vineyard, very few agricultu:;:al chemicals had ·1,:leen applied 
there, although a lin1ited amount of herbicide had be\?n used. The Paviches 
improved the pruning and other cultural practices in the vineyard. They 
found that adequate nitrogen was already available. Water penetration in 
the soil was very iimited, however, as a re~ult of poor drainage. Limestone 
(2 tons per acre) was applied to provide calcium and to improve soil drain
age. The 1985 crop yielded 825 boxes per acre, an abnormally high yield 
that occurred in a year when the entire San Joaquin Valley had record high 
yields. This vineyard "~·as sprayed once (with methomyl) in 1985 to control 
leafhopper. During 1986 no sprays were Zipplied. 

During a tour of the Tulare County vineyards, a 40-acre vineyard of 
Emperor grapes was observed. The extension entomologist who was accom
panying the site visit recalled that during 1985 this vineyard had been 
heavily infested with leafhopper, But in 1986 he noted that the population 
of grape leafhoppers near harvest time was below the levels that would 
cause economic damage. Many of the grape leafhopper eggs foun ... l under 
the grape leaves were seen to be parasitized by the Anagrus wasp. Steve 
Pavich, Jr., estimated that the yield in this vineyard would be 750 to 800 
boxes per acre. No insecticide was applied to thjs vineyard in 1986. 

Disease and Nematode Control 

Many diseases afflict fresh grape production in the area of California in 
which the Pavich vineyards are located. The Paviches apply sulfur several 
times a year for disease controL 

Nematode infestations are a rnajor threat to the !ongevity of grape vines. 
In addition to causing parasitic damage to the root systen1~ nematodes are 
also a vector for grape fanleaf virus (Xiphanema). Although he is aware that 
scientific evidence does not support his belief, Steve Pavich, Jr., strongly 
suspPcts that the application of compost may suppress root knot nematode 
(Meloidogyne spp.) and other soil-borne pests and pathogens in vineyards 
(Kerry, 1981; Van Gundy, 1985). The Paviches also use the more conven
tional method of controlling nematodes and other soil-borne pests: fumi
gating the soil prior to planting the grapes (with chloropicrin and methyl 
bromide) and maintaining the soil in a bare fallow condition for a period of 
2 to 3 years between vineyard ren1oval and reestablishment. Grapes held in 
storage for a matter of weeks or months are fumigated with sulfur dioxide 
gas, which is standard practice in the industry. 

Labor 

The management and operation of the Stephen Pavich & Sons farm 
requires an extensive labor force. Stephen Pavich, Sr, who is semiretired, 
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works on all phases of the production and marketing operations; Tom 
Pavich (who holds an M.B.A. degree) and his wife, Tonya (B.A., communi
cations), are in charge of marketing operations; and Steve Pavich, Jr. (B.S, 
viticulture), is primarily responsible for the management of field opera
tions. 

The labor force includes 25 regular hired workers. The Paviches empha
size the importance of a permanent labor force, particularly in the case of 
the highly skilled vine dressers. If the vines are not pruned properly, the 
results can be disastrous for the vineyards. Approximately 350 seasonal 
workers are also hired, primarily for the harvest period. 

The University of California grape enterprise budget (K. Klonsky, Univer
sity of California extension farm management specialist, interview, 1986) 
indicated that field laborers were being paid $4.85 per hour, including 
payroll taxes and fringe benefits. The Paviches pay $5.00 per hour as a base 
wage, plus fringe benefits and incentives, bringing the average employee 
wage to $6.00 and above per hour. They report that wages are higher in the 
Delano area than in other areas of the state such as Fresno County. Tom 
Pavich estimated that the higher labor costs add approximately $1.00 to the 
cost of producing each box of grapes. A compensating factor, however, is 
the very high yields and excellent quality obtained in this area. 

PERFORMANCE INDICATORS 

Environmental Impact 

In view of the fact that the Paviches use very little if any insecticide, no 
herbicide, and only sulfur as a fungicide, their grape operation poses a 
greatly reduced environmental threat with regard to residues of agricultural 
chemicals in groundwater or on food, pesticide drift onto neighboring farms, 
or injury to workers on the farm. 

Like conventional grape producers, the Paviches fumigate their cold-stor
age grapes with sulfur dioxide and their soil with the highly toxic combi
nation of chloropicrin and methyl bromide. This soil fumigant is applied 
roughly 2 to 3 years prior to the first harvest of grapes and poses no toxic 
residue threat to con'1umers of the grapes. Sulfite residues on the grapes 
resulting from their prolonged exposure to sulfur dioxide may cause health 
problems for some allergy-prone consumers. However, Steve Pavich noted 
that these grapes are labeled with an appropriate warning (correspondence, 
1987). 

Economic Performance 

Pavich grapes are sold throughout the United States and in several foreign 
countries: Canada, Guatemala, Hong Kong, Indonesia, Japan, Mexico, New 
Zealand, Panama, Saudi Arabia, Taiwan, and the United Kingdom. Their 
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U.S. buyers include 19 of the top 20 retail food chains, plus several smaller 
regional outlets and a few wholesalers. 

Health food stores purchase 3 percent of the Pavich grapes, under the 
brand name "Pavich.11 All of the grapes sold to health food stores come 
from acreage on which no pesticides have been applied for at least 2 years. 
The Paviches charge these specialized outlets a 12 to 25 percent premium of 
about $1.00 to $2.00 per 23-pound box for grapes certified as produced with 
practices that comply with the state's law governing organic foods. Steve 
Pavich, Jr., reports that the hig!~er price is necessary to cover the additional 
costs of certification and special handling and storage. The vast majority of 
the grapes produced by the Paviches would qualify as organic according to 
the existing legislation in California; and, in fact, all of the Paviches' Cali
fornia and Arizona vineyards are in the process of beins certified as organic, 
pending at least a 2-year period in which forbidden chemicals are not used. 

Tom Pavich reported in a 1986 interview that nis family's 1985 production 
of fresh grapes was 704,360 boxes (23 pounds per box) or 8,100 tons. This 
was about 1 percent of the total U.S. production of fresh grapes. 5 Ton1 also 
said that the Paviches produced 26.4 percent of the fresh grapes grown in 
Arizona, including 61.9 percent of the Flame seedless grapes. (This infor
mation was corroborated by M. Shine of the U.S. Department of Agriculture 
Market News Service in Phoenix.) The total cash value of the Pavich grapes 
in 1985 was $5.7 million or 1.7 percent of the total U.S. fresh grape saleF.6 

In 1986 the Paviches p~oduced a substantially higher sales volume than in 
1985, the result of increased production and higher prices for fresh grapes. 
Their production exceeded 800,000 boxes, which was due to higher yields 
compared with 1985 plus 20 additional acres in production. With an addi
tional 160 acres purchased and new leases in 1987, the Paviches expected to 
exceed 1 million boxes. 

Grape production involves substantial outlays of capital. Table 11 lists the 
expenses incurred in establishing an acre of Thompson seedless fresh 
grapes, according to the Univ~rsity of California (UC) farm managem~nt 
extension enterprise budget (Klonsky, 1986). The Paviches use similar pr: ,
cedtires for establishing a vineyard, with a few exceptions, and incur some .. 
what higher capital costs. In the first 2 years after the vines are planted, no 
grapes are harveste-i; in the third year there is a light harvest (435 boxes). 
The accumulated cost over the 3-year establishment phase is $6,711 per 
acre. 

The Paviches plant vines using a spacing of 7-by-12 feet, as contrasted 
with the UC assurlption of spacing of 8-by-12 feet. Decreasing the size of 
the spacing in~..·:-~ases the number of plants per acre from 454 to 519 (al
though both of these spacings are considered standard [Klonsky, 1986]). 
The Paviches also keep their land fallow for 3 years rather than the usual 2, 
which both increases operating costs and delays the beginning of produc
tion 1 more year, as compared with the UC budget. 

This delay in replanting is intended to further reduce pathogen popula
tions (especially nematodes), thereby enhancing the longevity of i:he vine-
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TABLE l1 Sample Costs per Acre to Establish a Conventional Thompson 
Seedless Table Grape Vineyard in California, 1986 

Costs/Acre (dollars) 

Item 1st Year 2nd Year 3rd Year 

Cultural costs 
Fumigation 460 
Land preparation 

4 hours chisel and labor 60 
4 hours disk, float, and labor 72 

Rootings: 454 at 37C (20 rootings, 2nd year) 168 7 
Trim and store 36 2 
Machine planting 

(2 hours labor, 2nd year) 50 10 
Stake!:. (treated): 454 454 
End posts (treated): 11 50 
Stake and set end posts 131 
Wire 119 
String four wires and staple 100 
Attach crossarms and braces: 32 hours labor 155 
Crossarms 177 
Training and suckering: 24 hours labor, 2nd year; 

18 hours labo. · 3rd year 116 87 
Prune and tie: 5 hours labor, 2nd year; 18 hours 

labor, 3rd year 24 87 
Rabbit control 15 8 19 
Irrigation: 5 hours labor each year 29 29 29 
Water power and/or district tax: 60 feet pumping 1, 

2, 3.5 acre-feet at $32.70 33 65 114 
Cultivation and irrigation preparation 60 72 72 
Fertilizer: 30C/pound (30 pounds N), 2nd year; 50 

pounds N, 3rd year; $5/acre for application 14 20 
Pest management and disease control, includes 

mildew 17 27 293 
Herbicides: materials and application 35 32 32 
Miscellaneou:; tabor, materials 34 29 34 

Total cultural costs 1,069 1,288 1,120 
Harvest costs 

Contract at $45/ton, pick and haul 225 
Total harvest costa, custom 225 

Overhead costs 
County taxes 39 39 39 
Office and business cot.ts 30 30 30 

lbtal overhead costs 69 69 69 
Total cash costs 1,138 1,357 1,413 

Accumula.tP.d cash costs 1,138 2,495 3,908 

I 
Depreciation 

Building, equipment, and irrigation 65 65 65 
Interest on investment at 12.5 percent 

Building, equipment, and irrigation 55 55 55 
Land ($3,000/acre) 375 375 375 
Interest in accumulated cash cost 142 312 489 

Total interest on investment 572 742 918 
Tc<a; (•lsh anJ fixed costs for the year 1,775 2,164 2,397 
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TABLE 11 (Corztitmed) 

Item 

Credit for production at $75/ton for juice 
Net cost for the year 
Accumulated net cost 

Yield ltons/acre) 

Costs/ Acre (dollars) 

1st Year 2nd Year 

1,775 2,164 
1,775 3,939 

Pesticide Costs D:Jring Establishment 

369 

3rd Year 

-375 
2,772 
6,711 

5 

1st Year: Sodium fluoaluminate 8.0 pounds Cost = $8.80 + $8.00 application cost 
(for grape leaf skeletonizer 
and omniverous leaf roller) 

Methyl bromide (fumigant) Cost = $460 
2nd Year: Sodium fluoaluminate 8.0 pounds Cost = $8.80 + $8.00 application cost 

(for grape leaf skeletonizer 
and omniverous leaf rcller) 

Endosulfan 2.5 pounds Cost = $10.00 + $8.00 application cost 
(for leafhopper) 

3rd Year: Same as pesticide _production cost for that particular variety 

NOTE: Totals may not be exact because of rounding. Costs are based on a 120-acre unit, vines 
spaced at 8-by-12 feet, and yield of 5 tons. Wages include Social Security, Workmen's 
Compensation, and insurance. Skilled supervisory labor, $5.70/hour; unskilled labor, $4.85/hour; 
tractor $6.48/hour. 

SOURCE: Klonsky, K. 1986. Thompson Seedless Grapes for Table Use-Sample Costs to Establish a 
Vineyard; Sample C~Jsts for a Mature Vineyard. Davis, Calif.: University of California Cooperative 
Extension. 

yards. The Pavkhes expect their vines to continue in peak production for 
30 to 40 years or longer, depending on soil quality, compared with a typical 
longevity of about 20 years. 

Table 121ists selected operating expenses from the UC and Pavich budgets 
for a mature vineyard of Thompson seedless grapes (Klonsky, 1986). UC 
budgets are available for several other varieties of grapes. Although the 
Paviches provided detailed accounting data, the categories they use to re
port their cost data are not comparable with several items in the UC farm 
management extension budgets. Soil fertility costs were somewhat higher 
on the Pavich operation than in the UC budget, but on the other hand the 
Paviches incurred no expenses for herbicides. The differences are triviaL 
however, as a proportion of total cash costs. The Pavich preharvest cost per 
box ($2.20) is about the same as the UC enterprise budget cost ($2.14). 

Tom Pavi-:-h reports that labor accounts for about 55 percent of their grape 
production costs. The UC budget contains several items that are custom 
hired; the Paviches do all their own work except an occasional insecticide 
application, which is generally done by a cmnmercial applicator. The spe-
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TABLE 12 Comparative Per Acre Costs of Pavich McFarland Vineyard and UC 
Enterprise Budget: Selected Practices Used in Mature Thompson Seedless 
Grape Vineyard, California, 1986 

Item 

Field ~~bor v.-age ra•f'. includes Social 
Security. Wut;'lilen's Compen<:ation, 

in.,ur.mc.«> 
Selected p;:·e·harveai: cash costs 

Irrigation preparation and cultivation 
Irrigation labor 
hrigation water 
Chemical fertilizer (60 pounds N) 
Alternative fertilizers (compost, foliar 

sprays)4 

Soil <>mendments 
H~rbicide 

Ground cover maintenance 
Growth regulator (gibberellic acid) 
Disease and pest control materials 
Application of pest control material 

(gibberellic acid) 
Biological pest control adviser 
Pruning 
Training 
Suckering 
Tying 
Thinning 
Girdling 
Pull leaves 
Brush disposal 

Total preharvest cash costs~>, excluding 
interest on operating capital 

Preharvest cash cost per boxb 

Vines/acre 
Vine spacing 
Percentage of culls<~ 
Yield, 23-pound boxes per acre (net of 

culls) 

University of California 
Enterprise Budget 
(dollars) 

4.85/hour 

4~.n 

29.10 
130.80 

23.00 

0 
0 

38.92 
0 

8-5.12 
141.81 

63.50 

158.90 

35.00 
198.85 

67.90 

10.00 

1,118.30 
2.14 

454 
8 x 12 feet 
15-30 percent 

522 

Pavich Farm, 
McF;uland Vineyard 
(doUars) 

6.00/hour 

44.00 
280.00 

0 

100.00 
30.JO 
0 

22.00 
85.12 

220.00 

3.00 
214.1.10 

18.00 
18.00 
44.00 

143.00 
42.00 

107.00 

1,436.00 
2.20 

519 
7 x 12 feet 
1.0 percent 

653 

"Foliar spray materials cost $20.00 plus $80.00 for compost ($15/ton x 5.33 tons/acre). 
~otals and average costs per box may not be comparable due to differences in accounting 

procedures. Totals may not be exact because certain data were not available or comparable. 
'"Comparable category of data not available. -
<~oata may n~• be exactly comparable. 

souRcEs: Tom and Steve Pavich, Jr., interviews, l986; Klonsky, K. 1986. Thompson Seedless 
Grapes for Table Use-Sample Costs to Establish a Vineyard; Sample Costs for a Mature Vineyard. 
Davis, Calif.: University of California Cooperative Ext!!nsion. 
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cific herbicides and other pesticides assumed in the UC budget are listed in 
1ables 9 and 10. 

In interpreting the cost data, it is important to recognize that the nature 
of the Pavich production system is such that it is virtually impossible to 
place several expense items in a single category. For example, compost is 
applied in part for its nutrient value as a fertilizer, but it is also intended to 
have a beneficial effect on the biological balance in the soil, enhancing 
populations of pathogens, predators, and other antagonists that may help 
to control certain pests (Cook, 1986). Consequently, the Paviches view com
post not just as a fertilizer but also as a major part \Jt their pest control 
strategy. 

Detailed accounting data from the Pavich operation have been examined, 
but they are not reported here because of issues of confidentiality. The 
income of the Pavich operettion is clearly enhanced by the fact that the 
family has an extenstve marketing and storage system that enables it to 
receive a higher price for its grapes than if it were selling them through 
another marketing firm. By holding about one-eighth of their total grape 
production in cold storage tor 2 months (until just before the Chilean grapes 
enter the U.S. markets in December), the Paviches are able to earn a signif
icantly higher price than growers who sell all of their grapes at harvest. 

Without revealing confidential information regarding the profits of the 
Pavich grape operation, it can be stated unequivocally that their manage
ment and marketing practices are succeeding financially, in terms of cash 
flow, market share (1 percent of the U.S. total crop of fresh grapes), and a 
favorable debt-to-asset ratio. 

ENDNOTES 

1. The University of California enterprise budget for fresh (table) grapes 
calls for 60 pounds of nitrogen per year. The extension recommendation for 
this area ranges from 30 to 40 pounds for mature grapes in good health to 
80 pounds for weak or unhealthy vines. In some locations, irrigation water 
pumped from a depth of 400 to 500 feet contains 15 to 20 pptn of nitrate, 
which provides the equivalent of 40 to 50 pounds of nitrogen with normal 
levels of irrigation (information provided by W. Peacock, extension viticul
ture farm adviser, Tulare County, California, 1987). 

2. Flaherty et al. (1981) describe the Anagrus wasp's predation of the 
grape leafhopper as follows: 

Egg parasite of grape leafhopper. The most important natural enemy of 
the grape leafhopper in commercial vineyards is .a tiny, almost micro
scopic wasp called Anagrus epos (Girault). Its pwgeny develop within 
the egg of the grape leafhopper, resulting in its death. Its siz~ is about 
0.3 mm (1/100 inch). 

These parasitic wasps are particularly valuable because of their amaz
ing ability to locate and attack grape leafhopper eggs. Also, their short 
life cycle permits them to increase far more rapidly than do leafhopper 
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populations. Their nine to ten generations during grape growing season 
make them capable of parasitizing 90 to 95 percent of all leafhopper 
eggs deposited after July. 

This parasite overwint:ers on wild blackberries, Rubus spp., on which 
it parasitizes the eggs of a non-economic, harmless leafhopper, Dikrella 
spp. These overwintering wasp populations tend to be along rivers that 
have an overstory of trees sheltering both wild grapes and wild black
berries. When the blackberries leaf out in February, the lush, new foli
age apparently stimulates heavy oviposition by the Dikrella leafhoppers. 
The Anagrus parasites increase enormously on these eggs so that by late 
March and early April there is widespread dispersal of the newly pro
duced Anagms adult females. Fortunately, their dispersal occurs at the 
same time that grape leafhopper females begin to lay eggs. Vineyards 
located within a five- to ten-mile range will usually benefit immediately 
from the immigrant parasites. Vineyards distant from actual refuges 
may not show A1lflgrus activity unti! midsummer or late1. (pp. 100-103) 

3. Unive~sity of California researchers D. Gonzales and T. VVilson are 
currently conducting experiments with the introduction of several alterna
tive strair..:, of Anagrus wasp from Mexico and Colorado in search of an 
effective parasite of the variegated leafhopper. This research is supported 
by the University of California Agricultural Experiment Station with funds 
provided by the California Wine Growers Association, the California Table 
Grape Commission, and the Raisin Advisory Board (D. Gonzales, Division 
of Biological Coni.rol, University of California, Riverside, telephone inter
view, 1987). 

4. The toxicity of a pesticide is expressed by the terms oral and dermal 
LD50 • LD50 means the minimum single dosage needed to kill 50 percent of a 
group of test animals, usually rats or rabbits; the lethal dosage is of the 
pure compound and is given in so many milligrams of pesticide per kilo
gram of the animal's body weight. 

Oral LD50 is a measure of the toxicity of the pesticide when adminis
tered internally to the test animals. 

Dermal LD50 is n measure of toxicity when the pure compound is applied 
to the skin of the test animals. Generally, the oral application is more toxic 
than the dermal. 

5. The total volume of fresh (table) grapes produced in the United States 
in 1985 was 781,090 tons (U.S. Department of Agriculture, 1987). 

6. The total value of sales of fresh (table) grapes produced in the United 
States in 1985 was reported as $225 million (U.S. Department of Agriculture, 
1987). Presumably, this total is for the grapes only, excluding the cost of 
boxes (about $1.50 per box). When the Pavich sales volume is adjusted to 
exclude the cost of boxes, their sales volume is about $4.6 million, or 1.7 
percent of the total U.S. sales of fresh table grape:,. 
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CASE STUDY 

9 

Integrated Pest Management in 
Processing Tomatoes in California: 

The Kitamura Farm 

THE KITAMURA FARM is located in Colusa County, north of Sacramento, 
California, on the border with Sutter County. The tarm, a total of 305 

acres, is on the west bank of the Sacramento River (Table 1) The Kitamuras 
own 40 of these acres, the site of their walnut orchard; they rent the balance 
of the land from a large estate. 

GENERAL DATA 

The Kitamuras currently produce 160 acres of processing tomatoes, using 
a modification of the integrated pest management (IPM) program devel
oped by the University of California. The farn1 also includes about 70 acres 
of vine seeds (including cucumbers, squash, and watermelons) and 30 acres 
of beans. The Kitamura Farm is a family operation, run by David and Diann 
Kitamura in partnership with David Kitamura's brother. Both David and 
Diann Kitamurd are trained in IPM pest scoutins, and they have been 
participating in the University of California lPl\r1 program for tomatoes since 
1984. 

Climate 

The climate in the area su':"rocnding the Kitamura Farm is hot and dry 
Juring the summer with cool nights, ideal for the product:ion of tomatoes. 
Normal daily temperatures reach a maximum in excess of 85 degrees from 
June through September (Table 2). Annual precipitation is approximately 17 
inches, falling mostly between mid-October and April. Normally, iess than 
1 inch of precipitation occurs between 1\riay and October, during the bulk of 
the tomato-growing season. Low precipitation and low humidity are impor-

374 
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TABLE 1 Summary of Enterprise Data for the Kitamura Fann 
Category Description 

Farm size 
Labor and 

management 
practices 

Marketing strategies 

Weed control 
practices 

Insect and nematode 
control practices 

Disease control 
practices 

Soil fertility 
management 

Irrigation practices 

Tomato yields 

Financial performance 

305 acres, of which 160 are planted with processing tomatoes 
All management is provided by the farm operators (David and 

Diann Kitamura), including pest scouting. All labor is provided 
by the operators, David Kitamura's brother (;:md partner), and 
one hired worker; eight workers are hired for harvest. 

Tomatoes are sold under contract with a maj0r processor. An 
increased market share is awarded because of the grower's very 
low percentage of rot and insect damage. 

Preemergence herbicides (napropamide and pebulate) are used. If 
nightshade occurs postemergence, pebulate is applied; 
otherwise, trifluralin is used. 

Crop rotations reduce insect pest problems. Sulfur dust controls 
russet mites. IPM scouting enables a minimal use of insecticides. 

Tomatoes are grown in a rotation of no more than 1 year. Mold is 
controlled by the early termination of irrigation. 

Starter fertilizer (13 pounds N/acre) is used, plus 100-120 pounds 
N I acre side-dressed. 

Flood irrigation is interrupted 40 days prior to harvest to prevent 
mildew (30 days is the usual practice). Configuration of furrows 
is reshaped at the final or penultimate cultivation, from 30- to 
60-inch centers. 

The yield was 35.5 tons/acre in 1986, which was above the county 
average (29.2 tons/acre). 

The farm had an estimated cost savings of $7,297 in 1986 through 
reduced pesticide use from IPM pest scouting done by the 
farmer. Inn0vative irrigation scheduling reduces crop loss as a 
result of mold. The farm is solvent, with a debt-to-asset ratio of 
less than 10 percent. 

tant tor disease control in tomatoes because moist atmospheric conditions 
lead to the development of mold and other diseases. 

PHYSICAL AND CAPITAL RESOURCES 

Soils 

The soil in this area is an alluvial sandy loam, which is typically deep, 
well drained, and highly fertile. 

Buildings and Facilities 

The 1:-uildings and facilities on the Kitamura Farm are minimal. The farm 
has a small ntachine shop in which the Kitamura trothers repair and over
haul their machinery. 



TABLE 2 Normal Daily Temperatures and Monthly Precipitation at Sacramento, California 
Normal 

Normal Daily Normal Precipitation 
Temperature (°F) Monthly Degree ~s Days With 

Month Maximum Minimum Average Heati~tg Cooling Inches ~ 0.01 Inches 

!:muary 53.0 37.1 45.1 o17 0 3.73 10 
February 59.1 40.4 49.8 426 J 2.68 9 
March 64.1 ~1.9 53.0 372 0 2.17 8 
April 71.3 -15.3 58.3 227 26 1.54 6 
May 78.8 49.8 64.3 120 98 0.51 3 
June 86.6 54.6 70.5 20 185 0.10 1 
July 92.9 57.5 75.2 0 316 0.01 ll 

August 91.3 56.9 74.1 0 286 0.05 ll 

September 87.7 55.3 71.5 5 200 0.19 1 
October 77.1 ·19.5 63.3 101 48 0.99 3 
November 63.6 42.4 53.0 360 0 2.13 7 
December 53.3 38.3 45.8 595 0 3.12 9 

Average annual 73.2 47.4 60.3 Avt 1'age annual total 2,843 1,159 17.22 57 

NOTE: The normal daily maximum by month is the average of each day's (midnigh.: to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daily minimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal monthly •"mperature is the averag~: of the normal daily maximum and minimum temperatures for that month. The 
normal degree days heating are the sums ot •he negative departures of average daily temperatures from 65 'F. The normal degree days cooling are the 
sums of tLe positive departures of average daiiy temperatures from 65°E To calculate the normal degree days heating or cooling, multiply the 
difference b~tween 65°F and the normal monthly temperature by the number of days in the month. The normal monthly precipitation is the average of 
the inches of precipitation for that month from 1941 to 1970. 

0 Less than one-half. 

souRcE: National Oceanic and Atmospheric Administration. 19RO. Climates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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Machinery 

The Kitamura Farm machinery inventory includes one self-propelled to
mato harvester (1976), two crawler tractors, two 115-horsepower wheel-type 
tractors, three sma!ler wheel-type tractors, a vacuum planter, a power take
off-driven sprayer, four pickup trucks, one flat-bed truck (1952), and miscel
laneous other equipment. 

The vacuum planter is used for seeding the tomatoes directly into the 
soil; transplanting is no longer used in the production of processing toma
toes in this area. The Kitamura Farm has a power takeoff-driven pump 
sprayer for ground application of various sprays. When the stage of devel
opment of the crop or the soil condition prevents the use of the ground 
spray rig, however, the Kitamuras rely on aerial application at a cost of $4.50 
to $5.00 per acre for each application. About 30 percent of the insecticides 
used on the farm are applied aerially; virtually all herbicides and fungicides 
are applied with ground sprayers. 

The Kitamura brothers do all the tractor work on the farm. In addition to 
repairing and overhauling their machinery, they replace worn bearings and 
other expendable parts of the tomato harvester each year in preparation for 
the coming season. They hire a service firm to replace all of the various 
conveyor belts on the tomato harvester. The tomato harvester machine has 
been modified by the Kitamuras to make it operate more efficiently. Ordi
narily, they harvest all of their tomatoes with their own .machine. During 
one year when rain was forecast, however, they hired a custom operator to 
assist with the harvest to prevent the loss of the crop. 

MANAGEMENT FEATURES 

Processing tomatoes are planted in stages, organized in cooperation with 
the processor with whorrt the grower has a marketing contract. The first 
planting (45 acres) was made on April 3-4, 1986; the second (55 acres) on 
April 17-19; and the third (60 acres) on May 7-10. Planting is staggered to 
achieve an orderly harvesting schedule with only a certain proportion of all 
the tomatoes coming ripe at the same time. This is an advantage to both 
the grower and the processing plant. 

Soil Fertility 

The Kitamuras apply about 20 gallons of starter fertilizer (8-24-0) per acre 
and side-dress 32 percent nitrogen solution at about 120 pounds of nitrogen 
per acre for the first of three plantings; they apply about 100 pounds of 
nitrogen per acre for the second and third plantings. The Kitamuras avoid 
the use of aqua ammonia because they say that it is reported to cause 
softening of the fruit. No scientific documentation of this claim has been 
located. The fertil.izer they apply is amn1onium nitrate (33.5-0-0) together 
with a slower release source of nitrogen. 
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Tillage, Irrigation, and Crop Rotation 

Tomato production requires a clean seedbed. Consequently, tillage is nec
essary to dispose of the residue from the previous crop. The tomatoes are 
seeded with a planter set for 30-inch single rows; the alternate rows are left 
unseeded, thereby achieving 60-inch rows. The blank row is maintained to 
channel the i~rigation water closer to the tomato rows when the plants are 
young. At the time of the last or next-to-last cultivation, the blank middle 
row is split with a disk cultivator, and the soil is pushed toward the tomato 
rows on either side, leaving a central furrow on 60-inch centers. Subsequent 
irrigations occur down this furrow, located 30 inches from the tomato plants. 
Gravity furrow irrigation is used throughout. Irrigation water is provided 
as part of the land rental agreement. The water is pumped from the Sacra
mento River, which is adjacent to the farm. 

The Kitamuras rent their tomato land from a large estate. Each year a 
certain area of the estate is set aside for tomatoes. Typically, a field that will 
be used for tomatoes has been out of tomato production for at least 6 or 7 
years, producing crops such as dry beans, safflower, wheat, or other field 
crops. The commor. practice in the area is a 2- or 3-year planting of other 
crops before planting tomatoes in a field (W. L. Sims, correspondence, 
1987). The Kitamuras do not practice any deliberate crop rotation other than 
this extended wait between tomato plantings on a certain field, a conse
quence of their renting and not owning the land they farm. Decisions as to 
which specific: fields will be in tomatoes in the next year are out of the 
control of the growers. 

The University of California 
IPM Pro~gram for Tomatoes 

In 1984 the University of California introduced an IFM program to reduce 
damage to processing tomatoes by two prominent pests: the fruitworm and 
the beet army worm. The University of California (1985) IPt..1 manual for 
tomatoes contains color illustrations of all the prominent insect pests and 
the various tomato diseases. It also discusses management guidelines, pre
ferred pesticides, natural parasites and predators, analysi...., of their life cy
cles, biological controls, monitoring procedures, and other essential infor
mation. 

In its initial stage this IPM program was tested on about 2,000 acres of 
processing tomatoes in the Sacramento Valley in northern California 
(L. T. Wilson, interview, 1986; E G. Zalom, interview, 1986). Participating 
growers received special training in IPM from University of California exten
sion specialists. Data were collected from 82 farms producing processing 
tomatos, 22 of which were in the University of Californ\a IPM program 
(Antle and Park, 1986; Grieshop et al., 1986). Of those farmers who initially 
participated in the IPM program~ 71 percent said that they planned to 
continue in the program. The possibility of financial gain was cited as the 
primary motivating factor in joining the program. 
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Processing tomatoes are harvested mechanically. The ripe fruit is con
veyed into 12.5-ton gondola tanks that are carried by trucks. Two of these 
gondola tanks (a total of 25 tons) are carried by each truck from the field to 
an inspection station and then to the processing plant. At the inspection 
station, sample tomatoes are taken from each gondola tank. There is a 
strong monetary incentive for growers to minimize worm damage in the 
tomatoes. At inspection stations tomatoes are examined for mold, green 
fruit, worms, and materials other than tomatoes in the load. If more than 2 
percent worm damage is found in the load, it must either be resorted by 
the grower at considerable expense or discarded. The percentage of defec
tive fruit is subtracted from the gross weight of the load of tomatoes in 
determining payment for the grower. Insect damage can also cause the fruit 
to drop off the plant before it is harvested, thereby potentially reducing 
yields and income. The amount of yield reduction depends on when the 
fruit is dropped; the more mature the dropped fruit, the greater the loss of 
yield (Zalom et al., 1983). 

IPM for processing tomatoes involves three interrelated components: cul
tural practices, monitoring, and treatment. IPM emphasizes preventive 
methods that produce economical, long-term solutions to pest problems 
while minimizing hazards to human health and the environment (Univer
sity of California, 1985). The prominent insect pests in tomatoes in Califor
nia include cutworms, flea beetles, green peach aphids, potdto aphids, 
tomato russet mites, cabbage loopers, vegetable leafminers, tomato fruit
worms, beet army worms, tomato pinworms, and stink bugs. The most 
frequent diseases encountered in processing tomatoes in this area are 
damping-off, phytophthora root rot, fusarium wilt, verticillium wilt, buck
eye rot, pythiurn ripe fruit, bacterial speck, black mold, grey mold, tobacco 
mosaic, and curly top. 

Good crop management practices, including weed and other pest control, 
irrigation, and fertilization are essential to a successful IPM program. All 
cultural practices are interrelated within the growing system. Important 
factors include the selection of the appropriate field, preferably one with 
deep, uniform soil (with 4 or more feet of root zone) to avoid various disease 
problems. The land must be properly prepared to minimize weed problems 
end to provide the appropriately shaped seedbed. Other essential cultural 
practices include the placement of the seeds at the appropriate depth, 
spacing, and correct timing with regard to soil temperature, the stage of 
the season, and the intended date of harvest. The selection of a cultivar is 
important for avoiding various diseases. 

Proper irrigation practices are critical for IPM and for the successful pro
duction of processing tomatoes. Either too much or too little water can be 
disdstrous. N0r:rttally, tomatoes require 3 to 4 acre-feet of water per growing 
season. Ideally, the soil should be essentially depleted of water by harvest 
time. 1!1 this way, mold damage caused by dew formed from water e\'dpo
rated from moist soil will be minimized. 

Another essential aspect of IPM is the maintenance of healthy tomato 
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plants through proper fertilization, cultivation, and irrigation practices. 
Sanitation is also important in obtait,ing a clean source of tomato seed (free 
of various disease pathogens and weeds}, usine soil that has either been 
fumigated (at a very high cost per acre) or in a rotation to reduce the 
populations of various pests. Weed control is an essential part of general 
pest control. Keeping weed poptllations low along field borders helps pre
vent infestations of pests :ndudi:tg wteds, insects, and vertebrates (Univer
sity of California, 1985). 

The second essential component of the n~~'f1 pro~-ram is menitoring for 
pest populations. The University of California has (Jevelopcd a systematic 
method of scouting tomato fields (Wilson tt &L, 1983; Z~iom et al., 1983}, 
which is presented to growers in 2-day traininf; sessions. The instruction 
has been summarized on a videotape by tht! ag1 icultural extension service 
and experiment station personnel. The person scouting the field must be
come proficient at both collecting samples of tomato fruit and leaves, usu
ally 100 of each, and counting the incidence of insect eggs or other pest 
problems. Scouting may be done by professional pest control advisers, by 
the farmer, or by hired workers. 

The third component of an IPM progran1 is treatment. When it is deter
mined through n1onitoring that pest populations have reached the level at 
which they will cause economic damage, the grower is advised to use an 
appropriate control measure (Zalom et al., 1983). An economic level of 
damage is estimated on the basis of the value of the predicted fruit damage 
versus the cost of treatment. Presumably, when crop values are extremely 
high and treatment cost is inexpensive, the threshold of economic damage 
is at a rather low level of pest population. Conversely, if the price of the 
crop is relatively low and the cost of tredtment high, it is appropriate to 
permit a higher level of pest damage before initiating treatment. This is one 
of the fundamental concepts of IPM. 

The appropriate treatment, once a pest has reached a damaging level, 
usually includes the application of an insecticide. In some instances, pred
ators such as parasitic wasps may be released by the grower or by the pest 
control adviser, but often these biocontrol practices are not effective quickly 
enough to bring a rapidly growing population of pests under control. 
Growers are advised to contact their local extension farm adviser to deter
mine the ap: 'ropriate pesticide and level of application. 

The effects of IPM on processing tomatoes fall into four categories: 
(1) changes in the cash cost of productiop, particularly for pesticides; 
(2) changes in crop yields and revenue; (3) risks associated with growing 
tomatoes, such as public health hazards or the development of resistance to 
pesticides by pests; and ( 4) environmental impacts associated with the use 
of pesticides. When an IPM system is used, the number of pesticide appli
cations tends to decline, and different kinds of spray material are used. In 
some cases a much smaller amount of a more selective pesticide (causing 
less damage to natural predators and parasites) is used. This is generally 
not the case with processing tomatoes, however (L. T. Wilson, telephone 
interview and correspondence, 1987). 
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The monetary impacts associated with !PM include the cost of IPM pest 
scouting and possible changes in yields or in the price received for the 
product as a function of quality. Yields can be altered when the incidence 
of cull fruit or the tonnage of harvested fruit per acre changes. Revenue can 
also be influenced by changef in prices received by the grower as a result 
of differences in fruit quality (percentage of insect damage, mold, and other 
quality factors). 

A comprehensive study of the results of adopting the University of Cali
fornia tomato IPM program was undertaken by Antle and Park (1986). Their 
results show that, on average, the use of IPM in processing tomatoes will 
both increase income and reduce the risk of crop damage and loss. Fields 
in the IPM program had 39.5 percent lower average worm damage (signifi
cant at the 1 percent level) resulting in a higher r,..:t value of about $7.70 per 
dcre. More importantly, a field of tomatoes using IPM has a 25 percent 
chance of having more than 1 percent insect damage, corr.pared with an 80 
percent chance for fields not in the iPM program. Tomatoes grown under 
the IPM program have an aln1ost zero likelihood of being rejected for dam
age, whereas non-IPM fields have a 5.6 percent risk of rejection (University 
of California, 1985). 

The Kitamura Farm Insect Control Program 

The Kitamuras have modified the University of California IPM program 
to meet their own preferences and needs. The university recommends an 
economic threshold of five t:l seven eggs in a sample of 100 leaves. The 
Kitamuras followed this guideline during 1984 and 1985. During 1985 none 
of their loads of tomatoes was rejected for excessive worm damage (none of 
the loads exceeded 2 percent worm damage, the state inspection limit). 
Some of the loads were found to have almost 1 percent worm damage, 
however, and although this level of damage was not sufficient to reject the 
load, it was high enough to be unacceptable to the Kitarnuras. They decided 
to apply a more stringent threshold of three to four eggs in a sample of 100 
leaves, rather than the five to seven eggs recommended by the University 
of California. Even with this threshold, they have needed fewer insecticide 
applications than most growers who follow conventional spraying recom
mendations. 

In addition to being concerned about the risk of having tomatoes rejected 
at the inspection station, the Kitamuras also indicated that it was in their 
financial interest to keep worm damage very low, well below the legal limit, 
in the hope that the packer might grant a larger contract in future years. 

In 1986 the Kitamuras' entire 160 acres of tomatoes were treated with 
sulfur dust to control tomato russet mite (Aculops lycopersici). No other 
insecticide was applied on the first or second plantings, a total of 100 acres 
of tomatoes. In the third planting of 60 acres, however, the Kitamuras 
discovered that the number of eggs of the tomato fruitworm (Heliothis zea) 
had exceeded the critical level, indicating the need for treatment. Conse
quently, a single aerial application of methomyl was made on the 60 acres. 



382 ALTERNATIVE AGRICULTURE 

Early in the season the Kitamuras scout their fields once each week. They 
place pheromone traps in the fields to detect moths, and once moths are 
detected, the frequency of scouting is increased to every 3 days. The acreage 
is rectangular, and the scouting takes less than an hour per visit to cover 
the 160 acres. Typically, the scouting is done for about 1 month, with 
intensive (a 3-day schedule) scouting for about 2 to 3 weeks during the 
growing season. 

Weed Control 

The Kitamuras use a preemergence herbicide, a combination of napro
pamide and pebulate, on all their tomato fields. A postemergence herbicide 
is applied to control nightshade if this weed becomes a problem. 

Disease Control 

The Kitamura approach to disease control includes three major compo
nents: (1) the selection of disease-resistant tomatoes; (2) growing tomatoes 
in soil in which crops other than tomatoes have been grown for several 
years, thereby reducing the populations of nematodes and other pests spe
cific to tomatoes; and (3) their innovative irrigation program. 

The standard irrigation recommendation for tomatoes is to terminate 
irrigation 30 days prior to harvest. In this way the ground surface dries, 
and very little dew, if any, forms on the tomato plants, thus keeping the 
incidence of mold quite low. The Kitamuras decided to extend this dry 
period to 40 days in the hope of further reducing mold damage while 
maintaining high yields. Their plan was successful: even though the tomato 
plants appeared to be stressed by lack of moisture during a field visit at 
harvest time, the yield was the highest the Kitamuras have had since they 
began producing tomatoes in 1970. The effect of moisture stress depends 
on a number of factors such as soil type, season length, cultivar of the crop 
grown, and ambient temperatures. 

In 1986 the Kitamuras' yield was so high that they were able to meet their 
contract obligation with only 120 acres out of their 160. No mold damage 
was found during inspection of their tomatoes until after a late-season, 
l-inch rainfall (an amount of rain that norntally results in major losses due 
to mold). Diann Kitamura reported that their percentage of mold damage 
was 2.5 percent. Rain at harvest time often causes total loss of the crop 
(L. T. Wilson, interview, 1987), and even in normal years, with no rain at 
harvest time, an average of 1.1 percent of the tomatoes have mold damage 
(W. L. Sints, correspondence, 1987). 

Labor 

The farm is operated with a labor force of five family workers, one full
time hired worker, and eight seasonal hired workers. The individuals inter-
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TABLE 3 Acres and Yields of Processing Tomatoes on Kitamura Farm 
Compared With Colusa County, 1970-1986 

Kitamura Farm Colusa County 

Average Yields Average Yields 
Year Acres (tons/acre) Acres (tons/ acre) 

1970 140 21.4 3,300 24.3 
1971 140 20.0 4,530 25.2 
1972 140 27.8 4,720 25.6 
1973 150 27.2 6,060 22.0 
1974 202 19.8 9,220 21.6 

1975 220 31.1 9,530 22.4 
1976 226 22.3 8,000 21.0 
1977 210 22.6 10,100 24.3 
1978 150 26.9 8,300 22.2 
1979 206 23.3 8,440 24.9 

1980 175 32.0 6,060 26.7 
1981 156 19.1 8,190 22.1 
1982 160 28.0 10,650 28.1 
1983 135 23.0 11,900 25.0 

1984 18.5 13,400 24.0 
1985 25.0 12,100 28.5 
1986 160 35.5 11,300 29.2 

NOTE: From 1970 to 1983, the Kitamura Farm was not under integrated pest management (IPM); 
from 1984 to 1986, the farm was under IPM. 

souRCE: Colusa County data from Colusa County Cooperative Extension Service. 1970-1986. 
Agricultural Crop Report, County of Colusa, California. 

viewed for this case study were two of the principal operators, David and 
Diann Kitamura. David Kitamura has been farming with his father since he 
was a child. His wife, Diann, is a licensed pest control adviser. David 
Kitamura and his brother do most of their own mechanical work on the 
farm equipment, usually during slack time in the winter. 

PERFORMANCE INDICATORS 

Tomato Yields 

Table 3 presents the Kitamura Farm average yields compared with the 
Colusa County averages. The farm's 1986 average yield-35.5 tons per acre 
versus the county average of 29.2 tons per acre-was characterized as out
standing. In the previous 2 years, the farm's yield was less than the county 
average. It is not possible to draw valid conclusions about the yield effects 
of IPM on the basis of these very limited data, however. A far larger sample 
with controls for soil quality and other factors would be required to draw 
such inferences. 
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Flnanlcal Performance 

The Kitamuras reported that their accountant describes their business as 
11 quite solvent." The land they own, the 40-acre walnut orchard, is not 
mortgaged. They owe some money on their newer equipment, particularly 
the tractors, and on the operating capital required for producing the crop 
of tomatoes. Yet they report having a debt-to-asset ratio of substantially less 
than 40 percent, the level frequently used as a critical point indicating a 
possible risk of financial vulnerability. 

Diann Kitamura has estimated that without IPM, the farm would have 
spent approximately $8,800 on various insecticides for the tomatoes during 
the 1986 season. This estimate is comparable to the county average per acre 
cost of pest control and is based on following a conventional pesticide
based control program using manufacturers' recommended application 
rates. The Kitamuras reported spending a total of $1A82 on pest controL 
with a savings of $7,318-an average of $45.73 per acre. It has not been 
possible, however, to document this result. Diann and David Kitamura do 
their own scouting, so there is no direct cost to them in running their IPM 
program. The savings of $45.73 per acre reported by the Kitamuras is sub
stantially above the $7.70 average savings estimated by Antle and Park 
(1986}. The difference no doubt reflects the success of the Kitamuras in 
eliminating virtually all insecticide applications through scouting. 

Environmental Impacts 

The reduction of insecticide use associated with the IPM program in 
tomatoes varied according to the stage of the season when the tomatoes 
were planted. Fields that were planted at midseason had a 12 percent 
reduction in the amount of insecticide applied compared with a 40 percent 
reduction on late-season fields. One of the major changes effected by the 
IPM program, however, was a change in the type of pesticide material 
applied (Antle and Park, 1986}. 

In general, in the results reported by Antle and Park (1986), pesticide 
sprays were applied slightly less frequently on IPM farms (1.5 times versus 
1 .7 times), and the number of pounds of insecticide applied to the tomato 
fields was reduced. Yet because a more expensive material was used on 
average, the IPM and non-IPM fields in the study had virtually identical 
pesticide costs. Whether the reduced quantity of insecticide (a 22 percent 
average decrease in pounds applied through the season) and the different 
toxicological and ecological properties of the pesticide material applied on 
the IPM farms constitute a benefit to the environment could be determined 
only through further analysis. The relative effects of the various kinds of 
materials used and their possible additive effects would need to be carefully 
examined before a determination of ecological impact could be made (Antle 
and Park, 1986}. 

The material most frequently applied to tomatoes in California was the 
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TABLE 4 Pesticide A:eplication Reported on Tomatoes in California, 1984 

Number of Pounds Acres or Units 

Chemical Application(s) Applied Treated Type 

Number of Pounds Acres or Units 

Cltemical Application(s) Applied Treated Type 

Anilazine 105 3,502.00 3,274.50 A 
Azinphos-methyl 169 6.263.70 8,150.45 A 
Bacillus thuringiensis 82 603.84 4,591.84 A 
Benomyl 39 531.50 1,924.96 A 
Benzoic acid 1 1.29 35.00 A 
Capsicum oleoresin 3 450.00 245.00 A 
Captafol 171 23,203.56 12,551.50 A 
Captan 6 320.56 102.40 A 
Carbaryl 770 69,118.91 39,681.19 A 
Carbolic acid 2 2.77 102.00 A 
Chloramben, ammonium salt 1 3.88 3.00 A 
Chlorine 6 1,795.00 1,809.00 T 
Chloropicrin 31 13,488.44 815.81 A 
Chloropicrin 1 0.08 0.28 T 
Chlorothalonil 1,057 126,160.23 69,908.76 A 
Chlorpropham 1 201.85 140.00 A 
Chlorthal-dimethyl 7 2,091.75 302.00 A 
Copper 14 276.55 520.00 A 
Copper hydroxide 87 7,715.55 3,828.10 A 
Copper-zinc sulfate complex 3 45.00 9.50 A 
Demeton 20 392.46 1,442.30 A 
Diazinon 130 2,832.50 6,726.49 A 
Di-capryl sodium sulfosuccinate 1 8.48 26.00 A 
Dichlorobenzalkonium chloride 3 328.50 2,758.00 T 
Dichlorophen 3 23,206.08 476.00 A 
1, 2-Dichloropropane, ·1, 3-

Dichloropropene, and related 
C-3 compouncs 321 1,565,872.87 25,875.66 A 

1, 3-Dichloropropene 9 33,610.53 589.80 A 
Dicofol 69 4,706.05 4,191.50 A 
Dimethoate 156 3,221.23 7,846.30 A 
Dinoseb 23 3,252.77 1,904.00 A 
Diphenamid 102 10,605.20 4,212.50 A 
Disulfoton 7-: 6,031.38 4,087.40 A 
Endosulfan 802 64,667.66 59,925.50 A 
Ethephon 590 16,570.87 28,914.30 A 
Ethion 13 2,967.05 1,360.00 A 
Ethylene dibromide 4 5,288.42 178.00 A 
Fenbutatin-oxide 5 0.69 1.03 A 
Fensulfothion 30 10,350.74 1,590.00 A 
Fen valerate 1,804 24,864.80 125,008.40 A 
Fonofos 142 11,286.11 7,304.40 A 
Garlic 3 180.00 245.00 A 
Glyphosate, isopropylamine 

salt 13 594.63 1,085.00 A 
Lindane 20 335.25 796.50 A 
Malathion 15 828.52 496.67 A 
Mancozeb 887 46,214.30 35,588.86 A 
Maneb 113 17,516.93 9,611.45 A 
Metalaxyl 764 4,368.42 25,387.91 A 

(Continued on va!le 3R61 
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TABLE 4 (Continued) 

Number of Pounds Acres or Units 

Chemical Application(s) Applied Treated Type 

Metaldehyde 4 7.20 15.00 A 
Methamidophos 677 32,398.13 37,020.80 A 
Methiocarb " 0.76 94.30 A L 

Methomyl 2,236 83,589.99 136,767.02 A 
Methoxychlor 17 486.7Ll 768.00 A 
Methyl bromide 40 44,901.:33 629.18 A 
Methyl bromide 1 3.92 0.28 T 
Methyl isothiocyanate 1 1,386.}9 24.00 A 
Methyl p.uathion 320 18,698.83 24,832.00 A 
Metribuzin 78 2,750.12 6,390.50 A 
Mevinphos 98 1,776.91 5,940.50 A 
Naled 24 742.58 946.00 A 
Napropamide 345 24,466.79 17,752.40 A 
Oxamyl 124 4,179.77 7,062.50 A 
Paraquat dichloride 243 8,647.30 15,373.19 A 
Parathion 308 14,825.11 21,771.50 A 
Pebulate 165 21,523.59 6,378.50 A 
Permethrin 4 43.75 276.38 A 
Phosphamidon 100 2,579.54 4,977.00 A 
Piperonyl butoxide 6 16.69 412.00 A 
Pyrethrins 6 1.80 412.00 A 
Sodium fluoaluminate 9 715.10 332.00 A 
Strychnine 15 91.84 22,728.00 A 
Sulfur 1,543 3,451,374.20 133,187.55 A 
Toxaphene 6 276.37 186.00 A 
Triadimefon 617 5,996.68 52,910.15 A 
Trichlorfon 10 393.60 421.00 A 
Trifluralin 114 8,822.36 10,466.90 A 
Xylene 518 33,175.17 36,595.99 A 
Xylene range aromatic solvent 613 89,424.53 48,072.88 A 
Zinc 2 6.28 185.00 A 
Zinc phosphide 3 67.72 135.00 A 
Zinc sulfate 24 209.34 1,108.00 A 
Compound 1080 1 2.20 275.00 A 

Commodity total 16,943 5,969,461.06 

NOTE: In the Acres or Units column, Type A means acres treated; Type T means tons of tomatoes 
postharvest. 

souRcE: State of Califot ... _, Department of Food and Agriculture. 1985. U.S. Annual Pesticide Use 
Report by Commodity, January Through December, 1984. Sacramento, Calif. 

insecticide methomyl; 2,236 applications of this substance were made in 
1984 to 136,767 ac .. ·es of tomatoes. A total of 83,590 pounds of methomyl 
were applied, or about 1.6 pounds of active ingredient per acre. The second 
most prevalent pesticide was fenvalerate; 1,804 applications were made, for 
a total of 24,865 pounds on 125,000 acres (Table 4). 

The success of the Kitamuras' IPM practices in avoiding crop losses, 
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cutting costs, and maintaining high-quality harvests and top prices are 
significantly influenced by two factors: the predictability of weather pat
terns in the central valley of California and the Kitamuras' management 
skills. When summer or fall rains are unexpectedly late, the incidence of 
plant disease, need for fungicide treatment, and risk of crop losses rise 
greatly. In most years, however, the combination of soils, climate, rotational 
patterns, and IPM on this farm are successful in sustaining high levels of 
production with minimal adverse environmental effects. 
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CASE STUDY 

10 
Livestock Farming in Colorado: 

Coleman Natural Beef 

T HE MAIN HE/\DOUARTERS OF COLEMAN NATURAL BEEF (CNB) is located 1 
mile west of Saguache, Colorado, but the Colemans operate their 

owned and leased pastures and irrigated meadows over a 50-mile distance. 
They have been ranching in the area since the 1970s and own 13,000 acres, 
4,500 of which is near Saguache. They lease another 13,000 acres (some 
from family members and relatives) in the same area. The Colemans' base 
ranch is located in the very arid northwest section of the San Luis Valley, a 
great, dry lake bed, approximately 8,000 feet in elevation. The summer 
ranch is 50 miles west of Saguache on Highway 114 along the Continental 
Divide, in the high meadows and mountain lands known as the Cochetopa. 
The meadowland (known as parkland in the West) is at an elevation of 
approximately 10,000 feet. The summer ranch consists of 8,500 owned acres 
with grazing permits on 250,000 acres of Forest Service and Bureau of Land 
Management summer lease land. 

GENERAL DATA 

The CNB operation is a beef ranching business with an extensive market
ing compom:nt selling to a specialized clientele for premium prices. The 
Colemans' own beef cattle herd totals 2,500 cow-calf units; they contract 
with local ranchers to provide an additional 12,500 head to meet the de
mands of their clientele (Table 1). 

Climate 

The climate and topography on both the main ranch at Saguache and the 
Cochetopa play a key factor in the way this traditional cattle ranch is run. 

388 
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TABLE 1 Summary of Enterprise Data for Coleman Natural Beef 
Category Description 

Size 

Labor and 
management 
practices 

Livestock 
management 
practices 

Marketing strategies 

Weed control 
practices 

Insect and nematode 
control practices 

Disease control 
practices 

Soil fertility 
management 

Irrigation practices 

Crop and livestock 
yields 

Financial performance 

21,500 acres owned, 13,000 leased, 250,000 made available by 
grazing permits; 2,500 beef cattle 

Two brothers provide all the management: one focuses primarily 
on production; the other handles marketing and public relations. 
Four full-time hired men work the ranch, each receiving about 
$1,000 per month plus housing, paid utilities and insurance, and 
use of a vehicle. The man on the summer ranch receives similar 
pay and benefits. Jim Coleman's wife works off-farm. 

All replacement cattle are produced on the ranch; 300 cows are 
artificially inseminated each year, and breeding bulls ;tre selected 
from their offspring. After calving, half the cattle and calves are 
herded 50 miles to summer pasture; half are pastured at the base 
ranch. Feeder stock is wintered on rented wheat pasture in 
eastern Colorado and western Kansas. Breeding stock fed at the 
base ranch are given hay produced without pesticides or 
fertilizers, plus supplemental cottonseed cake. In spring, feeders 
are shipped to feedlots and fed under contract with specific feeds 
that do not contain growth-promoting chemicals. The death rate 
is 2 percent at Coleman Natural Beef (CNB) compared with the 
ir,dustry average of 6 percent, although these data are not 
precisely comparable. 

CNB has ap:-roximately $15 million in annual sales, including on
farm production plus cattle from selected neighbors, totaling 
15,000 head. The 25 yercent premium above regular carcass 
prices is key to the profitability of the operation. 

All plant material is harvested as hay, including weeds. 

The dry climate and high elevation greatly reduce the incidence of 
pests. Cattle receive an injection of ivermectin to eliminate 
scabies and lice; no other pest control is used. 

Three-way inoculations are used, compared with the conventional 
seven-way vaccine. There are some problems (minor) with 
lumpjaw and pinkeye (due to feeding of foxtail and barley). Sick 
animals are segregated, given medication, and removed from ~he 
natural program. 

No fertilizer or lime is used. 

All hay acreage and some pastur~ are flood-irrigated from 
mountain streams. 

Feeder cattle are estimated to be 25 to 50 pounds smaller than 
those of conventional producers who apply subtherapeutic doses 
of antibiotics or other growth-stimulating drugs "Gaiiy rates of 
gain are slightly less than those of conventional producers. 

Net returns to the ranching operation (producing feeder cattle with 
minimal inputs of chemicals) are reported to be less than hired 
labor wages. The finishing and beef packing and sales 
operations, using CNB's own beef plus that of neighbors, appear 
to be financially stable because of the 25 percent premium 
received. 
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Annual precipitation m Saguache is 8.7 inches, falling mostly in the summer 
(Table 2). Snowfall averages 31 inches per year. Annual rainfall at the sum
mer ranch is 10 inches, and average snowfall is 2 feet. The snowfall may 
vary from less than 7.5 inches on the meadowlands to many feet in the 
mountains. 

Soli 

The Colemans describe their soils in the San Luis Valley area as alkaline 
desert soils. They describe their Cochetopa mountain meadow soils as acid. 
Data on the pH of the soils are not available. 

Buildings and Facilities 

Barns are provided for the horses but not for the cattle. Seven-foot-high 
wooden windbreaks are provided in places where trees are too sparse to 
provide protection. The corrals are constructed of lodge-pole pine logs. One 
squeeze chute, sorting pens, and a loading ramp are provided at each of 
the severa! areas in wLch the cattle are grazed. Instead of a bam for sick 
animals, a 500-acre pasture is ~rovided for ill or, occasionally, snake-bit 
cattle that require special observation, increased feeding, or medication. 

Irrigation and Haying 

Because of the limited rainfall in the area, all of the hay ground and some 
of the pastureland (more than 6,000 acres) on the farm are gravity-irrigated 
from mountain streams, which are primarily fed by snow melt runoff. Two 
hired men manage the floodgates during the summer. Native hay is cut 
once, both on the Cochetopa and at the base ranch, yielding about 1 ton 
per acre. The grass is basically native fescue, timothy, and wheat grasses, 
except for 150 acres of alfalfa from which two cuttings per year are taken 
yielding about 3 tons per acre. The Colemans apply no fertilizer or lime. It 
is not known whether the productivity of the cropland can be maintained 
indefinitely without the application of fertilizer or lime. 

Labor 

In addition to Jim and Mel Coleman (brothers), the Coleman ranch oper
ation has four full-time hired men, who are paid about $1,000 per month. 
They also receive housing, paid utilities and insurance, and use of a vehicle. 
The man on the Cochetopa ranch receives similar pay and benefits. Because 
the cattle ranch has proven only marginally profitable, Jim Coleman's wife 
works as a school nurse in Saguache to help cover family living expenses. 



TABLE 2 Normal Daily Temperatures and Monthly Precipitation at Sagu .Khe, Colorado 
Normal Daily 
Temperature (°F) 

Month Maximum Minimum 
Monthly 
Average 

-----------------------------------------
Normal 
Precipitation (inches) 

Rain Snow 

January 36.6 5.6 21.1 0.24 3.9 
February 41.4 11.5 26.4 0.23 3.6 
March 49.0 17.5 33.3 0.36 4.5 
April 58.8 25.0 41.9 0.57 3.8 
May 68.4 33.9 51.2 0.75 0.8 
June 77.5 41.3 59.4 0.61 0 
July 81.6 47.6 64.6 1.78 0 
August 79.2 48.0 62.6 1.67 0 
September 73.5 37.6 55.6 0.83 0.2 
October 63.4 28.7 46.1 0.88 4.2 
November 47.7 16.4 32.1 0.43 4.5 
December 37.6 7.5 22.6 0.39 5.5 

Average annual 59.6 26.6 43.1 Average annual total 8.74 31.0 

NOTE: The nermal daily maximum by month i£ the average of each day's (midnight to midnight) high temperature for every day in that month frcm 
1941 to 1970. The normal daily minimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 1941 to 1970. The normal monthly temperature is the average of the normal daily maximum and minimum temperatures for that month. The 
normal monthly precipitation is the average of the inches of rain or the liquid equivalent of snow for that month from 1941 to 1970. 

!>Ou-qn: National Oceanic and Atmospheric Administration. 1980. Climates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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Machinery 

Jim Coleman, his son Tim, and one hired hand harvest approximately 
half the hay {2,000 tons) using their own equipment, most of which is at 
least 6 years old. The farm has one self-propelled swather, which cuts, 
conditione;, and places the hay into windrows; a square baler; and a round 
baler, all purchased in about 1980. The Colemans harvest approximately 
half of their hay in round bales and the other half in square bales in 
Saguache. They have two tractors and self-loading hay wagons so that 
square bales can be handled with relatively little labor. Haying starts in July 
and lasts 5 to 6 weeks. Other equipment used by the Colemans are front
end loaders on the tractors to set out round bales for feed and a 10-year-old 
dozer that is used to make winter trails to feed bunks and for irrigation 
ditch work. 

MANAGEMENT FEATURES 

During a site visit in July 1986, the Coleman beef herd appeared to be in 
excellent condition. The cows are primarily offspring of a foundation herd 
of Herefords purchased 25 years ago. Since then, Red Angus, Limousin, 
Gelbvieh, and other breeds have been introduced into the herd by artificial 
insemination. Black Angus have been used to breed first-calf heifers for ease 
of calving. Between 300 and 400 heifers each year .1re selected as herd 
replacements. 

Breeding 

Tit~ Colemans have not purchased any cattle since 1959. Instead, they 
artificially inseminate 300 cows per year (and have been doing so for more 
than 25 years) to upgrade their foundation herd. According to D. Lamm, 
assistant director for agriculture and research at Colorado State University, 
this practice is generally carried out by only the top 3 to 5 percent of the 
beef cattle operators in the state (correspondence, 1987). 

The Colemans watch the bull calves from these cows closeiy and select 
the best as herd replacement bulls, running 5 bulls for every )1''.; ::ows. 
Before the cattle are taken to the summer pastures, they go thr, '0 !" ·;.me 
heat cycle at the ranch, during whkh they are carefully watched. During 
this heat cycle, approximately two out of three cows will become pregnant. 

The Colemans report that, because of the high altitude and a genetic 
predisposition, animals have a tendency to get brisket disElSe. This disease 
is associated with congestive right heart failure as a result of the stress of 
high altitudes. Animals born at high altitudes, however, tend to adjust more 
easily than inported stock. Neighboring ranchers who have purchased 
animals from lower elevations have lost many cattle because of this prob
lem; yet, the Colemans' death loss for all of their cattle from all causes is 
typically under 2 percent, compared with an industry average of 6 percent.* 

*Exactly comparable data have not been located. Ensminger (1983}, howev~r, estimates 
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In November of each year, all 2,500 cows are tested for pregnancy. No 
open (nonpregnant) cows are kept. Age is not a selection factor, and some 
pregnant cows are 10 years old or older. Jim Coleman reported that they 
can pregnancy-check approximately 500 cows per day (0. Lamm, correspon
dence, 1987). The ranch has excellent working corrals at different locations, 
and the herd is subdivided into groups of 300 cow-.:alf units for ease of 
management. 

Much of the ranch work is done on horseback. The Coleman ranch owns 
30 horses, and some of the hired men ride their own horses. The cattle are 
observed twice daily, once in the morning and again in the evening. 

Feeding 

Approximately half of the cows are kept in Saguache year··round, and the 
other half are herded to the Cochetopa summer pastures approximately 50 
miles away after calving each spring. The calves are weaned off their moth
ers in the Cochetopa in later October and November, and by the first of 
December the cattle are being herded back down to Saguache for the winter. 

About 4,000 tons of hay per year are harvested from the ranch. Half of 
this amount is harvested in the upper range, usually under contract for 
$?7.00 per ton. The other half is baled by Jim Coleman, his son, and one 
hired man. At least 1 year's hay reserve is always kept for emergencies. If 
there is any excess above that amount, it may be sold. 

During the winter the younger cows get approximately 1 pound of cotton
seed cake each day and all the hay that they can eat without wasting it. The 
old cows are fed cottonseed cake every other day with free choice of hay. 
Replacement heifers are fed 1.5 to 2.0 pounds of ground barley or wheat, 
or both, to promote growth. 

Animal Health 

The beef cattle are inoculated with a three-way vaccine for the common 
diseases of brucellosis, blackleg, and malignant edema; they are also in
jected with ivermectin to eliminate scabies and lice. No medicines or growth 
hormones other than these materials are given prophylactically. The pri
mary cattle health problems on the ranch other than big brisket have been 
lumpjaw and pinkeye. Jim Coleman has said that these diseases are related 
to feeding foxtail and barley, which have barbs on the seed. Mel Coleman 
also indicated that climate makes a big difference in animal health prob
lems. In this area the weather is dry with a great deal of sunshine. Believing 
that animal stress causes illness, which may involve costs associated with 

that "calf losses from birth to weaning average 6 percent. About 1.5 million head of 
cat~le die in feedlots each year." Based on an estimated 25.8 million head of fed steers 
and heifers slaughtered in 1983, feedlot deaths also average about 6 percent (U.S. De
partment of Agriculture, 1986). 
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medicines and veterinary services, the Colemans have based their herd 
health program on minimizing stress. Because the grazing area per animal 
is large, diseases associated with confinement are eliminated. Animals ,oe
quiring drugs for illness or chemicals for external parasites are red-tagged 
and do not enter the natural beef feeding program. Instead, these animals 
are sold through regular marketing outlets. 

The Colemans report that shipping fever and other related weaning 
stresses have been kept extremely low by conditioning the calves on hay at 
the ranch prior to trucking them to winter wheat pastures in eastern Colo
rado and western Kansas. 

The cows are bred to calve in late February through May. Of those cows 
who calve early, the best are selected for artificial insemination. Bull calves 
are castrated at 2 to 4 weeks of age, except for those sired by artificial 
insemination; these bulls are retained for possible selection as breeding 
stock. Strong, healthy calves weighing 450 to 500 pounds are weaned in the 
fall without the use of hormone implants. According to Colorado State 
University livestock specialists, these weaning weights compare favorably 
with those of calves that do receive growth stimulant implants (D. Lamm, 
correspondence, 1987). The Colemans report that their use of artificial in
semination has improved the herd's weaning weight and average daily 
gains from weaning to market. Other economically important factors taken 
intu account in herd improvement include carcass grade and area of the rib 
eye. Also, by selecting for ease of cal•;ing among first-calf heifers, the Cole
mans report that they have significantly reduced calving problems and 
parturition death loss. 

Marketing 

The Colemans have developed a unique system for marketing their beef. 
In 1979 they were being squeezed by rising land payments, higher costs of 
production, and falling cattle prices; profit margins were nonexistent. They 
knew that they had to try something different to prevent failure of the firm. 

The Colemans stopped using most of the drugs, fertilizers, and pesticides 
commonly used in their operation during the 1960s. They have never used 
any growth hormones or implants. According toR. E. Taylor, a professor of 
animal sciences at Colorado State University, feed additives, such as sub
therapeutic doses of antibiotics, are routinely applied by only about 5 per
cent of Colorado beef producers. A much more common practice is the use 
of growth stimulant implants in the animal's ear, which increases weaning 

, weights by 10 to 25 pounds (R. E. Taylor, correspondence, 1987). Before 
they started CNB, the Colemans sold their calves to other beef feedlot firms 
that fed antibiotics and growth stimulants. Although their feeder calves 
brought top prices, the prices were still too low to cover all their expenses 
and land payments. 

Mel Coleman decided to devise a marketing scheme in which he would 
control the way their cattle were being fed, and then sell the beef to health-
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conscious consumers at a premium price, thereby covering their higher 
costs of production. He felt that the growing health food market was ready 
for natural beef and devised a way of managing his cattle throughout the 
feeding process so he could be assured that the cattle were free from chem
icals (antibiotics, implants of growth hormones, and feed residues of pesti
cides). As business grew, Mel Coleman began to specialize in marketing, 
and Jim operated the ranch. 

The current demand for Coleman Natural Beef has outgrown the Cole
mans' own herd's production capacity. They have therefore devised the 
Coleman Certified Rancher Program, entering into agreements with certain 
neighbors to raise calves using methods compatible with CNB policies. 
Today, CNB sales exceed 15,000 head per year, including cattle from other 
ranches in the Coleman Certified Rancher Program. Such a vertically inte
grated system, from cow conception to the supermarket, took several years 
to develop. In the first year, 1979, only one beef carcass was sold. In 1980 
sales were up to three per week. As debts mounted, Mel Coleman looked 
outside Colorado and entered the expanding health food markets in Califor
nia and then in Massachusetts. In 1985 Coleman Natural Beef and other 
natural meat product sales totaled almost $15 million. Mel Coleman re
ported that as the CNB volume has increased, so have the logistical prob
lems. The Colemans' major challenges have included making sure their 
calves were fed properly and then butchered, packed, and shipped on time. 

All of the weaned and conditioned calves are trucked from the Saguache 
base ranch in late November to rented wheat pastureland in eastern Colo
rado and western Kansas. They arrive on wheat pasture weighing 450 to 
500 pounds and are grazed there for 90 to 100 days. One man from the 
Coleman ranch operation goes with the cattle to take care of them. 

Because of the low rainfall and minimal weed and insect problems in 
eastern Colorado and western Kansas, it is not difficult for the Colemans to 
find wheat fields that have had little or no application of chemical herbicides 
or fertilizers. In nonirrigated wheat pastures, summer fallowing of the crop
land every second or third year with tillage usually controls the weed 
population without herbicides. 

According to a telephone interview with Mel Coleman (1986), the Cole
mans' fe€'der cattle gain an average of 2.25 pounds per day while on wheat 
pasture. D. Lamrn, a Colorado State University livestock specialist, observed 
that a normal rate of gain may be about 2 pounds per day while the cattle 
are on range, but depending on such factors as weather and the genetic 
potential of the beef animals, an average rate of 2.25 pounds per day is 
attainable (correspondence, 1987). During adverse weather conditions, 
however, the animals sometimes gain no weight at all. 

When the Coleman feeder cattle reach 700 pounds, they are shipped to a 
custom feedlot where they are fed until they reach a weight of 1,000 to 
1,100 pounds. In a 1987 telephone interview, Mel Coleman reported that 
his cattle gain an average of 2.75 pounds per day while in the feedlot. 
D. Lamm, however, states that the normal rule of thumb is that heifers will 
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gain 2.8 pounds per day and steers will gain 3.2 pounds per day while in a 
feedlot, implying that the Coleman rate of weight gain is slightly below the 
expected range for feedlot operations using conventional practices. 

While in the feedlot the cattle must be fed according to Coleman specifi
cations, thus requiring that they be fed separately from other cattle because 
their special ration contains no growth hormones or chemical feed addi
tives. This practice requires additional labor expenditure by the feedlot 
operator and results in a somewhat slower average daily weight gain, for 
which the Colemans have to pay an extra fee to the feedlot operator. 

The Colemans strive to purchase feed grains that have been produced 
without chemical pesticides or fertilizers, and toward that end, chemical 
tests are done by commercial laboratories to check for pesticide residue in 
the feed. The effectiveness of this approach in assuring residue-free feed 
grains is difficult to verify. It is unlikely that the analytical methods used by 
commercial laboratories could detect at very low levels (in the parts per 
billion range) all of the pesticides used on feed grain crops. Nor has this 
committee found any data indicating that natural beef is different from 
conventionally produced beef in composition or nutritive value. The impli
cations of alternative management practices, such as those used by the 
Colemans, on meat product quality and safety deserve further study, how
ever. Carefully controlled protocols and sensitive analytical methods are 
needed. 

Once the cattle reach about 1, 100 pounds, they are slaughtered at a 
Denver packing plant. Again, keeping their cattle separate requires more 
logistical attention from the Colemans and added cost. Currently, to prevent 
their cattle from being mixed with other beef, the Colemans have managed 
to ensure that theirs are the first batch of cattle to be slaughtered on a given 
day (normally on Fridays). The carcasses are hung in cold storage for 1 
week, and then the beef is transported to the Coleman sales and distribu
tion office, where it is packaged and shipped. Some beef is cut into prime 
cuts and vacuum-packed in plastic; some is cut into portion control cuts. 
Some is shipped as carcass beef, depending on what the retailers order. 

The Colemans receive a price for their bl'ef that is approximately 25 
percent higher than the regular carcass price. Ti1~ cattle are bred and fed to 
reach a low Choice grade, with a yield score of most of their beef in the 
number 2 grade. The Colemans guarantee their beef; if a consumer or 
retailer is dissatisfied, the beef is replaced. Their goal is to have all their 
cattle grade number 2 and still make the Choice grade without having to 
trim off excess fat. 

PERFORMANCE INDICATORS 

Management factors tend to reduce the Colemans' cash operating costs, 
as compared with typical midwestern crop-livestock operators and feedlots. 
The ranch's death loss from calving problems and disease has typically 
heen very low: 2 percent versus an industry average of about 6 percent. For 
example, in the year ending July 1986, out of the Colemans' 2,500 cow-calf 
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units on the summer ranches, only 8 animals died (6 calves and 2 cows), all 
reportedly struck by lightning. Good management practices (not unique to 
the Coleman ranch) are used to reduce stress on the beef animals. Crowd
ing is avoided through the use of ample acreage per animal unit. lnfe(:tions 
from outside herds are avoided by not introducing new animals to the herd. 
Improved genetic mat~rial is introduced through artificial insemination 
rather than by the purchase of breeding stock. Feeder calves are conditioned 
prior to shipping. 

Fertilizers and pesticides are not used in the production of crops or 
pasture on the ranch. The effects of this method of production on the 
quality of the beef (in terms of food safety and nutritional value) have not 
been scientifically established. The Colemans have observed that signifi
cantly higher yields of hay could be obtained by fertilizing but only if they 
introduced plant cultivars other than native species. They have also noted 
that these pasture improvement practices increase costs and the risk of 
more sizable crop failure during low-rainfall years. Native species are re
puted to be more winter-hardy and drought-resistant than other hay culti
vars that the Colemans or their neighbors have tried. 

The ranch uses a minimum of buildings and machinery and provides 
natural and manmade windbreaks rather than barns to protect the cattle 
from severe winter weather. Haying equipment and other machinery are 
considered minimal for an operation of this size. 

Although their cost~ appear to be relatively low, the Colemans' production 
may be reduced as a result of some of their management practices-not using 
fertilizer or growth hormones, for example. Yet, these management practices 
are apparently essential to receive premium prices. The Colemans are obtain
ing a premium price of up to 25 percent or more for raising and marketing 
their cattle as natural beef, catering to people willing to pay a higher price to 
obtain foods produced with minimal or no chemical inputs. Nonetheless, the 
owners report that the Coleman ranch is currently earning a return on labor 
and management that is less than the wages they pay their hired personnel. 
The rate of return on their investment thus is extremely low-if not actually 
negative-at present. Clearly, the marketing operation is supporting the 
ranch: more than 12,000 additional cattle are marketed under agreements 
with neighbors who produce their beef to CNB specifications. 

There does not appear to be any technical efficiency incentive for beef 
producers to adopt the Coleman technology; the premium price appears to 
be necessary to keep this beef operation going. Today CNB is one of several 
suppliers of natural beef. If the total market production of natural beef 
increases more rapidly than demand, the 25 percent premium price now 
obtained could be greatly reduced, thereby substantially reducing the prof
its of the operation. 
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CASE STUDY 

11 
Rice Production in California: 

The Lundberg Family Farms 

THE LUNDBERG FAMILY FARMS is located in northern California in Rich•.rale, 
J ~utte County, about 30 miles southeast of Chico. A family partnership 

owned by four brothers, the farm consists of 3,100 acres (Table 1). The 
Lundbergs produce about 1, 900 acres of rice each year using largely c0nven
tional methods that include the use of chemical fertilizers and pesticides, 
but on the Lundberg Farms the level of pesticides used is somewhat less 
than the recommended amounts. Unlike many producers the Lundbergs' 
conventional production practices also involve disposal of rice straw by 
decomposition in the soil rather than burning. Besides their conventionally 
managed acreage, the Lundbergs also produce about 100 acres of rice with
out pesticides or chemical fertilizers as an experiment. They refer to this 
100 acres as their organic rice because the methods that they use comply 
with the California organic farming law. They have been experimenting with 
the production of organic rice for 18 years. 

Rice is the only cash crop grown on the Lundberg Family Farms. Purple 
vetch (Vicia bengllalensis) is also grown as a green manure crop and nitrogen 
source on the experimental acreage. On the Lundberg Farms, as throughout 
northern California, rice production, both conventional and organic, is on 
flooded land. 

GENERAL DATA 

The unusual features of this farm are the extensive field experiment in a 
continuing effort to develop economically viable methods of producing rice 
without chemical pesticides and fertilizers; the incorporation of rice straw 
into the soil in lieu of burning, which is practiced in both conventional and 
organic production; and the extensive marketing system. 

398 



THE LUNDBERG FAMILY FARMS 399 

TABLE 1 Summary of Enterprise Data for the Lundberg Family Farms 
Category Description 

Farm size 
Labor and 

management 
practices 

Marketing strategies 

Weed control 
practices 

Insect and nematode 
control practices 

Disease control 
practices 

Soil fe: tility 
management 

Irrigation practices 

Crop and livestock 
yields 

Financial performance 

3,100 acres (100 acres experimental) 
Four Lundberg brothers operate the farm plus a large marketing 

and processing operation. Extensive farm management input is 
provided by a salaried production manager, who also does all 
pest scouting for the rice acreage. The rice production operation 
employs 6.5 person-years of regular yea:-round labor. Seasonal 
workers are hired for 8 weeks in the spring and 6 weeks in the 
fall. Labor requirements are higher for the alternative rice 
operation than for the conventional one because of repeated 
irrigation and surface tillage practices used in fallow operations. 

Rice from the 100 experimental acres is sold at a premium price 
(about 50 percent) through the farm's extensive marketing and 
processing operation (along with the output of several other 
growers) as organically grown. Most of the rke produced on the 
farm is processed or sold raw as ordinary rice. 

A 2-year rotation is used for experimental organic rice: the rice 
crop in year 1 is followed by fall-sown vetch; year 2 has summer 
fallow and fall vetch. Repeated flooding and shallow tillage is 
used for weed control in the fallow year. Reduced rates of 
herbicide are applied on conventional rice fields. 

Tadpole shrimp (a crustacean) is controlled by irrigation on the 
experimental acres, alternating wet and dry fields. Nematodes 
are not a problem in inundated fields, and other pests are less 
problematic. 

The rice straw is rolled down, decomposing sclerotia of stem rot 
pathogens. The farmer says stem rot is not a serious problem. 
There is no other major rice disease. 

The farm uses a 2-year rotation, rice and vetch-fallow-vetch on the 
experimental acres. The nitrogen supply is considered 
inadequate, reducing yields. No other fertilizer is applied. A 
3-year rotation (rice, rice, and vetch-fallow-vetch) and 
commercial fertilizer are used on the other acreage. 

Rice fields are alternately flooded and drained to control tadpole 
shrimp until the rice stand is established. The depth of the 
inundation depends on the growth stage of the rice. Five acre
feet of water are used. 

The experimental {nonchemical) rice yields 44 hundredwt:>ight 
versus the Lundbergs' 74 hundredweight/acre conventional 
average, or the 110 hundredweight/acre on the most productive 
farms in the county. 

Experimental nonchemical rice is generally less profitable than 
conventionally produced rice despite premium price, due to 
insufficient nitrogen and lower yield. Premium prices for yields 
in organic rice would dissipate if production increased 
significantly. 
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The marketing enterprise of the Lundberg Family Farms is extensive, 
including a modem milling and processing plant employing up to 70 peo
ple. In addition to their own organically grown rice, the Lundbergs contract 
with 10 other growers in the local area who use methods in complianc~ 
with the state law governing organic farming. The Lundbergs are well 
known for their marketing and processing system through which they mar
ket not only organically produced rice but also conventionally grown rice 
from their farm and others in the area. 

Climate 

Normal precipitation at Orland, 30 miles northwest of the Lundberg farm, 
is about 20 inches per year (Table 2). Two or more inches of precipitation fall 
each month during November through February; iess than 1 inch of precip
itation falls per month during May through September. Climatic conditions 
at Orland are a good approximation of those prevailing on the Lundberg 
Farms. The elevation at the farm is approximately 200 feet above sea level. 

PHYSICAL AND CAPITAL RESOURCES 

Soli 

The Lundberg Farms' soil is vertisol, largely of Stockton clay adobe, with 
some 40 to 45 percent of the area underlain by a calcareous cemented 
hardpan (D. Mikkelsen, interview, 1986). The topsoil is natural, self-gener
ating soil that is high in phosphorus, potassium, calcium, and other nutri
ents. The land is quite flat; most fields required only moderate leveling 
prior to the advent of rice production and now need only a minimal finish 
leveling every few years. 

Buildings and Facilities 

Except for a machine shop, the main buildings and facilities on the farm
an extensive, modern milling and rice cake processing plant-ai.'e associated 
with the postharvest operations. The milling and processing facilities in
clude rice storage bins, in which high levels of carbon dioxide can be 
maintained to prevent insect damage during storage; a rice drier; a cleaning 
mill; various sorting machines; a packaging plant; rice cake production 
machinery; and two warehouses. 

Farm Machinery 

The machine inventory on the farm, other than the precessing and mar
keting equipment, consists of nine crawler tractors; four wheel tractors; 
three 90-horsepower wheel tractors; two 150-horsepower wheel tractors; 
three 60-foot land-planes; three disks with 30-inch blades, 20 feet long; two 



TABLE 2 Normal Daily Temperatures and Monthly Precipitation at Orland, California 
Normal Daily Temeerature (°F) Normal Precieitation 

Monthly Days With 
Month Maximum Minimum Average Inches ~ 0.1 Inches 

January 53.0 35.3 44.2 4.37 7 
February 59.6 38.9 49.3 2.95 5 
March 64.7 41.0 52.8 1.84 5 
April 72.2 45.4 58.8 1.32 3 
May 81.1 51.9 66.5 0.53 2 
June 89.5 58.6 74.1 0.37 1 
July 96.4 61.4 78.9 0.11 0 
August 94.6 59.4 77.0 0.20 0 
September 89.7 55.7 72.8 0.35 1 
October 78.5 48.9 63.7 1.13 2 
November 63.8 41.4 52.6 3.18 5 
December 53.8 36.3 45.0 3.61 6 

Average annual 74.7 47.9 61.3 Average annual total 19.96 37 

NOTE: The normal daily maximum by month is the average of each day's (midnight to midnight) high temperature for every day in that month from 
1941 to 1970. The normal daily minimum by month is the average of each day's (midnight to midnight) low temperature for every day in that month 
from 19·11 to 1970. The normal monthly temperature is the averag2 of the normal daily maximum and minimum temperatures for that month. The 
normal monthly precipitation is the average of the inches of the precipitation for that month from 1941 to 1970. 

souRcE: National Oceanic and Atmospheric Administration. 1980. Oimates of the States, 2d ed. Detroit: Gale Research Co., Book Tower. 
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32-foot chisel plows; a 22-foot cage roller; a 22-foot rubber wheel roller; a 
15-foot tiller; six pickups; four 1.5-ton flatbed trucks; two diesel tractor
trailer rigs; and miscellaneous implements. Aerial ylanting and some har
vesting operations are custom hired, and a no-tillage grain drill is rented, 
which accounts for the absence of such equipment in the machinery inven
tory. 

MANAGEMENT FEATURES 

Rotations and Cultural Practices 

Rice is conventionally grown in northern California as a more or less 
continuous cash crop, with as many as 2 to 5 years of continuous rice in a 
given field, followed by 1 year of fallow for releveling (Wick, 1975). Some 

- California rice fields have produced a rice crop in each of the past 30 to 50 
years (D. Mikkelsen, interview, 1986). Many farmers are now using a 3-year 
rotation of 2 years rice followed by 1 year fallow (Wick, interview, 1986), 
however, because of the federal price-support program requirement that 35 
percent of a farm's rice allotment be idle. 

The experimental method currently used by the Lundbergs on the 100 
acres grown without pesticides or chemical fertilizers is a 2-year rotation 
that alternates rice with purple vetch and fallow. Following the rice harvest 
in October and November, the rice straw is spread and rolled onto the soil 
to expedite its decomposition. (The greater the contact of the straw with the 
soil, the more rapidly it will decompose.) One of two kinds of roller is used, 
depending on soil conditions. If the soil is compacted, the field is first 
chiseled; then a rubber-wheeled roller is used to mash down the straw. A 
steel cage roller is used, drawn by a crawler tractor, in cases in which the 
soil is soft enough so that the straw may be incorporated into the soil 
without prior chiseling. After the straw is rolled down in the fall, purple 
vetch seed is sown by airplane. 

In the Lundbergs' experimental system, unsprouted rice seed is planted, 
in contrast to conventional planting methods in which rice seed is soaked, 
partially sprouted for 24 hours, and then drained prior to seeding by air 
into flooded fields. Dry, unsprouted rice seed is used when drilling directly 
into dry soil because the tender growing points of the partially sprouted 
rice seed would be damaged by the mechanical action of a drill and germi
nation rates would be low. Using this method, the rice seed is drilled 
directly into the soil until the appropriate moisture is available for sprouting 
(based on moisture, temperature, and soil contact), at which point the field 
is "flushed" (rapidly and briefly irrigated). 

Following germination, and until the rice reaches a height of 2 to 4 inches, 
the Lundbergs allow the soil to become rather dry. When the rice begins to 
show stress from a lack of moisture, the field is flushed again. After the 
rice plants have become fully established (3 to 5 inches tall), the fields are 
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kept flooded until they are drained in preparation for harvest (3 to 4 weeks 
earlier) so that the soil dries out enough to support the harvest machinery. 

No crop is harvested from a field in a fallow year. Instead, purple vetch is 
planted in the fall following the rice harvest and again in the fall of the 
fallow year. The vetch normally grows rather slowly during the fall and 
becomes dormant during cold temperatures in winter, but by April or May 
it has usuclly produced abundant foliage that makes an excellent green 
manure crop or mulch. In the spring of the fallow year, the vetch is flail
chopped and disked under, along with the largely decomposed rice straw. 
The field is then laser-leveled and alternately flushed and shallow-tilled 
with an implement to control weeds. In some years, depending on weed 
populations, a fal1ow field may be treated with as many as three cycles of 
flooding and tillage. 

In the spring of the year in which rice is to be planted, the leguminous 
foliage is flail-chopped, along with the largely decomposed rice straw, leav
ing a mulch on the soil. A heavy no-tillage drill is then used to plant rice 
seed into this mulch. The drill leaves the soil bare above the narrow rows 
(about 8 inches apart) in which the rice seed is planted. The areas between 
the rice rows remain covered with the mulch, which helps control weeds. 

Tl1e rationale for these management practices is based on weed and pest 
control and improved soil fertility. The mulch is thought to inhibit weed 
seed germination and thus compensate for the disadvantage of dry seeding 
(the delayed emergence of the rice crop) as compared with the conventional 
practice. Seeding into mulch, followed by intermittent flooding in the early 
stages of rice growth and development, also breaks the life cycles of water 
pests, such as the seed midge, tadpole shrimp, and rice water weevil, which 
need continuous flooding to survive. 

The Lundbergs estimate that the vetch supplies about 120 to 130 pounds 
of nitrogen per acre. A University of California soil scientist, D. Mikkelsen, 
has estimated that the nitrogen supplied may actually be in the range of 60 
to 120 pounds (interview, 1986). 

Mikkelsen has also observed that the flail-chopped mulch of vetch "tends 
to float and is blown by the wind to the nearby levees" (correspondence, 
1987). This tendency may be an impediment to widespread adoption of this 
procedure. 

The alternative methods used by the Lundbergs have been evolving from 
year to year as their expei: imentation followed an orderly sequence of objec
tives. Until 1986, their objective had been to find an economical method of 
controlling weeds without the use of herbicides. Having attained this goal 
to their own satisfaction, they now recognize that the next important objec
tive is to enhance available nitrogen in the soil by methods other than the 
use of chemical fertilizers forbidden by the state's law on organic farming. 

Except for the 100 acres on which they produce rice without chemical 
pesticides and fertilizers, the Lundbergs use methods similar to those of 
conventional growers in their area, with two exceptions. One is that they 
have not burned rice straw since 1960; all of their straw is rolled down each 
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TABLE 3 Rice Yields on the Lundberg Family Farms' 
ExperimentaJ Organic Fields Compared With Other Sources 
(hundredweight/ acre) 
Source 

Lundberg organic 
California statewid~ 
Butte County Rke Growers Association 

"These figures are estimates. 

1985 

44.0 
73.5 
74.0 

1986 

27.0 
76.oa 
so.oa 

fall, and the largely decomposed residue is disked under in the spring prior 
to planting. The Lundbergs are not alone in this practice; rice straw decom
position is gradually becoming a more common cultural method in the 
Sacramento Valley rice production area. 

The second exception is that the Lundbergs seek to minimize their appli
cation of herbicides. They ordinarily apply 3 pounds of molinate p~r acre, 
compared with the recommended rate of 4 pound., per acre (Wick and 
Klonsky, 1984), or the common practice of 5 or more pounds per acre (G. 
Brewster, i;.l.terview, 1986). The legal limit is 9 pounds per acre (J. Hill, 
correspondence, 1987). The Lundbergs fallow each rice field once every 3 to 
5 years. During the first year after fallow, they find that they can sometimes 
omit the herbicide application entirely with no appreciable weed damage to 
the rice crop. The success of the fallow method of weed control varies from 
field to field, however, and with different weather conditions. In some years 
the weed populations are rather high, forcing a choice between reduced 
yields and herbicide application. On their experimental fields, the Lund
bergs take the lower yields; on their other fields, they apply a reduced rate 
of molinate and take yields comparable to tho8e of other growers. 

The experimental method of rice production currently practiced by the 
Lundbergs has the advantages of breaking the reproductive cycle of various 
weeds and other pests and pathogens and dramatically reducing (to nil) the 
use of pesticides. It has the disadvantag~ of significantly lowering yields 
and economic returns, even in comparison with statewide averages that 
have been adjusted for the impact of rotation (Table 3). 

Labor 

The Lundberg farming operation employs the equivalent of 6.5 year
round, full-time people, as well as 7 seasonal workers fm 8 weeks in the 
spring and 6 weeks in the fall. The labor required for the alternative rice 
operation is somewhat greater than that required for ccnventional rice 
growing because of the repeated irrigation and surface tillage to control 
weeds during the fallow year. As stated earlier the number of cycles of 
irrigation and surface tillage varies from time to time and from one field to 
another, depending on weather conditions and weed populations. 
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Soli Fertility 

Until recent years the Lundbergs applied chicken manure to their experi~ 
mer.tal fields. To reduce costs the Lundbergs now rely on legumes as the 
source of nitrogen. The field operations manager (G. Brewster, interview, 
1986) attributes t!1e cur~·ent low yield in the experimental field to a lack of 
n:i.hJgen. Alternative fertility management practices, including the use of a 
combination of purple vetch (Vicia benghalensis) and bell beans (Vicia faba), 
are being explored. 

In the 1940s, 1950s, and 1960s, vetch was used extensively in Butte County 
as a green manure crop. The use of vetch was discontinued because of the 
availability of inexpensive inorganic fertilizers and because, in wet winters, 
patches of the vetch }'VOuld drown out, causing irregularities in the unifor~ 
mity of field nitrogen distribution. Areas lacking in nitrogen had to be spot
treated, causing lodging (and poor yields) in areas in which overlaps oc
curred and poor yields in areas that did not get spot-treated. Today, with 
laser leveling, semidwarf varieties of rice, and improved drainage, former 
problems with using legumes as a nitrogen source might be more easily 
overcome (J. Hill, correspondence, 1987). 

Insect Control 

The development of a rice crop proceeds through four phases: (1) the 
seedling stage, from germination until the initiation of tillering; (2) the 
vegetative stage, from the onset of tillering until the beginning of panicle 
formation; (3) the flowering stage, from panicle initiation through fertiliza
tion of the rice flowers; and (4) the ripening stage, from flower fertilization 
until the rice is mature and ready for harvest. The duration of these phases 
and the severity of the pest problems that may accompany them depend on 
the choice of cultivar; the temperature of the soil, air, and irrigation water; 
the length of the growing day; and other environmental conditions and 
cultural practices (Flint, 1983). 

Gordon Brewster, the manager of the Lundberg Family Farms field oper
ations, carefully scouts all of the farm's fields on a continuous basis 
throughout the growing season. Before working for the lundbergs, Brews
ter was a researcher with Occidental Petroleum, where he was in charge of 
developing agricultural chemicals for rice production. He uses the latest 
chemical technology for pest control on the conventional acreage, but he 
uses only those methods officially approved by state law as organic on the 
experimental fields. 

Disease Control 

The major disease afflicting rice in northern California is stem rot, a 
fungal disease. The causal organism, Magnaportlze salvinii, is best known in 
its sclerotia! stage as Sclerotium oryzae (Webster et al., 1981). 
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All cultivars of rice currently being grown in California are susceptible to 
stem rot fungus, although scme cultivars exhibH some dt-gree of tolerance. 
The first sign of the disease in the field is the appearance of small, dark 
lesions on the rice ste!ll (or culm) at the water level. The lesions expand as 
the season progresses, eventually destroying the sheaths. The adverse ef
fects of the disease are a reduction in the size of the panicle (the numt 'r of 
rice seeds per panicle), a reduction in grain quality, and increased incidence 
of lodging (rice plants bending horizontally rather than standing straight, 
making harvesting difficult and causing the loss of grain). 

The inoculum of stem rot is carried over from one year to the next in 
sclerotia (compacted masses of fungus mycelium that serve as the dormant 
stagf• of the fungus), which are associated with rice straw from the previous 
year. The principal method of controlling stem rot is burning the rice straw 
following harvest to achieve total removal of the crup residue and any stem 
rot sclerotia. D. Mikkelsen (interview, 1986) estimates that rice straw is 
burned on approximately 95 percent of all California rice acreage, either in 
the fall following harvest or in the spring. This practice causes severe air 
pollution and is currently controlled by law in California. 

Straw burning is the recommended disposal and stem rot control method, 
provided that it is done only during designated times and by prescribed 
methods (Hint, 1983). Incorporation of rice straw is not recommended for 
managing stem rot (Flint, 1983). Mikkelsen, however, says that the practice 
now recommended by the University of California Cooperative Extension 
as an alternative to burning is to chop the straw (either with an attachment 
to the harvest combine or as a separate operation with a flail chopper) so 
as to maximize the contact of the rice with the soil and moisture, thereby 
expediting the decomposition of the straw and the sclerotia (interview, 
1986). 

The Lundbergs maintain that stem rot is not a severe problem in their 
fields because of the methods they use to expedite the decomposition of 
the straw and because they subsequently incorporate it into the soil. How
ever, this claim has not been tested experimentally. 

The incidence of stem rot is affected by a number of cultural practices, 
most notably the destruction of sclerotia by burning or decomposition. 
Stem rot is more serious in dense stands than in more sparse stands of rice. 
Consequentiy, high seeding rates and excessive nitrogen application (which 
promotes more extensive growth of foliage) tend to increase stem rot dam
age. Improperly timed applications of herbicides-in particular, MCPA-late 
in the season and at high rates of application tend to injure and stress the 
rice plants, predisposing them to stem rot disease. The application of MCPA 
is recommended no later than the first 55 days after planting to provide the 
best control of weeds and to reduce the risk of phytotoxicity or chemical 
damage to the rice plant (Hint, 1983). 

Webster et al. (1981) conducted experiments in Butte and Yolo counties 
on alternative methods of managing rice straw residue, depending on the 
severity of stem rot disease. The treatments included burning the straw in 
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the fall, followed by disking, and five management practices that did not 
involve burning. These five methods involved various tillage practices in
tended to incorporate all or part of the straw into the soil. The results of the 
experiment indicated that burning the straw in the fall, followed by disking, 
was the most effective method of controlling stem rot. This method resulted 
in significantly lower numbers of viable sclerotia per gram of soil, lower 
disease severity ratings, artd somewhat higher yields of rice. The treatments 
included in t~1is research did not, however, include the methods currently 
employed by the Lundbergs. 

Other fungal pathogens that cause diseases afflicting rice in this area 
include Aclzyla kleb.'iiana and Pythium (causil'g seed roi:), the Rhizoctonia spe
cies (causing sheath blight), and Helminthosporium oryzae (producing brown 
leafspot). These diseases appear to be less of a problem in California than 
in other regions of the United States and in humid areas of other countries; 
they cause less damage in California than does stem rot (Flint, 1983). 

Control of Tadpole Shrimp and Insects 

The tudpole shrimp, a hardy crustacean, reaches a maximum lP.ngth of 3 
inches. It is able to survive the dormant stage for many years in dry soil 
and to revive quickly as soon as the soil is irrigated. About 9 days after 
hatching, tadpole shrimp begin their reproductive phase by digging into 
the soil, uprooting new rice seedlings, or cutting off new leaves. The muddy 
water raused by the digging reduces light penetration and slows the emer
gence of rice seedlings. Although low populations of tadpole shrimp do not 
cause economic damage, high populations have been known to greatly 
diminish rice stands and reduce yields. 

Conventional practice is to control tadpole shrimp by irrigation manage
ment or application of pesticides. Growers are advised to flood the field as 
fast as possible, and seed as soon as possible after flooding has been 
initiated. During the seedling stage, when populations of tadpole shrimp 
are found to be above economic damage thresholds (30 or more dislodged 
seedlings per square foot), a chemical treatment is needed (Flint, 1983). 
Parathion can be applied at 0.1 pint per acre at a cost of $2.17 per acre (Table 
4). Alternatively, if algae are becoming a problem, both tadpole shrimp and 
algae can be controlled simultaneously by application of finely ground 
copper sulfate (5 pounds per acre) at a cost of $4.02 per acre. These costs 
include $1.90 per acre for aerial application (Wick and Klonsky, 1984). 

In their experimental field the Lundbergs prevent damage by tadpole 
shrimp through intermittent irrigation during the early stages of rice 
growth, a process that delays the anaerobic stage of irrigation (perpetual 
flooding) until after the rice plants have reached a height of 6 to 8 inches. 
At this stage, the tadpole shrimp do not cause injury to the rice (Flint, 
1983). 

Rice water weevil larvae feed on the roots of rice plants, causing loss of 
yield by inhibiting growth, tillering, and plant vigor (Flint, 1983). The wee-



TABLE 4 Preharvest Cultural C.Pst of Producing an Acre of Rice Using C'onv~ntional Methods Versus Lundberg Family .. 
Farms' 1985 Experimental Alternative Methods i 

Operation 

Fertility 
management 

Preplant fertilizer 

Fuel and 
Labor/Acre Repairs 
Hours Dollars (dollars) Materials 

16-20-0 (NPK): 250 pounds at $200.00/ton 
Custom air: $2.10/hundredweight 

Nitrogen aqua ammonia: 100 pounds at 
$70.00/ton 
Custom ground: $10.00/acre 

Ammonium sulfate: 500 pounds at $97.00/ 
ton 
Custom air: $2.10/hundredweight 

Urea: 220 pounds at $200.00/ton 
Custom air: $2.70/hundredweight 

Zinc sulfate: 50 pounds at $200.00/tona 
Custom air: 

Hypothetical 
Conventional 
Rice Farm 

Dollars/ (percent Methods (d_ollars) 
Acre acres treated)4 Conventional Organic 

25.00 
5.25 

17.50 
10.00 

24.25 
10.50 
21.7C 
5.94 

100 
100 

100 
100 

25.00 
5.25 

17.50 
10.00 

0 
0 

0 
0 



Pest control 

Rice water weevil 

Rice leafminer 
and/or tadpole 
shrimp 

Barnyard grass 
(watergrass) 

Other preharvest costs 

Close and 
maintain levees/ 
boxes 0.10 

Flood 0.75 
Plant 

Subtotal 

0.72 
5.40 

2.36 
1.22 

Carbofuran SG: 10 pounds at $33.53/50 
pounds 
Custom air: $3.00/acre 

Parathion: 0.1 pint at $108.00/5 gallons 
Custom air: $1.90/acre 

Molinate 10 G: 40 pounds at $26.00/50 
pounds 
Custom air: $3.60/acre 

6 acre-feet: $2.87/acre-footc 
Seed: 135 pounds at $11.00/hundredweight 
Custom treat and soak: $2.00/ 

hundredweight 
Custom haul seed: $0.22/hundredweight 
Custom air: $4.15/hundredweight 
Custom no-tillage drill 

6.71 
3.00 
0.27 
1.90 

20.80 
3.60 

3.08 
17.22 
14.85 

2.70 
0.30 
5.60 

10.00 

Totalr ~harvesF · · .. / · ., · .:' :-:~- · ?':''' 
/Qll~aJ tosts:~ . ·. .· : · \i ,., 
r;,;r~~~9fri~h'·'~~:::;,i,/;,j:t~,i~ 2::~f:~,~:Zi!!J,:±;~~---§21::.d~~..:i.:iZ::::.:illB~ili:2~S:b&JE~;.;;ili1~flli~ 

aBecause zinc is now adequate in most soils, it is not applied every year. 
"Not all growers topdress. Some use 20 to 30 pounds more of aqua ammonia fertilizer before planting. 
"With good water management, as little as 4 acre-feet are used for continuous flooding of rice. 
dPractices val) greatly among conventional growers. Percentages will change from grower to grower. 

60 
60 

100 
100 

90 
90 

100 
100 
100 

100 
100 
100 

0 

4.02 
1.80 
0.27 
1.90 

18.72 
3.24 

3.08 
23.84 
14.85 

2.70 
0.30 
5.60 
0 

50.37 

souRcEs: Conventional rice inputs and costs from C. M. Wick and K. Klonsky, Sample Costs of Rice Production, Butte County (Davis, Calif.: 
Umversity of California, 1984); organic rice inputs and co:-;ts from Gordon Brewster, fie!d manager, Lundberg Family Farms, interview anc' 
correspondence, August 1986. 

0 
0 
0 
0 

0 
0 

3.08 
20.97 
14.85 

0 
0.30 
0 

10.00 
49.20 
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vii is more prevalent in fields where rice is grown continuously (without 
interruption of a fallow year or a different crop) and in areas where rice is 
the prevalent crop. Crop rotation, therefore, is a recommended practice for 
preventing weevil damage. Where weevil populations are high, preflooding 
application of a pesticide (10 pounds of carbofuran at $9.71 per acre, includ
ing aerial application cost) is recommended (Wick and Klonsky, 1984). 

Rice leaftniner larvae burrow into rice leaves located under or near the 
surface of water, thereby reducing vegetative development ano, conse
quently, yields. Preventive measures include shallow irrigation in the ger
mination stage, especially when temperatures are low and plant growth is 
slow. Parasitic wasps and high temperatures (promoting rapid growth above 
the wat~r line) are natural control factors. The recommended insecticide is 
parathion (0.1 pint at $2.17 per acre), which also controls tadpole shrimp 
(Wick and Klonsky, 1984). 

Leafhopper, armyworm, and grasshopper ordinarily do not cause significant 
damage to rice crops in the area of California in which the Lundberg's farm 
is located. 

Mosquitoes are a nuisance to human populations near rice fields and some
times are vectors of disease. Local mosquito abatement officials, who spray 
heavily infested areas with ethyl parathion, reported that they refrain from 
applying pesticides near fields where the farmer is producing crops without 
pesticides, including the Lundbergs' 100-acre experimental field. Mosquito 
Abatement Districts in many areas now use Gambusia (mosquito fish) in 
irrigation canals as a biological control measure, which is highly effective in 
open water where predator fish are not prevalent and water quality is 
favorable. 

Weed Control 

The control of weeds is a major concern for rice growers. Watergrass 
(Echinochloa phyllopogon and E. oryzoides) can be controlled largely through 
continuous flooding to a depth of 3 to 4 inches for 21 to 28 days after 
planting. Although continuous flooding provides good control of most 
terrestrial weeds, it tends to encourage various aquatic plants such as cer
tain grasses, sedges, bulrushes, arrowheads, waterhyssop, water plaintain, 
pondweeds, and algae. The Lundbergs rely largely on crop rotations (rice
vetch and fallow or rice-rice-vetch and fallow) for weed control. Crop rota
tion is recommended for cases of severe infestations (Flint, 1983). 

Watergrass becomes a particularly severe problem where the water depth 
is maintained at less than 3 to 4 inches. For this reason, it is important that 
the rice field be leveled every few years (sometimes annually), because 
sometimes the soil settles in some areas or is rutted by harvesting machines 
or the wind when the soil is fall-tilled and left bare. 

Application of herbicides is the conventional method of weed control. The 
Lundbergs use molinate, one of the most widely used herbicides in the 
area, as necessary to control weeds in their conventional rice. During the 
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site visit to their far!TI, one field of 320 acres was observed in which no 
herbicide had been applied. Although rice plant and weed plant popula
tions were not counted, it appeared that the stand of rice was quite heavy 
and uniform; only an occasional weed was evident. The Lundbergs attrib
uted effective weed control to their rotation sequence and cultural practices 
during the third (fallow) year of the rotation used in their conventional rice. 
They applied only 32 pounds of nitrogen per acre to this field, which 
yielded approximately 70 hundredweight per acre in 1986, compared with 
a county average of 74 hundredweight in 1985. County average yield data 
for 1986 were not available when this report was prepared. 

Irrigation 

The conventional method of producing rice includes flooding the rice 
field continuously from before planting (May 15 to June 1) until the rice is 
mature. The soil is then drained and dried enough to support harvesting 
equipment prior to harvest in October or November. The direct seeding and 
intermittent flooding (flus~ing) that the Lundbergs practiced during stand 
establishment of their organically produced rice can increase the time be
tween planting and harvest by 7 to 14 days (J. Hill, communication, 1986). 
Rice varieties that came into use after 1981 have somewhat shortened grow
ing season requirements, which are compatible with the Lundbergs' prac
tices. 

The water must be relatively warm, yreferably about 70 to 75°F. Water 
temperatures above 90°F or below 60°F are detrimental to rice growth. Cold 
water during the growth stage seriously retards seedling and stand devel
opment. Slow-growing seedlings are vulnerable to various pests; weeds are 
also more problematic when the rice stand is sparse. Where water is cold, 
rice growers sometimes allow the irrigation water to stand in warming 
basins before it flows into the rice fields in order to prevent a reduction (by 
as much as 45 percent) in rice yields (Miller et al., 1980; Flint, 1983). Well 
water temperatures usually fall in the 66 to 76°F range. Water diverted from 
the nearby Oroville Dam on the Feather River to the Lundberg farm is 
below 55°F until May 15 and below 63°F in midsummer (Miller et al., 1980). 

The ideal water depth depends on the developmental stage of rice. Shal
low water, 1 to 4 inches, favors stand establishment and tiller development, 
particularly when the short statured varieties of rice are grown. As the rice 
grows taller, deep water is preferred for controlling various terrestrial weeds 
(most notably watergrass, the most serious weed in rice production in 
California) and discouraging growth in rodent populations. 

From the completion of tillering (about 60 days after planting) until 3 
weeks before heading (development of panicles), water depth has little 
effect on rice plant development. However, from 3 weeks before heading 
until the panicles are developed, water depth is very important, particularly 
in areas subject to cool night temperatures. Empty florets increase when 
rice plants are subjected to cool temperatures, and rice yields are greatly 
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reduced. When irrigation water is kept relatively deep at this time, panicle 
development is protected from the low ambient air temperatures that are 
most likely to occur at night (Miller et al., 1980). 

Typically, between 5 and 9 acre-feet of water are delivered to a rice field. 
Most of this water moves through the field and is reused in the network of 
rice irrigation districts, eventually being returned to public waterways. The 
crop requires about 3 acre-feet, including what is lost through evapotran
spiration. Rice uses about 10 percent more water than alfalfa (D. Mikkelsen, 
interview, 1986). The Lundbergs apply an average of 5 acre-feet of water. 

The Lundbergs' intermittent flush-irrigation practices can delay harvest 
by 7 to 14 days Q. Hill, correspondence, 1986). However, with currently 
used rice cultivars, this delay is problematic. 

Flooded rice fields where green manure crops or straw have been incor
porated occasionally exhibit a buildup of organic acids (lactic, butyric, ace
tic, and propionic) in the soil. These acids later break down into carbon 
dioxide, which can (if present in excessive quantities) inhibit plant respira
tion and uptake of water and nutrients (D. Mikkelsen, interview, 1986). This 
problem tends to occur when large quantities of straw or other plant mate
rials are buried deeply in the soil and subjected to anaerobic decomposition. 
The toxic gases usually develop during the first 20 days. When this problem 
occurs, the fields may have to be drained and dried out to aerate the soil to 
deactivate the production of phytotoxic hydrogen sulfide (Miller et al.. 
1980). Toxic gas production by rice fields is not cnnsidered an environmental 
threat to air quality (D. Mikkelsen, interview, 1986). 

PERFORMANCE INDICATORS 

Rice Yields 

The Lundbergs have continued to experiment with various nonchemical 
approaches to rice production. Their experimental method of production 
has changed substantially each year. During the 1986 case study site visit, 
they reported that the experimental rice enterprise became profitable for 
the first time in 1985, with a yield of 44 hundredweight per acre. However, 
in 1986 the yield dropped to 27 hundredweight (see Table 3), and the 
experimental crop sustained a financiall0ss. Furthermore, the yield of the 
experimental rice is obtained only every other year because of the 2-year 
rotation (rice and legume-fallow-legume); the annual average yield, there
fore, is one-half the measured yield in a given year.* 

Most conventional rice growers use a rotation with 1 year of fallow and 2 
years of rice production because of federal price-support program rules. A 

*Prior to price-support program changes in 1981, a more intensive rotation (5 in 6 
years) was common. On day soils, no alternative crop is ordinarily grown in the non
rice year. On lighter soils, rice is rotated with a cash crop (wheat, safflower, and others) 
Q. Hill, correspondence, 1987). 
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grower receives a de facto yield of two-thirds the average production per 
acre harvested. The average yield of rice grown in Butte County during 
1985 was 74 hundredweight per acre harvested (see Table 3). The season 
average price was $7.90 per hundredweight. In contrast, the Lundbergs 
paid an average of $11.75 per hundredweight to their 10 contract growers 
using nonchemical methods (G. Brewster, interview, 1986). 

Yield data for these farms are not available. However, during the 1986 site 
visit interview, the Lundbergs indicated that the yields and net retun tS from 
their experimental fields and those of their contract farmers vary consider
ably. For example, they reported a yield of 69 hundredweight from one of 
their organic contract farms that uses a 5-year rotation: 1 year of no-tillage 
rice followed by 1 year of legume-fallow and leveling followed by 3 years of 
oats and vetch harvested as either hay or seed (depending on prices). 

Financial Performance 

Over a period of years the average annual yield of rice grown under the 
Lundbergs' alternative system is substantially less than that of conventional 
rice. The question remains, however, whether the reduced yield is more 
than offset by the higher price received for certified organic rice and the 
lower production costs that appear to be possible, at least in some years. 
The Lundbergs follow a budgeting approach based on the University of 
California Farm Management Extension enterprise budgets (Wick and Klan
sky, 1984) in analyzing the economic approach of their farm operations. 
Brewster was asked to examine the 1985 University of California rice budget 
and to indicate the comparable costs incurred on their experimental 100-
acre field in 1985 (Tables 4 and 5). 

Because the Lundbergs plant the rice seed by no tillage into the flail
chopped mulch of purple vetch, they have a cash cost of seedbed prepara
tion only one-third that of the conventional rice growers-$7.94 per acre 
compared with $26.34 per acre. The soil fertility management program on 
the Lundbergs' experimental acreage is substantially less expensive than 
that on their conventional acreage because of the nitrogen and organic 
matter supplied by the vetch. The entire fertility management cost is $16.00 
per acre, the cost of planting and flail-chopping the purple vc~~h. By com
parison, the conventional rice fertility management program cost is $66.61. 

However, as previously noted, the Lundbergs view their soil fertility on 
the experimental acreage as deficient in nitrogen. They are modifying their 
experimental method to meet more adequately the nitrogen requirements 
of the rice crop. Lack of nitrogen is clearly indicated as the primary factor 
limiting their experimental rice yields. 

Another major difference between conventional and alternative rice oc
curs in the cost of pest control: no direct cost incurred by the Lundbergs 
versus $41.11 per acre for the conventional pest control program. The con
ventional approach includes a per acre application of 10 pounds of carbo
furan for control of rice water weevil, 0.1 pints of parathion for control of 



414 ALTERNATIVE AGRICULTURE 

TABLE 5- Summary of Costs and Returns/ Acre for Conventional Production 
Versus Lundberg Family Farms' Experimental Organic Rice Production, 1985 

Item 

Direct cash costs 
Preharvest cultural costs 
Harvest costs 

Drain and open levees 
Custom harvest, haul, and dry: $1.81/hundredweight 

Postharvest costs 
Mow levees, clean around boxes 
Burning rice straw 
Rolling rice straw or chisel 

Total, direct cash costs 
Revenue during crop years 

Conventional rice: 
74 hundredweight at $7.90/hundredweight 

Lundberg experimental rice: 
44 hundredweight at $11.75/hundredweight 

Net return over cash costs 
Fallow year costs 

Triplane (including move crawler) 
Roto spike: 3 times at $10.00/acre 
Landplane (including move crawler) 
Flush-irrigate: 3 times at $3.50/acre 
Laser level (custom hire) 
Plant purple vetch 

Total, fallow year costs 
Net return over cash cost/acre/year 
Cash cost/hundredweight rice 

Dollars/ Acre 

Conventional 

185.34 

3.26 
134.24 

2.01 
2.45 
0 

3?.7.30 

584.60 

257.30 

5.49 
0 
0 
0 

60.00 
0 

65.49 
149.70 

4.86 

Organic 

71.14 

3.26 
79.82 

2.01 
0 

15.00 
171.23 

517.00 
345.77 

0 
30.00 
20.48 
10.50 
60.00 
14.00 

134.98 
105.40 

6.96 

N<JTE: Conventional rotation is 2 years of rice followed by 1 year of fallow. The 1985 Lundberg 
Family Farms' experimental rotation was 1 year of rice followed by 1 year of legume-fallow. 

SOURCES: Conventional rice yield from C. M. Wick and K. Klonsky, Sample Costs of Rice 
Production, Butte County (Davis, Calif.: University of California, 1984); organic rice yield and 
price from Gordon Brewstf", field manager, Lundberg Family Farms, interview and 
correspondence, August 1" ··u; state average price from California Crop and Livestock Reporting 
Service (California Field Crop Review 7(21:1). 

rice leafminer and tC'dpole shrimp, 40 pounds of molinate for control of 
barnyard grass, and 14 ounces of MCPA for control of broadleaf weeds. The 
costs of these and other options are listed in Table 4 (Wick and Klonsky, 
1984). 

Other preharvest costs are similar, with two exceptions. First, the Lund
bergs use 5 acre-feet rather than 6 acre-feet of water; the difference is 
attributed to more careful management (G. Brewster, interview, 1986). Sec
ond, they plant the experimental rice by no tillage, using rice seed that has 
not been soaked or treated, at a cost of $10.00 per acre for planting, in 
addition to the cost of the seed. The conventional method is to soak, 
partially sprout, and treat (with a fungicide such as captan) the rice seed by 
aerial spraying prior to planting, at a cost of $8.30 per acre. 
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The overall preharvest costs total $184.43 per acre for conventional rice; 
for the alternative rice produced by the Lundbergs in 1985, the costs were 
$71.14 per acre. The conventional rice budget, however, is for a 3-year 
rotation (iice-rice-fallow), while the Lundberg budget is for a 2-year rotation 
{rice-legume and fallow legume). Consequently, when net returns are cal
culated on the basis of these budgets, it is necessary to transform the costs 
and returns per acre harvested into average figures per acre per year based 
on the crops in the rotation. In making these calculations, it is assumed 
that the conventional rice yield is 74 hundredweight per acre (county aver
age), compared with 44 hundredweight obtained by the Lundbergs in 1985 
from their experimental rice. Consequently, harvest costs (roughly propor
tional to yields) are substantially less for the alternative than for the conven
tional operation (see Table 5). 

The Lundbergs do not pay to burn rice straw. They use tillage practices 
that expedite decomposition of the straw and incorporate it into the soil. 
The cost of the Lundberg approach is higher than the cost of burning rice 
straw-$15.00 versus $2.45 per acre harvested. The total monetary value of 
the nutrients retained in the field and the improved organic matter in the 
soil associated with decomposing rather than burning the straw is un
known. However, D. Mikkelsen (correspondence, 1987) estimates the de
composed straw reduces nitrogen fertilizer needs by about 20 percent, a 
potential savings of about $9.00 per acre (based on Klonsky and Wick data; 
see Table 4). A method to measure the additional value of organic matter 
and nutrients other than nitrogen has not been developed. 

The Lundbergs' total direct cash costs per acre for organic rice are roughly 
one-half those of the average conventional producer in the area ($171.23 
versus $327.30). The organic rice yield is lower than that of conventional 
rice, but this is offset by the higher price for organic rice. The values of the 
conventional and organic rice crop per acre harvested were similar ($584.60 
versus $517.00). The net return over direct cash operating costs per acre of 
rice harvested was $257.30 for conventional rice and $345.77 for the Lund
bergs' experimental alternative rice. When these net returns are adjusted 
for the rotation and costs of the fallow year are taken into account, however, 
the results are reversed: $149.70 per acre of rotation per year for the conven
tional rice and $105.40 for the Lundberg experimental crop in 1985. In other 
years, net returns were !ower for the Lundbergs' organic production and 
higher for conventiona~ rice, further widening the difference between the 
two types of rice. 

Overhead and indirect costs, such as interest on operating expense, book
keeping, depreciation, insurance, taxes, and other necessary expenses are 
not taken into account in the calculations for producing conventional and 
alternative rice. Most of these indirect costs would be approximately the 
same for experimental and conventional rice producers, so the per acre 
differences in net returns would not be significantly affected by this omis
sion. 

The Lundbergs are aware that what they call the organic rice market is 
rather fragile; the yield and acreage of organic rice have been increasing. By 
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reducing the production quota for each of the contract growers, they hope 
to avoid a catastrophic decline in prices. For many years the Lundbergs have 
been able to maintain a substantial premium price for organically grown 
rice. For example, as of January 1986, the price of all rice in California 
{including an approximately $4.00 per hundredweight government program 
payment) averaged $7.90 per hundredweight .. compared with $11.75 per 
hundredweight for rice certified as organic {California Crop and Livestock 
Reporting Service, 1986; Lundbergs, interview, 1986). 

The Lundbergs reported that they were subsidizing their experimental 
rice production by approximately $50,000 per year in 1982 (Madden et al., 
1986). The revenue from the sale of their 100 experimental acres of rice was 
well below expenses. At that time, they indicated their willingness to con
tinue subsidizing their experimental enterprise because they hoped that it 
would become profitable. They were willing to make this sacrifice because 
they were concerned about the health implications of pesticide use. The 
Lundbergs say that they are committed to developing profitable culh1ral 
practices that minimize environmental damage and residues of agricultural 
chemicals on the food they produce and market. 

Environmental Impacts 

Production of rice by conventional, recommended practices gives rise to 
several environmental concerns-notably, water pollution caused by pesti
cides and air pollution created by burning rice straw. The Lundbergs do not 
burn rice straw on any of their acreage. 

According to the University of California manual for IPM for rice (1983), 
some of the pesticides used in rice are hazardous to people. The person 
most at risk is the applicator; other people who spend time in the fields 
(field workers and irrigators) may also be exposed. People in surrounding 
areas may suffer pesticide poisoning when sprays drift from the field into 
populated locales. 

It is also important to consider the hazard pesticides may have for fish, 
wildfowl, and domestic animals, especially sheep grazing on levees. Mi
grating waterfowl may die if they are in the fields during application of 
various insecticides. Fish may die if pesticide-contaminated water from 
paddies or soak water drains into streams and bodies of water flowing into 
streams or rivers. 

Cumulative levels of certain pesticides draining from Sacramento Valley 
rice fields into the Sacramento River have caused concern about drinking 
water quality and taste and health. In the Sacramento area and other loca
tions, agricultural pesticide concentrations in water are high enough (in the 
parts per billion range) for short periods of time to cause an offensive taste; 
however, the health implications are unclear. These problems can be miti
gated to some extent by water recirculation systems now in common use 
that allow for decomposition of the pesticides before wate:;. is let out of the 
fields. 
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An emerging problem in conventional rice production is the development 
of resistance to pesticides among strains of various pests. In some areas, 
tadpole shrimp are resistant to parathion, and mosquitoes that breed in rice 
fields have been found to be resistant to particular insecticides. 

Using pesticides can also induce emergence of secondary pests (National 
Research Council, 1986). When substantial numbers of the natural preda
tors and parasites are killed because of pesticide use, certain secondary pest 
populations may begin to rise. 
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Glossary 

Acre-foot The volume of irrigation water that would cover one acre to a 
depth of une foot. 

Agricultural resource base The soil, water, climate, and other natural 
resources necessary to produce a crop. 

Agricultural Stabilization and Conservation Service (ASCSJ A U.S. De
partment of Agriculture (USDA) agency responsible for administering 
farm price and income support programs as well as some conservation 
and forestry cost-sharing programs; local offices are maintained in 
nearly all farming counties. 

Allelopathy The suppression of the growth of one plant species by an
other. 

Band application A method of applying fertilizer in bands near plant 
rows where the fertilizer will be more efficiently used rather than ap
plying it in an application to the entire soil surface. 

Base acres The acres on a farm that are eligible for federal program pay
ments. Base acres for each year are calculated as the average number of 
acres enrolled in a specific commodity program during the previous 5 
years. 

Biomass Matter of biological origin; for example, the living and decaying 
matter in soil as opposed to the inorganic mineral components. 

Bureau of Reclamation A federal agency responsible for building dams 
and canals and providing water to local water districts. The districts 
then sell the water to agricultural producers. 

Cash grains Grains commonly produced for sale, such as corn, oats, and 
wheat, as opposed to hay and other grains that are grown principally 
as feed for animals or seed. 

419 
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Center pivot Irrigation An irrigation system that pumps groundwater 
from a well in the center of a field through a long pipe, elevated on 
wheels, that pivots around the well and irrigates the field in a large 
circular pattern. 

Commodity Credit Corporation (CCCJ A wholly owned government cor
poration created to stabilize, support, and protect farm income and 
commodity prices. The CCC and the ASCS administer the federal farm 
programs. 

Commodity price and income support programs Federal programs de
signed to support crop prices and farm income. These programs in
clude all commodity-specific programs (such as the corn program) un
der which commodity price support leveis are established, set asides 
are determined, direct payments and nonrecourse crop loans are made 
to farmers, and agricultural land is diverted from production through 
paid land diversions and other provisions. 

Conservation Reserve Program (CRPJ A program authorized under the 
Food Security Act of 1985 that allows up to 45 million acres of highly 
erodible land to be placed into a 10-year reserve. Land in the reserve 
must be under grass or tree cover to protect it from erosion. It is not 
allowed to be used for hay production or livestock grazing. 

Cover crop A crop grown for ; .s value as ground cover to reduce soil 
erosion, retain soil moisture, provide nitrogen for subsequent crops, 
control pests, improve soil texture, increase organic matter, or comply 
with erosion control requirements of federal commodity programs. 
Commonly used cover crops include the clovers, vetch, alfalfa, and rye. 

Crop residues The remains of crop plants after harvest. Residues are fre
quently left in fields to supply organic matter to the soil and help cover 
the soil surface, which reduces erosion losses. 

Crop rotation The successive planting of different crops in the same field 
over a period of years. Farmers using rotations typically plant a part of 
their land to each crop in the rotation. J\ common 4-year rotation is 
corn-soybeans-oats-alfalfa. 

Crop yield The amount of a crop harvested, commonly expressed in bush
els or other units per acre. 

Cross-compliance A provision of the Food Security Act of 1985 designed 
to control the expansion of a farmer's base acres and limit federal 
payments for the production of program crops. In general, cross-com
pliance stipulates that to receive any benefits from an established crop 
acreage base, the farmer may not exceed his or her acreage base for any 
other program crop. 

Cultivation To mechanically loosen or break up soil between the rows of 
growing crnrs, uproot weeds, and aerate the soil. Soil around crops is 
generally cultivated one to three times per season, d~pending on soil 
type, weather, weed pressure, and herbicide use. 

Cultural pest control Pest control practices that generally refer to physical 
or mechanical changes in an agricultural method. These may include 
clearing crop residue soon after harvest, crop rotations, clearing weeds 
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from the field borders, changes in irrigation, or altering the timing or 
way of planting. 

Deficiency payment The per unit of production (bushel or pound) pay
ment that is made directly to producers enrolled in the commodity 
programs. It is usually calculated as the difference between the target 
price and the loan rate or market price, whichever is higher. 

Denitrification The bacterial reduction of nitrate to nitrogen gas (N02), 

nitrous oxide (N20}, and nitric oxide (NO). Denitrification occurs under 
anaerobic conditions and results in loss of available nitrogen from the 
soil. 

Direct payments Payments made by the federal government to agricul
tural producers enrolled in commodity programs. A deficiency pay
ment is the most common form of a direct payment. Deficiency pay
ments can be made in cash or in certificates entitling the producer to 
receive an equivalent cash value of crops from the CCC based on the 
current loan rate. 

Diversion payments A per acre payment available in certain years as an 
option to producers enrolled in commodity programs who divert land 
from production of a program crop in addition to the acreage required 
by the set-aside provisions of a specific commodity program. 

Eutrophication The process by which a body of water becomes rich in 
nutrients. This can happen naturally or by human activity, usually in 
the form of industrial or municipal wastewater or agricultural runoff. 

Farmers Home Administration (FmHAJ The USDA agency that makes 
loans to farmers and homeowners. The FmHA is generally the farmer's 
lender of last resort. 

Federal crop Insurance A federally subsidized crop insurance program 
available to farmers to protect them against unavoidable crop losses 
caused by drought, fire, hail, floods, and other natural disasters. 

Feed grains Grains such as com, barley, oats, and sorghum that are com
monly fed to animals. Many feed grains are also consumed by people. 

Fixed costs Costs of production that generally do not change as a result 
of the volume or type of crop produced. Fixed costs include insurance, 
rent or land mortgage payments, interest, and machinery depreciation. 

Gene transfer The process of moving a gene from one organism to an
other. Current biotechnology methods permit the identification, isola
tion, and transfer of individual genes as a molecule of DNA. These 
methods make it possible to transfer genes between organisms that 
would not normally be able to exchange them. 

Government farm program outlays Total costs associated with federal 
commodity price and income support, storage, disaster, and related 
programs. In the case of storage payments, outlays involve payments 
to producers and grain handlers. 

Green manure The use of leguminous crops as a source of nitrogen when 
they are plowed into a field. 
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Highly erodible land Land that has an erodibility index of greater than 8. 
This index is based on a field's inherent tendency to erode from rain or 
wind in the absence of cover crop. The erodibility index is based on the 
Universal Soil Loss Equation (USLE) and the Wind Erosion Equation 
(WEE), along with a soil's T-value, which is a measure of the amount 
of erosion in tons per year that a soil can tolerate without losing pro
ductivity. For most cropland soils, T values fall in the range of 3 to 5 
tons per acre. 

Horizontal resistance A plant's ability to uniformly resist all strains of a 
pathogen. Many different physiological and morphological traits that 
act independently or jointly to block the virulence of a pest determine 
such resistance. These traits are nonspecific and polygenic, in contrast 
to vertical or specific gene resistances that may be overcome by a mu
tated strain of the pathogen. 

Inputs Items purchased to carry out a farm's operation. Such items in
clude fertilizers, pesticides, seed, fuel, and animal feeds and drugs. 

Integrated pest management fiPM} A pest control strategy based on the 
determination of an economic threshold that indicates when a pest 
population is approaching the level at which control measures are 
necessary to prevent a decline in net returns. In principle, IPM is an 
ecologically based strategy that relies on natural mortality factors, such 
as natural enemies, weather, and crop management, and seeks control 
tactics that disrupt these factors as little as possible. 

lntercropplng The planting of one crop into another crop, either between 
the rows or into the stubble of a previous crop. 

Living mulch An understory of vegetation that helps reduce soil erosion 
and adds organic matter to the soil, but which does not compete heav
ily with the crop for water and nutrients. 

Loan rate The commodity-specific dollar amount per unit of ?roduction 
(bushel or pound) ~hat the CCC uses in makinc; nonrecourse loans to 
producers. The loan rate is also known as the price support level. A 
major change in the Food Security Act of 1985 was to adjust the loan 
rates for each commodity between 75 and 85 percent of the average 
prices received by farmers for the previous 5 years, excluding the high 
and the low years. When the market price falls below the loan rate, 
producers who have taken out nonrecourse loans may tum over their 
crop to the CCC as repayment of the loan. The government accumu
lates stocks of commodities in this way. 

Low intensity animal production Systems of animal rearing for food 
products that strive to use less capital, energy, and fewer purchased 
inputs than conventional confinement systems. An example of a low 
intensity system is a pasture and hutch swine production system. 

Marketing order A volur.tary agreement among a majority of the produc-
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ers of a commodity that must be approved by the USDA and follow 
certain guidelines. It generally applies to fruit and vegetable producers 
and is primarily designed to control supply and price by setting acreage 
limits, marketing quotas, and grading standards. 

Method A systematic way to accomplish a specific farming objective by 
integrating a number of practices. Examples include weed control, till
age, or soil fertility methods thai. generally entail the integration of a 
number of practices such as rotary hoeing, cultivation, manure spread
ing, and crop rotations. 

Multiline Crop seed composed of a mixture cf several breeding lines of 
the same variety, each containing a different resistance gene to a spe
cific pest. A single breeding line is vulnerable to crop failure when a 
pathogen mutates and regains virulence over the single resistance gene. 
In contrast, the mixing of different resistance traits in a multiline greatly 
reduces the probability of crop damage. 

Net farm Income The sum of all income minus expenses from the farm 
operation, which includes maintenance and depreciation of all build
ings, machinery, and dwellings located on the farm. To derive this 
figure, gross income (income before expenses) is adjusted to account 
for net quantity changes in inventory and year-to-year carryover. 

Nitrogen fixation The chemical transformation of atmospheric nitrogen 
(N2) into forms available to plants for growth. Certain species of sym
biotic and free-living bacteria can accomplish nitrogen fixation. The 
more efficient forms are symbiotic with plants, where a food supply 
and a protected environment are provided to the bacteria within root 
nodules. The bacteria in turn supply fixed nitrogen to the plant. Strains 
of the genus Rhizobium arc the symbiotic, nitrogen-fixing bacteria that 
associate with leguminous crops such as beans, clover, and alfalfa. 
Seeds of leguminous crops are often inoculated with a slurry of Rhizo
bium spores to promote nitrogen fixation by the crop. 

Nonpolnt water poiiL ~tlon Pollution of water that does not enter water
ways from a specific "point" source, such as a pipe. Nonpoint pollut
ants are often carried from dispersed, diverse sources into water chan
nels by rain-induced runoff. Runoff from streets, open pit and strip 
mines, and agricultural fields are prominent examples. 

Nonr~course loan Participants in federal commodity programs may ob
tain loans from the CCC by pledging planted or stored crops as collat
eral. These loans enable producers to pay for planting costs or to store 
crops for later sale. The producer can settle the loan by paying it back 
with interest or by turning the stored crop over to the CCC when the 
loan period ends. Loans are generally paid off when market prices rise 
above loan rates. Crops are frequently forfeited to the CCC at the end 
of the loan pP.riod when market prices are below loan rates. 

Organic matter Living biota present in the soil or the decaying or decayed 
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remains of animal~; or plants. The living organic matter in the soil 
decomposes the de.ad organic matter. Organic matter in soil increases 
moisture and soluble nutrient retention, cation exchange, and water 
infiltration and can reduce soil erosion. 

Output A marketable product of a farming operation, such as cash crops, 
livestock products, or breeding stock. 

Pesticides Chemicals used by farmers to control pests such as weeds (her
bicides), insects (insecticides), plant diseases (fungicides), nematodes 
(nematicides); to regulate plant growth; or to simplify harvest (dessi
cants). 

Polyculture The growing of many crops at once in the same field. 
Practice A way of carrying out a discrete farming task such as a tillage 

operation, particular pesticide application technology, or single conser
vation practice. Most important tarming operations-preparing a seed
bed, controlling weeds and erosion, or maintaining fertility-require a 
combination of practices, or a 111ethod. Most farming operations can be 
carried out by different methods, each of which is a unique combina
tion of different practices. 

Recharge The replenishment of an aquifer with water from the land's 
surface. 

Ridge tillage A type of soil-conserving tillage where the soil is formed 
into ridges, and seeds are planted on the tops of the ridges. The soil 
and crop residues between the rows remain largely undisturbed during 
planting. 

Rotary hoe A tool pulled behind a tractor, designed to control weeds by 
dislodging weed seedlings at a very early stage of growth from the soil. 

Row crops Crops that require planting each year and are grown in rows, 
such as corn, soybeans, and sorghum. 

Scouting The inspection of a field for pests (insects, weeds, or pathogens). 
Scouting is a basic component of IPM systems. It is used to determine 
whether pest populations have reached levels that warrant intervention 
for control and to help determine the appropriate method of control. 

Set aside The percentage of a commodity program acreage base that must 
be idled in 3 given year. The purpose is to help reduce commodity 
supplies and limit the cost of farm programs. This idled land must 
meet f~deral requirements for weed and erosion control. If these re
quirements are not met, the farmer loses eligibility for program pay
ments and loans. 

Small grains Cro:?s with small kernels, such as wheat, barley, oats, rice, 
and rye. 

Soli depth profile A vertical profile of distinct zones within a soil, called 
soil horizons. The top, or A horizon, is the zone of leaching (eluviation) 
and is most abundant in biomass composed of roots, bacteria, furtgi, 
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worms, and microscopic animals. The second, or B horizon, is the zone 
of accumulation (illuviation); it contains little living matter and is often 
richer in clays, iron, and aluminum oxides that have percolated down 
and accumulated from the A horizon. The C horizon is composed of 
the weathered rock and true parent material of the soil. 

Specialty (high-value) crops Crops with a limited number of producers 
and demand or those with high per acre production costs and value. 
Examples include most fruit and vegetable crops, ornamentals, green
house crops, spices, and low volume crops, such as artichokes. 

Split application Breaking up the application of fertilizer into two or more 
applications throughout the growing season. Split applications are in
tended to supply nutrients more evenly and at times when the crop 
can most effectivEly use ~',em. 

Storage payments Annual payments per bushel or by weight made to 
individuals and corporations for the storage of commodities in the 
Farmer Held Reserve or placed under loan to the CCC. 

Strip cropping A method of contour planting in conjunction with rota
tions that results in alternating strips of crops across th~ slopes of 
fields. When practiced with conservation tillage, strip cropping is an 
important and highly effective erosion control method. 

System The overall approach U~{;J in crop or livestock production, often 
derived from a farmc1's goals, values, knowledge, available technolo
gies, and economic opportunities. A farming system influences the 
choice of methods and practices used to produce a crop or care for 
animals. Farming systems entail a combination of methods to accom
plish farming operations. Conventional and alternative systems may 
use common practices or methods, but they usually differ in overall 
philosophy. 

Systemic pesticide A pesticide that is absorbed within a plant system and 
distributed throughout the plant and fruit. 

Systems research Interdisciplinary research that integrates knowledge 
from several fields of study into research projects designed to generate 
knowledge and understanding of farming systems. 

Target price A commodity-specific price per unit of production (bushel or 
pound) for certain program commodities that is set by the Congress 
and administered by the USDA. Target prices are usually above market 
prices. They are used to determine deficiency payments. 

Understory Vegetation growing in the shade of taller plants. 
Universal Soil Loss Equation A = RKLSCP, where A is the computed soil 

loss per unit area over a specified time; it is usually expressed as tons/ 
acre/year. The factors R, K, and S reflect characteristics of climate and 
land that generally cannot be modified by human activity designed to 
influence erosion rates: amount and in~~nsity of rainfall (R), soil erodi
bility (K), and steepness of field slope (S). The factor representing 
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length of slope (L) can be reduced by installing terraces, which effec
tively break the naturally occurring slope length into smaller segments. 
(The effective slope length can also be shortened by strip cropping and 
grassy waterways, but this is reflected in the P factor.) The remaining 
two factors reflect the effects of human activities on erosion rates: soil 
cover and management practices (C) and supporting conservation prac
tices (P). 

Use It or lose it A characterization of water use by individuals or groups 
holding water rights contracts in western states. If the party with water 
rights uses less than its maximum allotment of water, subsequent rights 
to the unused portion of the full allotment can, undt!r certain circum
stances, be transferred to another party. 

Variable costs The portion of total cash production costs used for inputs 
needed to produce a specific yield of a specific crop. Variable costs 
typically include fertilizers, seed, pesticides, hired labor, fuel, repairs, 
and animal feed and drugs. 

VIne dressing The trimming of vines to maximize production. 

Water depletion allowance A provision of the tax law that allows for a 
tax deduction based on the depletion of certain aquifers used for agri
cultural irrigation. 

Water~holdlng capacity The ability of a soil and crop system to hold 
water in the root zone. 
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irrigation of, 412 
Nitro cultivar, 149 
nitrogen fixation by, 147, 149 
pesticide use on, 44, 49, 211 
pests, 179, 220, 260 
potassium absorption by, 154 
resistant cultivars, 179 
rotations with, 140, 149, 153, 231, 277 
saponins in, 167 
seed crops, 210 
yields, 231 

Alternative agriculture, definition of, 3-
5,27 

Animal disease 
in alternative systems, 5, 167-175, 

224-228, 276, 284, 389, 392-394 
and confinement rearing, 50, 168, 171, 

225, 302 
costs of, 224--225 
health systems, 167-175 
immunization for, 172-173 
low-intensity management, 4-5, 170-

171 
mastitis, 169, 173, 225 
neonatal scours, 221 
parasites, 173 
research needs on, 17, 20, 21, 165, 173, 

174-175, 225 

I 
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respiratory infections, 225 
stress and, 174, 393-394 
uterine infections, 172 
see also Disease control 

Animal feeds 
almond hulls, 84 
antibiotics in, 49-50 
bioavailability of lignocellulose in, 165-

166, 189 
chemical treatment of, 166 
citrus pulp, 84 
from commodity by-products, 84, 166, 

254 
corn stalks, 166 
gleaning of corn fields, 274 
green, 281 
hay and forage, 54, 165-167, 215, 230, 

389 
nutrient val• ~s of, ·166, 280, 281 
pesticide& m, 84 
roughag~. 281 
shelled corn for poultry feed, 254 
small-grain straw, 166 
soybean screenings, 254, 265 
tomato pomace, 84 
turnips, 274, 281 
see also Fet>d grains; Forage crops 

Animal production systems 
alternative systems, 5, 135, 169, 171, 

226-228, 266-268, 287-288, 301-
302, 308-309, 321-323, 389, 392-394 

antibiotic use in, 49-50, 85, 90, 168, 
170-171, 226, 301 

confinement rearing in, 9, 50, 54-55, 
76, 85, 135, 168, 171, 173, 174, 225-
228, 302 

disease orevention in, 5, 167-175, 224-
225,.276, 284, 389, 392-394 

economics of, 224-230 
and fat content of meat and dairy 

products, 12, 13, 83, 84, 167 
and federal grading standards, 13 
fee·}lot finishing, 50, 54-55, 77, 105, 

109, 127 
health maintenance in, 5, 10, 22, 50, 

167-175, 224-228, 276, 284, 389, 
392-394 

hormonal therapy, 167, 171-172 
pasture and hutch system, 171, 227, 

266-268, 287-288, 301-302, 308-
309, 321-323, 389, 3':}2-394 

profitability of, 94, 226-228 
research needs on, 4-5, 15, 21, 164-

165, 167 
specialization and, 54, 85 
structural changes in, 54-57, 76, 77, 85 
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tax policy and, 76, 77, 226-227 
ventilation in, 168, 302 
waste management, 5, 105, 127, 171; 

see also Manures 
see also Beef cattle; Case studies; Crop

livestock systems; Poultry; Sheep; 
Swine 

Animals and animal products 
foreign producer subsidy equivalents 

for, 97 
value of exports, 31, 94 
volume of exports, 31 
see also Animal production systems; 

Beef cattle; Dairy cattle; Dairy 
products; Meats and meat 
products; Poultry; Swine 

Antibiotics 
alternatives to, 5, 135, 168, 169, 171 
benefits of, 49, 168, 170-171, 389 
chloramphenicol, 129 
confinement rearing and, 49-50, 85, 

90, 168, 170-171 
FDA regulation of, 50, 129-130 
in feed, 49-50 
gentamicin, 130, 173 
health risks to humans from, 128-129, 

130 
medicinal, 49, 168, 169, 301 
penicillin, 50, 128, 169 
and profitability, 9 
reduction in use of, 9 
research and development costs, 168 
anJ resistance of bacteria, 50, 84, 127-

128, 168 
sulfamethazine, 129 
tetracycline, 50, 128, 301 
trends in use of, 49-50, 168, 170-171, 

394 
Apples, 49, 178, 210, 211, 223 

B 
Bacteria 

Agrobacterium tumefaciens, 185, 220 
Altenzaria macrospora, 188 
animal-to-human transmission of, 128 
Bacillus tlwringiensis, 182, 220, 342, 

361, 362 
beneficial, 162, 164, 184, 185, 186, 221, 

342 
campylobacter, 127 
disease control in animals with, 221 
listeria, 127 
nitrogen-fixing, 148-149, 162 
nematode control with, 186 
Pasteuria penetrans, 186 
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Pseudomonas sp. for fungi control, 185 
Pseudomonas syringae, ice minus strains 

of, 221 
resistance to antibiotics, 50, 84, 127-

128, 168 
rumina!, 166 
salmonellae, 50, 84, 127, 128 
in sewage sludge, 127 
in soils, 162, 164 
weed control with, 188 

Balfour, Eve, 136 
Barley 

acreage idled under conservation 
program, 80-81 

animal diseases from, 393 
irrigation of, 52, 53 
rotations with, 159, 234-235. 240 
yields, 52 

Bee Indemnity Act of 1970, 122 
Beef cattle -

alternative management strategies, 
261, 388-397; see ulso Crop
livestock production 

antibiotic use on, 49, 301, 394 
breeding, 283-284, 389, 392-393, 394, 

397 
case study of Coleman Natural Beef, 

388-397 
disease control in, 302, 389, 392, 393-

394. 397 
feeding, 389, 393 
feedlot finishing, 55, 77, 395-396 
finishing operation, 287-288, 301-302, 

395-396 
and food safety concerns, 63 
grading standards for, 13, 83, 167, 396 
growth stimulant implants in, 395 
losses from disease, 224, 392-393, 396-

397 
nutrient content of manure, 153 
pasture maintenance practices, 389 
profitability of, 94, 254, 284, 388-389, 

394-397 
regional differences in farm income 

from, 61 
size of production operations, 55-56 
specialization and, 54 

Bell peppers, 344-347, 348-349 
Bermuda grass, 166 
Biological pest control 

with Agrobacterium strain, 185, 220 
with bacterial insecticides, 182, 220, 

342, 361, 362 
with coastal Bermuda grass, 186-187 
with codling moth granulosis virus, 

223, 330-333 

for Colorado potato beetles, 125 
with Crotolaria spectabilis, 186 
economics of, 219-224 
effectiveness of, 179 
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in fruit and vegetable production, 65, 
222 

immunization of host plants, 220 
insect hormones, 183 
for nematodes, 186-187 
nonpathogenic microflora, 13, 18:>, 221 
pheromones, 180-181, 183, 220, 221, 

223, 330, 382 
for plant pathogens, 185-186 
with plants, 17, 186-188, 221 
predatory and parasitic insects, 180, 

182, 219-221, 223, 331-332, 341, 
344, 361, 380 

Pseudomnnas control of fungi, 185 
regulatory standards for, 13 
reproductive suppression by release of 

sterilized males, 182, 220, 221 
research needs on, 15, 17, 219, 223-224 
resistant crop cultivars, 4, 5, 179, 183-

184, 186, 219-221 
stimulation of plant defense system, 

185-186 
success factors in, 219-220 
vaccination, 186, 220 
see also Disease control; Genetically 

engineered products and 
organisms; Integrated pest 
management; Plant breeding 

Biotechnology, agricultural applications 
of, 14, 17; see also Genetically 
engineered products and 
organisms 

oirdsfoot trefoil, 149 
Bluestem grass, 283 
Bureau of Reclamation, 52, 53 

c 
Case studies 

crop-livestock production, 215-216, 
228-230, 249-250, 253-323 

fresh-market vegetable operation, 212-
213, 250, 336-349 

of integrated pest management, 212, 
250, 251, 336-349, 374-387 

livestock farming, 388-397 
processing tomato operation, 212-213, 

251, 374-387 
rice production, 398-417 
tree fruits, walnuts, and vegetables, 

223, 250, 324-334 
vineyards (table grapes), 222, 250-251, 

350-373 
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Chickpeas, 149 
Citrus, 43, 178 
Clean Water Act, 98, 1J4 
Clovers, 146, 148, 149, 154, 167, 187, 231, 

255-256, 259, 263, 265, 281 
Commodity Credit Corporation, 11, 52, 

74, 81 
Commodity price and income support 

programs 
acreage enrolled in, 10, 71, 85, 235 
adverse effects of, 10-12, 17, 26, 70, 79, 

115, 199, 207, 236, 238-240 
and agricultural trade, 27-30, 69, 71, 

75, 236 
c. nd alternative farming practices, 6, 8, 

10-12, 17-18, 26, 69-75, 85, 235-
240 

base acreage rule, 10-11, 18, 65, 69, 
70, 74, 79, 85, 205, 236-240 

bPnefits of, 7b, 90, 205, 228 
CO'its of, 3, 65-67, 89, 97 
croos and products covered by, 74, 235 
crv~s-compliance rule, 10-11, 69-70, 

i9, Jl, 85, 104, 117, 237 
deficit.'ncy payments, 7, 11, 65-67, 70, 

71, 74, 81, 90, 93, 130, 205, 237-240 
definitim. of terms, 74-75 
disaster relief and insurance benefits, 

78, 81, 90, 205 
effects on nonparticipants, 65, 68 
eligibility rules, 10-11, 18, 69, 81, 237 
exempt crops, 11, 69, 237 
and farm income, 7, 11, 65-67, 74, 93, 

130, 238-240 
fertilizer use and, 12, 38, 40, 70, 205, 

207 
and irrigation, 52-54, 70 
and land use, 11, 12, 59, 65, 76, 90, 

207, 236; see also Conservation 
Reserve Program 

and legume-based rotations, 10, 233-
235, 238-240 

limitations on payments, 74, 93 
loan rates, 6, 11, 28, 30, 74-71:\, 90, 236 
participation, 71-73, 93, 207, 273-274 
pesticide use and, 10, 12, 38, 70, 205, 

207 
and production costs, 205, 207-208 
purpose of, 69, 74 
recommended restructuring of, 17-18, 

23, 65 
and regional economies, 58-59, 62 
targ~t prices, 11, 65, 70, 71-73, 74, 78, 

205, 237-238 
yield goals, 10, 25, 69, '70-72, 93, J38 

Commodity prices 
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alternative farming and, 8, 136, 255-
256, 263, 265, 324, 399, 413 

effects on regional economies, 62 
farm policy and, 68, 72-73, 91, 235 
and irrigation, 54 
and loan rates, 90 
market, 72-73, 93, 237 
and soil conservation, 79 
target, for federal program crops, 11, 

65, 70, 71-73, 74, 78, 205, 237-238 
trends in, 5, 92 
see also specific commodities 

: :ompost, 151-152, 222, 358, 365; see also 
Manures 

Conservation Reserve Program 
and agricultural productivity, 81, 117, 

119 
cropland enrolled in, 11, 18, 44, 70, 

79-81, 117, 118, 402 
effect on soil erosion, 99, 103, 115-119 
effect on water pollution, 99, 103, 104 
eligibility for other federal programs 

tied to, 81 
Consumer price index, for food, 35-36 
Continuous cropping, 42, 138-139, 144, 

147, 231, 232; see also 
Specialization 

Corn 
acreage enrolled in federal programs, 

10, 71 
acreage idled under conservation 

programs, 80-81 
animal feed from, 166, 2.54, 274 
costs of production, 38-39, 200-201, 

203, 205-206, 210, 216, 233, 238, 
264, 274 

deficiency payments for, 11 
export trends, 27, 29 
fertilizer use on, 38-42, 139, 152, 200, 

344-345 
genetic diversity of, 120 
for grain, 52 
integrated pest management on, 178, 

187, 210, 343-345 
irrigation of, 51-53, 77, 109, 113-114, 

277 
low-lignin, 166 
market prices for, 11, 72 
mechanical cultivation of, 25 
monoculture, 42, 139, 147, 231, 232 
nitrogen-responsive varieties, 40 
participation rates in commodity 

programs, 72 
pesticide use on, 5, 38, 44, 47-48, 83, 

101, 139, 175, 200-201, 210, 344-
345 
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regional differences in farm income 
from, 61 

ridge tillage of, 25 
rotations with, 9, 25, 40, 140, 145, 146, 

149, 153, 157, 159, 215, 231-232, 
238-240, 249, 253-~85 

specialty markets for, 254 
surpluses, 52, 114 
target prices for, 72, 237, 238 
value of exports, 29 
yields, 34, 52, 145, 147, 200-201, 210, 

216, 232, 255, 262, 271, 275-277 
Cotton 

acreage enrolled in federal programs, 
10, 71 

acreage idled under conservation 
programs, 80-81 

costs of production, 39, 206, 210, 238 
export trends, 27, 29, 30-31 
fertilizer use on, 39-42 
integrated pest management in, 49, 

178, 188, 210, 211 
irrigation of, 52, 53, 113-114 
loan rates for, 75 
pestic.ide use on, 43, 44, 47-49, 124, 

210 
pests, 124, 178, 185, 187, 188, 220 
profitability of, 94 
regional differences in farm income 

from, 61, 62 
surpluses, 114 
target price of, 238 
value of exports, 29, 31 
volume of exports, 31 
yields, 34, 52, 210 

Cropland 
from erodible grassland, 79 
idled, 11, 18, 44, 70 .. 79-81, 117, 118, 

402 
irrigated, 53 
value of, 119 
wetlands conversion to, 76, 78 

Crop-livestock production 
animal waste management in, 230; see 

also Manures 
buildings and facilities, 257-258, 270, 

291, 311-312 
case studies of, 215-216, 228-230, 249-

250, 253-323, 388-397 
costs of production, 68, 264-265, 321 
cover crops in, 320-321 
crop rotations in, 54, 145, 229-230, 

266, 270, 278, 280-282, 287, 294-
297, 313-314 

crop yields in, 255, 261-262, 267, 271, 
275, 276, 288, 303-304, 309, 310 
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disease control in, 255, 2[1(), 263, 276, 
309, 322-323 

environmental impacts of, 284, 302-
303 

federal policy effects on, 62, 85 
irrigation in, 275, 276, 278 
labor management, 255, 260, 267, 276, 

288, 293-294, 309, 317-318 
livestock management, 255, 261, 266-

268, 274, 283-284, 287, 288, 301-
302, 309, 321-323 

machiner~ 258, 270, 291-293, 392 
marketing strategies for, 255, 263, 265, 

267, 276, 287, 288, 309 
obstacles to use of hay and forage, 

165-167 
pasture renovation for, 282-283 
pest control in, 54, 255, 260, 263, 267, 

288, 300-301, 309, 317, 410 
pesticide use in, 54, 254, 272, 273 
prevalence of, 54 
profitability of, 166, 228-229, 25.5, 262, 

265, 267, 273-274, 276, 284-285, 
288, 304-306, 309, 311 

research needs on, 165 
soil fertility management in, 142, 144, 

152, 228-230, 255, 258-259, 261, 
263, 267, 270-271, 276, 281, 288, 
297-300, 309, 311, 318-320 

tillage practices, 259, 272, 294-297, 
314-316 

weed control, 215-216, 255, 259-260, 
263, 267, 272-273, 276, 288, 300-
301, 30<' 316 

Crop rotations 
benefits of, 138-140, 199, 230 
barley-soybeans, 159 
climate and, 10 
corn-alfalfa, 149 
corn-barley- com-oats, 240 
com-corn-soybeans-hay-hay-ha~ 253 
com- corn- com-wheat-alfalfa, 231 
corn-hay-soybeans, 275-285 
cern-oats-alfalfa, 153, 232 
com-oats- clover, 231 
com-oats-meadow-meadow, 238-240 
corn-soybeans, 232 
corn-soybeans- corn-oats, 239-240 
corn-soybeans- com-oats-alfalfa, 266-

274 
corn-soybeans-hay-ha~ 253 
com-soybeans-small grain-red dover 

hay, 146, 215, 249, 253-265 
com-wheat-alfalfa, 140 
and crop health, 4, 140 
in crop-livestock production, 54, 145, 

I 
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229-230, 266, 270, 278, 280-282, 
287, 294-297, 313-314 

and crop yields, 138-139, 141, 150, 
199, 228, 232-233, 234, 239, 255, 
294 

and deficiency payments, 238-240 
definition, 138 
disadvantages, 141, 230, 238-240 
economics of, 141, 197, 199, 230-233, 

238-240 
federal policies working against, 6, 10, 

70, 71, 85, 141, 199, 233-235, 238-
240 

and fertilizer needs, 140, 199, 230, 232, 
240 

in fruit and vegetable production, 329, 
378 

with legumes, 9, 17, 18, 40, 71, 85, 
119, 135, 136, 138-139, 140-141, 
143, 144, 157, 199, 230-235, 238-
240, 299, 405 

length of, 138, 141 
and nutrient availability, 4, 40, 139-

140, 143, 144, 230-233 
perpetuating alternative legume 

system (PALS), 233-235, 238-241 
and pest control, 4, 9, 54, 85, 135, 139, 

140, 175, 178, 184, 186, 209, 212, 
230, 232, 234-235, 399 

research needs un, 6, 15, 17, 21, 150 
rice-vetch, 398, 399, 402-405, 407-410, 

411, 413-414 
rotational effects, 138-140, 145, 231-

232 
short, 144, 159 
sod-based, 139-140 
and soil conditions, 10, 139-140 
and soil erosion, 4, 70, 115, 119, 135, 

137, 140, 141, 257 
small grains- com-soybeans- com

small grains, 294-297 
and weed control, 4, 5, 135, 188, 214-

216, 255, 259, 288, 300, 399, 410 
wheat-barley-whtat-peas, 234-235 

Crop yields 
from alternative farming practices, 8, 

216; see also specific crops 
c.rop rotations and, 138-139, 141, 150, 

199, 228, 232-233, 234, 239, 255, 
294 

cultivar improvement and, 34, 38, 120, 
166,303 

disease control and, 120 
dryland, 52-53 
farm income and, 203-204, 216-217 
farm policy and, 68, 70-71, 78, 138 
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fertilizer use and, 34, 38, 42, 113, 144, 
200-201 

in fruit and vegetable production, 326, 
332, 333, 351, 383 

integrated pest management and, 12-
13, 210-212, 213, 383 

irrigation and, 51-53, 104, 113 
machinery improvements and, 34 
perpetuating alternative legume 

system (PALS), 233-235, 238-241 
pesticide use and, 34, 36, 38, 175, 200-

201 
and production costs, 200-201, 203, 

216 
and profitability, 78, 144 
rotation effects, 138-140, 145, 231-232 
soil salinization and mineralization 

and, 104 
soil types and, 262, 277 
specialization and, 25-2G, 42, 78, 138, 

147, 231 
trends in, 3, 34-35, 37, 38 
see also Crop-livestock production; 

Crop rotations; and specific crops 
Cultivation, see Tillage 

D 
Dairy cattle 

alternative management strategies, 
169, 173, 225, 232, 254, 261 

antibiotic use on, 49, 130 
breeding of, 120, 254 
disease control in, 169, 173-174, 225 
farm size and market share, 57, 58 
feed, 261 
genetic diversity of, 7, 120 
losses from disease, 224-225 
nutrient content of manure, 153 
profitability of, 94 

Dairy products 
antibiotics in milk, 129, 169 
fat content of, 12, 84 
and food safety concerns, 63, 127, 129, 

169 
foreign producer subsidy equivalents 

for, 97 
grading standards for, 12-13, 84, 235 
milk production per cow, 34 
pathologic bacteria in, 127 
price supports for, 235 
regional differences in farm income 

from, 61 
surpluses of, 68, 84 

Dairy termination program, 68, 81 
Disease control 
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alternative strategies, 183-186, 224-
228, 255, 405-407 

in animal production systems, 5, 17, 
50, 55, 167-175, 224-228, 302, 389, 
392, 393-394, 397 

crop rotations and, 4, 184, 209, 255, 
382 

in feedlots, 55 
genetic, 5, 120-121, 173-174, 183, 382 
by harvesting and processing 

practices, 184, 399 
hormonal therapy and, 171-175 
immunization of animals, 172-173, 393 
immunization of plants, 220 
parasitism, 173 
in planting practices, 120-121, 184, 230 
quarantine, 288 
research needs on, 184, 226 
sanitation and, 184 
soil health and, 184, 260 
stress prevention and, 174 
technology and advanced diagnostics 

for, 174-175 
tillage and, 184 
see also Animal diseases; Antibiotics; 

Plant diseases and pathogens 
Diversification 

benefits of, 4, 141, 178, 228-229 
and crop yields, 228 
public policies and, 10-11, 69, 85, 228, 

237 
research needs on, 219 
studies of, 228-235; see alsc Case 

studies 
see also Crop-livestock production; 

Crop rotations; Leguminous 
crops; Planting practices 

E 
Economic assessment of alternative 

methods 
animal disease prevention, 224-228 
biological pest control, 219-224 
comparative regional cost of 

production, 199-202 
crop-livestock systems, 228-230 
crop rotations, 141, 197, 199, 230-233; 

see also Leg..1minous crops 
data availability on, 22 
enterprise budgeting approach, 211 
federal policy impacts, 235-2.41 
flaws in, 196, 187, 198-199, 202-203, 

241 
integrated pest management, 208-224 
methodology, 196-203 

partial budgeting techniques, 196 
pesticide use, 218-219 
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and production costs, 203-208 
research needs on, 21-23, 208, 240-241 
risk programming, 197-198 
studies of farming practices, 196-197 
and transition to alternatives, 198-199, 

238 
weed control, 216-218 
whole-farm analysis, 197-198, 199 
see also Agricultural productivity; Case 

studies; Farm income; Production 
costs; Profitability 

Erosion, see Land, marginal; Soil erosion 

F 
farm economy 

credit costs, 52, 54 
credit sector losses, 92 
debt-to-::tsset ratios, 91, 92-93, 95 
federal support and, 26, 58-59, 61-63, 

93 
production expenses, 91 
regional implications of IPM, 211-212 
share of retail prices for food, 34-37 
trends in, 26, 90-93 
see also Agricultural productivity; 

Economic assessment of 
alternatives; Farm income; Inputs, 
off-farm; Production costs 

Farm income 
from alternative systems, 197, 203-204, 

216-217, 238-240 
from crop-livestock production, 61, 

262 
crop rotations and, 238-240 
and crop yields, 203-204, 216-217 
from deficiency payments, 7, 11, 65-

67, 74, 93, 130, 238-240 
from direct government payments, 67, 

93 
estimation of changes in, 197 
farm program outlays and, 65-66, 130 
favorable capital gains treatment, 76 
from off-farm sources, 93, 266, 390 
and production costs, 91, 203 
regional differences in, 57, 59-63, 203-

204, 208 
from rents and interest, 62, 237-238 
returns to farmers from retail food 

sales, 35-37 
sources of, 54, 58-59, 61-62, 130 
specialization and, 54 
and transition to alternative farming 

methods, 199, 238 
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trends in, 26, 91, 93, 95, 130 
see also Production costs; Profitability 

Farm machinery 
costs per acre for, 203-204 
for rrop-livestock production, 258, 270. 

291-293, 392 
and crop yields, J4 
depreciation of, 52, 76, 77, 90, 204, 

226-227 
development of, 37 
farm policy and capital investments in, 

68, 90, 226 
for fertilizer application, 40 
field cultivator, 161 
for fruit and vegetable production, 

325, 328, 357, 377 
for hay crops, 392 
insect vacuum, 214 
investment tax credits on, 76, 77 
labor displacement by, 77 
laser-guided, 213 
offset disk, 161, 257 
research needs on, 21 
ridge tillage planter, 157 
sales trends, 92 
and specialization, 90 
spr-:y rigs, 43 
tractors, 37, 213 
value of, 77 

Farm policy 
and agricuitural structure, 68-69, 85 
and alternative farming practices, 6, 

10-12, 17·-18, 26, 62, 69-75, 85, 
235-240 

conflicts in, 25-26, 85 
and crop surpluses, 25-26, 30, 53, 70, 

78, 79, 81, 89. 91, 113-114, 236, 237 
economic hardship and, 6-7, 62, 89, 

92-93, 130 
effects of, 65-84 
farm income and, 7, 11, 65-67, 74, 93, 

130, 238-240 
and interest rates, 91 
lack of long-range planning in, 68-69 
and production costs, 205, 207-208 
reforms, effects of, 207-208 
see also Commodity price and income 

support programs; Irrigation; 
Regulatory policy; Research and 
extension; Soil conservation, and 
federal policies; Tax policy; Trade 
policy; Water conservation and 
protection 

Farm size 
and financial condition, 7, 12, 94 
growth in, 6, 54, 85 
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and practicaliiy of alternative 
practices, 215 

and production costs per unit of 
output, 12, 208 

regional d:Jferences in, 57-58 
specialization and, 54, 85 
tax policy and, 76-77 

Farmers and farm labor 
for crop-livestock production, 255, 260, 

267, 276, 288, 293-294, 309, 317-
318 

in fruit and vegetable production, 332-
333, 375, 382-383 

health risks to, 13, 20, 121-122, 416 
labor productivity, 37 
for livestock farming, 389, 390 
number of farmers, 33-34 
off-farm employment/income of, 58-

59,62 
skill and time requirements of, 9-10, 

22 
Farmers Home Administration loans, 81, 

91 
Farms 

amount of cropland farmed, 34 
number of, 25-26, 54 
operating costs, 3, 12; see also 

Production costs 
regional characteristics of, 57-65 
value of, 37-38, 63-64, 68, 76, 90-91 
see also Case studies; Crop-livestock 

production 
Fava beans, 147-149, 359 
Federal Endangered Species Act of 1973, 

pesticide restrictions under, 123 
Federal Food, Drug and Cosmetic Act of 

1954, 82-83 
Federal Insecticide, Fungicide, and 

Rodenticide Act 
cost-benefit assessments, 13, 19, 23, 

108, 218 
pesticides registered under, 46, 82 
standards for new products, 13, 82 
see also Pesticides; Regulatory policy 

Feed grains, see Barley; Com; Oats; 
Sorghum 

Fertilizers 
adverse effects of, 7, 9, 16, 42, 89, 98, 

207 
benefits of, 34, 38, 42, 184, 200, 222, 

363, 365 
broadcast, 160, 162 
and commodity prices, 40 
costs of, 38-39, 119, 200-201, 288, 299 
in crop-livestock production, 54, 230, 

270 
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and crop yields, 34, 38, 42, 113, 144, 
200-201 

federal policies and use of, 12, 38, 40, 
70, 205, 207 

health hazards of, 127 
inefficient use of, 10, 12, 42, 144 
limestone, 156 
microbial fertilizers, 255, 258, 263 
and monocultural production, 25, 42, 

139 
reductior. of need for, 4, 5, 9, 140, 199, 

232, 240 
sewag£= sludge, 127, 136, 309, 319-320 
timing and placement of, 9, 10, 144 
trends in use of, 40-42, 85 
water pollution from, 3, 89, 98, 127, 

207 
see also Crop rotations; Leguminous 

crops; Manures; Nitrogen 
fertilizers; Phosphorus fertilizers; 
Plant nutrients; Potassium 
fertilizers 

Fescue, 167, 275, 277, 283, 390 
Field peas, 148, 149 
Flax, 53 
Food 

consumer expenditures for, 34-35, 37 
consumer price index, 35-36 
pathologic bacteria in, 127 
safety, 63, 83-85, 126-127, 224 
see also Case studies; Dairy products; 

Meats and meat products; and 
specific crops 

Food grading and cosmetic standards 
and animal feeding and management 

systems, 13, 83, 167, 396 
for dairy products, 12-13, 84, 235 
for fruits and vegetables, 12-13, 19-20, 

62, 177, 236 
for meats, 12-13, 83, 167, 236, 396 
and pest control practices, 12-13, 19-

20, 62-63, 177, 340 
Food industries 

employment in, 33-34, 37, 58 
historical patterns in, 25-27, 32 
portion of GNP, 26-28 

Food processing, 35, 37-37, 177 
Food Security Act of 1985 

conservation compliance provisions of, 
69-70, 79, 81, 85, 104, 117, 237 

cross-compliance rule, 10-11, 69, 85, 
104 

effect on alternative farming practices, 
18 

export programs, 30 
feed grain program, 68 
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freezing of yield levels, 70-71, 237 
iimitations on commodity payments, 

74 
loan rate changes under, 75 
sodbuster and swampbuster 

provisions, 76, 79 
soil conservation provisions, 117, 162, 

402 
Forage crops 

antimetabolites and plant toxins in, 
167 

bioavailability of nutrients in, 165-166 
in crop-livestock production, 54, 165-

167 
erosion control with, 141, 165 
in federal commodity program, 18 
harvesting, storage and processing of, 

165 
lignocellulose digestion, 165-166, 189 
nitrogen fixation with, 145, 165 
nutrient absorption by, 154 
obstacles to use of, 165-167 
palatibility of, 166-167 
research needs on, 166 
weeds as, 215, 230, 389 
see dso Alfalfa; Animal feeds; Hays; 

Leguminous crops 
Fruits and vegetables 

biological control methods in, 182, 222 
exports, 31 
grading and cosmetic standards for, 

12-13, 19-20, 62-63, 177, 236 
imports, 96 
integrated pest management in, 9, 65, 

177, 182, 221-223 
pesticide residues in, 127 
pesticide use in, 5, 20, 44, 186, 222-

223 
regional differences in production and 

farm income from, 58, 61, 63, 65 
unit value of, 177 
see also Case studies; Orchard crops; 

and specific f:uits and vegetables 
Fumigants 

chloropicrin, 185, 341, 360, 365 
methyl bromide, 185, 341, 348, 360, 

365 
need for, 186 
sulfur dioxide, 365 

Fungicides 
application methods, 43, 123 
bacterial, 185 
captan, 41.4 
chlorothal.onil, 107 
ethylene b~sdithiocarbamates, 123 
health risks from, 126, 185 
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r.nancozeb, 343, 344 
r.narket share, 44, 46 
need for, 186 
pest resistance to, 46, 124, 185 
registered under FIFRA, 46 
use of, 44-46, 179, 214 
see also Disease control 

G 
Genetic diversity of crops and dor.nestic 

anir.nals, 7, 120-121 
Genetically engineered products and 

organisms 
biological pest control agents, 221 
corn with reduced lignin, 166 
definition of, 13 
econor.nic benefits of, 222 
herbicide-resistant crops, 188 
nitrogen-fixing, 17 
regulatory standards for, 13 
resistance to viruses in tobacco plants, 

184,221 
rur.ninal bacteria, 166 
toxic plants, 182, 221 

Grading standards, see Food grading 
and cosmetic standards 

Grains, see Feed grains; Sr.nall grains; 
and specific grains 

Groundwater 
decontar.nination of, 107-108 
depletion of, 51, 77, 89-90, 109, 113-

114, 130, 207 
drinking water from, 105, 107, 109 
energy costs for pumping of, 51 
fertilizer contamination of, 42, 111, 147 
irrigation water from, 51, 52, 105, 109 
monitoring of, 18 
nitrate in, 3, 63, 89, 109, 110-112, 113-

114, 147 
Ogallala aquifer, 77, 113 
pesticides in, 3, 16, 63, 89, 101, 105-

109, 112, 113--114 

H 
Hays 

erosion control with, 141, 230 
harvesting, storage, and processing of, 

165, 282, 295 
irrigation of, 53 
r.narketing of, 275, 295 
r.nillet-pea-rye mixture, 280 
nitrogen availability fror.n, 147 
obstacles to use of, 165-167 
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potassiur.n depletion by, 154 
prices, 295 
production by dairy farr.ners, 68 
profitability of, 145, 230 
in rotations, 138, 141, 253, 275-285 
yields, 276, 277 
see also Forage crops 

Health risks 
allergic reactions, 129 
from antibiotic use in animal feeds, 

128-12Q 
assessr.nent of, 129 
cancer, 105, 121-122, 126, 129 
cholinergic illness, 122 
fror.n fertilizers, 127 
r.nether.noglobiner.nia, 105 
r.nultiple r.nyelor.na, 122 
fror.n nitrate in drinking water, 105 
non-Hodgkin' s lyr.nphor.nas, 121-122 
fror.n pesticides, 82-84, 105, 121-122, 

126, 185, 416 
salmonellosis, 128-129 
systemic poisoning, 122 

Herbicides 
acifluorfen, 106 
alachlor, 83, 101-104, 105, 106, 107, 

109, 300 
ar.netryn, 106 
application methods, 10, 43, 363 
application rates, 43 
atrazine, 101-103, 105, 106, 107, 109, 

160, 281, 300, 344 
benefits assessments, 83 
bentazon, 106 
benzene hexachloride (BHC), 42, 107, 

175 
brurnacil, 106, 107 
"butylate, 102-103, 106, 300 
chloramben, 106, 109, 385 
in crop-livestock production, 54 
crop losses fror.n, 125 
cyanazine, 102-103, 106, 107, 109, 160 
cycloate, 106 
1,2-D, 107, 385 
1,3-D .. 107, 385 
2,4-D, 42, 102-103, 106, 109, 121-122, 

175, 272 
dalapon, 106 
DCPA, 106, 107 
dicar.nba, 102-103, 106, 107, 109 
dinoseb, 106, 107, 385 
diphenar.nid, 106, 385 
diuron, 106, 107, 363 
in drinking water, 101, 105 
economics of, 5, 217-218 
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EPTC plus R-25788, 278, 280, 281 
fluometuron, 106 
glyphosphate, 188, 329, 363, 385 
groundwater and surface water 

contamination, see Groundwater; 
Surface water 

hexazinone, 106, 108 
human health risks from, 121-122 
linuron, 103, 108, 300 
maleic hydrazide, 106 
market share, 44, 187 
MCPA, 106, 406, 409, 414 
metolachlor, 83, 102-103, 106, 108, 109, 

217, 300 
metribuzin, 102-103, 106, 108, 109 
molinate, 404, 409, 410-411, 414 
napropamide, 382, 386 
paraquat, 363, 386 
pebulate, 382, 386 
pidoram, 106, 108, 109 
prometon, 108 
pronamide, 106 
propachlor, 109 
propazine, 106, 108 
prophan, 106 
simazine, 101, 103, 106, 108, 109, 160, 

363 
spot-spraying of, 10 
2,4,5-T, 106 
terbacil, 106 
2,4,5-TP, 106, 109 
trends in use of, 44-47, 101, 175 
trifluralin, 102-103, 108, 109, 386 

Howard, Albert, 136 

Information on alte·.native agriculture, 
137 

Inputs, off-farm 
agrochemicals, 37; see also Fertilizers; 

Pesticides 
antibiotics, 49-50 
costs of, 3, 5, 23, 38-39, 91, 92, 203-

208, 300, 344, 364 
dependency on, 25 
economic activity generated by, 32-33 
employment in industries producing, 

37 
fuel, 38-39, 51 
GNP share, 27 
government policies supporting use 

of, 10-13, 15, 205, 207, 233, 237 
inefficiencies in use of, 12, 205, 236 
irrigation, 50-54 

reduction in use of, 4, 9, 23 
seed, 39 
transportation, 37, 38 
see also Farm machinery 

Insect control 
alternative, 178-183 
crop rotations and, 4, 212, 300 
by endophyte fungus Acremon.ium 

coen.ophialum, 167 
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through plant breeding, 121; see also 
Biological pest control; Integrated 
pest management 

Insecticides 
aldicarb, 105-107, 109 
aldrin, 82, 107 
application methods, 43, 123 
atraton, 107 
azinphos-methyl, 362, 385 
Bacillus thurin.gien.sis, 125, 342, 361, 

362, 385 
benomyl, 234 
cancellation of, 82, 123 
carbamates, 122, 175, 362, 385 
carbaryl, 183, 362, 385 
c,ubofuran, 102-103, 106, 107, 109, 

122-123, 296, 408, 410, 413 
carbophenothion, 362 
chlordane, 82, 104, 106, 107 
chlordecone, 82 
chlorothalonil, 343, 385 
chlorpyrifos, 109 
copper sulfate, 407 
in crop-livestock production, 54 
cryolite, 362 
DDT, 42, 82, 103, 107, 123, 124, 126, 

127, 175 
demeton, 362, 385 
diazinon, 107, 123, 362, 385 
dibromochloropropane, 107 
dicofol, 123, 385 
dieldrin, 82, 107 
dimethoate, 296, 362, 385 
dioxathion, 362 
disulfoton, 106, 385 
endosulfan, 107, 385 
endrin, 123 
ethoprop, 107 
ethyl parathion, 410 
fenamiphos, 106 
fonofos, 107, 109, 385 
health risks from, 122 
heptachlor, 82 
lindane, 108, 385 
malathion, 108, 385 
market share, 44 
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methamidophos, 108, 386 
methidathion, 330 
methomyl, 106, 108, 222, 343, 344, 361, 

365, 381, 386 
methyl parathion, 108, 124, 386 
oxamylr 106, 108, 386 
parathion, 108, 386, 407, 409, 413-414, 

417 
pest resistance to, 124, 173 
phorate, 109 
phosalone, 330 
propargite, 330 
spot-spraying of, 10 
synthetic pyrethroids, 46, 175, 342 
TOE, 108 
toxaphene, 104, 108, 123, 134, 344, 386 
trends in use of, 44-46, 48 
triadimefon, 364 
water pollution by, 102 

Insects 
alfalfa weevil, 182, 220, 260 
Auagrus wasp, 220, 361, 363, 365 
aphid. 179, 222, 330, 379 
armvworm, 410 
Australian Vedalia beetle, 182 
Bactra vemtarw, 187 
bee, 122 
beet army worm, 378, 379 
beneficial, 10, 122-124, 180, 182, 187, 

214, 220, 361, 363 
boll weevil, 124 
carabid beetle, 187 
codling moth. 330 
Colorado potato beetle, 124, 125 
com rootworm, 178, 212, 300 
cotton aphid, 124 
coiton bollworm, 124 
cotton !eafworm, 124 
European corn borer, 121, 179, 182, 

222 
fire ant, 341, 344 
fruit fly, 182 
fruitworm, 378, 379, 381 
grape leafroller, 183 
grasshopper, 410 
greenbug, 121 
Hessian fly, 179, 221, 222 
ladybug, 214 
leaf-feeding caterpillar, 182, 220 
leafhopper, 222-223, 360, 363, 410 
leafmining weevil, 187, 409, 410, 414 
lygus bug, 214 
Mexican bean beetle larva, 180 
mosquito, 220, 410 
oriental fruit moth, 183, 223. 330 
pink bollworm, 178, 183, 212, 220 
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potato leafhopper, 296 
purslane sawfly, 187 
rice water weevil, 403, 407, 408, 410, 

413 
scabies and lice in livestock, 389, 393 
scale, 182, 330 
screwworm, 182, 220 
seed midge, 403 
snails (predatory), 220 
spider mite, 124, 182, 214, 222, 330, 

359, 363, 381 
spined soldier bug, '180 
tobacco budworm, 12·l 
tomato pests, 183, 379, 381 
vineyard mite, 36.3 
wheat stem sawfly, 179, 222 
see also Pests 

Integrated pest management (IPM) 
biological pest control in, 219-224 
case studies, 212, 250, 251, 336-34~, 

374-387 -
components of, 4, 135, 176, 208-209, 

341-348 
consultant industry, 177, 211, 342 
cost-benefit assessments of, 210--212, 

384-385 
and crop quality, 210, 211, 213 
and crop yields, 12-13, 210-212, 213, 

383 
development of, 176-178 
economic threshold principle, 176, 

177, 207, 208. 211-212, 337-338, 
381, 407 

economics, 22, 210-213, 343-347, 380 
effects on water quality, 108 
federal support for, 177 
in fruit and vegetable produciion, 65, 

:Yt1-348, 378-382 
insect and mite control, 178-183, 212, 

379-381 
nematode control, 186-187 
and pesticide use, 44, 46, 49, 176, 109-

214, 218-219, 340-341, 343-344, 
380, 384 

plant pathogen control, 183-186, 209 
profitability of, 22, 177, 188, 209, 212-

213, 223, 348-349, 384 
regional economic implications of, 211 
research needs on, 6, 15-16, 21, 22, 

162, 164, 173, 174, 184, 185, 188, 
209 

scouting for pests, 4, 10, 135, 181, 209-
214, 330, 337-338, 342-344, 346, 
360, 380, 382, 405 

weed control, 187-188, 209, 214-218, 
343-344, 380 
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see also Biological pest control; Crop 
rotations 

Irrigation 
acreage under, 50, 108-1091 113 
aquifer depletion from/ 51, 77, 1091 

113/ 130, 207 
center pivot systems/ 51, 77, 113 
competition with urban users, 54 
and crop yields, 51-53, 104, 113 
economic costs of, 51, 54, 109, 113 
fanjet, 357 
federal policies and, 52-54, 68-69, 70, 

76, 77, 236 
flood, 389, 399, 402 
in fruit and vegetable production, 329, 

356-357, 378 
gravity, 356-357, 375, 378, 389 
pest control with, 178, 382, 399, 407, 

410, 411-412 
profitability of, 54, 77 
regional differences in, 50, 63, 77 
runoff from, 98 
soil improvement with, 156 
and soil salinization and 

mineralization, 114, 130, 207 
sources of water for, 51, 52, 105, 113, 

356 
sprinkler guns, 276, 278 
of surplus crops, 113-114 
use of, 50-54, 76 
wastewater, 104 
water conservation, 52, 54, 77 
and water quality, 108-109, 113-115 

J 
Johnsongrass, 215, 275-278, 280-282, 329 

K 
Kesterson wildlife refuge, 104 

L 
Land, marginal 

conversion to pasture, 164 
cultivation of, 11, 12, 76, 90, 236 
protection of, 18, 79, 81 

Land use 
Conservation Reserve Program and, 

11, 18, 44, 70 
economic policy changes and, 11 
federal farm program effects on, 10-11, 

18, 59, 65, 68 
harvested acres, 35 
market demand and, 11 

tax policy and, 76 
see also Cropland; Pasture 

Leguminous crops 
costs of, 15, 136, 233 
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economics of, 5, 136, 199, 230-233 
effects on water quality, 108 
erosion control with, 119, 188 
government policies and use of, 10, 

233-235, 238-240 
and grain vields, 141, 145, 231 
groundwater contamination from, 147, 

150 
interseeding with weeds, 275-277, 

280-282 
nitrogen fixation with, 10, 13, 40, 108, 

119, 136-137, 140-141, 143, 145-
150, 157, 160, 165, 188, 222, 229, 
230-235, 259, 270, 299, 357-358, 
359, 198, 405 

perpetuating alternative legume 
system (PALS), 233-235, 238-241 

profitability of, 145, 230-235 
regional distinctions in use of, 231 
rotations with, 9, 17, 18, 40, 71, 85, 

119, 135, 136, 138-139, 140-141, 
143, 144, 157, 199, 230-235, 238-
240, 299, 405 

soil pH for, 154 
see also Forage crops; and specific crops 

l-entils, 149 
Lespedeza, 148, 167, 186-187 
Livestock 

genetic resistance to disease, 173-174 
immunization of, 172-173 
lignocellulose digestion, 165-166 
muscle-to-fat ratios, 167 
parasitism in, 173 
stress in, 174 
see also Animal production systems; 

Beef cattle; Crop-livestock 
production; Dairy cattle; Poultry; 
Swine 

M 
Manures 

animal, 42, 54, 55, 85, 99, 144, 150-
153, 215, 258, 271, 283, 293, 357, 
405 

application methods and timing, 150-
151, 259, 263, 271, 298-299 

biogas from, 151-152 
composted, 151-152, 358 
disposal problems of feedlots, 55 
excessive applications of, 16 
green, 119, 137, 143, 144, 146, 256, 

259, 263, 359, 398, 405, 412 
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handling and storage of, 151, 152, 283 
nutrient contribution of, 150-153, 230, 

258, 298-299 
nutrient losses from, 151, 154 
pollution from, 89, 99, 105, 152 
research needs on, 152 
and soil quality, 119, 164, 255 
substitution for chemical fertilizers, 5 
weed seeds in, 215 

Markets and marketing strategies 
for beef cattle, 389, 394-396 
for cattle-livestock production, 255, 

263, 265, 267, 276, 287, 288, 309 
specialty markets, 77, 254, 255, 389, 

394-396 
see also specific commodities 

Meats and meat products 
drug residues in, 129, 173 
fat content of, 12, 13, 83, 84, 167 
grading standards for, 12, 83, 84, 167 
imports, 96 
pathologic bacteria in, 127, 128 

Millet, 275, 277, 281, 282 
Monoculture, see Specialization 
Mulch .. 187 

plastic, 213, 341, 345-346 
see also Compost 

N 
National Program for Soil and Water 

Cons~rvation, 104 
National Stream Quality Accounting 

Network, 99 
National Water Quality Surveillance 

System, 99 
Nematode control, 186-187, 222 
New River, pollution of, 114, 116 
Nitrate 

availability for plant uptake, 143, 145 
drinking water stanJard for, 105 
groundwater contamination by, 3, 7, 

105, 109, 110-112, 127, 152, 207 
health risks from, 105, 127 
losses from soil, 143, 145 
and nitrogen fixation, 146, 150 
and plant diseases, 184 
surface water contamination by, 7, 99, 

207 
Nitrogen fertilizers 

ammonium compounds, 40, 145, 184, 
270, 408 

application rates per acre by crop, 41 
atmospheric deposition of, 99 
availability for plant uptake, 42, 143 
benefits of, 34, 38, 42, 184 
economics of use, 145, 240, 408 
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energy inputs for synthesis of, 145 
excessive applications of, 16, 42, 207 
and plant diseases, 184, 406 
and soil acidification, 42 
timing and placement of, 9, 42 
urea, 145, 408 
use of, 40-42 
water pollution from, 42, 99, 101, 105, 

111, 160, 162, 207 
see also Fertilizers; Nitrate 

Nitrogen fixation 
crop rotation and, 4, 40, 143 
energy required for, 145 
by genetically engineered bacteria, 13 
harvest timing and, 147, 259 
by legumes, 4, 10, 13, 40, 42, 108, 119, 

137, 143, 145-150, 157, 160, 165, 
188, 229-231, 259, 270, 299, 357-
358, 359, 398, 405 

physical and managerial factors in, 146 
research on, 148-150 
soil temperature and, 147, 148 

Nursery-greenhouse production, 
profitability of, 94 

Nutrient cycling, 3, 6, 143-145, 150, 160, 
164, 188-189; see also Crop 
rotations; Nitrog":'n fix:'ltion; Plant 
nutrition 

Nuts 
almonds, 210, 223 
integrated pest management for, 49, 

210 
profitability of, 94 
value of exports, 31 
volume of exports, 31 
walnuts, 223, 324-334 
see also Peanuts 

0 
Oats 

acreage in conservation reserve 
program, 80-81 

costs of production, 274 
exemption from cross-compliance rule, 

11, 69, 237 
high-test-weight, 260 
irrigation of, 53 
pedigreed, 266 
rotations with, 153, 240, 255 
yields, 255 

Orchard crops, 53, 185 
Orchardgrass, 149, 281, 283 
Oregon, drug residues in milk in, 129 
Organic farming 

case study of, 324-334, 398-417 
certification, 329, 333, 413 
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plant nutrient sources, 153 
practitioners and advocat~s of, 136 
premium prices for commodities, 136, 

255, 263, 265, 324, 399, 413 

p 
Pasture 

feed value of, 281 
improving quality of, 166-167 
irrigation of, 53, 390 
parasitism in animals on, 173 
permanent, 255, 269, 277 
renovation and interseeding, 282-283 

Peanuts 
acreage idled under conservation 

programs, 80 
costs of production, 210 
integrated pest management on, 178, 

210 
irrigation of, 53 
pesticide use on, 44, 49, 179, 210 
yie-lds, 210 

Pest control 
climat~" and, 9, 177, 185, 212, 220, 389 
by crvp rotation, 4, 9, 54, 85, 135, 139, 

140, 175, 178, 184, 186, 209, 212, 
230, 232, 234-235, 399 

by cultivation, 54, 83, 175; see also 
Tillage 

economic costs of, 13, 210-211, 223, 
408 

federal policies and, 6, 10, 62-63 
naturally occurring arents, 13; see also 

Biological pest c•.:. ,trol; Integrated 
pest management 

by plant breeding, 121, 175 
planting techniques for, 83 
with plastic mulch, 213, 341, 345-346 
research activities in, 175 
research needs on, 6, 15-16, 21, 22, 

162, 164, 173, 174, 184, 185, 188, 
209 

by tillage, 4, 5, 83, 157, 160 
see also Biological pest control; Disease 

control; Insect control; Integrated 
pest management; Pesticide use; 
Weed control 

Pest-predator rela~ionships, 3, 199; see 
also Biological pest cnntrol 

Pest resistance, 3, 5. i, 1J, L} <16, 121, 
123, 124-125, i26, 175. :'Ji]) :· ,\)_ 

316, 417; see als,, .it • .;ect: , 
Nematodes; Plant disease~- :tnd 
pathogens; \V•J·.::,~ .:or trl'l 

Pesticides 
adverse effects of, 7, 9, 16, ':Je, 105, 

121-125 
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in animal feeds, 84 
animal losses from, 122-123, 126 
application methods, 10, 43, 209 
application rates, 12, 44, 175, 177, 213-

214 
arsenic, 107 
atmospheric deposition of, 103-104 
climate and, 9, 46, 186, 212-213 
cosmetic quality of foods and, 12-13, 

19-20 
cost-benefit assessments of, 83, 2i8-

219 
in crop-livestock production, 54, 230, 

272, 273 
crop losses from, 125 
and crop yields, 34, 36, 38, 175, 200-

201 
destruction of beneficial organisms, 

10, 122, 123, 175, 180, 187, 199 
and diversification, 44 
and ecological interactions, 122-123, 

130, 175 
economic costs of, 38-39, 121, 175, 

200-201, 203-204, 278, 280, 285, 
363, 364, 408-409, 410, 413-414 

effectiveness of, 121, 123 
farm size and use of, 44 
federal policies and, 6, 10, 12, 19-20, 

38, 70, 82-83, 177, 205, 20/ 
in foods, 3, 13, 20, 22, 23, 82-84, 126 
in groundwater, 3, 89, 105-109, 112, 

341, 416 > 

health advisory levels, 107-108 
health risks from, 82-84, 105, 121-122, 

126, 130, 175, 416 
in integrated pest management 

systems, 44, 46, 49, 176-177, 209-
212, 340-341, 343-344, 380, 384 

and labor needs, 44 
market value of, 44 
monocultural production and, 25, 139 
persistence in environment, 103-104, 

106, 126 
pest resistance to, 3, 5, 7, 13, 22, 46, 

121, 123, 124-125, 126, 175, 209-
210, 417 

reduction of, 4, 9, 46-47; see also 
Integrated pest management, 209-
210 

regu!.~tion of, 6, 13, 19-20, 82-83, 122-
123, lt6 ?J8 

in response to pest resistance, 124-
'i25, 126 

and resurgence anJ s·:condary 
outbreaks c-t pests, 123 

and soil erosion, ~ 7.3 
in surface water, 63, o9, 100, 101-104 
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synergistic effects ot 84, 127 
toxicity of, 105, 361, 362 
use of, 42, 44-45, 85, 101 
and worker exposure, 20, 22 
see also Fungicides; Herbicides; 

Insecticides 
Phosphorus fertilizers 

acidulated phosphate, 153 
availability for plant uptake, 143 
trends in use of, 40-41 
water pollution from, 99-101, 160, 162 

Photosynthesis, 141, 142 
Plant breeding 

for insect control, 121, 179 
for palatability of forages, 167 
resistant crop cultivars, 4-6, 17, 21, 34, 

38, 120, 135, 166, 179, 183-184, 
186, 209, 219-221, 255, 303 

Plant diseases and pathogens 
alternative control methods, 179, 183-

186, 209, 212, 255 
bacterial soft rot, 184 
bioiogical control of, 185-185 
blight in walnuts, 332 
brown lcafspot, 407 
brownstem •·ot, 232 
bunch rot, 364 
cittus tristeza virus, 186, 221 
::on. leaf blight, 221 
crown gall tumors, 185, 221 
fusarium wilts, 184 
grape fanleaf virus, 365 
leaf diseases in cereal grains, 230 
overwintering in crop residues, 158 
pine root rot fungus, 221 
potato scab, 184 
powdery mildew, 230, 364 
re~earch needs on, 15, 17, 20, 21, 164, 

184 
Rhizoctonia and Pythium fungi, 185, 407 
seed rot, 407 
sheath blight, 407 
soil microbial populations and, 255, 

260 
stalk rot, 184 
stem rot, 399, 40.5-407 
take-all (wheat), 184 
weP.d-specific, 188, 220 
wheat root pathogens, 212 
wht>at si.~m rust, 121. 179 

Plant nutrition 
crop rotations and, 4, 40, 139--140, 143, 

144, 230-233 
and disease control, 184, 222, 260 
essential elements, 141-142, 154-156 
genetic improvements in use of, 5 
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and insect control, 222, 363, 365 
management of, 143-154, 222, 255, 

258-259, 276, 281, 288, 297-300, 
328-329, 357-359, 375, 377; see also 
Soil fertility management 

nih·ogen, 141-143, 144-152, 154; see 
also Leguminous crops; Manure; 
Nitrogen fixation 

and peat resistance, 17 
phosphorus, 141-142, 152-154, 156 
potassium, 141-142, 152, 154 
research needs on, 17, 21 
s.Jil biota and, 162-164 
~oil properties and, 142-143, 148, 152-

156, 158, 164 
sources and functions of, 141-142 
see also Nitrogen fertilizers; 

Phosphorus fertilizers; Potassium 
fertilizers; Soils 

Plant toxins, 167, 187-188 
Planting practices 

climate and, 10 
closely sown crops, 141, 187, 221 
and disease control, 120-121, 184, 230 
double cropping, 230 
genetically diverse crops, 120-121 
intercropping, 187, 23J 
pest control with, 83, 140, 141, 178, 

209 
polyculture, 230 
profitability of, 230 
soil erosion and, ·1, 70, 140, 141, 277-

278 
strip cropping, 70, 140, 141, 229, 269, 

277-278, 286 
terracing, 269-270 
timing of planting, 4, 135, 178, 184, 

187, 209, 259, 263 
transplanting of seedlings, 187 
weed control and, 4, 187, 259 
see also C"'SP. studies; Crop rotations 

Pollution, agricultural sources of, 3; see 
also Fertilizers; Groundwater; 
Pesticides; Surfac~ water 

Potassi··.nn fertilizers 
availability for plant uptake, 143, 154 
climate and needs hr. 154 
use of, 40-41 

Potatoes, 52, 53, 124, 125, 178, 184 
Pou!try 

antibiotic use in production, 9, 49, 85 
broiler industry, 57 
confinement of, 228 
egg industry, 57 
genetic Jiversity of, 7, 120 
manure, 153, 301 
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microbiological contamination of, 83, 
84, 127, 128 

production of 34, 57 
profitability of, 94 
regional differences in farm income 

from, 61 
turkey industry, 57 

Production costs 
accounting systems and methods, 

202-203 
for alternative systems, 5, 23, 136, 196-

208, 210-211, 215, 216, 222, 264, 
413 

comparison by region, 199-206, 208, 
210-211 

for corn, 38-39, 200-201, 20.3, 205-206, 
210, 216, 233, 238, 264, 2'/4 

for cotton, 39, 206, 210, 238 
crop-livestock production, 68, 264-265, 

321 
crop rotations and, 233, 238-240 
and crop yields, 200-201, 203, 216 
farm income and, 91, 203-204, 208 
farm 'iize and, 12, 208 
federal policies and, 205, 207-208 
fertilizers, 5, 38-39, 119, 145, 200-201, 

203-206, 233, 264, 288, 299, 408 
integrated pest management, 210-213, 

343-347, 380 
irrigation, 51, 54, 109, 113 
machiner~ 203-204 
methods for comparing, 202-203 
national averages for selected inputs, 

206 
oats, 274 
peanuts, 210 
per acre, 199-202, 203-206, 265, 321 
per unit of output, 12, 199-202, 203, 

206, 208, 264 
pest control, 13, 210-211, 408 
for pesticides, 5, 38-39, 121, 175, 200-

201, 203-206, 233, 278, 280, 285, 
300, 344, 363, 364, 408-409, 410, 
413-414 

for rice, 39, 206, 238, 408-409, 411-415 
for sorghum, 39, 206 
for soybeans, 38-39, 200-201, 203, 205-

206, 210, 216, 238, 264, 27" 
for wheat, 38-39, 71, 200-201, 203-206, 

238 
see also Profitability 

Profitability 
of crop-livestock production, 166, 228-

229, 255, 262, 265, 267, 273-274, 
276, 284-285, 288, 304-306, 309, 
311 

crop yield and, 78, 144 
factors affecting, 197 
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of fruit and vegetable production, 94, 
223, 326, 333-334, 337, 348-349, 
351, 367-371, 384 

of hays, 145, 230 
input use and, 12, 54, 77, 144, 205 
of integrated pest management, 22, 

177, 188, 209, 212-213, 223, 348-
349, 384 

of irrigation, 54, 77 
of leguminous crop!.>, 145, 230-235 
of livestock farming, 94, 389 
measures of, 199-2.00 
methods for improving, 195 
neighborhood and regional variation 

in, 12, 94 
of planting practices, 230 
of rice production, 399, 413-416 
variable costs and, 12, 205; see also 

Production costs 
see also Economic assessr:.ent of 

alternative methods; Farm income 

R 
Reed canary grass, 1u7 
Regional distin':'tions 

acreage idled under conservation 
programs, 80. 118 

animal production systems, 54-55 
aquifer depletion, 113 
costs of production by alternative 

methods, 12, 199-202, 210-211 
in crop rotations with legumes, 231 
environmental effects of agriculture, 

63, 89-90, 99, 101 
farm income sources, 58-59, 61-63 
farm size, 57 
farmland prices, 90-91 
feed grain production, 55 
financial condition of farms, 94 
groundwater contamination, 107-108, 

110, 111-112 
irrigated acreage, 50-52, 54, 77, 109, 

113-J14 
in pest control needs, 212 
pesticide use, 5, 46, 101 
sales per farm, 57, 59-60 
soil erosion, 63 
structural changes in agriculture, 54-

55 
water quality, 63 

Regulatory policy 
on antibiotic use i.n animals, 50 
cost-benefit assf'"smcnts, 13, 19, 23 
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for pesticide approval, 6, 13, 19 .. 213-
219 

and product availability, 5 
reforms needed in, 13, 1&-20, 23, 219 
for soil and water conservation, 18-19 
see also Conservation Reserve Program; 

Food grading and cosmetic 
standards; Food Security Act of 
1985 

Research and extensiou 
adaptive field research, 15 
on alternative practices and federal 

policies, 63, 65, 77-78, 136-137 
contributions in, 6, 90. 136-137 
on crop rotctions, 233-235, 2~~8-240 
funding for, 14, 15 
in genetic engineering, 16-17 
impediments to, 14, 138, 223-224, 

240-241 
on integrated pest management, 5, 

175, 1/7 
interdisciplinary approach, 6, 14, 137-

138 
interest in alternative farming 

pract;ces, 14 
in molecular biology, 15, 223 
on-farm, 14, 23 
Jn nitrogert fixation, 148-15U 
policy goals, 63, 63, 77-78. 136-137 
soil and water conservation, 6 
statE' of, 14-17 
USDA low-input sustainable 

agriculture initiative, 20 
tillage, 6 

Research needs 
on alternative practices, 22-23, 188, 

196 
anirr:al he&lth and nutrition, 17, 20, 

21, 165, 169, 171-172, 173, 174-175, 
225 

animal production systems, 4-5, 15, 
21, 164-165, 167 

biological control methods, 15, 17, 21, 
183, 185. 188, 219, 223-224 

centers for ~ust:tinable and alternative 
agriCl.lture, 20 

computer aids for farm management, 
22 

cover crops, 15, 17 
crop-livestock system:,, 165, 173 
crop rotations, 6, 15, 17, 21, 150 
on disease control, 21, 169, 171-172, 

173, 174, 184, 226 
diversication, 219 
econom;cs of alternative systems, 20, 

21-23, 138, 196, 208, 225, 240-241 
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environmental consequences of 
agricultural practices, 1S-16, 138 

farm equipment, 21 
forage crops, 166, 167 
funding, 20-21 
genetic engineering, 16-17, 21, 166, 

167, 187, 188 
integrated pest manage11ent, 6, 15-16, 

21, 22, 162, 164, 173, 174, 184, 185, 
188, 209 

lignocE>llulose digestion, 166, 189 
manures, 21, 152, 165 
monitoring processes and analytical 

tools, 15 
nutrient cycling, 9, 17, 21, 14::\, 145, 

150, 164, 189 
on-farm interactions, 6, 14, 20, 22, 138, 

188 
plant breeding, 16, 21, 184, 187 
plant health and nutrition, 15, 17, 20, 

21, 164, 184 
planting practices, 21 
resistant cultivars, 21, 184 
soil and water conservation, 15, 20, 21, 

22 
soil fertility management, 164 
technological trends and policy 

chan~es, 198 
tillage systems, 6, 16, 21, 150, 162 
weed control, 17, 21, 188 
:e 
acrel.ge enrolled in federal programs, 

10, 71 
acreage idled under conservation 

programs, 80 
cast: study, 398-417 
export trends, 27, 29, 30 
integrated pest management for, 178 
lovn rates for, 75 
nitrogen-fixing sources for, 149 
organic, 398-417 
participation rates in commodity 

programs, 73 
regional differences in farm incomt? 

from, 61. 62 
value of exports, 29 

Rural Clean Water Program, 104 
Rye, 53, 360 

s 
Salinization 

and depletion of Colorado River, 104, 
11~ 

of soils, R9, 104, 114-115, 130, 207 
Sediment deposition 

economic consequences of, 99 
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and nutrient loading, 99-100 
in surface water, 63, 98-100 
volume of, 99 

Selenium, 104 
Sewage sludge, as fertilizer, 127, 136, 

309, 319-320 
Sheep 

forage improvements for, 167 
management in crop-livestock 

production, 266-267 
profitability of, 94 

Small grains 
irrigation of, 113-114 
rotation with leguminous forages, 9, 

146 
surpluses, 114 
see also Oats; Wheat 

Soil conditions 
acidity, 42, 142, 146 
biological antagonism level, 186 
cation exchange capacity, 142-143, 145, 

154, 156 
crop rotations and, 10, 139-140, 143 
depth of soils, 116 
and erosion, 116, 257 
and groundwater contamination, 109, 

114 
moisture retention, 116, 119, 139, 142, 

143, 158, 164 
monitoring of, 6, 10 
nitrogen fertilization and, 42 
and nitrogen fixation, 148 
organic matter and, 116, 119, 139-140, 

143, 164, 272 
and pesticide binding, 142 
pH, 143. 154-156, 184, 259, 263, 271, 

27G, 300 
and plant nutrients, 142-143, 148, 152-

156, 158, 164 
planting schedules and, 10 
texture, 142, 164 
tilli\ge and, 119, 135, 158, 160 

Soil conservation 
compliance, 69-70, 79, 81, 85, 104, 117, 

237 
Conservation Reserve Program, 11, 

78-81 
crop prices and surpluses and, 79 
crop rotations and, 4, 70, 115, 119, 

135, 137, 140, 141, 257 
eligibility for federal programs tied to, 

81 
and excess production capacity, 81 
federal policies and adoption of 

alternative practices, 6, 10, 18, 68, 
70, 78-82 
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with hays and forages, 78-79, 137, 165 
incentives for, 79 
research contributions in, 6 
rotations and, 4, 70, 115, 119, 135, 137, 

140, 141, 257 
runoff reduction strategies, 117 
tillage and, 5, 6, 70, 81, 119, 135, 136, 

141, 156-160, 162, 184, 229, 303 
Soil Conservation and Domestic 

Allotment Act of 1936, 78 
Soil erosion 

and agricultural productivity, 98, 115-
117, 119 

cultivation of marginal lands and, 90 
economic costs of, 115-116 
management practices contributing to, 

115, 119 
nutrient losses from, 116, 143; see also 

Plant nutrition 
offsite effects of, 115 
onsite damage from, 115-116 
planting practices and, 4, 137, 140 
policies contributing to, 79, 89, 115 
prevalence of, 3, 18, 63, 130 
prevention of, see Soil conservation 
research needs on, 15, 22 
and sediment deposition in surface 

waters, 115 
tillage and, 4, 70, 160-161, 257, 272 
and water quality, 98, 115-120 
by wind and water, 116-117 
see also Land, marginal 

Soil fertility management 
amending soil reaction, 154-156 
in crop-livestock production, 142, 144, 

152, 228-230, 255, 258-259, 261, 
263, 267, 270-271, 276, 281, 288, 
297-300, 309, 311, 318-320 

in fruit and vegetable production, 222, 
326, 328-329, 337, 347-348, 351, 
357-359, 375, 377 

nitrogen, 144-152; see also Leguminous 
crops; Nitrogen fertilizers; 
Nitrogen fixation 

for organic farming, 153 
phosphorus, 152-154; see also 

Phosphorus fertilizers 
potassium, 154; see also Potassium 

fertilizers 
see also Crop rotations; Fertilizer use; 

Manures; Nitrogen fixation; Plant 
nutrition; Soil conditions; Tillage 

Soil fumigation, rotations and, 214; see 
also Fumigants 

Soils 
alkaline, 156 
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beneficial fauna in, 158, 162-164 
Bennington, 257, 262 
Berks, 289, 291 
Clarinda, 269 
day, 142, 143, 153 
Clearfield, 269 
and crop yields, 262, 277 
erosion potential, 257 
Fogelsvil!e, 289, 291 
Homewood, 257, 262 
Louisburg, 276-278 
Luray, 257, 262 
Macksburg, 269 
Madison, 276-278 
mineralization of, 104, 164 
Monocan, 277 
muck, 340 
nutrient management in, see Soil 

fertility management 
Pacelot, 276-278 
quality of, 143; see also Soil condition 
Ryder, 289, 291 
salinization of, 89, 104, 114-115 
sandy, 109, 114, 142, 338, 340 
Sharpsburg, 269 
silt, 142 
Stockton clay adobe, 400 
testing of, 6, 10, 144, 154, 186, 278, 

300, 359 
toxic to plant roots, 156 
Weikert, 289, 291 
Winterset, 269 

Sorghum 
acreage enrolled in commodity 

program, 71, 80 
acreage in conservation reserve 

program, 80-81 
cyanogenic glycosides in, 167 
diseases, 184 
input costs for, 39, 233 
integrated pest management in, 178 
irrigation of, 52, 53, 109, 113-114 
market price for, 72 
participation rates in commodity 

programs, 72 
pest-resistant, 121 
surpluses, 114 
tannins in, 167 
target price for, 72 
yields, 52 

Soybeans 
animal feed from, 254, 281, 297 
costs of production, 38-39, 200-201, 

210, 233, 238, 264, 274 
exemption from cross-compliance rule, 

11 
export trends, 27, 29, 94 
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fertilizer use on, 38-42, 200-201 
integrated pest management in, 178, 

180, 187, 210 
irrigation of, 52, 53 
loan rates for, 75 
meal, 94 
monoculture, 147 
nitrogen fixation by, 146-149 
pesticide use on, 5, 38, 44, 47-48, 83, 

101, 175, 200-201 
pests, 186 
prices for, 237, 238, 254 
regional differences in farm income 

from, 61, 62 
rotations with, 9, 25, 146, 159, 186, 

215, 232, 239-240, 249, 2_'i3-274, 
275-285 

specialty markets for, 254 
tillage of, 25, 187 
value of exports, 29 
yields, 34, 52, 200-201, 216, 255, 262, 

271, 277 
Specialization 

adverse effects of, 7, 119 
climate and, 78 
and crop yields, 25-26, 42, 78, 138, 

147, 231 
factors contributing to, 25-26, 50, 97-

98 
and pest control, 185, 186 
and structural changes in agriculture, 

54-55, 85 
Strawberries, 185, 214 
Sudan grass, 167, 281 
Sugar, 96, 97 
Sugar beets, 53, 186 
Sugarcane, 53, 341, 344 
Sunflowers, 53 
Surface water 

depletion of, 104, 114 
economic costs of contamination, 98 
estuary degradation, 100-101 
eutrophication, 100, 153-154 
fertilizers in, 16, 42, 63, 89, 98-101, 

153-154 
monitoring of, 18, 99 
pesticides in, 16, 63, 89, 100-104 
sediment deposition in, 63, 98-99, 

100, 153-154 
soil erosion and contamination ot 98 

Swine 
alternative management practices, 171, 

227-228 
antibiotic use on, 4q, 85, 1, -171 
confinement rearing, 9, 77, 169-171, 

227-228 
disease prevention in, 169-171 
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economics of alternative production 
systems, 94, 171, 227-228 

effects of farm programs on 
production of, 65, 68 

feed costs, 68 
and food grading standards, 13 
genetic diversity of, 120 
hormonal therapy for, 167 
management in crop-livestock 

operation, 267 
nutrient content of manure, 153 
productivity of different production 

systems, 171, 227-228 
profitability of, 94, 171, 227-228 
regional differences in farm income 

from, 61 
respiratory infections in, 169-170, 225 
size of production production, 55-57 
specialization and, 54 
stress in, 174 

T 
Tax policy 

accelerated depreciation of equipment, 
52, 76, 77, 90 

and agricultural trade, 27 
and animal production, 76, 77, 226-

227 
capital gains preferences, 76, 90 
and cultivation of erodible land, 90 
and farm size, 76 
investment tax credits, 52, 76-77, 226-

227 
and irrigation, 52, 54, 76, 77 
and land use, 76 
and real estate prices, 76 
and structural changes in agriculture, 

76-77 
and value of machinery and vehicles, 

77 
Tax Reform Act of 1976, 76, 77, 226 
Technological change 

and disease control in animals, 174-
175 

farm policy and, 68, 90, 198 
and structural change in agriculture, 

97-98 
Technology Transfer Act, 224 
Tillage 

chisel plowing, 119, 158, 160, 257, 259, 
272, 281, 402 

conservation, 5, 6, 70, 81, 119, 135, 
136, 141, 156-160, 162, 184, 229 

conventional, 119, 161, 257, 272 
double-disking, 147, 259 
ecofaUow, 184 
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erosion control with, 70, 81, 119, 135, 
141, 156-160, 253, 257, 272, 303 

evaluation of effectiveness of, 217 
French plow, 360 
in fruit and vegetable production, 329, 

378 
and herbicide runoff, 101 
moldboard plowing, 147, 158, 160, 

272,303 
mulch, 156, 158, 272 
no tillage, 119, 147, 156, 158-160, 253, 

257, 270, 272, 277, 280, 282, 360, 
413 

and nutrient availability, 147, 160, 162 
and nutrient cycling, 160 
pest control with, 4, 5, 83, 157, 160, 

162, 178, 184, 188, 255, 360, 395, 
399 

and pesticide use, 156, 157 
research needs on, 6, 16, 21, 150 
ridge, 25, 119, 156-157, 162, 163, 215-

218, 270-272 
and soil properties, 119, 135, 158 
strip, 119, 156 
water conservation with, 156-157, 160 
weed control with, 4, 5, 160, 162, 163, 

187, 214, 215, 255, 259, 263, 272, 
329, 343, 395, 399 

see also Soil conservation 
Tobacco 

acreage idled under conservation 
programs, 80 

exports, 94 
imports, 96 
IPM costs and benefits, 210 
irrigation of, 53 
pest control in, 186, 188, 221 
profitability of, 94 
regional differences in farm income 

from, 61 
Tomatoes, 178, 181, 184, 186, 188, 212-

213, 251, 347-349, 374-387 
Trade policy 

and fruit and vegetable production, 62 
of U.S. competitors, 30 
see also Agricultural trade 

Turnips, 270, 271, 274, 283 

u 
U.S. Environmental Protection Agency 

pesticide review program, 82, 83, 122-
123, 218 

survey of pesticides in groundwater, 
105-106 

U.S. Food and Drug Administration, 
regulation of animal drugs, 50, 
U9-130 

I 
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U.S. Geological Survey, survey of well 
contamination, 105 

v 
Vegetable oils and oilseeds 

exports, 30, 31, 93 
foreign producer subsidy equivalents 

for, 97 
Vegetables, see Fruits and vegetables 
Vetches, 147-149, 157, 398, 399, 402-405, 

407-410, 411, 413-414 

w 
Walnuts, 223, 324-334 
Water 

agricultural use of, 50; see also 
Irrigation 

contamination, see Groundwater; 
Surface water; Water quality 

depletion allowances, 52, 77 
"use it or lose it" code, 114 

Water conservation and protection 
agricultural competition with urban 

users, 54 
cropping patterns and, 108 
federal policies on, 6, 10, 18 
by integrated pest management, 108 
and irrigation, 52, 54, 77 
by leguminous nitrogen sources, 108 
reduction of agricultural uses of water, 

114 
research contributions on, 6 
tillage and, 5, 157, 160-162 
water quality improvement projects, 

104 
Water quality 

groundwater, 105-109 
irrigation and, 108-109, 113-115 
regional characteristics of, 63, 68, 101-

102, 110-112 
soil erosion and, 115-120 
surface water, 98-104 

Weed control 
by allelopathic crops, 17, 187-188, 216 
alternatives, 187-188, 214-218, 230 
by competition with other plants, 187, 

216, 221 
with cover crops, 214, 215, 222, 320-

321 
in crop-livestock production, 215-216, 

255, 259-260, 263, 267, 272-273, 
276, 288, 300-301, 309, 316 

crop rotations and, 4, 5, 135, 188, 214-
216, 255, 259, 288, 300, 399, 410 

economic assessment of alternative 
measures, 216-218 
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by flooding, 343, 399 . 
in fruit and vegetable production, 222, 

326, 329, 337, 343-344, 351, 360, 
375, 382 

hand weeding, 222, 255, 260, 263 
harvesting of weeds as hay, 215, 389 
with herbicides, 5, 187, 288 
by insects and plant pathogens, 187, 

220 
interseeding, 276 
with irrigation, 410 
planting practices and, 4, 187, 215, 

221, 255, 259, 263 
summer fallowing for, 395 
tillage and, 4, 5, 160, 162, 163, 187, 

214, 215, 217-218, 255, 259, 263, 
272, 329, 343, 395, 399 

weather and, 215 
and weed resistance, 316 

Wetlands, protection of, 18, 76, 79 
Wheat 

acreage enrolled in federal programs, 
10,71 

acreage idled under conservation 
programs, 79, 80-81 

continuous production of, 42 
cost of production, 38-39, 71, 200-201, 

203-204, 233, 238 
deficiency payments for, 11 
diseases, 121, 184, 212, 230 
erosion rates on, 119 
export trends, 27, 29, 30 
farm program payments for, 65 
fertilizer use on, 38-42, 200-201 
grasses, 390 
integrated pest management in, 178 
irrigation of, 52-53 
loan rates for, 75 
market prices for, 11, 71, 73 
participation rates in commodity 

programs, 73 
in perpetuating alternative legume 

system (PALS), 233-235, 238-241 
pesticide use on, 38, 43, 44, 47-48, 

179, 200-201 
regional differences in farm income 

from, 61, 62 
resistant cultivars, 179, 221, 222, 260 
rotations with, 140, 145 
as a seed crop, 254-255 
spring, 164 
surpluses, 52 
target prices, 71, 73, 74, 238 
value of exports, 29 
winter, 119, 200-201, 234 
yields, 27, 34, 52, 145, 200-201 


