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American agriculture is undergoing significant change and stress. Much of the
recent change has been attributed to the financial farm crisis caused mainly by
declining agricultural exports. However, underlying these financial difficulties are
strong technological and structural forces which will cause further changes and
adjustments in American agriculture for the remainder of this century.

Congress, concerned about the nature of these adjustments, requested the Office
of Technology Assessment (OTA) to analyze the underlying technological, struc-
tural, and political forces which impact American agriculture and to determine
the industry’s probable future direction. Committees requesting the study include:
the Senate Committee on Agriculture, the Senate Small Business Committee (the
Subcommittee on the Family Farm), the Joint Economic Committee, the House Com-
mittee on Science and Technology, and the House Committee on Agriculture (the
Subcommittee on Livestock, Dairy, and Poultry; the Subcommittee on Department
Operations, Research, and Foreign Agriculture; and the Subcommittee on Forests,
Family Farms, and Energy).

In the course of preparing this report, an interim report entitled A Special Re-
port for the 1985 Farm Bill was transmitted to the requesting committees for their
use during the debates and the writing of the Food Security Act of 1985 (1985 Farm
Bill). The special report focused on assessment findings that were particularly rele-
vant for issues debated in that legislation.

This report addresses the longer run issues that technology and certain other
factors will have on American agriculture during the remainder of this century.
It focuses on the relationship of technology to: agricultural production, structural
change, rural communities, environment and natural resource base, finance and
credit, research and extension, and public policy. The assessment identifies many
benefits that new technologies will create, but these benefits will also exact sub-
stantial costs in potential adjustment problems. This report is a first step toward
understanding these interrelated problems and identifying policies to ameliorate
them.

OTA greatly appreciates the contribution of the advisory panel, workgroups, work-
shop participants, authors of the technical background papers, and the many other
advisors and reviewers who assisted OTA from the public and private sector. Their
guidance and comments helped develop a comprehensive report. As with all OTA
studies, however, the content of this report is the sole responsibility of OTA.

- J O H N  H .  G I B B O N S
Director
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Chapter 1

Summary

Over the next 15 years, American farmers will
be offered an extensive array of new biotech-
nologies and information technologies that
could revolutionize animal and plant produc-
tion. The adoption of these technologies will be
critical for shoring up the United States’ lag-
ging ability to compete in the international mar-
ketplace. Indeed, 83 percent of the estimated
1.8-percent annual increase in agricultural pro-
duction needed to meet world agricultural de-
mand by year 2000 must come from increases
in agricultural yields, yields that can only be
possible through the development and adoption
of emerging technologies.

Yet if current agricultural policies remain in
force, this new biotechnology and information
technology era will also generate marked changes
in the structure of the agricultural sector and
of the rural communities that support farming.
Some of these changes are’ already evident:
Farming is becoming more centralized, more
vertically integrated. Large farms, though small
in number, now produce most of this country’s
agricultural output. Operators of small and
moderate-size farms, the so-called backbone of
American agriculture, are becoming increas-
ingly less able to compete, partly because they
lack access to the information and finances nec-
essary for adopting the new technologies effec-
tively. Many such farmers must relocate, change
to other kinds of farming, or give up farming
altogether. The disappearance of these farm
operations is causing repercussions for other
businesses in the rural community and for the
labor pool in general, which must absorb all
those whose livelihood once depended on agri-
cultural production.

This report is the first step toward understand-
ing the social and economic costs, as well as
the benefits, of the emerging technologies for
U.S. agriculture. It analyzes the dynamic forces

influencing change in the structure of agricul-
ture. Although technology was found to be an
important force in such change, it is only one
of several such forces. Public policy, institu-
tions, and economics have had and will con-
tinue to have important roles in shaping agricul-
ture. OTA analyzed the relationships between
all these factors, focusing on the 150 produc-
tion technologies that are likely to be available
commercially over the next 15 years. The study
results are presented in this report in four parts.

Part I identifies and analyzes the productive
capacity of those emerging technologies that
will help shape and define American agricul-
ture to the year 2000. Chapters 2 and 3 describe
the emerging technologies, discuss how they
will be used in agriculture, and analyze the im-
pact these technologies will have on animal and
plant agriculture.

Part II traces the historical changes in agri-
cultural structure. It provides a perspective for
analyzing technology’s distributional impacts
on agricultural structure by surveying the char-
acteristics of that structure and the factors that
affect it.

How the emerging technologies, the policies,
and structural change relate to one another is
the subject of chapters 6 through 12 in part III.
The chapters analyze the results of this relation-
ship on: 1) future structure, 2) agricultural fi-
nance and credit, 3) survivability of crop and
dairy farms of various sizes, 4) environment,
5) rural communities, and 6] agricultural re-
search and extension.

Part IV draws the implications of the analy-
sis for policy makers. It shows the direction in
which agriculture is headed and concludes with
congressional policy options for improving the
picture of U.S. agriculture.

3



4 ● Technology, Public Policy, and the Changing Structure of American Agriculture

AGRICULTURAL DEPENDENCEY ON WORLD MARKETS

The financial condition of many American
farmers in the 1980s has significantly deterio-
rated during a long period of surpluses. The de-
cline in agricultural exports is largely respon-
sible for this situation. And although exports
are not this report’s central focus, the future of
U.S. agricultural exports loom large in the back-
ground of this report.

Agricultural exports have historically been re-
sponsible for lessening the negative trade bal-
ance caused primarily by the manufacturing
and energy sectors. This importance of agricul-
ture to the balance of trade has increased sig-
nificantly over the past 30 years. However, the
past several years have witnessed a drop both
in the value of U.S. agricultural exports and in
agriculture’s share of total U.S. exports.

Several key factors are causally related to re-
cent declines in U.S. agriculture:

1. a weak world economy,
2. the strong value of the dollar,
3. the enhanced competitiveness of other

countries,
4. an increase in trade agreements, and

5. price support levels that permit other coun-
tries to undersell the United States.

Although all of the factors are important, agri-
cultural experts are beginning to focus on the
lower costs of production in other countries as
the long-term primary factor in the decline of
this country’s competitiveness. The United
States faces strong competition in wheat, corn,
rice, soybeans, and cotton. Each of these major
export commodities has been produced by at
least one country at or below the U.S. average
production costs since 1981. Estimates suggest
that any historic cost advantage that the United
States may have enjoyed in these commodities
is now tenuous.

Future exports will depend on the ability of
American farmers to use new technology to pro-
duce commodities more efficiently than com-
peting countries can. If the United States can-
not effectively compete with other countries in
the export market, reduced exports will mag-
nify the structural change and adjustment that
U.S. farmers and the rural communities will face
because of technological change.

EMERGING TECHNOLOGIES FOR AGRICULTURE

Technology has made U.S. agriculture one of
the world’s most productive and competitive
industries. Americans have already witnessed
the dramatic results of two major technologi-
cal eras in agriculture. The mechanical era of
1920 to 1950 allowed farmers to make the tran-
sition from horsepower to mechanical power
and greatly increased the productive capacity
of U.S. agriculture. The chemical era of 1950
to 1980 further increased agricultural produc-
tivity by increasing the farmers’ ability to con-
trol pests and disease and by increasing the use
of chemical fertilizers. Now, in the 1980s, Amer-
ican agriculture is being propelled by a new ma-
jor technological thrust—the biotechnology and
information technology era. The effects of this
new era on agricultural productivity may be

more profound than those experienced from ei-
ther the mechanical or chemical eras.

Below is a brief summary of the technologies
examined for this study. A more complete de-
scription of the 150 technologies can be found
in chapter 2.

BIOTECHNOLOGY

Biotechnology, broadly defined, includes any
technique that uses living organisms or proc-
esses to make or modify products, to improve
plants or animals, or to develop micro-orga-
nisms for specific uses. It focuses on two power-
ful molecular genetic techniques: recombinant
deoxyribonucleic acid (rDNA) and cell fusion
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technologies. Using these techniques scientists
can visualize the gene—to isolate, clone, and
study the structure of the gene and the gene’s
relationships to the processes of living things.
Such knowledge and skills will give scientists
much greater control over biological systems,
leading to significant improvements in the pro-
duction of plants and animals,

Animal Agriculture

In animal agriculture, advances in protein
production, gene insertion, and embryo trans-
fer will play a major role in increasing efficien-
cies in animal production.

Production of Protein.—One major thrust of
biotechnology in animals is the mass produc-
tion in micro-organisms of protein-like pharma-
ceuticals, including a number of hormones, en-
zymes, activating factors, amino acids, and feed
supplements. Previously, these biological prod-
ucts could be obtained only from animal and
human organs and were either unavailable in
sufficient amounts or were too costly.

Some of these biological products can be used
for detection, prevention, and treatment of in-
fectious and genetic diseases; some can be used
to increase animal production efficiency, One
of the applications of these new pharmaceuti-
cals is the injection of growth hormones into
animals to increase production efficiency. For
example, several firms are developing a geneti-
cally engineered bovine growth hormone to
stimulate lactation in cows. Trial results indi-
cate that cows treated with the hormone in-
crease milk production by 20 to 30 percent, with
only a modest increase in feed intake. Commer-
cial introduction of the new hormone awaits
approval by the U.S. Food and Drug Adminis-
tration, which is expected to approve the hor-
mone within the next 3 years.

In the area of disease prevention and treat-
ment, an immunological product currently ex-
ists on the market that prevents “scours” in
calves. In addition, vaccines produced by rDNA
methods are currently being tested for foot-and-
mouth disease, swine dysentery and, most re-
cently, coccidiosis in poultry.

Gene Insertion.—A new technique arising
from the convergence of gene and embryo ma-
nipulations promises to permit genes for new
traits to be inserted into the reproductive cells
of livestock and poultry, providing major oppor-
tunities to improve animal health and produc-
tivity. Unlike the genetically engineered hor-
mones discussed above, which cannot affect
future generations, gene insertion will allow fu-
ture animals to be endowed permanently with
traits of other animals. In this technique, genes
for a desired trait, such as disease resistance
or growth, are injected directly into either of
the two pronuclei of a fertilized egg. on fusion
of the pronuclei, the guest genes become part
of all the cells of the developing animal, and the
traits they determine are transmitted to succeed-
ing generations.

Embryo Transfer.— Embryo transfer, which
is closely related to gene insertion, involves arti-
ficially inseminating a super-ovulated donor
animal 1 and removing the resulting embryos
nonsurgically for implantation in surrogate
mothers which then carry them to term. Prior
to implantation, the embryos can be treated in
a number of special ways. They can be sexed,
split (generally to make twins), fused with em-
bryos of other animal species (to make chimeric
animals or to permit the heterologous species
to carry the embryo to term), or frozen in liquid
nitrogen for storage. Freezing is of great prac-
tical importance because it allows embryos to
be stored until the estrus of the intended farm
animal is in synchrony with that of the donor.
Embryos used for gene insertions must be in
the single-cell stage, having pronuclei that can
be injected with cloned foreign genes, The genes
likely to be inserted into cattle maybe those for
growth hormones, prolactins (lactation stimu-
lators), digestive enzymes, and interferon,
thereby providing both growth and enhanced
resistance to diseases.

Even though less than 1 percent of U.S. cattle
are involved in embryo transfers, the obvious

1An animal that has been injected with a hormone to stimulate
the production of more than the normal number of eggs per ovu-
lation.
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benefits of this technology will push this per-
centage upward rapidly, particularly as the costs
of the procedure decrease. Recently, a genet-
ically superior Holstein cow and her 14 embryos
were purchased for $1.3 million.

Plant Agriculture

The application of biotechnologies in plant
agriculture could modify crops so that they
would make more nutritious protein, resist in-
sects and disease, grow in harsh environments,
and provide their own nitrogen fertilizer. While
the immediate impacts will be greater for ani-
mal agriculture, the long-term impacts of bio-
technology may be substantially greater for
plant agriculture. The potential applications of
biotechnology on plant agriculture include mi-
crobial inoculums, plant propagation, and ge-
netic modification.

Microbial Inocula.-Rhizobium seed inocula
already are used widely to improve the nitro-
gen fixation of certain legumes. Extensive study
of the structure and regulation of the genes in-
volved in bacterial nitrogen fixation will likely
lead to development of improved inocula. More-
over, research on other plant-colonizing mi-
crobes has led to a clearer understanding of the
role of these microbes in plant nutrition, growth
stimulation, and disease prevention, and the
possibility exists for the modification and use
of these microbes as seed inocula.

Monsanto has announced plans to field test
genetically engineered soil bacteria that pro-
duce a naturally occurring insecticide poten-
tially capable of protecting plant roots against
soil-dwelling insects. The company developed
a genetic engineering technique that inserts into
soil bacteria a gene from a micro-organism
known Bacillus thuringiensis, a micro-orga-
nism that has been registered as an insecticide
for more than two decades. Plant seeds could
be coated with these bacteria before planting.
As the plants grow, the bacteria would remain
in the soil near the plant roots, generating an
insect toxin that protects the plants.

Plant Propagation.—Cell culture methods for
regeneration of intact plants from single cells
or tissue explants are now used routinely for

propagation of several vegetable, ornamental,
and tree species. These methods can provide
large numbers of genetically identical, disease-
free plants that often exhibit superior growth
and more uniformity over plants convention-
ally seed-grown. Such technology holds prom-
ise for breeding in important forest species
whose long sexual cycles reduce the impact of
traditional breeding approaches. Somatic em-
bryos’ produced in large quantities by cell cul-
ture methods can be encapsulated to create ar-
tificial seeds that may enhance propagation of
certain crop species.

Genetic Modification.—Plant genetic engi-
neering is the least established of the various
biotechnologies used in crop improvement, but
the most likely to have a major impact. Using
gene transfer techniques, it is possible to intro-
duce DNA from one plant into another plant,
regardless of normal species and sexual barriers.
For example, it is possible to introduce storage-
protein genes from French bean plants into
tobacco plants and to introduce genes that en-
code photosynthetic proteins in pea plants into
petunia plants.

Transformation technology also allows intro-
duction of DNA coding sequences from virtu-
ally any source into plants, providing those se-
quences are engineered with the appropriate
plant-gene regulatory signals. Several bacterial
genes have now been modified and shown to
function in plants. By eliminating sexual bar-
riers to gene transfer, genetic engineering will
greatly increase a plant’s genetic diversity.

Information TechnoIogy

Animal Agriculture.

Information technology is the use of comput-
er- and electronic-based technologies for the
automated collection, manipulation, and proc-
essing of information for control and manage-
ment of agricultural production and marketing.
The most significant changes in future livestock
production resulting from information technol-
ogy will come from the integration of computers

2Embryos produced from body cells rather than reproductive
cells.
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and electronics into modern livestock produc-
tion systems that will help make the farmer a
better manager. Animal identification, animal
reproduction, and disease control and preven-
tion are some promising areas for information
technology in livestock production.

Electronic Animal Identification.—Positive
identification of animals is necessary in all
facets of management, including recordkeep-
ing, individualized feed control, genetic im-
provement, and disease control. Research on
identification systems for animals has been in
progress for some years. Soon, all farm animals
will be “tagged” shortly after birth by an elec-
tronic device, called a transponder, that lasts
the life of the animal. For example, some dairy
cows now wear a transponder in the ear or on
a neck chain. A feed-dispensing device identi-
fies the animal by the transponder’s signal and
provides an appropriate amount of feed for the
animal.

Reproduction. —The largest potential use of
electronic devices in livestock production will
be in the area of reproduction and genetic im-
provement. An inexpensive estrus detection de-
vice will allow: 1) animals to be rebred faster
after weaning; 2) animals that did not breed to
be culled from the herd, saving on feeding and
breeding space; 3) time to be saved because
breeding can be done faster; and 4) easier em-
bryo transplants because of improved estrus de-
tection.

Disease Control and Prevention.—Herd rec-
ordkeeping systems for animal health are al-
ready being developed and refined in the dairy,
swine, and poultry industries. These record-
keeping systems will eventually be linked with
the animal identification systems discussed
above. Examples of the types of information that
can be recorded for each animal include pro-
duction records, feed consumption, vaccination
profiles, breeding records, conception dates,
number of offspring, listing and dates of dis-
eases, and costs of medicines for treatment or
prevention of disease. Bringing all this infor-
mation together will allow the veterinarian and
a manager of the livestock enterprise to analyze
quickly a health profile for each animal and to

plan for improved efficiency in disease control
programs.

Plant Agriculture

Pest Management.—Information technology
is already being used in plant agriculture for
the management of insects and mites. Design
improvements and availability of computer
hardware and software will produce marked
changes in insect and mite management.

Availability at the farm level of microcom-
puters, equipped with appropriate software and
having access to larger centralized databases,
will accelerate transfer of information and fa-
cilitate pest management decisionmaking. The
advantages, simply in terms of information stor-
age and retrieval, will be of major importance.
The ready storage of and access to current and
historical information on pest biology, inci-
dence, and abundance; pesticide use; cropping
histories; weather; and the like at the regional,
farm, and even field level will facilitate selec-
tion of the appropriate management unit and
the design and implementation of pest manage-
ment strategies for that unit.

Current software has already greatly improved
the efficiency and accuracy with which pest
management decisions can be made and imple-
mented. Much effort is being devoted to the
development of new software and the improve-
ment of existing software. The resultant prod-
ucts, in conjunction with the rapid advances
being made in computer hardware, will provide
a powerful force that will lead to dramatic
changes in the implementation of integrated
pest management (1PM) and to increases in the
level of sophistication of 1PM.

Irrigation Control Systems .—Because irriga-
tion decisions are complex and require relative-
ly large amounts of information, a microcom-
puter-based irrigation monitoring and control
system is especially useful in areas with soils
having variable percolation and retention rates,
where rainfall is especially variable, or where
the salinity of irrigation water changes unpre-
dictably. In this system, a network of sensors,
with radio links to the central processor, is
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buried in irrigated fields. Additional sensors
may include weather station sensors to estimate
crop stress and evaporation rates, salinity sen-
sors, and runoff sensors. The central proces-
sor uses such information to allocate water auto-
matically according to crop needs in each field,
subject to considerations of cost, leaching re-
quirements, and availability of water.

Radar, Sensors, and Computers.—Through
the use of radar, sensors, and computers the cor-
rect amount of fertilizer, pesticides, and plant
growth regulators can be applied to plants by
integrating tractor slippage and chemical flow.
The correct rate of application of most agricul-
tural chemicals is usually within a narrow range
for a given crop and field. However, applica-
tion rates are often variable from area to area
within a field, owing to changes in the flow rate

of chemical slurries and to changes in tractor
wheel slip, grading, and drawbar tension. Eco-
nomic and environmental costs are associated
with applications of too little or too much chem-
icals. Control of application rate depends on the
ability to estimate rate of flow through the chem-
ical sprayer and on the vehicle’s speed over the
field. The speed indicated by sensors in the trac-
tor drivetrain is usually greater than the actual
speed over the ground, owing to slippage of the
drive wheels. The amount of slippage can be
monitored by a doppler radar device that com-
pares actual speed to indicated speed in the
drivetrain. When all this information is avail-
able, a computer can then adjust the spray line
pressure to deliver the correct amount of chem-
icals at varying speeds and amounts of wheel
slip.

THE CHANGING STRUCTURE OF AGRICULTURE

Agriculture is entering a new technological
era at a time when the character of agriculture
is changing rapidly. Emerging biotechnologies
and information technologies will be introduced
within a socioeconomic structure that has un-
dergone considerable change in the last 50 years
and that promises to continue to change through-
out the remainder of this century.

one of the best ways to look at changes in the
economic structure of U.S. agriculture is in
terms of value of production as measured by
gross sales per year. In this way farms can be

Table 1-1 .—Distribution of Farm Sizes, Percent of
Farm and Off-Farm Income per

usefully classified into five categories of gross
sales, as shown in table 1-1.

Small and part-time farms generally do not
provide a significant source of income to their
operators. Most of these farmers obtain their
primary net income from off-farm sources.
However, this segment is highly diverse. This
class of farms is operated either by subsistence
farmers or by individuals who use the farm as
either a tax shelter or a source of recreation.

Moderate-size farms cover the lower end of
the range in which the farm is large enough to

Cash Receipts, Percent of Farm Income, and
Farm by Sales Class, 1982

Percent Percent of Percent of Average Average Average
Value of farm Number of all total cash net farm net farm off-farm total

Sales class products sold of farms farms receipts income income income income

Small . . . . . . . . . <$20,000 1,355,344 60.6 5.5 –3.8 (615) 20,505 19,890

Part-time . . . . . . $20,000-$99,000 581,576 25.9 21.8 5.4 13,220 14,218

Moderate. . . . . . $100,000-$199,000 180,689 8.1 19.1 14.6 17,810 11,428 29,236

Large . . . . . . . . . $200,000”$499,000 93,891 4.2 21.0 20.4 48,095 12,634 60,929

Very large . . . . . > $500,000 27,800 1.2 32.5 63.5 504,632 24,317 529,149

All farms . . . . . 2,239,300 100 100 100 $9,976 $17,601 $27,578
SOURCE: Compiled from Economic Indicators of the Farm Sector: Income and Balance Sheet Stat/st/cs,  19S3,  USDA Economic Research Service, 19S4, table 59, using

farm number and cash receipts distribution from the 1992  Census of Agr/cu/ture,  U.S. Department of Commerce, Bureau of the Census, 19S4.
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be the primary source of income. However, most
families with farms in this range also rely on
off-farm income.

Large and very large farms include a diverse
range of farms. The great majority of these farms
are family owned and operated. Most require
one or more full-time operators, and many de-
pend on hired labor full time. The degree of con-
tracting (monitoring and controlling production
to produce a specified quantity of homogene-
ous products for a buyer) and vertical integra-
tion is much higher in this class.

To appreciate how agriculture has changed
just between 1969 and 1982, consider the fol-
lowing:

●

●

●

The number of small farms declined 39 per-
cent, while the number of very large farms
increased by 100 percent.
The share of cash receipts from very large
farms increased slightly, from 29 to 33 per-
cent, while cash receipts declined from 40
to 25 percent for small and part-time farms.
The share of net farm income declined sig-
nificantly (from 36 to 5 percent) for small
and part-time farms, and increased from
36 to 64 percent for very large farms.

These trends indicate that small and part-time
farms no longer can depend on the farm to pro-
vide an adequate income. Large-scale farms
dominate agriculture. Moderate-size farms have
a small share of the market and a stagnant share

of net farm income. The agricultural sector can
be described as a bipolar, or dual sector: As the
moderate-size farm disappears, it leaves small
and part-time farms clustered at one end of the
farming spectrum and large farms clustered at
the other, in terms of their importance to agri-
culture.

If present trends continue to the end of this
century, the total number of farms will continue
to decline from 2.2 million in 1982 to 1.2 mil-
lion in 2000 (table 1-2). The number of small and
part-time farms will continue to decline, but will
still make up about 80 percent of total farms.
The large and very large farms will increase sub-
stantially in number. Approximately 50,000 of
these largest farms will account for 75 percent
of the agricultural production by year 2000. The
trend toward concentration of agricultural re-
sources into fewer but larger farms will con-
tinue, although the degree of concentration will
vary by region and commodity.

Moderate-size farms will decline in number
and in proportion of total farms, have a small
share of the market and a declining share of net
farm income. These farms comprise most of the
farms that depend on agriculture for the ma-
jority of their income. Traditionally, the mod-
erate-size farm has been viewed as the backbone
of American agriculture. These farms are fail-
ing in their efforts to compete for their histori-
cal share of farm income.

Table 1-2.—Most Likely Projection of Total Number of U.S. Farms
in Year 2000, by Sales Class

1982 2000
Number Number
of farms Percent of of farms Percent of

Sales class (thousands) all farms (thousands) all farms

Small and part-time. . . . . . . . . 1,936.9 86.0 1,000.2 80.0

Moderate. . . . . . . . . . . . . . . . . . 180.7 10.0 75.0 6.0

Large and very large . . . . . . . . 121.7 4.0 175.0 14.0

Total . . . . . . . . . . . . . . . . . . . 2,239.3 100.0 1,250.2 100.0
SOURCE: Office of Technology Assessment.
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MAJOR FINDINGS

Emerging Technologies and Future
Agricultural Production

Like the eras that preceded it, the biotechnol-
ogy and information technology era will bring
technologies that can significantly increase agri-
cultural yields. The immediate impacts of these
technologies will be felt first in animal produc-
tion. Through embryo transfers, gene insertion,
growth hormones, and other genetic engineer-
ing techniques, dairy cows will produce more
milk per cow, and cattle, swine, sheep, and poul-
try will produce more meat per pound of feed.

Impacts on plant production will take longer,
almost the remainder of the century. By that
time, however, technical advances will allow
some major crops to be altered genetically for
disease and insect resistance, higher produc-
tion of protein, and self-production of fertilizer
and herbicide.

In both plant and animal production, informa-
tion technologies will be widely used on farms
to increase management efficiency. Introduc-
ing to the marketplace these and the rest of the
150 emerging technologies forecasted in this
study raises questions about the effects these
technologies will have on crop yield, livestock
feed efficiency, reproductive efficiency, and fu-
ture food production.

Many people are concerned that the trends
of major crop yields are leveling off and that
the world may not be able to continue to pro-
duce enough food to meet the demand of a grow-
ing population. OTA analyses indicate that the
emerging technologies, if fully adopted, will pro-
duce significant beneficial impacts on the per-
formance of plant and animal agriculture. The
most dramatic impacts will be felt first in the
dairy industry, where new genetically engi-
neered pharmaceuticals (such as bovine growth
hormone and feed additives) and information
management systems will soon be introduced
commercially. New technologies adopted by the
dairy industry will increase milk production far
beyond the 2.6-percent annual growth rate of
the past 20 years (table 1-3). Under OTA’s most

Table 1=3.—lmpact of Emerging Technology on Animal
Production Efficiency in Year 2000

Most Annual
Actual likely growth rate a

1982 2000 (percent)
Beef:
Pounds meat per lb feed . . . . 0.07 0.072 0.2
Calves per cow . . . . . . . . . . . . . 0.88 1.000 0.7

Dairy:
Pounds milk per lb feed . . . . . 0.99 1.03 0.2
Milk per cow per year

(1,000 lb). . . . . . . . . . . . . . . . . 12.30 24.70 3.9

Poultry:
Pounds meat per lb feed . . . . 0.40 0.57 2.0
Eggs per layer per year. . . . . . 243.00 275.00 0.7

Swine:
Pounds meat per lb feed . . . . 0.157 0.176 0.6
Pigs per sow per year . . . . . . . 14.400 17.400 1.1
asorne of tflese figures differ from those in table 2-2 of the firSt  rePOrf  from  this

study, because actual 1982 figures were preliminary.

SOURCE: Office of Technology Assessment.

likely conditions, milk production per cow is
expected to increase from the 12,000 pounds
in 1982 to at least 24,000 pounds by 2000, an
annual growth rate of 3.9 percent. Applications
of new technologies also will increase the feed
and reproductive efficiency of other farm animals.

Because development of biotechnology for
plant agriculture is lagging behind that for
animal agriculture, equally significant impacts
from biotechnology will not be felt in plant agri-
culture before the turn of the century. Develop-
ment and adoption of the new technologies un-
der the most likely conditions will, in the short
run, increase the rates of growth of major crop
yields at about the level of historical rates of
growth (table 1-4). However, the impacts of these
technologies will be substantially greater for
plant agriculture after 2000.

Any conclusion about the balance of global
supply and demand requires many assumptions
about the quantity and quality of resources avail-
able to agriculture in the future. Land, water,
and technology will be the limiting factors as
far as agriculture’s future productivity is con-
cerned.

Agricultural land that does not require irri-
gation is becoming an increasingly limited re-
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Table l-4.—lmpact of Emerging Technology on
Crop Yields in Year 2000

Annual
Actual Most likely growth ratea

1982 2000 (percent)

Corn—bu/acre . . . . . . . 113 139 1.2

Cotton—lb/acre . . . . . . 481 554 0.7

Rice—bu/acre. . . . . . . . 105 124 0.9

Soy bean—bu/acre . . . . 30 37 1.2

Wheat—bu/acre . . . . . . 36 45 1,3
asome  of these figures differ from those in table 2.2 of the first rOPod from this
study, because actual 1982 figures were preliminary.

SOURCE: Office of Technology Assessment

source. In the next 20 years, out of a predicted
1.8 percent annual increase in production to
meet world demand, only 0.3 percent will come
from an increase in the quantity of land used
in production. The other 1.5 percent will have
to come from increases in yields-mainly from
new technology. Thus, to a very large extent,
research that produces new technologies will
determine the future world supply/demand bal-
ance and the amount of pressure placed on the
world’s limited resources.

Table 1-5 shows the projections to year 2000
of increased production for some of the major
U.S. commodities, based on the above yield pro-
jections, land availability, world demand, public
policy, and other factors. OTA analyses indi-
cate that with continuous inflow of new tech-
nologies into the agricultural production sys-
tem, U.S. agriculture will be able not only to
meet domestic demand, but also to contribute
significantly to meeting world demand in the

next 20 years. This does not necessarily mean
that the United States will be competitive or have
the economic incentive to produce. It means
only that the United States will have the tech-
nology available to provide the production in-
creases needed to export products for the rest
of this century.

Under the most likely environments the ag-
gregate growth rate in production of these com-
modities, which includes inputs of additional
land resources and new technology, will be ade-
quate to meet the 1.8 percent growth rate needed
to balance world supply and demand in 2000.
Under the more-new-technology environment,4

production could increase at 2 percent per year,
which would be more than enough to meet world
demand. This increased production could, how-
ever, point to a future of surplus production.
On the other hand, under the less-new-technol-
ogy environments the production of major crops
in 2000 would drop to 1.6 percent per year, a
growth rate that would not allow the United
States to meet world demand.

3Assumes  to year ZOOO:  I ) a real rate of growth in research and
extension expenditures of 2 percent per year, and 2) the continu-
ation of all other forces that have shaped past development and
adoption of technology.

4Assumes to year 2000: 1) a real rate of growth in research and
extension expenditures of 4 percent, and 2) aIl other factors more
favorable than those of the most likely environment.

‘Assumes to year 2000: 1) no real rate of growth in research
and extension expenditures, and 2) all other factors less favora-
ble than those of the most likely environment,

Table 1.5.—Projections of Major Crop Production

2000

No-new-technology Most likely More-new-technology
Crop Unit 1984 environment environment environment
Corn:
Production . . . . . . . Billion bu 7.7 8.6 9.3 9.7
Growth rate. . . . . . . Percent 0.7 1,2 1.5
Soybean:
Production . . . . . . . Billion bu 1.9 3.0 3.2 3.3
Growth rate. . . . . . . Percent 3.1 3.4 3.6
Wheat:
Production . . . . . . . Billion bu 2.6 3.3 3.5 3.5
Growth rate. . . . . . . Percent 1.5 1.9 2.0
aThO projections  shown  in this table  differ from those in table 2-3 of the first report from this study, because the  Previous

figures were preliminary,

SOURCE: Office of Technology Assessment,
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Emerging Technologies and the
Future Structure of Agriculture

New technologies have historically had sig-
nificant impacts on structural change. New dis-
ease control technologies gave poultry and live-
stock farmers unprecedented opportunities to
specialize and vertically integrate. Improve-
ments in farm machinery fostered large-scale,
specialized farm units.

Like their predecessors, the emerging technol-
ogies examined in this study will make a con-
siderable impact on farm structure, especially
by 2000. Biotechnologies will have the greatest
impact because they will enable agricultural
production to become more centralized and ver-
tically integrated. Although in the long run the
use of new technologies will not increase the
farmer’s overall need for capital, there will be
trade-offs: biotechnology will require less cap-
ital; information technology will require more.

The new technologies will allow increased
control over end-product characteristics, for ex-
ample less fat per unit of lean in meat animals
or a specific color characteristic in corn. This
implies that increased homogeneity within an
agricultural product may result and that there
will be a growing number of end products with
engineered characteristics. This would require
less sorting or grading to achieve increased
homogeneity and a shift toward having more
control over the production process so as to
achieve homogeneity during production.

An anticipated economic consequence of this
increased control over production is an increase
in the practice of contracting. Contracting al-
lows husbandry and cultural practices to be
monitored and controlled closely during the pro-
duction process. This greater process control
leads to uniform product differentiation.

Biotechnologies will have relatively more im-
portant effects on resource concentration than
will other technological developments. Even
though mechanical technologies will continue
to be important, they are not expected to have
as important an impact on future structure. In
particular, biotechnologies are expected to en-
courage closer coordination and greater proc-
ess control in livestock production, permitting

more contract livestock production. One exam-
ple is the potential from these technologies for
modifying milk at the farm rather than at the
processing plant. This technology holds prom-
ise for producing more highly unsaturated fats
in milk. If adopted, it would entail close coordi-
nation at the producer/first-handler markets and
additional process control at the production
level.

The biological technologies will encourage
coordination in crop production, as well. How-

Zever, the magnitude of change in this area is
expected to be relatively less for crops than live-
stock. Part of the reason is that biotechnologies
for livestock production are further advanced.
The biotechnology era is expected to encourage
closer vertical coordination, with a slight reduc-
tion in market access as a consequence. This
situation would subsequently lead to fewer but
larger farms.

The information technologies are expected
to reduce barriers to entry and to increase mar-
ket access without any significant change in ver-
tical coordination or control at the producer/
first-handler level-especially for crop agricul-
ture. Information technologies hold the poten-
tial for significantly increasing the amount of
information across markets. This impact would
be attributable to improved communication of
buyers’ needs to production-level managers,
which should result in more equality between
buyers and sellers.

The largest farms are expected to adopt the
greatest amount of the new technologies. Gen-
erally, 70 percent or more of the largest farms
are expected to adopt some of the biotechnol-
ogies and information technologies. This con-
trasts with only 40 percent for moderate-size
farms and about 10 percent for the small farms.
The economic advantages from the technologies
are expected to accrue to early adopters, a large
proportion of which will probably be operators
of large farms.

Impacts of Agricultural
Finance and Credit

The severe financial stress of a large propor-
tion of farmers and the recent regulatory and
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competitive changes in financial markets have
combined to change significantly the financial
framework of farming. The farm of the future
will be treated financially like any other busi-
ness—it will have to demonstrate profitability
before a bank will finance its operation. Man-
aging a farm efficiently and profitably, which
will necessitate keeping up-to-date technologi-
cally, will be the key to access to credit.

The cost of credit, however, will be higher and
more volatile. Interest on loans may be varia-
ble rather than fixed. Moreover, given the con-
centration in the banking industry, decisions
about extending credit more likely will be made
at large, centralized banking headquarters far
removed from a loan applicant’s farm. Loan de-
cisions will thus be less influenced by the con-
siderations of neighborly good will that fre-
quently shaded decisions of local farm banks.

Congress will have to consider all these fac-
tors because the availability of capital will con-
tinue to be an important factor in agricultural
production in general and in the adoption of
agricultural technologies in particular. Read-
ily available capital at reasonable rates and
terms, plus technologies that aid profitability,
provide a favorable environment for technol-
ogy adoption. Emerging technologies, for the
most part, will pass the test for economic feasi-
bility.

The financing consequences of new technol-
ogies in agricultural production will probably
depend on the relationships between three im-
portant factors: 1) the financing characteristics
of the new technologies, 2) the creditworthiness
of individual borrowers, and 3) the changing
forces in financial markets that affect the cost
and availability of financial capital. The financ-
ing characteristics suggest that most of the new
technologies should be financed largely with
short- and intermediate-term loans that are part
of the normal financing procedures for agricul-
tural businesses. However, the technical char-
acteristics of the technologies, together with the
factors constituting the creditworthiness of in-
dividual borrowers, suggest that increased em-
phasis in credit evaluations will be placed on
the farmers’ management capacity, on their abil-
ity to demonstrate appropriate technical com-

petence in using the new technologies, and on
building human capital, where appropriate. In
some cases—particularly for Farmers Home Ad-
ministration borrowers—significant invest-
ments inhuman capital, with related financing
requirements, may accompany new technology
adoption. This is consistent with the more con-
servative responses by lenders to the agricul-
tural stress conditions of the early 1980s. Lend-
ing institutions themselves, in turn, must have
sufficient technical knowledge and expertise to
evaluate these management and credit factors
along with other sources of business and finan-
cial risks in agriculture. Finally, some forms of
new technology involving large investments and
having long-run uncertain returns will probably
rely more on equity capital for financing.

The changing regulatory and competitive
forces in financial markets, including the prefer-
ence for greater privatization of some credit in-
stitutions, means that the cost of borrowing for
agricultural producers will likely remain higher
and more volatile than before 1980 times and
will follow market interest rates much more
closely. Similarly, the continued geographic lib-
eralization of banking and the emergence of
more complex financial systems mean that the
functions of marketing financial services, loan
servicing, and credit decisions will become
more distinct, with an increasing proportion of
credit control and loan authority occurring sub-
regionally and with regional money centers be-
ing located away from the rural areas. This will
continue to fragment and dichotomize the farm-
credit market so that commercial-scale agricul-
tural borrowers will be treated as part of a fi-
nancial institution’s commercial lending activ-
ities and small, part-time farmers will be treated
as part of consumer lending programs.

The competitive pressures on financial insti-
tutions and the risks involved will bring more
emphasis on analyzing the profitability y of vari-
ous banking functions, including loan perform-
ance at the department level and individual cus-
tomer level. Innovative lenders will strive more
vigorously to differentiate their loan products
and financial services, especially for more prof-
itable borrowers, and will tailor financing pro-
grams more precisely to the specific needs of
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creditworthy borrowers. In turn, however, to
compete for credit services these agricultural
borrowers must be highly skilled in the techni-
cal aspects of agricultural production and mar-
keting as well as in financial accounting, finan-
cial management, and risk analysis.

In general, most forms of new technology in
agricultural production should meet the tests
of both economic and financial feasibility, al-
though the structural characteristics of the
adopting farm units will continue to evolve in
response to managerial, economic, and market
factors. The structural consequences of these
factors are severalfold:

1.

2.

3.

4.

5.

6.

a continuing push toward larger commer-
cial-scale farm businesses, with greater skills
in all aspects of business management;
continuing evolution in the methods of en-
try into agriculture by young or new farm-
ers, with greater emphasis on management
skills and resource control and less empha-
sis on land ownership;
the continuing development of a market-
ing systems approach toward financing
agriculture, with more sophisticated skills
in marketing analysis by farmers and higher
degrees of coordination with commodity
and resource markets;
more formal management of financial lev-
erage and credit by farmers, with greater
diversity of funding sources by farmers and
better developed markets for obtaining out-
side equity capital;
further development in financial leasing
and greater stability in leasing arrange-
ments for real estate and other assets; and
more complex business arrangements in
production agriculture that accommodate
various ways to package effectively debt
and equity financing, leasing, management,
accounting, and legal services for the fu-
ture farm business.

E m e r g i n g  Technologies,  Policy a n d
Survival of Various Size Farms

The size and, therefore, the survival of farms
is affected by several factors. Clearly, there are
economies of size in many commodity areas

covered by farm policy. These economies moti-
vate further concentration of resources. In addi-
tion, present farm policy, more than any other
policy tool, makes major impacts on farm size
and survival. Although very large farms can sur-
vive without these programs, moderate-size
farms depend on them for their survival.

This study finds that substantial economies
of size exist for several major commodities (table
1-6). The commodities include dairy, corn, cot-
ton, wheat, and soybeans. With the exception
of corn, economies of size do not exist uniformly
in all the production areas studied for these com-
modities. Table 1-6 shows the areas in which
economies of size do exist. It should be noted
that the analysis considered only technical econ-
omies of size. If it had also included pecuniary
economies, additional production areas would
have been found to have economies of size.

Table 1-6 also shows commodities in which
there will be significant gains in yield based on
emerging technologies. All of the commodity
areas except rice will experience substantial
gains in yield as well as significant economies
of size. (No economies of size were found for

Table 1.6.—Comparison of Commodities With Current
Economies of Size and Future Technological Gains

Greatest yield increases
Current economies of size for the future
(in descending order) (in descending order)

Dairy Dairy
Arizona
California Wheat
New Mexico

Corn Soybeans

Illinois
Indiana Corn

Iowa
Nebraska Rice

Cotton
Alabama

Cotton

Texas

Wheat
Kansas
Montana

Soybeans
Iowa

SOURCE Office of Technology Assessment,
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rice.) Dairy, in particular, leads all commodi-
ties in economies of size and production in-
creases from new technologies. These forces
will combine to shift overtime the comparative
advantage in dairy production from the smaller
dairies in the Great Lake States and Northeast
to the larger dairies in the Southwest and West.

Overall, the combination of future yield in-
creases from new technology and current econ-
omies of size in these commodities means that
there will be substantial incentives for farms
to grow in size. These powerful forces will con-
tinue, and may even speed up resource concen-
tration in U.S. agriculture.

This study finds that farm programs, which
include Commodity Credit Corporation (CCC)
purchases and price and income supports, have
major impacts on rates of growth in farm size,
wealth, and incomes of commercial farmers.
Large farms increase their net worth signifi-
cantly more than moderate-size farms under
current farm programs and large farms account
for a significantly large share of farm program
payments. In particular, price supports provide
most of the wealth and growth benefits to large
farms.

Removing farm programs reduces the prob-
ability of survival more for moderate-size farms
than for large farms. OTA’s analyses find that
large farms can survive and prosper without
farm programs. And, because these farms ac-
count for the vast majority of farm program ben-
efits, significant savings in Government expend-
itures could be realized if large farms were
ineligible to receive program payments.

On the other hand, this study finds that mod-
erate farms need farm programs to survive and
be successful. Income supports, in particular,
provide significant benefits to moderate farms,
and the targeting of income supports to moder-
ate farms is an effective policy tool for prolong-
ing these farms’ survival.

Those changes in tax policy that would be
more restrictive have little impact on farm sur-
vival. Increasing the Federal tax burden on
farmers reduces the average annual rate of
growth in farm size uniformly for all farm sizes.

Currently the financial position of many
farmers is under severe stress. The situation is
serious and may not improve for some time.
Two alternatives most discussed by policy-
makers are interest subsidy and debt restruc-
turing programs. OTA finds that restructuring
debt for highly leveraged farms does not ap-
preciably increase their probability for survival.
The interest rate subsidy substantially increases
average net income more than debt restructur-
ing. It is the more effective strategy to ease fi-
nancial stress. In addition, large farms with high
debts are not as dependent on these financial
programs for survival as moderate farms are.

impacts on the Environment and
Natural Resources

In general, with a few notable exceptions,
most emerging technologies are expected to re-
duce substantially the land and water require-
ments for meeting future agricultural needs.
Consequently, these technologies are expected
to reduce certain environmental problems asso-
ciated with the use of land and water. The tech-
nologies are thought to have beneficial effects
relative to soil erosion, to reduce threats to wild-
life habitat, and to reduce dangers associated
with the use of agricultural chemicals. New till-
age technologies, however, may reduce erosion
and threats to wildlife while increasing the
dangers from the use of agricultural chemicals.

The new technologies are most likely to re-
ceive first adoption by farmers who are well
financed and are capable of providing the so-
phisticated management required to make prof-
itable use of the technologies. Most of these
farmers will be associated with relatively large
operations. Hence, the technologies will tend
to give additional economic advantages to large
farm firms relative to moderate and smaller
farms, accentuating the trend toward a dual
farm structure in the United States.

In addition, since many of the new technol-
ogies tend to be environmentally enhancing,
public interest exists in research and education
that can lead to the rapid development and wide-
spread adoption of the technologies. That con-
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elusion becomes even stronger if public policy
is aimed at maintenance of the moderate-size
farm. Larger farms, with their own access to
research results and scientific expertise, may
be able to advance the new technologies with
relatively little publicly sponsored research. But
moderate and small farms will have to depend
on publicly sponsored research and extension
education to gain access to the new technologies
and to adapt them to their individual needs.

The new technologies will entail more strin-
gent environmental regulations and stronger en-
forcement of regulations than at present. The
complexities of some of the emerging technol-
ogies will pose significant challenges for those
promulgating wise environmental regulations.
The economic benefits of the technologies will
be inviting, but users may have little incentive
to use the technologies in ways that avoid un-
necessary, adverse, third-party effects. Eco-
nomic incentives or disincentives, including the
use of excise taxes to discourage overuse of
potentially threatening materials, represent a
promising approach to the protection of envi-
ronmental values than do direct regulation. Ad-
ditional efforts to enforce existing regulations
would hasten the adoption of the new technol-
ogies that seem less environmentally threaten-
ing. New regulations will be required, however,
for dealing with some aspects of the emerging
technologies.

Perhaps the most revolutionary of the new
technologies are those associated with rDNA.
While the specific applications of such technol-
ogies appear likely to reduce resource needs and
threats to the environment that arise from agri-
cultural activities, dangers may accompany the
deliberate release of genetically altered micro-
organisms. The revolutionary nature of the new
biotechnologies and the lack of a scientifically
accepted predictive ecology prevent specific
evaluation of resource/environmental impacts
associated with the deliberate release of new
forms of life at this time.

Many scientists see little danger in the appli-
cations of rDNA technology in laboratory ex-
periments. The proponents of biotechnology ar-
gue that genetic engineering has been used in

plant breeding and animal husbandry for cen-
turies and that genetically engineered micro-
organisms are no more dangerous than micro-
organisms already in commercial use or that
might be used in nature. However, the oppo-
nents of deliberate release argue that the new
products of genetic engineering are different
from the old ones. Scientists do not know how
these new micro-organisms will behave in the
environment and fear adverse consequences to
the ecosystem. Both sides agree that more re-
search should be conducted to assess the po-
tential benefits and risks. Recently, the Envi-
ronmental Protection Agency approved the first
two field tests of genetically altered organisms.

Impacts on Rural communities
The impacts of technological and structural

change in agriculture do not end with the indi-
viduals who live and work on farms. A variety
of additional consequences are expected at the
level of rural communities, consequences that
directly or indirectly affect farms and farmers.
As with individual farmers, some communities
are likely to benefit from change, while others
are likely to be affected adversely. Much de-
pends on the type of overall labor force in the
community and on the opportunities for labor
to move to other employment areas.

Hard-hit communities may need technical
assistance to attract new businesses to their
areas, to develop labor retraining programs, and
to alter community infrastructure to attract new
inhabitants. To accomplish these goals, Federal
policy will have to be complemented by regional
and local policies.

Those rural communities that benefit from
changes in agricultural technology and struc-
ture may do so in several ways. For example,
as agriculture becomes more concentrated,
some communities will emerge as areawide
centers for the provision of new, high-value tech-
nical services and products. Likewise, some
communities will emerge as centers for high-
volume food packaging, processing, and distri-
bution. In both cases, the economic base of these
communities is likely to expand. However, un-
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less total demand for agricultural commodities
increases substantially, centralization of serv-
ices, marketing, and processing will be like a
zero-sum game in many areas. The market cen-
ters will benefit at the expense of other com-
munities. Many of the communities that are by-
passed will decline as a result of the process of
centralization.

Communities also may benefit in those parts
of the country in which the number of small and
part-time farms is increasing. This phenome-
non results in an increase in population in many
rural areas and an increase in total income and
spending in some of these areas. The increase
in small farms may sustain additional retail es-
tablishments than would otherwise be the case,
since purchases by small farmers may tend to
be more from local sources than those by larger
farmers. The operators of these farms in many
cases subsidize their own production from off-
farm income.

A wide range of diversity is evident in the
character, agricultural structure, patterns of
change, and patterns of impact on rural com-
munities in the five different regions of the
United States studied for this report:

1. the CATF (California, Arizona, Texas, and
Florida) region;

2. the South;
3. the Northeast;
4. the Midwest; and
5. the Great Plains and the West.

A clear picture of adverse relationships be-
tween agricultural structure and the welfare of
rural communities is evident in the industrial-
agricultural counties of the CATF region. Large-
scale and very large-scale industrialized agri-
culture in these communities is strongly asso-
ciated with high rates of poverty, substandard
housing, and exploitative labor practices in the
rural communities that provide hired labor for
these farms. Very large-scale agriculture has
been a strong source of employment in the CATF
region for many years, although at very low
wage rates. Emerging technologies may reduce
the labor requirements throughout much of the
CATF region by 2000. Increased unemployment
will greatly increase the strain on these com-

munities. A potential exists for the CATF re-
gion to increase its share of national agricultural
production, which would mitigate the trend
toward increasing unemployment. However, in-
creased agricultural production in this region
will tend to be constrained by the cost of irriga-
tion water and the need to control environ-
mental impacts.

The coastal zone of the South also has a sub-
stantial potential for structural change similar
to that of the CATF region. Topography and cli-
mate favor large-scale, labor-intensive produc-
tion of fruits, vegetables, and dairy products.
The area also has a segmented, relatively un-
skilled labor force that could provide a source
of low-cost labor similar to that of the CATF
region. It is difficult to generalize about the rest
of the South, owing to the diversity of agricul-
tural structure and production. Evidence exists
of a relatively strong association between rates
of unemployment and agricultural structure.
Unemployment rates tend to be lowest in coun-
ties with a predominance of moderate farms.

In the Northeast, dairy products are the single
most important agricultural commodity group.
Because dairy farms are likely to experience
widespread failure as a consequence of the com-
bination of technological change and public pol-
icies, the structure of agriculture in the North-
east is likely to change substantially during the
next 10 to 15 years. However, rural communi-
ties in the Northeast have a low overall depen-
dence on income from agriculture. Most pro-
ductive agricultural counties in the Northeast
are adjacent to metropolitan areas where greater
employment opportunities and services are
available. The most rural counties sometimes
are not the most agricultural. Therefore, rural
communities in the Northeast generally are not
likely to experience adverse consequences from
structural change, with the exception of a few
localities with especially high dependence on
dairy production.

No clear-cut evidence exists that rural com-
munities in the Midwest were adversely affected
by structural change during the 1970s. In gen-
eral, alternative sources of employment in the
manufacturing and service sectors were rela-
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tively prevalent and are expected to continue
to be relatively good in the Midwest. Indicators
of social welfare, in general, tended to improve
as farm structure moved from small and part-
time farms toward moderate to large farms dur-
ing the 1970s. However, there was a tendency
for population to decline in counties where the
share of part-ownership of farms increased. As
with the Northeast region, there is a reasonable
expectation that technological change in the
dairy industry will result in a mass exodus of
small to moderate dairy farms during the next
5 to 15 years. Rural communities in dairy coun-
ties may not be adversely affected because off-
farm employment is quite high in these coun-
ties. Those mixed agricultural counties on the
western edge of the Midwest that are relatively
dependent on agriculture are the most likely to
suffer adverse consequences from structural
change. If the percent of part-ownership in-
creases as agriculture becomes more concen-
trated, population, median income, and retail
sales may decline in these counties.

Strong potential exists for development of a
high concentration of agricultural production
in the Great Plains and the West, especially in
terms of farm size, if not gross sales per farm.
In turn, the number and percent of hired man-
agers in this region is likely to increase. Unlike
the South, there is a low potential for develop-
ment of an industrialized agriculture with large
numbers of hired field workers. The most likely
adverse impact will be the loss of population
and small retail firms in the region. In general,
fewer alternate employment options will be
likely in manufacturing and the service indus-
tries in this region than in the other regions of
the country.

This study shows clearly that policies de-
signed to prevent or ameliorate adverse impacts
and promote beneficial impacts need to be crafted
with consideration for regional structural/tech-
nological differences. Generalizing about the
impacts of changing agricultural technology
and structure on rural communities across re-
gions of the United States is difficult.

Impacts on Agricultural Research
and Extension

U.S. agriculture has been very successful to
an important extent because of technological
advances. However, agriculture’s adoption of bio-
technology and information technology raises
several questions about the impact of technical
advances on the performance of the research
and extension system and about how that per-
formance will ultimately affect the structure of
agriculture.

Public research in the past was the driving
force for agricultural production. Now, with the
private sector becoming more involved in cer-
tain aspects of applied research, the public sec-
tor is emphasizing increased basic research.
This situation leaves open the question of who
will do applied research in the public sector.
Although the public sector has allocated re-
sources to research in biotechnology and infor-
mation technology, extension has done little
to make information about these technologies
available to farmers. The extension service must
thus decide what its mission will be, for exten-
sion policy will determine how effective mod-
erate farm operators will be in gaining access
to new technology. Without such access mod-
erate-size farms will disappear even faster.

Consideration of specific changes in research
and extension policy may be justified. The fol-
lowing areas have been identified as meriting
consideration for policy changes:

●

●

The social contract on which the agricul-
tural research and extension system was cre-
ated needs reevaluation. This issue should
not be left for resolution by the courts. Spe-
cific guidelines must be developed that al-
low the system to compete while protect-
ing the public interest and investment in
the agricultural research and extension
functions. Both Congress and the U.S. De-
partment of Agriculture (USDA) should
have a voice in this type of policy devel-
opment.
Some experts believe that increased private
sector support for agricultural research sig-
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nals less need for public support. Even
though private sector support complements
public support, basic biotechnology and
information technology research is very
costly. A reduced role for public research
and extension would result in a slower rate
of technological progress and a lower level
of protection for the public. In addition, the
public has a strong interest in maintaining
an agricultural research component in each
State to serve the problem-solving needs of
that State’s agriculture.

● Many agricultural problems are local or re-
gional in scope. The applied nature of the
system, having an agricultural experiment
station and extension service in each State,
has provided a unique capacity to identify
and solve local or regional problems. Real-
ity suggests that only certain universities
have sufficient resources to compete for pri-
vate sector support in biotechnology and
information technology. The result is a con-
fluence of forces that is creating a dichot-
omy of “have” and “have not” universities.
There is, however, still an important role
for even the smallest, poorest funded land-
grant university. It plays an important part
in a national system designed to deal with
thousands of agro-ecosystems and to the
existence of a decentralized system with
nationwide capability. Because of these in-
equalities, there is concern that the tradi-
tional extension-research interaction and
feedback mechanisms could break down,
particularly in States that are not in a posi-
tion to command a major biotechnology
component.

● The role of extension is even more impor-
tant than it has been in the past. New, more
complex products require evaluation and
explanation. In States where experiment
stations have attracted substantial private
sector support, the product testing function
can be most objectively performed by exten-
sion. The recently passed 1985 farm bill
gives explicit authority for extension to en-
gage in applied research functions such as
product testing and evaluation.

● While most agricultural research is not in-

●

●

herently biased toward large-scale farms,
lags in adoption by small and moderate
farms have the effect of such a bias. Unless
special attention is given to technology gen-
eration and transfer to moderate farms, ma-
jor structural changes could result, leading
to the eventual demise of a decentralized
structure that includes moderate farms. To
the extent that preservation of these farms
is a policy objective, special funding for and
emphasis on the problems of technology
generation and the transfer of that technol-
ogy to moderate farms is warranted.
Although the agricultural research system
has received the benefits of increased fund-
ing from both private and public sources,
extension funding has not materially in-
creased. As a result, extension staff at the
county and specialist levels are being caught
up in a whirlwind of technological change.
The result is a need for the injection of sub-
stantial staff development funding into the
extension system.
Basic organizational issues must be ad-
dressed by the Extension Service. The prem-
ise on which extension was developed was
that of research scientists conveying the
knowledge of discoveries to the extension
specialist who, in turn, supplied informa-
tion to the county agent who then taught
the farmer. Over time, this concept has
gradually but persistently broken down as
agricultural technology has become more
complex and insufficient resources have
been devoted to staff development. Conse-
quently, more emphasis has been placed
on direct specialist-to-farmer education.
More specialists have been placed in the
field to be closer to their clientele, but at
the cost of less contact with research scien-
tists. As these changes have occurred, the
role of the county agent has become increas-
ingly unclear. Appreciation for and use of
county agents as educators and technology
transfer agents has declined. As a result of
these changes, a basic structural reevalua-
tion of the organization of the extension
function of the agricultural research sys-
tem is needed.
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IMPLICATIONS AND POLICY OPTIONS FOR AGRICULTURE

The Issue of Farm Structure
This study indicates that the process of struc-

tural change in agriculture has already begun.
Based on a continuation of current policies, past
trends, and future technological expectations,
the net result of this structural change could be
the development of a farm structure composed
of three agricultural classes:

1.

2.

The large-scale farm segment would be
composed of a relatively small number of
farms that produce the bulk of U.S. produc-
tion. By year 2000 there could be as few as
50,000 large-scale farms producing as much
as three-fourths of the agricultural produc-
tion. This large-scale farm segment would
be highly efficient in the performance of
production, marketing, financial, and busi-
ness management functions. Such farms
would be run by full-time, highly educated
business managers. Barring unforeseen
acts of nature, farm operators would be able
to predict their chances of making a profit
before planting or breeding.
The struggling moderate-size farm segment
would be trying to find a niche in the mar-
ket and survive in an industrialized agri-
cultural setting. The potential for the mod-
erate farm finding that niche is rapidly
becoming the center of the farm policy de-
bate. Traditionally highly productive, effi-
cient, moderate-size, full-time farms have
been the backbone of American agriculture.
It is still true that a moderate, technologi-
cally up-to-date, and well-managed farm
with good yields is highly resilient. One key
to the success of these farms clearly lies in
the management factor. But more often
than not, management has to be willing to
accept a relatively low return on invested
capital, time, and effort. With ever-increas-
ing educational requirements associated
with farming, there will likely be less will-
ingness by successful managers of moder-
ate farms to accept a lower return for their
services and for invested capital. Another
key to the survival of moderate farms lies
in access to state-of-the-art technologies at

competitive prices. Cooperatives tradition-
ally have performed that role. But cooper-
atives by and large are not conducting or
funding basic or applied research in bio-
technology and information technology.
Also, like their predominantly moderate-
size farmer members, cooperatives, too,
have encountered financial difficulty.

3. The small, predominantly part-time farm
segment tends to obtain most of its net in-
come from off-farm sources. However, this
segment is highly diverse. It includes
wealthy urban investors and professionals
who use agriculture primarily as a tax shel-
ter and/or country home. It also includes
would-be moderate farm operators who are
attempting to use off-farm income as a
means of entering agriculture on a full-time
basis. Finally, this segment includes a num-
ber of poor, essentially subsistence, farmers
who are vestiges of the war on poverty in
the 1960s. Such farmers remain a signifi-
cant social concern that must be dealt with
from a policy perspective, although tradi-
tional farm price and income policy hold
no hope for solving their problems.

Contemporary farm programs have fostered
this trend toward three farm-size classes. pay-
ments to farmers on a per-unit-of-production
basis concentrate most of the benefits in large
farms that produce most of the output. Large
farms have been in the best position to take
advantage of new technologies arising out of
the public sector agricultural research system.

Without substantial changes in the nature and
objectives of farm policy, the three classes of
farms will soon become two-the moderate-size
farm will largely be eliminated as a viable force
in American agriculture. In addition, the prob-
lems of the small subsistence farm will continue
to fester as an unaddressed social concern.

This section sets forth the policy changes that
would be required if it were decided by Con-
gress that overt steps should be taken to foster
a diverse, decentralized structure of farming
where all sizes of farms had an opportunity to
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compete and survive in a time of rapidly chang-
ing technology. The objective of giving every
farm the opportunity to compete and survive
does not imply an unchanging and stagnant
farm structure. It does imply a political and so-
cial sensitivity y both to the impact of current farm
programs on farm structure and to the differ-
ent needs of large, moderate, and small farms
for Government assistance. It can be expected
that regardless of what Government does fewer
commercial farms will exist in year 2000. How-
ever, Government can do much to ease the pain
of adjustment.

Required Policy Adjustments

Substantive changes in policy direction are
needed to address the structure issue. Specifi-
cally, separate policies and programs must be
pursued with respect to each of the three farm
segments—large farms, moderate farms, and
small farms. The choice of any one set of pol-
icies to the exclusion of the other policy sets
would imply that Congress desired to selectively
enhance the status of one farm segment.

Policy for all farmers implies two basic pol-
icy

●

●

goals:

All farmers need to operate in a relatively
stable economic environment where they
have an opportunity to sell what they
produce.
All farmers need a base of public research
and extension support whereby they can
maintain their competitiveness in the mar-
kets in which they deal.

The needs of large farms can be met by ad-
dressing just these goals. The needs of moder-
ate and small farms are more complex, how-
ever. Policy to address the needs of moderate
and small farms must include the elements of
large farm policy as well as additional elements,

Policy for Large Commercial Farms

A basic conclusion of this study is that large-
scale farmers do not need direct Government
payments and/or subsidies to compete and sur-
vive. However, this does not preclude the need
for a commercial farm policy.

The criteria for determining what constitutes
a large-scale farm is important but also some-
what arbitrary. The dividing line developed
from this study is about $250,000 in sales for
a crop or dairy farm unit under single owner-
ship or control. This level of sales is generally
required to achieve most of the economies of
size found to exist in agricultural production.6

Over time, this optimum size has had, and will
continue to have, a tendency to increase. As this
occurs, the farm size criteria for limiting pro-
gram benefits would likewise have to increase.

Creating a Stable Economic Environment.—
The policy goal of creating a relatively stable
economic environment where farmers have an
opportunity to sell what they Produce implies
the following major farm program initiatives:

●

●

●

●

Direct Government payments to all farms
having over $250,000 in sales would be
eliminated. This implies the elimination of
the target-price concept for this sales class.
Elimination of payments to those farms
would significantly reduce Government ex-
penditures in agriculture.
The nonrecourse loan would be converted
to a recourse loan. The nonrecourse fea-
ture has resulted in the accumulation of
large Government commodity stocks. The
recourse feature would provide a continu-
ing base of support for the orderly market-
ing of farm products.
Aside from the recourse price support loan,
Government credit to farms having over
$250,000 in sales would not be available.
An expanded international development
assistance program would be established.
Such a program would have to include an
optimum balance of commodity aid and
economic development aid. Its primary
objective would be to help developing coun-
tries improve economic growth, thus be-
coming better future customers of Amer-
ican agriculture.
A balanced macroeconomic policy that
facilitates growth of export markets and

8The $250,000 figure is based on census data and the economies
of size analysis discussed previously.



22 . Technology, Public Policy, and the Changing Structure of American Agriculture

maintains a relatively low real rate of in-
terest would have to be maintained.

Maintaining Technological Competitiveness.
—The technological competitiveness of Amer-
ican farmers would be aided by continuing a
policy that encourages public and private in-
vestment in agricultural research. The major
thrust of the research and extension programs
as they affect larger scale commercial farms
would be as follows:

●

●

●

The trend toward increased public sector
emphasis on basic research would be con-
tinued. Increased reliance would be placed
on the private sector for applied research
in the development of new products.
Even though public sector research would
be aimed more toward basic research, an im-
portant problem-solving component would
be maintained to adopt new technologies
to various agro-ecosystems and to maintain
newly achieved productivity from the evo-
lution of pests and disease, decline in soil
fertility, and other factors.
Extension’s role in direct education of,
or consultation with, large-scale farmers
would be deemphasized. Private consul-
tants could play an increased role in tech-
nology transfer to the large-scale farm
segment.

Policy for Moderate-Size Farms

Policy for moderate farms includes the afore-
mentioned options as well as additional options
tailored specifically to the needs of moderate
farms. OTA finds, for example, that moderate
farms having $100,000 to $250,000 in gross sales
face major problems of competing and surviv-
ing in the biotechnology and information tech-
nology era. Some moderate farms will survive
and some will not. This latter group should be
assisted in their move to other occupations.

Policy for moderate farms requires the same
stable economic environment and base of sup-
port for agricultural research and extension as
for large farms. But, in addition, the following
specific policy goals for moderate farms can be
specified:

• The risk of moderate farmers operating in
an open market environment would be
reduced.

● New technologies that have the potential for
adoption would be available to moderate
farmers.

● Opportunities for employment outside agri-
culture would be created for those farmers
who are unable to compete.

Diligent enforcement would be needed to as-
sure that the benefits of programs established
to favor moderate farms are limited to those
farmers for whom they are intended.

Reducing Risks to Moderate-Size Farms.-The
most difficult obstacle to survival facing the
moderate farm is that of managing risk. Three
options, that are not necessarily mutually ex-
clusive, could reduce the risks confronting mod-
erate farms.

1.

2.

3.

Income protection could be provided through
either a continuation of the current target-
price concept for moderate farms only or
through a device known as the marketing
loan. Like the current nonrecourse loan, the
marketing loan is a loan from the Govern-
ment on commodities in storage. If the com-
modity is sold for less than the loan value,
the farmer pays back only those receipts
to the Government in full payment of the
loan. The marketing loan, in essence, be-
comes a guaranteed price to the producer.
The level of the marketing loan should be
no greater than the average cost of produc-
tion for moderate farmers.
The nonrecourse loan concept could be
continued for moderate farms. However,
the nonrecourse loan level should not be
set any higher than the recourse loan sug-
gested previously for large farms, or else
the Government could end up acquiring
most of the production from moderate
farms.
Sharply increased assistance could be pro-
vided by the public sector to reduce the risk
to moderate farms. Such assistance could
be in the form of educational programs for
example, on risk management, futures mar-
kets, contracting, and cooperative mar-
keting.
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Technology Availability and Transfer to Mod-
erate-size Farms.—OTA finds that agricultural
research, as a general rule, is not inherently bi-
ased against moderate farms. Rather, moder-
ate farms may be seriously disadvantaged ei-
ther by lags in adoption or by lack of access to
competitive markets for the products produced
by new technology. The following initiatives
could help curtail such problems of technology
availability and transfer.

● Extension’s evaluation of the increasing
number of new products entering the mar-
ket would be intensified. This increased ef-
fort would play the dual role of: 1) provid-
ing a check on the efficacy and efficiency
of new products in biotechnology and in-
formation technology, and 2) eliminating
the costs associated with individual farmer
experimentation with those new products.

● Extension technology transfer services
would be aimed specifically at moderate-
size farms. The primary goal of such pro-
grams would be to ensure the same sched-
ule of adoption of technologies for
moderate-size as well as large farms.

• The development of cooperatives that em-
phasize technology supply and transfer
services to moderate farms would have to
be undertaken.

● Ample credit would have to be made avail-
able to moderate-size farms that have the
potential to survive and grow. Government
credit in concert with cooperative credit
could be aimed specifically toward filling
the needs of moderate-size farms. Empha-
sis should be placed on credit required to
keep moderate farms technologically up-
to-date.

Transition Policy to Other Agricultural En-
terprises or Nonfarm Employment.—Regardless
of the effectiveness of the initiatives discussed
above, an accelerated need exists to assist farm
families to either move to other agricultural en-
terprises or out of agriculture into other occu-
pations. The need arises, therefore, for specific
public action to facilitate the farmer’s transi-
tion from the current farm operation into gain-
ful, productive employment elsewhere, Specific
initiatives to ease this process include the fol-
lowing:

●

●

●

●

New opportunities for employment of dis-
placed farmers need to be explored and de-
veloped within agriculture as the industry
continues to evolve.
To facilitate the transition to nonfarm jobs,
special skills training programs aimed at
those areas where significant employment
opportunities exist must be considered.
Jobs in rapidly growing service, health care,
or care-for-the-aged industries provide con-
temporary examples.
Financial assistance, similar to the famous
G.I. bill, might be established to assist dis-
placed farmers or rural residents during the
period of transition while skills training is
being received.
In areas of severe financial stress, assis-
tance may be provided in the form of Gov-
ernment purchase of land or production
rights from displaced farmers at its “long-
term fair market value. ” The returns from
the land could be used by the displaced
farmer for relocation and retraining. The
Government could retain the land in con-
servation reserve status until it is needed
for future production,

Policy for Small/Part-Time Farms

Policy for small/part-time farms includes sev-
eral elements in addition to those mentioned
under large farm policy.

With few exceptions, small farms, those hav-
ing less than $100,000 in sales, are not viable
economic entities in the mainstream of commer-
cial agriculture—nor can they be made so, How-
ever, even a small increase in their farm income
could have a significant multiplier effect on the
local economy because of the large number of
small farms. These farms survive because their
operators have substantial outside income (part-
time farmers), or because they have found them-
selves a niche in marketing a unique product
with special services attached (often direct to
consumers), and/or because they are willing to
accept a very low return on resources contrib-
uted to the farming operation.

For the small farmers who have substantial
outside income or who have found a niche in
the market, Government’s role would be severe-
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ly restricted. They are as much able to take care
of themselves as owners of large farms.

However, small subsistence farmers who have
limited resources, and often limited revealed
abilities, represent a genuine problem for which
public concern is warranted—these indeed are
the rural people left behind. Price and income
support programs have done and can do little
to solve their problems. These impoverished in-
dividuals are a social and economic problem.
The following suggestions are made for deal-
ing

●

●

●

●

●

with the problems of subsistence farmers:

Initiate a special study to identify those in-
dividuals and their specific statuses and
needs. Develop social programs to meet
those needs.
USDA and the land-grant university bear
a special burden of responsibility y for serv-
ing the needs of these subsistence farmers.
This responsibility has not generally been
realized and, therefore has not been ful-
filled. In the South, this responsibility falls
particularly heavily on the 1890 land-grant
universities in concert with the statewide
extension education programs and the 1862
land-grant universities. In the North, the
responsibility for serving the agricultural
educational and research needs of subsis-
tence farmers falls exclusively on the 1862
land-grant universities.
USDA and these land-grant universities
could be directed to develop jointly a plan
for serving the agricultural research and
educational needs of these farmers. Such
a plan could include the delivery of farm-
ing, credit, and marketing systems designed
to maximize the small farm’s agricultural
production and earning capacity.
Specific farming systems must be devel-
oped to serve specifically the needs of small
subsistence farms. Such systems should, to
the extent practicable, encompass the use
of new technologies.
Credit delivery systems for small subsis-
tence farmers could be developed specifi-
cally by USDA through the Farmers Home
Administration. Such systems should con-
sider the unique capital and cash flow-lim-
iting factors associated with subsistence

●

farmers who are often not in a position to
take advantage of other farm programs such
as price and income supports.
Marketing programs geared to subsistence
agriculture-are essential for providing hope
for this farm segment. The difficulty lies
in the inability of these farmers to obtain
access to the mass markets through which
most agricultural production moves.

Policy for Rural C o m m u n i t i e s

The impact of adjustment in agriculture to
changing technology will by no means be lim-
ited to the farm sector. Rural communities will
beat least equally affected by increasing farm
size, integration, and moderate farm displace-
ment. Although, these effects will be felt initially
by implement dealers, farm supply and market-
ing firms, or bankers, the reverberations will
extend throughout the community in terms
of employment levels, tax receipts, and required
services. Rural communities should assess these
impacts and prepare to make needed adjust-
ments. To ease the pain of adjustment the fol-
lowing actions are suggested:

●

●

●

●

Comprehensive programs for community
redevelopment and change need to be ini-
tiated throughout rural America. Such de-
velopment plans should be fostered and
facilitated by Federal and State government
agencies.
Increased employment opportunities in ru-
ral areas could be fostered by aggressively
attracting new business activities in rural
communities. Particular emphasis would
be placed on attracting those businesses
that develop technologies and serve the
needs of high-technology agriculture in ru-
ral areas.
Rural communities could be assisted in de-
veloping and modernizing the infrastruc-
ture needed to be a socially and economi-
cally attractive place to live. Some rural
communities can serve as an attractive re-
tirement residence for an aging population.
But this would require that a higher level
of social services be developed.
Rural communities need to play a vital role
in skills training for displaced farmers and
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rural community employees. School and
university outreach programs could be
modified to serve this important role.

Policy for Technology and
Environmental Resource Adjustment

One of the major reasons that American agri-
culture has been so productive is because tech-
nological change has been fostered by the pub-
lic sector and nurtured by a profit-seeking
private sector. As a result, American consumers
have enjoyed a plentiful supply of low-cost food
and natural fiber. In addition, agricultural ex-
ports have made a major contribution to the
overall development of export markets, to the
benefit of the general economy. Biotechnology
and information technology promise to offer
more of the same, with the added bonus of less
chemicals used in the production of food—
whether for the control of pests, disease, and
weeds, or for the production of commercial fer-
tilizer.

Maintaining the productivity and competi-
tiveness of U.S. agriculture in the public inter-
est requires a balance between public and pri-
vate sector support for technological change.
Yet it would be wrong to imply that there are
no risks. The conferring of property rights on
discoveries of the agricultural research system
has shifted the agricultural research balance be-
tween the public and private sectors toward the
private sector. While the effects of this shift ap-
pear to be positive, concerns exist that a sub-
stantial portion of the benefits of even public
research could be captured by private firm in-

terests. Distribution of these benefits maybe so
unequally distributed that competitive perform-
ance is impaired. In addition, no scientifically
acceptable methodology exists for weighing the
risks or hazards of biotechnology research. To
deal with such issues, the following policy sug-
gestions are made:

Steps should be taken to secure the public
interest on which the USDA and land-grant
university agricultural research system has
been based. Assurance must be provided
that the benefits of publicly supported re-
search and extension are not captured in
the form of excess profits by the private sec-
tor based on research property rights and
increased private sector funding of public
research. The effect would be to stifle the
process of discovery and the dissemination
of new knowledge.
Major investments must be made to foster
the development of human capital that is
in a position to cope with the process of
rapidly changing agricultural technology.
This need extends from the training and de-
velopment of the most basic biological re-
search scientists, through the extension spe-
cialist and county agent, to the farmer who
adopts the new technology and the banker
who supplies the loan for its purchase.
Little is known about the adverse impacts
of potential biotechnology developments
on the ecosystem. These risks must be care-
fully assessed, monitored, and where nec-
essary, regulated. Care must be taken, how-
ever, not to overregulate and thereby stifle
the potential competitiveness and produc-
tivity of U.S. agriculture.

SUMMARY CONCLUSIONS

The biotechnology and information technol- tential adjustment problems in the agricultural
ogy revolution in agricultural production has sector and in rural communities. Those costs
the potential for creating a larger, safer, less ex- can be minimized by careful analysis, planning,
pensive, more stable, and more nutritious food and implementation, This study is only the first
supply. Yet it will exact substantial costs in po- step in that direction,
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Chapter 2

Emerging Technologies for Agriculture

American agriculture is on the threshold of
the biotechnology and information technology
era. Like the eras that preceded it—the mechan-
ical era of 1930-50 and the chemical era of 1950-
70—this era will bring technologies that can sig-
nificantly increase agricultural yields.

The immediate impacts of the biotechnologies
will be felt first in animal production. Through
embryo transfers, gene insertion, growth hor-
mones, and other genetic engineering tech-
niques, dairy cows will produce more milk per
cow; cattle, swine, sheep, and poultry will pro-
duce more meat per pound of feed. Impacts in
plant production will take longer to occur,
almost the remainder of the century. By that
time, however, technical advances will allow
major crops to be altered genetically for disease
and insect resistance, higher production of pro-
tein, and self-production of fertilizer and her-
bicide. Until then, crop yields will increase
through the use of traditional technologies, but
at less than past rates.

Both plant production and animal production
will benefit from advances in information tech-
nology. Computers, telecommunications, mon-
itoring and control technology, and informa-
tion management will be widely used on farms
to increase management efficiency.

Some of these new technologies will emerge
unexpectedly; however, most will undergo a
long process of development, from initiation of
ideas to commercial introduction. Since the

development of a new technology takes years,
often decades, it is often possible to forecast fu-
ture technologies while they are still in the lab-
oratory. One method is to obtain collective judg-
ments from experts who have direct access to
the latest available information, a method OTA
chose. OTA collected information from three
rounds of a mailed survey to about 300 leading
public and private scientists and research ad-
ministrators who had broad, cross-cutting per-
spectives about future technologies (Lu, 1983).
Based on these surveys and on subsequent inter-
views with scientists in various disciplines
around the country, OTA thus identified the 28
areas of emerging technologies that are likely
(with at least a 50-50 chance) to emerge before
2000 and to have major impacts on the agricul-
tural sector. Many of the technologies examined
for this study, such as growth hormones, mon-
oclonal antibodies, superovulation, and embryo
transfers, are already in the marketplace, while
others are still in the laboratory and will not be-
come available for commercial introduction un-
til 2000.

This chapter presents an overview of the ma-
jor advances in biotechnology and information
technology and then describes in more detail
the 28 areas of technologies that were assessed
for this study. It should be noted that some of
the emerging technologies assessed will be in
neither the biotechnology nor information tech-
nology categories.

● OT8CHNOLOOY

Biotechnology, broadly defined, includes any the processes of living things. Such knowledge
technique that uses living organisms to make and skills will give scientists much greater con-
or modify products, to improve plants or ani- trol over biological systems, leading to signifi-
mals, or to develop micro-organisms for specific cant improvements in the production of plants
uses. It focuses on two powerful molecular ge- and animals.
netic techniques, recombinant deoxyribonu-
cleic acid (rDNA) and cell fusion technologies. Animal Agriculture
With these techniques scientists can visualize
the gene—to isolate, clone, and study the struc- One of the major thrusts of biotechnology in
ture of the gene and the gene’s relationships to animal agriculture is the mass production in

31
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micro-organisms of proteinaceous pharmaceu-
ticals, l including a number of hormones, en-
zymes, activating factors, amino acids, and feed
supplements (Bachrach, 1985). Previously ob-
tained only from animal and human organs,
these biological either were unavailable in prac-
tical amounts or were in short supply and costly.
Some of these biological can be used for the
detection, prevention, and treatment of infec-
tious and genetic diseases; some can be used
to increase production efficiency.

Another technique, embryo transfer in cows,
involves artificially inseminating a superovu-
lated donor animal2 and removing the result-
ing embryos nonsurgically for implantation in
and carrying to term by surrogate mothers. Prior
to implantation, the embryos can be treated in
a number of ways. They can be sexed, split (gen-
erally to make twins), fused with embryos of

‘Pharmaceuticals that are proteins.
‘An animal that has been injected with a hormone to stimulate

the production of more than the normal number of eggs per ovu-
lation,

other animal species (to make chimeric animals
or to permit the heterologous species to carry
the embryo to term), or frozen in liquid nitrogen.

These and other genetic engineering tech-
niques are explained more fully under “Animal
Genetic Engineering,” later in this chapter.

Plant Agriculture

The application of biotechnologies in plant
agriculture could modify crops so that they
would make more nutritious protein, resist in-
sects and disease, grow in harsh environments,
and provide their own nitrogen fertilizer. While
the immediate impacts of biotechnology will be
greater for animal agriculture, the long-term
impacts may be substantially greater for plant
agriculture. The potential applications of bio-
technology on plant agriculture include micro-
bial inocula, plant propagation, and genetic
modification (Fraley, 1985). All are explained
later in this chapter under “Plant Genetic Engi-
neering. ”

INFORMATION TECHNOLOGY

Agricultural information technologies can be
classified as: 1) communication and informa-
tion management, 2) monitoring and control
technologies, or 3) telecommunications. The
relationships of these classifications are shown
in figure 2-1.

Communication and information manage-
ment consists of onfarm digital communication
systems, known generically as local area net-
works (LANs), combined with the microcom-
puter-based information processing technol-
ogies used by the farm operator as the central
information processing and management sys-
tem. This central computer system may include
remote terminals with keyboards, display
screens, and printers used for onsite data entry
and readout by the farm operator. The computer
terminals are indicated on figure 2-1 by the small
boxes labeled “T.”

Monitoring and control technologies auto-
matically monitor and control certain aspects
of a wide variety of production processes. These

technologies, generally considered to be sub-
systems, are located at the site of production
activities, such as livestock confinement sys-
tems, storage facilities, and irrigation pumping
and control stations, and on mobile equipment
such as tractors and combines. Monitoring and
control systems can function autonomously, al-
though they are increasingly being connected
to the central onfarm information processing
system through fixed links and low-power ra-
dio links to the onfarm LAN. The LAN connec-
tions between the central information manage-
ment system and the onsite monitoring and
control technologies are indicated by the boxes
on figure 2-1 labeled “N,” for network node. Sev-
eral different kinds of local configurations of
the LAN and the components of the onfarm
computer system are possible. The arrangement
shown here is just one of many possibilities.

Telecommunication technologies comprise
the hardware and software that connect the on-
farm systems with the rest of the world so that



Ch. 2—Emerging Technologies for Agriculture ● 3 3

the farmer can communicate with people and Three types of telecommunication technologies
with computer systems in other firms and in- are shown on figure 2-1: satellite ground sta-
stitutions. Telecommunication systems may tions, low-power radio links, and telephone
combine both voice and data communications. lines. -

Figure 2-1 .—General Configuration of Information Technologies in Production Agriculture
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SURVEY OF EMERGING TECHNOLOGIES

The 28 areas of technologies are shown in ta- Animal Genetic Engineering
ble 2-1. OTA commissioned papers by leading
scientists in each of these technological areas.
A summary of each paper is presented in this
section. 3

3The papers prepared by those scientists are referenced at the
end of this chapter and are available in Technology, Public  Pol-
icy, and the Changing Structure of American Agriculture, VoI-
ume 11—Z3ackground  Papers through the National Technical In-
formation Service, U.S. Department of Commerce.

Genetic engineering includes a number of pro-
cedures by which genes can be manipulated for
improving the health and productivity of plants,
animals, and humans (Bachrach, 1985). Three
important genetic engineering procedures are:
1) recombinant DNA (rDNA) techniques, also
called gene splicing; 2) monoclinal antibody
production; and 3) embryo transfer.

Recombinant DNA Techniques

Because of its power to alter life forms, rDNA
technology is considered to be one of the great-
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Table 2-1.—Emerging Agricultural Production Technology Areas

Animal Plant, soil, and water

Animal genetic engineering Plant genetic engineering
Animal reproduction Enhancement of photosynthetic efficiency
Regulation of growth and development Plant growth regulators
Animal nutrition Plant disease and nematode control
Disease control Management of insects and mites
Pest control Weed control
Environment of animal behavior Biological nitrogen fixation
Crop residues and animal wastes use Chemical fertilizers
Monitoring and control in animals Water and soil-water-plant relations
Communication and information management Soil erosion, productivity, and tillage
Telecommunications a Multiple cropping
Labor savinga Organic farming

Monitoring and control in plants
Engine and fuels
Land management
Crop separation, cleaning, and processing

aThese technologies also apply to plant, SoiI, and water

SOURCE: Office of Technology Assessment.

est achievements of biological science. Through
this technology DNA fragments from two differ-
ent species can be fused together to form new
units called recombinant plasmids (figure z-2).
Such rDNA molecules might contain, for ex-
ample, a gene from human insulin fused with
DNA that regulates the reproduction of bacte-
ria. When such molecules are inserted into bac-
teria, they instruct that bacteria to manufacture
human insulin. Molecules of rDNA can now be
inserted into a variety of bacteria, yeasts, and

animal cells, where they replicate and produce
many useful proteins, such as insulin, growth
hormones, prolactin, prolaxin, enzymes, toxins,
blood proteins, subunit protein vaccines, im-
munity enhancers (such as interferon and inter-
leukins), and nutrients like amino acids and
single-cell protein feed supplements. Recombi-
nant DNA technology also produces DNA se-
quences for use as probes in detecting bacterial
poisoning of foods and for diagnosing and treat-
ing infectious and genetic diseases.

Figure 2=2.—Recombinant DNA Procedure
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One of the applications of the new pharma-
ceuticals is the manufacture of growth hor-
mones that can be injected into animals to in-
crease production efficiency. Monsanto, Eli
Lilly, and other firms are developing genetically
engineered bovine growth hormone (bGH) to
stimulate lactation in cows. This hormone,
produced naturally by a cow’s pituitary gland,
was synthesized by Genentech for Monsanto.
It has been reported that daily injections of bGH
into dairy cows at the rate of 44 milligrams per
cow per day have resulted in an increase of 10
to 40 percent in milk yield. The response to in-
jections is rapid (2 to 3 days) and persists as long
as treatment is continued (Kalter, et al., 1984).
More recently, it was reported that the bGH
treatments have increased milk yield 25 to 30
percent in the laboratory and could increase
milk yield 20 percent on the farm (Kalter, 1985).
The new hormone now awaits approval by the
U.S. Food and Drug Administration and is ex-
pected to be introduced commercially in 1988
(Bachrach, 1985; Hansel, 1985; Chem. and Eng.
News, 1984).

Another new technique arising from the con-
vergence of gene and embryo manipulations
promises to permit genes for new traits to be
inserted into the reproductive cells of livestock
and poultry, opening a new world of improve-
ment in animal health and production effi-
ciency. Unlike the genetically engineered
growth hormone, which increases an animal’s
milk production or body weight but does not
affect future generations, this technique will al-
low future animals to be permanently endowed
with traits of other animals and humans, and
probably also of plants. In this technique, genes
for a desired trait, such as disease resistance
and growth, are injected directly into either of
the two pronuclei of a fertilized ovum (egg).
Upon fusion of the pronuclei, the guest genes
become a part of all of the cells of the develop-
ing animal, and the traits they determine are
transmitted to succeeding generations.

In 1983, scientists at the University of Penn-
sylvania and University of Washington success-
fully inserted a human growth hormone gene,
a gene that produces growth hormone in human
beings, into the embryo of a mouse to produce

a supermouse that was more than twice the size
of a normal mouse (Palmiter, et al., 1983). In
another experiment, scientists at Ohio Univer-
sity inserted rabbit genes into the embryos of
mice. The genetically engineered mice were 2.5
times larger than normal mice (Wagner, 1985).

Encouraged by the success of the supermouse
experiments, U.S. Department of Agriculture
(USDA) scientists at the Beltsville Agricultural
Research Center and the University of Penn-
sylvania are conducting experiments to produce
better sheep and pigs by injecting the human
growth hormone gene into the reproductive
cells of sheep and pigs (Hammer, 1985). USDA
scientists provide scientists at the University
of Pennsylvania with fertilized embryos from
sheep and pigs at their Beltsville farms. After
being injected with the human growth hormone
genes, the embryos are returned to Beltsville for
insertion into surrogate mothers.

The experiments of crossing the genetic ma-
terials of different species in general and of
using the human growth hormone in particu-
lar have prompted lawsuits from two scientific
watchdog groups: the Foundation of Economic
Trends and the Humane Society of the United
States. Both groups charge that such experi-
ments are a violation of “the moral and ethical
canons of civilization, ” and have sought to halt
the experiments. The researchers argued that
they are continuing the experiments cautiously
and countered that the potential scientific and
practical benefits far outweigh the theoretical
problems raised by the critics. While the law-
suit is pending, the experiments are continuing.

Monoclonal Antibody Techniques

Antibodies are proteins produced by white
blood cells in response to the presence of a for-
eign substance in the body, such as viruses and
bacteria. Each antibody can bind to and inacti-
vate a cell of the foreign substance but will not
harm other kinds of cells. Until recently, the pri-
mary source of antibodies used for immuniza-
tion and other purposes was blood serum from
many animal species. However, such serum also
contains antibodies to hundreds of other sub-
stances, and each antibody type was limited in
quantity.
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To produce large quantities of a single anti-
body, scientists now use a technique called mon-
oclonal antibody production (figure 2-3). By fus-
ing a myeloma cell4 with a cell that produces
an antibody, scientists create a hybridoma,
which produces (theoretically in perpetuity)
large quantities of identical (i.e., monoclinal)
antibodies in a pure, highly concentrated form.
An array of monoclinal antibodies can now be
produced to fight major virus, bacteria, fungi,
and parasites and to diagnose the presence of
a specific agent in body fluid. The many impor-
tant uses of monoclinal antibodies in agricul-
ture include: the purification of proteins made
by rDNA; the passive immunization of calves
against scours; the detection of food poisoning;
substitutions for vaccines, antitoxins, and anti-
venoms; sexing of livestock embryos; post-coital
contraception and pregnancy testing; the imag-
ing, targeting, and killing of cancer cells; the
monitoring of levels of hormones and drugs; and
the prevention of rejection of organ transplants.

Embryo Transfer

Embryo transfer is used for the rapid upgrad-
ing of the quality and productive efficiency of
livestock, particularly cattle, In the process a
superovulated donor animal is artificially in-
seminated, and the resulting embryos are re-
moved nonsurgically for implantation in and
carrying to term by surrogate mothers (figure
2-4). Before implantation, the embryos can be
sexed with monoclinal antibody, split to make
twins, fused with embryos of other animal spe-
cies, or frozen in liquid nitrogen for storage until
the estrus of the surrogate mother is in syn-
chrony with that of the donor.

For gene insertions, the embryo must be in
the single-cell stage, having pronuclei that can
be injected with cloned foreign genes. The genes
likely to be inserted into cattle maybe those for
growth hormones, prolactins (lactation stimu-
lator), digestive enzymes, and interferon, col-
lectively providing both growth and enhanced
resistance to disease.

4Myelomas are cancerous, antibody-producing cells.

Figure 2-3.—Monocionai Antibody Production
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To produce monoclinal antibodies, spleen cells from a mouse im-
munized against a specific disease are fused with mouse tumor (mye-
Ioma) cells to create hybrid cells (hybridoma) that grow in culture. The
hybridoma cells are then screened for the production of antibodies.
Hybridomas that test positive are injected into a mouse, and the
mouse becomes a living factory for the production of antibodies
against the same disease. Other positive hybridomas are frozen for
future use.

SOURCE: U.S. Department of Agriculture, Agricultural Research Service.

While less than 1 percent of U.S. cattle are
involved in embryo transfers, the obvious ben-
efits will cause this percentage to increase rap-
idly, particularly as the costs of the procedure
decrease (Brotman, 1983). One company, Genetic
Engineering Inc., already markets frozen cat-
tle embryos domestically and abroad and pro-
vides an embryo sexing service for cattle breed-
ers (Genetic Engineering News, 1983).
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Figure 2-4.—Schematic Presentation of Cow Embryo Transfer Procedures
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Because of intense competition between hun-
dreds of firms in the United States and abroad,
a great many useful genetically engineered prod-
ucts and processes will be introduced during
the 1980s.

Animal Reproduction

The field of animal reproduction is undergo-
ing a scientific revolution that could scarcely
have been visualized a decade ago (Hansel,
1985). Indeed, if all of the technology now avail-
able were used, a new kind of animal breeding
system could be put into operation within 10
years.

By year 2000, artificial insemination maybe
replaced by a system best characterized as “arti-
ficial embryonation.” In this system highly
trained technicians will place embryos into the

uteri of groups of outstanding female animals
whose estrous cycles have been regulated by
artificial means, such as hormone injections,
ear implants, or intravaginal devices. The ova
from this “superovulation” will be culled sur-
gically or nonsurgically (by flushing) and then
fertilized in the laboratory by spermatozoa from
outstanding males. The fertilized ova can then
be cultured, frozen, and stored until needed.
Finally, the embryos will be placed in foster
mothers nonsurgically.

Ultimately, it maybe possible to sex the em-
bryos by separating the X- and Y-bearing sper-
matozoa or by identifying the male embryos by
immunological techniques so that recipient beef
cows will receive primarily male embryos and
dairy cows will receive primarily female em-
bryos. Techniques for reducing early embryonic
deaths, the major cause of infertility in all farm
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animals, are also likely to be developed within
this time frame.

Achieving these goals will entail the funding
of research in three major areas: 1) the develop-
ment of improved estrous cycle regulation
techniques; 2) the development of improved
techniques for superovulation and embryo col-
lection, storage, sexing, and transfer; and 3) the
development of methods for reducing embryo
mortality and improving fertility in all classes
of farm animals.

Vigorous pursuit of research in these areas
could result, by year 2000, in the marketing of
large numbers of genetically engineered em-
bryos containing genes that will improve fer-
tility and fecundity and will result in improved
rates of gain, improved carcass characteristics,
increased milk production, and increased re-
sistance to diseases in offspring. Despite recent
spectacular breakthroughs in introducing hu-
man genes into laboratory animals, a great deal
remains to be learned about the factors that con-
trol chromosomal integration of foreign DNA,
the retention of that DNA during embryonic de-
velopment, and ultimately the expression of
DNA, without disruption of the formation and
development of the embryo. These developments
will affect the major drug companies, genetic
engineering companies, equipment manufac-
turers, veterinarians, inseminators, and exten-
sion workers, as well as the Nation’s farmers.

The ultimate goal of this research is to increase
the efficiency of production so that fewer ani-
mals, and less input of labor will be needed to
produce the needed animal products.

Regulation of Livestock
Growth and Development

The rate and composition of growth is a criti-
cal factor in determining the cost of producing
livestock products (Allen, 1985). While much
is known about genetic and nutritional varia-
bles that influence animal growth, much less
is known about the hormonal, cellular, and
metabolic mechanisms that determine how and
at what rate nutrients are partitioned into the
growth of muscle, fat, bone, and the tissues of

major concern. An understanding of these fun-
damental mechanisms is needed to provide a
foundation for applying new technologies to the
development of products to improve the rate,
efficiency, and composition of animal growth.

The potential applications of genetic engi-
neering, cloning, and immunology for the im-
provement of growth in food-producing animals
are many. For example, recombinant DNA tech-
nology is responsible for providing sufficient
quantities of bovine and porcine growth hor-
mone so that scientists can now determine their
role, mode of action, and potential use when
administered to animals used for producing
meat and milk. In the future, this kind of re-
search may also lower the cost of beef produc-
tion by permitting small cows, which have lower
maintenance costs, to produce large market cat-
tle of desirable composition. It also seems likely
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that biotechnology will give rise to new prod-
ucts that can alter the inherent mechanisms of
muscle protein and adipose (fat) tissue accre-
tion so that the efficiency of meat production
will be improved by the conversion of more nu-
trients into lean meat and less nutrients into fat.
Such a development would be in keeping with
the consumer demand for lean, but highly palat-
able, meat at a reasonable cost, and with the
medical recommendations that the U.S. con-
sumer reduce the intake of calories from die-
tary fat.

Other opportunities for advances involve the
physical sciences. These include the need for
more rapid, accurate, and economical ways of
maintaining the identity of animals through the
time of slaughter, and for determining the com-
position of the living animal and its carcass. Im-
proved methods of identifying mammalian meat
animals would be a basis for a national record
system. This system would benefit producers,
packers, regulatory agencies, and consumers,
since it could provide information concerned
with marketing, carcass merit, disease, and resi-
due-monitoring programs.

A quick and accurate assessment of body com-
position not only would improve livestock pro-
duction data and marketing procedures, but
would be an example of new technology that
could also be used to address human concerns
about body weight and obesity. Current proce-
dures used for determining body composition
in livestock are too slow, inaccurate, or expen-
sive for adoption by the industry. As a result,
the real value differences between animals of
low and high carcass merit, as affected by fat
content, are normally not fully realized in the
market when animals are sold alive.

The implications of applying these kinds of
technologies for improving the production effi-
ciency, composition, and consumer cost of ani-
mal products are numerous. They include the
more efficient use of livestock feeds, possible
changes in crop production priorities, improved
composition of animal food products, improved
production practices from more complete ani-
mal records, and implications related to human
health. The application of these technologies

will depend on understanding the fundamental
principles or mechanisms involved in each ma-
jor research area.

Animal Nutrition

The U.S. food animal industry is immense.
Food animals provide 70 percent of the protein,
35 percent of the energy, 80 percent of the cal-
cium, 60 percent of the phosphorus, and signif-
icant proportions of the vitamins and mineral
elements in the average human diet in the United
States (Pond, 1985).

The future of this industry will depend not
only on profitability, but also on the industry’s
adoption of new technology and on the indus-
try’s response to consumer concerns about cost,
esthetics, convenience, and health. Areas of nu-
trition research that may result in major ad-
vances in animal food production and use in
the next 20 years include: 1) the relation of ani-
mal product consumption to human health, 2)
alimentary tract microbiology and digestive
physiology, 3) voluntary feed intake control, 4)
maternal nutrition and progeny development,
and 5) aquiculture.

Many consumers are concerned about the ef-
fect on human health of consuming animal food
products because of the amount and composi-
tion of fat in those products as well as the
amount of sodium, nitrates, and potentially
harmful bacteria or chemical residues. Studies
have suggested strong links between some of
these factors and human cancer, osteoporosis,
and cardiovascular disease. Research on-line
is addressing these concerns by applying nu-
tritional and genetic principles to the improve-
ment of animal food products. For example,
changes in animal fatty acid composition will
be possible by using “protective” feed additives
in specific animal diets. Changes in total ani-
mal fat content will probably occur through
energy restriction, nutrient partitioning, and
genetic selection. Sodium content of animal
products can be reduced at the processing stage.

The direct impact of advances in this area will
be animal food products that are safer for hu-
man health. The indirect impacts may be great-
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er, however: to produce such products, produc-
ers may have to switch to more pasture, forage,
and nonconventional feed resources. Such ad-
justments could change the total profile of agri-
culture.

Research into factors controlling voluntary
feed intake and nutrient partitioning will result
in the diversion of the use of nutrients from body
maintenance to lean tissue growth and other
productive functions. Such methods will save
feed and provide opportunities for alternative
uses of feed resources.

More complete knowledge of maternal nutri-
tion in relation to fetal survival and prenatal and
postnatal development may lead to significant
increases in the amount of edible product per
breeding unit. This outcome will be translated
into savings in labor and resource use.

Finally, aquiculture has emerged as an im-
portant new field of animal agriculture in the
United States. Research into specific nutrient
requirements for different species of fish dur-
ing all phases of the life cycle, and interactions
between nutritional requirements and water
environment, will provide new technology that
will make the industry more competitive in ani-
mal agriculture. Future growth of private aqua-
culture will provide an additional supply of edi-
ble fish and shellfish for consumption by the
U.S. population, whose per capita appetite for
animal products may be saturated.

Diseases of livestock are the greatest single
deterrent to the efficiency of animal production
(Osburn, 1985). Together, animal health-related
problems and the resulting inefficiencies in re-
production limit the productive capacity of live-
stock enterprises to 65 to 70 percent of their po-
tential. Although major epidemic diseases such
as foot-and-mouth disease and tuberculosis have
been eradicated or controlled, an estimated $17
billion or more annually is lost in production
because of a variety of infectious diseases, par-
asites, toxins, and metabolic disorders.

Some of these losses result from a lack of un-
derstanding of animal health problems, such as

reproductive inefficiency, neonatal death losses,
or mastitis. Other losses relate to the change in
structure of livestock enterprises to a system
that has both fewer farms and a greater concen-
tration of animals per farm. For example, dairy
operations of up to 5,000 milking cows, and
poultry operations of 100,000 or more birds, are
now relatively common. In these large produc-
tion units the introduction of an infectious dis-
ease can have devastating consequences.

The technologies that show the greatest prom-
ise for improving management schemes and
controlling disease are: 1) data management and
systems analysis, 2) rapid diagnostic tests, 3)
selection for disease-resistant strains of live-
stock, 4) genetic engineering of micro-orga-
nisms and embryos, and 5) immunobiology.

Computers and computer programs already
allow the farm manager to assess the well-being
of each animal in large production units. Data
on feed consumption, vaccination records, and
conception dates, for instance, can be stored
in the computer and retrieved quickly by the
manager or veterinarian. Such systems can be
coordinated with radiotransmitters used to
identify each animal. Within 5 to 10 years such
systems will be widely used by progressive ani-
mal producers.

Advances in biotechnology will include fur-
ther development of animal-side test kits for
rapid assessment of animal health. One of these
tests, the enzyme-linked immunosorbent assay,
can test for hormones (to determine pregnancy),
detect drug residues in milk or feed, and diag-
nose disease (through antibody detection). If
economical tests can be developed, their use will
be widespread and immediate (5 to 10 years).

For certain intractable health problems, like
parasites and mastitis, efforts are being made
to breed disease-resistant strains of livestock.
Advances in embryo transfer, gene insertion
into embryos, and amplification of gene prod-
ucts will increase the number of more desira-
ble offspring by year 2000.

Recombinant DNA technology is already be-
ing used to alter vaccines genetically so that
pathogens in the vaccines cannot replicate in
the inoculant and cause a mild infection that
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could spread to other animals. The development
of vaccines for several viral diseases, such as
bluetongue, should be possible in the next 15
years.

Finally, knowledge gained in the past two dec-
ades is being used to improve that system’s effi-
ciency. Ingredients (adjuvants) in vaccines are
being used to pace the release of antigens into
the body or to manipulate or favor certain im-
mune responses. In addition, monoclinal anti-
bodies are being used to detect and prevent dis-
ease. The major constraints to the use of these
technologies include: 1) funding of field studies,
2) commercialization of products by the biologi-
cal and pharmaceutical industries, and 3) cum-
bersome and expensive processes for assuring
quality. The benefits of controlling disease will
be a decrease in the cost of production for the
farm operator and a decrease in food cost for
the consumer.

Livestock Pest Control

Major insect pests cause losses to livestock
and poultry of more than $2.5 billion (Camp-
bell, 1985). Some insects, primarily the blood
feeders, are pests of all warm-blooded animals.
Others are host-specific, although related spe-
cies may prey on several classes of livestock.
Losses maybe direct, in terms of decreased live-
stock products; or indirect, in the form of insect-
transmitted disease, secondary infections, pre-
disposition to other diseases, irritation that
causes unthriftiness, and costs of insect control.

New technology, particularly for livestock in-
sects that are difficult to control, will be more
expensive and will have a lower cost-benefit ra-
tio than that of current technology. Progress in
new technology in the science of veterinary en-
tomology is relatively slow for the same reason
that adaptation of existing technology is slow—
there are few scientists (60) doing research. Sev-
eral technologies show promise for controlling
insect pests of livestock, however.

Although animal producers will continue to
use insecticides for the immediate future, prog-
ress is being made in such areas as habitat man-
agement (pasture rotation and brush control for
ticks); integrated pest management (biocontrol,

sanitation, and waste management for fly con-
trol at feedlots and dairies); and use of pest-
resistant breeds in cross-breeding programs (In-
dian crossed with European cattle).

For blood-feeding insects research is directed
at developing slow-release technology, whereby
a chemical ingredient is formulated into a ma-
trix that slowly erodes or vaporizes to release
insecticide. For example, insecticide boluses are
used in the stomach of animals, where they
slowly release insecticide that destroys manure-
developing fly larvae. Insecticide can also be
implanted in an animal’s body. Eartags impreg-
nated with a slow-release insecticide have been
very effective for horn fly control and have im-
proved face fly control in cattle. As the insecti-
cide vaporizes, it spreads over the haircoat of
the animal, destroying insects that rest or feed
on the animal. (However, horn fly resistance
to the pyrethroid insecticides used in eartags
has become widespread.) The newest of these
technologies are implants that directly release
insecticide into the bloodstream, destroying
blood-feeding insects. However, implants and
boluses will have a limited effect for migratory,
blood-feeding insects unless many producers
join the control effort.

Recombinant DNA technologies will be used
for the molecular cloning of desired antigens,
toxins, enzymes, or other biologically impor-
tant molecules for use as research tools or in
the development of vaccines for bluetongue,
anaplasmosis, and other diseases for which in-
sects are vectors. In addition, this technology
will enhance the study of molecular genetics
and metabolic control in Bacillus thuringien-
sis, a bacterium pathogenic to some insects.

Advances in genetics will allow scientists to
manipulate the reproductive capabilities of pest
species. These advances include the sterile in-
sect release method and chromosomal trans-
location, among others.

If technology already available were used on
a wider scale, livestock losses from insects could
be reduced by one-third ($700 million). This out-
come would entail at least a doubling of cur-
rent extension efforts in livestock entomology.
The new methodology discussed might reduce
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losses by another 15 to 25 percent, but at a lower
cost-benefit ratio.

Environment and AnimaI Behavior

The effects of environment on animal well-
being have become ever more important be-
cause of the trend toward production systems
that confine a large number of animals together
in a more artificial environment (Curtis, 1985).
Confinement simplifies the environment, reduc-
ing an animal’s opportunities to alter its sur-
roundings to advantage. While such intensive
systems increase production per unit of labor
input or space, they can be detrimental to ani-
mal function and performance.

The advent of intensive production systems
changed the relative importance of various envi-
ronmental factors as well as the strategies for
improving animal production through the appli-
cation of technology. New technologies likely
to emerge by 2000 as a result of current research
lie in the areas of energy conservation, optimi-
zation of total stress, stress-altered disease re-
sistance, and photoregulation of physiological
phenomena.

Feed and fuel—sources of energy—account
for much of the cost of animal production. Al-
though the trade-offs between feed and fuel have
been quantified for most species, the integra-
tion of additional research will result in further
energy savings. For example, environmental
temperature management schemes developed
in an era of cheaper fuel are too luxurious today.
Animal producers tend to maintain constant
environmental temperatures for their stock,
even though the animals evolved in the cycli-
cal thermal environment of nature. In one ex-
periment, when young pigs were allowed to reg-
ulate their own environmental temperatures,
they inserted a daily 200 F fluctuation of warm
afternoons and cool nights, resulting in un-
changed pig performance but a 50-percent reduc-
tion in fuel use during cold weather. Lowering
thermostat settings to parallel age-dependent
changes in thermal requirements has also been
found to save fuel. In some cases cooler sur-
roundings spur appetites, so performance ac-
tually increases. Cost-effective, low-mainte-

nance designs of heat exchangers and solar heat-
ing systems will affect further energy savings.

Either too much or too little environmental
stimulation can have deleterious effects on the
performance, health, and well-being of agricul-
tural animals. To optimize total stress, more
must be learned about how stress acts on and
is perceived by animals. Devices that animals
can use to regulate certain environmental fac-
tors are already being recommended to farmers.
Computerized sensing devices and control
equipment will make biofeedback-linked auto-
mation of environmental regulation a reality in
animal agriculture.

Researchers are also investigating how the
environment influences specific mechanisms
of immunity to disease. A variety of common
environmental stressors-temperature, crowd-
ing, mixing, weaning, limit-feeding, noise, and
movement restraint—are known to alter ani-
mals’ defenses against infectious agents. New
techniques in basic science, coupled with more
traditional neurobiological, endocrinological,
and immunological approaches, can yield abet-
ter understanding of how stressors influence
regulatory signals among lymphoid cell sub-
populations.

The regulation of light is of particular inter-
est in animal production. The advent of photo-
period management revolutionized the poultry
industry 40 years ago. Light is managed in poul-
try confinement operations so that it stimulates
poultry growth. In the last two decades the ef-
fects of photoperiod management have also
been characterized for sheep reproduction. Al-
though the results of similar studies on cattle
and swine have been less definitive, some re-
sults have been encouraging: under controlled
lighting, sows weaned heavier piglets, cows
yielded more milk, and lambs grew faster. Ex-
periments now in progress will produce infor-
mation immediately applicable to animal pro-
duction.

Crop Residues and Animal Wastes

Improved use of crop residues and animal
wastes represents a tremendous potential for
more efficient use of resources (Fischer, 1985).



Ch. 2—Emerging Technologies for Agriculture ● 4 3

Livestock on U.S. farms produce about 55 mil-
lion tons of recoverable manure. Approximately
363 million tons of crop residues are produced
annually in the United States. Several technol-
ogies and major lines of research and develop-
ment exist in this area: 1) energy from manure,
2) animal feed from manure, 3) chemicals from
crop residues, and 4) animal feeds from crop
residues.

The high volume of manure production that
occurs at many large feedlots and dairies is an
opportunity in disguise. Manure has value both
as a soil additive and as a source of energy for
heat and electricity. Traditionally, manure has
been either applied to the soil surface in an un-
processed form or disposed of in a sewage la-
goon. Application of manure to the soil surface
creates environmental problems in many areas
and results in a loss of up to 90 percent of the
useful nitrogen value of the manure. Technol-
ogy is available to inject the manure below the
soil surface, resulting in only a 5-percent loss
of nitrogen (Suttan, et al., 1975) 0

Large farms may benefit from installing an-
aerobic digesters to produce methane from ma-
nure, for use as a heating fuel or as a substitute
for propane in electric generators. The slurry
that remains after digestion contains most of
the original nutrient value and may be applied
to cropland as fertilizer. Injection of the slurry
is preferred, since most of the nitrogen after
digestion is in the form of ammonia.

In many farm operations, it is profitable to
process manure and use it as a source of non-
protein nitrogen and fiber in cattle and dairy
cow rations. Manure is a low-cost source of nu-
trients, and reusing it as feed reduces the vol-
ume of animal wastes that must be processed
or disposed of. If used for cattle feed, manure
must first be concentrated, then processed by
heat treatment or by ensiling.

Using crop residues as a source of chemical
feedstocks and animal feed involves some com-
plex trade-offs in most areas because crop resi-
dues are becoming widely valued for their abil-
ity to reduce soil erosion in combination with
conservation tillage practices. Even when crop

residues are completely tilled into the soil, they
have significant value in maintaining soil struc-
ture and nutrient content. However, useful
amounts of residues maybe removed from fields
in many parts of the United States where
cropland slopes are gentle and residue density
is high. The cost of transporting bulky crop
residues generally constrains the area over
which collection is economically feasible.

Several technologies under development have
promise in areas where residue collection is eco-
nomically feasible. Residues may be broken
down into their component parts by mechani-
cal, chemical, or biological processing, or a com-
bination of all three. The principal components
of crop residues are lignin, hemicellulose, and
cellulose. Lignin can be used to produce solvents
such as benzene, toluene, and xylene. Hemicel-
lulose is readily converted into furfural, which
is, in turn, a feedstock for the production of nu-
merous chemicals. Plastic films and fibers and
the simple sugar, glucose, can be produced from
cellulose. Production of these chemicals is likely
to require moderately large-scale technology
based on industrial processes and equipment.
Transportation costs reduce the likelihood that
crop residues will be used as feedstock for in-
dustrial processing. Some farms may adopt di-
rect combustion of crop residues for use as a
source of heat for grain drying.

In the near term, the most likely process for
conversion of crop residues is biological: rumi-
nant animals. Most crop residues can be fed
directly to ruminant animals as a source of
roughage. A substantial potential exists for de-
veloping technologies to increase the palatabil-
ity and digestibility of crop residues. Numer-
ous efforts have been made to develop simple
mechanical and chemical pretreatments, with
some success. The problem is difficult, owing
to the degree with which the digestible hemicel-
lulose and cellulose are bound to the nondigest-
ible lignin component in the residues of mature
cash grain crops. Additional research and de-
velopment leading to economic and effective
pretreatments would have substantial benefits
because the size of this resource is so large.
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Plant Genetic Engineering 

Biotechnology is not new to plant agriculture
(Fraley, 1985). Plant breeding, agrichemicals,
and microbial seed inocula have made major
contributions to the remarkable development
of American agriculture. Within the last dec-
ade, major advancements have been made in
the understanding of gene function and archi-
tecture, and powerful methods have been de-
veloped for identifying, isolating, and modify-
ing specific DNA segments.

The further application of biotechnologies in
plant agriculture could modify crops so that they
would make more nutritious protein, resist in-
sects and disease, grow in harsh environments,
and provide their own nitrogen fertilizer. While

Photo credit: US. Department of Agriculture, Agricultural Research Service

Plant geneticist is determining the structure of a soybean
DNA segment that resembles the movable genetic
elements first discovered in corn. Each band represents

a “letter” or nucleotide, in the genetic code.

the immediate impacts of biotechnology will be
greater for animal agriculture, the long-term im-
pacts may be substantially greater for plant
agriculture. The potential applications of bio-
technology on plant agriculture will include
microbial inocula, in vitro plant propagation
methods, and genetic modification.

Microbial Inocula

Research on plant-colonizing microbes has
led to a much clearer understanding of their role
in plant nutrition, growth stimulation, and dis-
ease prevention, and the possibility exists for
their modification and use as seed inocula. Rhi-
zobium seed inocula are already widely used
to improve nitrogen fixation by certain plants
(legumes). Extensive study of the structure and
regulation of the genes involved in bacterial ni-
trogen fixation will likely lead to the develop-
ment of more efficient inocula.

Two years ago, scientists at the University of
California, Berkeley, genetically engineered ice-
nucleation bacteria that inhibit frost formation
in potato plants. To form ice, there must be nu-
cleation sites around which the water molecules
can form the regular ice structure. In the eco-
sphere, this role is performed by specialized bac-
teria called Pseudomonas syringae, which con-
tain specific proteins that act as the nucleation
centers for the growth of ice crystals. B y coloniz-
ing plants in the manner of epiphytes,5 these
bacteria induce ice formation and thus cause
frost damage to plants as the temperature drops
below freezing (Feldberg, 1985).

Scientists constructed a new strain of bacte-
ria in which the nucleation protein is absent or
altered so that the bacteria can no longer play
the role of nucleation centers. Having success-
fully constructed a new strain of bacterium,
these researchers were ready to field test this
new organism to see if it would outcompete the
normal strains. If so, the new bacterium would
protect crops from frost damage, and millions
of dollars in lost crops would be saved. As the

Plants that derive their moisture and nutrients from the air
and rain and that usually grow on another plant. Spanish moss
is an epiphyte.
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novel bacteria were scheduled for release to the
field, a coalition of public interest groups filed
a lawsuit to postpone the field trials (see chap-
ter 10 for more detailed discussion about this
controversy).

Recently, Monsanto announced plans to field
test genetically engineered soil bacteria that pro-
duce naturally occurring insecticide capable of
protecting plant roots against soil-dwelling in-
sects (House Committee on Science and Tech-
nology, 1985). The company developed a genetic
engineering technique that inserts into soil bac-
teria a gene from a micro-organism known as
Bacillus thuringiensis, which has been regis-
tered as an insecticide for more than two dec-
ades. Plant seeds can be coated with these bac-
teria before planting. As the plants from these
buds grow, the bacteria remain in the soil near
the plant roots, generating insecticide that pro-
tects the plants.

Plant Propagation

Cell culture methods for regenerating intact
plants from single cells or tissue explants are
being used routinely for the propagation of sev-
eral vegetable, ornamental, and tree species
(Murashige, 1974; Vasil, et al., 1979). These
methods have been used to provide large num-
bers of genetically identical, disease-free plants
that often exhibit superior growth and more uni-
formity over plants conventionally seed-grown
(figure 2-5). Such technology holds promise for
important forest species whose long sexual cy-
cles reduce the impact of traditional breeding
approaches. Somatic embryos6 produced in
large quantities by cell culture methods can be
encapsulated to create artificial seeds that may
enhance propagation of certain crop species.

‘Embryos reproduced asexually from body cells.

Figure 2-5.-Plant Propagation— From Single Cells to Whole Plants
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Genetic Modification

Three major biotechnological approaches—
cell culture selection, plant breeding, and ge-
netic engineering—are likely to have a major
impact on the production of new plant varieties.
The targets of crop improvement via biotech-
nology manipulations are essentially the same
as those of traditional breeding approaches: in-
creased yield, improved qualitative traits, and
reduced labor and production costs. However,
the newer technology offers the potential to
accelerate the rate and type of improvements
beyond that possible by traditional breeding.

Of the various biotechnological methods that
are being used in crop improvement, plant ge-
netic engineering is the least established but the
most likely to have a major impact. Using gene
transfer techniques, it is possible to introduce
DNA from one living organism into another,

regardless of normal species and sexual barriers
(figure 2-6). For example, it has been possible
to introduce storage protein genes from French
bean plants into tobacco plants (Murai, et al.,
1983) and to introduce genes encoding photo-
synthetic proteins from pea plants into petunia
plants (Broglie, et al., 1984).

Transformation technology also allows the in-
troduction of DNA coding sequences from vir-
tually any source into plants, providing those
sequences are engineered with the appropriate
plant gene regulatory signals. Several bacterial
genes have now been modified and shown to
function in plants (Fraley, et al., 1983; Herrera-
Estrella, et al., 1983). By eliminating sexual bar-
riers to gene transfer, genetic engineering will
greatly increase the genetic diversity of plants.
This technology will have a major impact on
the seed and plant production industries as well

Figure 2-6.—Gene Modification-insertion of a Desired Gene into the Host Plant Through Vectors
(or gene taxis)
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SOURCE: Office of Technology Assessment



Ch. 2—Emerging Technologies for Agriculture Ž 47

as on the chemical, food processing, and phar-
maceutical industries.

The commercialization of plant biotechnol-
ogy will require breakthroughs in several tech-
nical areas, including increased understanding
of plant cell culture, plant transformation sys-
tems, plant gene structure and function, the
identification of agronomically useful genes,
and plant breeding. Increased research fund-
ing is needed in these specific areas and gener-
ally in the basic plant sciences and in molecu-
larbiology to accelerate technical development.
Commercialization of plant biotechnology will
also depend on other factors, including envi-
ronmental regulation, university-industry rela-
tions, economic incentives, and consumer ac-
ceptance.

Improved plants produced by gene transfer
methods should be commercially available in
7 to 10 years. The introduction of plants
produced and selected using cell culture manip-
ulations and certain biotechnology-derived mi-
crobial seed inocula or products could occur
earlier.

Plant genetic engineering methods will ini-
tially emphasize the same targets for crop im-
provement (increased yield, improved qualita-
tive traits, and reduced labor and production
costs) as traditional breeding programs do. Ulti-
mately, the technology will lead to improve-
ments not even imagined in American agri-
culture.

Enhancement of
Photosynthetic   Efficiency

Photosynthesis is the fundamental basis for
plant growth (Berry, 1985). Through photosyn-
thesis, energy from sunlight is absorbed by
chlorophyll-containing tissues of the plant and
used to assimilate carbon dioxide into organic
molecules. The photochemical reactions in the
process are intrinsically very efficient. How-
ever, several factors inhibit photosynthetic effi-
ciency in plants: 1) certain mechanisms of pho-
tosynthesis itself, 2) the efficiency of water and
nutrient use, and 3) environmental stress. Re-
search is ongoing in each of these areas.

Plants vary in their efficiency of photosynthe-
sis. Higher plants have an enzyme (RuBP car-
boxylase) that causes oxygen to react in a side
reaction during photosynthesis, diverting en-
ergy that would otherwise be used to fixate car-
bon dioxide. This oxygenase reaction, which
appears to result from a metabolic defect in
plants, is encouraged by the high-oxygen, low-
carbon dioxide concentration of normal air. Ar-
tificially increasing the content of carbon di-
oxide in the air partially suppresses this mech-
anism and generally results in increased crop
yields. This suggests that improvements in the
mechanism of photosynthesis could result in
increased yields, all else being equal.

Plants known as C4 plants have developed a
biological and morphological modification that
reduces the impact of the oxygenase reaction.
As a result, they waste less energy during pho-
tosynthesis. C4 plants include corn, sorghum,
sugarcane, and millet. Plants that cannot sup-
press the oxygenase reaction are called C3

plants. They include wheat, soybeans, cotton,
and rice.

C4 plants have an advantage over C3 plants
when leaf temperatures are high and a disadvan-
tage when they are low. Moreover, C4 plants
use nitrogen and water more efficiently in pho-
tosynthesis. Thus water use efficiency could be
increased in warm, arid regions if more C4

plants could be used.

Along-term prospect for improving photosyn-
thetic efficiency lies in research to understand
the basis for the oxygenase reaction and efforts
to inhibit the reaction chemically or to modify
the enzyme by using rDNA technology. Success
will depend on many breakthroughs in under-
standing the chemistry and molecular biology
of chloroplasts and in manipulating chloroplast
genes.

Molecular biology has already yielded the abil-
ity to modify the sequence of amino acids in
RuBP carboxylase to produce modified versions
of the protein. This provides experimental tools
of unimagined power for investigating the
mechanisms of enzyme-catalyzed reactions.

Other research is being directed at improving
the efficiency of use of water and nutrients
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through: 1) better management techniques that
use microcomputer-based plant growth models,
and 2) new instrumentation to monitor cropper-
formance. Improved weather forecasting will
also be important. Breeding plants for efficient
water and nutrient use and for stress resistance
is possible and has already had some impact.
These technologies have the greatest immedi-
ate prospect for improving the efficiency of pho-
tosynthesis in the next decade, although a strong
research effort is needed to realize these po-
tentials.

Plant Growth Regulators

Plant growth regulators are natural or syn-
thetic compounds that are applied (usually di-
rectly) to a plant to alter its life processes or struc-
ture in order to improve quality, increase yields,
facilitate harvesting, or any combination of
these (Nickell, 1985). Used commercially since
the 1920s, plant growth regulators have had a
variety of impacts. One of their earliest was in
rooting powders and solutions for the propaga-
tion of cuttings. Another was the use of maleic
hydrazide to prevent sprouting in potatoes and
onions during storage.

The biggest boost to plant growth regulation
came with the discovery that phenoxyacetic
acids kill broadleaved plants (such as weeds)
but not grasses, Using such chemicals in herbi-
cides has out distanced economically all other
uses of plant regulators and, until recently,
dwarfed their general importance.

Overall research on plant growth regulation
is currently multipronged. Industrial research
is particularly directed at two major U.S. crops—
corn and soybeans.

An increasingly important research effort is
that for antidotes to herbicides. Called protec-
tants, or safeners, such compounds can be ap-
plied to the crop, usually to the seed, to make
it resistant to an herbicide. When the herbicide
is applied to the crop row, it kills only the weeds.

USDA has used plant growth regulators so
successfully in the guayule bush that it maybe
theoretically possible to have a rubber indus-
try within the boundaries of the United States.

Photo cradlt: John Gardner, Brigham Young  UniverWy

Scanning electromicrograph of a developing wheat head
reveals vertebrae-like spikelets branching from its axis.
By unlocking the hormonal secrets locked in the tissue
of the spikelets, researchers hope to increase the number
of spikelets per head, and the number of kernel-producing

florets on each spikelet—thus increasing yield.

Ethephon, which is used to prevent coagulation
of latex flow in rubber trees, eliminates the need
to tap the tree daily. Plant growth regulators of
the triethylamine type are used to increase the
total rubber content of the guayule bush. A sim-
ilar use of growth regulators is the use of para-



Ch. 2—Emerging Technologies for Agriculture ● 4 9

quat on pine trees. The result is a significant
increase in oleoresin content and the possibil-
ity that the naval store industry may take on new
life in the Southeast United States.

The success in the sugarcane industry in the
control of flowering, in the use of gibberellic
acid to increase the tonnage of both cane fiber
and sugar, and in the use of ripeners to enhance
sugar yields allows industry to turn its atten-
tion to developing dessicants for use as harvest
aids.

In the grape industry the successful use of gib-
berellins on grapes is stimulating studies on the
control of abscission (the shredding or separat-
ing of plant organs such as fruit or leaves) and
the use of ripeners to increase sugar content.
Abscission agents have been used successfully
on cotton, oranges, cherries, and olives, where
it reduces the tenacity of the fruit sufficiently
to allow easy harvest by hand-picking, mechan-
ical harvest, or shaking. Abscission agents have
also been used to thin apple blossoms, chang-
ing the yield pattern from alternating light-
fruiting and heavy-fruiting years to annual, suc-
cessfully bearing years.

Plant growth regulators can reduce harvest-
ing costs by changing the shape of the whole
plant or just its fruit to allow easier mechanical
harvesting. Apples, grapes, and wheat are ex-
amples. Gibberellic acid is used with grapes,
for instance, to lengthen the pedicel to each
berry. This reduces the rotting that normally
occurs because grapes grow too close together.
The size and shape of both apples and grapes
can be changed by cytokinins and gibberellic
acid.

Regulators can also be used to speed or delay
the maturation of fruit. Success has already been
notable with navel oranges and with pineapple,
peppers, cherries, coffee, tomatoes, and tobac-
co. In addition, the tremendous losses of food
crops following harvest almost guarantees an
increase in research to develop preharvest and
postharvest preservation through plant growth
regulators.

Finally, preliminary indications with Cycocel
and other chemicals suggest that overcoming

environmental limitations via plant growth reg-
ulators should be a fertile field for investigation.

A substantial number of new products or new
uses for existing products can be expected in
the 1990s. Because of the difficulty in register-
ing new compounds, many of the advances will
be extensions of uses of existing products. Since
so much of the chemistry, evaluation, and ex-
pensive toxicology has already been done on
existing products, finding new uses for those
products might well have a greater impact than
researching new compounds.

Plant diseases are caused by viruses, fungi,
bacteria, nematodes, and other micro-orga-
nisms (Browning, 1985). Collectively, these
organisms cause considerable losses before and
after harvest, an estimated $18.6 billion annu-
ally. Only a few of the thousands of species of
pathogens and insects cause concern, however;
the rest are controlled by natural immunity.
Many organisms that do cause loss may theo-
retically be controlled by managing more wisely
the mechanism of host-plant resistance. This
area is a major one for research.

Some beneficial micro-organisms help pro-
tect plants from disease. In addition to their
nutritional benefits, modulating bacterial and
mycorrhizal (root-extending) fungi render some
plants more disease resistant. Micro-organisms
also provide a vast gene pool for improving
plants and other micro-organisms through rDNA
technology. “That technology is already avail-
able for synthesizing microbes of naturally oc-
curring products for use as pesticides. Such ge-
netic engineering should lead to new biocontrol
agents; for example, modified plant viruses that
wilI give cross protection. One success story is
that of crown gall, a serious bacterial disease
of many woody and herbaceous plants. Crown
gall is now controlled biologically by the K84
strain of bacterium that is a close relative of the
bacterium that causes the disease. Inoculating
a seed or transplant with K84 produces a bac-
teriocin that protects against crown gall.
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quently been disappointing. Thus researchers
have turned to minor-effect genes, which are
more difficult to work with but are the most suc-
cessful way of controlling disease in the homo-
geneous cultivars demanded by mechanized
Western agriculture. Major-effect genes show
promise for controlling disease in hetero-
geneous cultivars, as occurred with multiline
oat and wheat cultivars developed in Iowa and
Washington, Even highly epidemic foliar path-
ogens can be controlled in this manner. A major
line of research may result in using resistance
genes to obtain diversity without sacrificing
bona fide needs (as opposed to merely cosmetic
needs) for uniformity. This may be one of the
fastest ways simultaneously to control certain
highly epidemic diseases and to reap the tremen-
dous potential benefits from plant genetic engi-
neering.

Additional work is needed at all levels of pes-
ticide development, but is especially needed for
completing the development of systemic pesti-
cides that have two sites of activity on the mole-
cule, thereby extending the pesticide’s effective
life. Research is also needed on more effective
delivery systems for systemic pesticides.

Other research will be directed to develop-
ing naturally occurring chemicals that will stim-
ulate the plant’s defense mechanisms or en-
hance activity by biocontrol agents. Ultra-low-
volume delivery systems will be needed for these
and regular pesticides that are active at very low
dosages.

A final important area for research is that of
crop loss assessment. Although it is possible to
assess plant loss from single pathogens, weeds,
and arthropods (and a few combinations of
these), such assessments are less precise when
made for larger areas, several cultivars, and a
wide variety of plant stresses. Research to im-
prove crop loss assessment will help set research
priorities and aid in making management de-
cisions.

Management of Insects and Mites
Insects and mites are humankind’s greatest

competition for food and fiber (Kennedy, 1985).
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Although less than 1 percent of all insect and
mite species are considered agricultural pests,
those pests cause average annual losses to agri-
cultural production of 5 to 15 percent, despite
the expenditure of millions of dollars each year
for agricultural pest control. Thus, protecting
crops from such losses will continue to be an
important component of agricultural pro-
duction.

Research on this problem is being conducted
in the broad areas of: 1) chemical controls for
insects and mites, 2) genetic manipulation of
plants and insects and their natural enemies,
and 3) information processing.

Because they are highly effective, economi-
cal, and fast acting, chemical insecticides and
acaricides (for mites) are widely used for reduc-
ing insect and mite populations to subeconomic
levels. Advances in insect physiology, toxicol-
ogy, and analytical chemistry are leading to the
discovery of new compounds that disrupt the
normal growth and development processes of
insects. Compounds with juvenile hormone ac-
tivity that prevent an insect from molting to the
adult stage, those with anti juvenile hormone
activity that cause insects to molt prematurely
to the adult stage, and those that interfere with
the normal synthesis and deposition of exoskele-
ton all hold promise for the future. Similarly,
advances in the chemistry of natural products
and the study of plant defenses against insects
and mites are leading to the identification of
naturally occurring, insecticidal and acaricidal
compounds with novel modes of action. Many
such compounds are likely to be suitable for
large-scale production via fermentation proc-
esses with genetically engineered micro-or-
ganisms.

With existing application technology only 25
to 50 percent of a pesticide is actually depos-
ited on plant surfaces, and less than 1 percent
actually reaches the plant. In addition to being
wasteful, this situation greatly exacerbates un-
desirable effects to the environment. One fac-
tor is the incorrect mixing and calibration by
pesticide applicators. Efforts are thus being
made to design equipment that injects pesticides
at the proper rate directly into the lines carry-

ing water to the nozzle, eliminating the need
for tank mixing. Other research will ensure
more uniform droplet size, will control spray
drift, and will improve adherence of the spray
to the plant.

Advances in genetic engineering greatly in-
crease the likelihood of new classes of insecti-
cides and acaricides. Insect pathogens, includ-
ing bacteria, fungi, protozoa, and viruses, are
likely candidates for genetic engineering to en-
hance their utility as microbial insecticides. The
pathogenic bacterium Bacillus thuringiensis is
already commercially available and widely used
to control caterpillars on certain crops. Genetic
engineering holds great promise for expanding
the spectrum of pests controlled by this bac-
terium.

Crop varieties resistant to insect pests have
been used to manage insects with success in a
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number of important crops. Use of genetic engi-
neering to transfer genes from resistant wild
plants to crop cultivars holds great potential for
insect and mite management, but requires very
specific knowledge of the biochemical bases of
the resistance crop to be transferred. In most
cases, the requisite knowledge is not yet available.

Improvements in the design and availability
of computer hardware and software will pro-
duce tremendous changes in insect and mite
management at the research, extension, and
farm levels. To contribute to crop profitability,
insect and mite management entails the proc-
essing of tremendous amounts of information
on the condition and the phonological stage of
the crop, the status of insects and mites and their
enemies in the crop, incidence of plant diseases
and weeds and measures used in their control,
weather conditions, crop production inputs,
and insect and mite management options. Com-
puters at the farm level, with access to central-
ized databases, will allow farm operators to de-
sign and implement pest management strategies
for their farms. Some software systems are al-
ready in place and are continually being im-
proved. In general, however, improvements in
databases are awaiting advances in knowledge
about pest dynamics and crop pest interactions.

Biological Nitrogen Fixation

Nitrogen is a critical nutrient for crop pro-
duction (Alexander, 1985). Although abundantly
available-either as atmospheric nitrogen (N2)
or in organic complexes in the soil—nitrogen
in these forms cannot be used directly by plants.
It must first be changed to ammonia (NH3) or
nitrate (NO3). Thus the large supply of nitrogen
needed to grow crops is most commonly pro-
vided by nitrogen fertilizers. However, such fer-
tilizers are expensive, and their production con-
sumes a nonrenewable resource, hydrocarbons.

Nitrogen can also be provided through bio-
logical nitrogen fixation, a process by which cer-
tain bacteria and blue-green algae use an en-
zyme, nitrogenase, to convert N2 to NH3. The
most important of these bacteria agriculturally
belong to the genus Rhizobium. These bacteria

Photo credit: Howard Berg, University of Florida

A scanning electron micrograph of a root tip from a
sorghum (Sorghum bicolor) plant with kidney bean
shaped bacteria (Azospirillum brasilense) on its surface.
Such nitrogen-fixing bacteria may live on the root surface

or in the surrounding soil. The white, threadlike
projections are root hairs.

enter the roots of legumes and form nodules in
which they “fix,” or convert, nitrogen in the air
to forms used by plants. A legume may receive
all of its nitrogen needs this way, given the right
Rhizobium. In turn, the rhizobia are somewhat
protected from microbial competition and pre-
dation and from other detrimental effects in the
soil environment.

Other kinds of nitrogen-fixing bacteria live
near cereal crops and grasses, possibly provid-
ing small, beneficial amounts of nitrogen to the
plants and receiving needed organic compounds
but no protection from detrimental effects in
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return. This relationship is known as associa-
tive fixation.

If its magnitude can be increased, the proc-
ess of biological nitrogen fixation offers an at-
tractive way to supply the large nitrogen de-
mand of crops without the extensive use of
nitrogen fertilizers. To this end, considerable
research has been done in the last decade on
the biochemistry and genetics associated with
the process, and much useful information has
been gleaned from this basic research. Research
is also under way to determine the possibility
of developing cereal crops that fix their own
nitrogen, and recent studies have provided
needed approximations of the amount of nitro-
gen provided by associative fixation.

To provide enough nitrogen biologically to
sustain high crop yields, however, the stresses
affecting legumes and rhizobia must be better
understood, and improved bacterial strains and
other ways to overcome these constraints must
be found. These developments will come from
a combination of well-established techniques
and agronomic practices as well as new tech-
nologies. For example, conventional strain se-
lection and genetic manipulation may be used
to produce strains of rhizobia that can compete
with soil micro-organisms or that can resist abi-
otic stresses such as pesticides, drought, and
high temperatures. Plant breeding will be used
to develop legumes that are better acclimated
to soil conditions, have greater photosynthetic
activity and less photorespiration, can resist
modulation by less effective soil rhizobia in fa-
vor of inoculated rhizobia, and can prolong the
duration of fixation. Less likely to come to frui-
tion in this century, but of great importance,
will be the development of cereals that can fix
their own nitrogen in their tissues or root zones.

If funding is adequate, greater nitrogen fixa-
tion from legume-bacterial symbiosis will be
realized in the next 10 years, and that from the
associative fixation of cereal roots will be real-
ized in 15 years. The benefits of these and fu-
ture improvements will be the reduced use of
hydrocarbons for fertilizer production, an in-
crease in the availability of fertilizer worldwide,
and less contamination of ground water.

water and Soil-Water-Plant
R e l a t i o n s

The distribution of vegetation over the Earth’s
surface is controlled more by the availability
of water than by any other factor (Boersma,
1985). In the United States, agriculture accounts
for over 80 percent of the water consumed;
about 98 percent of that water is used for irri-
gation of crops, particularly in the more arid
Western States. Several factors complicate the
availability of water for irrigation: 1) cities, in-
dustry, and farming are in fierce competition
for the water available; 2) ground-water sources
are gradually being depleted; 3) the costs of
pumping and distributing surface water are
gradually increasing; and 4) many surface and
groundwaters are being contaminated by a va-
riety of pollutants. Thus techniques to conserve
adequate supplies of fresh water have become
important.

Many important contributions have been
made by studying water requirements of crops.
Although this information has helped in plan-
ning reservoir and canal sizes, the hope for
breeding plants with lower requirements for
water has not been realized, and no technologies
have been advanced that would help realize this
goal in the next 15 years. Nearly all improve-
ments in water use efficiency have come from
improved irrigation techniques, especially the
timely application of the amount of water
needed and application in a manner that mini-
mizes evaporation. (At present, nearly all the
water taken up by the plant is immediately
passed through and evaporated at the leaf sur-
faces. Only a very small fraction becomes part
of the plant’s permanent structure.)

Progress in improving the water use efficiency
of crops will hinge on gathering the informa-
tion needed to develop a theoretical framework
of the mechanisms that influence uptake, use,
and loss of water—in humid regions as well as
arid and semiarid regions. Dramatic progress
in the development of instrumentation now per-
mits researchers to measure many plant phys-
iological responses in real time. It also allows
the recent measurements of plant hormones and
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obtained that tolerate 2 percent sodium chlo-
ride, a salt concentration lethal to nonselected
cells.

For the near term, however, traditional meth-
ods of plant breeding must be relied on, even
though there is increasing evidence that for
many crops the limits to improvement by this
method are being approached. To breakthrough
this yield plateau, the breeder must work with
the physiologist and biochemist to understand
the stress response hierarchy and eventually to
control enzymes, membrane characteristics,
and mechanisms for communication in the
plant.

The technologies available for immediate ap-
plication are those that prevent losses in trans-
port, particularly those for farm distribution of
irrigation water. These include drip irrigation,
below-ground distribution of water, deficit ir-
rigation, water harvesting, time and frequency
of application, and the forecasting of time and
frequency of application.7

Land Management

Land is one agricultural resource that cannot
be replaced. Thus a variety of methods and tech-
nologies have been developed to conserve soil
while increasing yields. These land manage-
ment technologies include conservation tillage,
controlled traffic farming, custom-prescribed
tillage, multicropping systems, and organic
farming.

Conservation tillage is a tillage and planting
system that leaves 30 percent of the crop resi-
due on the soil after planting. The use of the
various forms of this system has increased at
over 13 percent annually from 1972 to 1982. The
specific system used depends on local crops,
soil type, moisture levels, and pest infestation,
among other factors. Most conservation tillage
methods eliminate the use of the moldboard
plow, using instead chisel plows or heavy disks
in conjunction with heavy-duty planting equip-
ment to cut through soil residues. Mulch-till

7For more information on this area see the OTA study Water-
Related Technologies for Sustainable Agriculture in U.S. Arid/
Semiarid Lands, 1983.
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system. The specific machines to be used, as
well as the sequence and time of their use, is
defined in the prescription.

Multicropping is the practice of planting more
than one crop on a field during the same grow-
ing season. Such crops can be grown sequen-
tially (double cropping) or simultaneously (inter-
cropping). For example, corn and soybeans can
be grown in the same field in strips, reducing
soil erosion, using nutrients more efficiently,
and increasing crop yield. Currently available
machinery and practices are used to perform
the field operations needed in multicropping.

Organic farming reduces or eliminates chem-
ical inputs in favor of more “natural,” and sup-
posedly safer, inputs. The products from this
method are sold to markets willing to pay a
premium for the assurance that chemical fer-
tilizers and pesticides have not been used in pro-
duction. Organic farmers generally prefer to use
fewer technological inputs than do conventional
farmers, including lower levels of mechaniza-
tion. They also derive their nitrogen require-
ments from planting leguminous crops in rota-
tion with nonleguminous crops and sometimes
by adding animal manure. If this system were
adopted on a large scale in the United States,
the need for more mechanization technologies
would be reduced, with the exception of the area
of waste handling systems for livestock.

No new or unique machinery is needed to fur-
ther implement conservation tillage, multicrop-
ping, or organic farming, However, consider-
able interdisciplinary research will be needed
to implement controlled traffic farming and
custom-prescribed tillage commercially. While
these concepts have many perceived economic
benefits, their true cost-benefit relationships
must be evaluated for the wide variety of crops,
terrain, soil types, and climate existing across
the United States.

Soil  Erosion,  Productivity ,
and Tillage

The quantity and quality of harvested crops
depend on the amount of land, the suitability
of its soil for growing crops, the biology of crops,

and the environment (Foster, 1985). Most crops
are grown on clean, tilled soil, leaving the soil
exposed and unprotected. Severe erosion can
result, and over time so much soil is lost that
crop yields decrease and some land may be
forced from agricultural production. Excessive
soil erosion is estimated to occur on about 30
percent of U.S. cropland, but its effects on
productivity are thought to have been masked
by new technological inputs like hybrids, fer-
tilizers, and chemicals.

Soil erosion is the detachment of soil parti-
cles by the erosive effects of rain, surface run-
off, and wind. When erosion removes soil more
rapidly than it can be formed, soil becomes thin-
ner with less rooting depth for crops. When the
topsoil becomes thinner than the tillage depth,
subsoil becomes mixed with topsoil during till-
age, degrading the soil. Erosion also removes
the fine silt, clay, and organic particles most im-
portant for good soil quality. The resultant in-
crease in sand content of the soil reduces the
soil’s productive potential. Sediment from ero-
sion can create off-site problems through de-
posits inroad ditches, reservoirs, and river chan-
nels. Sediment or the chemicals it transports
can also pollute off-site air and water.

Four major lines of research on erosion con-
trol are proposed: 1) improved conservation
farming systems, 2) improved methods for as-
sessing erosion’s impacts, 3) evaluation of the
potential for restoring productivity to severely
eroded soils, and 4) improved understanding
of how to use public policy to encourage soil
conservation.

Of all factors affecting erosion, crop residue
left on the soil surface is most effective in re-
ducing erosion. Research on improved conser-
vation systems will thus emphasize conserva-
tion tillage, including reduced tillage, minimum
tillage, and no-tillage. These types of conserva-
tion tillage differ only in the amount of soil dis-
turbance and in the amount of crop residue left
on the soil. When matched to soil conditions,
conservation tillage can potentially provide
greater economic return and often equal or
greater yield than that of conventional tillage.
For example, no-tillage works well on well-
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drained, sloping soils but not on cool, poorly
drained soils in the Corn Belt. Although con-
servation tillage has the fewest drawbacks of
all erosion control practices, considerable de-
velopment of the method is still required.

The degree of erosion’s impact is a major is-
sue that needs a conclusive answer. The prin-
cipal tool used to estimate erosion by water is
the Universal Soil Loss Equation. The tool for
estimating wind erosion is the Wind Erosion
Equation. Recent developments in erosion the-
ory and the availability of powerful, portable
computers make possible new methods that are
more detailed and more accurate for estimat-
ing erosion over a varied landscape, erosion
from individual storms, and average annual ero-

sion. Remote sensing technology and special
image processing equipment will aid in the col-
lection of data. New field studies have been ini-
tiated and several mathematical modeling tech-
niques have been developed to evaluate the
effect of erosion on crop yield.

If eroded soils can reasonably be reclaimed,
the problems of erosion maybe less serious than
presently thought. Current research in the Pied-
mont region shows that conservation tillage and
multiple cropping (explained later) can be used
to restore productivity. Much research must still
be done in this area.

Although several practices are available for
controlling erosion, many have drawbacks that
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hamper adoption by farmers. As a result, vari-
ous policy alternatives are used and have been
suggested to provide incentives to farmers to
implement soil conservation. Improving the use
of public policy will entail the incorporation of
major analytical tools into an integrated pack-
age compatible with affordable computer re-
sources. Such tools will include models for cli-
mate, erosion, water quality, crop yield, pests,
and economics.

The major potential impact of this technol-
ogy on agriculture will be significantly im-
proved erosion control with little loss, if not
gain, in crop yield, improved water quality, im-
proved formability, and increased profit. It is
hoped that this technology will provide farm-
ing systems with enough positive benefits that
erosion control becomes a side benefit.

Multiple cropping

Multiple cropping is the intensive cultivation
of more than one cropper year on the same land
so as to use land, water, light, and nutrients ef-
ficiently (Francis, 1985). Double cropping, or
the sequential planting of two crops, such as
wheat in the winter and soybeans in the sum-
mer, is the only pattern commonly used in the
United States. Intercropping, the simultaneous
culture of two or more crops in the same field
at the same time, is popular with low-resource
farmers.

Although widely used in the lesser developed
countries by farmers with limited land and re-
sources, multiple cropping systems have not
been extensively explored for their applications
in this country. Yet, in addition to their efficient
use of resources, intensive cropping systems
offer several other benefits: vegetative cover
through much of the year, which prevents ero-
sion; the need for less fertilizer, owing to the
contributions of legumes in these systems; and
moderate to high potential yields that are sus-
tainable over time.

Relatively little research attention has been
paid to these systems in temperate agricultural
regions. If such systems are to be widely adopted
in the United States, major new technological
advances may be necessary in four areas: breed-

ing crops for intensive planting systems, under-
standing competition by plant species for growth
factors, improving plant nutrition through fer-
tilizers and microbiology, and developing mech-
anization for multiple cropping.

Crop breeding for multiple cropping systems
can lead to the development of crops that can
endure the stress conditions found in multiple-
species crop combinations. Varieties and hy-
brids already exist that are well adapted to dou-
ble cropping and reasonably well suited to re-
lay cropping, the planting of two or more crops
with an overlap of the significant part of the life
cycle of each crop. Further refinement is needed
in developing new hybrids and in further se-
lecting for adaptation. Results could be avail-
able in 15 years.

The competition for growth factors by crops
that are grown together or sequentially is not
well understood. Such competition includes
that between two plants of the same species,
between two crops of different species, and be-
tween crops and weeds. Competition has been
studied in grass/legume mixtures for pasture
systems, and basic work on crop/weed compe-
tition gives insight on species interactions. Some
of the results and much of the methodology can
be applied to intercropping. Since existing va-
rieties can be used for most preliminary work,
results could be available in 6 to 10 years.

Multiple cropping entails a greater input of
nutrients or an alternative approach to plant nu-
trition. Low-resource alternative cropping sys-
tems include rotations, minimum-tillage meth-
ods, and use of low levels of fertilizers that do
not disturb the biological balance in the soil.
Research on nitrogen fixation is an active area
at present, but a basic understanding of plant
nutrition could take 10 to 15 years to develop.

Machines already available can be used for
planting and for most other cultural operations.
Through modifications of existing tillage, plant-
ing, and cultivating equipment, the farmer can
accomplish multiple cropping. However, the de-
velopment of a combine that can harvest two
crops simultaneously is necessary for intercrop-
ping to have widespread applications. This
short-term objective could be achieved within
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5 years, using expertise from the commercial
sector.

The principal impacts from multiple cropping
will be reduced production costs and increased
output per year from a given unit of land. The
greater sustainability of production and the re-
duction in energy use would lead to a more sta-
ble agricultural sector.

Weed Control

The cost of weeds to agricultural production
is one of the most expensive factors in crop pro-
duction, amounting to more than $20.2 billion
annually (McWhorter and Shaw, 1985). Losses
caused by weeds include not only direct com-
petition of weeds to reduce crop yields, but also
reduced quality of produce; livestock losses;
weed control costs; and increased costs of fer-
tilizer, irrigation, harvesting, grain drying,
transportation, and storage.

Weeds can be defined as plants growing
where they are not wanted. They range from
trees and shrubs to grasses and even cultivated
crop species. Volunteer corn, for example, is
becoming an increasing problem in soybean
production as more conservation tillage prac-
tices are being adopted.

In modern agriculture, weeds are controlled
through integration of crop competition, crop
rotation, hand labor, and biological, mechani-
cal, and chemical methods into integrated weed
management systems (IWMS). Since 1950, the
use of mechanical power for weed control has
increased 30 percent, and herbicide use has in-
creased sevenfold. However, manual labor has
decreased 40 percent. As a result of modern
weed control technology, farming is now less
physical and more technological.

Although significant progress has been made
in developing new weed control technology,
weeds continue to cause severe reductions in
yield and quality. Weeds often limit expanded
use of conservation tillage and multicropping.
New difficult-to-control weed problems develop
through ecological shifts and because more
established weeds develop increased tolerance
to herbicides.

New weed control technologies needed in-
clude: 1) improved chemical and biological
methods, 2) allelopathic chemicals to bioregu-
late weeds, 3) crop cultivars with improved tol-
erance to herbicides and the discovery of the
nature of weed resistance to herbicides, and 4)
the development of improved IWMS for conser-
vation tillage and for annual multicrop pro-
duction.

Development of selective herbicides has spear-
headed the advances in weed control technol-
ogy during the last 30 years and will continue
to be important in the foreseeable future. Ma-
jor breakthroughs needed in this area include
a nonselective chemical to control vegetation
in falIow fields, more selective chemicals for
control of broadleaved weeds in dicotyledon-
ous crops (e. g., cotton, soybeans), and a chemi-
cal that can be applied postemergence for ef-
fective contol of perennial weeds. There is also
interest in control of weeds by bioagents, par-
ticularly with native pathogens like fungi.

Photo  credit  U S Department of Agrfcu/fure  Agricultural Research Service

Seed-killing methyl isothiocyanate kept crabgrass seeds

(Digitaria sanguinalis) in flask on right from germinating.
One week after the seeds were placed in flasks the
untreated crabgrass seeds in flask on left have germinated,

The chemica l  degrades rap id ly  in  the so i l ,
usually within a few days.
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The effectiveness of many herbicides is lim-
ited by soil activity; for example, some microbial
populations rapidly degrade certain herbicides,
limiting the residual effects of the herbicides.
Advances in controlled-release technology
could aid in this and other problems by reduc-
ing volatility and rates of application, reducing
herbicide movement through the soil profile,
increasing crop selectivity, and reducing envi-
ronmental exposure. Also helpful is a class of
chemical protestant that slows the action of soil
micro-organisms, permitting more cost-effec-
tive control.

Crops can be protected against the toxicity
of certain herbicides through chemical antidotes
called safeners, another class of plant protec-
tant. When applied to seeds or soil, these chem-
icals make an otherwise susceptible plant spe-
cies tolerant to an herbicide without affecting
the weed control aspect of the herbicide.

Plants themselves release secondary chemi-
cals during metabolism that can be toxic to other
plants. Such allelopathic chemicals are being
studied for their potential use in weed control.

Developments in genetic engineering may al-
low the availability of herbicide-tolerant crop
cultivars in agronomic crops in the next 10 to
15 years. Many weeds have evolved a tolerance
to herbicides. The availability of herbicide-
tolerant crop cultivars would permit the use of
herbicides at higher rates to reduce the evolu-
tion of tolerance and would permit the use of
herbicides that were previously nonselective.

Finally, research efforts need to be increased
to develop more effective IWMS. Basic ecolog-
ical research is needed to understand weed pop-
ulation dynamics, weed threshold levels, and
shifts in weed populations caused by control
technology. Research is also needed on how to
use rotational tillage to aid in controlling the
weeds that develop through several years of con-
servation tillage. Perennial weeds become par-
ticularly troublesome after only 2 or 3 years and
have forced many farmers to return to conven-
tional tillage.

Improved weed control technology will re-
sult in a slow but steady decrease in produc-

tion costs and an estimated 10 percent increase
in the cost of weed control. Increased use of con-
servation tillage will necessitate increased her-
bicide use in the next two decades.

Commercial Fertilizers

The substantial use of commercial fertilizers—
about 50 million tons per year—is generally cred-
ited with 30 to 50 percent of the cost of U.S. agri-
cultural production (Davis, 1985). Corn and
wheat are the most heavily fertilized crops.

Commercial fertilizers supply crops with one
or more of the primary plant nutrients (nitrogen,
phosphorus, and potassium) in forms usable by
crops. Nitrogen and phosphorus are produced
in the United States; most (about three-fourths)
potassium must be imported from Canada. Ni-
trogen, phosphate, and potassium intermediates
are produced in large plants and then shipped
to small plants for combination into final products.

Although expenditures for research and de-
velopment (R&D) in fertilizer technology are less
than 10 percent of that for the entire chemical
industry (as a percent of sales), the R&D that
exists is aimed at maximizing fertilizer effective-
ness, minimizing costs, and protecting the envi-
ronment.

At present, one-half of the nitrogen applied
to the soil is lost to the plants through a variety
of inefficiencies, some of which are still not
understood. Several new types of nitrogen prod-
ucts under development might improve effi-
ciency of use. They include products with inhib-
itors to decrease undesirable transformations
in the soil (vitrification and urease inhibitors),
products coated for controlled release (e.g., the
sulfur-coated urea sold for turf and horticultural
uses), and acidified products that decrease the
volatilization of ammonia (the reaction of urea
with mineral acids in the soil). In addition, the
use of urea phosphate, urea-nitric phosphate,
and sulfur-coated urea may allow closer place-
ment of fertilizer to seed without inhibiting ger-
mination. Urea phosphate may also aid in re-
covering phosphorus, 80 percent of which is
unused by the plant and remains fixed in the
soil in insoluble forms.
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Other research is under way to decrease the
energy required to produce, transport, and ap-
ply fertilizers. The escalation in oil prices fol-
lowing the oil embargo spurred efforts to de-
sign new energy-efficient plants and to retrofit
existing plants. In addition, several new urea
processes that have been announced will de-
crease production energy requirements by 25
to 50 percent. New phosphoric acid technology
also promises energy savings. To avoid depen-
dence on oil or natural gas (the raw material
for ammonia for nitrogen fertilizers), technol-
ogy for the production of ammonia from coal
is in advanced stages of development. Finally,
efforts are being made to increase the nutrient
content of fertilizers so that the energy expended
in transporting and handling will be decreased.

Another area under development is that of
phosphate fertilizer production. Because re-
serves of high-quality phosphate ore are being
depleted, researchers are attempting to use
lower quality phosphate ore in fertilizers. Their
efforts focus on removing the carbonate impur-
ities in such ore and on determining what ef-
fect such impurities would have on the efficacy
of phosphate fertilizers.

In reduced tillage agriculture, R&D efforts are
directed at developing urea-nitric phosphate,
urea with urease inhibitors, and urea phosphate
and urea sulfate, all of which have the poten-
tial to decrease ammonia loss from surface-
applied urea. Also, new types of equipment are
being designed for precision placement of fer-
tilizer and for simultaneous application of fer-
tilizer with seed.

New developments in the industry evolve
rather slowly because of the low level of R&D.
Therefore, any new technology that is likely to
be introduced by 1990-2000 would have to be
under development now. No revolutionary or
radically new products or processes appear to
be near commercialization.

The future direction of energy prices will
probably be the major factor affecting the com-
mercialization of new technology, Because the
production of nitrogen, particularly ammonia
production, is the most energy-intensive oper-
ation for the industry, new nitrogen technol-

ogy is especially geared to energy prices. The
high cost of new facilities is also a deterrent to
the adoption of technology. In many situations
the industry will prefer to debottleneck or add
to existing plants to conserve capital.

Organic Farming

Organic farming uses many conventional
farming technologies but avoids, where possi-
ble, the use of synthetically compounded fer-
tilizers, pesticides, growth regulators, and ani-
mal feed additives (Liebhardt and Harwood,
1985). It relies on crop rotations, crop residues,
animal and green manures, legumes, off-farm
organic wastes, mechanical cultivations, min-
eral-bearing rocks, and biological pest control.
Organic farmers tend to integrate their farm-
ing techniques to a greater extent than conven-
tional farmers do.

In the last 6 to 8 years, several studies have
compared organic farming with conventional
farming. Although final conclusions must await
more rigorous studies and a wider sample of
farms, preliminary conclusions show some in-
teresting benefits of organic farming: first, yields
per acre are generally equal to or only slightly
less than those from conventional farming.
Some organic farms have significantly higher-
than-average yields. Second, production costs
are lower by a high of 30 percent and an aver-
age of 12 percent, while energy inputs per unit
produced are lower by 50 to 63 percent. Few
or no insecticides, fungicides, and herbicides
are used. Third, soil erosion is significantly re-
duced through various cultivation practices. Al-
though organic farming maintains soil quality
better and reduces contamination of air, water,
soil, and the final food products, much research
is needed to determine just why organic prac-
tices have this effect and to determine how to
maximize the integration of organic practices.

One of the most significant factors in reduc-
ing production costs and energy inputs in or-
ganic farming is nitrogen self-reliance. Many
organic farmers increase nitrogen fixation in
their crops by seeding legumes between rows
of grain crops during the growing season or af-
ter harvest. Research is under way to breed
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plants that fix nitrogen more efficiently or that
fix nitrogen longer in the season. By 1990, re-
search already on-line in this area should be well
developed.

For weed control, cover crops are used in ro-
tation; for example, sorghum crops are used to
suppress nutsedge. In addition, crop residues
are used in conservation tillage to suppress sen-
sitive weed species. Much information about
weed control should be available by 1990; how-
ever, the technology for wide application of crop
rotations will not be available for at least 5 to
10 years.

Organic farms appear to cycle nutrients more
efficiently than conventional systems do. One
reason is the reduction in erosion that occurs,
which allows better soil tillage and better main-
tenance of productivity. Furthermore, some or-
ganic practices enhance the soil’s ability to sup-
press disease, Scientists hope to identify the
helpful bacteria and bacterial byproducts in-
volved in disease resistance and to harness them
as biocontrol agents.

Biocontrol agents are also used to control in-
sects. One example is the tansy, an insect-repel-
lent plant that shows potential for controlling
the Colorado potato beetle. Another example
is the use of an antijuvenile hormone, extracted
from a common bedding plant, that induces pre-
mature metamorphosis in insects, shortening
their immature stages and rendering the adult
females sterile. In 10 to 20 years, biological pest
repellents will probably dominate the market
because of their safety for users, consumers, and
the environment.

Converting from conventional to organic
farming takes about 3 to 5 years, during which
yield may initially be reduced. Some of this prob-
lem relates to the nitrogen content of the soil
and to weed pressure.8 However, detailed stud-
ies of holistic systems are needed to understand
better the extremely complex changes in nutri-
ent flow in soil during organic and conventional
farming. The potential impact of such studies
on U.S. agriculture in the next 10 years could

‘This can be minimized by selecting the correct crops and struc-
turing the production system to avoid nutrient deficiency or weed
problems,

be considerable. If farmers shifted to organic
production, farms would be more diverse bio-
logically and economically, and the small farm
could remain economically competitive and
ensure diverse, competitive food production
systems.

Communication and Information
Management

Technology for communication and informa-
tion management helps farm operators collect,
process, store, and retrieve information that will
enable them to manage their farm so as to mini-
mize costs, maintain and improve product qual-
ity, and maximize returns. There are three basic
components to such technology: 1) microcom-
puter-based hardware systems for information
processing, storage, and retrieval; 2) high-speed
LANs for onfarm communication of digital in-
formation; and 3) applications software. The
computer allows farm operators to keep track
of more detailed information, apply complex
problem-solving techniques to this information,
and thereby make better, more timely, decisions.

Microcomputers appropriate for onfarm use
cover the range of business-class computers.
Larger and more complex farm operations will
generally benefit from larger, more complicated
computer systems. Onfarm computers are likely
to be subject to more adverse operating envi-
ronments than those found in typical nonfarm
businesses. Thus some additional equipment
and adaptations are needed for onfarm opera-
tions (Battelle, 1985).

While LAN technology is rapidly becoming
more mature and standardized, onfarm instal-
lations are likely to be more expensive per node
than the typical business system. Farm nodes
are generally much farther apart than nodes of
the average office system. Farm installations
placed among several separate buildings are
also more susceptible to lightning-induced elec-
trical problems. Photoelectric isolators at every
node will enable use of copper wiring between
nodes. Alternately, use of LANs with fiber op-
tic cabling will eliminate problems from elec-
tromagnetic interference.
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Photo credit: Dr. S.L Spahr, University of Illinois

Example of microcomputer-based system for onfarm use.
This system collects, processes, stores, and retrieves

information to control computer feeders and
electronic milk flow meters.

Many software packages sold for use on farm
computers are general-purpose packages that
are identical to those used in other businesses,
Spreadsheet programs and database manage-
ment systems fall into this category. Other pack-
ages have only minor modifications and up-
grades. The most expensive class of software
is generally that written for specialized appli-
cations. Few farms are large enough to afford
custom programming for their own operations.
The range of specialized applications programs
that have been developed and are being devel-
oped by extension personnel at land grant col-
leges is quite large, Agricultural software from
commercial sources and the land grant institu-
tions is generally task-specific.

Another promising software concept is that
of a fully integrated system that would allow
the farm operator to simulate the outcome of
small and large changes in production practices,
The software could generate distributions of
prices and weather impacts and simulated bio-
logical growth functions, It could produce de-
tailed listings showing expected costs, returns,
production schedules, cash flows, and net in-
come streams, working within the constraints

of those assets and productive potentials that
the operator chooses to consider fixed. Such
software would give operators much greater
ability to maximize income and flexibility in
planning for growth and in
changes in the economic and
ronment.

Monitoring and Control

Many processes in plant and

responding to
technical envi-

Technology

animal produc-
tion may be monitored and controlled by new
and emerging electronic technologies. In some
cases these devices are designed simply to detect
certain conditions and report the information
to the farm operator. In other cases, the tech-
nology operates essentially autonomously, with-
out operator attention. Devices of this nature
are usually programmable, can operate continu-
ously, can be designed to be very sensitive to
changes in target variables, and can respond
very quickly. These devices, therefore, offer im-
provements in speed, reliability, flexibility, and
accuracy of control, and sometimes reduce

Photo credit: Dr. S.L. Spahr, University of IllnoIs

Electronic animal identification unit around cow’s neck
with automatic dispensing grain stall in background. Cow
goes into stall, is identified electronically, and has grain
dispensed to her automatically. Using computer controls,
the feed dispensed is individualized to provide each
cow a different amount of feed and a different protein

percentage based on her nutrient needs
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labor requirements (Battelle, 1985). Some ap-
plications of this technology include irrigation
control, pest monitoring and control, and the
automatic animal identification and feeding sys-
tem in livestock operations.

Positive identification of animals is necessary
in all facets of management, including record-
keeping, individualized feed control, genetic im-
provement, and disease control. All animals
could be identified soon after birth with a de-
vice that would last the life of the animal. The
device would be readable with accuracy and
speed from 5 to 10 feet for animals in confine-
ment and at much greater distances for animals
in feedlots or on pasture. Research on identifi-
cation systems for animals has been in progress
for some years, especially for dairy cows. For
example, an electronic device now used on dairy
cows is a low-power radio transponder that is
worn in the ear or on a neck chain. A feed-dis-
pensing device identifies the animal by its trans-
ponder and feeds the animal for maximum effi-
ciency, according to the lactation cycle and the
life cycle of that animal. This technology also
permits animals in different stages of produc-
tion to be penned together yet still be fed
properly.

The largest potential use of electronic devices
in livestock production will be in the area of
reproduction and genetic improvement. Estrus
in dairy cows can be detected automatically by
using sensors that remotely detect small changes
in the body temperature of the cows. Such an
estrus detection device could prove profitable
in several ways:

●

●

●

●

Animals could be rebred faster after wean-
ing and could increase the number of lit-
ters per year.
Animals that did not breed could be culled
from the herd, saving on feeding and breed-
ing space.
Time would be saved because breeding
would be done faster.
Embryo transplants would be easier be-
cause of better estrus detection.

Environmental control of livestock facilities
is another area where monitoring and control
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Figure 2-7.—Configuration of Monitoring and
Control Technologies in Agriculture
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evaluated for use on a regional scale by a USDA
Animal and Plant Health Inspection Service re-
gional program, Such systems will provide rapid
analysis, summarization and access to general
crop summaries, observer reports, pesticide and
field management information, reports of new
or unknown pests, general pest survey infor-
mation, and specified field locations with pest
severities.

Other software systems designed to facilitate
directly the implementation of pest manage-
ment programs are in use and are continually
being improved, The Prediction Extension Tim-
ing Estimator model (Welch, et al., 1978) is a
generalized model for the prediction of arthro-
pod phonological events but is sufficiently flex-
ible to be used for management in many agricul-
tural and nonagricultural systems. For example,
it is used as a part of the broader biological mon-
itoring scheduling system developed in Michi-
gan by Gage and others (1982) for a large num-
ber of pests on a wide variety of crops (Croft
and Knight, 1983).

An irrigation control system is another exam-
ple of using monitoring and control technology
(figure z-z). Since irrigation decisions are com-
plex and require relatively large amounts of
information, microcomputer-based irrigation
monitoring and control systems are especially
useful in areas where soils have variable per-
colation and retention rates, where rainfall is
especially variable, or where the salinity of ir-
rigation water changes unpredictably, In this
system, a network of sensors is buried in the
irrigated fields, with radio links to the central
processor. Additional sensors may include
weather station sensors to estimate crop stress
and evaporation rates, as well as salinity sen-
sors and runoff sensors. The central processor
can then automatically allocate water to each
field according to the needs of the crops in each
field, subject to considerations of cost, leach-
ing requirements, and availability of water.

Telecommuications

Telecommunications technology provides
links for voice communications and the trans-
mission of digital data between farms and other
firms and institutions. Through such technol-
ogy, farms, firms, and institutions can be joined
together in a large number of formal and infor-
mal networks. These networks enable farmers
to have relatively rapid, inexpensive, and relia-
ble access to central databases, centralized soft-
ware packages, and information on weather,
markets, and other subjects of interest. Virtu-
ally the same technology will be applied to both
animal and plant agriculture. Telecommunica-
tions include high speed, low speed, and radio
telecommunications, satellite base communica-
tions, and remote sensing technology (Battelle,
1985).

High-speed or high-bandwidth communica-
tions allow the farmer to send and receive much
larger amounts of data at lower costs per bit of
information. This capability is needed for video-
text services, teleconferencing, and, in many
cases, satisfactory real-time use of remote com-
puter facilities,

High-speed telecommunications is still under-
going substantial amounts of development. New
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transmission capabilities or new technologies
are needed for bringing high-speed telecommu-
nications to most rural areas, High-bandwidth
telecommunications can be provided by tech-
nologies that range from conventional high-
capacity, coaxial cable, microwave relay sys-
tems to fiber optics systems and high-band-
width direct transmit/broadcast satellite sys-
tems. High-bandwidth send-and-receive serv-
ice for the average farm operation is not likely
to be available for some time.

The existing telephone system is capable of
handling the demand for slow-speed telecom-
munications services in many rural areas, The
latest generation of microcomputers, modems,
and communications software is capable of
automatically accessing remote databases and
quickly downloading and uploading information
at regular intervals without operator attention,
Rural areas that install fiber optic telecommu-
nication systems will have enormous informa-
tion capacity that will easily support very high
data rates. In fact, the perennial dream of low-
cost, two-way videoconferencing, education,
and entertainment may well become a reality
in these rural areas by 1990 or 2000,

A number of emerging radio telecommunica-
tion technologies will provide improved serv-
ice in rural areas without the need to rewire the
local telephone networks. These technologies
can be put into two groups: ground-based, low-
power radio repeater systems, such as cellular
mobile phone systems; and satellite-based com-
munication systems. In principle, the cellular
radio technology being installed in major cit-
ies can be expanded to smaller cities, towns,
and rural areas at higher power levels for use
in voice and data communications. For appli-
cations where data transmissions are sufficient
and instantaneous communications are not nec-
essary, technology for packet radio messages
may provide substantial savings. packet radio
systems use ground-based repeater stations to
funnel messages with a standard, or “pack-
aged, ” format from distributed users to one
another or to a point where the messages can
be inserted into a national telecommunication
network, Messages are entered at each user sta-
tion, then converted into encoded “packets”

complete with addresses and distribution in-
structions. Each user station then transmits to
the local repeater station when the transmis-
sion channel is free. This technology may enable
cellular radio repeater technology to be ex-
tended to especially remote and sparsely popu-
lated areas and to areas where the basic tele-
phone system is inadequate and is unlikely to
be upgraded.

Satellite-based communication technologies
may provide very high-capacity telecommuni-
cation channels for rural areas. These systems
may be the only feasible high-capacity link for
some especially isolated rural areas. Large farms
may opt to establish their own ground stations
for satellite-based telecommunication, but new
generations of communication satellites may
have the power to serve many small individual
subscribers in remote rural locations.

Almost all commercial satellite communica-
tion systems employ satellites in geosynchro-
nous orbit.9 Alternately, the feasibility y of using
low-cost, low-Earth orbit satellites for the col-
lection, storage, and rebroadcasting of message
packets has been demonstrated by amateur ra-
dio groups. Commercial satellites using this de-
sign could enter service by 1990.

Remote sensing is a collection of technological
systems used to detect, process, and analyze
reflected and emitted electromagnetic radiation
at a distance. This includes the National Oce-
anic and Atmospheric Administration weather
satellites, land and ocean resource mapping sat-
ellites (the Landsat series), airborne camera and
electronic sensor systems, and ground-based
photogrametric and radiometric sensors. Infor-
mation from remote sensing technology is used
for a wide range of applications. Some exam-
ples are weather reporting and forecasting, land
use planning, environmental monitoring, crop
production estimates, soil mapping, range and
forest management, mineral exploration, and
watershed management.

Remote sensing technology in the form of
weather forecasting has already made a great

‘Traveling in orbit around the Equator at the same speed as
the Earth rotates,
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impact on agricultural production. Weather
reports and forecasts help farmers decide when
to plant and when to harvest, Fruit growers de-
pend on local weather forecasts to help make
frost protection decisions.

Farmers can also use remotely sensed infor-
mation to make other management decisions,
Soil moisture levels can be estimated accurately
for large northern plains wheat farms that de-
pend on stored soil moisture. Selection of fields
for rotation, seeding, and fertilizer rates could
then be planned for the available moisture on
different parts of the farm to optimize net in-
come.

Remote sensing technologies provide crucial
and timely information for the process of esti-
mating global crop production. These crop esti-
mates can have large impacts on price levels
and price variability. Estimates of crop produc-
tion in different countries are an important fac-
tor in the administration of commodity and ex-
port policies.

Labor-Saving TechnoIogy

Labor-saving technologies have made a signif-
icant dent in the cost of labor for animal pro-
duction and, to a lesser extent, for field crops.
The change to large-scale confinement opera-
tions of livestock and poultry has dramatically
reduced labor costs through the automation of
feeding, waste disposal, and egg collecting, For
field crops, reductions have come from using
larger tractors, combines, and tillage equipment.

Opportunities still exist, however, for reduc-
ing labor costs, particularly through: 1) mechani-
zation of fruit and vegetable operations, and 2)
robotic farming. Researchers and growers are
exploring ways to use these technologies with
other technologies to change cultivars and cul-
tural practices, rearrange work patterns, de-
velop labor-aid equipment (e. g., conveyors and
hoists), improve human relations, and develop
labor replacement equipment (Battelle, 1985).

Mechanical harvesting is most applicable for
fruits and vegetables that are to be processed
or dehydrated, because such products will not
show the effects of mechanical handling. Most

fruits and vegetables targeted for the fresh mar-
ket must still be harvested by hand.

The most economically important of the proc-
ess vegetables are the potato and the tomato,
both of which are mechanically harvested. The
development of mechanized tomato harvesting
is a particularly good example of technological
success: the concurrent development of a me-
chanical tomato harvester and anew, high-yield
process tomato, shaped for easy mechanical har-
vesting, gave California a production increase
of 300 percent with only a 50-percent increase
inland. Many other process vegetables are har-
vested mechanically, and research is still un-
der way to automate the harvesting of cauli-
flower, lettuce, okra, and asparagus.

Of the fruit crops, citrus crops are the largest
in total value. Although oranges would seem
to be ideally suited to mechanical harvesting
(80 percent of the crop is processed), the “bag
and ladder” method of hand picking remains
the most economical and widely used method.
For mass removal of some crops, mechanical
or oscillating-air tree shakers, usually in con-
junction with abscission chemicals, are used.
(Mechanical shakers are also used to harvest
process grapes and process deciduous fruits,
such as apples, pears, and peaches,) Technol-
ogy trends in citrus production point to higher
density plantings and the maintenance of trees
at a height of 5 meters or less. If high fruit yields
result, there is good potential for development
of over-the-row equipment for production and
harvesting.

The use of robotics in agriculture is likely to
be centered on high-value, labor-intensive crops
like oranges. Research is also being done on ap-
ple harvesters that will use ultrasonic sensors
to detect tree trunks and steer around the trees.
It is conceivable that by 1990, reductions in cost
and increases in the speed of operation will
make such robotic technology economically at-
tractive. Robotics may also have applications
in animal agriculture—for example, in check-
ing calving and farrowing, identifying estrus,
managing feeding, and handling manure.

Future labor replacement in agriculture will
likely involve some aspect of electronics tech-
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nology, much of which will be adapted from off-
shoots of military and aerospace technology.
Such technology will have to be adapted to with-
stand the variety in agricultural environments
and will have to have better cost-benefit ratios
for widespread adoption. Many new electronics
technologies may affect the quality more than
the quantity of labor. People with higher level
skills will be needed to operate and maintain
the new, more complex equipment.

Engines and Fuels

Continued improvements in engines and fuels
can be expected in the energy efficiency, dura-
bility, and adaptability of self-propelled farm
equipment. These improvements are likely to
come from R&D in a number of areas: 1) adia-
batic and turbocompound engines, 2) electronic
engine controls, and 3) onboard monitoring and
control devices (Battelle, 1985).

Expenditures by farms on liquid fuels were
$10 billion in 1982. Even modest improvements
in energy efficiency in farm production will
have a significant impact on the total cost of
production in agriculture. However, these tech-
nologies will not be adopted unless they also
deliver significant increases in productivity to
individual farms. Farms are continuing to im-
prove their energy efficiency by converting from
gasoline-powered equipment to diesel-powered
equipment at a rapid rate. Diesel fuel has more
energy per dollar, and diesel engines extract
more useful work from each calorie of fuel than
do gasoline engines.

All conventional internal combustion en-
gines, including diesel engines, are thermally
inefficient because they must dispose of large
amounts of heat by means of cooling systems.
If engines can be constructed of special cer-
amics to withstand high operating tempera-
tures, they would not need cooling systems and
would be much more efficient. Engines of this
type are called adiabatic engines.

Turbochargers are being widely used to in-
crease the performance of gasoline and diesel
engines by putting some of the exhaust gas
energy to use. Even more work can be extracted
from the exhaust gases by means of a device

called a turbocompound unit. This device cap-
tures exhaust gas energy and applies it directly
to the drivetrain of the vehicle instead of using
the energy solely to compress intake air, as in
the conventional turbocharger. Turbocompound
units will be especially useful when installed
on adiabatic diesels, owing to the high energy
content of the exhaust gases from these engines.

Electronic engine controls are being intro-
duced by some manufacturers in an effort to
improve the efficiency of the fuel injection sys-
tem on diesel engines. As with similar systems
developed for automotive applications, this
technology automatically works to optimize fuel
delivery under changing conditions, based on
information from engine sensors, implement
sensors, and operator inputs. Minimization of
tractor wheel slip by means of onboard moni-
toring and control technology also improves fuel
efficiency. Other applications of this technol-
ogy to onboard control of field operations is de-
scribed in the section on monitoring and con-
trol technologies.

Considerable research has been conducted on
the use of alternate fuels for agricultural appli-
cations. Much of this research was motivated
by the oil embargo crisis and rapidly rising liq-
uid fuel prices of the 1970s. None of the alter-
nate fuels hold much promise to increase the
fuel efficiency of conventional engines, This re-
search has revolved around the use of onfarm
production of ethanol for use primarily in gaso-
line-powered equipment and the onfarm press-
ing and refining of sunflower oil for use in diesel-
powered equipment. Neither fuel is economi-
cally competitive with purchased liquid fuels
in the absence of substantial subsidies. More-
over, both fuels are more difficult to use than
fossil fuels, Ethanol-based fuels tend to absorb
moisture and to separate in storage. Vegetable
oil-based diesel fuels require special process-
ing, which changes their chemical and physi-
cal characteristics, before they can be used relia-
bly in unmodified diesel engines.

Crop Separation, Cleaning, and
Processing Technology

New technologies being developed to sepa-
rate, clean, and process crops offer many ben-
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efits in increased yield, quality, and value of
crops. There are two major lines of research in
this area: 1) improvements in separating and
cleaning grain, and 2) in-field or onfarm proc-
essing of forages and oilseeds (Battelle, 1985).

The mechanization of grain harvesting and
separation has been one of the most important
factors in reducing the labor cost of grain pro-
duction. Even small improvements in labor or
capital efficiency have significant impacts on
grain production because of the large total cost
of producing the U.S. cash grain crop.

The basic methods of grain separation used
in all combines are mechanical beating, aera-
tion, and screening. While these methods have
been continually refined, the same basic tech-
niques have remained unchanged since antiq-
uity.

Grain harvesting productivity has been im-
proved over the past three decades by increas-
ing the size and power of combines. Combines
separate grain by beating and rubbing the grain
stalk between a stationary surface and a cylin-
der rotating at high speed. The chaff and other
debris are cleaned from the grain by blowing
a large amount of air through the grain/chaff
mix, The difference in the ability of the two ma-
terials to float on the airstream effects their sep-
aration.

Constraints on the total size and weight of
combine equipment that can be transported
over public roads limit the increases in general
harvest productivity. Within this constraint,
however, continued improvements in micro-
processor-based monitoring and control tech-
nologies incorporated into grain combines will
permit significant increases in capital and la-
bor productivity. New electronic sensors will
detect grain loss more accurately, allowing the
operator to make adjustments quickly. More-
over, if enough of the internal monitoring and
control of the grain separation process can be
automated, and if grain losses are minimized,
combine operators will be able to devote all of
their attention to guiding the combine and can

proceed at higher speeds. At present, the rate
of travel must be held to 5 to 7 acres per hour
so that the combine operator can monitor sev-
eral functions of the combine.

Improvements in cleaning grain will result
in a higher quality of grain and a reduction of
dockage at the point of distribution or sale. New
technologies will detect contaminants and re-
move them on the combine or as the grain is
transferred into farm storage. Further improve-
ments in grain cleaning will necessitate the use
of automated aeration and screening processes.

Another way to increase the value of a crop
is to do some of the processing in the field or
on the farm. A good example of in-field proc-
essing is the extraction of leaf protein juice from
alfalfa for use as high-value feed for pigs and
poultry and as a food additive for humans. The
residue of the process can be used as roughage
for livestock.

Onfarm extraction of oil from oilseed crops
such as soybeans and sunflowers has technical
merit as a way for farms to produce a diesel fuel
substitute or extender for tractors, combines,
and other equipment. Onfarm production of
vegetable oil fuel is more efficient than the con-
version of grain to ethanol fuels. Moreover, the
oilseed meal and glycerol byproducts from oil-
seed processing have substantial value as ani-
mal feed and chemical feedstocks. However, the
principal technology employed uses highly vola-
tile solvents and has a large requirement for cap-
ital, prohibiting its practical use on the farm,
Moreover, present vegetable oil prices are ap-
proximately double the price of diesel fuel.

The adoption of onfarm processing of forages
and oilseed is contingent on many domestic
and international economic, political, and in-
stitutional factors that currently override tech-
nical considerations. On the other hand, most
technologies to improve combine performance
should be achieved by the end of the decade,
at costs that will not significantly add to the to-
tal costs of today’s combines.
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Chapter 3

Impacts of Emerging Technologies
on Agricultural Production

Introducing to the marketplace the 150 emerg-
ing technologies forecasted in this study raises
questions about the effects these technologies
will have on crop yield, livestock feed efficiency,
and future food production. Many people are
concerned that the trends of major crop yields
are leveling off and that the world may not be
able to continue to produce enough food to meet
the demands of its growing population. How-
ever, OTA’s analysis indicates that the United
States can continue to meet foreign and domes-
tic demand for agricultural products if agricul-
tural research is adequately supported and if
economic and political environments are favor-
able. What this conclusion means in practice
is the subject of this chapter.

OTA commissioned leading scientists, spe-
cialists in the 28 technological areas, to prepare
state-of-the-art papers. Each paper: 1) defined
and delineated the scope of a technology area,
2) identified four or five major lines of research
where significant technologies were likely to
emerge by 2000, 3) discussed the current state
of technology development, 4) identified major
breakthroughs in other science and technology
areas that would be necessary for successful de-
velopment of the technology in question, 5) dis-
cussed the institutional arrangements necessary
for the research of the technology to be con-
ducted or supported, 6) estimated the time in
which a particular line of research would likely
be completed and the resulting technology in-
troduced commercially, and 7) estimated the po-
tential primary impacts of each technology on
crop and livestock production. These papers
provided the basis for discussion in two tech-
nology workshops conducted by OTA.

The workshops—one for animal technology
and the other for plant, soil, and water technol-

OTA study participants arrived at this con-
clusion by first projecting where and under what
economic and political conditions the various
emerging technologies would be adopted and
what the primary impacts of those technologies
would be on net increases in production. Based
on this information OTA projected the impacts
of technology adoption on agricultural produc-
tion on a per-unit basis (e. g., bushels of corn per
acre) and then on an aggregate basis (e. g., mil-
lion bushels of corn produced in the entire
country).

AND PRIMARY IMPACTS

ogy—were conducted to assess the impacts of
emerging technologies on agricultural produc-
tion. Workshop participants, carefully selected
to include those with expertise in different
stages of technological innovation, comprised
physical and biological scientists, engineers,
economists, extension specialists, commodity
specialists, agribusiness representatives, and ex-
perienced farmers.

The participants provided data on: 1) the tim-
ing of commercial introduction of each tech-
nology area; 2) primary impacts, or net yield
increases (by commodity), expected from each
package of technologies; and 3) the number of
years needed to reach various adoption percent-
ages (by commodity).

The Delphi technique was used to obtain col-
lective judgments from the workshop partici-
pants on the development and adoption of the
emerging technologies.1 To facilitate the proc-

IThe Delphi technique is a systematic procedure for eliciting
and collating informed judgments from a panel of experts. It has

75
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ess of obtaining consensus, an electronic Con-
sensor was used to help tabulate the ratings as-
signed by each expert. A detailed discussion of
the methodology and workshop procedures is
presented in appendix A.

The Timing of Commercial Introduction

Since the impact of a new technology on agri-
culture at a given time depends in part on when
the technology is available for commercial in-
troduction, workshop participants were asked
to estimate the probable year of commercial in-
troduction of each technology under three alter-
native environments:

1. Most likely environment—assumes to year
2000: a) a real rate of growth in research and
extension expenditures of 2 percent per year,
and b) the continuation of all other forces that
have shaped past development adoption of tech-
nology.

2. More-new-technology environment (rela-
tive to the most likely environment)—assumes
to year 2000: a) a real rate of growth in research
and extension expenditures of 4 percent, and
b) all other factors more favorable than those
of the most likely environment.

3. Less-new-technology environment (relative
to the most likely environment)—assumes to
year 2000: a) no real rate of growth in research
and extension expenditures, and b) all other fac-
tors less favorable than those of the most likely
environment.

4. No-new-technology environment—assumes
to year 2000: a) none of the emerging technol-
ogies identified in the study will be available
for commercial introduction, andb) all the other
factors are the same as those under the less-
new-technology environment.

two distinct characteristics: feedback and anonymity. During the
Delphi process, responses are collated and then referred to the
experts for review. Each expert reevaluates his or her original
answers after examining the summary of the group’s responses.
The iterative process of evaluation, feedback, and reevaluation
continues until a consensus is reached. Since this is not a ran-
dom sampling, the results obtained through the Delphi process
depend heavily on the experts selected.

Table A-1 in appendix A shows in more detail
the sets of assumptions made under the alter-
native technology environments.

The year of commercial introduction ranged
from now—for genetically engineered pharma-
ceutical products; control of infectious disease
in animals; superovulation, embryo transfer,
and embryo manipulation of cows; and con-
trolling plant growth and development—to 2000
and beyond, for genetic engineering techniques
for farm animals and cereal crops. Of the 57
potentially available animal technologies, it was
estimated that 27 would be available for com-
mercial introduction before 1990, and the other
30 between 1990 and 2000, under the most likely
environment. In plant agriculture, 50 out of 90
technologies examined were projected to be
available for commercial introduction by 1990,
and the other 40 technologies between 1990 and
2000. The major categories of animal and plant
technologies are listed in appendix A, tables
A-2 and A-3.

When a given package of technologies is
adopted by a farmer and put into agricultural
production, its immediate impact on plant agri-
culture is increased yields and/or increased
percentage of planted acreage harvested.2 To
determine immediate impacts on animal agri-
culture, OTA considered feed efficiency for all
animals and reproductive efficiency for beef
cattle and swine, milk production per cow for

‘It is often stated that U.S. agriculture needs cost-saving tech-
nology, not yield-increasing technology. Technologies can be clas-
sified into two general types according to their impact: 1) those
that reduce the cost of production directly, and 2) those that in-
crease productivity through yield increases, The first type of tech-
nology, such as nitrogen fixation and new crop varieties resis-
tant to pest, disease, and environmental stress, saves costs of
purchasing agricultural chemicals, at little additional expense.
The second type of technology, such as pesticides, herbicides,
plant-growth regulators, irrigation, and fertilizer, typically in-
crease yields, but at additional expense. Regardless of the type
of technology, all technologies reduce average costs if they are
worth adopting. For example, a new variety of corn increases
yields from 100 to 140 bushels per acre. Assuming no additional
increase in the cost of purchasing the new variety of seeds, the
total cost of production using the new variety will be shared by
140 bushels rather than 100 bushels. Thus, the new variety re-
duces the average cost 29 percent.
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dairy cows, and the number of eggs per layer
(producing hen) for poultry.

To estimate the net impact of emerging tech-
nologies on agricultural production, workshop
participants were first asked to project the per-
formance measures of crop and livestock pro-
duction, such as crop yields and livestock feed
efficiency, to 1990 and 2000 under the no-new-
technology environment. Historical trend lines
of the performance measures of crop and live-
stock production were provided to the partici-
pants as a basis for their projections. Through
the Delphi process, participants collectively pro-
jected the performance measures for each of
nine commodities for 1990 and 2000 (app. A,
table A-5). The nine commodities included corn,
cotton, rice, soybeans, wheat, beef cattle, dairy
cattle, poultry, and swine.

Based on those estimates and on the informa-
tion obtained from the presentations and from
discussions with the authors of the commis-
sioned papers, participants then jointly pro-
jected the net increases in crop yields, animal
feed efficiencies, and other performance meas-
ures that could be expected if specific packages
of technologies were commercially available
and fully adopted by farmers. Generally, the
28 areas of technologies were grouped in “pack-
ages” according to their probable impacts on
a commodity. Each package was further catego-
rized as a 1990 version of the package or a 2000

version of the package, thus delineating those
technologies that are expected to be introduced
by 1990 and 2000, respectively. The packages
of technologies are described further in appen-
dix A.

Through the Delphi process, OTA obtained
estimates for each package of technologies on
each of the nine commodities under the three
alternative environments. The results are shown
in tables 3-1 and 3-2. In soybean production, for
example, if technology package 1990A—which
includes genetic engineering, enhancement of
photosynthetic efficiency, plant growth regu-
lators, plant disease and nematode control, and
multiple cropping—is adopted by soybean pro-
ducers, yields are predicted to increase 2.2 per-
cent under the most likely environment, 15.2
percent under the more-new-technology envi-
ronment, and only 1.2 percent under the less-
new-technology environment. If package 2000A
is adopted, soybean yields are predicted to in-
crease 22.1 percent under the most likely envi-
ronment, 23.9 percent under the more-new-
technology environment, and 14.9 percent under
the less-new-technology environment. Package
2000A increases soybean yields substantially
more than package 1990A because it includes
such major technologies as genetically engi-
neered soybean plants, photosynthetic molecu-
lar biology and genetics, and genetically engi-
neered pest-resistant plants, all of which would

Table 3-1 .—Estimated Percentage Change in Crop Yield

Technology environments

Technology Less-new-technology Most likely More-new-technology
Crop package 2000 2000 2000

Corn . . . . . . . . . . . . Package A
B
c

Cotton. . . . . . . . . . . Package A
B
c

Rice. . . . . . . . . . . . . Package A
B

Soybean . . . . . . . . . Package A
B
c

Wheat . . . . . . . . . . . Package A
B
c

15.6°\o
8.8

–31.2

5.4
2.3
0
8.4
8.8

14.9
4.9
3.7

24.0
1.5
5.0

21 .5%0
14.4

–28.8

9.0
2.8
0

12.4
14.4

22.1
7.2
4.6

24.0
1.5
5.0

28.50/o
20.8

– 2 8 . 0

12.0
3.1
0

15.6
18.6

23.9
7.5
5.5

24.0
1.5
5.0

SOURCE: Office of Technology Assessment.
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Table 3-2.—Estimated Percentage Change in Animal Feed and Reproductive Efficiency

Technology environments

Technology Less-new-technology Most likely More-new-technology
Animal package Efficiency measure 2000 2000 2000

Beef . . . . . . . . . . . . . . . Package A Pounds meat per lb feed o 22.4% 30.4%
Calves per cow o 0 28.4

B Pounds meat per lb feed 5.8% 10.4 12.4
Calves per cow 1.2 5.2 6.4

C Pounds meat per lb feed 1.8 4.5 5.8
Calves per cow 1.2 2.0 3.2

D Pounds meat per lb feed 0.1 1.2 1.7
Calves per cow o 0.3 0.9

E Pounds meat per lb feed 1.4 2.8 3.3
Calves per cow 2.3 5.3 6.6

F Pounds meat per lb feed o 1.1 1.5
Calves per cow o 0 0

Dairy. . . . . . . . . . . . . . . Package A Pounds milk per lb feed 5.8 13.2 15.2
Pounds milk per cow 6.8 12.2 15.2

B Pounds milk per lb feed 7,6 11.0 13.0
Pounds milk per cow 9.4 12.2 14.6

C Pounds milk per lb feed 7.8 12.4 15.2
Pounds milk per cow 15.0 21.3 24.3

D Pounds milk per lb feed 25.6 25.6
Pounds milk per cow 25.6 25.6

Poultry . . . . . . . . . . . . . Package A Pounds meat per lb feed 7.3 9.2 11.3
Eggs per layer per year 4.6 5.8 7.1

B Pounds meat per lb feed 2.5 3.1 3.9
Eggs per layer per year 4.0 5.0 6.2

C Pounds meat per lb feed 1.3 1.6 2.0
Eggs per layer per year 1.6 2.0 2.5

Swine . . . . . . . . . . . . . . Package A Pounds meat per lb feed 4.8 12.6 15.0
Pigs per sow per year 14.4 27.6 50.0

B Pounds meat per lb feed 2.8 4.0
Pigs per sow per year 14.4 20.8

C Pounds meat per lb feed 2.1 2.1
Pigs per sow per year 0.8 2.4

SOURCE’ Office of Technology Assessment.

not be ready for commercial adoption until after
1990.

Note that technology package C for corn pro-
duction, which consists of only organic farm-
ing, received very low marks from the Delphi
panel. If fully adopted, this technology will re-
sult in yield reductions ranging from 23 to 28
percent. Some organic farming specialists feel
that the panel overestimated the negative im-
pact. Harwood (1985) indicates that the best esti-
mate from the published reports is about a 10-
percent reduction. Since the cost of organic
farming is lower, the economic efficiency for
organic farming may be higher than that for con-
ventional farming.

Adoption Profiles

The primary impacts estimated above assume
that the technologies will be fully adopted by
farmers and put into agricultural production.
But when a new technology is introduced for
commercial adoption, only a small number of
farms, mostly the large and innovative ones, will
adopt the technology initially because the pos-
sible payoff of the new technology is uncertain
and because the potential adopters need time
to learn how to use the new technology and to
evaluate its worth. As early adopters benefit
from using a new technology, more and more
farmers will be attracted to it, increasing the
speed of adoption exponentially. Eventually, as
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most potential adopters adopt a new technol-
ogy, the percentage of adoption will level off
and approach a maximum; thus, the adoption
profile follows an S-shaped curve (Lu, 1983).

To derive an adoption profile of each pack-
age of technologies for each commodity under
different economic environments, participants
were divided into commodity groups accord-
ing to their expertise in a particular commodity.
There were four groups in the animal technol-
ogy workshop (beef, swine, dairy, and poultry)
and five in the plant, soil, and water technol-
ogy workshop (wheat, corn, cotton, soybean,
and rice). The participants were then asked the
question, “If a specific package of technologies
is introduced in the market today, how long will
it take for farmers to have it adopted?” Based
on their collective experience, the participants
estimated the following for each package of tech-
nologies:

1.
2.

3.

The maximum percentage of adoption.
The number of years it would take to reach
20)-percent adoption.
The number of years it would take to reach
50-percent adoption.

Based on information from the commodity
groups, a logistic curve was fitted for each pack-
age of technologies applied to each of the nine
commodities under different scenarios. Figure
3-1 shows the estimated adoption curves for
package A corn technologies, which consist of
plant genetic engineering, plant disease and
nematode control, management of insects and
mites, water and soil-water-plant relations,

Figure 3-1 .—Logistic Adoption Curves for Corn,
Package A

 .   
0 2 4 6- 8 10 12 14 16 18 20 22 24

Years from introduction date

— More-new-technology .—— Less-new-technology
environment environment

—— Most likely environment
Source. Office of Technology Assessment

communication and information management,
monitoring and control, and telecommunica-
tions. The participants estimated that it would
take 8 years to reach 20-percent adoption un-
der the most likely environment, while it would
take only 6 years to reach it under the more-
new-technology environment, where the eco-
nomic environment is more favorable for tech-
nology adoption. To reach 50-percent adoption,
it would take 11 years under the most likely envi-
ronment and 10 years under the more-new-tech-
nology environment. The maximum adoption
rate projected is 80 percent under both envi-
ronments.

PROJECTION OF PER-UNIT CROP YIELDS AND
LIVESTOCK  FEED  EFFICENCIES

Based on the information obtained from the ronments. The results are presented in tables
workshops on: 1) the years of commercial intro- 3-3 and 3-4.3

duction, 2) the primary impacts, and 3)the adop- Under the most likely environment, feed effi-
tion profiles, OTA computed the efficiency ciency in animal agriculture will increase at a
measurements for all animals and the average

3For ease of presentation, the less-new-technology environmentyield and percentage of planted acreage for all is not presented. Its estimates fall between the no-new-technology
crops in 1990 and 2000 under alternative envi- and most likely environments.
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Table 3-3.—Estimates of Crop Yield and Animal Production Efficiency

No-new-technology Most likely More-new-technology
environment environment environment

Actual 1962 2000 2000 2000

Corn—bu per acre . . . . . . . . . . . . . . . . . . 113 124 139 150

Cotton—lb per acre . . . . . . . . . . . . . . . . . 481a 511 554 571

Rice—bu per acre. . . . . . . . . . . . . . . . . . . 105 109 124 134

Soybeans—bu per acre . . . . . . . . . . . . . . 30a 35 37 37

Wheat—bu per acre . . . . . . . . . . . . . . . . . 36 41 45 46

Beef:
Pounds meat per lb feed. . . . . . . . . . . . . 0.070 0,066 0.072 0.073
Calves per cow . . . . . . . . . . . . . . . . . . . . . 0.88 0.96 1.0 1.04

Dairy:
Pounds milk per lb feed . . . . . . . . . . . . . 0.99 0.95 1.03 1.11
Milk per cow per yearb (1,000 lb) . . . . . . 12.3 15.7 24.7 26.1

Poultry:
Pounds meat per lb feed. . . . . . . . . . . . . 0.40 0.53 0.57 0.58
Eggs per layer per year . . . . . . . . . . . . . . 243 260 275 281

Swine:
Pounds meat per lb feed. . . . . . . . . . . . . 0.157 0.17 0.176 0.18
Pigs per sow per year . . . . . . . . . . . . . . . 14.4 15.7 17.4 17.8
aNot actua[—baged  on estimate from trend line.
bThe~e e~timate~  differ from those in table 2.2 of the first rep~rf from this  study because of changes made  at a later  date  by workshop  p’rticlp’IltS  irl the adoption

rate of some of the dairy technology packages.

SOURCE: Office of Technology Assessment.

Table 3-4.-Historical and Projected Rates of Annual Growth in Crop Yield

1982-2000

No-new-technology Most likely More-new-technology
1960-82 environment environment environment

Corn . . . . . . . . . . . 2.60/o 0.5% 1.2% 1.60/0

Cotton . . . . . . . . . 0.1 0.3 0.7 1.0

Rice . . . . . . . . . . . 1.2 0.2 0.9 1.4

Soybean. . . . . . . . 1.2 0.8 1,2 1.2

Wheat . . . . . . . . . 1.6 047 1.2 1.4
SOURCE: Office of Technology Assessment.

rate of from 0.2 percent per year for beef to 1.4
percent for poultry. In addition, reproduction
efficiency will also increase, at an annual rate
ranging from 0.6 percent, for beef cattle, to 1.1
percent, for swine. Milk production per cow
per year will increase at 3.9 percent per year,
from 12,300 pounds to 24,730 pounds per cow,
in the period 1982-2000.

Major crop yields are estimated to increase
from 1982 until 2000 at a rate ranging from 0.7
percent per year, for cotton, to 1.2 percent per
year, for wheat and soybeans. Wheat yield, for
example, is projected to increase at the rate of
0.7 percent per year, from 36 bushels per acre

in 1982 to 41 bushels per acre in 2000, assum-
ing no new technologies will become available
before 2000. Under the most likely environment,
wheat yields will increase at the rate of 1.2 per-
cent per year to 45 bushels per acre. The differ-
ence in wheat yield between the two environ-
ments, 4 bushels per acre, represents the impact
of new technologies under the most likely envi-
ronment.

How do these rates of increase compare with
historical trends? Will emerging technologies
significantly change the trends? By far the most
drastic increases in productivity will be in milk
production, primarily because the products of
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genetic engineering will soon be available for
commercial adoption by the dairy industry. One
of the proteinaceous pharmaceuticals, bovine
growth hormone, is alone expected to increase
milk yields between 20 to 40 percent almost
overnight via daily injections of the hormone
into cattle.

From 1960 to 1982 milk production increased
2.6 percent per year, from 7,029 pounds per cow
per year to 12,316 pounds. If no new technol-
ogy is available from now until 2000, this rate
of increase would not be maintained. Under
such an environment milk production per cow
per year is expected to increase at only 1.4 per-
cent per year, from 12,316 pounds in 1982 to
15,700 pounds in 2000. However, if new tech-
nologies are adopted, the rate of increase in milk
production would far surpass the historical rate,
under the remaining technology environments.
Under the more-new-technology environment,
milk production is expected to reach 26,080
pounds in 2000, at an annual rate of 4.2 percent.

Application and adoption of new technologies
will also increase the feed efficiency of other
animals. Poultry feed efficiency has been in-
creasing at 1.2 percent per year for the last 15
years, Under the most likely environment, feed
efficiency will increase at 1.4 percent per year
through 2000.

The feed efficiencies for beef and swine have
not increased for the last 15 years. Beef feed effi-
ciency declined from 0.093 pounds of beef per
pound of feed in 1965 to 0.065 pounds in 1973
and then maintained at about 0.070 pounds in
recent years, The introduction of new technol-
ogies will increase feed efficiencies. Under the
most likely environment, the feed efficiency is
projected to increase at an annual rate of 0.2
percent, reaching 0.072 pounds of beef per
pound of feed in 2000. Swine feed efficiency
has declined steadily from 0.19 pounds of pork
per pound of feed in 1974 to 0.15 pounds in 1980.
Under the most likely environment, feed effi-
ciency will increase to 0.18 pounds of pork per
pound of feed in 2000, at the rate of 0.4 percent
per year,

Efficiencies in crop production will be less
dramatic than those in animal production, pri-

marily because development of biotechnology
for plants is far behind that for animals, Most
of the major plant biotechnologies will not be
commercially available before 2000. Therefore,
it will be difficult to maintain historical trends
without infusion of new technologies. As shown
in table 3-4, all major crops included in this
study, except for cotton, have experienced phe-
nomenal growth during the past 20 years. The
average annual rates of growth range from 1.2
percent, for rice and soybeans (and 1.6 percent
for wheat), to 2.6 percent for corn. Without new
technologies, these trends cannot continue. Un-
der the no-new-technology environment, the
yields of major crops are expected to grow only
at 0.2 percent per year for rice, to 0.8 percent,
for soybeans. Even under the most likely envi-
ronment, corn and wheat yields still could not
keep up with past growth. Under the more-new-
technology environment, the annual rates of
growth of all major crops, except for corn and
wheat, are expected to equal or exceed histori-
cal rates of growth. The growth rate of corn
yields under the most favorable environment
is expected to be 1.6 percent, which is far short
of the historical rate of 2.6 percent per year.

New technologies could have a significant im-
pact on cotton and rice yields. Cotton yields have
not increased much during the last two decades.
Instead, they have been fluctuating around the
trend line, which has increased at the rate of
only 0.1 percent per year from 1960 to 1982.
Adoption of new technologies could shift the
trend upward. Under the most likely environ-
ment, cotton yields are projected to increase at
0.7 percent per year, and under the more-new-
technology environment, 1.0 percent per year.

Although rice yields have increased at an aver-
age of 1.2 percent per year since 1960, the yield
curve has been flattened since 1967. During the
1960-67 period, rice yields increased at 4.1 per-
cent per year, but the rate of growth has declined
to only 0.2 percent per year since 1967. Intro-
duction of new technologies into rice produc-
tion could turn the yield curve upward. Under
the most likely environment, rice yields are ex-
pected to increase 0.9 percent per year, and un-
der the more-new-technology environment, 1.4
percent. This is the highest rate of growth esti-
mated among all major crops.
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PROJECTIONS OF AGGREGATE CROP AND LIVESTOCK PRODUCTION

OTA used the projected crop yields and per-
cent of planted acres harvested for major crops,
and the projected feed and reproductive effi-
ciencies of livestock, to assess the collected im-
pacts of the 28 areas of emerging technologies
on the total production of various crop and live-
stock products. The primary tool used in the
analysis was an econometric model which is
an annual, partial equilibrium model consist-
ing of a crop sector, a livestock sector, and a
financial sector.4 The model is a partial equi-
librium model in that a general equilibrium so-
lution is solved within the agricultural sector
while a specified set of conditions are assumed
to exist within the rest of the economy, such
as population growth, income growth, export
demand, and interest rates. The model was used
in a 20-year simulation projecting the effects
of technological change on the various crop and
livestock commodities previously discussed.
The results appear below.

IThe model used was the Iowa State University econometric
model developed by Earl Heady.

crop Production

Applications of new technologies will in-
crease aggregate crop production throughout
the projection period—from 1981 to 2000. Table
3-5 shows projections to year 2000 of increased
production for five major crops. Total U.S. crop
production was determined by average crop
yields and acres of crops harvested. Crop yields
were projected to 2000 under the three technol-
ogy environments from the results of the tech-
nology workshop. The projections took into ac-
count the timing, adoption profiles, and primary
impacts of emerging technologies. Acres of
crops harvested were determined by the model,
based on expected returns from crop produc-
tion, diversion payments, and other crop-
specific considerations.

Although there will be a drop in the number
of acres of corn planted, projected yield in-
creases and increases in the proportion of
planted acres actually harvested will cause corn
production to increase over time under each
environment. The increase will be greatest un-
der the more-new-technology environment, a

Table 3-5.—Projections of Crop Production

2000
No-new-technology Most likely More-new-technology

crop Unit 1984 environment environment environment

Corn?
Production . . . . . Billion bu 7.7
Growth rate. . . . . Percent

Cotton:
Production . . . . . Billion lb 6.2
Growth rate. . . . . Percent

Rice:
Production . . . . . Million cwt 137.0
Growth rate. . . . . Percent

Soybean. a

Production . . . . . Billion bu 1.9
Growth rate. . . . . Percent

Wheat?
Production . . . . . Billion bu 2.6
Growth rate. . . . . Percent

8.6
0.7

6.4
0.1

153.6
0.7

3.0
3.1

3.3
1.5

9.3
1.2

6.9
0.7

163.4
1.1

3.2
3.4

3.5
1.9

9.7
1.5

7.2
0.9

169.2
1.3

3.3
3.6

3.5
2.0

apro~ections  shown  for this commodity differ from those in table 2-3 of the first report from this study because the Previous
figures were prelimina~.

SOURCE: Office of Technology Assessment.
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situation that is also true for the other crops
analyzed.

Unlike planted acres of corn, planted acres
of soybeans will increase during the projection
period. Increases in yields and increases in har-
vested acres will cause total U.S. soybean pro-
duction to increase significantly over the 1982
through 2000 projection period, Because yields,
planted acres, and proportion of planted acres
harvested vary little across different environ-
ments, production increases do not vary much
across environments. The rate of increase ranges
from 3.1 to 3.6 percent per year for the no-new-
technology and more-new-technology environ-
ments, respectively.

Planted acres of wheat are projected to in-
crease under the no-new-technology environ-
ment but to decrease under the most likely and
more-new-technology environments, Increases
in average wheat yields will cause wheat pro-
duction to increase over the projection period.

As shown in table 3-4, cotton yields are pro-
jected to increase relatively less than corn, soy-
bean, and wheat yields. Planted acres of cotton
are projected to increase under each of the tech-
nology environments, with only slight differ-
ences across environments. Increases in both
yields and harvested acres will cause total U.S.
cotton production to increase,

Planted acres of rice are also projected to in-
crease under each technology environment. As
shown in table 3-4, rice yields are projected to
increase over time for each environment. In-
creasing yields and increasing harvested acres
will cause total rice production to increase over
time.

Livestock and Milk Production

Technology impacts are felt in the livestock
sector through calving rate changes for beef and
through feed input price differentials for beef
and other livestock. Higher feed efficiencies and
crop production levels under the more-new-
technology compared with the no-new-technol-
ogy environments result in lower corn, soybean
meal, and wheat prices, The lower prices of
these feed inputs cause livestock production to

increase generally. The higher calving rates
under the more-new-technology environment
also tend to increase beef production. Increased
production tends to depress livestock and meat
prices if demand for livestock and meat does
not increase proportionately.

The production of prime beef is determined
by the number of feeder cattle slaughtered, the
average fed cattle weight at slaughter, and the
conversion ratio of live weight to carcass weight
(dressing percentages).

As shown in table 3-6, prime beef production
decreases over time for all technology environ-
ments. Due to higher calving rates and lower
feed costs, beef production is highest under the
more-new-technology environment. Under the
most likely environment, beef production is pro-
jected to decline from 1984 to 2000 based on
a weakness in consumer demand caused by
changes in income levels, shifts in taste, and
concern over potential health problems associ-
ated with the consumption of red meat, among
other factors.

The impacts of technology on pork produc-
tion are reflected only through differences in
feed input prices. Differences in farrowing rates
are not accounted for across environments, As
shown in table 3-6, pork production is projected
downward for all technology environments,
The downward trend is attributed to higher feed
input prices and higher retail pork prices re-
sulting from lower production. Pork production
under the most likely environment is projected
to drop 15 percent from 1984 to 2000.

Chicken production is projected to increase
over time for all technology environments, and
the differences across the various environments
are minimal.

Total milk production is determined by mul-
tiplying milk yield times milk cow numbers.
Milk yield, as indicated earlier, is projected to
increase through 2000, owing in large part to
the anticipated emergence and adoption of bio-
technologies in the dairy industry, Cow num-
bers are determined in the model as a positive
function of the ratio of the blend price of Grade
A and Grade B milk over the average ration cost
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Table 3.6.—Projections of Animal Production

2000
No-new-technology Most likely More-new-technology

Livestock Unit 1984 environment environment environment
Prime beef:
Production . . . . . Billion lb 16.0 12.5 14.1 15.7
Growth rate. . . . . Percent – 1.5 –0.8 –0.2
Poultry:
Production . . . . . Billion lb 13.5 16.8 16.7 16.7
Growth rate. . . . . Percent 1.4 1.3 1.3
Pork:
Production . . . . . Billion lb 13.8 10.7 11.7 13.0
Growth rate. . . . . Percent – 1.6 – 1.0 –0.4
Milk:
Production . . . . . Billion lb 135.4 126.1 192.1 201.8
Growth rate. . . . . Percent –0.4 2.2 2.5
SOURCE: Office of Technology Assessment

and a negative function of the cull price of dairy
cows. The blend price falls slightly for each envi-
ronment over the projection period. The aver-
age ration cost and cull cow price are exoge-
nously projected to increase over the 1983-2000
period. As a result, cow numbers are projected
to decline by at least 30 percent over the period,
with only small differences across the envi-
ronments.

Given the increases in milk productivity and
the decreases in cow numbers, what will hap-
pen to total milk production over time? As
shown in table 3-6, under the no-new-technology
environment, milk production will fall at 0,4 per-
cent per year from 1982 through 2000 because
reductions in cow numbers more than offset in-
creases in milk yield. Under the other two envi-
ronments, milk production will increase despite
the reductions in numbers of cows. The largest
increases are projected to occur before 1990.

In the world agricultural marketplace, avail-
able information points to a periodic series of
surpluses and deficits over the next two dec-
ades (Mellor, 1983; Resources for the Future,
1983). A Resources for the Future (RFF) study
indicates that the global balance between cereal
production and population will remain quite
close until year 2000, indicating vulnerability
to annual shortfalls resulting from weather,
wars, or mistakes in policy, Over the next 20
years the world will become even more depen-
dent on trade, There will be increasing compe-

tition for U.S. farmers in international markets.
Much of this increased competition will come
from developing countries selling farm com-
modities as a source of exchange to pay for im-
ports such as oil. Despite this increased com-
petition, exports of grain from North America
are projected nearly to double by year 2000.

On the other hand, there is another school of
thought that believes current studies such as that
by RFF have not properly assessed the magni-
tude and impact of emerging technologies on
farm production. Technologies such as genetic
engineering and electronic information tech-
nology that are available now in various forms
could mean rapid increases in yields and pro-
ductivity. While such changes may improve the
competitive position of American agriculture,
they might create surpluses and major struc-
tural change—favoring, for example, larger,
more industrialized farms.

Any conclusion regarding the balance of glob-
al supply and demand requires many assump-
tions about the quantity and quality of resources
available to agriculture in the future. Land,
water, and technology will be the limiting fac-
tors to agriculture’s future productivity.

Agricultural land that does not require irri-
gation is becoming an increasingly limited re-
source. In the next 20 years, out of a predicted
1.8-percent annual increase in production to
meet world demand, only 0.3 percent will come
from an increase in quantity of land used in pro-
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duction (RFF, 1983). The other 1.5 percent will
have to come from increases in yields–mainly
from new technology. Thus, to a very large ex-
tent, research that produces new technologies
will determine the future world supply/demand
balance and the amount of pressure placed on
the world’s limited resources.

The OTA results indicate that with continu-
ous inflow of new technologies into the agri-
cultural production system, U.S. agriculture will

SUMMARY AND

OTA finds that emerging agricultural tech-
nologies, if fully adopted, will produce signifi-
cant impacts on the performance of plant and
animal agriculture. The most dramatic impacts
will first be felt in the dairy industry, where new
genetically engineered pharmaceuticals (such as
bovine growth hormones and feed additives)
and information management systems will soon
be introduced commercially. New technologies
adopted by the dairy industry will increase milk
production far beyond the 2.6-percent annual
rate of growth of the past 20 years. Under the
most likely environment, milk production per
cow is expected to increase at an annual rate
of 3.9 percent. Applications of new technologies
will also increase the feed efficiency and repro-
ductive efficiency of other agricultural animals.

Because development of biotechnology for
plant agriculture is lagging behind that for ani-

CHAPTER 3

Harwood, Richard, Program Officer, Internat ional
Agricultural Development Service, personal com-
munication, July 30, 1985,

Lu, Yao-chi, “Forecasting Emerging Technologies
in Agricultural Production, ” in Yao-chi Lu (cd.),
Emerging Technologies in Agricultural Produc-
tion, Cooperative State Research Service, U.S. De-

partment of Agriculture, 1983.

be able not only to meet domestic demand but
also to contribute significantly to meeting world
demand in the next 20 years. This does not nec-
essarily mean that the United States will be com-
petitive or have the economic incentive to pro-
duce. It means only that the United States will
have the technology and resources available to
provide the production increases needed to ex-
port for the rest of this century.

CONCLUSIONS

mal agriculture, significant impacts from such
technology will not be felt in plant agriculture
before the turn of the century. The development
and adoption of the new technologies under the
most favorable environment will, in the short
run, increase the rates of growth of major crop
yields, except for corn, at about the level of the
historical rates of growth. However, the impacts
of these technologies will be substantially
greater for plant agriculture after 20000

The OTA study indicates that, with a contin-
ued flow of new technologies into the agricul-
tural production system, major crop yields will
continue to grow and U.S. agriculture will con-
tinue to provide enough food to meet domestic
and foreign demand as long as agricultural re-
search is adequately supported and economic
and political environments are favorable.
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Chapter 4

Dynamic Structure of Agriculture

Who will use a technology is as important a
consideration as which technology will be
adopted, for the distribution of technology af-
fects both agricultural production and the socio-
economic structure of the entire agricultural
sector.

The trend toward concentration of agricul-
tural resources in fewer but larger farms will
continue, although the degree of concentration
will vary by region and by commodity. Indeed,
in the future, 75 percent of the food and fiber
in this country will probably be produced by
only 50,000 of the 1 million farms in existence.

Further concentration of resources will be most
likely in those industries already highly concen-
trated, for example, the broiler, fruit and vegeta-
ble, and dairy industries.

Several factors contribute to the changing
character of the agricultural sector: policies,
institutions, economies of size, and new tech-
nologies themselves. This chapter provides a
perspective for analyzing technology’s distribu-
tional impacts on agricultural structure by sur-
veying the characteristics of that structure and
the factors that affect it.

PRESENT STRUCTURE OF AGRICULTURE

The heart of agriculture—the farm—is offi-
cially defined as a place that produces and sells,
or normally would have sold, at least $1,000
worth of agricultural products per year. So de-
fined, there were about 2.2 million farms in
1982. Farms in that year had an average net in-
come from farming of $9,976 and an average
off-farm income of $17,601, for a total of $27,577.

Perhaps the best known characteristic of U.S.
agriculture is the trend toward larger but fewer
farms. Currently, about 1 billion acres of land
are in farms, resulting in an average farm size
of about 400 acres. However, this average size
has little meaning, since fewer than 25 percent
of all farms fall within the range of 180 to 500
acres. Almost 30 percent of all U.S. farms have
less than 50 acres, whereas 7 percent have more
than 1,000 acres.

The number of farms reached a peak of about
6.8 million farms in 1935 and is now approxi-
mately 2.2 million. The rate of decline has
slowed since the late 1960s, with a loss of about
100,000 farms since 1974.

Employment in farming began a pronounced
decline after World War II, when a major tech-
nological revolution occurred in agriculture.
The replacement of draft animals by the trac-

tor began in the 1930s and was virtually com-
plete by 1960, releasing about 20 percent of the
cropland, which had been used to grow feed
for draft animals.

The increased mechanization of farming per-
mitted the amount of land cultivated per farm
worker to increase fivefold from 1930 to 1980.
The amount of capital used per worker in-
creased more than 15 times in this period. To-
tal productivity (production per unit of total in-
puts) more than doubled because of the adoption
of new technologies such as hybrid seeds and
improved livestock feeding and disease preven-
tion. The use of both agricultural chemicals and
fuel also grew very rapidly in the postwar pe-
riod. Agricultural production began to rely heav-
ily on the nonfarm sector for machinery, fuel,
fertilizer, and other chemicals. These, not more
land or labor, produced the growth in farm pro-
duction. The resultant changes have greatly in-
creased the capital investment necessary to
enter farming and have generated new require-
ments for operating credit during the growing
cycle.

One of the best ways to look at changes in the
economic structure of U.S. agriculture is in
terms of value of production as measured by
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gross sales per year. Farms can be usefully clas-
sified into the five categories of gross sales
shown in table 4-I.

Small farms generally do not provide a sig-
nificant source of income to their operators.
This class of farms is operated by people living
in poverty and by people who use the farm as
a source of recreation.

Part-time farms may produce significant net
income but in general are operated by people
who depend on off-farm employment for their
primary source of income.

Table 4-1.—Sales Classes of Farms

Amount of gross
Class sales per year

Small. . . . . . . . . . . . . . . . . . . . . . . . . . < $20,000
Part-time. . . . . . . . . . . . . . . . . . . . . . . $20,000 to $99,999
Moderate . . . . . . . . . . . . . . . . . . . . . . $100! 000 to $199,000
Large. . . . . . . . . . . . . . . . . . . . . . . . . . $200,000 to $499,999
Very large. . . . . . . . . . . . . . . . . . . . . .  $500,000

SOURCE: Office of Technology Assessment.

Moderate-size commercial farms cover the
lower end of the range in which the farm is large
enough to be the primary source of income for
an individual or family. Most families with
farms in this range also rely on off-farm income.
In general, farms in this range require labor and
management from at least one operator on more
than a part-time basis.

Large and very large commercial farms in-
clude a range of diverse farms. The great ma-
jority of these are family owned and operated.
Most farms in these classes require one or more
full-time operators, and many depend on hired
labor on a full-time basis. Five percent of these
farms are owned by nonfamily-owned corpora-
tions, a much higher percentage than in the
other three classes. In general, the degree of con-
tracting and vertical integration is much higher
in these classes.

CHANGES IN THE STRUCTURE OF U.S. AGRICULTURE

In tables 4-2 to 4-5 changes in the structure
of U.S. agriculture between 1969 and 1982 are
presented in terms of four basic attributes: num-
bers of farms, gross income of farms, net farm
income, and off-farm income. The information
in each table has been adjusted to account for
the impact of inflation and is presented in terms
of constant 1982 dollars. Inflation in commodity
prices over the 13 years between 1969 and 1982
has tended to move many farms from lower sales
classes into higher sales classes. Farm numbers,
sales, and income values have accordingly been
redistributed to correct for this.1

Changes in Farm Size and Number

Major changes in the structure of U.S. agri-
culture can be seen in the changes in the num-
ber of farms shown in table 4-2. Even after the

IThe redistribution to correct for inflation in terms of 1982 dol-
lars has the effect of moving farm numbers, sales, and income
from lower sales classes into higher sales classes in the years prior
to 1982.

number of farms was redistributed toward the
larger sales classes in the years prior to 1982,
the real number of small farms declined by about
39 percent—a dramatic decline. Recent reports
that the number of small farms has actually in-
creased since 1978 refer primarily to farms that
have less than 50 acres, not to farms with less
than $20,000 per year in sales. The number of
part-time farms has increased by about 57 per-
cent. The number of moderate-size farms has
increased greatly, by 111 percent. The numbers
of large and very large farms have also increased
very dramatically, by about 130 and 101 per-
cent, respectively. The substantial increase in
the real number of moderate-size farms appears
to contradict many claims that the moderate-
size farm is disappearing from the structure of
American agriculture. However, as will be shown
in the next two sections and in later chapters,
changes in the number of farms is not, by itself,
a good indicator of economic health or the abil-
it y of different classes of farms to survive finan-
cially.
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Table 4-2.—Number of Farms and Percent of Farms by Sales Class, 1969-82 (1982 dollars)

Value of farm Number of farms Percent of farms

Sales class products sold 1969 1974 1978 1982 1969 1974 1978 1982

Small . . . . . . . . . . . . . . . . . . . . . c $20,000 2,216,851 1,926,875 1,617,385 1,355,344 81.30/o 70.90/0 66.00/0 60.50/0
Part-time . . . . . . . . . . . . . . . . . . $20,000-$99,999 371,180 559,076 573,976 581,576 13.6 20.6 23.4 26.0
Moderate . . . . . . . . . . . . . . . . . . $100,000-$199,999 65,569 146,089 160,289 180,689 3.1 5.4 6.5 8.1
Large . . . . . . . . . . . . . . . . . . . . . $200,000-$499,999 40,691 67,091 75,891 93,891 2.5 3.1 4.2
Very large . . . . . . . . . . . . . . . . .  $500,000 13,800 19,200 21,500 27,600 0.5 0.7 0.9 1.2

All farms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,728,111 2,718,331 2,449,041 2,239,300 100.0% 100.0% 100.0% 1OO.OO/.
SOURCE: Office of Technology Assessment, Compiled from data in Economic Indicators of the Farm Sector: Income and Balance Sheet Statistics, 1983. USDA, Eco-

nomic Research Service, 1984. Data adjustment for inflation baaed on redistribution of farm numbers in the Census of Agriculture, 1989, 1974, 1978, 1982,
Bureau of the Census, U.S. Department of Commerce. Price indices in Agricultural Statistics, 1983, USDA.

Changes in the Distribution
Of  Sales and Income

Changes in the number of farms do not give
the whole picture. Changes in the distribution
of sales and income are more important to the
economic structure of U.S. agriculture and more
clearly show the direction in which U.S. agri-
culture is heading.

Changes in the distribution of gross farm in-
come between 1969 and 1982 are shown in table
4-3.2 As can be seen, the real value Of total gross
farm income increased significantly in the pe-
riod 1969-78, then declined somewhat by 1982.
The gross farm income of small farms decreased
significantly between 1969 and 1978, then de-
creased greatly between 1978 and 1982, result-
ing in an overall reduction in the share of gross
income, from 17 percent in 1969 to 6 percent
in 1982. Gross income of part-time farms re-
mained roughly the same over the period. Gross
farm income of moderate-size farms increased

‘Gross farm income includes cash receipts; net Commodity
Credit Corporation loans; income from recreational, machine
hire, and custom work; the value of home consumption of prod-
ucts produced onfarm, and gross rental value of farm dwellings.

from 15 to 19 percent. In the same period, the
percent of sales from large and very large farms
combined increased from 45 to 54 percent. Over-
all, the majority of market share shifted from
the combined shares of the small, part-time, and
moderate-size farms in 1969 to the combined
shares of the large and very large farms in 1982.

The most telling changes of all have occurred
in the distribution of net farm income, as shown
in table 4-4. The large and very large farms not
only have captured the majority of gross farm
income, but also have controlled or substantially
reduced their costs of production. As a result,
their combined share of net income has in-
creased from 51 percent in 1969 to 84 percent
in 1982, after adjustment for inflation. Very large
farms have been responsible for the majority
of this growth in net income. This class of farms,
which currently accounts for only 1.2 percent
of U.S. farms, increased its share of net farm
income from 36 percent in 1969 to 64 percent
in 1982.

Examination of the amounts of net farm in-
come in real terms shows that the total amount
of net farm income for all farms increased
greatly from 1969 to 1974, and then declined.

Table 4.3.–Gross Farm Income and Percent of Gross Farm Income by Sales Class, 1989-82 (1982 dollars)

Value of farm Gross farm income Percent of gross farm income

Sales class products sold 1969 1974 1978 1982 1969 1974 1978 1962

Small . . . . . . . . . < $20,000 $21,791,756 $16,160,371 $ 17,694,223 $ 7,260,143 17.2% 12.70/o 12.1 0/0 5.5%
Part-time . . . . . . $20,000-$99,999 28,012,247 30,844,011 35,623,571 28,763,908 22.1 24.3 24.3 21.9
Moderate . . . . . $100,000-$199,999 19,477,342 22,930,645 26,794,096 25,100,815 15.4 18.1 18.3 19.1
Large. . . . . . . . . $200,000-$499,999 19,566,095 22,233,997 26,180,305 27,680,560 15.4 17.5 17.9 21.0
Very large. . . . .  $500,000 37,635,967 34,704,598 40,311,553 42,764,189 29.9 27.4 27.5 32.5

All farms . . . . . . . . . . . . . . . . . . . . . . $126,683,408 $126,873,622 $146,603,748 $131,589,615 100.0% 100.0% 100.0% 100.0%
SOURCE: Office of Technology Assessment. Compiled from data in Economic Indicators of the Farm Sector: Income and Balance Sheet Statistics, 1983. USDA, Eco-

nomic Research Service, 1984. Data adjustment for inflation based on redistribution of farm numbers In the Census of Agriculture, 1989, 1974, 1978, 1982,
Bureau of the Census, U.S. Department of Commerce. Price indices in Agriculture/ Statistics, 1983, USDA.
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Table 44.—Net Farm Income and Percent of Net Farm Income by Sales Class, 1969-82 (1982 dollars)

Value of farm Net farm income Percent of net farm income

Sales class products sold 1989 1974 1978 1982 1989 1974 1978 1982

Small . . . . . . . . . . . . c $20,000 $3,791,609 $ 1,802,327 $ (675,036) $ (847,409) 10.3% 3.2%  1.70/o –3 .80 /o
Part-time . . . . . . . . . $20,000-$99,999 9,026,790 13,033,232 8,010,487 1,186,510 24.5 23.2 20.2 5.4
Moderate. . . . . . . . . $100,000-$199,999 5,400,579 11,384,523 7,720,282 3,218,012 14.6 20.3 19.4 14.6
Large . . . . . . . . . . . . $200,000-$499,999 5,474,381 11,887,994 8,149,347 4,515,675 14.8 21.2 20.5 20.4
Very large . . . . . . . . $500,000 13,210,919 18,091,384 16,511,511 14,034,343 35.8 32.2 41.6 63.5

All farms . . . . . . . . . . . . . . . . . . . . . . . . . . $38,904,279 $58,199,461 $39,716,592 $22,107,132 100.0% 100.0% 100.0% 100.0%
SOURCE: Office of Technology Assessment. Compiled from data In Ecorromic  Imficatora of the farm Sector: Irrcorrre  and Balance Sheaf SfaMks,  1983. USDA, Eco-

nomic Research Service, 1984. Data adjustment for Inflation baaed on redistribution of farm numbers in the Census of AgrhWture,  1989, 1974, 1978, 1982,
Bureau of the Census, U.S. Department of Commerce. Price indices in Agr/cu/tura/  StatMcs,  1983, USDA.

Table 4&-Total Farm Income and Percent of Total Farm Income by Sales Class, 1969-82 (1982 dollars)

Value of farm Off-farm income Percent of off-farm income

Sales class products sold 1969 1974 1978 1982 1989 1974 1978 1982

Small . . . . . . . . . . . . <$20,000 $37,936,097 $46,908,672 $33,712,998 $24,266,444 87.80/, 85.50/0 76.70/o 71.80/,
Part-time . . . . . . . . . $20,000-$99,999 2,898,500 4,852,067 6,697,884 5 ,593 ,893  6 .7 15.2 16.5
Moderate. . . . . . . . . $100,000-$199,999 1,268,407 1,842,151 1,872,481 1 ,998 ,753  2 .9 3.4 4.3 5.9
Large . . . . . . . . . . . . $200,000-$499,999 802,790 981,677 1,103,743 1,256,672 1.9 1.8 2.5 3.7
Very large . . . . . . . . >$500,000 285,377 282,039 575,800 687,778 0.7 0.5 1.3 2.0

All farms . . . . . . . . . . . . . . . . . . . . . . . . . . $43,191,171 $54,864,605 $43,962,685 $33,801 ,541 100.0% 100.0% 100.0%  100.0% 
SOURCE: Office of Technology Assessment. Compiled from data in Economic Indicators of the Farm Sector: Income and Balance Sheet Statistical IW.  USDA, Eco-

nomic Research Service, 1984. Data adjustment for inflation based on redistribution of farm numbers in the census of Agriculture, 1989, 1974, 1978, 1982,
Bureau of the Census, U.S. Department of Canmerce.  Price indices in Agricu/tura/  Statistics, 1983,  USDA.

Changes in net farm income by sales class gen-
erally reflect this rise and fall in total net income.
However, real net farm income has declined the
least for very large farms, while all other classes
of farms have had substantial declines in real
net income. Moderate-size farms had an in-
crease in percent of net farm income between
1969 and 1974. Since then their share of net in-
come has declined. Farms in the large sales class
increased their percentage of net income, from
16 to 20 percent in 1974, and basically held this
share in 1978 and 1982. Moderate-size farms
clearly have not been as successful as large and
very large farms in controlling or reducing their
costs of production.

Table 4-6 shows the average gross farm in-
come, net farm income, off-farm income, and
total income by sales class. As can be seen, the
average net farm income of all classes of farms
has declined substantially in real terms since
the highly profitable years in the 1970s. But the
comparison between 1969 and 1982 is even
more telling. The average net farm income has
declined. The average real net farm income of
part-time and moderate-size farms has declined
by a factor of 12 and 3.5, respectively. The net

income of large farms has declined by a factor
of 3, while the net farm income of very large
farms has declined by a factor of 2.3 In 1969 the
average farm in the part-time sales class pro-
duced enough income to support a family. A
farm that in 1982 is classed as moderate clearly
had a substantial income in 1969. By 1982, the
average part-time farm was extremely depen-
dent on off-farm income, while even moderate-
size farms required off-farm income to make
ends meet.

Changes in the Sources of Income

Employment and the sources of income of
U.S. farmers changed greatly in the 20th cen-
tury, continuing at a rapid rate in the 1970s. The
largest single source of change has been the
tremendous increase in labor productivity made

sTable  4-6 must be interpreted in terms of 1982 dollars. Conse-
quently, the values of earlier years are adjusted upward so that
they are equivalent to the values in 1982. The sales class intervals
are not adjusted. Therefore, the sales class names—small, part-
time, moderate, large, and very large should be understood in
terms of income-generating potential in 1982. For example, a farm
in the part-time sales class in 1969 is roughly equivalent to a farm
in the “moderate” sales class in 1982 in terms of income.
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Table 4-6.—Average Gross Farm Income, Net Farm Income, Off-Farm Income, and Total Income of Farms,
1989-82 (1982 dollars)

Value of farm Average gross farm income Average off-farm income

Sales class products sold 1989 1974 1978 1982 1969 1974 1978 1982

Small . . . . . . . . . . < $20,000 $ 9,830 $ 8,387 $ 10,940 $ 5,357 $17,113 $24,343 $20,844 $20,499
Part-time . . . . . . . $20,000-$99,999 75,488 55,170 62,085 49,493 7,809 8,679 11,669 13,216
Moderate. . . . . . . $100,000-$199,999 227,568 156,984 167,161 138,917 14,820 12,610 11,682 11,428
Large . . . . . . . . . . $200,000-$499,999 480,848 331,401 344,972 294,816 19,729 14,632 14,544 12,834
Very large . . . . . .  $500,000 2,741,737 1,807,531 1,674,958 1,538,280 20,679 14,690 26,761 24,317

All farms. . . . . . . . . . . . . . . . . . . . . . . . $ 46,436 $ 46,673 $ 59,862 $ 58,764 $15,832 $20,183 $17,951 $17,601

Average net farm income Average total income of farms

Small . . . . . . . . . . < $20,000 $ 1,710 $ 935 ($417) (.$825) $ 16,823 $25,279 $20,427 $ 19,874
Part-time . . . . . . . $20,000-$99,999 24,319 23,312 13,956 2,040 32,126 31,991 25,625 15,258
Moderate. . . . . . . $100,000-$199,999 63,099 77,929 48,165 17,810 77,919 90,538 59,847 29,238
Large . . . . . . . . . . $200,000-$499,999 134,535 177,192 107,382 48,095 154,264 191,824 121,926 60,929
Very large . . . . . . z $500,000 957,313 942,260 767,977 504,832 977,992 958,949 794,759 529,149

All farms. . . . . . . . . . . . . . . . . . . . . . . . $ 13,527 $ 20,674 $ 16,217 $  9 ,872  $29 ,359  $40 ,857  $34 ,168  $  27 ,474
SOURCE: Office of Technology Assessment. Compiled from data in Econornlc  Indicators of tfre Farm Sector: Income and  Balance Sfreef  Statistics, 1983. USDA, Eco-

nomic Fksearch  Service, 1984.  Data adjustmmt  for inflation based on redistribution of farm numbers in the Census of Agriculture,  19S9, 1974, 1978, 1982,
Bureau of the Census, US. Department of bmmerce.  Price indices in Agrlcu/tura/  Statlstlcs, 19S3,  USDA.

possible by technological changes, resulting in
a sharp drop in the demand for agricultural la-
bor. During the 1930s the disposable farm in-
come per capita was less than 40 percent of that
in the rest of the economy. This income differen-
tial resulted in the large migration of the farm
labor force out of agriculture and rural areas.
This outmigration accelerated after the Great
Depression of the 1930s as employment and per
capita income opportunities increased greatly
outside of agriculture. In general, the marginal
productivity of labor was higher outside the agri-
cultural sector from the 1930s to the early 1970s.
Therefore, the migration of labor from farming
to the nonfarm sector has contributed to na-
tional economic growth.

In the 1970s, the average income differen-
tial between farm and nonfarm households nar-
rowed to about 88 percent, owing both to rapid
increases in farm prices and a substantial in-
crease in the number of farm jobs available from
growth in rural industries. These two factors
resulted in a slowing of the rate of outmigration.

Changes in off-farm income by sales class are
shown in table 4-6. In 1982 the average income
of farm and nonfarm households was quite
close, at $27,578 and $28,638, respectively.
However, two-thirds of the income of farm
households comes from off-farm sources. The
majority of farm operators today have some off-
farm employment.

The average income statistics mask economic
problems that exist for part-time and moderate-
size farms. Farms in the part-time class are in
serious trouble. There were about 580,000 farms
in this class in 1982, at an average total income
of about $15,000. The average net income from
such farming is only $2,040. These farms are
not large enough to generate much net farm in-
come, and at the same time these farms have
lower-than-average off-farm incomes. More-
over, the amount of off-farm income earned by
part-time farmers decreased substantially be-
tween 1978 and 1982. Thus, part-time farms
have a smaller share of total off-farm income
now than in 1969. In contrast, households that
operate farms with sales of less than $20,000
have substantial off-farm incomes and low or
negative net farm income. Small farms have the
largest share of off-farm income, and their share
has increased the most since 1969. However,
it should be noted that the socioeconomic struc-
ture of the small farm subsector is nonhomo-
geneous. This subsector contains a large num-
ber of subsistence-type farms whose operators
live at or below the poverty level as well as a
large number of affluent families to whom the
farm is more a form of recreation than a source
of income. So, while the average off-farm in-
come of these households enables them to main-
tain this way of life, there are probably many
small farms that may leave agriculture for eco-
nomic reasons.
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Moderate-size farms have sufficient off-farm
income to maintain a household. However, this
group maybe under the most stress. To provide
an adequate total income, moderate-size farms
must earn almost as much off-farm as onfarm
income. The total amount of off-farm income
earned by moderate-size farms has declined in
real terms since 1969. Since the number of these

farms has increased in the same period, the aver-
age off-farm income of moderate-size farms has
declined from $14,800 in 1969 (1982 dollars) to
$11,400 in 1982. Farms with sales in excess of
$200,000 have moderate off-farm incomes and
moderate-to-very large net farm incomes. As a
group, the households that own and operate
these farms are well-off.

PROJECTIONS OF STRUCTURAL CHANGE IN
U.S. AGRICULTURE TO YEAR 2000

The dramatic changes in the structure of agri-
culture that have occurred between 1969 and
1982 raise a new set of questions: if these trends
continue what will the structure of agriculture
be in 1990 and the year 2000? It is risky to ex-
trapolate very far into the future on the basis
of changes in the past, especially in a sector as
dynamic as that of agriculture. However, the
structural changes in agriculture are generally
strong and consistent and warrant some extrap-
olation.

The most likely projection of farm numbers,
based on a Markov chain projection using a 1969
through 1982 base, suggest that farm numbers
are likely to decline from 2.2 million in 1982
to 1.8 million in 1990 and 1.2 million in 2000.
The projections indicate that farm numbers will
follow a bimodal or bipolar distribution—a large

proportion of small and part-time farms, an in-
creasing proportion of large farms, and a declin-
ing number of moderate farms (table 4-7). Small
farms are projected to account for approxi-
mately 51 percent of all farms—down from 61
percent in 1982. In contrast, large and very large
farms are projected to account for about 15 per-
cent of all farms, three times their proportion
in 1982. The number and proportion of moder-
ate-size farms is likely to begin declining by the
end of the century.

The projected decline in the number of small
farms is dramatic but plausible, given the strong
trend in this direction and the persistently neg-
ative farm income in this class. However, a sub-
stantial number of farms in the small size class
are horse farms, small orchards, and vineyards
that are primarily recreation or “hobby” type

Table 4.7.—Most Likely Projection of Total Number of U.S. Farms in 1990 and 2000, by Sales Classa

1982
Sales class (actual) 1990 2000

Small . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <$20,000 1,355,344 991,609 637,597
Part-time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $20,000-$99,000 581,576 486,790 362,555
Moderate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$100,000-$199,000 180,689 126,205 75,011
Large . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .$200,000-$199,000 93,891 144,234 125,019
Very large . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $500,000 27,800 54,087 50,008

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,239,300 1,802,925 1,250,190

Percent of total farm numbers:
Small . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <$20,000 61 55 51
Part-time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $20,000-$99,000 26 27 29
Moderate . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . .$100,000-$ 199,000 8 7 6
Large . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .$200,000-$499,000 4 8 10
Very large . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2$500,000 1 3 4

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 100 100
aBa9ed  on a MarkOV chain projection Using a 1969S2  base.
SOURCE: Office of Technology Assessment.
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farms. The proportion of recreational farms is
not known, but such farms may help stabilize
the precipitous decline in the number of small
farms.

The projections for the number and propor-
tion of moderate-size farms show a decline, in-
dicating that a farm of that size may not be eco-
nomically viable. In the past there has been a
steady increase in the number of these farms
in real dollar terms, however, the outlook for
financial survival of many of the moderate-size
farms is not very good. In 1982, the average net
farm income of $17,810 for moderate-size farms
was less as compared with $63,099 in 1969 and
$77,929 in 1974 (measured in 1982 dollars). Dur-
ing this period a large proportion of the growth
of moderate-size farms was due to expansion
of production by small farms and part-time
farms into moderate-size farms. Survival of
moderate-size farms will depend on the opera-
tor’s ability to increase farm income or to pro-
vide sufficient off-farm income to compensate
for low farm income.

An important implication of the projections
is the further concentration of agricultural pro-
duction in terms of total net farm income and
total farm cash receipts. The share of total farm
income by large farms has grown steadily from
51 percent in 1969 to 84 percent in 1982. If this
trend continues, over 90 percent of net farm in-
come will be earned by farms with sales over
$200,000 by year 2000.

About 35 percent of total farm cash receipts
were received by farms with sales over $100,000
in 1969. About 30 percent of the total farm pro-
duction was produced by the largest 50,000

farms (2 percent of the total farms) and 50 per-
cent by the largest 200,000 farms. This pattern
will likely continue to the year 2000 when ap-
proximately 95 percent of total production is
projected to come from farms with sales over
$100,000. The 50,000 largest farms (sales over
$500,000) will probably produce 75 percent of
all farm products.

In general, if these trends continue, small
farms are likely to disappear to the extent that
the operators of these farms depend on them
for income. The number of small recreational,
or hobby, farms may increase or hold steady.
Part-time farms could increase in number if the
families that live on these farms are willing and
able to earn the bulk of their income from off-
farm sources. The number of moderate-size
farms are likely to decrease and such farms will
have a small share of total gross farm income
and a declining share of net farm income. Large
and very large farms will dominate agriculture.

Moderate-size farms comprise most of the
farms whose owners depend on agriculture for
the majority of their income. Traditionally, the
moderate-size farm has been viewed as the back-
bone of American agriculture. As the numbers
and economic importance of small and part-
time farms decline, moderate, large, and very
large farms all have an opportunity to increase
their shares of farm income. However, large and
very large farms are maintaining or increasing
their shares of farm income, whereas the net
income of moderate-size farms is decreasing
both in absolute terms and in terms of their share
of total farm income.

STRUCTURE Of U.S. AGRICULTURE BY MAJOR COMMODITY GROUPS

The preceding sections have provided a pic-
ture of the overall structure of agriculture for
all commodities. This section provides a set of
pictures of the structure of U.S. agriculture in
terms of six major agricultural commodity

groups: cash grains (primarily corn, wheat, and
soybeans), cotton, dairy, poultry and eggs, cat-
tle and calves, and pork. In particular, changes
in the pattern of concentration of production,
as measured by sales, will be described.
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Figures 4-1 through 4-6 show the percent of
commodity group sales in 1969 dollars by sales
class for 1969 to 1982.4 The general pattern is:
the percent of sales by the lower sales classes
declines, while the percent of sales of the upper
sales classes increases.

Figure 4-1 shows the percent of cash grain
sales in real terms by sales class for 1969 to 1982.
This figure clearly shows the dramatic decline
in cash grain sales by farms with sales less than
$100,000 and the great increase in sales by farms
with sales over $100,000. The increase in mar-
ket share from farms with sales in the $200,000

fThe  discussion of national aggregate farm structure in the
preceding section was presented in terms of constant 1982 dol-
lars. In this section, the percents of sales and sales classes are
presented in terms of 1969 dollars, This means that the sales class
intervals used in the tables, figures, and text represent different
real values. For example, farms with sales in the $20,000 to $99,000
interval in 1969 dollars as presented in this section would have
sales in approximately the $45,000 to $225,000 range in 1982 dol-
lars, Therefore, results for a given sales class in this section can-
not be directly compared with results from a sales class in the
previous section on national aggregate statistics. Since the sales
class names used in the previous section—small, part-time, mod-
erate, large, and very large—are defined in terms of the average
income of farms in these classes in 1982 dollars, these names
would be misleading if used in this section. Consequently, the
sales classes in 1969 dollars are referred to in terms of the sales
class interval alone.

Figure 4-1 .—Cash Grain Sales by Sales Class,
1969-82 (1969 dollars)

1969 1974 1978 1982
Year

OSmall ~ Part-time _ Moderate m Large ~ Very
large

SOURCE: Office of Technology Assessment.

to $499,999 class is also especially striking.
These farms increased their percent of total
sales from 2 percent in 1969 to 34 percent in
1982. In the same period, farms with $100,000
to $199,000 in sales increased their share of gross
sales from 6 to 18 percent. The combined sales
of the top two sales classes of cash grain farms
had increased to 50 percent of the total sales
in 1982. Concentration of sales from farms with
more than $500,000 in sales was lower than for
most of the other commodity groups. However,
the rate of growth of the market share of the
top sales class was relatively high.

There is evidence that the structure of cash
grain farms is bimodal in terms of sales by sales
class. In both 1978 and 1982, farms in the $20,000
to $99,999 and $200,000 to $499,999 classes had
more sales than farms in the middle class ($100,000
to $199,999 in sales).

cotton Subsector

The cotton subsector includes all sales of cot-
ton and cottonseed. Figure 4-2 shows the per-
cent of cotton and cottonseed sales in 1969 dol-
lars by sales class for 1969 to 1982. The growth
in sales by cotton farms with more than $500,000
in sales has been very dramatic. The market
share of these farms has increased from less than

Figure 4.2.—Cotton Sales by Sales Class,
1969=82 (1969 dollars)

1969 1974 1978 1982
Year

O Small  ~ Part-time _ Modera te ~ Large _ Very
large

SOURCE: Office  of Technology Assessment.
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7 percent in 1969 to 48 percent in 1982. In the
same period, sales from farms in the $20,000
to $99,999 class declined from 56 to 14 percent
of the total. It is interesting to note that between
1974 and 1978 there was an upswing in the per-
cent of sales from farms in the middle of the
range ($20,000 to $499,999) and then a subse-
quent decline from 1978 to 1982. If the trend
of the period 1978-82 continues, sales of cotton
and cottonseed are likely to become even more
heavily concentrated in the top sales class.

Dairy  Subsector

Figure 4-3 shows the percent of dairy sales
in real terms by sales class for 1969 to 1982.
Farms in the $20,000 to $99,999 sales class com-
pletely dominated the production of dairy prod-
ucts in 1969 with about 66 percent of sales. By
1982 their share had declined to 41 percent. Dur-
ing the same period, dairy farms with sales in
excess of $100,000 increased their share of pro-
duction substantially. The most dramatic sin-
gle change occurred in the period 1978-82, when
dairy farms in the $200,000 to $499,999 class
increased their market share threefold, from less
than 5 to 14 percent. As with the other com-
modity groups, the trend in structural change
is unambiguously in the direction of greater con-
centration of sales in the top sales classes. It is

Figure 4-3.—Dairy Sales by Sales Class,
1969-82 (1969 dollars)

1969 1974 1978 1982
Year

DSmall ~Part-time  -Moderate D Large = Very
large

SOURCE: Office of Technology Assessment.

also clear that the subsector is likely to pass
through a transition period in which there will
be a bimodal distribution of sales among the five
classes shown on figure 4-3. That is, dairy farms
with sales less than $100,000 and more than
$200,000 in 1969 dollars will both have greater
shares of the market than farms in the $100,000
to $199,999 class.

Poultry Subsector

Figure 4-4 shows the percent of poultry and
poultry products sales in real terms by sales class
for 1969 to 1982. As with dairy farms, poultry
farms in the $20,000 to $99,999 class dominated
the structure of the subsector in 1969 with 61
percent of sales. Since 1969, the percent of sales
from poultry farms with sales greater than
$500,000 has increased at a very rapid rate, while
the percent of sales from the $20,000 to $99,999
class has declined greatly. In 1982, poultry farms
with sales in excess of $200,000 accounted for
77 percent of sales, compared with less than 25
percent of sales in 1969.

Figure 4-5 shows the percent of cattle and calf
sales in 1969 dollars by sales class for the years
1969, 1974, 1978, and 1982. Sales from cattle

Figure 4.4.—Poultry Sales by Sales Class,
1969-82 (1969 dollars)

60 I

1969 1974 1978 1982
Year

D Small N Part-time - Moderate m Large ■ Very
large

SOURCE: Office of Technology Assessment,
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Figure 4=5.-Cattle Sales by Sales Class,
1969=82 (1969 dollars)

1969 1974 1978 1982

Year

O  small ~ P a r t - t i m e  9 M o d e r a t e ~Large ■ V e r y
large

SOURCE: Office of Technology Assessment.

feedlots were excluded. The inversion of struc-
ture that has taken place over this time period
is striking. In 1969, cattle operations in the
$20,000 to $99,999 class had 56 percent of sales,
and operations with sales in excess of $500,000
had 22 percent of total sales. The ranking of
these two classes reversed in the 4 years between
1969 and 1974. By 1982, cattle operations with
sales in excess of $500,000 had about 62 per-
cent of sales, whereas the operations in the
$20,000 to $99,999 range had fallen to 12 per-
cent of total sales. Nationwide, cattle operations
with sales greater than $200,000 per year had
77 percent of sales. This is remarkable in light
of the broad distribution of cattle farms and the
large numbers of cattle farms nationwide.

This subsector also clearly has a bimodal
structure. While sales are skewed towards the
largest cattle farms, both of the lower sales
classes have a larger percentage of sales than
the middle range ($100,000 to $199,999).

There is a common perception that U.S. agri-
culture has become increasingly homogeneous
from one part of the country to another. This
is true in terms of many aspects of agricultural
technology: machinery, crop varieties, livestock

Pork Subsector

Figure 4-6 shows the percent of hog and pig
sales in 1969 dollars by sales class for 1969 to
1982. As of 1982 this subsector did not yet have
the same degree of concentration of sales in the
upper sales classes that was apparent in the
other commodity groups. As of 1982 there was
a relatively high degree of equality of market
share among the different sales classes. How-
ever, there have been tremendous structural
changes in this subsector, and the direction of
change is clear. Sales from farms in the $20,000
to $100,000 class have declined from 61 percent
in 1969 to 28 percent in 1982. As a group, hog
and pig farms with sales in excess of $100,000
in 1969 dollars had a majority of sales in 1982.
Farms with sales in excess of $200,000 are gain-
ing market share at the fastest rate. It is likely
that these largest hog farms will soon have a
majority of sales, if this has not already occurred.

Figure 4-6.—Hog and Pig Sales by Sales Class,
1969.82 (1969 dollars)
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SOURCE” Office of Technology Assessment.

STRUCTURE

breeds, chemicals, and cultural practices have
become standardized in many ways. However,
there are still major differences in the structure
of agriculture in the United States. These differ-
ences are seen in the predominance of certain
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commodities in different parts of the country,
the extent to which the production of some com-
modities is concentrated in different regions,
and the pattern of concentration of sales within
regions. The basic intent of this section is to
show how the structure of agriculture differs
between the four major agricultural regions of
the United States. The data on which this sec-
tion is based came from the 1982 Census of Agri-
culture.5 The basic units of analysis are the four

SThis data is the most current that is available on the regional
structure of agriculture. Since the general trend has been toward
increasing concentration of production in the large and very large
sales classes of farms, it is likely that the distributions of sales
by sales class described in this section underestimate the true
structure of agriculture in 1985.

regions of the United States shown in figure 4-7:
the Northeast, South, North Central, and West.
Alaska and Hawaii are included in the West-
ern region.

Attention is concentrated on eight different
commodity groups. These groups include the
six commodity groups whose structure was con-
sidered in the national context in the previous
section: cash grains (corn, wheat, soybeans, and
other specialty grains); cotton and cottonseed;
cattle and calves (except sales from feedlots);
hogs and pigs; poultry and poultry products; and
dairy products. Two additional commodities are
included in this section on regional structure:
1) fruit and tree nuts, and 2) vegetables (includ-
ing potatoes and melons).

Figure 4-7.—Regions and Divisions of the United States
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The first part of this section presents summary
statistics on sales by region and commodity
group. The second provides a more detailed look
at the differences in the structure within and
among the four regions in sales classes of farms.
The use of sales classes as the unit of structural
analysis is more useful than size of farm, since
some commodities require much more land per
dollar of sales than other commodities and since
land values vary greatly from one part of the
country to another. Information in this subsec-
tion is organized both in terms of sales by sales
class and farm numbers by sales class.

Comparison Botwoon Regions
and Commodities

Table 4-8 shows the percent of combined to-
tal U.S. sales of the eight major commodity
groups by group and region in 1982. Ranked
in order of total sales, cash grains come first,
and cotton is the least valuable commodity. The
North Central region accounted for the largest

share of sales of the combined commodity groups,
at 47 percent. The Northeast region had only
5.2 percent of total sales in the United States
in 1982.

Table 4-9 shows the distribution of total U.S.
sales of each commodity among the four regions
in 1982. The North Central region stands out
as the predominant agricultural region of the
United States. This region had the most sales
in four of the eight commodity groups. It also
had 80 percent of hog sales, the highest propor-
tion of any region in any commodity. The West
dominated the fruit and tree nut sales and
vegetable and melon sales, with 65 and 58 per-
cent, respectively.

A measure of the dependence on particular
commodity groups by the agricultural sectors
of the different regions can be seen on table 4-
10, which shows the percent of each region’s
total sales of the eight commodities by com-
modity in 1982. The New England region had
more sales from a single commodity group than

Table 48.–Percent of Total U.S. Sales of All Commodities by Commodity Group and Region, 1982

Northeast Southern North Central Western Total
Commodity groups I region region region region United States

Cash grains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 ”/0 6.50/o 20.2 ”/0 3.4%0 30.4 ”/0
Cattle and calves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 7.4 12.0 6.5 26.3
Dairy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.9 2.7 6.0 3.0 14.5
Poultry and eggs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8 5.7 1.5 1.1 9.1
Hogs and pigs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.2 1.2 6.4 0.2 8.0
Fruit and tree nuts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 1.2 0.3 3.3 5.1
Vegetables, melon, and potatoes. . . . . . . . . . . . . . . . . . . . . . . 0.3 1.0 0.3 2.1 3.7
Cotton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 1.5 .0 1.2 2.8

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 27 47 21 100

NOTE: Totals may not add due to rounding.

SOURCE: Office of Technology Assessment. Compiled from regional data provided by the U.S. Department of Commerce, Bureau of the Census, Agriculture Division,
1982 Census of Agriculture.

Table 49.–Percent of Total U.S. Sales of Each Commodity by Region, 1982

Northeast Southern North Central Western Total
Commodity groups region region region region United States

Cash grains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cattle and calves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dairy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Poultry and eggs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hogs and pigs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fruit and tree nuts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vegetables, melon, and potatoes. . . . . . . . . . . . . . . . . . . . . . .
Cotton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1 .3%0
1.3

19.9
8.6
2.0
6.9
7.6
0.0

21 .4%0
28.2
18.4
62.2
15.3
23,4
25.8
54.9

66.20/o
45.6
41.2
17.0
80.1

5.2
9.0
1.4

11 .O%
24.9
20.5
12.2

64.5
57.6
43.7

100.070
100.0
100.0
100.0
100.0
100.0
100.0
100.0

NOTE: Totals may not add due to rounding.

SOURCE: Office of Technology Assessment. Compiled from regional data provided by the U.S. Department of Commerce, Bureau of the Census, Agriculture Division,
1982 Census of Agriculture.
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Table 4-10.–Percent of Total Regional Sales by Commodity, 1982

Northeast Southern North Central Western Total
Commodity groups region region region region United States

Cash grains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.7 ”/0 24.00/o 43.1 ‘/0 16.1 0/0 30%
Cattle and calves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.6 27.2 25.6 31.3 26
Dairy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55.4 9.8 12.8 14.3 15
Poultry and eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.9 20.8 3.3 5.3 9
Hogs and pigs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1 4.5 13.7 1.0 8
Fruit and tree nuts..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.8 4.4 0.6 15.8 5
Vegetables, melon, and potatoes . . . . . . . . . . . . . . . . . . . . . . . 5.4 3.5 0.7 10.3 4
Cotton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 5.7 0.1 5.9 3

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0
NOTE: Totals may not add due to rounding.
SOURCE:Office of Technology Assessment Compiled from regional data provided by the US. Department of Commerce, Bureau of the Census, Agriculture Division,

lW2Census ofAg;icu/ture.

did any other region, with 57 percent of sales
coming from dairy products alone. The North
Central region ranked second, with 43 percent
of sales in the cash grain group alone. TheSouth-
ern and Western regions had relatively diversi-
fied agricultural sectors. However, both regions
were more dependent on cattle production than
on any other commodity. It is interesting to note
that the West accounted for only l percent of
national hog sales. This seems to be anomalous
in light of the relatively large production of the
other seven commodity groups in the West.

Distribution of Sales Within Regions
and Among Regions

The data for this section is contained in ap-
pendix B, which shows the amount of sales of
each commodity by sales class and region for
1982. Sales are expressed as a percent of the
total regional sales of each commodity and as
a percent of the national sales total for each com-
modity. Examination of these tables provides
useful information on the distribution of pro-
duction within regions and among regions. The
extent to which agricultural production is con-
centrated in the large and very large sales classes
is of particular interest because this informa-
tion can contribute to an assessment of the rate
of technology adoption and the impacts from
technology adoption. However, in many cases
the degree of concentration should also be con-
sidered in the context of the proportion of total
national sales. Production of some commodi-
ties is highly concentrated in certain regions,
but this production amounts to only a small per-

centage of the national sales of these com-
modities.

Cash Grains

Cash grain production was the least concen-
trated of the eight commodity groups within
each region in 1982. With the exception of the
West, sales of cash grains were concentrated
in the part-time, moderate, and large sales
classes. The West differed from the other re-
gions in that its cash grain production was rela-
tively skewed toward the larger farms. In the
other regions, the moderate-size farm had the
largest share of sales. Moderate-size farms in
the North Central region had a relatively large
share of national cash grain sales, 25 percent
of the total. With the exception of the Western
region, large farms also had higher sales than
very large farms. The North Central region had
69 percent of the total number of cash grain
farms in the United States, with small and part-
time farms accounting for 57 percent of the total.

Cattle and Calves

The South had 159,000 small farms that raised
cattle in 1982. These small farms accounted for
91 percent of the number of cattle farms in the
region and 54 percent of the national total. How-
ever, these farms accounted for only 3.1 per-
cent of national cattle sales. The other regions
also had a disproportionate number of cattle
farms in the small farm class. In general, these
farms were either subsistence farms, whose
owners had low incomes, or they were hobby
farms, whose owners had sufficient income
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from other sources to subsidize this type of pro-
duction.

The pattern of cattle and calf sales in the
Northeast stands out in comparison with the
other regions. The other regions had a high con-
centration of sales in the large farm class and
fairly even distributions in the other classes. The
Northeast had more sales in the small farm class
(less than $20,000) than in any other class, and
the sales from the very large farms and large
farms were lower than those from the small,
part-time, and moderate-size farms. However,
the sales of cattle and calves from Northeast
farms accounted for only 1.3 percent of the na-
tional total, whereas 24 percent of the Nation’s
cattle and calf sales were made by the very large
farms in the North Central region.

Dairy

Three different distributions of dairy produc-
tion are evident among the four regions. The
Northeast and North Central regions had high
concentrations of dairy production in part-time
and moderate farms and very little production
in very large farms. It is striking that the largest
single national share of dairy sales were made
by part-time farms in the North Central region.
There were about 60,000 part-time dairy farms
in 1982, 36 percent of all dairy farms in the
United States. This large group of farms is espe-
cially at risk from rapid changes in the technol-
ogy and cost structure of the dairy industry.

In contrast, the West had a moderately high
concentration of production, 64 percent, in very
large farms and relatively little production from
part-time and moderate-size farms. The very
large dairy farms of the West accounted for 13
percent of the Nation’s dairy sales in 1982. This
share is expected to increase rapidly.

The South falls between these two patterns,
with 46 percent of production in large and very
large farms combined and 38 percent in mod-
erate-size farms. None of the regions had more
than 2 percent of dairy production in small
farms.

Poultry and Eggs

The South had the largest number of poultry
and egg farms in the United States, with 28,000
operations in 1982. Twenty-five percent of all
poultry and egg farms in the United States were
moderate-size farms in the South.

Poultry and egg production was the most con-
centrated of the eight commodity groups in
1982. In all four regions, very large farms had
the highest percentage of sales. The West had
the highest degree of concentration, with 85 per-
cent of sales from very large farms. The South
had the least amount of concentration, with 39
percent of sales from very large farms and 54
percent of sales from moderate and large farms
combined. However, the very large poultry and
egg operations in the South had the largest sin-
gle share of national sales, at 24 percent in 1982.

Hogs and Pigs

The North Central region had the largest num-
ber of hog farms in the country in 1982. Thirty
percent of the Nation’s hog farms were in the
moderate size class in this region.

Next to the cash grains, hogs and pigs showed
the least amount of concentration. The West was
the most highly concentrated region, with 37
percent of sales from very large farms. How-
ever, the West had only 3 percent of the national
sales of hogs. The North Central region had a
low degree of concentration in the very large
class, with only 17 percent of sales from these
farms. Thirty-eight percent of sales came from
moderate-size farms. However, since the North
Central region accounted for 80 percent of na-
tional hog sales, the moderate-size farms in this
region had the largest single share of national
sales, 30 percent. Concentration of hog sales in
the South was close to that of the West, 21 per-
cent from moderate-size farms and 33 percent
from very large farms. However, the very large
farms in the South had only 0.9 percent of the
national sales in 1982.
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Fruit and Tree Nuts

The South had the most concentrated sales
of fruits and nut crops; 65 percent of sales were
from very large farms, Part-time, moderate, and
large farms in the South all had nearly equal
shares of 10 to 11 percent. It is interesting to
note that 15 percent of the U.S. fruit and nut
tree sales come from farms in the part-time sales
class in the West. There are 4,462 fruit and nut
farms in the part-time class in the West as com-
pared with 7,247 in all 5 classes in the North-
east. The North Central region had the lowest
concentration of sales; only 23 percent of sales
were from very large farms. Twenty-four per-
cent of sales in the North Central region came
from moderate-size farms; however, these
moderate-size farms accounted for only 1.3 per-
cent of national sales in 1982.

Vegetables and Melons

The West has a high concentration of national
and regional sales of vegetables and melons in
the very large class of farms. In 1982 these farms

had 83 percent of regional sales and 48 percent
of national sales. Vegetable production is popu-
larly associated with small and part-time farm-
ers. The Northeast came the closest to meeting
this concept, with 21 percent of sales from the
part-time class of farms. However, none of the
regions has more than 3 percent of national sales
from small and part-time farms combined.

Cotton

The South produced 55 percent of the national
cotton sales in 1982, and the West had 44 per-
cent of sales. The Northeast does not produce
any cotton, and the North Central region ac-
counted for only 1.4 percent of national produc-
tion in 1982. Very large farms in the West had
33 percent of total national sales of cotton in
1982, Cotton sales are highly concentrated in
the West, with 76 percent of regional sales from
very large farms. In contrast, most of the sales
in the South came from moderate and large
farms (with combined sales of 62 percent),
accounting for 34 percent of the national total.

SUMMARY

Overall the trend toward concentration of
agricultural resources in fewer but larger farms
will continue but will differ by commodity and
region. Farm numbers will continue to decline
from 2.2 million in 1982 to approximately 1.2
million in 2000. They will follow a distribution
of a large proportion of small and part-time
farms, an increasing proportion of large farms
and a declining number of moderate-size farms.
Small farms will account for 50 percent of all
farms–a decline from 60 percent in 1982. In
contrast, large and very large farms will account
for 15 percent of all farms, three times their
proportion in 1982. The number and propor-
tion of moderate-size farms will begin to decline
by the end of the century.

An important implication of these projections
is the further concentration of agricultural pro-
duction. Over 90 percent of total net farm in-
come will be earned by operators of large and
very large farms by year 2000, And the 50,000

largest farms will produce 75 percent of all farm
products sold.

However, the increased concentration of re-
sources will differ by commodity and region.
The four major agricultural regions differ in
their total contribution to U.S. agriculture as
a whole and in their contribution to the produc-
tion of specific commodities. Major differences
in structure are apparent when each region is
considered in terms of the distribution of sales
by sales class for each of the eight major com-
modity groups. Some regions, such as the West,
have a high concentration of sales for several
commodities in the large and very large sales
classes and a low concentration of sales for other
commodities. The North Central region is char-
acterized by very large shares of regional and
national production concentrated in moderate-
size farms, especially in hogs, dairy, and cash
grain sales. The Northeast stands out as a re-
gion that has little concentration of sales in the
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large and very large farms in any commodity, units. Differences in agricultural structure be-
including dairy products, its largest single com- come even more extreme when the United
modity. States is considered at the subdivision and State

level. As a consequence, agricultural policies
In general, the Nation’s agriculture cannot be that may be appropriate for one part of the coun-

considered structurally homogeneous even when try run the risk of being inappropriate when ap-
examined on the basis of large geographical plied to another.
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Chapter 5

Factors Contributing to
Structural Change in Agriculture

Traditionally, American agriculture has been
dominated by farms in which the operators and
their families provided most of the labor, made
the management decisions, owned part of the
resources, accepted most of the production and
price risks, bought and sold in the open mar-
ket, and depended on the farm as their major
source of family income. Such farms have been
revered since the days when Thomas Jefferson
argued for national policies of public land dis-
tribution that favored small, independent land-

holders. In recent years, the dispersed, inde-
pendent-farm, open-market system has become
less dominant in American agriculture. Major
questions are whether this system can compete
for world markets and whether society should
take steps to halt present trends that are grad-
ually diminishing this system’s prominence. An-
swering these questions entails viewing the
causes of structural change—that is, how farm
resources are organized and controlled—through
economic and noneconomic perspectives.

THE ECONOMIC PERSPECTIVE

An economic perspective encompasses con-
centration and vertical integration in agri-
culture.

Concentration refers to the proportion of pro-
duction controlled by the largest firms. It is an
important aspect to consider because the more
highly concentrated the market, the greater the
potential impact of a firm or group of firms on
price.

Concentration of total production in agricul-
ture compared with that in many of the other
economic sectors is generally low. As discussed
in chapter 4, concentration has occurred to the
point where in 1982 about 28,000 very large com-
mercial farms—1.2 percent of all farms—pro-
duced a third of the total value of U.S. farm prod-
ucts and accounted for over 60 percent of U.S.
farm net income.

However, concentration inland resources is
also occurring in agriculture.1 Trends in the dis-

*Land resources in the agricultural sector can be viewed in the
general category of “land in farms, ” as defined by the Bureau
of the Census, or in the “harvested cropland” category. The acre-
age of cropland harvested is a more accurate measure of produc-
tive agricultural resources than is the general category of land
in farms.

tribution of harvested cropland according to
sales class show that these productive acres are
rapidly becoming concentrated in the farms in
the large and very large sales classes. Table 5-1
shows the percentage of total cropland har-
vested by the top two sales classes of farms for
the census years 1969 and 1982 and projects
them linearly to 1990 and 2000. If present trends
continue, almost half of all cropland will be har-
vested by farms in these sales classes by 2000.

The degree of concentration varies by com-
modity. For example, beef cattle operators with

Table 5.1 .—Historical and Projected Percentages of
Cropland Harvested by Farms With Sales

in Excess of $200,000

Year

Sales class 1969 1982 1990 2000

$200,000-499,000 .  . . . . . . . . . . . .12.0  25.3  27.0  32.0
. . . . . . . . . . . . . . . . . . . 6.0 11.2 12.0 14.0

Total . . . . . . . . . . . . . . . . . . . . .. 18.0 36.5 39.0 46.0
Projection assumptions:

1, Growth in total harvested acres is linear, resulting in an increase of 2.4 roll.
lion acres per year.

2. Growth follows the linear trend for the two sales classes and results in an
increase of 2.7 million acres per year for the farms in the $200,000-$499,000
class and of 1 million acres per year for the >$500,000 class.

3. The linear projections are based on the acres harvested by sales classes,
adjusted for inflation. Inflation in commodity prices tends to move acres
from lower to upper sales classes. Since inflation in commodity prices is
likely to continue, nominal growth in acreage harvested by these sales
classes may be greater than projected.

SOURCE: Office of Technology Assessment
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sales over $500,000 per year in 1982 represented
only 0.5 percent of all beef cattle operations and
accounted for 55 percent of the total value of
cattle sales. The 69 largest of these feedlots
produced 21 percent of the fed cattle in 1980
(USDA, 1981). The largest cattle feeders were
also some of the largest feed manufacturers and
grain companies.

Higher levels of concentration exist for broil-
ers (chickens). In 1977 the 16 largest broiler
producers and contractors controlled about 50
percent of the production (Brooke, 1980). In
vegetable crops, such as lettuce and celery, con-
centration is comparably high (Brooke, 1980).

On the other hand, concentration is still very
low for most crop agriculture. Relative to other
American industries, where the market share
of the four largest manufacturers frequently ex-
ceeds 50 percent, concentration in agriculture,
even for cattle feeding, broilers, lettuce, and cel-
ery, is low. However, attention is drawn to agri-
culture because of the rapidity with which cer-
tain industries, such as broilers and feed cattle,
have gone from a diffused to a concentrated and
integrated agriculture (Knutson, et al., 1983).

Concern exists that if extended over a period
of time, the increasing concentration of agri-
cultural production could lead to higher food
prices (Breimeyer and Barr, 1972). This would
result from increased merchandising and mar-
keting costs, potential unionization of agricul-
tural workers, and the lack of effective compe-
tition (Rhodes and Kyle, 1973).

Vertical Integration

Firms are vertically integrated when they con-
trol two or more levels of the production-
marketing system for a product. Such control
may be exercised by contract or by ownership.

Contract integration exists when a firm estab-
lishes a legal commitment that binds a producer
to certain production or marketing practices.
At a minimum, contract integration requires
that the producer sell the product to the buyer.
Additional commitments may bind the farmer
to specified production practices and sources
of inputs. While all forms of contract integra-

tion have created concern, the greatest con-
troversy exists with contracts that control both
production and marketing decisions of farmers.
In addition, from a legal perspective, the pro-
ducer may not even own the product being
grown (Knutson, et al., 1983).

The extent of contract integration is not well
documented. Ronald Knutson estimates that all
forms of contract integration represented 32
percent of farm sales in 1981 (Knutson, et al.,
1983). He makes the following observations on
the extent of contracting:

1. Contracting used to be limited to perishable
products; now it has expanded to virtually
all commodities.

2. Production contracting appears to be asso-
ciated with commodities where breeding and
control of genetic factors play an important
role in either productivity determination or
quality control.

Ownermhip integration is a single ownership
interest extended to two or more levels of the
production-marketing system. It may involve
either cooperatives or proprietary agribusiness
firms. Knutson estimates that proprietary own-
ership integration accounts for about 6 percent
of farm sales. Some proprietary agribusiness
firms—such as Cargill (beef); Superior Oil (fruits,
vegetables, and nuts); Coca-Cola (oranges and
grapefruit); Tysons (broilers and hogs); Tenneco
(fruits, vegetables, and nuts); and Ralston Pur-
ina (mushrooms)-have made substantial invest-
ments in agricultural production. In products
such as broilers, eggs, cotton, vegetables, and
citrus fruits, ownership integration is over 10
percent of total U.S. production (Knutson, et
al., 1983).

Cooperative ownership integration is much
more prevalent than proprietary ownership in-
tegration, accounting overall for 34 percent of
farm sales. However, in only 13 percent of co-
operative integration is there a legal commit-
ment by farmers to market their commodities
or to purchase inputs from the cooperative.

The economic implications and concern for
structural change of vertical integration are de-
bated. A principal problem in agriculture has
been the difficulty of coordinating production
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with market needs. Vertical integration can
make a substantial contribution to satisfying this
need. For example, in broilers and turkeys, ver-
tical integration has contributed to the uniform
size and quality of poultry sold. It has also con-
tributed to increased efficiency and reduced
costs (Schrader and Rogers, 1978).

On the other hand, there are potentially ad-
verse consequences of vertical integration. Con-
tract integration with corporations, and some-
times cooperatives, radically changes the role
of the traditional, independent farmer. More
often than not, the farmer loses control of, if
not legal title to, the commodities grown under

a production-integrated arrangement. Payment
to the grower is largely on a per-unit or piece-
wage basis, and not necessarily related to prod-
uct value.

It has been argued that in the long run, mar-
ket power in integrated agriculture will become
sufficiently highly concentrated that the con-
sumer will pay higher prices for food. However,
no definitive conclusion can be made. The above
argument fails to take into account efficiency
gains from integration. The extent to which
these gains could be realized without the de-
velopment of a vertically integrated system is
open to question.

THE SOCIOLOGICAL PERSPECTIVE

Many concerns relating to structural change
are of a sociological nature. They revolve around
the impact of concentration and integration on
the institution of the family farm, on rural com-
munities, and on rural institutions.

Concern has been expressed that continuous-
ly increasing the concentration and integration
will lead to the demise of the family farm as an
institution. The term family farm has been asso-
ciated with the existence of an independent busi-
ness and social entity that shares responsibilities
of ownership, management, labor, and financ-
ing. The family farm system leads to dispersion
of economic power and has been associated
with the perpetuation of basic American values
and of the family as an institution. Increased
concentration and integration tend to destroy
the family farm institution. Very large farms lose
many of the characteristics of the traditional
family farm because their business and hired
labor aspects clearly predominate. Most of the
management functions traditionally associated
with the family farm institution are removed
by integration. With integration the farmer takes
on more of the characteristics of a businessman.

Another concern is that concentration and
ownership integration reduce the number of
farms and make the integrator less dependent

on the local community. As a consequence,
small rural towns and their social institutions
decline or vanish. Recent research conducted
in California provides some evidence to substan-
tiate such a relationship. Dean MacCannell
(1983) has found that rural communities where
a few large and integrated farms dominate are
associated with few services, lower quality edu-
cation, and less community spirit. (This is dis-
cussed in greater detail in chapter 11.)

Concerns are also expressed about the impact
of structural change on the nature of the U.S.
political system. Thomas Jefferson visualized
the merits of a decentralized political system
where power was highly diffused and where
every individual had the opportunist y to partici-
pate in public decisions. His philosophy placed
a high value on independent farmers and land-
owners as a means of maintaining a democratic
system of government.

Already there has been a marked departure
from the decentralized power structure ideal
visualized by Jefferson. The question is whether
agriculture is basically unique and different
from other sectors of U.S. society, as has long
been maintained. Are there unique social, cul-
tural, and traditional values in having landowner-
ship widely dispersed, or should agriculture join
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the mainstream where the other economic sec- of the nonfarm sector. Some people will inter-
tors have long been? As U.S. agriculture con- pret this trend as progress; others will interpret
tinues along the trends laid out in this report, it as a step backward.
it will increasingly take on the characteristics

CAUSES OF STRUCTURAL CHANGE

A number of factors have been identified by
researchers as causes of structural change.
However, there has been no delineation of the
relative importance of each factor. One of the
objectives of this study is such a delineation.
Before moving to that analysis in the following
chapters, however, it is important to understand
why each of these factors is considered impor-
tant to structural change.

Most observers of structural change cite three
main determinants:

1. technology and associated economies of size,
specialization, and capital requirements;

2. institutional forces; and
3. economic and political forces (figure 5-1).

Technological Forces

Certain farmers have a strong incentive to
adopt new technology rapidly. The early inno-
vator achieves lower per-unit costs and in-
creased profits, at least for a short time, before
other farmers follow his lead. For example, in

Figure 5-l.— Factors Influencing the Structure of Agriculture

Economic environment

● Growth of demand
● Consumer tastes and preferences

Institutional factors (agriculture specific)

● Credit institutions (public and private)
● Agribusiness firms (cooperative and proprietary)
● Research and development (public and private)

Technical factors affecting farming
• New technologies available

● Distribution of costs of production

Structure of agriculture
. Number and size of farms
● Contractual arrangements
● Control of management decisions

● Ownership of farmland

SOURCE: Office of Technology Assessment
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Washington State a winter wheat farmer with
2,500 acres can reduce average machinery costs
by 9 percent per acre by replacing a conven-
tional crawler tractor with a four-wheel-drive
tractor. If he also expands the size of his farm
to 3,900 acres, he can reduce costs by an addi-
tional 18 percent (Rodewald and Folwell, 1977).
This nearly 60-percent increase in farm size can
be made without additional labor. Once the in-
novative wheat farmer adopts the technology,
other crop farmers generally have two options:
purchase a four-wheel-drive tractor and expand
the size of their farm, or accept a lower net in-
come as market prices for their crops fall. In
short, new technology can play an important
role in determining acreage and capital require-
ments. Different farmers have different costs
because they use different combinations of in-
puts, have different management skills, or have
a different scale of operation.

Economies of size

The relationship of scale of operation to cost
is of particular significance to structure. If costs
are relatively the same for all farm sizes, one
would expect all farm sizes to have relatively
little incentive to increase in size. In addition,
with relatively even costs, consumers would
clearly not benefit from increases in farm size.
If, on the other hand, costs decline sharply as
farm size increases, not only would there be
strong incentives for farms to grow in size, but
consumers would potentially realize lower
prices for food. Of at least equal importance to
policy makers, if costs decline sharply as farm
size increases, efforts to prevent this change
from occurring—e.g., to preserve the family
farm–would not only be difficult, but could be
counterproductive from a consumer perspec-
tive. Smaller farm operators could exist in a cost-
declining environment only if they were will-
ing to accept lower returns to contributed la-
bor, capital, and management, and/or had an
off-farm job.

Past studies of the relationship between aver-
age production costs and farm size support two
major conclusions: First, most economies of size
are apparently captured by moderate-size farms.
Second, while the lowest average cost of pro-

duction may be attainable on a moderate-size
farm, average cost tends to remain relatively
constant over a wide range of farm sizes. Thus,
farmers have a strong incentive to expand the
sizes of their farms in order to increase total
profits. (This phenomena is explored in detail
in chapters 8 and 9.)

Earlier studies on economies of size have sev-
eral limitations. External economies gained
from buying and selling in large volumes and
from access to credit have usually been ignored.
Common ownership of related farm and non-
farm activities has not been considered. There
is some evidence that inclusion of such pecu-
niary economies would lower the average pro-
duction costs for large farm units and would
shift the conclusion about the size of the most
competitive farm (Smith, et al., 1984).

Specialization

Technology has also influenced specialization
and regional production patterns. Cotton pro-
duction has moved westward, for example, into
areas of broad, flat fields where larger machin-
ery can be used to optimum advantage. Speciali-
zation in crop production is also due in part to
technology, Farmers who once relied on crop
rotation and diversification to conserve soil fer-
tility, prevent soil erosion, and control pests
have replaced these practices by chemical fer-
tilizers, insecticides, and herbicides, with ques-
tionable long-run effects. Such farmers can thus
grow one crop exclusively year after year, spe-
cializing in commodities that are the most
profitable. Similarly, the development of new
disease control techniques has given poultry and
livestock farmers unprecedented opportunities
to specialize. The vertically integrated broiler
industry of today would have been impossible
without scientific advances in breeding, feed-
ing, housing, and medicine, which have reduced
the real cost of broilers by as much as 50 per-
cent over the past 30 years.

These scientific breakthroughs have gener-
ally enabled both small and large farmers to spe-
cialize more. However, improvements in farm
machinery have perhaps been most important
in fostering large-scale, specialized operations.
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A decision to invest in a specialized piece of
equipment means that an operator will empha-
size production of the commodity for which the
machine is intended, quite likely at the expense
of some other commodity. And insofar as a ma-
chine is most economical on a particular size
of operation, expansion to that size is encour-
aged. Thus specialization and farm growth oc-
cur simultaneously.

Capital Requirements

Agriculture is one of the most capital-inten-
sive industries in the American economy. As
a result, the requirements for credit to finance
new capital investments, production, or stor-
age are high. Technology has made barriers to
entry more formidable. The cost of machinery
raises capital requirements for beginning farm-
ers. Technologies that allow individuals to farm
increasingly larger acreages have added to the
competition for land, resulting in high land
prices, the single greatest expense in farming
today. The average investment in 1980 in a farm-
ing operation with gross sales between $40,000
and $60,000 ranged from $350,000, for fruit and
nut farms, to over $800,000, for livestock ranches.

InstitutionaI Forces

Institutional factors have their primary influ-
ence on the costs of inputs used in production,
the prices of products, and the generation of
new technology for agriculture. These institu-
tions may be either in the private or the public
sector.

The costs of inputs are primarily a function
of competition between private sector agribus-
iness firms. Input costs do not have to be the
same for all farmers. Input suppliers may offer
farmers discounts for larger volume purchases
of fertilizer or chemicals. Likewise, larger scale
farmers may receive higher prices for products
marketed through the use of crop contracts or
futures markets.

Research and Extension

New technologies are generated in both the
public and private sector. Basic agricultural re-
search is primarily a public sector function per-

formed by the U.S. Department of Agriculture
(USDA) and the land-grant universities. Applied
research functions are shared between the pub-
lic and private sector, with the private sector
dominating development activities. Extension
activities assist in evaluating and transferring
technological innovations into practice. An in-
tegral part of the agricultural research and ex-
tension policies involve the generation of higher
levels of training and expertise embodied in hu-
man capital. The result is more skilled farmers,
agribusinessmen, scientists, and agricultural
policymakers.

Research and extension have had different
impacts on farms, farmworkers, rural commu-
nities, and even entire regions, depending on
the characteristics and type of technology de-
veloped. Some technological innovations, par-
ticularly mechanical innovations, have favored
and hence fostered larger farms. Technologi-
cal innovations that could be applied on farms
of any size are often first adopted by larger farms
(Paarlberg, 1981; Perrin and Winkelman, 1976).
By being the first to adopt new technologies,
larger farms receive greater benefits than those
not adopting the technologies (typically, smaller
farms).

A major effort of extension is to disseminate
timely information through public meetings.
The topics covered in publications and public
meetings are heavily influenced by current re-
search results. Any bias toward larger farms that
is embodied in research results would most
likely be carried over into meetings and pub-
lications.

Even though extension personnel make infor-
mation available to all farmers, those farmers
that make the most use of the research results
and extension information can generally be
characterized as the more innovative, more ag-
gressive, and better managers, usually of larger
farms (Paarlberg, 1981). Such farmers are also
generally more vocal, providing feedback to re-
search and extension personnel on the useful-
ness of the information received. Even though
no overt effort is made to exclude particular
groups, such as operators of small farms, the
net result is that many research and extension
programs become more oriented toward those
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select groups that generally avail themselves of
the information (Paarlberg, 1981).

This lack of structural neutrality was recog-
nized in 1979 by Secretary of Agriculture Berg-
land when he questioned the use of Federal
funds for research projects having the objective
of producing large-scale, labor-saving technol-
ogy and set up a special task force to investigate
the impact of research and extension on struc-
ture. At the same time, Congress earmarked re-
search and extension funds for increased work
with small farms and for projects involving di-
rect marketing from farmers and consumers.
However, no special programs were developed
for moderate-size farms.

The Bergland initiative on research was de-
emphasized with the change in administration
in 1981. It has, however, been rekindled by the
announcement of joint initiatives in biotech-
nology research between private sector com-
panies and universities. Questions have arisen
as to whether the primary beneficiaries of the
initiatives will be the private sector firms or the
initial adopters of the resulting new technology.

Public Policy

Many public policies affect the structure of
agriculture by influencing resource use, capi-
tal requirements, technology development and
adoption, freedom of decisionmaking, exchange
arrangements, risks, and costs and profits. Some
policies are oriented specifically to the farm sec-
tor, such as price and income policy (commodity
programs). Others affect agriculture directly but
are more broadly oriented, such as tax policy.
Still others are general—e.g., national macro-
economic policy—and affect agriculture indi-
rectly,

Public policies offer viable ways to maintain
or alter the structure of the agricultural sector.
In this section, areas of public policy involve-
ment that affect the structure of agriculture are
briefly examined.

Commodity Programs.—Beginning with the
Agricultural Adjustment Act of 1933, a series
of commodity programs have evolved to deal
with price and income problems in farming.

These programs have covered such commodi-
ties as wheat, feed grains, cotton, wool, sugar,
rice, peanuts, tobacco, and dairy products. To
stabilize and increase farm prices and incomes,
a variety of program tools has been used: price
supports, direct payments, acreage allotments,
set-asides, conservation reserves, surplus dis-
posal, and stock accumulation.

There is widespread agreement that these pro-
grams, in the short run, held farm incomes above
the long-run income effects. Price stability from
these programs has enabled farmers to adopt
new and improved technologies. And logic sug-
gests that the higher the level at which prices
are stabilized, the more rapid and widespread
will be technological adoption in farming. But
it does not follow that high and stable prices
necessarily speed resource concentration in
farming. The high and stable prices may help
the weak and inefficient stay in business. Little
is known about how different levels of price and
income support affect the rate of resource con-
centration in farming (Cochrane, 1983). Thus,
the question becomes whether policy makers
who want to change the rate at which produc-
tive resources in farming are concentrated in
fewer and fewer hands should support and stabi-
lize product prices at low levels, at high levels,
or somewhere in between—or whether they
should do something different instead. (The ef-
fect of commodity programs on resource con-
centration is analyzed in chapters 8 and 9.)

Tax Policy.—Tax laws and provisions are
widely recognized as being a determinant of
agricultural structure. There is, however, no
agreement about the relative importance of tax
policy because of its interactions with other
structural determinants. Some tax laws and pro-
visions can be directly related to structure (i. e.,
estate and corporate tax law), while others (i.e.,
investment tax credits, depreciation provisions,
capital gains, and cash accounting) are indirect-
ly related and often interact with credit and com-
modity policies.

In animal agriculture, tax factors such as cash
accounting, current deductibility of costs of rais-
ing livestock, and capital gains treatment for
sales of breeding livestock, together with invest-
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ment tax credits and accelerated depreciation,
influence livestock investments and can affect
structure. Tax policy issues in animal agricul-
ture include tax shelter and nonfarm invest-
ments, tax provisions as a factor in economies
of size, and the legal structure of agriculture.
The cattle sector provides one example.

The income tax advantages of cattle feeding
were packaged as limited partnership syndi-
cates in the late 1960s and early 1970s and sold
to nonfarm investors. The growth of nonfarm
investment in cattle feeding was closely asso-
ciated with the movement of cattle feeding out
of the Midwest and with the growth of large-
scale feedlots in the High Plains area. Other fac-
tors also played a role, but limited empirical evi-
dence suggests that tax-induced investment in
cattle feeding through limited partnerships was
related to structural change (Carman, 1983).

For mechanical technology, current tax laws
favor the substitution of capital for labor and
may speed the adoption of mechanical systems.
Two tax factors are at work: payroll taxes, which
increase the cost of labor, and provisions for
investment tax credit and accelerated depreci-
ation, which decrease the cost of machinery
(Carman, 1983).

It is conventional wisdom that tax provisions
are an important consideration in the adoption
of capital-intensive innovations, since invest-
ment tax credit and accelerated depreciation
do have a significant impact on after-tax costs.
Such innovations include large four-wheel-drive
tractors, circle irrigation systems, minimum till-
age systems, and large-scale and improved har-
vesters.

An important implication can be drawn about
structural change from the above discussion.
Small farms and very large farms have more off-
farm interests against which to offset farm losses
than do moderate-size farms. This could be a
significant factor in accounting for the decline
of the moderate farm. (The effect of tax policy

on structural change in agriculture is examined
in chapters 8 and 9.)

Agricultural Credit Policy.—Public policy
directly influences the supply of capital to
farmers through the Farmers Home Adminis-
tration (FmHA) of USDA and the Farm Credit
System, which includes the Federal Land Bank,
the Production Credit Association, and the Bank
for Cooperatives. The original capital for the
Farm Credit System was supplied by the Fed-
eral Government, but the system is now wholly
owned by its borrowers. However, the Farm
Credit System is still accorded agency status
whereby interest costs on its bonds and discount
notes are lowered. The FmHA is a Government
agency that has a mandate from Congress to
make low interest loans to family farmers who
cannot obtain credit elsewhere. The FmHA and
the Farm Credit System together account for
approximately 40 percent of the total farm debt
outstanding (8 and 33 percent, respectively)
(Barry, 1983).

The general intent of farm credit policies has
been to ensure appropriate capital availability
for agriculture. Policies established by these
agencies and their attendant programs are
thought to have influenced the structure of the
farm sector, although the extent of their impact
has not been studied thoroughly. (Chapter 7 ex-
plores the relationship between credit policy
and structural change in agriculture.)

Economic and Political Forces

Agriculture operates in a broader overall eco-
nomic and political environment. This environ-
ment determines the rate of interest, the rate
of inflation, and the value of the dollar—all of
which influence the costs and prices of farm
products. The increased importance of these
effects has made macroeconomic policies that
influence the overall economic environment
within which agriculture operates more impor-
tant to farmers.
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THE DYNAMICS OF

A study of this type cannot possibly analyze
all of the technical, economic, and institutional
factors that influence the structure of agricul-
ture. This study therefore concentrates on those
factors that appear to be the most critical in
affecting structure and that also relate to cur-
rent farm policy decisions. These factors
include:

●

●

●

the technical factors influencing the costs
of production as related to farm size;
the major farm program elements; and
the institutions that lead to the development
and assimilation of new technology.

These factors interact in a dynamic fashion
to influence the structure of farming. New tech-
nology continuously infused into agriculture is
adopted by the most progressive farmers. While
the initial adopters assume increased risk in ap-
plying a new technology, they generally also
gain substantially higher returns. Farm pro-
grams that reduce price risk help assure higher
returns.

As more farmers realize the advantages of
new technology, the adoption process becomes

STRUCTURAL CHANGE

more general. As this happens, supplies in-
crease, with the tendency to force down mar-
ket prices. If Government policies prevent mar-
ket prices from falling, surpluses build up, as
they have in the dairy industry or did before the
payment-in-kind (PIK) program. If market prices
fall, Government payments rise.

Wider adoption of technologies also changes
the nature of costs as farm size increases. If
larger farms are the first adopters, their costs
are substantially lower. The laggers in adoption
realize much higher costs. By not adopting, they
become, in effect, left behind–eventually be-
ing either forced off the farm altogether or
forced to take an off-farm job.

These consequences often lead to suggestions
of turning off the technological wheels of prog-
ress. Such a strategy, however, would have a
devastating impact on the competitive position
of American farmers in world markets. Instead
of just some people being left behind, the whole
American farm system would be left behind.

This chapter has viewed structural change
from both an economic and sociological per-
spective and identified the major forces of this
change. These include technological, institu-
tional, economic, and political factors. Tech-
nology and associated economies of size, spe-
cialization, and capital requirements have had
an important influence on structural change in
agriculture. Likewise, private and public institu-
tional factors, which include research and ex-
tension, credit institutions, farm programs, and
tax policies, have played a significant role. And
the economic and political environment in-
cluding the value of the dollar, rate of inflation,
growth in demand, and consumer tastes and
preferences are becoming even more important
factors.

There has been a marked departure from the
decentralized power structure ideal visualized
by Thomas Jefferson that causes many people
to be concerned for a variety of reasons. The
question is whether agriculture is basically
unique and different from other sectors of U.S.
society. Are there unique social, cultural, and
traditional values in having landownership
widely dispersed, or should agriculture join the
mainstream where other U.S. economic sectors
have long been? As American agriculture con-
tinues along the trends laid out in this report,
it will increasingly take on the characteristics
of the nonfarm sector, Some people will inter-
pret this as progress; others will interpret it as
a step backward.
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To help policymakers better understand how
and why agricultural structure is changing, this
study focuses on the major technical, economic,
and institutional factors which influence struc-
tural change. They are: 1) technology, 2) major
farm program and tax elements, 3) financial in-

stitutions, and 4) institutions that lead to the de-
velopment and assimilation of new technology.
In the chapters to follow the impact of each of
these factors, as well as the dynamic interac-
tions between them, will be studied.
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Chapter 6

Emerging Technologies and
Agricultural Structure

New technologies have, historically, had sig-
nificant impacts on structural change. New dis-
ease control techniques gave poultry and live-
stock farmers unprecedented opportunities to
specialize and vertically integrate. Improve-
ments in farm machinery fostered large-scale,
specialized farm units.

Like their predecessors, the emerging tech-
nologies examined for this study will make a
considerable impact on farm structure, espe-
cially by year 2000. Biotechnologies will have
the greatest impact because they will enable
agricultural production to become more central-
ized and vertically integrated. Although in the

long run the use of new technologies will not
increase the farmer’s overall need for capital,
there will be trade-offs: biotechnology will en-
tail less capital; information technology will en-
tail more. This chapter discusses how the emerg-
ing technologies are expected to affect these and
other elements of agricultural structure.

The chapter evaluates the new technologies’
impacts on agricultural structure. It covers: 1)
the methodology and assumptions for evaluat-
ing the impact of technologies, 2) the analysis
of technology’s impact on structure, 3) relative
adoption rates by size of farm, and 4) relative
effectiveness of policy in achieving a structure.

METHODOLOGY

To assess the relationship between technol-
ogy and structure, OTA conducted a 2-day work-
shop with a panel of 14 experts.1 This workshop
will be referred to as the Agriculture Structure
Group (ASG). The panel members represented
abroad range of backgrounds and regions with-
in the United States. (The names, affiliations,
and disciplinary specialty of each workshop par-
ticipant are included in app. C.) A major por-
tion of the first day was devoted to briefings by
experts on the 28 previously defined technol-
ogies. The initial discussions of the ASG in-
volved the potential impact of these technologies
on capital and labor at the farm level and on
the structural elements of vertical coordination,
market access, and barriers to entry. The sec-
ond day’s discussions were concerned with the
distributional impacts of the technologies and
the broad categories of public policies that might
achieve a predetermined structural changeover
time.

*This chapter is based on the results of the workshop as ana-
lyzed by Thomas Sporleder in the OTA paper “Agricultural Struc-
ture Impacts of Emerging Technologies in American Agricul-
ture” and reviewed by the workshop participants.

The assessment of distributional impacts was
by broad category of technologies. The panel
members considered both rate of adoption and
change in physical output by farm size, focus-
ing on the flow of impacts from various tech-
nologies to structure.

As a final item, the ASG addressed the reverse
flow-from structure to technology develop-
ment and adoption. Thus the potential causal-
ity between various farm structures and the de-
velopment and adoption of technology groups
was also addressed by ASG.

Group discussion was unstructured except for
materials prepared for the ASG that provided
an agenda of discussion topics. The Delphi pro-
cedure was used to help the group reach con-
sensus about the potential impacts of technol-
ogy on selected economic variables.

The assumptions made by the work group that
applied throughout the assessment of techno-
logical impacts to the year 2000 were:

1. Economic variables such as tax policy, in-

123
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terest rates, inflation rates, and prices are
held constant at 1984 levels.

Z. Impacts of technology groups are assessed
separately, assuming that only one technol-
ogy group exists and is 100 percent adopted
in 1984. Thus, potential interaction effects
among the technology groups were not as-
sessed.

3. Capital and labor were defined broadly so
that they were the only factor inputs in the
production process. Capital was defined as

TECHNOLOGY

The ASG judged the 28 study technologies to
be sufficiently similar in their impacts on mar-
ket structure to permit assessment of them with-
in groups rather than individually. Thus the
technologies were grouped into three broad cat-
egories for animal agriculture and four broad
categories for plant agriculture (table 6-l).

The biological group essentially consists of
technologies that use living organisms or their
isolated components for manipulating plant or
animal production. The mechanical group en-
compasses technology development in machin-
ery used to produce and/or harvest the results
of crop or animal production. The information
group includes the technologies of sensors, con-
trollers, and actuators, along with broad devel-
opments in computer technology applicable to
the collection and analysis of information for
producer-level management decisions.

Whereas the other categories apply to both
crop and livestock production, the technologies
within the management techniques group apply
only to crop production. This group includes

all nonlabor, nonmanagement resources,
including land, while labor was defined to
encompass both management and labor.

4. The focus was production agriculture—
farms and ranches. An important element
of structure was defined as the number and
size of farm firms. Although the group rec-
ognized the importance of other levels in
the commodity marketing and food distri-
bution channel, the focus remained on the
farm level for reasons of manageability.

Table 6-1.—Groups of Technologies Analyzed,
by  Animal and Plant

Technology group/technologies included

Animal:
Biological.—Genetic engineering, Animal reproduction,

Regulation of growth and development, Animal nutrition,
Disease and pest control

Mechanical.-Environment of animals, Animal behavior, Crop
residues, Animal waste use, Robotics

Information. -Monitoring and control, Communication and
information, Telecommunications

Plant:
Biological.—Genetic engineering, Enhancement of photosyn-

thetic efficiency, Plant growth regulators, Plant disease
and nematode control, Management of insects and mites,
Weed control, Biological nitrogen fixation

Mechanical.—Robotics, Engines and fuels,
Crop separation—cleaning—processing

Information.—Monitoring and control, Communication and
information, Telecommunications

Management techniques.— Water and soil-water-plant rela-
tions, Soil erosion, Soil productivity and tillage, Multiple
cropping, Organic farming, Land management

SOURCE: Office of Technology Assessment.

technologies that assist in a more optimal, long-
term combination of inputs at the producer
level, and each involves cultural or management
practices.

STRUCTURAL ELEMENTS

The structural dimensions assessed for tech- barriers to entry, and regional impacts. These
nological impacts were capital and labor, ver- elements are not necessarily the only relevant
tical coordination and control, market access, ones for judging the impact of various technol-
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ogies. However, in the interest of manageabil-
ity of scope and time, these were judged most
important.

Capital is viewed broadly as all nonlabor and
nonmanagement inputs, including land, while
labor was viewed broadly as both management
and labor. Vertical coordination is defined as
coordination of quality, quantity, and timing
across producer/first handler markets. Control
is primarily the ability of producers to exercise
authority over production and marketing deci-
sions. Market access refers to whether produc-
ers have access to most or all buyers at a partic-
ular stage of the marketing channel. Barriers
to entry are defined as the inability, for what-

ever reason, of new firms to enter a particular
industry.

These structural elements are the common
ones normally viewed as important in agricul-
tural commodity markets. For any of the struc-
tural elements, it is difficult to judge or meas-
ure precisely the magnitude of impact from
various technologies. Often, the direction of im-
pact (positive or negative) is easier to judge. The
procedure used by workshop participants was
to discuss direction of impact, then use the Del-
phi process to judge magnitude of impact within
some predetermined range (e.g., O to 10 percent,
10 to 20 percent).

IMPACTS OF TECHNOLOGY ON STRUCTURAL ELEMENTS

The structural elements provide some indica-
tion of the potential for a technology group to
induce a change in farm size and number over
time. The directional impact of the technology
groups on each selected structural element is
summarized in tables 6-2 and 6-3. The tables ap-
ply to both animal and plant agriculture across
all technologies.

Capital and Labor

Technology can affect the capital and labor
used in production of either animals or crops.
The absolute and relative change induced by
technology in capital and labor was addressed
and is depicted in table 6-3.

Several primary effects of technologies in the
biological group on capital were identified. It
was assumed that reproduction and genetic en-
gineering technology would be adopted by farm-
ers via contracting for a specialized service. The
adoption would slightly reduce ( <5 percent)
both capital and labor necessary for a given size
herd. An example is the expected dramatic sav-
ings in time that will result from hiring a spe-
cialized service to check a dairy herd for estrus.

Growth hormone technology is also expected
to decrease both capital and labor needs slightly
in animal production. Animal nutrition and dis-
ease control technologies are expected to de-
crease slightly or have no impact on capital and
labor in the long run.

Because both capital and labor are expected
to decrease slightly as a result of these biologi-
cal technologies, no significant change (i.e., <5
percent) is expected in the capital/labor ratio.
Capital is viewed as decreasing slightly less than
labor, on the average, but this difference is not
viewed as significant.

The biological group of technologies is viewed
as having a long-run neutral impact on capital
input at the farm level, primarily because the
majority of these technologies have become
available as new plants or seeds. Thus the tech-
nology is imbedded into the factor input with-
out a separate purchase of it. Potential price in-
creases in plants or seeds were viewed as being
offset by productivity gains.

A slight decrease in labor input is expected
from the technologies in this group for plant
agriculture. This was expected mostly from the
potential for weed, insect, and mite control tech-
nologies reducing some labor input to the pro-
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Table 6.2.—Potential Directional Impact of Technology Groups on Structural Elements
at the Producer Level, by Animal and Plant

Potential additional direction of impact
induced by technology group by year 2000

Vertical coordination
Area and technology group and control Market access Barriers to entry

Animal:
Biological group. . . . . . . . . . . . . . . . . . . . . . . . . . Closer coordination Slight reduction No significant change

encouraged
Mechanical group . . . . . . . . . . . . . . . . . . . . . . . . No significant change No significant change No significant change
Information group . . . . . . . . . . . . . . . . . . . . . . . . No significant change Slight increase Slight-to-definite

reduction

Plant:
Biological group. . . . . . . . . . . . . . . . . . . . . . . . . .Slight encouragement No significant change No significant change

of closer coordination
Mechanical group . . . . . . . . . . . . . . . . . . . . . . . . No significant change No significant change Slight increase
Information group . . . . . . . . . . . . . . . . . . . . . . . . No significant change Increase No significant change
Management techniques group . . . . . . . . . . . . . No significant change No significant change Slight-to-moderate
SOURCE: Office of Technology Assessment

Table 6-3.—Potential Impact of Technology Groups on Capital and Labor at the Producer Level,
Assuming Adoption, by Animal and Plant

Potential additional change induced by technology
group by year 2000

Area and technology group Capital Labor Capital/labor ratio

Animal:
Biological group . . . . . . . . . . . . . . . . . .Slight decrease (<5°/0) Slight
Mechanical group . . . . . . . . . . . . . . . . . Moderate increase (5-10°/0) Slight
Information group . . . . . . . . . . . . . . . . . Moderate increase (5-10°/0) Slight

Plant:
Biological group . . . . . . . . . . . . . . . . . . No significant change Slight
Mechanical group . . . . . . . . . . . . . . . . . Moderate increase (5-10°/0) Slight
Information group . . . . . . . . . . . . . . . . . Moderate increase (5-10°/0) Slight

decrease (<5%) No significant change
decrease (<5%) Moderate increase (5-10°/0)
increase ( <5°/0) Moderate increase (5-10°/0)

increase ( < 5°/0) No significant change
increase ( <5°/0) Moderate increase (5-10°/0)
increase ( <5°/0) Moderate increase (5-10°/0)

Management techniques group. . . . . .Slight increase (<5°/0) ‘ Moderate increase (5-10°/0) No significant change ‘
SOURCE: Office of Technology Assessment.

duction process. This is also the potential im-
pact of the plant disease and nematode control
technologies.

The capital/labor ratio is not expected to
change significantly as a result of the technol-
ogies in the biological group for crops. The de-
crease in labor anticipated from some technol-
ogies within the biological group is not expected
to be important enough to change the capital/
labor ratio significantly in the long run.

Mechanical Group

The mechanical group for animals is viewed
primarily as housing and lighting control for
animals that might influence breeding or growth.
The other technologies within this group are
viewed primarily as improvements in mechan-

ical methods for crop residue or animal waste
processing.

Almost by definition, this technology group
is composed of technologies that require capi-
tal equipment expenditures if adopted, result-
ing in a moderate increase (5 to 10 percent) in
the amount of capital. Another expected conse-
quence of these mechanical technologies is a
slight decrease in labor, primarily because of
the potential of these technologies to reduce
stress on livestock, which in turn may reduce
management input. The decrease in labor for
livestock operations, however, is anticipated to
be less than 5 percent in the long run. It is fur-
ther expected that the moderate increase in cap-
ital and the slight decrease in labor will increase
the capital/labor ratio moderately (5 to 10 per-
cent) for livestock producers.
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The adoption of the mechanical technologies
group for plant agriculture, as with this tech-
nology group for animal production, is expected
to result in a moderate increase in capital input.
The cost of engines is expected to rise, and en-
gines are expected to have a higher horsepower
for the same size. The major technologies in this
group are expected to be capital-intensive.

The potential for labor reduction from the
technologies for crops is expected to be similar
to that for livestock. The expectation is for a
slight decrease ( <5 percent) in labor input at-
tributable to this technology group. The capi-
tal/labor ratio is expected to increase moder-
ately (5 to 10 percent), owing primarily to
increased engine costs and small labor reduc-
tions. The expectation for the capital/labor ra-
tio for crop production is similar to that for live-
stock production.

WormaS#ua  O-

The technologies in the information group are
viewed as capital-intensive and are expected to
have impacts that are similar for both crop and
livestock producers. Actuators, sensors, and
controllers would require additional capital ex-
penditures for production units such as feed-
lots, dairy barns, or crop fields. The consensus
is that these technologies would require a mod-
erate increase (5 to 10 percent) in capital for ei-
ther crop or livestock operations.

Because the total amount of data and infor-
mation available to managers would increase
as a result of this technology, a slight increase
(<5 percent) in managerial time is expected.
The managerial input results from an increase
in information that would be generated by the
technology. Such information would require
more analysis time from managers. This situa-
tion is similar for either livestock or crop oper-
ations,

The capital/labor ratio is viewed as increas-
ing moderately (5 to 10 percent) as the net re-
sult of these technologies. No significant differ-
ences are anticipated between livestock and
crop production as a result of information tech-
nologies. The capital/labor ratio is expected to
increase primarily from an increase in capital

equipment items used in production of either
crops or livestock.

Management Techniques Group

The management techniques group repre-
sents various management regimes useful in
crop production.

The organic farming technology within this
group is viewed essentially as a substitution of
mechanical factor inputs (more cultivation) for
chemical factor inputs (such as fertilizer or in-
secticides). This substitution would lead to some
capital expenditure decreases and some labor
expenditure increases in crop production in the
long run.

Other technologies in this group are viewed
as relatively more capital-intensive—such as soil
erosion, tillage, and general land management.
As a result, the net impact of this technology
category on capital used in crop production is
a slight increase ( <5 percent).

Many of the technologies within this group
are expected to require additional management
input. Almost by definition, the adoption of tech-
nologies in this group is expected to demand
greater management in the production process.
As a result, labor (encompassing management)
is expected to increase moderately (5 to 10
percent).

The capital/labor ratio attributable to this tech-
nology group is not expected to change signifi-
cantly. The increase in capital and the increase
in labor are expected to be sufficiently similar
that no significant change is induced in the cap-
ital/labor ratio for crop production in the long
term.

Vertical Coordination and Control

The consideration of vertical coordination
and control is that if technology induces tighter
vertical coordination by an integrator, it may
simultaneously induce a shift in control over
production from the farmer to the integrator.
This, in turn, could affect the number and size
of farms in the long run. The poultry industry
is an example of a commodity marketing chan-
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nel that exhibits relatively tight vertical coordi-
nation, loss of producer control, and a conse-
quent shift to fewer but larger production units.

In general, the emerging technologies are ex-
pected to allow more control over end-product
characteristics. Examples include less fat per
unit of lean meat in animals or a specific color
characteristic in corn, with the implication that
more homogeneity within a type of product may
result but that more end products will have engi-
neered characteristics. This situation entails
some shift away from sorting or grading as a
way to achieve greater homogeneity y and a shift
toward more control over the production process.

An anticipated economic consequence of this
increased control over production practices will
be in the area of contracting. Contracting allows
husbandry practices or cultural practices to be
monitored and controlled closely during the pro-
duction process, resulting in productsthat adhere
to uniform specifications. Controlled diversity
would result from this arrangement. That is, great-
er process control would lead to uniform prod-
uct differentiation.

The biological group of technologies is ex-
pected to encourage closer coordination in live-
stock production compared with the situation
in 1984. The technologies in this group would
encourage greater process control, which would
be manifested in more contracted livestock pro-
duction. One example is swine producers who
contract with meat packers to produce pork of
uniform specifications and are paid for their
labor and facilities at a predetermined fixed rate.

Another example is the potential from these
technologies for modifying milk at the cow
rather than at the processing plant. This tech-
nology group holds promise for producing more
highly unsaturated fats in milk. If such technol-
ogy is adopted, it would require close coordi-
nation at producer/first handler markets and ad-
ditional process control at the production level.

The expectation for this technology group is
that it will encourage closer coordination in
crop production, as well. However, even though
the direction of impact was viewed similarly

between livestock and crop production, the
magnitude is expected to be relatively less for
crops compared with livestock. Part of the rea-
son is that relatively more process control in
livestock than in crops is expected from adopt-
ing the technologies.

Mechanical Group

No significant change in vertical coordination
is expected from the technologies in the mechan-
ical group for either crop or livestock produc-
tion. The technology for this group is essentially
embodied in capital equipment items such as
tractors and other machinery. As a conse-
quence, the adoption and use of the technology
is a decision made by individual production
units, with no real implication for vertical co-
ordination or control.

Information Group

The technologies within the information
group are not expected to have any significant
impact on vertical coordination or control for
either crop or livestock production. The situa-
tion for this technology group is similar to that
for the mechanical group. Adoption and use of
these technologies are decisions of individual
farm and ranch managers.

One possible impact from the information
technologies on vertical coordination is the
potential for the technology to encourage more
open markets for commodities rather than con-
tractual arrangements. The technology is viewed
as having some potential for coordination across
markets without integration. This impact would
be attributable to better communication of buy-
ers’ needs to production-level managers. This
potential is slightly more important for livestock
production than for crops.

Management Techniques Group

The technologies in this group are expected
to be neutral in impact on vertical coordination
and control, again mostly due to individual
managers’ decisions on adoption and use. Also,
this technology group primarily reflects produc-
tion decisions that are more likely to change
quantity of output rather than quality of output.
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Market Access

Market access as a structural element of agri-
cultural marketing channels refers to the abil-
ity of sellers or potential sellers to gain access
to buyers or potential buyers. The extent to
which producers have a number of alternative
buyers or marketing arrangements for their
commodities is the essence of market access.
If alternatives are few, market access is low.
Foreclosure to participation is not necessary for
market access to be low, but it maybe one rea-
son for lack of market access.

Biological Group

The biological group is expected to reduce
market access slightly for livestock producers
in the long run. This impact is expected because
the biological technologies will allow targeting
of certain product characteristics to specialized
end-use markets, narrowing the range of alter-
natives for producers adopting the technology.
Thus foreclosure to other market segments is
one impact expected from the technology.

The impact of the biological group on market
access for crop production is expected to be neu-
tral. Even though some potential for market seg-
mentation by end-use characteristics is possi-
ble from this technology group, no significant
change is expected.

With today’s technology of production, there
are a number of possibilities for producing spe-
cialized crops or for sorting commodities for
particular end-use markets. One example is sort-
ing and grading soybeans on the basis of oil
yield. For storable commodities, especially, the
sorting may well occur after production rather
than through exercising process control during
production. To the extent this happens, the tech-
nology group would have a negligible impact
on market access over time.

Mechanical Group

Mechanical group technologies are not ex-
pected to have any significant long-term impact
for either crop or livestock production. The tech-
nologies in this group are viewed as neutral on
market access for reasons similar to those for
vertical coordination and control.

Information Group

Some differences are expected between plant
and animal agriculture from information group
technologies. The direction of impact from this
technology group is the same for both areas—
to increase market access. The magnitude, how-
ever, is expected to be relatively more for crop
producers.

This technology group encompasses increased
information available to managers for both pro-
duction decisions and marketing decisions. The
marketing information component is expected
to be important to all farm managers, but rela-
tively more important to crop producers. As
marketing information increases among buyers
and sellers, improvement in market access is
expected. If market information is asymmetri-
cally held by buyers and sellers, the technology
should result in more equality among buyers
and sellers. The potential significance of this
improvement is expected to be slightly greater
for crops than for livestock.

Management Techniques Group

No significant change in market access is ex-
pected as a result of the technologies within the
management techniques group for crops. Again,
reasons are similar to those provided under ver-
tical coordination and control.

Barriers to Entry

A variety of barriers restrict the ability of new
firms to enter an industry. For example, use of
specialized capital-intensive and managerially
sophisticated technologies for production with-
in an industry can represent a barrier to new
entrants in the long run. Unequal access to in-
formation or significant amounts of proprietary
information within an industry are also conven-
tionally regarded as discouraging to new en-
trants.

Biological Group

No significant impact on barriers to entry is
expected from the biological technology group
for either crop or livestock production. This
technology group may increase the level of so-
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phistication and/or specialized knowledge nec-
essary for production. However, the expertise
necessary would be available to nearly all pro-
duction units. This expertise is seen as being
available through firms that specialize in pro-
viding the necessary expertise that may be re-
quired for successful adoption and use of the
biological technologies. Thus, impact on bar-
riers to entry was viewed as negligible.

Mechanical Group
The impact of mechanical technologies on

barriers to entry in the long term is expected
to be a slight increase for crop production but
no significant increase for livestock production.
This difference is attributable to the expected
differences in the relative importance of me-
chanical technologies in the two areas.

Mechanical technologies for crops are viewed
as relatively more important and capital-inten-
sive per dollar of output than are mechanical
technologies for livestock. The capital-intensive
nature of this technology group for crops is ex-
pected to impose slightly increased barriers to
entry in long-run production.

Information Group

Information group technologies have differ-
ent impacts on barriers to entry for crop and
animal production. This technology group is not
expected to change barriers to entry signifi-

cantly in crop production. However, slight-to-
definite reductions in barriers to entry in live-
stock production are expected from informa-
tion technologies.

This group holds the potential for significantly
increasing the amount of information on mar-
kets available to livestock producers without en-
tailing large increases in capital expenditures
for adopting the technology. In addition, mon-
itoring and control devices are expected to be
relatively more cost-effective for livestock pro-
ducers than for crop producers. This implies
the potential for increased productivity with,
perhaps, a lower quality of management. Both
the production and marketing impacts from in-
formation technologies combine to encourage
new entrants into livestock production—or re-
duce barriers to entry in the long run.

Management Techniques Group

Some portions of the management techniques
group are expected to be capital-intensive. For
example, land management strategies and mul-
tiple cropping are considered to be technologies
that will require expanded capital expenditures
for adoption. The potential to create an addi-
tional barrier to entry from this technology
group stems from the capital-intensive nature
of the technology. If multiple cropping or land
management practices were the norm for crop
producers, they would discourage new entrants
into crop production in the long run.

RELATIVE ADOPTION RATES BY SIZE

The rate of adoption by size of firm for each expected to be significantly higher by year 2000
technology group was addressed. Adoption than that for any of the other technologies. This
rates were estimated for the year 2000, assum- is especially true in the smallest size category
ing that firms would adopt at least one of the of farm. About 40 to 50 percent of the smallest
technologies within the group in some signifi- crop production units are expected to adopt at
cant way (table 6-4). Size categories used for least one technology, whereas 10 to 20 percent
farms were annual sales in 1984 dollars: of the smallest animal production units are ex-

pected to adopt.
1. less than $20,000;
2.$20,000 to $99,999; This perceived difference in adoption rates
3.$100,000 to 499,999; and between crop and livestock producers is attrib-
4.$500,000 and over. utable to the form in which the technology will

be available for adoption. Many biological tech-
Relative adoption rates of biological technol- nologies available to crop producers are expected

ogies for both plant and animal agriculture are to be embodied in seeds, fertilizers, or other in-
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Table 6-4.—Percent Adoption Rate of at Least One
Technology Within a Technology Group by Year 2000,

by Size of Farm

Adoption rate range (percent),
by sales category (1984 constant dollars)

Area and
technology $20,000-$100,000-
group <$20,000 $99,999 $499,999 >$500,000

Animal:
Biological . . . . . . 10-20 30-40 60-70 80-90
Mechanical . . . . . 0-1o 10-20 40-50 70-80
Information . . . . . 0-1o 10-20 55-65 80-90

Plant:
Biological . . . . . . 40-50 6 0 - 7 0  8 5 - 9 0 90-100
Mechanical . . . . . 0-1o 10-20 40-50 70-80
Information . . . . . 0-1o 15-25 55-85 75-85
Management

techniques . . . 10-20 30-40 55-65 70-80
SOURCE: Off Ice of Technology Assessment.

put items that normally would be purchased by
crop producers. Many crop producers are ex-
pected to adopt some simple techniques and in-
formation technologies as a normal practice.
This accounts for the perception that these will
be relatively more widely adopted.

Relative adoption by size is expected to be
greatest for larger farms. Generally, 70 percent
or more of the largest farms are expected to
adopt some technologies from each technology
group. This contrasts with only 40 percent for
the second largest and about 10 percent for the
smallest two categories. The economic advan-
tages from the technologies are expected to ac-
crue to early adopters, and a larger proportion
of large farms are anticipated to be the early
adopters.

Among the largest production units, biologi-
cal technologies would be adopted by a rela-
tively higher proportion of producers than
would mechanical technologies. Adoption of
mechanical technology entails more capital ex-
penditures, whereas the biological technologies
were anticipated to be available from a service
company on a fee basis. Thus large and small
firms may have these biological technologies
more readily available to them.

Policies Considered

The potential for achieving a particular dis-
tribution of farm size through various broad
types of policy was assessed, Eight types of pol-
icy were defined regarding their potential use
in changing relative size distributions of farms
in the future: commodity, tax, credit, research
and extension, trade, monetary, fiscal, environ-
mental, and regulatory. The discussion focused
on which of these policies might be most useful
in achieving some public policy-determined
farm structure distribution (number and size of
firms). As before, a Delphi procedure was used
to rank the relative effectiveness of each of the
major policy categories. The relative effective-
ness of these policy categories was then assessed
by the panel (table 6-5).

Relative Effectiveness

Commodity policy and tax policy are expected
to be most effective in achieving a particular

Table 6-5.—Relative Effectiveness of Types of Policy
In Attaining a Desired Specific Structure -

Policy type by rank order, most to least effective

1. Commodity
2. Tax
3. Credit
4, Macro policy—monetary and fiscal
5. Regulatory
6. Trade
7. Research and extension
8. Environmental

SOURCE: Off Ice of Technology Assessment.

size distribution in the future. That is, specific
policies under these two broad types could be
designed that would either significantly de-
crease or increase the trend toward fewer but
larger production units.

Credit and macroeconomic policy are also ex-
pected to be effective in changing structure.
Environmental policy and policies involving re-
search and extension are expected to be the least
effective in changing the size distribution of pro-
duction units.
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Commodity policy is viewed as the single most
effective policy category for achieving some pre-
determined level of size and number of farm
firms. For example, if a commodity policy were
put in place that had a $10,000 limit on pay-
ments, the effect would be to slow or stop the
move toward larger farms. Similarly, adopting
a commodity policy that has no payment limi-
tation would encourage the trend toward larger
size firms. Also, even though commodity pol-
icies primarily affect dairy and major crop
producers, aspects of commodity policy could
be designed to encourage participation. Such
items include differential support rates by size
of farm. Smaller firms would have higher sup-
port levels, thereby encouraging broader par-
ticipation across all farm sizes.

Tax policy was considered the second most
effective policy category for changing the num-
ber and size of farm firms to some desired level.
The major items discussed were investment tax
credits or other tax items that encourage capi-
tal to flow into or out of agriculture for tax shel-
ter considerations. Treatment of capital gains,
conversion of capital gains, and value-added
taxes were considered to be critical items that
could influence size distributions.

In the credit policies category, several spe-
cific items were considered to be a direct influ-
ence on the movement over time to larger size
firms. They include interest rates, availability
of credit for agricultural production, capital ra-
tioning, and subsidized credit.

STRUCTURAL IMPACT ON TECHNOLOGY

The majority of this analysis is directed toward
technological impacts on structure. Another
area considered by ASG is the potential causal-
ity of a particular farm structure on the direc-
tion and magnitude of development and adop-
tion of technology. The notion is that structure
and technology are simultaneously related
through time. Not only will technology influ-
ence structure, but structure will influence tech-
nology. As a final item, the panel considered
the potential relationship from structure to the
various technology groups.

The assessment of structure on technology
considered each previously defined technology
group separately for both animal and plant agri-
culture. The question addressed by ASG is the
direction and magnitude of impact that a bi-
modal farm structure would have on the devel-
opment and adoption of the technology groups.
The impact is relative to the structure that cur-
rently exists. The bimodal distribution assumed
to exist for this portion of the assessment was
a total of 1.1 million farms, 528,000 in an annual
sales category of less than $20,000; 143,000 in
a category between $20,000 and $99,999; 120,000
in a category between $100,000 and $499,999;
and 309,000 in a category above $500,000. This
bimodal distribution has 48 percent of all farms

in the smallest category and 28 percent of all
farms in the largest category. Thus these two
categories account for 76 percent of all farms.

As before, the Delphi technique was employed
to gain a consensus on the influence of struc-
ture. Overall, the influence of structure on the
development and adoption of technology is sub-
stantial (table 6-6). A bimodal structure is viewed
as having moderate or large increases on de-
velopment and adoption for each of the tech-
nologies for both animals and plants. This is pri-
marily because of the proportion of total farms

Table 6=6.—Potential Directional impact of Farm
Structure on Development and Adoption of
Technology Groups, by Animal and Plant

Potential direction of impact
Area and induced by bimodal structure
technology group by year 2000

Animal:
Biological group . . . . . . . . . Moderate increase
Mechanical group . . . . . . . . Moderate to large increase
Information group . . . . . . . . Moderate to large increase

Plant:
Biological group . . . . . . . . . Moderate increase
Mechanical group . . . . . . . . Moderate increase
Information group . . . . . . . . Moderate to large increase
Management techniques . . Large increase
SOURCE: Office of Technology Assessment.



Ch. 6—Emerging Technologies and Agricultural Structure • 133

in the largest size category (28 percent in the
bimodal distribution compared with less than
2 percent actual in 1982).

Large farmers have relatively greater adop-
tion rates, and a significant proportion of large
farms would also encourage development of
various technologies beyond what would other-
wise be developed. Differences among technol-

ogy groups are slight. The greatest impact of
structure on development and adoption is the
management techniques group for crop produc-
ers. Larger crop farms would tend to adopt tech-
nologies such as multiple cropping, soil erosion,
or tillage practices; or soil-water-plant manage-
ment techniques considerably quicker than
would smaller farms.

SUMMARY AND CONCLUSI0NS

All technology groups are expected to have
considerable economic impact on farm struc-
ture by 2000, Biological technologies will have
a more important impact than that of the other
technology groups. A historical perspective on
mechanical technologies is that they have been
vitally important in shaping the livestock and
plant production structure that existed in 1984.
However, they are not expected to have as im-
portant an impact on future structure.

Captal and Labor

For animal production, both the information
and mechanical groups are expected to increase
capital moderately, with a slight decrease in cap-
ital induced by the biological group. Both bio-
logical and mechanical groups are expected to
generate slight decreases in labor, with a slight
increase from information technologies. No sig-
nificant change is expected in relative capital
and labor from the biological group. Moderate
increases in capital intensity (the increase in
the capital/labor ratio) are expected from both
the mechanical and information groups.

For plant production, moderate increases in
absolute capital are expected from both the me-
chanical and information groups, a slight in-
crease from the management techniques group,
and no significant change from the biological
group. In terms of absolute labor and manage-
ment, all but the biological group are expected
to increase labor slightly to moderately. The only
labor-decreasing technology is expected to be
in the biological group. No significant change
in the relative amounts of capital and labor are

expected from the biological or management
techniques groups. The mechanical and infor-
mation groups are expected to induce a moder-
ate increase in capital relative to labor. None
of the technologies is expected to induce a de-
crease in the capital/labor ratio.

Comparison of the technology groups for
plant and animal production reveals that, in gen-
eral, the technologies are expected to be simi-
lar in terms of impact on capital and labor. Nei-
ther the biological nor management techniques
groups are expected to induce any significant
change in the capital/labor ratio for plant pro-
duction. The biological group is not expected
to change the capital/labor ratio, whereas all
other techniques are expected to increase this
ratio moderately in the long term.

The potential direction of the marginal im-
pact induced by the technology groups on ver-
tical coordination and control, market access,
and barriers to entry was also assessed. The bio-
logical group is expected to encourage closer
vertical coordination (i.e., more contracting),
with a slight reduction in market access as a
consequence. This would subsequently encour-
age the trend toward fewer but larger farms.

In the opposite direction, the information
group is expected actually to reduce barriers
to entry and to increase market access without
any significant change on vertical coordination
or control at the producer/first handler level.
The mechanical group is expected to be neu-
tral on all structural elements analyzed.
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Expected impactson these structural elements
for plant production is similar to that expected
for animal production. However, the impact of
the biological group on crop agriculture is ex-
pected to be less than that on animal agricul-
ture. Less impact on vertical coordination and
market access is expected from biological tech-
nologies for crops. The management techniques
group, a group unique to crops, is not expected
to change vertical coordination or market ac-
cess, but is expected to increase barriers to en-
try slightly to moderately in crop production
in the long run.

The potential for regional shifts from technol-
ogy was seen as most likely from the livestock
biological technology group, particularly as it
affects beef production. Biological technologies
that increase the efficiency of beef cattle for-
age utilization may have an important regional
dimension. The potential for increasing pasture
conversion of beef cattle is likely to favor shifts
in production away from the higher opportu-
nity cost of agricultural lands in the Midwest
to those in the South and West.

Relative Adoption Rates by Size

Relative adoption rates of biological technol-
ogies for both plant and animal agriculture are

expected to be considerably higher by year 2000
than they are for any other technology group.
This is especially true for small farms.

Relative adoption rates of all technology
groups are expected to be greatest for larger
farms. Generally, 70 percent or more of the
largest farms are expected to adopt some tech-
nologies from each technology group. This con-
trasts with only 40 percent for the middle-size
farm units and about 10 percent for the smallest
farms. The economic advantages from the tech-
nologies are expected to accrue to early adopt-
ers; a large proportion of large farms are antici-
pated to be early adopters.

Policies Effective in
Achieving a Structure

Commodity policy and tax policy are the two
broad categories of policy that are expected to
be most effective in achieving a particular size
distribution of farms. Specific policies under
these two policy categories could be designed
either to enhance or to slow the historical trend
toward fewer but larger production units.
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Chapter 7

Impacts of Agricultural
Finance and Credit

The severe financial stress of a large propor-
tion of farmers and the recent regulatory and
competitive changes in financial markets have
combined to change forever the financial frame-
work of farming. The farm of the future will be
treated financially like any other business—it
will have to demonstrate profitability before a
bank will finance its operation. Managing a farm
efficiently and profitably, which will necessi-
tate keeping technologically up-to-date, will be
the key to access credit.

The cost of credit, however, will be higher and
more volatile. Interest on loans may be varia-
ble rather than fixed. Moreover, given the con-
centration in the banking industry, decisions
about extending credit will more likely be made
at large, centralized banking headquarters far
removed from a loan applicant’s farm. Loan de-
cisions will thus be less influenced by the con-
siderations of neighborly goodwill that frequent-
ly shaded the decisions of the more local banks.

Congress will have to consider all of these fac-
tors because the availability of capital will con-
tinue to be an important factor in agricultural
production in general and in the adoption of

agricultural technologies in particular. Read-
ily available capital at reasonable rates and
terms, plus technologies that aid profitability,
provides a favorable environment for technol-
ogy adoption. For the most part, the emerging
technologies will pass the test for economic fea-
sibility.

This chapter considers the relationships be-
tween technology adoption, financing conse-
quences, and the structure of agriculture. The
major financing focus is on the credit compo-
nent of financial capital, and on how the regu-
latory and competitive changes in U.S. finan-
cial markets during the 1980s will influence
structural change as well as the cost, availabil-
ity, and other terms of credit for agricultural
producers. In the following sections, some back-
ground information on capital and credit mar-
kets and institutions is reviewed, and an analyti-
cal framework is established for understanding
the relationships between credit, technological
change, and agricultural structure. Then, vari-
ous changes in the regulatory environment af-
fecting farm lenders are reviewed, and impli-
cations are given for technology adoption and
structural change.

Before considering the long-run impacts of
technological change and of financing conse-
quences, it is important to consider the present
deteriorating financial situation in agriculture.
Financial conditions of many farmers and farm
lenders have deteriorated significantly over the
past 4 years. Large supplies and weak export
demand have squeezed farm income and re-
duced the net worth of farmers. Many farmers
face insufficient cash flow, declining asset
values, problems of access to credit, and forced
liquidation, foreclosure, and bankruptcy.

A substantial proportion of the U.S. farm sec-
tor is under severe financial stress, which can
be measured by use of the debt-to-asset ratio.
Approximately 11 percent of all farms (243,000
farms) have debt-to-asset ratios of 40 to 70 per-
cent. These farms are “highly leveraged,” tend
to have serious cash shortfalls, and together owe
one-third of all farm debt. Another 143,000
farms have debt-to-asset ratios above 70 percent,
These “very highly leveraged” farms make up
about 7 percent of all farms, but they owe almost
25 percent of all farm debt (table 7-1).
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Table 7-1 .–Distribution of Farms by Debt-to-Asset Ratio and Sales Class, January 1984

Highly leveraged Very highly leveraged
(debt-to-asset ratios of 40 to 70°/0) (debt-to-asset ratios over 70°/0)

Percent Number of Percent Percent Number of Percent
Sales class of class farms of debt of class farms of debt
>$500,000 . . . . . . . . . . . . . . . . . . . . . . . . . . 17.4 5,200 4.8 15.3 4,500 4.9
$250,000-$499,999 . . . . . . . . . . . . . . . . . . . . 19.0 . 17,600 5.1 12.6 11,000 4.2
$100,000-$249,999 . . . . . . . . . . . . . . . . . . . . 18.1 52,800 10.5 9.2 26,400 5.9
$50,000-$99,999 . . . . . . . . . . . . . . . . . . . . . . 14.7 44,000 6.2 8.7 26,400 3.9
<$50,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.3 123,200 5.8 5.0 74,800 4.8

All farms . . . . . . . . . . . . . . . . . . . . . . . . . 11.1 242,600 32.5 6.6 143,100 23.7
SOURCE: U.S. Department of Agriculture, The Current financial Condition of farmers and Farm Lendera, Economic Research Service Bulletin No. 4Wr,  March 19S5,

Many short-run programs are being consid- ments needed to solve the problem adequately.
ered to alleviate this current financial situation. In chapters 8 and 9, alternative short-term pol-
However, as discussed later in this chapter, icies are analyzed along with other policy
these programs will not allow for the adjust-

—
changes.

IMPACTS OF MONETARY

The agricultural sector is closely linked to na-
tional and international economies. Thus the
public sector policies and programs that influ-
ence these economies also influence technol-
ogy adoption and structural change in agricul-
ture. The potential influences of monetary and
fiscal policies on agriculture are identified in
the following sections.1

Monetary Policy

The amount of money and credit in the econ-
omy, and its rate of change, are the primary con-
cerns of monetary policy. The Federal Reserve
System (FRS) is the primary regulatory author-
ity that determines the direction of monetary
policy in the United States. The objectives of
FRS are to promote domestic economic growth,
avoid excessive inflationary or recessionary
pressures, maintain a sound U.S. balance of pay-
ments, and promote full employment. The si-
multaneous achievement of these goals is ex-
tremely difficult, and FRS is often faced with
selecting which policy objective has highest
priority.

‘This section and the next are based on a paper by David A.
Lins, “Overview of Capital and Credit Markets Serving Agricul-
ture: Their Impact on Technology Adoption and Structural
Change,” prepared for the Office of Technology Assessment,
Washington, DC, March 1985.

AND FISCAL POLICY

FRS influences the amount of money and
credit in the economy through a variety of in-
struments. Discussion of these instruments in
detail is beyond the scope of this chapter. To
determine its success in controlling the amount
of money and credit in the economy, FRS uses
indicators, the most commonly used being: 1)
interest rates, and 2) the rate of growth in the
money supply (this is also used as an instrument
by FRS).

For many years FRS used the level of interest
rates as a key indicator of the success of mone-
tary policy. Nominal interest rates were con-
trolled within a fairly narrow range. However,
during the 1970s the inflation rate began to rise,
while interest rates were controlled by FRS ac-
tions. The net effect was a fall in real interest
rates. Figure 7-1 identifies the estimated real in-
terest rate on 3-month Treasury bills from 1962
through 1984.

From 1962 through 1972 the real interest rate
was generally positive, in the range of 1 to 2 per-
cent. From 1972 through 1979, real interest rates
were usually negative, suggesting that investors
in Treasury bills lost money in real terms. FRS
actions to control interest rates in the face of
rising inflation were primarily responsible for
this outcome.
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Figure 7-1 .—Real Interest Rate on
3-Month Treasury Bills

1964 1968 1972 1976 1980 1984
Year

SOURCE: Office of Technology Assessment.

Recognizing that savings are strongly discour-
aged by negative real interest rates, FRS in 1979
shifted from a policy of controlling interest rates
to a policy of controlling the rate of growth in
the money supply. The result was a rapid in-
crease in the real interest rate as well as in-
creased variability in nominal interest rates.2

Since 1983, the real interest rate on 3-month
Treasury bills has generally been in the range
of a positive 5 to 7 percent. The level of real in-
terest rates is likely to be a major determinant
of investment in agricultural assets, particularly
for nonfarm investors. With high real interest
rates there is less incentive to borrow money
to invest in new technologies. Consequently, ac-
tions taken in the pursuit of monetary policies
have a major impact on the agricultural sector.

The strength of the U.S. dollar also has a ma-
jor impact on the agricultural sector. The level
of interest rates in the United States compared
with those in other countries is a major deter-
minant of the strength of the dollar. Since mone-
tary policies have a direct influence on the level
of interest rates, they also have a direct impact
on the strength of the dollar. In 1984 the U.S.
dollar reached a 12-year high against many ma-
jor foreign currencies. A strong dollar decreases
the level of agricultural exports, thereby reduc-
ing incomes of producers of export-dependent

Interest rates not adjusted for inflation.

products. While the incomes of other producers
may actually increase in such a situation, the
overall level of income for the agricultural sec-
tor would probably decline. As incomes of agri-
cultural producers decline, less capital is avail-
able for investment in new technologies, and
credit may be used more to overcome shortfalls
in income than to finance new investments or
transfer resources.

Many of the emerging agricultural technol-
ogies appear to be those that will require expend-
itures on operating inputs such as genetically
enhanced seeds, chemicals, embryo transplants,
and other products normally financed with the
farm operator’s capital or short-term credit. Al-
though the decisions on the purchase of these
inputs is affected by the level and variability of
interest rates (which in turn are influenced by
monetary policy), it seems more likely that the
decisions to adopt these new technologies will
be more strongly influenced by the expected
returns from adoption. Some technologies may
be so profitable to adopt, at least in the short
run, that the level of interest rates has little im-
pact on the decision process.

Fiscal Policy

Fiscal policy involves the taxation and spend-
ing policies of the Federal Government. The
objectives of fiscal policy are to carry on the
functions of Government, promote economic
growth and full employment, and maintain
price stability. Fiscal policy instruments used
to achieve these objectives include both auto-
matic and discretionary taxation and spending
alternatives.

Automatic taxation instruments include the
progressive income tax structure, which raises
taxes as incomes increase and decreases taxes
when incomes fall, even if Congress has made
no explicit changes in tax rates. One automatic
spending instrument is unemployment com-
pensation, which automatically changes Gov-
ernment expenditures when unemployment
changes.

Discretionary items include those taxation
and spending patterns that require specific con-
gressional action to change. In the area of taxa-
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tion, for example, depreciation rates and in-
vestment credit change only as the result of
legislative changes. Likewise, numerous spend-
ing programs require legislative action before
the level of expenditure is changed. A major
problem in meeting the objectives of fiscal pol-
icy is that much Government spending falls into
the category of “entitlements,” leaving little that
legislators can do to change the total level of
Government expenditures.

Federal budget deficits, the excess of Govern-
ment spending over tax revenues, are frequently
cited as a major determinant of interest rates.
Some argue that large budget deficits create
such a strong demand for credit that Govern-
ment borrowing will “crowd out” the demands
of the private sector for credit if the deficit is
not funded by expanding the money supply.
Others suggest that budget deficits occur pri-

marily as a result of high unemployment and
recessions, which reduce tax revenues and cre-
ate more expenditures on income transfer pro-
grams. If true, this latter view suggests that Fed-
eral deficits have little impact on interest rates.
In fact, statistical studies show a very low corre-
lation between budget deficits and the level of
interest rates.

To the extent that fiscal policies affect the level
and variability y of interest rates, they also affect
credit availability and the adoption of new tech-
nologies in agriculture. Again, the impact on
the adoption of new technologies may depend
on whether the new technologies are capital-
intensive. Fiscal policies that result in large
budget deficits will have a more deleterious ef-
fect on capital-intensive technologies than on
technologies that require little capital invest-
ment and that reduce costs of production.

CAPITAL SOURCES FOR AGRICULTURE

It is useful to separate capital used for agri-
culture into two broad categories—debt capi-
tal and equity capital. Debt capital is defined
as funds that are borrowed and must be repaid
with interest. In contrast, equity capital repre-
sents an ownership interest in the business. Net
income and capital gains reflect the returns to
equity capital,

As shown in table 7-2, approximately 20 per-
cent of the total capital used in agriculture is
in the form of debt capital. Debt capital as a per-
cent of total capital in agriculture increased
from about 10 percent in 1950 to 20.7 percent
by 1985. To the extent that new technologies
require the use of borrowed funds for adoption,
lenders as well as farm operators must be con-
vinced of the value of new, and perhaps un-
tested, technologies. Educational efforts to ac-
quaint lenders with new technologies will
become increasingly important if such technol-
ogies are to be financed with debt capital.

Equity capital accounts for the majority of
funds used in agriculture and may come from
a variety of sources, including initial investment

Table 7-2.—Balance Sheet of the Farming Sector,
Jan. 1, 1985

Item (billions of dollars)
Assets:
Physical assets:

Real estate . . . . . . . . . . . . . . . . . . . . . . . . .
Non-real estate:

Livestock and poultry . . . . . . . . . . . . . .
Machinery and motor vehicles . . . . . . .
Crops stored onfarm and off-farm . . . .
Household equipment and

furnishings . . . . . . . . . . . . . . . . . . . . .
Financial assets:

Deposits and currency . . . . . . . . . . . . . . .
Savings bonds . . . . . . . . . . . . . . . . . . . . . .
Investments in co-ops . . . . . . . . . . . . . . . .

$ 749.2

50.4
106.5
38.2

26.0

18.7
3.7

29.7
Total assets. . . . . . . . . . . . . . . . . . . . . ... , $1,022.4

Claims:
Liabilities:

Real estate debt . . . . . . . . . . . . . . . . . . . . ,
Non-real estate debt to:

ccc . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Others . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total liabilities . . . . . . . . . . . . . . . . . . . . . .
Proprietors’ equity . . . . . . . . . . . . . . . . . . . . .

Total claims . . . . . . . . . . . . . . . . . . . . , . . .
Debt-to-asset ratio ... , . . . . . . . . . . . . . . . . .

aPreliminary.

$ 110.4

8.3
93.0

211,7
810.7

$1,022.4
20.7

SOURCE: U.S. Department of Agriculture, Economic Research Service, Agricu/.
tura/ Finance: Situatlorr arrd Out/ook, AFO-25, December 19S4,



Ch. 7—Impacts of Agricultural Finance and Credit ● 141

and retained earnings of farm owners and oper-
ators. Importantly, much of the equity capital
in agriculture is the result of asset appreciation.
Equity capital is also provided by investors who
are not farmers but do have an ownership in-
terest through shares of stock, partnership in-
terests, or other forms of equity investment.

Much of the equity capital in agriculture is
invested in farm real estate, although not nec-
essarily by farm operators. For example, a sig-

nificant portion of this equity capital, some 42
percent nationwide, is rented (but substantial
regional variation exists). In addition, a growing
amount of machinery and equipment is leased
to take advantage of tax regulations. Overall,
the significant amount of leasing of agricultural
assets suggests that a considerable amount of
equity capital in agriculture is controlled by in-
dividuals or institutions that may not be actively
engaged in farming operations.

DEBT CAPITAL SOURCES FOR AGRICULTURE

American agricultural producers borrow from
a wide variety of lending sources. The finan-
cial institutions that serve agriculture are in a
constant state of change, in part because of
changes in the regulatory environment under
which they operate. Indeed, recent changes in
the regulatory environment have altered the na-
ture and operating characteristics of these fi-
nancial institutions. Savings and loan associa-
tions, as well as Sears, American Express, and
other nontraditional sources, are more likely
now to provide financial services to farmers.
The financial institutions that serve agriculture,
and the changes within those institutions, are
described below.

The Farm Credit System

The Farm Credit System (FCS) is a cooperative
that is owned and controlled by member bor-
rowers. The system began in 1916, when the
Federal Land Banks were established to help
farmers and ranchers gain access to long-term
farm loans under more favorable rates and terms
than were available from other sources. In 1923
the Federal Intermediate Credit Banks were
formed to provide discounting services for
short- and intermediate-term loans. Production
Credit Associations (PCA) and the Banks for
Cooperatives were started in 1933. The coop-
erative nature of this system is the central fo-
cus of its organization and operation.

Originally, the system was partially capital-
ized by the Federal Government; however, all
Government capital has since been repaid. Al-

though the system is directed by the borrowers
and their elected representatives, it is supervised
by the Farm Credit Administration, an inde-
pendent agency in the executive branch of the
Federal Government. Unlike most other private
lenders serving the farm sector, FCS is restricted
to making loans only to farmers, fishermen, agri-
cultural cooperatives, and rural residents who
meet eligibility standards set by law. Commer-
cial banks and life insurance companies, in con-
trast, face no such restrictions.

FCS acquires funds to lend through the sale
of bonds and discount notes in the national
money market. The system has agency status
in selling its bonds and discount notes. (Agency
status has been shown to reduce the cost of issu-
ing bonds.) In recent years, agency status for
FCS has come under attack as an unfair com-
petitive advantage, and will be discussed in a
later section of this chapter.

Today, virtually all loans from FCS are on a
variable interest rate. As a result, interest rate
risks have been passed onto borrowers. Despite
the charging of variable rates, the system has
achieved a fairly stable pattern of rates. How-
ever, some farmers have experienced interest
rate increases so high that anticipated profit-
ability was not achieved. In recent years some
parts of the system have begun to offer fixed-
rate financing alternatives through financial
leasing of machinery and 5-year, fixed-rate loans
on real estate. Such fixed-rate alternatives may
help risk-averse farmers finance the purchase
of new technologies not previously available
through variable-rate loans.
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At present, there appears to be a move within
the system to consolidate administrative units
and to offer a broader range of financial serv-
ices to farmers. These actions may have little
direct impact on credit availability or on the
adoption of new technologies. However, they
may make the system more efficient and cost-
effective, thereby reducing the cost of credit.
Such a reduction in cost would likely provide
some small impetus to technology adoption.

Commercial Banks

Commercial banks area major source of both
real estate and non-real estate loan funds for
agriculture. Historically, they have been the
largest institutional source of non-real estate
farm loans. While not all commercial banks are
actively involved in making long-term farm
mortgage loans, most provide referral services
that help farm operators obtain farm mortgage
funds from other lenders.

In general, most of the loans to farmers and
ranchers made by commercial banks come from
small and intermediate-size banks serving a rela-
tively small geographic area. While large banks
also lend directly, they serve agriculture through
correspondent services through smaller rural
banks and via loans to agribusiness firms.

Each State regulates the extent to which both
State-chartered and nationally chartered com-
mercial banks can branch within a State. The
alternatives include: 1) unit banking, 2) limited
branching, and 3) statewide branching. Twenty-
three States now allow statewide branching, 16
allow limited branching, and 11 are unit bank-
ing States. Some States also allow multibank
holding companies, whereas others do not.

A fundamental change in the structure of com-
mercial banks appears to be taking place. Many
small and intermediate-size banks are being ac-
quired by larger banks or bank holding compa-
nies. As a result, the number of banks is expected
to decline and the average bank size is expected
to increase. It remains to be seen how this situ-
ation will affect credit availability, technologi-
cal adoption, or structural change in agricul-
ture. However, one change appears to be the
growing aggressiveness of banks in seeking

farm real estate loans, suggesting that larger
banking units may more aggressively seek new
lending opportunities, including those for tech-
nology adoption. However, metropolitan banks
that acquire smaller rural banks may be reluc-
tant to finance new technologies if they are not
familiar with agricultural lending. The move-
ment of the decisionmaking process from the
local scene to a more metropolitan center, and
the need for specialists in agricultural lending,
may make lender education on new technol-
ogies more important.

Insurance  Companies

Several major life insurance companies have
been actively engaged in farm mortgage lend-
ing for many years. Five companies (Equitable,
John Hancock, Prudential, Travelers, and Met-
ropolitan) have accounted for over 75 percent
of the total farm mortgage lending by insurance
companies. Insurance companies have tended
to focus on real estate loans for owners of larger
farms. Since these farmers may have been early
adopters of new technology, insurance compa-
nies may have had a greater role in the adop-
tion of land-intensive technologies than their
market share of farm debt would indicate. How-
ever, the market share of insurance companies
as a whole has diminished over time.

Insurance companies offer a variety of loan
terms and financing plans. Fixed-rate loans with
a relatively long amortization period, but with
balloon payments after 10 or 20 years, used to
be common. However, the inflationary environ-
ment of the late 1970s and early 1980s caused
insurance companies to shorten substantially
the period before which interest rates could be
renegotiated.

Some insurance companies have also experi-
mented with shared appreciation mortgages
(SAMs). A SAM works in the following man-
ner. In exchange for a fixed interest rate at be-
low market rates, the lender shares in a desig-
nated portion of capital gains. At the end of a
designated period, normally 5 or 10 years, the
land is either sold or reappraised, with the
lender’s share of the gain due. The amount due
the lender can be handled either as a lump sum
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payment or, more likely, as an increase in the
loan balance.

The insurance industry has undergone sub-
stantial changes in its sources of funds and in
the products and services that it offers to agri-
culture. Equity participations appear likely to
flourish in the future, either in the form of di-
rect investment or in the form of shared-appre-
ciation mortgages. Thus insurance companies
may become more actively engaged in equity
financing than in debt financing.

Government Lending Agencies

The Federal Government provides loan funds
to agriculture primarily through the Farmers
Home Administration (FmHA) and the Com-
modity Credit Corporation (CCC). The Small
Business Administration (SBA) no longer lends
to farm firms.

The FmHA offers insured and guaranteed
loans. Insured loans are made and serviced by
FmHA personnel and represent about 80 to 90
percent of FmHA’s total loan volume. Guaran-
teed loans are made and serviced by other
lenders, but are guaranteed against default by
FmHA. To be eligible for these loans, farm
owners must demonstrate that they are unable
to obtain adequate loan funds at reasonable
terms from other lenders. As a result, FmHA
is usually considered a lender of last resort.

Congress controls the extent of FmHA lend-
ing programs in two major ways: appropriations
and lending authorization. Appropriations are
used to cover losses and administrative ex-
penses. By controlling the level of appropria-
tions, Congress also controls the extent to which
administrative expenses and loan losses can be
incurred.

Lending authorizations specify the maximum
amount that FmHA can lend out under various
programs. Set annually, lending authorizations
are designed to control the nature of the pro-
grams offered. For example, if Congress wishes
to encourage guaranteed loan programs over
insured programs, it can raise the lending au-
thorizations for guaranteed loans while reduc-
ing the authorization for insured loans.

FmHA farm loan programs have focused on
farm operators with limited resources and on
those affected by disaster. The impact of these
programs has probably been to slow the con-
centration of resource ownership and control
in large farms by keeping smaller farms in agri-
culture. It is less clear what impact, if any,
FmHA programs have had on technological
adoption. However, to the extent that adoption
of new technologies is based on the ability of
farm operators to control larger units (e.g., by
using four-wheel drive tractors), FmHA loan
programs may have slowed the rate of adoption
by preventing additional land from coming onto
the market through foreclosure.

CCC is part of the U.S. Department of Agri-
culture (USDA). It provides financial assistance
to farm operators through four channels: 1) defi-
ciency payments, 2) disaster payments (although
these have essentially been replaced by multiple-
peril crop insurance), 3) crop loans, and 4) stor-
age facility loans. The programs offered by CCC
are part of the Government farm programs de-
signed to improve and/or stabilize the incomes
of agricultural producers.

CCC loan programs and the associated farm
commodity programs have likely had a significant
influence on the structure of U.S. agriculture.
The stabilization and improvement of incomes
generated by such programs have probably re-
duced risks and encouraged the adoption of new
technologies.

Merchants and Dealers

The term “merchants and dealers” refers to
farm suppliers of feed, seed, chemicals, fertil-
izer, petroleum, machinery, and equipment.
These firms are an important source of non-real
estate loan funds for agriculture. For operating
inputs, such credit often takes the form of ac-
counts payable. For capital inputs, credit may
be extended for a period of 3 to 5 years.

Dealer credit is often viewed as a method of
promoting sales. To some degree, merchant-
dealer credit programs have helped foster the
adoption of new technologies. This is particu-
larly true for new technologies associated with
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Figure 7-2.- Market Shares of Farm Real Estate Debt

Year

Federal  Land Banks —  —  —  L i f e  i n s u r a n c e  c o m p a n i e s
B a n k s — —  -  F a r m e r s  H o m e  A d m i n i s t r a t i o n

— ‘ —  I n d i v i d u a l s  a n d  o t h e r s

SOURCE: Office of Technology Assessment.

high-cost capital items. Dealer credit programs
would appear to have less impact on the adop-
tion of new technologies associated with oper-
ating inputs.

Market Shares of Farm Debt

The “market share of farm debt” refers to the
percentage of the total volume of lending by a
particular lender. It is useful to distinguish mar-
ket shares of farm real estate debt from market
shares of non-real estate farm debt.

Trends in the market share of farm real es-
tate debts are shown in figure 7-2. By 1978, the
Federal Land Banks had become the dominant
source of farm real estate loans, surpassing those
provided by individuals. In contrast, the mar-
ket shares for individuals, life insurance com-
panies, and commercial banks have decreased.

The market share of farm real estate debt for
FmHA has remained fairly constant.

The growing dominance of the Federal Land
Bank System has implications for the future
structure of agriculture. Policies adopted by the
system will tend to dictate how transfers of land
ownership will be financed. However, the chang-
ing market shares of farm real estate debt would
appear to have little direct impact on the adop-
tion of new technologies.

Market shares of non-real estate farm debt are
illustrated in figure 7-3. The most notable fea-
ture of this graph is the rather sharp decline in
market share for commercial banks and the in-
crease in market share for CCC and FmHA.
Market shares for PCAs and others (primarily
merchants and dealers) have remained fairly
constant.



Ch. 7—Impacts of Agricultural Finance and Credit ● 145

60

50

40

30

20

10

0

Figure 7-3.— Market Shares of Non-Real Estate Farm Debt

. .

\ \- -
- - -  

-  — . — 9 — - - - -  

‘  

, .  

.. ,

I
1971 1973 1975 1977 1979 1981 1983 1985

Year

C o m m e r c i a l  b a n k s Product ion Credi t  Assoc ia t ion
F a r m e r s  H o m e  A d m i n i s t r a t i o n

— — –  C o m m o d i t y  C r e d i t  C o r p o r a t i o n
— —  -  I n d i v i d u a l s  a n d  o t h e r s

SOURCE Office of Technology Assessment

The increase in market shares for Government commercial banks have had in attracting depos-
lending institutions (FmHA and CCC) reflects its. Legislative constraints periodically pre-
the expansion of Government programs to sup- vented commercial banks from offering com-
port agricultural prices and to deal with eco- petitive rates to savers. These constraints are
nomic and natural disasters. The decline in mar- being phased out by tlie Monetary Control Act
ket shares of commercial banks resulted from of 1980,
many factors, including the problems that some

Equity capital, the dominant form of capital tal and on the structure of U.S. agriculture. Each
used by U.S. agriculture, arises from three pri- of the three sources of equity capital is described
mary sources: 1) net farm income and unreal- in more detail below.
ized capital gains, 2) off-farm income, and 3)
the infusion of new investment capital from per- Not Farm income and Capital Gains
sons or institutions not actively engaged in agri-
culture. Differences in the relative importance Table 7-3 identifies the USDA estimate of net
and access to these forms of equity capital have farm income and capital gains achieved by the
a direct impact on the availability of debt capi- farm sector since 1940. Net income can be bro-
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Table 7=3.—income and Capital Gain Returns for the Farming Sector

Return as a percentage

Imputed return to Residual income Real capital of equity value (percent) ·

operator’s labor and to equity gainsa From residual From real
Year management (percent) (billions of dollars) income capital gains Total

1940-49 average . . . . . . . . 8.250/o $4.32 $ 1.67 6.900/0 3.360/0 10.260/o
1950-59 average . . . . . . . . 9.12 4.24 2.87 3.57 2.38 5.95
1960-69 average . . . . . . . . 7.17 6.06 5.19 3.44 3.06 6.50
1970-79 average . . . . . . . . 9.00 21.55 30.05 4.46 7.86 12.32
1980 . . . . . . . . . . . . . . . . . . 10.80 9.80 –4.50 1.30 –0.60 0.70
1981 . . . . . . . . . . . . . . . . . . 12.50 17.00 –75.30 2.10 –9.20 –7.10
1982 . . . . . . . . . . . . . . . . . . 10.70 9.90 –61 .30 1.30 –7.00 –6.50
1983 . . . . . . . . . . . . . . . . . . 9.40 4.00 –22.90 0.50 –3.10 –2.60

-he change  in the real value of pf’tysical  farm assets (after subtraction of real net Investment) plus the changes in the real values of currency, demand deposits, and
farm debts.

SOURCE: U.S. Department of Agriculture, Economic Research Service, Econm/c/ndlcatom  of the F~ Sectoc/rwomeand8afanceSheetStati@/cs,  EClF2-2, September 19S4.

ken down into two components—l) returns to
operators’ labor and management, and 2) resid-
ual income to equity in farm assets. The dec-
ades of the 1940s and 1950s marked a period
in which returns to operators’ labor and man-
agement nearly doubled the income return to
equity. During the 1960s, the two components
of net income were about equal. During the
1970s the income return to equity exceeded the
return to operator labor and management. This
pattern reflects the significant substitution of
capital for labor that occurred over the last four
decades.

Net income, whether in returns to operators’
labor and management or in returns on equity
capital, is in the form of cash. Estimates of the
amount of net income retained in the farming
sector are not readily available, but it does seem
likely that the majority of these funds would be
used for other purposes, especially for family
living.

Real capital gains reflect the return to equity
capital from an appreciation in asset values that
is greater than the rate of inflation in the gen-
eral economy. In the decades of the 1940s and
1950s, real capital gains were on average posi-
tive and were 40 to 70 percent as large as the
residual income to equity. During the 1960s, real
capital gains nearly equaled the residual income
to equity; during the 1970s, real capital gains
on average far exceeded the residual income
to equity. Thus from 1940 to 1980, landowners
came to expect significant real capital gains
from the ownership of agricultural assets.

Since 1980, real capital gains have been neg-
ative every year. By 1984 real wealth of the sec-
tor was down by over $160 billion from what
it had been in 1979. This massive reduction in
the real wealth position of agriculture has had
a dramatic impact on the economic and psycho-
logical attitudes toward new investment. Pur-
chases of capital assets such as machinery have
been postponed or delayed as long as possible
by many operators. Land sales languish from
an overabundance of parcels offered. The prob-
lems created by this massive reduction in real
wealth have been most strongly felt by farm
operators with heavy debt loads. While forced
sales have not yet reached substantial propor-
tions, most observers believe that a major re-
structuring of asset ownership could occur as
a result of the economic conditions of the early
and mid-1980s. In particular, land will likely be
redistributed from the highly leveraged oper-
ators to those with a strong financial position
and low leverages.

Income returns as a percentage of equity value
were relatively high during the 1940s, but
dropped to an average of under 5 percent for
the next three decades. Since 1980, income
returns as a percent of equity value have been
extremely low. Total returns, measured as in-
come and real capital gains, were relatively high
in the 1970s, but have been negative in recent
years.

Since unrealized capital gains can be mone-
tized only through the sale of assets or by bor-
rowing, the magnitude of such returns may have
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limited direct impact on the purchases of oper-
ating inputs. However, the impact on the abil-
ity to borrow and the psychological impacts of
declining real asset values will likely adversely
affect the ability and desire to adopt new tech-
nologies that are costly or uncertain.

Off-farm income is a major source of income
for farm firms, as indicated in chapter 4. For
example, in 1983 off-farm income accounted for
nearly 60 percent of the total income per farm
firm. However, as farm size (measured by an-
nual gross sales) decreases, the relative impor-
tance of off-farm income increases.

If technological adoption occurs first on the
very large-scale farms (over $500,000 in gross
sales), then the impact of off-farm income on
technological adoption may be low, since such
income is a relatively small component of total
income for the largest farms. In contrast, if tech-
nological adoption occurs first on small or mod-
erate farms, off-farm income may bean impor-
tant source of income for financing technology
adoption.

Credit Policy and Structural
Issues in Agriculture

The impacts of credit and credit policies on
structural change in agriculture can be viewed
from two vantage points: 1) a broad view of the
farm production sector as an aggregate unit
structured to achieve desired social objectives,
and 2) an intrasector view that considers changes
in the sector’s makeup overtimes Viewed from
the broad vantage point, credit arrangements
and policies of the past are believed to have con-
tributed to maintaining a structure of the farm
production sector that, compared with many

tThis  section and the next are based on a paper by Peter J, Barry,
“Regulatory and Performance Issues for Financial Institutions:
Their Effects on Technology Adoption and Structural Change
in Agriculture, ” prepared for the Office of Technology Assess-
ment, Washington, DC, December 1984.

Now Equity Investment Capital

Capital from the sales of stocks in corpora-
tions or shares of partnership interest has been
a rather limited source of equity capital for agri-
culture. In the past, shares of partnership in-
terest have generated significant amounts of
new equity capital for large cattle feeding and
poultry operations. These investments were mo-
tivated by favorable tax laws—laws that have
since been changed.

At present, farmers are considerably inter-
ested in the possible infusion of new equity cap-
ital to assist financially distressed operators with
large debt loads. Interest by investors, how-
ever, is rather limited. Nevertheless, significant
amounts of new equity capital have been raised
for investing in new technologies in agriculture.
For example, much of the equity investments
for embryo transplants in dairy cattle have come
from nonfarm investors. Thus, while new equity
capital may be a small component of the total
equity capital in agriculture, it maybe used to
finance some of the new technologies whose
risks and payoffs are expected to be high.

other sectors, largely has a small-scale, plural-
istic, noncorporate, competitive market orga-
nization of ownership, management, and con-
trol. These characteristics presumably have
been consistent with social objectives for agri-
culture, including low-cost, abundant, and relia-
ble supplies of food and fiber, although empiri-
cal verification of this situation needs further
testing. Some examples of these past credit ar-
rangements and policies include:

●

●

●

creation and evolution of the Cooperative
Farm Credit System;
maintenance of a dual system of commer-
cial banking (basically, large and small
banks) with some special provisions for
agricultural financing;
creation of government credit programs for
agriculture—FmHA and CCC at the Fed-
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●

●

●

eral level and various credit programs at
the State level;
actions and policies taken by Federal and
State governments to discourage or impede
the flow of outside equity capital into the
agricultural production sector;
laws to protect the interests of tenants and
thus encourage the traditional leasing ar-
rangements for farm land; and
encouragement of seller financing of farm
land that keeps the financing function with-
in local communities.

Given this broad view of the farm production
sector, credit arrangements and policies have
also facilitated various structural changes with-
in the sector. Included, among others, are the
mechanization and modernization of farm units,
greater capital intensity, growth in farm size
(and reductions in farm numbers), greater lever-
age from debt and leasing, and greater market
coordination. Credit also plays an important
risk-bearing role through providing the liquidity
to cope with risk and through the various alter-
natives in debt management for restructuring
and rescheduling farmers’ financial obligations.
However, special credit programs and conces-
sionary terms are also believed to have highly
sensitive, adverse effects on resource allocation,
asset values, and risk positions. That is, these
credit programs may, on occasion, tend to over-
facilitate changes or to hamper long-term re-
source adjustment.

In general, then, a reasonable consensus of
past studies and observations on the relation-
ships between credit and structural change in
agriculture is twofold (U.S. Department of Ag-
riculture, 1980; Farm Credit Administration,
1980; Lins and Barry, 1980; Lee, et al., 1980).
First, the availability of credit is a necessary con-
dition for undertaking the investments and other
activities (including adoption of new technol-
ogy) that result in structural change. However,
credit availability y is not a sufficient condition—
basic economic incentives are needed as well.
Second, credit and credit policies can be fa-
cilitating instruments for structural change in
agriculture, although not very effective ones,
since the unintended negative effects may out-
weigh the intended positive effects. That is, the

special credit policies may sometimes result in
too much use of credit, too much risk-taking,
higher land values, and slower mobility of some
resources.

Credit Determinants and
Relationships to New Technologies

The availability and cost of credit to agricul-
tural producers are based on a number of de-
terminants that may change over time and that
may differ among financial institutions. Some
credit determinants originate in the financial
markets. These include both macro and micro
conditions. Macro conditions reflect monetary
and fiscal policies, inflation, savings rates, and
other forces, both domestic and international,
affecting interest rates, money supplies, and
credit use. Micro conditions reflect the re-
sponses of both financial institutions and bor-
rowers to changes in the market and regulatory
environment.

Other credit determinants originate in agri-
culture through the macro effects of supply-
demand conditions for commodities and re-
sources, and through factors affecting the credit-
worthiness of individual borrowers. Creditwor-
thiness is based on those fundamental factors
that lenders use to evaluate a borrower’s abil-
ity to meet his financial obligations.

In this chapter, the primary focus is on the
relationships between credit terms from the ma-
jor farm lending institutions and changes over
time in these institutions’ regulatory and com-
petitive environments. For the above credit de-
terminants, this focus primarily involves the
micro conditions of these lending institutions,
although the interrelationships with various
macro financial forces are important, too. Also
important are the impacts of new technologies
on the creditworthiness of farm units with dif-
ferent structural characteristics, and the impli-
cations for the cost and availability of credit.

From a creditworthiness standpoint, most of
the new technologies projected by OTA for
adoption involve refinements in production
processes without requiring large capital out-
lays by agricultural producers. This is especially
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true for technologies involving genetic engineer-
ing, diseases and pests, and fertility and nutri-
tion. Such technologies should largely be em-
bodied in the operating inputs used by crop and
livestock operations to carry out production.
Credit for acquiring most of these technologies
will probably come from short-term operating
loans, with loan repayment occurring from the
sale of products being produced. For crops, the
sales may occur at harvest or over a marketing
year as stored inventories are liquidated. For
livestock the sale time is based on the market
readiness of the animals and on the byproducts
involved. Most of these new technologies should
be financed by short-term, self-liquidating loans
that are highly preferred by most lenders. More-
over, as normally occurs in production loans,
lenders will take security interests in the prod-
ucts being produced (e.g., growing crops, mar-
keting contracts, feeder livestock, milk prod-
ucts) in order to provide the necessary loan
collateral. In many cases, security interests will
also be taken in the borrower’s capital assets
(e.g., machinery, facilities, breeding livestock)
in order to provide a broader collateral base,
especially when the same lender finances both
operating inputs and intermediate-term capi-
tal assets.

For those new technologies involving fixed
capital, as with systems for environmental con-
trol, irrigation and water management, perform-
ance monitoring, and information and commu-
nication, the capital outlays will be greater and
the economic payoff periods will be longer.
Credit arrangements for these technologies will
likely involve intermediate or longer term loans,
with security interests in the capital assets serv-
ing as loan collateral. Important considerations
are the length of payoff period for these tech-
nologies and the time pattern of returns. Some
of the assets maybe highly specialized, with low
liquidity and high transactions costs in the event
liquidation must occur. Others will be more eas-

ily transportable, with lower transactions costs
and thus greater liquidity.

In general, then, according to evaluations of
creditworthiness based on repayment expecta-
tions and collateral alone, the new technologies
should not encounter financing limits or other
loan terms that differ much from those for other
types of agricultural assets. However, a more
important lender response will likely involve
the management skills and risks associated with
using these technologies. Clearly, more com-
plex technological systems will demand greater
skills in both management and labor for their
effective use. In some cases, considerable invest-
ments inhuman capital by agricultural produc-
ers may be needed to provide the necessary man-
agement skills. Complementary investments in
computers and information processing technol-
ogies may also accompany the adoption and use
of new technologies. Both of these factors may
involve financial requirements and thus influ-
ence the borrower-lender relationship.

From the risk standpoint, considerable uncer-
tainty may arise about the proper use and pay-
offs from these technologies, especially in the
early stages of adoption and use. Moreover, the
market values of some new technologies could
drop rapidly, owing to obsolescence or to lower
production costs as sales increase. Thus lenders
will place greater emphasis in credit evaluations
on the ability of agricultural producers to dem-
onstrate rigorously that they have the necessary
resources and skills in management and labor
to use the new technologies effectively, and that
the risks are not excessive. Moreover, lenders
themselves must be able to understand the new
technology and to communicate clearly with
borrowers about its adoption, use, and finan-
cial consequences. These features will likely fa-
vor those lending institutions that have the size,
expertise, funding capacity, and other charac-
teristics to make a substantial commitment to
agricultural finance.
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REGULATORY ISSUES

Regulatory and Performance hues
Affecting Depository Institutions

During the 1980s virtually all of the major farm
lenders have experienced significant changes in
their competitive environment, owing to the com-
bined effects of numerous factors. Among these
factors are the following: 1) the high, volatile
inflation rates of the 1970s and early 1980s and
the related pressures on interest rates; 2) the
strong growth in competition for funds and
financial services from new entrants to the fi-
nancial services industry (Sears, Merrill Lynch,
J.C. Penney, money market mutual funds, and
others); 3) the new technology in financial mar-
kets, involving electronic transfers of funds and
cash management services; 4) the financial
stresses affecting many borrowers; and 5) the
regulatory changes affecting financial institu-
tions, with heavy emphasis on deregulation. The
regulatory changes are considered in the fol-
lowing sections.

At the beginning of the 1980s, the major areas
of regulatory change affecting commercial banks
and other depository institutions involved four
areas: 1) the decontrol of interest rate ceilings
on deposits and loans, 2) controls on ownership
forms and geographic scope–the branching
and holding company issues, 3) the range of
products and services these institutions can of-
fer, and 4) the adoption of uniform Federal Re-
serve requirements for all depository institu-
tions. The major pieces of legislation enacted
by 1984 included the Depository Institutions De-
regulation and Monetary Control Act of 1980
and the Garn-St. Germain Depository Institu-
tions Act of 1982. These acts focused primarily
on the decontrol of interest rates, changes in
reserve requirements, and aid for ailing thrift
institutions. In addition, several bills under con-
sideration by the House and Senate in late 1985
could affect the range of products and geograph-
ic liberalization.

Interest Rate Regulation

The deregulation of interest rate ceilings on
bank deposits–called Regulation Q–was large-

ly complete by 1984. It has made the pricing
environment more homogeneous among depos-
itory institutions and has greatly reduced the
historic insulation of rural banking markets
from national and even international forces. The
levels and volatilities of banks’ costs of funds
have increased, and virtually all of the funding
sources for banks have become rate-sensitive.
In response, banks of all types and sizes have
adopted more market-oriented pricing policies
for loans, funds acquisition, and services, and
have moved toward improved methods of man-
aging assests and liabilities. Greater emphasis
has been placed on the use of such techniques
as floating rates, risk assessment and pricing,
spread and gap management, matching matu-
rities, interest rate hedging, cost accounting,
loan documentation, and market analysis. The
traditional loan-deposit relationship at the cus-
tomer level is changing too, with more empha-
sis on revenue generation from borrowers rather
than reliance on deposit balances and related
lending terms. Most of these new banking prac-
tices were initially undertaken by larger banks
and holding company systems, although their
use by smaller banks has increased as well.

In the early stages of interest rate deregula-
tion, most small banks were able to maintain
strong profit performance. Banking data indi-
cate, for example, that the average annual after-
tax rate of return on equity capital for about
4,300 “agricultural” banks (banks with ratios
of farm loans to total 1oans of 0.25 or above) was
14 percent for the 1970s. This figure climbed
to 16 percent in 1980 and then declined, falling
to 11 percent in 1983. Most of the decline ap-
pears attributable to higher loan losses, includ-
ing those on farm loans, rather than on narrower
margins between loan rates and cost of funds.

But the full story is probably not yet available
on banks’ profitability y responses to both finan-
cial stress in agriculture and financial deregu-
lation. These two phenomena may be closely
related, since banks have responded to higher,
more volatile costs of funds by passing risks on
to borrowers through floating loan rates and
other loan repricing methods. This in turn has
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caused greater financial distress for many bor-
rowers, which then reverts to the lender through
higher loan risks, more delinquencies, and great-
er loan losses. Moreover, the bank’s practice of
responding to these credit problems by spread-
ing the increased lending risk to other borrowers
through higher risk premiums in loan rates has
likely widened the incidence of credit problems
in agriculture. This, of course, reflects the strong
market power of most banks in local credit mar-
kets. However, it also means that the profit po-
sition and lending capacity of many agricultural
banks could deteriorate further in the future as
lagged responses occur to farmers’ stress posi-
tions, and as the competitive pressures of finan-
cial deregulation become more intense.

An offsetting factor to these interest rate con-
ditions for banks and borrowers is that interest
rate deregulation has relieved the disintermedi-
ation pressures of the past and reduced the likeli-
hood of periodic credit crunches in which the
bank’s availability of loan funds is dried up.
Thus the past risk of swings in credit availabil-
ity, and the attendant liquidity problems for
banks and borrowers, has shifted strongly to
swings in interest rates. This in turn gives
clearer signals about changes in financial mar-
kets and improved the efficiency of financial
markets.

Banks, Products, and Services

The second line of deregulation is the focus
on possible changes in the authority of banks
and other depository institutions to offer vari-
ous products and services. Many banks are seek-
ing greater authorities to offer insurance, real
estate brokerage, securities underwriting, equity
participations, and other nonlending activities.
In addition, some banks are becoming more ac-
tive in adopting, using, and merchandising in-
formation processing activities that meet their
own needs for information (e.g., credit evalua-
tions), while offering information services to
customers (e.g., accounting systems). The prod-
ucts and services area will receive careful scru-
tiny and much debate in the policy arena. None-
theless, additional liberalization of banking
powers seems likely, given the thrust of com-
petitive market forces. The effects on rural credit

may not appear significant, although indirect
effects may occur if new banking products have
favorable profit prospects relative to lending.

Geographic Structure Issues

The third major line of regulatory change in-
volves the geographic scope of banking. A long-
standing U.S. philosophy has been to let indi-
vidual States determine branching and holding
company activities within their boundaries.
Various laws have prohibited national branch-
ing, given State branching authority to each
State, and prevented bank holding companies
from crossing State lines unless agreed to by
the States involved. The result has been a di-
verse set of State limitations on branching and
holding companies.

Considerable attention has focused on liberal-
izing these geographic restrictions. But except
for savings and loan associations and other thrift
institutions, Congress began to address these
issues only in 1984. The approach in the recent
past mostly involved letting individual States
initiate geographic liberalization using recipro-
cal authorities granted in existing legislation.
In addition, greater discretionary relaxation by
the various regulatory agencies has occurred.
This approach essentially allows the drift of
market forces to work, creating a climate in
which many banks and banking systems have
exhibited considerable aggressiveness. Exam-
ples of these movements have included the
development of regional banking markets, espe-
cially among States in the Northeast and South-
east, the creation of nonbank banks (banks that
do not simultaneously make commercial loans
and take deposits), and the rapid expansion of
multibank holding companies in States that have
eased restrictions on these activities.

Moderate deregulation should affect smaller
institutions more heavily than larger ones; thus,
the number of banking entities in the United
States should decline significantly–perhaps by
one-third by the mid-199@. However, public
pressures will likely continue to provide vari-
ous types of protection for smaller community
banks that have been so prominent in States that
have prohibited branch banking. Moreover, the
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financial stresses being faced in many unit bank-
ing States during the 1980s may accelerate the
trend toward reciprocal banking agreements be-
tween States in order to broaden the market for
failed and stressed banks.

The surviving banks will be higher perform-
ing community banks that are well managed,
well capitalized, and strongly localized in their
services. They will serve portions of the finan-
cial markets that are not well suited to the scale
and technology of the larger banking systems.
These banks will give considerable attention to
the competitive pricing of products and serv-
ices and to market segmentation, including spe-
cialization in activities like agricultural lending.

In general, geographic liberalization should
bring greater competition in all phases of bank-
ing. This will put downward pressure on bank
earnings, but will contribute positively to the
availability, cost, and usefulness of financial
services for customers. Banks may take on great-
er risks but have greater risk-carrying capacity
through increased diversity in loan portfolios,
larger resource bases, greater depth and breadth
in management, and the discipline exerted from
market factors rather than from regulations. For
agricultural finance, geographic liberalization
should enhance the availability of credit serv-
ices, although more along the lines of commer-
cial lending procedures for commercial-scale
farmers and consumer lending procedures for
small, part-time farmers.

A continued swing will occur toward greater
financing from larger, more sophisticated bank-
ing systems, with these larger systems seeking
the business of larger farm units and agribusi-
nesses. Smaller, independent banks with strong-
ly localized customer orientations will make
substantial use of funding and service relation-
ships with larger banking systems. This ar-
rangement will be similar to the correspondent
arrangements of the past, although the corre-
spondent institutions themselves will be oper-
ating in larger markets. In the near term some
banks may seek to develop funding and loan par-
ticipation arrangements further with various
units of the Farm Credit System, although over
the long term, bankers prefer a reliable, cost-
effective source of nonlocal funds within the

banking industry. The funding mechanism pro-
vided by MASI, Inc. (a division of Mid-America
Banking Service Co., MABSCO) is a step in this
direction. This mechanism will allow participat-
ing banks in more than a dozen States to dis-
count acceptable farm loans with a funding
source in the national-international financial
markets. This future funding should also include
the ability to make long-term real estate loans
in a fashion that will not jeopardize bank li-
quidity or increase interest rate risks.

In light of these developments, the location
of credit control and loan decisions may con-
tinue to shift away from the local rural commu-
nity; however, the availability of experienced,
well-trained farm lenders in rural areas should
maintain an emphasis on local servicing of farm
loans while still fostering greater uniformity in
loan documentation, risk assessment, and other
lending practices. This standardization should
benefit both the financial institutions and farm
borrowers.

Regulatory and Performance Issues
Affecting the Farm Credit System

The major legislative authority of FCS is the
Farm Credit Act of 1971 (as amended). In gen-
eral, the system’s legislative authority defines
its mission as one of providing appropriate
credit and related services to eligible, credit-
worthy agricultural borrowers throughout the
United States during all phases of the economic
cycle in order to improve their income positions
and overall well-being. FCS is specialized in
financing agriculture. Thus local associations
and individual districts are vulnerable to the
problems affecting their agricultural borrowers.
Moreover, because the system is a cooperative
organization, much of its equity capital is owned
by farmers who in turn financed this equity con-
tribution with funds borrowed from the system.
However, a number of factors at the systemwide
level help counter the risks associated with this
mandated specialization: 1) the system’s nation-
al structure of full-service agricultural lending;
2) diversification of loans across borrowers,
associations, districts, and farm types; 3) loss-
sharing and participation agreements between
the various banks and associations; 4) a strong
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financial position and excellent credit history;
5) efficient operations with low per-unit costs
of funds management, loan administration, and
the like; and 6) a systemwide emphasis on risk
management. These characteristics, along with
regulatory privileges in funding (see below),
have enabled FCS to grow significantly and to
become the largest farm lender in the 1980s,
especially in long-term lending.

Like other lenders, FCS has been significantly
affected by the financial stresses of agriculture
in the early 1980s. Most indications during the
early 1980s were that unless farm losses became
extremely heavy and widespread, the FCS should
come through the stress times in reasonably
good shape. Loan volume had declined for some
units, higher loss rates were occurring, some
borrowers were discontinued, more associations
were merging, and intra-system assistance pack-
ages were developed for some units. Moreover,
the FCS had taken several actions to strengthen
its liquidity and build its risk management. Some
of these actions involved continued restructur-
ing of the system’s capital positions, operations,
and management through greater centralization
of these functions at the system, district, bank,
and association levels. In general, the overall
financial structure of FCS remained relatively
strong through the mid-1980s and the system’s
capacity to sell securities in financial markets
was not impaired. Nonetheless, policy makers,
regulators, and others continued to maintain
close surveillance of the system’s performance.

Then, in the fall of 1985, the governor of FCA
with subsequent agreement by the leadership
of FCS concluded and announced that substan-
tial Federal assistance could be needed in the
next 18 to 24 months to keep the system solvent
if farm financial conditions continued to dete-
riorate. After much debate, including concerns
about the standing of the system’s securities in
the financial markets and equitable treatment
for other troubled farm lenders, Federal legis-
lation was passed that strengthened the regula-
tory authority of the FCA, strengthened the sys-
tem’s capacity for handling problem and loss
loans, and essentially provided a contingent line
of credit from the Federal Government if the
system’s own reserves proved inadequate to deal

with continuing financial problems in agricul-
ture. While further regulatory changes likely will
occur in the future, these developments should
enable FCS to come through the stress times in
reasonably good condition.

Moreover, over the long term, FCS is clearly
taking actions to perform more effectively in
a more competitive, deregulated financial envi-
ronment. One such action during 1983-85 has
been the initiation of a significant self-study
(called Project 1995) of the system’s future mis-
sions and directions in all phases of its activi-
ties [agricultural financing, financial markets,
government affairs, personnel, and manage-
ment). Other actions have in general reflected
the emergence of FCS as a vigorous commer-
cial entity seeking to achieve high performance
for its member borrowers. Among these actions
have been a stronger emphasis on the develop-
ment and marketing of new products and serv-
ices; the continuing trend toward centralization
and unification of territorial boundaries, man-
agement, service provisions, and other func-
tions; the formalization of government affairs
activities through trade association arrange-
ments; and a moderately paced expansion of
international activities.

From a policy perspective, FCS has also been
caught up in the swift and significant changes
in regulation and competition affecting the U.S.
financial system. The effects have been less di-
rect than on depository institutions but, over
a longer term, basically involve the trade-offs
between: 1) the needs by the U.S. agricultural
sector for a specialized, reliable, nationally ori-
ented credit system with special privileges in
the financial markets; and 2) the trend toward
greater openness in financial markets, with less
emphasis on regulatory preferences in funding
and mandated specialization in asset alloca-
tions.

These issues began to emerge during the de-
bate preceding the passage of the Farm Credit
Act Amendments of 1980. Much concern arose
about the concept of a “level playing field” in
the regulatory environment for commercial
banks, FCS, and other types of lenders. Included
in the debate were differences between institu-
tions in their access to financial markets (the
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agency status issue), geographic restrictions, tax
obligations, legal reserve requirements and
lending limits, stringency of regulation and su-
pervision, and the range of financial services
and borrower clientele for these types of insti-
tutions. None of these issues affecting FCS were
fully resolved in the debate on the 1980 Act, al-
though the legislation that was finally passed
did reflect responses to some of the concerns
raised by commercial bankers and others.

Since 1980, much attention in policy circles
has focused on the “agency status” of the secu-
rities that FCS sells in the financial markets.
While FCS is privately owned and operated, the
securities it sells still have some special regula-
tory privileges, giving rise to the “agency sta-
tus” label. To some extent, agency status is a
vestige of earlier times when FCS had signifi-
cant Government involvement and formal back-
ing. However, the system’s securities have a set
of regulatory exemptions and preferences that
have continued since FCS reverted largely to
a private status in the late 1960s (Lins and Barry,
1984; Barry, 1984). This status helps the system
achieve a very large volume of security sales
at interest costs that are just above those of the
U.S. Government and below those of the largest,
most creditworthy corporate issuers.

Several groups have studied the possible ef-
fects of removing agency status. While these ef-
fects are difficult to measure precisely, the gen-
eral consensus is that loss of agency status
would increase the interest cost on farm credit
securities to the interest rate levels of high-grade
corporate bonds or commercial paper. This
might bean increase of ().5 to 1 percent, or even
more. In addition, the volume of marketable

securities could decline significantly, since the
past volume of these sales far exceeds the an-
nual volumes of the largest corporate issuers.
A contrary view, however, is that even without
agency status the financial markets are efficient
and deep enough and the Farm Credit securi-
ties have a favorable enough record that the en-
tire funding needs of the system could still be
met, although at higher interest rates.

The agency status issue will eventually be re-
solved by the political process that, in the mid-
1980s, has favored continuation of agency priv-
ileges for FCS, especially in light of the finan-
cial stresses affecting agriculture. But it seems
likely that attempts to remove agency status will
continue, as has been the case for some of the
housing agencies whose securities also have
agency status. In its own self-study, FCS states
that Government-sponsored agencies can prob-
ably retain agency status in some form through
the mid-1990s. However, political pressures
toward privatization will continue and will
bring higher costs for the agencies involved, as
well as perhaps greater interest in broadening
their authorizations in funding methods and as-
set allocations as various agency attributes are
diminished. Indeed, having a reliable source of
funding is essential if FCS is to retain its man-
date to provide credit in all regions of the United
States and through all phases of the economic
cycle. Thus, the agency status issue has impor-
tant policy implications that affect the finan-
cial markets in general, the farm credit markets
in particular, and especially the costs and avail-
ability y of credit from FCS. In turn, these effects
will have important implications for the struc-
ture and performance of the agricultural sector.

PUBLIC CREDIT PROGRAMS

Public credit programs currently adminis- help foster a smaller scale, pluralistic structure
tered through FmHA and CCC at the Federal for the farm sector; they provide financing op-
level, and in numerous State governments as portunities for beginning and limited resource
well, have long been important in achieving so- farmers; they provide valuable liquidity for
cial objectives for the U.S. agricultural sector. emergency situations; and, in the case of CCC,
These programs help channel funds to selected they contribute valuable inventory financing to
geographic areas and types of borrowers; they promote orderly marketing of farm commodi-
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ties. In addition, from a policymaker’s stand-
point, credit programs are a popular, politically
expedient policy instrument. They are relatively
easy to administer; they are highly visible to con-
stituents; they can be quickly developed for
responding to ad hoc crises; and they do not
directly influence commodity and resource mar-
kets, even though the secondary effects on as-
set value, income, and risk can be significant.
Moreover, the administrative and risk-bearing
costs of such programs are difficult to measure
and are effectively hidden from taxpayers.

The growth in FmHA lending has been sub-
stantial since the late 1970s, especially through
various emergency loan programs. This lend-
ing helped considerably in softening the impacts
of high interest rates and weak farm income on
some farmers and relieved commercial lenders
of many problem loans. But this liberal lending
may have helped worsen some farmers’ finan-
cial conditions. Some observers have suggested
that part of the financial stress of farmers is due
to excessive public sector lending and that more
credit will only worsen the conditions of highly
leveraged farmers and will needlessly delay the
departure of some farmers from the industry.
Similar observations over a longer term perspec-
tive suggest that strong Government lending
may have overfinanced the farm sector, acceler-
ated the adoption of capital-intensive technol-
ogy, shifted too much risk bearing to the Gov-
ernment, and capitalized the effects of easy
financing terms into higher values of land and
other assets.

Much concern has surfaced about the role of
special credit treatment in agriculture, the prop-
er balance between private and public sectors,
which farmers are served, the level and form
of subsidies, and the resulting tax burden. These
are sensitive issues in the public arena. On the
one hand, the stresses of the early 1980s have
brought increasing pressure from farmers, farm
groups, and others to provide additional pub-
lic assistance to solve these problems. Yet, at
the same time, the liberal, high-cost, public pro-
grams of the recent past have fostered growing
dissatisfaction and closer scrutiny by nonfarm
groups as well as by those farmers with stronger
financial positions and less indebtedness.

In terms of regulatory change, the public pro-
grams have not, of course, experienced the same
considerations of deregulation as those that af-
fect lenders in the private sector. Nonetheless,
these public programs must still operate under
various regulations and practices affecting in-
terest rates, lending limits, credit decisions,
eligibility of borrowers, disaster declaration au-
thorities, and relationships with other lenders.
In general, the interest rates on public loan pro-
grams now reflect the level and frequency of
changes in the Government’s costs of funds.
Thus interest rates on public credit follow mar-
ket interest rates much more closely, and while
rate levels are higher than in the past, they are
still more favorable than commercial loan rates.
An exception occurs in the case of various emer-
gency loan programs in which significant con-
cessions in interest rates may occur for the af-
fected borrowers.

Lending limits on various loan programs in
general are still set by law rather than by indi-
vidual credit factors. These limits provide con-
trols on the magnitude of appropriations, and
impose an administered allocation of loan funds
among eligible borrowers. The limits tend toad-
just upward over time to reflect the effects of
inflation and the costs of establishing and oper-
ating viable farm businesses. However, the ad-
justments occur at sporadic intervals with no
formal indexing to other measures. A continu-
ing dilemma in setting loan limits involves the
choice between the levels of credit needed by
individual borrowers to move in an orderly way
toward eventual graduation to commercial fi-
nancing versus the preference to spread an al-
location of funds that is fixed in the short run
among the greatest possible number of bor-
rowers.

Closely related to lending limits for individ-
ual borrowers are the issues associated with the
allocation of funds among various States and
regions and over the various loan programs. It
is not unusual for funds in some uses and loca-
tions to be fully allocated part way through a
budget year so that otherwise eligible latecomers
may find that loan funds are depleted. This proc-
ess may then trigger the need for new appropri-
ations, rechanneling of funds from other uses,
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discretionary rationing, or other responses.
Thus, lending limits at the agency, program, and
borrower levels may introduce considerable un-
certainty about the availability of credit.

Another administrative issue in FmHA lend-
ing involves the form of credit programs—that
is, the choice between direct (insured) loans and
guarantees of loans made by commercial lend-
ers. To date, nearly all FmHA lending to farmers
has occurred through direct loans, even though
both programs are available. In concept, direct
loans and guaranteed loans have similar effects
in that the bulk of the credit risk is still carried
by the Government. However, the guarantee ap-
proach is considered to involve lower degrees
of subsidy and to involve more formally the com-
merical lender in the credit decision and loan
servicing. Thus loan guarantees can be a more
efficient method of program design that has less
disruptive effects on credit markets. Some of

these possible benefits have been offset, how-
ever, by the commercial lenders’ perception of
the costly process of using the guarantee pro-
gram, and by the greater effectiveness of direct
loans in emergency situations. In response,
FmHA has sought to simplify procedures for
using guarantees through a “preferred lender”
program that expedites the private lenders’ use
of the program.

Another administered change has involved
the centralization of decision authority for
declaring disaster conditions in various geo-
graphic areas. In the past the location of these
authorities at the State level gave too much in-
centive to the parties involved to declare emer-
gencies in their respective States in order to
qualify for low-cost emergency loans. It is be-
lieved that centralizing this decision authority
allows the allocation of emergency funds to be
more objective.

FUTURE ROLE OF STATE CREDIT PROGRAMS

At the State level, a number of States have de-
veloped farm credit programs with a heavy em-
phasis on financing the acquisition of farmland
and other capital assets by younger farmers
(Lowenberg-DeBoer and Boehlje, 1983). These
programs vary considerably, but tend, like
FmHA, to have a set of regulations affecting bor-
rower eligibility, loan purposes, loan limits,
budget limits, interest rates, and so on. Heavy
emphasis in many of these programs has been
placed on lending financed by tax-exempt bonds
and on various types of tax incentives affect-
ing land purchases and leasing by young farm-
ers. The tax-exempt bond programs appear to

be less cost-effective compared with other pro-
gram methods, since they essentially involve the
Federal Government in sharing the State pro-
gram costs. Recently, the Federal authorizations
for States to offer tax-exempt bond programs
have been curtailed, with further limitations an-
ticipated for the future. In the future, the gen-
eral importance of State credit programs could
increase, especially if Federal credit programs
are cut back. However, the scope, missions, and
instruments used in these programs will likely
receive careful review and revisions to assure
that the programs are formulated in the best pub-
lic interest of the States involved.

FUTURE ROLE OF FmHA

Central to the debate on FmHA’s future role characteristics of the average FmHA borrower,
in the process of technological change is the it would seem that several barriers would have
question of adoption constraints.4 Given the to be removed or diminished if this group is to

4This section on FmHAs role is based on a paper by David Trech- be a major beneficiary of the emerging technol-
ter and Ronald Meekhof, “The Role of Federal Credit Assistance ogies. A number of options are available to
Programs in the Process of Technological Change,” prepared for FmHA if it undertakes the task of removing or
the Office of Technology Assessment, Washington, DC, August
1985. reducing these barriers.
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Many of the technologies that will influence
agriculture in the coming period will not require
major capital investments in order to be adopted
by the majority of farmers. However, even today
many of FmHA’s clients control too few re-
sources to compete effectively. Some of the tech-
nologies that will be developed between now
and year 2000 will only exacerbate this situa-
tion. One option for FmHA would be to change
the type of clients it serves. However, it makes
little political or economic sense to change the
focus of FmHA to the larger, more economically
viable farms.

A second option would be for FmHA to help
its clients attain a more economically viable size.
If FmHA increases its lending activities so that
a specific subsection of the farm population can
acquire anew technology and the resources that
go with it, serious equity considerations are
raised. Even in the best of times, the special ben-
efits given FmHA farmers pose equity questions.
When times in farming are difficult, the rum-
blings of farmers who cannot or have not taken
advantage of FmHA loans grow louder. Selec-
tively providing the means to acquire and use
new technologies, particularly when this is ac-
companied by significant increases in the as-
sets controlled by FmHA farmers, would be ex-
pected to increase the controversy surrounding
the agency. In addition, providing FmHA’s
clients with more resources does not ensure suc-
cess unless the management skills necessary to
use them fully are also available.

A third option for FmHA is to alter its opera-
tions in an attempt to fill an empty market
niche—the development of human capital.
FmHA and other lenders are presently operated
to facilitate the acquisition of physical assets.
Most lenders are very reluctant to provide credit
for the acquisition of human capital because
payoffs are typically long-term in nature, repay-
ment risks are substantial, and little collateral

is available. The preference for financing phys-
ical capital acquisition is understandable from
the individual bank’s point of view but may re-
sult in suboptimal outcomes for society. For ex-
ample, society might prefer that a farmer use
a loan to buy training in integrated pest man-
agement techniques rather than more lethal pes-
ticides.

FmHA could play a particularly important
role in the acquisition of human capital, given
the nature of most of its clients. FmHA farmers
are relatively richly endowed with one resource
—labor. Since it is impractical to expand its
clients’ base of physical capital, a fruitful role
for FmHA could be in facilitating the acquisition
of human capital. One means of implementing
this would be to expand the training component
that is attached to existing FmHA loan activi-
ties. A hallmark of early FmHA operations was
a substantial farm management/advisory role
for loan officers. An increased emphasis on this
type of operation would entail a significant ex-
pansion of the number of personnel in FmHA,
greater coordination with public advisory serv-
ices such as the extension service, or increased
use of private farm management firms. A sec-
ond option would be to develop a loan program
to finance human capital acquisition. Such loans
could be used by the farmer to acquire training
directly or to purchase the services of farm fi-
nancial managers.

Technologies that might be especially appro-
priate for this loan category are those that lack
congruence. Investments in human capital to
learn how to use these technologies could be
used by FmHA farmers to improve the manage-
ment of their farms. In addition, these farmers
might be capitalized by selling their expertise
to other farms. Finally, these training invest-
ments would facilitate the transition out of agri-
culture for those who decide to leave the sector.

IMPLICATIONS FOR TECHNOLOGY ADOPTION AND
STRUCTURAL CHANGE IN AGRICULTURE

The discussion in the preceding sections has likely depend on the relationships between three
indicated that the financing consequences of important factors: 1) the financing character-
new technologies in agricultural production will istics of the new technologies, 2) the credit-
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worthiness of individual borrowers, and 3) the
changing forces in financial markets that affect
the cost and availability of financial capital. To
review these factors briefly, the financing char-
acteristics suggest that most of the new tech-
nologies should largely be financed with short-
and intermediate-term loans that are part of the
normal financing procedures for agricultural
businesses. That is, the basic criteria of struc-
turing loans to match loan maturities with an-
ticipated payoff periods and to provide adequate
loan security should not change in any funda-
mental way, although the risks associated with
obsolescence and collateral values will need
careful consideration. However, the technical
characteristics of the technologies, together
with the factors constituting the creditworthi-
ness of individual borrowers, suggest that much
greater emphasis in credit evaluations will be
placed on the management capacity of the agri-
cultural production units, on the ability of farm
operators to demonstrate appropriate tech-
nical competence in using the new technologies,
and on building human capital, where appro-
priate. In some cases—particularly for FmHA
borrowers—significant investments in human
capital, with related financing requirements,
may accompany the adoption of new technol-
ogies. This is consistent with the more conserv-
ative responses by lenders to the agricultural
stress conditions of the early 1980s. In turn, the
lending institutions themselves must have suffi-
cient technical knowledge and expertise to eval-
uate these management and credit factors, along
with the other sources of business and finan-
cial risks in agriculture. Finally, some forms of
new technology involving large investments and
having long-run uncertain returns will likely
rely more on equity capital for financing.

The changing regulatory and competitive
forces in financial markets, including the prefer-
ence for greater privatization of some credit in-
stitutions, means that the cost of borrowing for
agricultural producers will likely remain higher
and more volatile than in pre-1980 times and
will follow market interest rates much more
closely. Similarly, the continued geographic
liberalization of banking and the emergence of
more complex financial systems mean that the
functions of marketing financial services, loan

servicing, and credit decisions will become
more distinct, with an increasing proportion of
credit control and loan authority occurring
subregionally and with regional money centers
that are located away from the rural areas. This
will continue to fragment and dichotomize the
farm credit market so that commercial-scale
agricultural borrowers are treated as part of a
financial institution’s commercial lending activ-
ities (although separate personnel for agricul-
tural and commercial loans should still be prev-
alent) and so that smaller, part-time farmers are
treated as part of consumer lending programs.

The competitive pressures on financial insti-
tutions and the risks involved will bring more
emphasis on analyzing the profitability of vari-
ous banking functions, including loan perform-
ance at the department level and individual cus-
tomer level. Innovative lenders will strive more
vigorously to differentiate their loan products
and financial services, especially for more prof-
itable borrowers, and will more precisely tai-
lor financing programs to the specific needs of
creditworthy borrowers. In turn, however, these
agricultural borrowers must be highly skilled
in the technical aspects of agricultural produc-
tion and marketing as well as in financial ac-
counting, management, and risk analysis as they
compete for credit services.

In general, most forms of new technology in
agricultural production should meet the tests
of both economic and financial feasibility, al-
though the structural characteristics of the
adopting farm units will continue to evolve in
response to managerial, economic, and market
factors. The structural consequences of these
factors are severalfold:

a continuing push toward larger sizes of
commercial-scale farm businesses, with
greater skills in all aspects of business man-
agement;
continuing evolution in the methods of en-
try into agriculture by young or new farm-
ers, with greater emphasis on management
skills and resource control, and less empha-
sis on land ownership;
the continuing development of a market-
ing systems approach toward financing
agriculture, with more sophisticated skills
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in marketing analysis by farmers and higher
degrees of coordination with commodity
and resource markets;

● more formal management of financial lev-
erage and credit by farmers, with greater
diversity of funding sources by farmers and
better developed markets for obtaining out-
side equity capital;

● further development in financial leasing
and greater stability in leasing arrange-
ments for real estate and non-real estate as-
sets; and

● more complex business arrangements in
production agriculture that accommodate
various ways to package effectively debt
and equity financing, leasing, management,
accounting, and legal services for the farm
business of the future.

Given the above consequences, FmHA clien-
tele face severe challenges. The farmers served
by FmHA have, with some notable exceptions,
been drawn from the lower end of the economic
spectrum. Given their resource endowments
and the nature of many of the technologies that
are emerging, these farmers are not the most
likely adopters of new technologies, given the
current institutional setting.

FmHA should consider a significant shift in
how it serves this clientele. Historically, FmHA
played an important role in human capital for-
mation in agriculture. FmHA loan officers were
actively involved in the management of their

clients’ farms, particularly the management of
farm finances. Given the increasingly impor-
tant role played by debt capital in agricultural
finance and the volatility of agricultural mar-
kets, sound financial management of the farm
business was never more important than it is
today. FmHA might provide more farm finan-
cial management services.

At a more ambitious level, FmHA might con-
sider the development of a special class of loans
devoted to human capital formation. Loans used
by farmers to acquire the skills necessary to take
advantage of the emerging technologies that re-
quire major human capital development could
have two beneficial effects: First, skills would
be learned that would improve the management
of these smaller farms. Given that many of these
farms are at a competitive disadvantage in terms
of the amount of resources they control, the
management of their resources becomes of para-
mount importance. Second, the skills acquired
by these farmers would have wide applicabil-
ity in the farm and nonfarm sectors. It is possi-
ble that these skills could be sold to other farmers
as a source of off-farm employment or could
be used in the broader economy if the individ-
ual decided to leave the farm or seek off-farm
employment. In short, human capital invest-
ments would be expected to increase the long-
term economic viability of loan recipients,
whether they remain in farming or make the
transition to the nonfarm economy.
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Chapter 8

Emerging Technologiesr Public Policy,
and Various Size Crop Farms

The size, and therefore the survival, of farms
is affected by several factors. Clearly, there are
economies of size in many of the crop areas cov-
ered by farm policy, These economies motivate
further concentration of resources. In addition,
present farm policy, more than any other pol-
icy tool, makes major impacts on farm size and
survival. Although very large farms can survive
without these farm programs, moderate farms
are very dependent on them for their survival.

Given these realities, an important question
arises: What combination of policy and tech-
nology advances will encourage each size farm

to grow, or at least maintain itself? To answer
this question, this chapter and the next will
present findings of an analysis of selected re-
gions in the United States that represent signif-
icant agricultural production regions for dairy,
corn, cotton, soybeans, rice, and wheat. The
analysis is presented in two parts. First, the re-
sults of an analysis of size economies is pre-
sented for each commodity. This is followed by
the findings from an analysis of the economic
impacts of emerging technologies and selected
public policies for crop farms of various sizes.

SIZE ECONOMIES AND COMPARATIVE ADVANTAGE IN
CROP PRODUCTION IN VARIOUS AREAS OF THE UNITED STATES

A major question asked throughout this study
is what is the impact of resource concentration
in U.S. agriculture. Very little is known about
the process of resource concentration. Willard
Cochrane states that:

. . . we are almost totally ignorant regarding the
shape of the long-run planning or cost curve
at very large volumes of output. Thus, we don’t
know whether we are working with one eco-
nomic force that is so powerful that there is
little or no possibility of controlling it with pub-
lic policies or whether the force has largely ex-
pended itself and with some intelligent policy
action we could slow the process of resource
concentration to a walk (Cochrane, 1983).
The intent of this section is to provide policy-

makers with an overview of variation in cost
of production by enterprise size and geographic
location for corn, soybeans, wheat, rice, and cot-
ton. This information should improve under-
standing of the process of resource concentra-
tion in American field crops.1

I Information presented in this section is based on the OTA pa-
per “Size Economies and Comparative Advantage in the Produc-

The concept of economies of size is defined
as the relationship between enterprise size
(measured in acres) in combination with other
productive services, and the rate of output of
the enterprise. Three enterprise size categories
are used: very large, large, and moderate. If en-
terprises are arranged in increasing order by
planted acreage, very large enterprises are those
enterprises in the 90th percentile. Large enter-
prises comprise the 70th and 80th percentiles,
and moderate enterprises comprise the 40th
through the 60th percentiles. The evidence for
size economies is based on a weighted average
of measures outlined in appendix D. These
measures include production cost, use of har-
vesting machinery, and the Herfindahl indices.
In addition, a structural elasticity measure of
internal size economies is applied to the per-
centage increase in enterprise size in acres rela-
tive to a l-percent decrease in production costs.
The geographic locations of the selected pro-

tion of Corn, Soybeans, Wheat, Rice, and Cotton in Various Areas
of the United States, ” prepared by Stephen C. Cooke, 1985.
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ducing areas for the five field crops are identi-
fied in table 8-1 and shown in figure 8-1. These
production areas have been designated by the
U.S. Department of Agriculture (USDA) on the
basis of soil types and/or levels of rainfall.

In corn production, very large enterprises of
about 1,000 acres have an n-percent cost advan-
tage over 250-acre, medium-size enterprises
(table 8-2). The change in relative production
and resource concentration between 1978 and
1982 is positive for very large corn enterprises
and is increasing at a rate of about 10 percent
a year. The structural elasticity measure is — 15.
This indicates that each 15-percent increase in
enterprise acreage (between the 250- and 1,000-
acre range) results in a l-percent decrease in
corn production costs. There is strong evidence
to argue for the existence of increasing inter-
nal economies of size in corn production across
the selected producing areas.

Table 8-1 .- Homogeneous Production Areas for
the Various Commodities

Abbreviations and
Description FEDS a designation

Corn:
East Central Illinois . . . . . . . . . . . . . . . . IL 300
Central Indiana. . . . . . . . . . . . . . . . . . . . . IN 101
North Central Iowa . . . . . . . . . . . . . . . . . 1A 201
South Central Nebraska . . . . . . . . . . . . . NE 400

Soybeans:
East Central Illinois . . . . . . . . . . . . . . . . IL 300
North Central lowa . . . . . . . . . . . . . . . . . 1A 201
Mississippi Delta. . . . . . . . . . . . . . . . . . . MS 100
Western Ohio . . . . . . . . . . . . . . . . . . . . . . OH 101

Wheat:
Western Kansas. . . . . . . . . . . . . . . . . . . . KS 100
Northeast Montana . . . . . . . . . . . . . . . . . MT 200
Central North Dakota . . . . . . . . . . . . . . . ND 200
Eastern Washington . . . . . . . . . . . . . . . . WA 400

Wee:
North Central California. . . . . . . . . . . . . CA 400
Texas Upper Gulf Coast . . . . . . . . . . . . . TX 100
Mississippi and Arkansas Delta . . . . . . DLT 100 & 300
Northeast Arkansas. . . . . . . . . . . . . . . . . AR 200

Cotton:
Northern Alabama . . . . . . . . . . . . . . . . . . AL 600
South Central California. . . . . . . . . . . . . CA 500
Mississippi Delta. . . . . . . . . . . . . . . . . . . MS 100
Texas High Plains . . . . . . . . . . . . . . . . . . TX 200
aFirm Enterprise Data System.

SOURCE: Office  of Technology Assessment

In general, the sources of internal size econ-
omies among the selected corn-producing areas
are as follows. Corn yields are from 3 to 10 per-
cent higher on very large enterprises than on
medium-size enterprises. Very large corn enter-
prises spend less on fertilizer, fuel, lubrication,
repairs, and custom harvesting than do medium-
size enterprises. Finally, very large corn enter-
prises consistently use some combination of
fewer and/or more efficient machines and trac-
tors that go over the field fewer times.

Of the areas studied, Iowa has a comparative
advantage in corn production (table 8-3), regard-
less of whether the return to land is assumed
to be 10 or 5 percent of its 1982 value. Iowa also
has the smallest average corn enterprise size,
the lowest level of resource concentration, and
the lowest percentage of change in resource con-
centration of the selected corn-producing areas
studied. The trends in relative yield and land
values indicate that the comparative advantage
in corn production in Iowa will continue in the
future, other things being equal. There are also
size economies that can be exploited. Therefore,
the data suggest that corn producers in Iowa
are not operating at the least-cost production
point. The quality of initial resource endowment
in Iowa provides producers with the ability to
remain highly competitive in corn production
without fully exploiting size economies.

The comparative disadvantage for Nebraska
increases from 8 to 29 percent relative to Iowa,
associated with a 10- and 5-percent return to
land, respectively. This 21-percent difference
results in Nebraska becoming a very marginal
corn-producing area in the presence of lower
interest rates. This is because Nebraska’s com-
parative advantage is largely associated with
inexpensive land relative to that of other areas.
A lower rate of return to land effectively dis-
counts the source of comparative advantage in
corn production in this area.

Soybeans

In soybean production, very large enterprises
of about 800 acres have a l-percent cost advan-
tage over 300-acre,” medium-size enterprises
(table 8-2). The change in relative production
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Figure 8-1.— Firm Enterprise Data System Production Areas
PACIFIC

(lo)

SOURCE: US. Department of Agriculture,

Table 8=2.—Summary of the Measures of Internal Economies of Size in Selected
Corn, Soybean, and Wheat Producing Areas, 1983

Commodity, State, Economies Structural Enterprise size (acres) Enterprise cost ($/unit)

and area of size elasticity (0/0) Medium Very large Medium Very large

Corn:
IL 300 . . . . . . . . . . . . . . . . . . . . . Very large – 7 246 1,113 $119 $100
IN 101 . . . . . . . . . . . . . . . . . . . . . Very large –22 271 903 105 100
1A 201 . . . . . . . . . . . . . . . . . . . . . Very large –22 170 576 105 100
NE 400b . . . . . . . . . . . . . . . . . . .Very large –12 266 1,715 113 100

Overall . . . . . . . . . . . . . . . . . . Increasing –15 234 1,003 111 100

Soybeans:
IL 300 . . . . . . . . . . . . . . . . . . . . . None –44 270 684 102 100
1A 201 . . . . . . . . . . . . . . . . . . . . . Very large –14 210 707 108 100
MS 100 . . . . . . . . . . . . . . . . ... .None 45 795 1,262 99 100
OH 101 . . . . . . . . . . . . . . . . . ...None 8 244 897 86 100

Overall . . . . . . . . . . . . . . . . ..Constant –179 302 790 101 100
Wheat
KS 1OO . . . . . . . . . . . . . . . . . . ..Very large - 8 774 3,909 118 100
MT 200 . . . . . . . . . . . . . . . . . . ..Very large –12 421 577 110 100
ND 200 . . . . . . . . . . . . . . . . . ...None –38 338 1,283 103 100
WA 400 . . . . . . . . . .. ... ... ...None 6 753 2,388 85 100

Overall . . . . . . . . . . . . . . . . ..Constant –36 647 2,661 103 100
~he percentage change in enterprise slzein  acres feral-percent change introduction costs relafive tothe  medium and very large enterprise size range,
blrrigated.

SOURCE: Office of Technology Assessment.
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Table 8-3.–Summary of the Measures of
Interregional Comparative Advantage
Among Selected Corn, Soybean, and

Wheat Producing Areas, 1983

Commodity, Comparative Comparative Enterprise
State, and Economies advantage Aa advantage Bb size
area of size (%) (%) (acres)

Corn:
IL 300 Very large 114 116 663
IN 101 . . . Very large 110 114 586
1A 201 ., Very large 100 100 335
NE 400C ... Very large 108 129 1,095

Total Increasing 109 113 610

Soybeans:
IL 300 . . . . . None 103 102 464
1A 201 . . . . . Very large 100 100 362
MS 100 None 124 138 1,126
OH 101, . . . None 105 109 570

Total Constant 105 106 521

Wheat:
KS 100. .., Very large 100 100 2,152
MT 200 ., Very large 103 112 1,352
ND 200 . . . None 109 133 893
WA 400 . . . . None 100 104 1,613

Total . . . Constant 102 109 1,647
aASSUrneS  a lo-percent rate of return on 19e2 land values.
bASSumeS a S.percent rate of return on 19e2 lamJ values
Clrrigated.
SOURCE: Off Ice of Technology Assessment.

and resource concentration is positive for very
large enterprises and is increasing at a rate of
about 13 percent per year. The structural elastic-
ity is – 179, indicating that a 179-percent in-
crease in (or nearly tripling from 300 to 500
acres) an average soybean enterprise acreage
results in a l-percent decrease in production
cost. There is evidence to argue for the existence
of constant internal economies of size in soy-
bean production across the selected producing
areas.

In general, internal size economies do not ex-
ist (except for Iowa) among the selected soybean
areas because soybean yields are only from 1
to 6 percent higher on very large enterprises rela-
tive to medium-size enterprises. Very large en-
terprises have higher expenditures on fertilizer,
herbicides, and insecticides in proportion to
yield. And very large enterprises use relatively
more efficient machines and tractors, particu-
larly in land preparation, relative to medium-
size enterprises.

Iowa also has a comparative advantage in soy-
bean production among the selected producing

areas (table 8-3), regardless of whether the re-
turn to land is assumed to be 5 or 10 percent
of its 1982 value. This area has the smallest aver-
age soybean enterprise size, the lowest level of
resource concentration, and one of the lowest
percentages of change in resource concentra-
tion of the selected producing areas. The trends
in relative yield and land prices indicate that
the comparative advantage of Iowa in soybean
production will decrease in the future, particu-
larly in relation to Illinois. Iowa is unique among
the soybean areas studied in that it has substan-
tial internal economies of size, particularly for
custom harvesting of very large enterprises, that
can be exploited. The data suggest that soybean
producers in Iowa are not operating at the least
cost of production. The quality of the initial re-
source endowment in Iowa provides producers
with the ability to remain highly competitive
in soybean production without having to exploit
size economies fully.

In Mississippi the comparative disadvantage
in soybean production increases from 24 to 38
percent relative to Iowa, associated with a 10-
and 5-percent return to land, respectively. This
14-percent difference results in Mississippi be-
coming an even more marginal soybean-produc-
ing area as interest rates decrease. This is be-
cause Mississippi’s “comparative advantage”
is associated with less expensive land. A lower
rate of return to land effectively discounts the
source of comparative advantage in soybean
production in this area.

W h e a t

In wheat production, very large enterprises
of about 2,600 acres have a 3-percent cost advan-
tage over 640-acre, medium-size enterprises.
The change in relative production and resource
concentration is positive for very large enter-
prises and increases at a rate of about 5 percent
per year. The structural elasticity is – 36, which
indicates that each 36-percent increase in an
average wheat enterprise acreage (between the
640- and 2,600-acre range) results in a l-percent
decrease in production cost. There is evidence ,
to argue for the existence of constant internal
economies of size in wheat production across
the selected producing areas overall.
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In general, the absence of internal size econ-
omies in wheat production is the result of sta-
tistical averaging. Only North Dakota exhibits
constant returns to scale in wheat production.
Kansas and Montana both have increasing re-
turns to scale, while Washington has a decreas-
ing return to scale. In Kansas, economies asso-
ciated with custom harvesting are an important
source of size economies for very large wheat
enterprises. In Montana, size economies for
very large wheat enterprises are the result of
the combination of slightly higher yield and the
economies associated with custom harvesting.
In North Dakota, the lack of internal economies
of size for very large wheat enterprises is the
result of slightly higher yields offset by higher
harvesting costs relative to those of medium-
size enterprises. In Washington, size economies
do not exist for very large wheat enterprises rela-
tive to that of medium enterprises because of
the substantial diseconomies related to yield and
the slightly higher capital ownership and har-
vesting costs.

Kansas has a comparative advantage in wheat
production among the selected areas, maintain-
ing this advantage regardless of whether the re-
turn to land is assumed to be 5 or 10 percent
of its 1982 value. This area has the largest aver-
age enterprise size, the lowest resource concen-
tration, and one of the lowest percentages of
change in resource concentration of the selected
wheat-producing areas studied. The trends in
relative wheat yield and land prices indicate that
the comparative advantage of this area may de-
crease slightly in the future. Kansas has substan-
tial size economies that can be exploited. The
data suggest that wheat producers in Kansas
are not operating at the least cost of production.
The quality of the initial resource endowment
in Kansas provides producers with the ability
to remain highly competitive without having to
exploit size economies fully.

In North Dakota the comparative disadvan-
tage in wheat production increases from 9 to
35 percent relative to Kansas, associated with
a 10- and 5-percent return to land, respectively.
This 24-percent difference results in North Da-
kota becoming a marginal wheat-producing
area as interest rates decrease. This is because

North Dakota’s comparative advantage is asso-
ciated with less expensive land. A lower rate
of return effective y discounts the source of com-
parative advantage in wheat production in this
area.

Rice

In rice production, very large enterprises of
about 2,400 acres have a 4-percent cost disad-
vantage over 600-acre, medium-size enterprises
(table 8-4). The change in relative production
and resource concentration is positive for very
large enterprises and increases at a rate of 1 per-
cent per year. The structural elasticity is 27, in-
dicating that each 27-percent decrease in the
average acreage for a rice enterprise (between
600 and 2,400 acres) results in a l-percent de-
crease in production cost. There is evidence to
argue for the existence of decreasing internal
economies of size in rice production across the
selected producing areas.

In general, the presence of internal disecon-
omies of size among the selected rice-producing
areas is a result of the following: Rice yields are
from about O to 10 percent lower on very large
enterprises than that of medium-size enterprises.
Rice yield diseconomies are related to the abil-
ity to maintain a uniform distribution of flood
irrigation water on the field. The uniform dis-
tribution of water is affected by the extent to
which the fields have been leveled and the water
levels maintained. The data indicate that the ex-
tent of leveling is approximately 100 percent
across enterprise size among the rice-producing
areas. Therefore, yield diseconomies neces-
sarily relate to the timeliness of water, fertilizer,
herbicide, insecticide, and fungicide applica-
tion. Rice producers on medium enterprises are
better able to manage these applications than
those on very large enterprises. Finally, in Texas
there are diseconomies associated with pur-
chased canal water used for irrigation.

California has a comparative advantage in rice
production among the selected rice-producing
areas (table 8-5), maintaining this advantage
regardless of whether the return to land is as-
sumed to be 5 or 10 percent of its 1982 value.
California has the largest average rice enterprise
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Table 8-4.—Summary of the Measures of Internal Economies of Size in Selected
Rice and Cotton Producing Areas, 1979 and 1982

Commodity, State, Economies Structural
and area of size elasticity (0/0)—
Rice:
CA 400 b . . . . . . . . . . . . . . . . . . . None 40
TX 1001b. . . . . . . . . . . . . . . . . . . None 33
DLT 100 & 300b . . . . . . . . . . . . . None 14
AR 200b . . . . . . . . . . . . . . . . . . . None 30

Overall . . . . . . . . . . . . . . . . . . Decreasing 27

Cotton:
AL 600 . . . . . . . . . . . . . . . . . . . .VL –14
CA 500b . . . . . . . . . . . . . . . . . . .None 64
MS 100 . . . . . . . . . . . . . . . . . . . . None Infinite
TX 200b . . . . . . . . . . . . . . . . . . . . None 118
TX 200. . . . . . . . . ... .., ... ...VL – 9

Overall . . . . . . . . . . . . . . . . ..Constant – 7 7

Enterprise size (acres) Enterprise cost ($/unit)
Medium Very large Medium Very large

850 3,575 $ 9 7 $100
691 2,068 97 100
509 1,904 92 100
377 1,619 96 100
625 2,397 96 100

568 1,842 108 100
614 2,833 98 100
754 2,868 100 100
436 1,707 99 100
972 5,920 117 100
653 3,040 102 100

aThe percentage change in enterprise size  in acres fora l-percent change in production costs relative to the medium and very lar9e enterprise size ran9e.
‘Irrigated.

SOURCE: Office of Technology Assessment.

Table 8-5.-Summary of the Measures of
lnterregional Comparative Advantage Among
Selected Rice and Cotton Producing Areas,

1979 and 1982

Commodity, Comparative Comparative Enterprise
State, and Economies advantage Aa advantage Bb size
area of size (%) (%) (acres)

Wee:
GA 400C  None 100 100 1,071
T X  1 0 0 1C N o n e 124 134 802
DLT 100

&300c None 114 120 694
AR 200C None 108 114 45

T o t a l  Decreasing 100 115 776

Cotton:
AL 600. , . . .  VL 123 125 1,225
CA 500C . . . . None 109 107 2,088
MS 100 None 100 101 1,787
TX 200C ,... None 101 103 1,224
TX 200..,,, V L 104 100 3,283

Total Constant 106 105 2,020
aASSUrneSalo.perCeflI rateof  returnon  19S21and  values(1978values  for rice)
bA5sumesa5.percent  rate of returnon  19S21and  values (197e values fordceh
Clrrigated.

SOURCE: Office of Technology Assessment

size and the second highest level of production
or resource concentration, after Mississippi, of
the selected rice-producing areas. Production
and resources are becoming less concentrated
in California, at a rate of — 2 percent per year.
The trends in relative yield and land prices in-
dicate that comparative advantage in this area
will remain unchanged. Internal size economies
have been fully exploited in this area. The data
suggest that the minimum average cost point

in rice production is reached at the medium en-
terprise size. The data also suggest that the sup-
port price for rice is such that the average reve-
nue curve is substantially above the minimum
point on the average cost curve. In this case
firms can achieve a higher profit by extending
output beyond the minimum point, even though
they experience higher average total costs than
smaller firms operating at a low point on the
average cost curve.

In Texas the comparative disadvantage in rice
production increases from 24 to 34 percent rela-
tive to that of California, associated with a 10-
to 5-percent return to land, respectively. This
lo-percent difference results in Texas becom-
ing an even more marginal rice-producing area
as interest rates decrease, because Texas’ com-
parative advantage is associated with less ex-
pensive land. A lower rate of return effectively
discounts the source of comparative advantage
in rice production in this area.

Cotton

In cotton production very large enterprises
of about 3,000 acres have a 2-percent cost advan-
tage over 650-acre, medium-size enterprises.
The change in relative production and resource
concentration is positive and increases at a rate
of 10 percent per year for very large cotton en-
terprises. The structural elasticity is –77, which
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indicates that each 77-percent increase in the
average acreage for a cotton enterprise (between
650 and 3,000 acres) results in a l-percent de-
crease in production cost. There is evidence to
argue for the existence of constant internal econ-
omies of size in cotton production across the
selected producing areas.

In general, the absence of internal size econ-
omies in cotton production is the result again
of statistical averaging. Only three of the five
selected cotton-producing areas have constant
returns to scale. These areas include Califor-
nia, Mississippi, and Texas (irrigated). On the
other hand, Alabama and Texas (dryland) both
have increasing returns to scale in cotton pro-
duction. Size economies exist for Alabama’s
very large cotton enterprises because these en-
terprises incur lower machinery and tractor-
related expenses for a given field operation and
still manage to obtain a slightly higher yield. In
California, size diseconomies are primarily re-
lated to the diseconomies of purchased irriga-
tion water for cotton production. In Mississippi
the lack of size economies in cotton production
for very large enterprises relates to similar pre-
harvest and ownership costs without signifi-
cantly higher yields. In Texas (irrigation), the
lack of size economies relates to the combina-
tion of size diseconomies in harvesting and cul-
tivation, along with slightly higher yields en-
joyed by the medium enterprise in this area. In
Texas (dryland), size economies for very large
enterprises relate to the substantial preharvest
and ownership cost advantage associated with
lower machinery and tractor expenses for a
given field operation without substantial loss
in yield.

In terms of comparative advantage, there is
a three-way tie for comparative advantage in
the production of cotton among the selected
areas. These three areas are Mississippi and
Texas (both irrigated and dryland). These three
areas maintain their comparative advantage
(within 2 to 3 percentage points), regardless of
whether returns to land are assumed to be 5 or
10 percent of its 1982 value. These three areas
have the lowest resource concentration and an
average enterprise size of between l, ZOO to 3,300
acres. The percentage of change in resource

concentration in these areas ranges from 2 to
20 percent per year. The trend in relative yield
and land prices indicates that Mississippi will
have a comparative advantage over Texas in cot-
ton production. On the other hand, Mississippi
loses comparative advantage in cotton produc-
tion to Texas as interest rates decrease. Even
though land prices are higher in Mississippi,
a lower rate of return on land works to the advan-
tage of Texas because land there is a larger per-
centage of total cost. Also, in Texas more of the
cotton is planted in strip rows to conserve soil
moisture, and fewer herbicides or insecticides
are used than is the case in Mississippi. The data
also suggest that cotton producers in Texas
(dryland) are not operating at the least cost of
production. The quality of the initial resource
endowment in Texas (dryland) provides produc-
ers with the ability to remain competitive with-
out having to exploit size economies fully. As
a result, Mississippi and Texas have nearly equal
comparative advantages in cotton production.

In Alabama the comparative disadvantage in
cotton production increases from 23 to 25 per-
cent relative to that of Mississippi and Texas,
associated with a 10- and 5-percent return to
land, respectively. A decrease in the interest rate
does not substantially alter the marginal posi-
tion of Alabama in cotton production. The com-
parative disadvantage in cotton production in
Alabama is due to low relative yields, combined
with high fertilizer, lime, insecticide, and har-
vesting costs. Aside from more fully exploiting
size economies, Alabama has few options for
increasing its comparative advantage in cotton
production in the future.

Summary and Conclusions

The data suggest the following conclusion re-
garding internal economies of size for the se-
lected commodities (table 8-6): The evidence for
increasing returns to scale for corn and decreas-
ing returns to scale for rice, given the configu-
rations for the enterprises for these commodi-
ties in 1983 and 1979, respectively, are the
strongest. Each of the selected corn areas has
substantial internal economies as enterprise size
increases from medium to very large. On the
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Table 8-6.—Economies of Size and Structural Elasticities for Selected Commodities and Areas

Internal economies of size

Commodity Size economies Structural elasticity Increasing Constant Decreasing

Corn Increasing –15 IL, IN, 1A, NE
Wheat Constant –26 KS, MT ND WA
Cotton Constant –77 AL, TX C Aa, MS, TXa

Soybeans Constant – 179 1A IL, MS OH
Rice Decreasing 27 C Aa, TXa, DLTa, ARa

alrrlgated.
SOURCE: Of fIce of Technology Assessment.

other hand, each of the selected rice areas has
internal diseconomies as enterprise size in-
creases from medium to very large.

The strongest case for constant returns to
scale can be made for cotton. Three of the five
selected cotton-producing areas have constant
size economies, given the configuration of cot-
ton enterprises in 1982. Only Alabama and
Texas (dryland) have increasing economies of
size. Alabama is a marginal cotton-producing
area, however, as indicated by the data on com-
parative advantage.

Texas (dryland) is one of the most competi-
tive cotton-producing areas studied. The aver-
age enterprise size in Texas is the largest of the
selected areas, while the percentage change in
resource concentration between 1978 and 1982
was the lowest. This seems to indicate that pro-
ducers of dryland cotton in Texas are willing
to forego the potential gain associated with ex-
panding enterprise size to avoid the additional
exposure to risk and uncertainty. The capital
investment in land and machinery required as
cotton enterprises in this area expand from
1,000 to 6,000 acres substantially increases in-
debtedness, which threatens survivability of the
firm. In particular, the uncertainty associated
with cotton yields in this area of Texas make
indebtedness unattractive.

The arguments for constant returns to scale
in the cases of wheat and soybeans are some-
what more ambiguous. Selected areas having
increasing, constant, and decreasing returns to
scale are present for both of these commodities.
In the case of wheat, Kansas has substantial size
economies as enterprises increase from 800 to
4,000 acres. This area has the largest average
wheat enterprise size of the selected areas and

the lowest change in resource concentration be-
tween 1978 and 1982. This seems to indicate
that producers of wheat in Kansas are willing
to forego the potential gains in order to avoid
additional exposure to risk and uncertainty asso-
ciated with expanding enterprise size. A simi-
lar case can be made for wheat production in
Montana. In the case of soybeans, enterprises
in Iowa have size economies as they increase
from 200 to 700 acres: This area has the lowest
average enterprise size and the lowest percent-
age of change in resource concentration be-
tween 1978 and 1982 of the selected soybean
areas.

Therefore, size economies for corn and size
diseconomies for rice are constant and broadly
based results. Constant size economies for soy-
beans, wheat, and cotton exist in general, but
important exceptions exist for increasing (and
decreasing) economies of scale in each of these
commodities. Two of the important exceptions
of increasing returns are Texas dryland cotton
and Kansas wheat. The data suggest in both of
these areas for their respective commodities that
producers are willing to forego increasing re-
turn to scale to avoid additional risk and uncer-
tainty associated with expanding enterprise
size, which potentially could also threaten the
survival of the firm.

It should be noted that the analysis focused
on technical efficiencies in determining econ-
omies of size. Pecuniary economies (e.g., dis-
counts on input supplies or services purchased
in volume) that are important for very large
enterprises were not taken into account. If they
had been considered, pecuniary economies
would have provided more economies of size
for the very large operations. For wheat, soy-
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beans, and cotton this could have changed the crops wiIl probably continue for some time.
above overall analysis from constant to increas- Powerful forces at work in the farm economy
ing economies of size. will lead to fewer and larger farms.

This information strongly suggests that re-
source concentration for most American field

ECONOMIC IMPACTS OF EMERGING TECHNOLOGIES AND
SELECTED POLICIES FOR VARIOUS SIZE CROP FARMS

The analysis of size economies did not take
into account various policies and their impacts
on resource concentration. This section will
present the findings of just such an analysis of
four selected regions in the United States that
represent significant agricultural production in
the commodities considered in farm policy:
corn, cotton, soybeans, rice, and wheat. Within
each production region, representative moder-
ate, large, and very large commercial farms were
identified and analyzed.2 It was assumed for the
analysis that the technology development and
adoption conditions in existence would be those
of the most likely environment, outlined in chap-
ter 2.

Two techniques were used to analyze the ef-
fects of selected policy provisions and technol-
ogy on farms within each region. Information
was obtained on resource characteristics, acre-
age devoted to specific crops, and historic pro-
jected yields of crops eligible for farm program
provisions. These data were used to develop re-
source characteristics of the three different farm
sizes. Then a simulation model was used to ana-
lyze the economic viability and growth poten-
tial of each representative farm for selected pol-
icy and technology advance scenarios (appendix
E contains a detailed discussion of the model).

The following presents the representative
farms and major findings for the production
areas analyzed. Obviously, more areas could
have been analyzed, but neither time nor the
resources allocated to this study would permit
their inclusion. It is expected that the results

%mall  and part-time farms were not included because these
farm operators in general depend on off-farm employment for
their primary source of income.

will apply in broad principle to the major pro-
duction region of which each area is a part. It
is important to remember that the results of this
analysis are mainly illustrative. Thus the rela-
tive results for the several farm sizes and for
the several alternative policy and technology
scenarios are probably more important than any
specific numbers generated by the analysis.

Crop Farms Analyzed

Corn-Soybean Farms in the Corn Bolt

The North Central Region of the United States
produces approximately 50 percent of the U.S.
total production of corn and soybeans. Repre-
sentative farms for this region are three farms
from the corn-soybean cash grain area of east
central Illinois and three farms from the irri-
gated row crop area of south central Nebraskans

The representative farm situations developed
and used in this analysis were constructed from
two basic data sources: 1) national cost-of-pro-
duction surveys by USDA in 1978 and 1983, and
2) farm record data collected and analyzed by
the Universities of Illinois and Nebraska. The
size of the representative farms and the acre-
ages of owned and rented cropland were devel-
oped from the size distributions in the USDA
cost-of-production surveys. The very large farms
approximate the largest 10 percent of farms in
the surveys; the large farms, the 70th to 90th
percentiles; and the moderate farms, the 40th
to 70th percentiles.

3These representative farms were developed and analyzed in
the OTA paper “Economic Impacts of Selected Farm Policies,
Income Tax Provisions, and Production Technology on the Eco-
nomic Viability of Corn-Soybean Farms in East Central Illinois
and Irrigated Row Crop Farms in South Central Nebraska, ” pre-
pared by W,B. Sundquist, 1985.
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Financial status, as measured by net worth,
debt load (both intermediate-term and long-
term), and leverage ratio, differs dramatically
from farmer to farmer. Data from the most re-
cent USDA Agricultural Finance Survey were
used to depict the beginning financial charac-
teristics for the six representative farms (tables
8-7 and 8-8).

All of the representative farms are well-
mechanized production units ranging from 640
to 2,085 acres of cropland, and all farms include
a combination of owned and rented land. Of
the six representative farms, only the very large
units in each area employ full-time workers. The
other farms operate with a combination of fam-
ily and part-time workers. The Illinois farms
have all of their cropland devoted to cash crop
production of corn and soybeans. The Nebraska
farms are cash crop operations that combine
both gravity and sprinkler technologies to irri-
gate corn and a small acreage of soybeans. In
addition, these farms produce a substantial acre-
age of grain sorghum under a nonirrigated (dry-

Table 8-7.—Financial Characteristics of Three
Representative Corn-Soybean Farms in

East Central Illinois

Farm size (acres)

Characteristics Moderate Large Very Iarge

land) regime. Production on this dryland acre-
age tends to be somewhat riskier than that for
the irrigated component of the farming opera-
tions, but irrigated farming still has some year-
to-year yield variability, owing to weather. Al-
though a number of these irrigated corn farms
also produce some wheat and/or corn silage,
those enterprises have not been included in the
analysis.

The crop mix for the Nebraska farms is iden-
tical for all three farm sizes: irrigated corn (58.3
percent of cropland acres), irrigated soybeans
(6 percent), dryland sorghum (35.7 percent). On
the Illinois farms, the proportion of corn to soy-
beans varies only slightly for the three repre-
sentative farms, with corn planted on 52 to 55
percent of the cropland acreage and soybeans
on the balance.

For the Illinois farms, all cropland has the
same per-acre value, whereas the price of crop-
land on the Nebraska farms reflects the differen-
tials for four categories of land: 1) gravity ir-

Table 8-8.—Financiai Characteristics of Three
Representative irrigated Corn Farms in

South Central Nebraska’

Farm size (acres)

Characteristics Moderate Large Very Iarge

Cropland acres ... ... ., 640 982 1,630
Acres owned ... , . . 260 429 458
Acres leased ., 380 553 1,172

Value of owned real estate
($1,000 b) . . . . . . . . . . . . . . 900.5 1,480.6 1,538.4

V a l u e  o f  m a c h i n e r y  ( $ 1 , 0 0 0 )  9 2 . 2 104.8 129.0
Long-term debt ($1,000) . . . 126.1 557.4 579.4
Intermediate-term debt ($1,000) . . . 55.3 62.9 83.8
Initial net worth ($l,000C ) 855.4 1,027.6 1,106.4
L e v e r a g e  r a t i o  ( f r a c t i o n ) 0.21 0.61 0.60
Long-term debt/asset ratio

( f r a c t i o n )   ,  . . . . . . . . . . . , , , , , 0.14 0.38 0.38
Intermediate-term debt/asset ratio

( f r a c t i o n )  . . .   . . ,  . . . . , , . . . 0.60 0.60 0.65
Equity ratio (fraction) . . . . . . ., 0.82 0.62 0.63
Off-farm income ($1,000) ., 8.2 7.4 7,6
Minimum family living expenses

($1,000). . . . . . . . . . . . . . . . . . . . . 18.0 20.0 24.0
Maximum family living expenses

($1,000). . . . . . . . . . . . . . . . . . . . . 36.0 40.0 48.0
Marginal propensity to consume

( f r a c t i o n )   ,  . . . , . . . , . . . . . , , . 0.20 0.20 0.20
% family size of four persons was assumed for the purposes of estimating fam-

ily labor supply and determining appropriate income tax rates.
blncludes  land and building.
cMay  include  assets  other  than land, buildings, and rnachinew.

SOURCE: Office of Technology Assessment.

Cropland acres ., . . . . . 672 920 2,085
Acres owned . . 302 530 1,042
Acres leased . . . . . . . . . . 370 390 1,043

Value of owned real estate
($l,000 b ) . . . . . . 477.7 838.4 1,648.3

Value of  machinery ($1,000)  . ,  102.7 112.1 183.9
Long-term debt ($1,000) . . . . . . . . 123.2 102.0 291.1
Intermediate-term debt ($1,000) , ... 40.1 53.7 98.0
Initial net worth ($l,000C ) ... 448,3 839.0 1,463.1
Leverage ratio (fraction) . . . . . . ., 0.39 0.20 0.27
Long-term debt/asset ratio

(fraction) . . . . . . . . . . . 0.26 0.12 0.18
Intermediate-term debt/asset ratio

(fraction) ., .., . ... . . . 0.39 0.48 0.53
Equity ratio (fraction) ., ... ., . . 0.72 0.84 0.79
Off-farm income ($1,000). . . . . . . . 8.2 8.2 9.7
Minimum family living expenses

($1,000) . . . . . . . . . . . . . . . . . . . . 18.0 18.0 24.0
Maximum family living expenses

( $ 1 , 0 0 0 )  . . . . . . . . . . . . . . , , , , , .  3 6 . 0 36.0 48.0
Marginal propensity to consume

( f r a c t i o n )  . . ,  . ,  . . . . . .  ,  . . , . . . 0.20 0.20 0.20
aA f~ity size of four persons was assumed for the purposes of estimating fam-
ily labor supply and determining appropriate income tax rates,

blnclude land and building.
cMay include assets other than land, buildings, and machinery.

SOURCE: Office of Technology Assessment.
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rigated, 2) sprinkler irrigated, 3) dryland with
irrigation potential, and 4) dryland without ir-
rigation potential. Each of the three Nebraska
farms, however, has the same proportions of
gravity irrigation, sprinkler irrigation, and
dryland acres.

Wheat Farms in the Southern Plains

Approximately 65 percent of U.S. wheat pro-
duction is produced in the Great Plains. For the
analysis of representative wheat farms, farms
were selected from the Southern Plains region.
They are representative of wheat farms in west-
ern Kansas, eastern Colorado, and the Okla-
homa and Texas Panhandle.4

The three farms selected for the analysis are
a typical moderate farm in the region (1,280
acres), a large farm (1,900 acres), and a very large
farm (3,200 acres). The initial financial charac-
teristics for the three representative farms are
summarized in table 8-9. The proportion of crop-
land owned by each farm was obtained from
the most recent Agricultural Finance Survey,
summarized for wheat farmers in western Kan-
sas, eastern Colorado, the Oklahoma Panhan-
dle, and the Northern High Plains of Texas.

Average long- and intermediate-term debt-to-
asset ratios from the Agricultural Finance Sur-
vey were used to estimate initial values for long-
and intermediate-term debts. All three wheat
farms had about the same beginning equity
levels (75 percent) (table 8-9). Minimum family
living expenses were based on values obtained
from a Texas A&M survey that asked for the
minimum annual cash expenditure for family
living. The Agricultural Finance Survey was
used to obtain values of off-farm income for the
three representative farm operators.

A typical cropping pattern in the Southern
Plains is to irrigate 50 percent of all cropland
and to raise wheat on one-half of this irrigated
land. Grain sorghum is typically raised on the

tThese  representative farms were developed and analyzed in
the OTA paper “Economic Impacts of Selected Policies and Tech-
nology on the Economic Viability of Three Representative Wheat
Farms in the High Plains, ” prepared by James W. Richardson,
1985.

Table 8-9.—Financiai Characteristics of Three
Representative Wheat Farms in the Southern Plains

Farm size (acres)

Characteristics Moderate Large Very large

Crop land acres .  . . .  . ,  . ,  .  . . . . . ,1 ,280
Acres owned, ... ., ., , . . 640
Acres leased, . . ., ., 640

Acres of pastureland owned . . 120
Value of owned cropland ($1,000) . . 296.0
Value of owned pastureland . . . . . . . 29.4
V a l u e  o f  m a c h i n e r y  ( $ 1 , 0 0 0 ) ,  2 4 1 . 9
Value of off-farm investments

($1,000) . . . . . . 37.3
Beginning cash reserve ($1 ,000) ., ,.. 10.0
Long- term debt  ($1,000) ,  . “ ,  . ,  , . ,  60.2
Intermediate-term debt ($1,000). ., 83.2
Initial net worth ($1 ,000) ., ... 470.3
Equity ratio (fraction), ., ., . . . . 0.77
Leverage ratio (fraction) ., ., . . . . ., 0.31
Long-term debt/asset ratio

( f r a c t i o n ) .  ,  , ,  . ,  , ,  . , . . . , ,  , . 0.19
Intermediate-term debt/asset ratio

( f r a c t i o n ) .  , , .  . , . . , , . , , . , , , , , . 0.34
O f f - f a r m  i n c o m e  ( $ 1 , 0 0 0 )  . ,  . 12.4
Minimum family living expenses

($1,000) . . . . . . . . . . . . . . . . . . . . 18.0
Maximum family living expenses

($1,000) . . . . . . . . . . . 40.0
Marginal propensity to consume

(fraction), . . . . . ., . . . . . . . . 0.25

1,920
840

1,080
220
388.5

53.9
352.2

49.0
12.0
86.3

126.5
642.3

0.75
0.33

0.20

0.36
9.8

20.0

50.0

0.25

3,200
1,400
1,800

360
647.5

88.2
477.2

53.5
20.0

143.5
171.3
970.7

0,75
0,33

0.20

0.36
9.0

23.0

50.0

0.25
SOURCE: Office of Technology Assessment

other half of the irrigated cropland. Wheat is
generally also raised on the portion of the crop-
land that is not irrigated. This cropping pattern
was assumed for all three farms.

Numerous crop share arrangements prevail
in the region for leased land. However, these
arrangements generally involve the producer
paying the landlord about 25 percent of the crop
and the landlord paying none of the production
and harvesting costs. This crop share arrange-
ment was assumed for all leased cropland.

The Mississippi Delta is an excellent region
for analysis of general crop farms.5 Farms in
this area can produce a variety of crops not pos-
sible in other parts of the United States. The rep-

BThese representative farms were developed and analyzed in
the OTA paper “Economic Effects of Selected Policies and Tech-
nology on the Economic Viability of General Crops Farms in the
Delta Region of Mississippi,” prepared by B.R. Eddleman,  1985.
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resentative farms in this region produce cotton,
rice, soybeans, and wheat (or other small grains).

The three representative farms developed for
this study are a moderate farm (1,443 acres), a
large farm (3,119 acres), and a very large farm
(6,184 acres). Table 8-10 provides a summary
of the financial and resource characteristics for
the three representative farms. The long-term
and intermediate-term debt-to-asset ratios for
the 1,443-acre farm and the 3,119-acre farm were
obtained from the Agricultural Finance Survey
and adjusted to reflect the equity levels as re-
ported from a 1983 mail survey of farms in the
delta. These debt ratios are the average for part-
owner general crops farms in the Mississippi
Delta region that had debt on real estate in 1979.
Financial ratios for the largest farm were de-
veloped by extending the ratios on a per-acre
basis for a 3,457-acre farm, as reported in the
most recent Agricultural Finance Survey, and

Table 8-10.—Financial Characteristics of Three
Representative General Crops Farms

in the Delta of Mississippi

Farm size (acres)

Characteristics Moderate Large Very large

Crop land acres .  .  .  . . . . . . . . . . . . . . . . .1 ,443 3,119
Acres owned. ., ., 533 1,419
Acres leased. ,. . . . . . 910 1,700

Acreage of principal crops in 1983:
Cotton ... ., 395 1,088
Rice. ., . . ... . . . . . ., 305 574
Soybeans . . . . . . . . . . . . . . . 640 1,190
Wheat (or other small grains) 82 247

Value of  owned cropland ($1,000)  799.5 2,128.5
Value of farm machinery ($1,000) . . . 378.9 786.7
Value of off-farm investments

($1,000) . . . . . . . . . . . . . . . . . . 129.1 210.3
Beginning cash reserve ($1 ,000) ., 31.9 71.1
Long-term debt (1,000), . . . . . 331.4 840.8
Intermediate- term debt  ($1,000) .  243.8 413.0
Net worth ($1,000) ., . . . . . . 748.6 1,921.5
Total equity to assets (fraction) ... 0.56 0.60
Long-term debt/asset ratio

(fraction). . . . . . . . 0.41 0.40
Intermediate-term debt/asset ratio

(fraction). .... ... ,, ,, . . . . . . ., 0.64 0.52
Off-farm income ($1 ,000) ... . . . . 18.3 18.2
Minimum family living expense

($1,000 ) . . . . . . . . . . . . .,,,.,,, 18.0 24.0
Maximum family living expense

($1,000 )... . . . . . . . . . . . . . . . . . . . . 27.0 36.0
Marginal propensity to consume

(fraction). . . . . . . . . . . . . . ., 0.25 0.25
SOURCE: Office of Technology Assessment.

6,184
3,064
3,120

2,250
871

2,539
180

4,596
1,209.8

358.7
141.6

1,640.8
574.7

4,047.5
0.64

0.36

0.48
36.0

30.0

45.0

0.25

were adjusted by the equity levels reported for
the largest farm-size group.

The mix of acreages planted in each crop
changed by farm size. In general, the acreage
planted in cotton and soybeans increased rela-
tive to the acreage planted in rice and wheat
as farm size increased. The moderate farm
planted 73 percent of tillable cropland in cot-
ton and soybeans, while the large and the very
large farms planted 89 and 82 percent, respec-
tively, of tillable cropland in cotton and soy-
beans. In the analysis, as the farm was allowed
to grow in size to the next largest farm size, the
proportion of cropland planted in each crop was
changed to reflect these differences in crop mix.

Cotton Farms in the Texas
Southern High Plains

Cotton is an important commodity in the
United States, and over one-half of the cotton
produced can be found in the Southern High
Plains of Texas. The three farms selected for
analysis are a typical moderate farm in the re-
gion (1,088 acres), a large farm (3,383 acres), and
a very large farm (5,570 acres).6 These size farms
accounted for 31 percent of the farms and 62
percent of the cotton lint produced in the Texas
Southern High Plains.

Table 8-11 provides a summary of the demo-
graphic and financial characteristics for the
three representative cotton farms used in the
present study. The long- and intermediate-term
debt-to-asset ratios for the moderate farm were
obtained from the Agricultural Finance Survey.
These debt ratios are the average for part-owner
cotton farmers in the Texas High Plains who
had debt on real estate in 1979. Financial ratios
reported by Smith (1982) for the two larger farms
were used because the Agricultural Finance Sur-
vey did not provide information for farms in
these categories.

A special survey of farmers identified aver-
age annual off-farm income and minimum fam-

eThese  representative farms were developed and analyzed in
the OTApaper’’Economic  Impacts of Selected Policies and Tech-
nology  on the Economic Viability of Three Representative Cot-
ton Farms in the Texas Southern High Plains,” prepared by James
W. Richardson, 1985.
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Table 8-11 .—Financial Characteristics of Three
Representative Cotton Farms in the

Texas Southern High Plains

Farm size (acres)

Characteristics Moderate Large Very large

Cropland acres 1,088 3,383 5,570
A c r e s  o w n e d 381 1,048 3,453
A c r e s  l e a s e d 707 2,335 2,117

Value of owned real estate
($1 , 0 0 0 ) 222.4 611.7 2,015.4

Value of machinery ($1 ,000) 144.5 420.8 713.9
Value of off-farm investments

($1 ,000) 59.0 110.0 213.7
Beginning cash reserve ($1 ,000) 16.7 52.0 85.5
Long-term debt ($1 ,000) 61,1 120.9 4887
Intermediate-term debt ($1 ,000) 98.3 203.6 475,4
Initial net worth ($1,000c) 275.0 854.8 2,032.3
L e v e r a g e  r a t i o  ( f r a c t i o n ) 0.62 0.72 0.67
Long-term debt/asset ratio

(fraction) 0.61 0.40 0 4 9
Intermediate-term debt/asset ratio

(fraction) 0.27 0.20 0.24
Equi ty  ra t io  ( f ract ion) 0.68 0.48 0.67
Off-farm income ($1 ,000) 16.0 0.0 0 0
Minimum family living expenses

( $ 1 , 0 0 0 )  .  .  . 15.2 29.1 38.0
Maximum family living expenses

($1 ,000) 50.0 50.0 6 0 0
Marginal propensity to consume

(fraction) 0.25 0.25 0 2 5
SOURCE Office of Technology Assessment

ily living expenses by farm size (Smith, 1982).
Maximum annual family living expenses were
assumed to be $50,000 to $60,000, depending
on farm size. The model assumes the family will
use 25 cents of every additional dollar of dis-
posable income, over and above the minimum
requirement, for family living. In no instance,
however, will family living expenses exceed the
maximum indicated in table 8-11.

Cotton production costs for the three farms
were estimated based on Smith’s (1982) study.
The two larger farms had a 13 percent lower
total cost of production, per pound of cotton
lint, than the moderate-size farm. The mix of
irrigated and nonirrigated cotton changed
across farm size. The moderate farm irrigated
32 percent of its available cotton acreage, while
the two larger farms irrigated only 23 percent.
In the simulation analysis, as the moderate farm
grew in size, its proportion of irrigated cropland
was decreased to 23 percent.

Farm Policy, Tax Policy, and
Technology Scenarios

The three representative farms for each pro-
duction region were analyzed for the period
1983-92 under alternative policy scenarios.7 Six
farm policy scenarios (including a continuation
of the 1981 farm bill), an income tax provision
scenario, two financial stress scenarios, a tech-
nology option, and anew entrant scenario were
analyzed for each farm. All assumptions and
policy values associated with each scenario
were held constant across farm sizes to allow
direct comparison of their impacts on differ-
ent size farms. Appendix E contains a summary
of the analysis for each farm size by region.

Current Policy

The current policy scenario involves continu-
ing through 1992 the current income tax provi-
sions and the price supports, income support,
and supply control programs of the 1981 farm
bill. In addition, it was assumed that annual
mean crop yields for the three representative
farms in each of the four production regions
will increase as new technologies are intro-
duced and adopted by farmers in the most likely
technology environment. For this policy sce-
nario it was assumed that the following farm
policies were in effect:

●

●

●

The Commodity Credit Corporation (CCC)
loan program is available to producers for
corn, cotton, rice, sorghum, soybeans, and
wheat.
A 3-year, indirect, farmer-owned reserve
(FOR) is available for feed grains and
wheat. 8

An acreage diversion/set-aside program is
in effect for 1983 to 1985, using the actual
acreage reduction levels and diversion pay-
ment rates specified for these years.

‘The  current version of the Firm Level Income Tax and Farm
Policy Simulator (FLIPSIM  V), developed by James W. Richard-
son and Clair  J. Nixon, was used to simulate the three represent-
ative farms in each region.

*The 1977 farm bill established FOR as a 3-year extension of
the CCC loan after grain had been in the regular loan for 9 months.
Stocks remain in the farm operator’s control until the Secretary
of Agriculture authorizes release.
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●

●

●

A target price-deficiency payment program
is available for corn, cotton, rice, sorghum,
and wheat in all years.
The $50,000-payment limitation for defi-
ciency and diversion payments is in effect
and is effective on the farm as specified.
Farms of all sizes are eligible to participate
in these farm program-provisions.

Values for loan rates, target prices, diversion
rates, and diversion payment rates for 1983 and
1984 are set at their actual values, expressed in
1982 dollars. Values for these variables for 1985
are set at their respective levels announced on
or before September 14, 1984, by Secretary of
Agriculture Block. Loan rates and target prices
for 1985 are held constant through 1992. No
acreage reduction program is assumed to be in
effect after 1985.

It was assumed that the following options for
depreciating machinery and calculating income
taxes are used for the current policy scenario:

●

●

●

●

●

●

●

●

Machinery, livestock, and buildings placed
in use prior to 1981 are depreciated using
the double declining balance method.
Machinery, livestock, and buildings placed
in use after 1980 are depreciated using the
accelerated cost recovery method.
The operator elects to claim first-year ex-
pensing for all depreciable items placed
into use after 1980.
The operator elects to take maximum in-
vestment tax credit (ITC) and thus reduces
the basis for all depreciable assets placed
into service after 1980.
The operator adjusts crop sales across tax
years to reduce current-year taxes.
The operator may use either the regular in-
come tax computation or income averag-
ing to calculate Federal income tax lia-
bilities.
There is no maximum interest deduction
for calculating taxable income.
The actual self-employment tax rates and
maximum income levels subject to this tax
for 1983 and 1984 are used. Announced
values for these variables in 1985-86 are
used, and the 1986 values are held constant
through 1992.

● The operator elects to trade in old machin-
ery on new replacements at the end of each
item’s economic life.

Results Expected

Since this policy includes price supports, in-
come supports, and supply control programs
to maintain and stabilize prices and farm in-
come at a reasonable level and reduce the price
and income risks, it is anticipated that all farms
under this program will have a higher probabil-
ity of remaining solvent over the lo-year plan-
ning horizon, will have higher net farm incomes,
and will have stronger financial positions.

Results Obtained
●

●

●

●

Except for Texas cotton farms, all farms in
the other four regions had a 100-percent prob-
ability of remaining solvent over the lo-year
period. For Texas cotton farms, the probabil-
ity y of survival ranged from 92 percent for the
moderate farms to 94 percent for very large
farms.

All farms in four of the five regions increased
their absolute net worth by the end of the
period, with very large farms increasing more
than the moderate farms. The two smaller
farms in Illinois experienced a loss in net
worth over the period, while the largest farm
experienced a 14.5-percent increase in real
net worth.

On average, all three farms were able to grow
by purchasing and leasing cropland. Moder-
ate farms grew faster than the very large
farms. The moderate and large grain farms
grew at approximately the same rate.

Average annual net farm incomes for all
farms substantially benefited by the presence
of price and income supports in the current
policy. Removal of these program provisions
resulted in negative average annual net farm
incomes for farms in all regions except Illi-
nois. (Illinois net farm incomes did not fall
below zero because a large portion of crop-
land was devoted to soybeans, which do not
receive a deficiency payment.)



Ch. 8—Emerging Technologies, Public Policy, and Various Size Crop Farms • 177

● Ratios of net farm income to total Govern-
ment payments reveal that, across all regions,
the moderate farms were more dependent on
Government payments to maintain their in-
comes than were the very large farms.

Price Supports

The price supports program is designed to pre-
vent prices from falling below a certain level
and to stabilize prices through the CCC non-
recourse loans at established loan rates to
farmers. Such loans, plus interest and storage
costs, can be repaid within 9 to 12 months when
the commodity is sold on the cash market. If
the market is not favorable for a farmer to sell
the commodity and repay his loan, CCC accepts
the commodity in full payment of the loan.

CCC releases its stock to the market when
prices are high and withdraws stocks from the
market when prices are low. Thus the program
also stabilizes prices.

Results Expected

● Since price supports stabilize prices and pre-
vent prices from falling below the loan rate,
this program should increase farm income
and reduce the price risk for farmers.

● All farms should have a higher probability
of survival, greater net present value,9 and
higher net farm incomes than they would
have had without the program.

Results Obtained

● Price supports increased the probability of
survival for all three representative farms in
all regions.

● Net farm incomes for these farms also in-
creased with the price supports program. In

‘The concept of present value is used to help measure the profit
potential of an investment decision. Simply put, a dollar today
is worth more than a dollar in the future because today’s dollar
can be invested and can accrue interest. Thus the present value
of a specified amount of money payable at a specified future date
is the amount of money that one would have to invest now in
order to have that future amount by that future date. In analyz-
ing an investment over several periods, a positive present value
would indicate an economically attractive decision; a negative
present value would not.

all regions, the larger the farm, the greater
the increase in net farm income.

With increased farm incomes and reduced
price risk, all three farms in all regions ex-
perienced increases in real net worth.

Average ending farm sizes were not signifi-
cantly different because of the price support
program.

Income Supports

Income supports are accomplished through
deficiency payments and the target price. Defi-
ciency payments are paid to farmers to make
up the difference between a price determined
to achieve a politically acceptable income level
(target price) and the average market price. Defi-
ciency payments are made on each farm’s base
acres and farm program yield. The farm pro-
gram yield is based on each farm’s yield history.
Target prices were set initially to reflect an aver-
age cost of production.

Deficiency payments were initiated to raise
and stabilize farmer incomes to the level of the
nonfarm population while allowing farm prices
to be competitive in the export market. Total
annual Government payments (deficiency and
diversion) were limited to $50,000.

Results Expected

● The major impact of deficiency payments
should be to increase the income level of pro-
ducers who participate in the farm program.
Since the payments are based on the quan-
tity of eligible production, large-scale produc-
ers benefit more than small-scale producers,
up to the $50,000-payment limitation.

● Deficiency payments also reduce income risk
for producers, increase their ability to obtain
financing, and thus increase the probability
of all farms remaining solvent.

Results Obtained

● The deficiency payment program increased
the probability of survival more for moder-
ate Texas cotton farms than for the very large
Texas farm. For farms of other regions, the
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●

●

●

●

●

●

●

probability of survival was 100 percent, with
or without income supports.

Income supports increased net farm incomes
substantially for all farms, often moving net
farm incomes from negative to positive.

Income supports enhanced net farm incomes
of all farms more than the price support
program.

The presence of the $50,000-payment limita-
tion causes the income support program to
benefit moderate farms relatively more than
very large farms. In contrast, the price sup-
port program results in a greater advantage
for large and very large farms.

With reduced income risk and greater farm
incomes under the income support program,
all farms improved real wealth, and average
after-tax net present value increased for all
farms.

Income supports increased the average end-
ing farm size for all farms. Average ending
farm size increased at a faster rate for mod-
erate farms than for very large farms.

Removal of the $50,000 limitation on defi-
ciency payments benefited larger farms more
than smaller farms. Big winners of this pro-
gram were big farms in Texas and Missis-
sippi. In Texas, for example, when the $50,000-
payment limitation was removed, average
annual net farm income increased $3,600,
$50,000, and $104,000 for moderate, large,
and very large farms, respectively.

Increased farm income strengthened the fi-
nancial positions of larger farms, increasing
their ability to obtain more financing. All
three representative farms, especially the very
large farms, had increased net worth at the
end of the lo-year period. For example, re-
moval of the $50,000 limitation increased the
ending net worth of the moderate Texas cot-
ton farm by $37,000, of the large Texas farm
by $441,000, and of the very large Texas farm
by $1,019,000.

supply Control Policy
(Acreage Reduction Program)

The objective of acreage reduction programs
is to reduce the quantity produced, and thus the
supply, of a given commodity. Acreage reduc-
tion consists of an acreage set-aside and/or acre-
age diversion that is generally voluntary. Acre-
age set-aside programs require participating
farmers to idle a percentage of their crop base
acres so that they are eligible for other program
benefits. Acreage diversion programs pay pro-
ducers a given amount per acre to idle a per-
centage of their base acres. A farmer’s base acres
are determined by the production history of the
crop.

For this analysis the provisions of the current
policy were modified by adding a 15-percent
set-aside with a 5-percent diversion for corn,
cotton, rice, sorghum, and wheat in 1986-92.
Normal slippage10 (30 percent for corn and 70
percent for all other crops) and program par-
ticipation rates were used to estimate the result-
ing real increase in mean prices for these crops
in 1986-92. All other provisions of the current
policy were used without change.

Results Expected
●

●

To the extent that acreage reduction pro-
grams reduce production, they reduce sup-
ply and stocks and increase prices domes-
tically for those commodities. Higher prices
will result in higher total and net incomes for
all farm sizes. Farms that participate in diver-
sion payments also benefit from the program
through increased cash receipts, up to the
$50,000 limit.

Slippage in the programs reduces the pro-
grams’ effectiveness, increases the farms’ net
present value, and increases farm size.

los]ippage  is the difference between the percent of production
decrease and the percent of acreage reduced. These two percent-
ages are different because farmers tend to set aside marginal lands
in Government programs or intensify the cultivation of remain-
i n g  l a n d ,
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●

●

●

Higher incomes lead to more disposable in-
come for debt repayment and retained earn-
ings for accelerating farm growth.

Farm operators’ average net present value
should increase.

Faster rates of growth should be experienced
by the farms because of increased cash accu-
mulation, repayment capacity, and equity in
existing land assets.

Results Obtained

● Imposing a 20-percent acreage reduction pro-
gram increased the average net present value
and ending net worth for all three farms in
all regions except for the large farm in Illinois.

● Imposing a 20-percent acreage reduction to
existing farm programs resulted in an in-
crease of 20 to 300 percent in net farm income
for almost all farms.

● Average ending farm size for all three farm
sizes increased relative to the initial farm size.

● Imposing additional supply controls to ex-
isting farm programs does not substantially
change the rate of growth or ending farm size
of all farms. Moderate farms continued to
grow faster than larger farms.

● Eliminating slippage reduced the rate of
growth relative to that in the current policy
for all three farm sizes.

● The less slippage in an acreage reduction pro-
gram, the smaller the increase in average net
present value for all three farm sizes.

No Farm Program

In the no-farm-program scenario, all farm pro-
grams outlined for the current policy were elim-
inated for all 10 years of the planning horizon.
In this essentially free market environment,
farm prices and income are very unstable be-
cause: 1) production varies, owing to weather
and biological factors; and 2) demand for farm
products changes. The inelastic nature of sup-
ply and demand for farm products makes farm

prices particularly unstable. The variability in
prices and incomes has both favorable and un-
favorable aspects. From a favorable perspective,
the movement in prices reflects changes in sup-
ply and demand conditions and is a signal for
production regarding market needs. However,
when prices become highly unstable, the sig-
nals may be misinterpreted, and mistakes may
be made in production and marketing decisions.
The result frequently is misallocation of re-
sources. In addition, variability in price and in-
come increases the risk and uncertainty to the
farm business.

Results Expected
●

●

●

●

Average farm incomes will be less with no
loans or price supports because the floor on
prices received for these commodities has
been removed, allowing prices to fluctuate
freely.

Net present value will be lower and more un-
stable than with price and income supports.

Net worth of farms will decline because the
market value of cropland will be less, since
there are no benefits from the programs to
be capitalized into the land.

Farms will have less probability of survival
because of increased instability in prices for
crops. The impact will be more pronounced
for highly leveraged farms that cannot sur-
vive without price and/or income support and
for smaller farms that cannot survive with
high price risk.

Results Obtained

. Removing all farm programs reduced the
probability of survival for all three farm sizes
in cotton and wheat regions, relative to the
base policy. The probability of survival fell
more for the moderate farms in these regions
than for the very large farms. For example,
in cotton the moderate farm’s chance of re-
maining solvent for 10 years decreased from
92 to 42 percent. The chance for the solvency
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●

●

●

of very large farms decreased from 94 to 78
percent.

The probability y of having a positive after-tax
net present value declined significantly for
all farm sizes in all regions except for those
farms in the Mississippi Delta, For example,
in the Southern Plains the probability of a
positive net present value for the moderate
farm declined to about 10 percent. In most
cases the very large farms had a higher prob-
ability of positive net present value than did
the moderate farms. The probability of a posi-
tive net present value was 100 percent in the
Mississippi Delta without the farm program,
owing primarily to diversification of crop pro-
duction and the reduced relative yield varia-
bility in the Delta compared with that of the
other regions.

Ending net worth declined for all three farm
sizes in all regions. In most regions the abso-
lute decline in net worth was greater for the
large and very large farms than for the mod-
erate farms. For example, the large and very
large Texas cotton farms experienced a de-
cline of $743,000 and $1,100,800 in net worth,
respectively, from that of the current policy,
while the moderate farms’ net worth declined
$396,800. The ending net worth of the Mis-
sissippi Delta farms declined the least of all
regions because a significant portion of crop
acreage was devoted to soybeans.

In the absence of farm programs, all three
farm sizes continued to grow in all regions,
but at a much slower rate than under the cur-
rent policy, For example, farms in the South-
ern Plains declined from the current policy
an average of about 20 percent in ending farm
size.

Target Farm Program Benefits

For the target farm program benefits scenario,
all farm program and income tax provisions of
the current policy were used except that large
farms were not eligible to participate in farm
program provisions. Farms producing more
than $300,000 worth of program commodities
(corn, cotton, rice, sorghum, soybeans, and rice)
valued at their localized loan rate were not per-

mitted to participate directly in the program pro-
visions (CCC loan, FOR, target price/deficiency
payments, and diversions/set-asides), Mean
prices and relative variability in prices were not
adjusted because it was assumed that a suffi-
cient number of “small” farms participated in
the farm program for the price support actions
of the CCC loan and FOR to function normally.

Results Expected
●

●

●

Findings for moderate farms will be the same
as the findings for the current policy.

Large and very large farms exempted from
the programs will receive indirect benefits
from other farms participating in the programs,

Compared to the no-farm-program scenario,
the following should be observed for large and
very large farms:
—Net present value will be higher and more

stable.
—Net worth of these farms will be greater.
—Farms will have a greater probability of sur-

vival because of the increased stability in
prices.

—Farms will be larger because of increased
income and large repayment capacity.

Results Obtained
●

●

●

Moderate farms consistently producing less
than $300,000 in program crops exhibited the
same growth rates, net farm incomes, and
ending financial positions as they do under
the current policy,

Farms that grew beyond or were initially
larger than the $300,000 threshold level of
sales experienced lower average Government
payments, net farm incomes, average net
present values, and net worths than under
the current policy, owing to targeting pro-
gram benefits.

The larger the farm, the greater the reduc-
tion in average ending acres from the cur-
rent policy for farms in the Southern Plains,
Nebraska, and Illinois. Moderate grain farms
in these regions experienced no real change
in average ending farm size, because their
level of total sales was less than $300,000.
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● Growth rates for the very large farms in Texas
and the Delta were similar to those experi-
enced under the no-farm-program option.
The moderate and large farms in the Delta
experienced reduced rates of growth relative
to that of the very large farms. A similar rela-
tionship was observed between the large and
very large cotton farms in Texas. The reason
for these different rates of growth is that the
very large farms in these regions depend less
on farm programs than smaller size farms do.

Reduced Income Tax Benefits and
Current Farm Program

The Federal income tax provisions in place
for the current policy were made more restric-
tive in the reduced income tax benefits and base
farm program scenario. All farm policy provi-
sions of the current policy were left unchanged,
The more restrictive Federal income tax provi-
sions included the following:

●

●

●

●

●

Machinery, livestock, and buildings were
depreciated using the straight-line cost re-
covery method.
First-year expensing provisions were elim-
inated for all depreciable items.
Maximum ITC provisions were eliminated.
The maximum annual interest expense that
could be used to reduce taxable income was
$15,600.
The operator was required to sell obsolete
machinery upon disposition rather than
trading it in on new replacements, thus
forcing recapture of excess depreciation
deductions.

Results Expected

● Making Federal income tax policies less
favorable tends to increase income tax pay-
ments by reducing tax deductions. Net cash
farm income is not affected directly in the
first 4 to 6 years. After that, interest income
usually becomes a factor, and higher tax pay-
ments in the first 4 years reduce cash avail-
able for interest income in later years.

● The farm operator will have lower tax deduc-
tions and tax credits when machinery is
replaced. The length of time machinery is

●

kept will not likely be shortened from the cur-
rent policy because machinery was replaced
based on its normal economic life, not its
depreciation life.

Reducing tax deductions and tax credits will
mean greater annual income tax payments,
resulting in greater cash flow requirements
and reduced ending cash reserves. Net
present value will likely be reduced because
of lower retained earnings and the slower ac-
cumulation of wealth.

Results Obtained

Adoption of a more restrictive set of Federal
income tax provisions had little impact on
farm survival.

Increasing the Federal tax burden on farmers
reduced the average annual rate of growth
in farm size about the same for all sizes of
farms in each region. Average ending farm
size was about 8 percent less than that for
the current policy for large and very large
farms and about 4 percent less for moderate
farms.

The more restrictive income tax provisions
reduced the propensity to grow through pur-
chasing cropland and increased the propen-
sity to lease cropland for growth. For exam-
ple, in the Mississippi Delta the growth rate
in owned cropland for the moderate farm was
reduced to 4 percent, and the growth rate in
leased cropland increased by 49 percent,

The changes in the tax provisions resulted
in reduced annual net farm incomes for all
sizes of farms in all regions. The reduction
in net farm income was greater for the very
large farm relative to the moderate farm be-
cause the very large farm had more depre-
ciable items affected by changes in depreci-
ation rules, ITC s, and capital gains treatment
of sales of used machinery.

Technology Scenarios

To determine the impact of technology on
structure, selected farm policy scenarios were
simulated, assuming increases in mean yields
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of crops only from the use of existing technol-
ogies. A comparison of these simulated results
with those of the previous farm policy scenarios,
which included increases in mean yields from
emerging technologies, indicates the impact of
new technology on structure. Three policy alter-
natives were analyzed under these conditions.
They were the base farm policy, which con-
tinues all provisions of the 1981 farm bill, the
elimination of income support provisions, and
the elimination of all farm program provisions.

Results Expected
●

●

The longer the technology is in use for each
farm, the greater should be the benefit to
wealth accumulation, net income, and rate
of growth in acres controlled.

The greater the increase in productivity, the
greater should be the increases in wealth,
net income, and rate of growth in acres con-
trolled.

Results Obtained

●

●

●

●

●

●

●

Farm policies had more effect on the final
amount of acres controlled than did technol-
ogy, across all sizes of farms in all regions.

Technology had a greater impact on the final
amount of acres controlled for the very large
farms in all regions (except Nebraska) than
for the moderate and large farms. Yield-
enhancing benefits from emerging technol-
ogies increased average final farm size 1 to
2 percent in the Delta, Illinois, and Texas and
10 percent in the Southern Plains. The great-
est increase in farm size occurred in the
Southern Plains, because these farms are
principally wheat producers. The greatest in-
creases in yields were predicted by OTA to
occur for wheat.

Small increases in final farm size for the other
regions can be explained by the relatively
smaller increases in yields (based on the re-
sults of OTA workshops for corn, soybeans,
cotton, and rice).

●

●

●

●

Flows of new technology for all commodi-
ties in all regions were found to increase an-
nual net farm incomes for each size of farm.
Net farm income was increased relatively
more for the very large farms than for the
moderate farms, across all farm policies
evaluated.

Summary and Conclusions

Farm programs have major impacts on rates
of growth in farm size, wealth, and incomes
of commercial farmers.

Most farm program benefits are capitalized
into land values and net worth. Very large
farms increase their net worth significantly
more than moderate farms under current
farm programs and account for a very large
share of the program payments.

Moderate farms depend more than very large
farms on farm programs to maintain their
incomes.

Income supports provide significantly great-
er benefits to moderate farms than to very
large farms. (In contrast, price supports pro-
vide more wealth and growth benefits to very
large farms.) Targeting of income supports
to moderate farms is an effective policy for
prolonging those farms’ survival.

Very large farms can survive without income
supports.

Adoption of a more restrictive set of Federal
income tax provisions had little impact on
farm survival.

Farm policies had more effect on the final
amount of acres controlled than did technol-
ogy, across all sizes of farms in all regions.
However, in a relative context, technology
had a greater impact on the final amount of
acres controlled for the very large farm than
for the moderate and large farms.

Flow of new technology will increase annual
net farm income for all sizes of farms, How-
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ever, net farm income increased more for the
very large farms than for the moderate farms.

Financial Stress and
New Entrants Scenarios

Financial Stress Scenario

The financial position of many farmers is cur-
rently under severe stress. The situation is seri-
ous and may not improve for some time. Policy-
makers are considering various solutions to this
problem. Two of the most discussed alternatives
are interest rate subsidy and debt restructuring.

An interest rate subsidy is a loan at below-
market interest rates. For example, if the Gov-
ernment’s cost of money is 11 percent and the
Farmers Home Administration makes loans at
5 percent, there is a 6-percent direct interest rate
subsidy. To analyze the effects of such a credit
policy, the financial positions of the three rep-
resentative farms in each of the five regions were
modified to depict highly leveraged farms. The
long-term debt-to-asset ratio for each farm was
increased to 55 percent, the intermediate-term
debt-to-asset ratios were set equal to 60 percent,
and annual interest rates on old loans were in-
creased to their average values for 1980 to 1983.

The object of an interest rate subsidy is to re-
duce the cash expenses for interest costs, thus
increasing total net cash farm income. The to-
tal cash requirements are reduced, thereby bene-
fiting all farms. The total saving is greater for
larger farms because of the total debt being
larger on these farms.

Debt restructuring refers to the rescheduling
of loan commitments. Debt maybe restructured
by rewriting short- or intermediate-term debt
to a long-term basis if the collateral justifies such
change. The amount paid per year is then re-
duced. Without sufficient additional long-term
collateral, debt restructuring is limited to re-
scheduling each class of loans—short-, inter-
mediate-, and long-term—over a longer repay-
ment period. Also, if the debt is on a fixed
interest rate basis and interest rates have de-

clined, the debt might be rescheduled in part
to take advantage of lower interest rates and to
obtain a longer repayment period.

Restructuring debt has the same type of ex-
pected effects as interest rate subsidy; however,
the methods differ. Debt restructuring does not
reduce the annual interest payments in the ini-
tial period unless long-term interest rates are
less than intermediate-term interest rates. An-
nual principal payments are reduced, thus re-
ducing cash flow needs of the farm operator.

Results Expected for Interest Rate
Subsidy and Restructuring Debt

●

●

●

Higher probability of survival.

Higher land values, net worth, and average
net present value.

An increase in the equity ratio because cur-
rent debts are paid and longer-term debts are
reduced, allowing greater opportunity for the
farm to grow in size because of the increased
ability to leverage existing equity.

Results obtained From
Financial Stress Scenarios
●

●

●

Restructuring initial debt for highly leveraged
farms failed to increase appreciably the prob-
ability of survival for each size of farm in any
region except for moderate and large wheat
farms in the Southern Plains.

In all regions, the interest rate subsidy strat-
egy substantially increased the average net
farm income more than did the restructur-
ing of farms’ debts.

Both debt restructuring and interest rate sub-
sidy policies resulted in increased growth in
farm size and real wealth (i.e., ending net
worth) on the very large farms in all regions.
In all regions but Texas, very large farms with
high debts are not as dependent on financial
bailout strategies for survival as moderate
farms are.
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● Both alternatives increased growth in farm
size. Debt restructuring resulted in more
rapid rates of growth than did interest rate
subsidies.

Now Entrants Into Farming Scenario

All previous simulations of the effects from
the farm commodity policy alternatives were
based on representative farms operated by estab-
lished farm producers. These simulations pro-
vide indications of the short-run effects of the
alternative farm commodity policy provisions
on economic survival and growth characteris-
tics of established farm operations. They do not
provide information on the survivability and
economic viability of potentially new entrants
into farming. To gain some general notions of
the effects of selected farm commodity policies
on newly established farming operations, the
smallest farm in each region was simulated un-
der the condition that the farm operator was
a new entrant.

In this scenario the entering farm operator
was allowed to have only minimum equity in
owned farmland (30 percent) and farm machin-
ery (35 percent). All farm machinery was con-
sidered to have a new machinery cost, and
annual interest rates on long- and intermediate-
term loans were equal to the 1980-83 averages.
The operator was not allowed to have any off-
farm investments. Because the farm operator
was paying the full cost of all inputs (land, cap-
ital, machinery, and labor), these simulations
provide an indication of long-run survivability
and profitability of the representative farms.
Three policy alternatives were analyzed under
these conditions for the new entrant. They were
the base farm policy, which continues all pro-
visions of the 1981 farm bill, the elimination of
the target price/deficiency payments provision
of the program (no income support provisions),
and the elimination of all farm program pro-
visions.

Results Expected

● New entrants would be expected to face lower
probabilities of survival, slower rates of real
wealth accumulation, and slower rates of

growth in farm size than would current oper-
ators on the representative farms in each re-
gion under existing farm legislation. Because
both depreciation adjustments on machinery
and annual cash requirements for debt repay-
ment on real estate and machinery loans are
based on new 1982 costs and current (1980-
83) interest rates, annual net farm incomes
will be lower for new entrants than for cur-
rent operators, under existing policy.

● Elimination of income support provisions of
the 1981 farm bill will be expected to reduce
the probability of survival, rate of growth in
real net worth and farm size, and annual net
farm incomes of new entrants in each region.
The greatest impacts would be expected for
specialized crop farms producing commodi-
ties eligible for target prices and deficiency
payments. Elimination of all farm program
provisions would be expected to reduce fur-
ther the rate of growth in real wealth and farm
size. Annual net farm incomes for new en-
trants would be expected to be even lower,
particularly on representative farms produc-
ing commodities eligible for set-asides and
paid diversion provisions.

Results Obtained

● New entrants exhibited considerably lower
probabilities of survival under the base farm
policy than did current operators for all spe-
cialized crop farms. The diversified crop
farms in Nebraska and the Mississippi Delta
exhibited relatively high probabilities of sur-
vival for new entrants.

● New entrants experienced much lower rates
of real wealth accumulation than did current
operators under current policy. In two of the
regions—High Plains wheat farm and Nebras-
ka and Illinois crop farms–real net worth af-
ter 10 years was lower than initial net worth
on the farms, indicating that the new entrant
operator had to sell owned cropland to re-
main solvent. Net farm incomes were nega-
tive for all farms, with the High Plains wheat
farm experiencing the largest relative decline
in annual net income.
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●

●

●

●

●

New entrant farm operators in the High
Plains wheat and Nebraska and Illinois crop
regions were unable to increase farm size over
the 10-year period under current farm policy,
The Texas cotton farm and the Mississippi
Delta crops farms experienced considerable
growth, 20 and 33 percent, respectively,

Eliminating the target price/deficiency pay-
ments provision of current legislation sub-
stantially decreased the probability of sur-
vival and ending net worth on all farms.
Only the Texas cotton farms exhibited any
appreciable growth in farm average (about
10 percent).

Under the policy alternative of no farm pro-
grams, none of the farms exhibited reasonable
potentials for remaining solvent over the 10
years, Farms in the Texas High Plains, South-
ern Plains, and Corn Belt had less than a 10-
percent probability of survival, Mississippi
Delta farms had only a 60-percent chance for
remaining solvent over the 10 years.

Under the current farm program only the Ne-
braska and Mississippi Delta crop farms had
sufficient returns for new farmers to enter
agriculture with a reasonable chance of re-
maining solvent and making a reasonable re-
turn on their investment,

Elimination of income support, price support,
and supply control provisions of current farm

CHAPTER 8
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●

●

●

●

●

policy resulted in new entrant farmers in all
five regions facing little chance of surviving
and becoming an economically viable farm-
ing operation.

Other sources of income, economic assis-
tance, or wealth accumulation will be re-
quired for these new entrants to survive eco-
nomically in an open market farm policy
environment,

Summary and Conclusions

Restructuring of debt for highly leveraged
farms does not appreciably increase their
probability of survival.

Interest rate subsidy substantially increases
average net farm income more than debt re-
structuring. It is, therefore, a more effective
strategy for easing financial stress.

Very large farms with high debts do not de-
pend on these financial programs for survival
as moderate farms do. Under these programs,
very 1arge farms will grow significantly in
farm size and real wealth.

New entrants into agriculture will not likely
survive even with current farm programs.
Other sources of income, economic assis-
tance, or wealth accumulation will be re-
quired.
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Chapter 9

Emerging Technologies, Public Policy,
and Various Size Dairy Farms

One of the most controversial areas involv-
ing agricultural technology, policy, and struc-
tural change in the United States is in the dairy
sector. In 1983 the large amount of surplus milk
production cost taxpayers approximately $2.6
billion. Emerging technologies promise to dra-
matically increase milk production per cow by
year 2000, from a national average of 12,000
pounds in 1982 to over 24,000 pounds in 2000.
As discussed in chapter 3 a reduction of approx-
imately 30 percent in cow numbers will be
needed by year 2000 to counteract the effect of
the emerging technologies. and the static de-
mand for milk and milk products. Thus the im-
pact of these technologies and policy on the
dairy industry will be dramatic. This chapter
attempts to provide the foundation for under-
standing these changes and for analyzing vari-
ous policies to cope with the dynamic interac-
tion between policy and technological advance,

One of the changes will be a major regional
shift in milk production: the Midwest and the
Northeast will lose their comparative advantage

to the Southwest. During the 1970s milk pro-
duction increased 41 percent in the Southwest
region of the United States, while U.S. milk pro-
duction increased only 11 percent (figure 9-l).
Much of the increased production came from
dairies with more than 500 cows, with herds
of 1,500 to 2,000 cows being common. Although
303,710 farms in the United States reported hav-
ing milk cows in 1983, all the milk that sold that
year could have been produced by less than
5,000 well-managed dairies with 1,500 cows
each.

This chapter examines important economic
factors that will affect the trend to fewer and
larger dairies and the regional shift in milk pro-
duction. The first part of the chapter estimates
size economies and comparative advantage of
milk production for moderate, large, and very
large dairy operations in five major U.S. dairy
areas. These comparisons provide an indica-
tion of the most competitive farm sizes and re-
gions. They are based on returns on investment
after all costs are paid, including the regional

SOURCE: U.S Department of Agriculture
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replacement of depreciable assets needed to
maintain the long-term productive capacity and
viability of the farm.

The second part of the chapter develops a be-
ginning financial situation for eight dairy oper-
ations in three regions. The ability of these oper-
ations to remain solvent and increase net worth
over a lo-year planning horizon is simulated

under conditions of risk and under alternative
policy and technology scenarios. These results
provide an indication of how alternative pol-
icies affect individual dairy farm operations.1

‘The representative farms were developed and analyzed in the
OTA paper “Economic, Policy, and Technology Factors Affect-
ing Herd Size and Regional Location of U.S. Milk Production, ”
prepared by Boyd M. Buxton.

SIZE ECONOMIES AND COMPARATIVE ADVANTAGE
IN MILK PRODUCTION

Dairy Operations Analyzed

Herd size, technologies employed, and prac-
tices used in milk production vary considera-
bly throughout the United States. In May 1983
the average herd size for 120,655 producers sell-
ing milk to plants regulated by Federal milk mar-
keting orders was 63 cows per farm (table 9-1).
However, the average herd size in each State
varied from 49 cows in Pennsylvania, to 532
cows in Florida.

The variation in herd size within each State
was even more dramatic, Although the average

herd size in Florida was 532 cows, the average
herd size for the largest 10 percent of the herds
in that State was 1,861 cows (table 9-1). Simi-
larly, the average herd size for the largest 10
percent of herds regionally was about 1,700
cows in the Southwest, but only 125 cows in
the Great Lake States region. Generally, dairy
herds are much larger in the Southwest, South-
east, and Northwest than in the Great Lake
States and the Northeast.

From the herd size information in table 9-I,
22 dairies were selected to represent existing
herd sizes in five major dairy areas (table 9-2).

Table 9-1.—Total Producers and Size Distribution of Herds Selling Milk to Plants Regulated by
Federal Milk Marketing Orders, May 1983a

Average herd size (milk cows)

Number of
Region (State) total producers All farms Largest 10°/0 70 to 89°/0 40 to 69°/0 Smallest 40°/0

Great Lake States:
Minnesota . . . . . . . . . . . . . . . . . . . . . . 9,968 53 116 74 49 30
Wisconsin . . . . . . . . . . . . . . . . . . . . . . 24,400 54 133 68 52 28

Northeast:
Pennsylvania. . . . . . . . . . . . . . . . . . . . 12,928 49 127 66 44 25
New York. . . . . . . . . . . . . . . . . . . . . . . 13,374 59 162 81 53 27

Southeast:
Georgia . . . . . . . . . . . . . . . . . . . . . . . . 962 127 343 181 117 54
Florida . . . . . . . . . . . . . . . . . . . . . . . . . 352 532 1,861 931 355 133

Southwest:
New Mexico . . . . . . . . . . . . . . . . . . . . 176 333 1,832 433 169 32
Arizona . . . . . . . . . . . . . . . . . . . . . . . . 160 510 1,733 714 433 160
California. . . . . . . . . . . . . . . . . . . . . . . 13 400 1,640 580 253 110

Northwest:
Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . 574 135 607 169 90 34
Washington. . . . . . . . . . . . . . . . . . . . . 1,647 127 418 171 108 46

United States . . . . . . . . . . . . . . . . . . . . . 120,655 63 202 82 54 26
~he 120,655 farms accounted forebout 69 percent of all milk produced in May 1963, but excluded most farms in California and other States where there is no Faderal milk order,

SOURCE: Boyd  M. Buxton and John P. Rourke, “Size Distribution of Dairy Farms Marketing Milk Under Federal Milk Orders, ”
Agriculture, Economic Research Service, April 1964,

unpublished report, U.S. Department of
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Table 9-2.—Representative Dairies Selected for Preparation of Whole Farm Budgets, by Region and Herd Size

Herd Housing Silage Total
size Cropland facil it ies Sun Feed storage labor

Region/State (cows) (acres) (type) shades produced (type) (W/e)b

Great Lake States:
Minnesota . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Minnesota . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

Northeast:
Pennsylvania . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Pennsylvania. . . . . . . . . . . . . . . . . . . . . . . . . . . 125
Pennsylvania. . . . . . . . . . . . . . . . . . . . . . . . . . . 200
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600

Southeast:
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
Florida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
Florida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600
Florida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,436

Southwest:
New Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . 900
Arizona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
Arizona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 834
Arizona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,436
California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,436

Northwest:
Washington . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
Idaho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550

188
449

156
375
600
156
600

1,800

400
700

0
0
0

0
0
0
0
0
0

51
400

0

Stanchion
Free stall

Stanchion
Free stall
Free stall
Stanchion
Free stall
Free stall

Free stall
Free stall
Open field
Open field
Open field

Corral
Corral
Corral
Corral
Corral
Corral

Free stall
Corral
Corral

No
No

No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

No
No
No— .

Most
Most

Forage
Forage
Forage
Forage
Forage
Forage

Forage
Forage
None
None
None

None
None
None
None
None
None

Silage
Most
None

Upright
Upright

Trench
Trench
Trench
Trench
Trench
Trench

Trench
Trench
NA
NA
NA

NA
NA
NA
NA
NA
NA

Trench
Trench
NA

2.03
3.30

2.2
3.8
5.54
2.21
5.54

14.36

4.5
7.84
7

11
18

13
7

12
16

9
16

2.96
5.0

10.5
Housing types are”

● Stanchion — A conventional barn with locking stanchions in which cows are milked and fed
● Free sta// — A covered barn with individual stalls in which cows freely enter and exit.
● Open  field — A field where cows are kept  that is large enough  to maintain plant  cover.
● Corral — A drylot open pen where cows are kept an~ fed at ; fenceline  feeder.

bLaborin  worker equivalents of 2,500 hours annually.
NA—not  applicable

SOURCEO  fficeofTechnology  Assessment

The 20()-cow Pennsylvania and 600-cow New
York dairies exceed the average size of the
largest 10 percent of dairies in those States.
However, such larger sized dairies exist in these
States and will become more prevalent in the
near future.

Technologies and Practices

The technologies and practices assumed for
each of the 22 dairy operations were based on
discussions with dairy producers, university
and Government employees, and equipment
representatives. The objective of these discus-
sions was to describe efficiently organized dairy
operations that use proven technologies and
practices for each specified herd size. There-
fore, the dairy operations in this analysis are
not the average of what now exists, but rather

approximate modern sizes and types of oper-
ations.

The 52-cow dairies in Minnesota, Pennsyl-
vania, and NewYork use the conventional stan-
chion barns for housing and milkingcows(ta-
ble9-2). For larger herds in the Great Lake States,
the Northeast, Washington, and Georgia, free-
stall housing and milking parlors are assumed.

Cows are kept in open corrals throughout the
Southwest and on larger Idaho dairies. Sun
shades in the corrals are assumed for farms in
New Mexico, Arizona, and California (South-
west), but not in Idaho. Cows are milked twice
a day in milking parlors and fed at fenceline
bunks from a feed wagon or truck.

Open fields with sun shades are assumed for
farms in Florida. One-half acre per cow is pro-
vialed, allowing fields to remain grass-covered
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to minimize mud problems. Cows are milked
twice a day in a milking parlor. After leaving
the milking parlor, they are fed concentrates
in a feed barn before being released back to the
field. Roughage is fed loose in the open fields.

The source of feed follows the common prac-
tice existing in the various States. For New Mex-
ico, Arizona, California, and Florida, most feed
is purchased from off the dairy operation. The
same is assumed for the 550-cow Idaho dairy.
Dairy operations in Pennsylvania, New York,
and Georgia purchase most of the concentrates
but produce most of the forage used by their
dairy herds. All feed is assumed to be produced
on farm for the Minnesota and the 200-cow
Idaho dairies.

Costs and Returns

The specialized dairy operations considered
in this chapter receive all revenue from the dairy
enterprise. Milk sales are the single largest
source of revenue, but the sale of cull cows, bull
calves, and replacement heifers are also impor-

tant. The prices received for milk delivered to
plants vary from one State to another, largely
reflecting the classified pricing policy of Fed-
eral and State milk orders and the proportion
of milk used as fluid in the various States.

Costs are divided into operating and owner-
ship costs. Operating costs include purchased
feed and a wide range of expenses such as farm
repairs, hired and operator labor, utilities and
fuel for the dairy herd, and veterinary and breed-
ing fees. Annual ownership costs include de-
preciation, property taxes, and insurance
premiums.

Based on the above, the estimated costs per
cow for assets required on the 22 dairies are il-
lustrated in figure 9-2. These costs reflect an
amount sufficient to replace wornout assets
when needed and thus reflect an amount needed
to maintain the long-term viability of the
operation.

In calculating relative rate of return for these
dairies, milk prices received by dairy operators
were assumed to be those prices received in

Figure 9.2.–Total Cost per Hundredweight of Milk by Herd Size and State, 1982
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1982. The price level varies from $12,70 per hun-
dredweight (cwt) in Idaho to $16.40 in Florida.
The difference in price between States is due
in large part to pricing policies under Federal
and State milk marketing orders. States with
relatively high prices are areas where milk used
as a fluid beverage is priced relatively high and
is a relatively large share of total sales.

Given the above assumptions, costs and re-
turns for the 22 operations were calculated (fig-
ure 9-3). The rate of return ranged from — 2.15
percent on the 52-cow New York dairy to about
15.72 percent for the 1,436-cow Florida and 900-
cow New Mexico dairies. z The differences are
due mostly to herd size. The differences between

New Mexico, Arizona, California, Idaho, and Washington costs
and returns were based on the current subsidized irrigation costs
for water to produce alfalfa hay. If the irrigated water were priced
to reflect actual costs more closely, which are about three times
the subsidized costs, the rate of return would be 2 to 3 percentage
points below the rates shown in figure 9-3 for these States. For
details of this analysis see Boyd M. Buxton, “Economic, Policy,
and Technology Factors Affecting Herd Size and Regional Loca-
tion of U.S. Milk Production, ” paper prepared for the U.S. Con-
gress, Office of Technology Assessment, 1985,

New Mexico, Arizona, and Florida (relatively
high return) and California (relatively low re-
turn) in part reflect differences in milk prices.

Note that the rate of return for the 600-cow
New York dairy was favorable compared with
that for herds of similar sizes in other States.
The differences between the 600-cow Florida,
600-cow New York, 550-cow California, and
550-cow Idaho dairies are in part related to
differences in milk prices.

●

●

●

Summary and Conclusions

Investment or replacement cost per cow is
less on larger farms.

For herd sizes that characterize dairy farm-
ing in each region, investment per cow is less
for the large dairy operations in the South-
west, Northwest, and Southwest than for the
Great Lake States and Northeast regions.

The larger dairies with 500 cows or more are
more profitable than smaller dairies. Dairies
in New Mexico, Arizona, and Florida are

Figure 9-3.—Long-Term Rate of Return to Investment by Herd Size and State
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●

●

more profitable than their counterparts in ●

Minnesota and the Northeast.

Although costs are highest in Florida, the rela-
tively high price received for milk provides
a competitive return. The profitability of Cali-
fornia and Idaho dairies is adversely affected
by lower milk prices than those of New Mex-
ico, Arizona, and Florida dairies.

Strong economic pressure exists for herds to

The relatively favorable rate of return of large-
scale dairy farming in the Southwest, South-
east, and Northwest regions will likely result,
over the long term, in a continued shift in milk
production to those areas. Those areas will
likely increase their relative share of total U.S.
milk production, placing increased competi-
tive pressure on the traditional Great Lake
States and Northeast dairy areas.

grow larger in all regions. This will continue
the trend to fewer and larger dairies.

ECONOMIC IMPACTS OF EMERGING TECHNOLOGIES AND
SELECTED POLICIES FOR VARIOUS SIZE DAIRY FARMS

The preceding section considered the long-
term relative rates of return of different size
dairies in five regions. Implicit in the analysis
is that the real production costs will remain con-
stant and the support price cannot be perma-
nently above or below the price level that will
balance supply and demand. Under the present
purchase-type price support program, decisions
to set support prices above the long-term mar-
ket clearing level would, in the long run, have
to be modified. Otherwise, the Government ex-
penditures would grow to a level unacceptable
to policy makers. This means that alternative
support levels must reflect market conditions
in the long run.

This section considers the economic impacts
of selected policy decisions on dairy operations
over a 10-year period. Panelists at the OTA ani-
mal technology workshop discussed in chap-
ter 2 identified likely new technologies that
would be available over the next 10 years, their
adoption rate by the industry, and their impact
on milk production per cow. They found that
the adoption of new technology would reduce
the real cost of producing milk. In turn, lower
real costs of production would be reflected in
lower milk prices. Eight of the 22 dairy opera-
tions analyzed in the previous section were
selected for analysis about the impact of alter-
native technologies and policies. Three of the
five regions are represented: Great Lake States,
Southeast, and Southwest.

A Firm Level Income Tax and Farm Policy
Simulator used in the previous crop farms anal-
ysis, and discussed in detail in appendix E, was
used to simulate the eight dairy operations for
selected policy and technology scenarios for 10
years, beginning in 1983. The planning horizon
was simulated 50 times (iterations) using a differ-
ent set of: 1) random milk, cull cow, and replace-
ment cow prices; 2) feed costs; and 3) milk pro-
duction per cow for each iteration. At the end
of each iteration, values for present value of net
returns (revenue minus cost over lo-year period)
and ending net worth, long-term and interme-
diate-term debt, equity-to-asset ratio, internal
rate of return, and net farm income were cal-
culated. The results of OTA’s analysis are dis-
cussed in further detail in appendix F.

Farm Policy, Tax Policy, and
Technology Scenarios

Base Scenario

The base scenario assumptions were those
considered most likely over the 10-year plan-
ning horizon and are summarized in the follow-
ing sections.

Technology. —The impact of productivity
gains achieved through new technologies and
management practices are largely reflected in
increased milk production per cow and reduc-
tions in the real cost of producing milk. In the
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longer run, lower production costs are largely
passed on to consumers through lower milk
prices. Dairy farmers who adopt technology and
achieve productivity gains are able to compete
and remain financially solvent, whereas those
farmers that cannot will likely become insolvent.

The pooled knowledge and judgment of the
above-mentioned panel at the OTA workshop
identified the most likely new technologies and
adoption rates and productivity gains over the
1983-92 period. Although milk production per
cow is expected to increase for all herd sizes
in all regions, the panel expected operators of
larger herds within each region to adopt new
technology more rapidly than operators of
smaller herds. While the 125-cow dairy is con-
sidered very large in Minnesota, it would be con-
sidered very small in California, Arizona, or
Florida. However, operators of the very large
125-cow Minnesota dairies are expected to
adopt new technology as rapidly as operators
of the very large 1,436-cow dairies in Califor-
nia and Florida (table 9-3).

Milk production per cow is expected to con-
tinue a long-term trend by increasing 1 percent
annually for all herd sizes (table 9-4). New tech-
nology likely to increase milk production above
this long-term trend was grouped into three
main categories: 1) information and nutrition,
including such technologies as computer man-
agement and feeding systems, communication
and information systems, improved environ-
mental management, and feed additives;32) bo-
vine growth hormone (bGH); and 3) other bio-
technologies, including embryo transplants and
sexing, genetic engineering, and pest and dis-
ease control.

Information and nutrition technologies are
expected to increase milk production per cow
an additional 1.8 percent annually, starting in
1983 for very large dairies, in 1985 for large
dairies, and in 1987 for medium dairies (table
9-4).

31nformation and nutrition technologies were grouped together
because their availability y to dairy farmers will come at about the
same time, Information technologies will account for a 1,2-percent
annual increase and nutrition technologies 0.6-percent annual
increase for a total of a 1.8-percent annual increase.

Table 9-3.-Very Large, Large, and Moderate Herd Sizes,
by State

Herd size (milk Cows)a

State Very large Large Moderate

Minnesota. . . . . . . . . . . . . . . . 125 b 52
California . . . . . . . . . . . . . . . . 1,436 550
Arizona . . . . . . . . . . . . . . . . . . b 359
Florida , . . . . . . . . . . . . . . . . . . 1,436 600 350
asize  groups based on market order data as found in Boyd M. Buxton and John

P Rourke,  “Size Distribution of Dairy Farms Marketing Milk Under Federal Milk
Orders,” unpublished repod,  U S Department of Agriculture, Economic Research
Service, April  1984

bDairies for these herd s!ze groups were not simulated

SOURCE Off Ice of Technology Assessment

Bovine growth hormone is expected to in-
crease milk per cow 25.6 percent when adopted.
This jump in milk production is expected to con-
tinue after the adoption of bGH in 1987 by oper-
ators of very large dairies, in 1988 by operators
of large dairies, and in 1989 by operators of
medium dairies. The favorable economic incen-
tives suggest a more rapid adoption than other
technology groups once bGH is available.

Increased feed costs per hundredweight of
milk due to bGH is estimated at $4.49 for Cali-
fornia, Arizona, and Florida dairies and $3.59
for Minnesota dairies. About 90 percent of the
increased feed cost would be for concentrates,
and 10 percent for forage. The cost is less in
Minnesota because concentrate prices are lower
there than in other States (Kalter, 1984).

The other biotechnology group, which in-
cludes embryo transplants, genetic engineer-
ing, and pest and disease control, is expected
to increase milk production per cow an addi-
tional 0.5 percent annually, starting in 1987 for
very large dairies, in 1989 for large dairies, and
in 1991 for moderate dairies (table 9-4).

Table 9-5 summarizes the expected milk pro-
duction per cow for various size herds in three
regions, given the above technology as-
sumptions,

Milk Prices.—The base scenario assumes the
support price specified in the Dairy and Tobac-
co Production and Stabilization Act of 1983. The
1984 price likely will be 32 cents lower than the
1983 price, reflecting a 50-cent reduction in the
support price on December 1, 1983. The Gov-
ernment purchases of surplus dairy products
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Table 9-4.-Year-to-Year Percentage Increase in Milk Production per Cow
for Three Technology Groups, by Herd Size, 1983.92

Information and nutrition Bovine growth hormone Other biotechnologies
Very Very Very

Year Trend large Large Medium large Large Medium large Large Medium

1983 1.0% 1.80/0 o 0 0 0 0 0 0 0
1984 1.0 1.8 0 0 0 0 0 0 0 0
1985 1.0 1.8 1.80/0 o 0 0 0 0 0 0
1986 1.0 1.8 1.8 0 0 0 0 0 0
1987 1.0 1.8 1.8 1.80/0 25.60/o o 0 0.5% o 0
1988 1.0 1.8 1.8 1.8 0 25.60/o o 0.5 0 0
1989 1.0 1.8 1.8 1.8 0 0 25.60/o 0.5 0.5 ”/0 o
1990 1.0 1.8 1.8 1.8 0 0 0 0.5 0.5 0
1991 1.0 1.8 1.8 1.8 0 0 0 0.5 0.5 0.5 ”/0
1992 1.0 1.8 1.8 1.8 0 0 0 0.5 0.5 0.5
+ercentage lncrea9eS  are for specified  year and are maintained in all subsequent years. Percentage increases are above 1982  Production Per cow levels of 1471 cwt

in Minnesota, 165.7 cwt in California and Arizona, and 131.1 cwt  in Florida.

SOURCE: Office of Technology Assessment, Animal Technology Workshop, Washington, DC, April 1964; and Robert J. Kalter, et al., 8iOteChn0/0f7y  and the Dairy /ndus-
try: Production Costs and Cornrnercia/ Potentia/  of the Bovine Growth Hormone, AE Research 64-22 (Ithaca, NY Cornell University Department of Agricultural
Economics, December 1964).

Table 9-5.—Milk Production per Cow for Most Likely Technology Scenario, 1982-92 (hundredweight)

Minnesota California and Arizona Florida

Very
Year large Medium

1982 . . . . . . . . . . .
1983 . . . . . . . . . . .
1984 . . . . . . . . . . .
1985 . . . . . . . . . . .
1986 . . . . . . . . . . .
1987 ........, . .
1988 . . . . . . . . . . .
1989 . . . . . . . . . . .
1990 . . . . . . . . . . .
1991, . . . . . . . . . .
1992 . . . . . . . . . . .

147.1
151.2
155.5
159.9
164.3
169.0
225.4
232.9
240.7
248.6
256.8

147.1
148.6
150.0
151.5
153.1
157.2
161.7
166.4
221.9
229.3
237.1

Very
large

165.7
170.3
175.1
180.1
185.1
190.4
253.8
262.3
271.0
280.0
289.3

Large

165.7
167.3
169.0
173.0
178.6
183.6
188.7
252.0
260.0
269.1
278.0

Medium

165.7
167.3
169.0
170.0
172.0
177.1
182.1
187.4
260.0
258.3
267.1

Very
large

131.1
134.8
138.6
142.5
146.4
150.6
200.8
207.5
214.5
221.6
228.9

Large

131.1
132.4
133.7
137.5
141.3
145.3
149.3
199.4
206.1
212.9
219.9

Medium

131.1
132.4
133.7
135.0
136.5
140.1
144.1
148.3
1 9 7 . 8
2 0 4 . 4
2 1 1 . 3—

SOURCE Office of Technology Assessment.

are assumed to be high enough through 1985
and 1986 to trigger a 50-cent drop in support
price on April 1,1985, and again on July 1,1985,
as specified in the above-mentioned 1983 Act.
This price is projected through 1986.

From 1987 to 1992 the dairy support price is
expected to be reduced 50 cents per year as long
as the estimated variable milk production costs,
given assumed technological changes and asso-
ciated declines in real costs, are less than mar-
ket prices in the previous year. It is expected
that the 50-cent-per-hundredweight declines
will occur through 1992,4

Financial Characteristics.—The likelihood of
a particular dairy remaining solvent under alter-

qThese assumptions approximate the actual policy for dairy
as specified in the Food Security Act of 1985.

native policies is directly affected by its initial
financial characteristics. The characteristics of
most importance include the value of assets,
cash reserves, debt, net worth, equity, and fam-
ily consumption needs. A policy change can
have quite different implications for the opera-
tor of a dairy with a high level of debt than one
with a low level of debt.

The average financial situation that exists on
the eight dairies of the size and location selected
are shown in table 9-6. The averages were ap-
proximated from a U.S. Department of Agricul-
ture farm financial surveys Equity ranged from
69 to 76 percent of total assets. In contrast to

Summary of financial characteristics of dairy farms were esti-
mated from farm financial summary data provided by Neil Peter-
son, Economic Research Service, USDA,
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Table 9-6.—Financial Characteristics Assumed for Eight Dairy Operations in Four States

Minnesota Arizona California Florida

Financial characteristics 52 125 359 550 1,436 350 600 1,436

Value of:
Cropland and farmstead

($1,000)  .  . . . . . . . . . . . . . . . . .293.4 679.1
Buildings ($1,000) . . . . . . . . . . . 92.7 176.7
Farm machinery ($1,000). . ....104.1 159.0
All livestock ($1,000) . . . . . . . . . 77.9 181.4

Off-farm investments ($1,000) . . . 5.5 13.1
Beginning cash reserves

($1,000) . . . . . . . . . . . . . . . . . . . . 12,0 62.5
Debt ($1 ,000). . ................268.3 302.4
Initial net worth ($1 ,000) . .......417.1 969.4
Equity ratio (fraction) . . . . . . . . . . 0.71 0.76
Family living

Minimum ($1,000). . . . . . . . . . . . 20.0 25.0
Maximum ($1,000) . . . . . . . . . . . 32.0 35.0
Marginal propensity

(fraction) . . . . . . . . . . . . . . . . . 0.3 0.4
Off-farm income ($1,000) . . . . . . . 0 0

39.4
192.8
120.3
599.6

0

89.8
297.7
744.2

0.71

25
30

0.3
0

160.0
284.4
183.1
960.7

0

137.5
464.3

1,261.3
0.73

27
38

0.4
0

312.0
512.6
303.0

2,505.0
0

35.9
1,130.0
2,537.5

0.69

30
40

0.4
0

262.5
87.9

114.6
525.5

0

70.0
303.7
756.9

0.71

25
30

0.35
0

450.0
108,9
180.0
981.4

0

212.0
461.9

1,464.7
0.76

27
38

0.4
0

1,074.0
211.7
260.7

2,344.3
0

505.5
944.6

3,343.0
0.76

30
40

0.4
0

SOURCE Office of Technology Assessment

replacement values used in the previous sec-
tion, the value of buildings and machinery are
market values; it was assumed that each asset
was about half depreciated.

Results Expected.—Under the base scenario,
it was expected that a well-managed dairy of
average size would about break even after pay-
ing expenses and farm overhead and making
withdrawals for family living. It was also ex-
pected that well-managed dairies in all regions
should be able to survive under a continuation
of the current program. Farms that were not
in a position to realize most of the economies
of size in dairying would be gradually forced
out of business. In other words, an extension
of current policy would force dairies to com-
pete on the basis of cost and efficiency.

Results Obtained:

● All dairies except the 52-cow Minnesota
operation were able to increase their real
net worth over the lo-year planning hori-
zon (table 9-7). The 52-cow dairy experi-
enced a 42-percent reduction in net worth.

● The larger the dairy, the greater its financial
success. Dairies in Florida and the South-
west were more profitable than dairies in
Minnesota, The Florida dairy benefited
greatly from higher milk prices.

● The 52-cow dairy had the lowest probabil-
ity of survival (74 percent), owing to hav-
ing the highest unit cost of production. It
lost an average of $22,000 annually in net
farm income.

A Crop Acreage Reduction Program

The present feed grain program was assumed
through 1985. From 1986 to 1992 a 15-percent
set-aside with a 5-percent diversion for corn,
cotton, rice, sorghum, and wheat was assumed.
This program results in dairy feed prices being
9-percent higher than those under the base
scenario.

Results Expected. —Feed cost would represent
about 50 to 60 percent of total costs per cow.
A crop program that results in a 9-percent higher
feed cost is roughly equal to a 5-percent reduc-
tion in the price of milk. This would have an
adverse impact on a dairy’s ability to increase
net worth, reduce debts, and achieve as high
an internal rate of return as under current pol-
icy. In the short run, dairies that raise most of
their feed would be less directly affected. The
probability of survival would probably be re-
duced for dairies operating at or below the
break-even point under the current policy be-
cause they would be unable to absorb the higher
feed costs.
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Table 9-7.—Comparison of Continuation of Present Policy (Base Scenario) on Dairy Farms From Various Regions

Probability of Beginning Ending Average net Average
Dairy herds survival net worth net worth cash income net income

Minnesota:
52 COWS . . . . . . . . . . . 74 ”/0 $ 417,000 $ 240,000 $–7,000 $–22,000
125 COWS . . . . . . . . . . 100 969,000 1,120,000 49,000 20,000

California:
550 cows . . . . . . . . . . 96 1,261,000 2,055,000 101,000 10,000
1,436 COWS . . . . . . . . . 98 2,538,000 7,332,000 628,000 449,000

Arizona:
359 cows . . . . . . . . . . 96 744,000 1,296,000 77,000 14,000

Florida:
350 cows . . . . . . . . . . 96 757,000 1,004,000 41,000 –6,000
600 COWS . . . . . . . . . . 100 1,465,000 2,453,000 153,000 83,000
1,436 COWS . . . .  . . . . 100 3,343,000 9,257,000 759,000 635,000

SOURCE Office of Technology Assessment.

Results Obtained:

The associated higher feed prices had the
greatest adverse financial impact on dairies
that purchased most of the feed from off
the farm. For example, compared with that
of the current policy, the average annual
net farm income of the 1,436-cow California
dairy declined 62 percent, from $449,000
to $171,000.
The probability of survival was reduced for
all dairies except the 1,436-cow Florida
dairy and the 125-cow Minnesota dairy.
There was relatively little impact on Minne-
sota dairies, where most feed is raised at
the dairies.

Crop Programs

There is much discussion of a desire to move
to more market-oriented crop programs. Remov-
ing all price supports and income supports
would increase the variability of feed prices,
subjecting the dairyman who purchases feed
to greater risk. For this scenario the Commodity
Credit Corporation (CCC) loan, farmer-owned
reserve (FOR), and target price provisions were
eliminated for all years in the planning horizon
(1983-92). This increased the variability in feed
costs facing dairy operations. The impact of this
variability was evaluated.

Results Expected. —Feed prices paid by dair-
ies would be higher in some years but lower in
other years. Over time, high and low price years
would be expected to balance out, leaving a sur-

viving dairy about as prosperous as it is under
the current policy. However, the cost associ-
ated with possible borrowing to tide a dairy over
periods of high feed costs might be expected
to affect somewhat adversely its ability to re-
tire debt and increase net worth. Dairies under
tight financial conditions under current policy
would be expected to have a lower probability
of survival without crop programs because they
would be less able to absorb the effects of periods
of relatively high feed prices. This would be less
a problem for dairies in a relatively strong fi-
nancial position under current policy because
they would be better able to absorb these shocks.

Results Obtained:

●

●

The increased variability in feed prices,
associated with eliminating all crop pro-
grams, had little financial impact on all
dairies compared with the results under the
current policy. Average net present value
declined less than 2 percent for all dairies.
Increased price risk did not reduce the
probability-of survival for any of the farms.

Fifty Cents Reduction in Price

All the assumptions of the current policy were
retained except that mean milk prices were as-
sumed to be reduced 50 cents per hundred-
weight and the variability of milk prices was
assumed to have increased. This scenario was
included in the analysis because of the current
high level of Government stocks and program
costs.
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Results Expected.— Lower support prices
would be expected to affect adversely the dair-
ies’ net incomes as well as their survival and
growth. The dairies most adversely affected
would be those that were already in financial
difficulties under the base policy.

Results Obtained:

All farms, compared with results for the
current policy, were negatively affected. All
farms experienced losses in net farm in-
come, net present value, and net worth
compared with results under current policy.
The largest dairies in each region experi-
enced little reduction in the probability of
survival.
The greatest adverse impact was on the small-
est Minnesota dairy, where the probability
of survival declined from 74 to 58 percent
and the probability of a positive net present
value declined from 26 to 18 percent. Other
dairies that were adversely affected included
the smaller Florida and California dairies,
Therefore, reduced price supports would
force many small dairies out of business.

Dairy Program

All assumptions of the base scenario were re-
tained except that milk price variability was as-
sumed to have increased, Milk price was ex-
pected to fall to the estimated average variable
cost for the most efficient dairies until 1990.
Price was then expected to recover in 1991 and
1992 until in 1992 the price would be equal to
the average total cost for the most efficient oper-
ations. However, with no price support pro-
gram, the actual price may be either above or
below the average price. The model randomly
selects milk prices from a distribution that may
be as much as 20 percent above or 25 percent
below the mean price.6

Results Expected.—Without a dairy price sup-
port program there would be no guaranteed

5The variation of milk prices without a dairy price support pro-
gram was developed from the following study: Cameron S. Thraen
and Jerome W. Hammond, Price Supports, Risk Aversion and
U.S. Dairy: An Alternative Perspective of the Long-Term Impacts,
Economic Report ER83-9, Department of Agricultural and Ap-
plied Economics, University of Minnesota, June 1983.

price floor. In some years milk prices would be
higher, while in other years they would be lower
than under current policy. However, they would
still fluctuate about the long-term equilibrium
price. Over time, favorable and unfavorable
prices should balance out, meaning that the abil-
ity of a dairy to increase net worth, repay debt,
and achieve a favorable internal rate of return
would not be seriously affected. However, the
probability of survival for dairies in tight finan-
cial situations would be adversely affected.

Results Obtained:

●

●

●

●

The probability of survival fell for all farms,
with the greatest reduction experienced by
the moderate farms analyzed. The lowest
probability of survival was 22 percent for
the 52-cow Minnesota dairy (table 9-8).
Ending net worth declined significantly on
all farms except for the very large farms
in California and Florida. For example, net
worth declined 73 percent for the 52-cow
Minnesota dairy and 37 percent for the 550-
cow California dairy.
Average net income was negative for all
farm sizes except for the very large dairies
in California and Florida.
Very large farms were the only farms abIe
to survive under no price support program.

Supply Control

All assumptions of the base current policy
were retained except that mandatory quotas
were assumed to be imposed on dairies. Quotas
equal to 96.5 percent of a producer’s normal pro-
duction would, over time, be expected to main-
tain milk prices $1 above those under current
policy. Herd size would be reduced about 4 per-
cent in order to reduce milk production 3.5 per-
cent, assuming that poorer-than-average cows
would be culled in complying with the quota.

Results Expected. —The financial perform-
ance of all dairies would likely be improved as
a result of permanently higher milk prices, de-
spite those dairies having to reduce total milk
produced within the designated quota, The prob-
ability of survival would increase along with
a greater ability to reduce debt and increase net
worth for dairies existing at the time the pro-
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Table 9.8.—Comparison of No Milk Price Support Program on Dairy Farms From Various Regions

Probability of Beginning Ending Average net Average
Dairy herds survival net worth net worth cash income net income

Minnesota:
52 COWS . . . . . . . . . . . 22 ”/0 $ 417,000
125 COWS . . . . . . . . . . 98 969,000

California:
550 cows . . . . . . . . . . 62 1,261,000
1,436 COWS ... , . . . . . 96 2,538,000

Arizona:
359 cows . . . . . . . . . . 42 744,000

Florida:
350 cows . . . . . . . . . . 36 757,000
600 COWS . . . . . . . . . . 72 1,465,000
1,436 COWS . . . . . . . . . 100 3,343,000

SOURCE: Office of Technology Assessment.

gram is implemented. However, this economic
advantage could be capitalized into the quota
value, thereby eroding the advantage for new
entrants or producers that would have to pur-
chase quotas to expand milk production.

Results Obtained:

●

●

Probability of survival was increased for
all farms of all regions (table 9-9). The 52-
cow Minnesota dairy experienced the larg-
est increase in the probability of survival,
from 74 percent under the base scenario
to 92 percent,
Average net present value increased for all
dairy farms. The 52-cow Minnesota dairy
increased from –$61,000 to $13,000,
Ending net worth was increased for all
dairies, owing to retained earnings and
repayment of debt.

$ 114,000 $ – 19,000 $ –38,000
835,000 6,000 –21 ,000

800,000 – 72,000 – 166,000
4,418,000 187,000 7,000

276,000 – 55,000 – 121,000

317,000 – 49,000 – 97,000
1,268,000 –23,000 –97,000
6,625,000 366,000 242,000

● Net farm income for Minnesota dairies was
increased by at least $8,000 compared to
the base scenario. These dairies previously
had the lowest income.

Income Tax Changes

All assumptions of the base scenario were re-
tained except that more restrictive Federal in-
come tax provisions were included, such as the
following:

●

●

●

●

Machinery, livestock, and buildings were
depreciated using the straight-line cost re-
covery method.
First-year expensing provisions were elim-
inated for all depreciable items.
Maximum investment tax credit provisions
were eliminated.
The maximum annual interest expense that

Table 9.9.—Comparison of Supply Control Program on Dairy Farms From Various Regions

Probability of Beginning Ending Average net Average
Dairy herds survival net worth net worth cash income net income

Minnesota:
52 COWS . . . . . . . . . . . 92% $ 417,000 $ 310,000 $–2,000 $ – 14,000
125 COWS . . . . . . . . . . 100 969,000 1,190,000 59,000 33,000

California:
550 cows . . . . . . . . . . 96 1,261,000 2,349,000 161,000 76,000
1,436 COWS . . . . . . . . . 100 2,538,000 8,543,000 812,000 653,000

Arizona:
359 cows . . . . . . . . . . 96 744,000 1,486,000 112,000 54,000

Florida:
350 cows . . . . . . . . . . 98 757,000 1,164,000 67,000 25,000
600 COWS . . . . . . . . . . 100 1,465,000 2,681,000 201,000 137,000
1,436 COWS . . . . . . . . . 100 3,343,000 10,038,000 877,000 769,000

SOURCE Office of Technology Assessment
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could be used to reduce taxable income was
$15,600 .

● The operator must sell obsolete machinery
on disposition rather than trading it in on
new replacements, thus forcing recapture
of excess depreciation deductions.

Results Expected.—These tax policy changes
would have an adverse impact on the ability of
a dairy to reduce debt, increase net worth, and,
if in a tight financial situation, reduce the prob-
ability of survival. All tax changes would in-
crease the tax liability, reducing the net income
of the operation and leaving less for debt retire-
ment and increases in net worth.

Results Obtained:

●

●

Eliminating the tax benefits increased tax
liabilities and reduced the net present value
and net worth for all farms, These reduc-
tions, however, were relatively small—in
the range of 1 to 10 percent.
The increased tax liabilities were not large
enough to reduce significantly the probabil-
ity of survival.

Technology Scenarios

The milk price assumption of the base sce-
nario was retained for the two technology sce-
narios discussed below. It should be recognized
that miIk prices would be expected to be higher
than the base scenario prices if productivity
gains from the designated technologies did not
materialize, Therefore, the adverse effect of
these technology scenarios is overstated,

No Information and Nutrition Technology.—
The 1.8-percent annual increase in production
per cow attributable to information and nutri-
tion technology was excluded from the base as-
sumption for this scenario. The financial per-
formance of all dairies would be adversely
affected under this scenario, For the very large
farms the per-cow increase in 1982 milk pro-
duction by 1992 was only two-thirds as much
as under the base scenario.

No Bovine Growth Hormone.—The 25.6-per-
cent jump in milk production when bgh is adopted
was excluded from the base assumption for this
scenario. The financial performance of all dair-

ies was expected to be adversely affected under
this scenario compared with the base scenario.
For the very large dairies, the increase in 1982
milk production per cow by 1992 was assumed
to be only 40 percent as much as under the base
scenario.

Results Expected. —The expected impact of
not adopting these technologies was to affect
significantly the financial performance of the
dairies. The probability of survival and all meas-
ures of financial performance would decline
compared with the base scenario.

Results Obtained.—Large decreases in net
farm income, net present value, and ending net
worth were experienced for all dairies com-
pared with results from the base scenario.

Financial Stress Scenarios

The assumed beginning financial conditions
for four of the eight dairies were changed to re-
flect high-debt operators and new entrants. Debt
load was doubled to reflect high-debt situations,
For new entrants all equipment was assumed
to be new, which increased both the initial value
of the machinery and the total debt load.

Two policies were considered for high-debt
dairies. One was to subsidize interest rates on
all debt so that the effective rate for all loans
paid would be 8 percent rather than the higher
rates used in the current policy, The second was
to restructure the debt by converting a portion
of intermediate debt into long-term loans and/or
to extend the length of intermediate-term loans.
In the second case, interest rates, total debt
loads, and other assumptions of the high-debt dair-
ies remained the same as in the base scenario.

The impact of higher feed costs and of elimi-
nating the dairy price support program was
evaluated for new entrants with a high-debt po-
sition. The results obtained included the fol-
lowing:

● The probability of survival for any dairy
depends greatly on its initial financial po-
sition. Dairies with high debt and new
entrants with high debt had significantly
lower probabilities of surviving than dairies
with initial financial situations assumed
under current policy.
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●

●

●

●

●

●

Neither interest subsidies nor opportuni-
ties for debt restructuring greatly improved
the chances of high-debt dairy farms re-
maining solvent.
The probability of survival for both Min-
nesota dairies was zero for all policy
scenarios. The implication is that high-debt
producers in this region cannot survive,
even under the current dairy policy,

Summary and Conclusions

Policies and technologies that are favorable
for dairy provide greater financial opportu-
nities for large rather than small dairies.

Policies that adversely affect the dairy indus-
try such as higher feed costs, fewer income
tax benefits, and no dairy price support pro-
gram will negatively affect small dairies more
than larger dairies.

The major advantage enjoyed by larger dair-
ies is more related to the efficiency of opera-
tion than to specific dairy policies.

There will be a continued trend to fewer and
larger dairies in all regions. Milk production
can be expected to continue to increase in
the lower cost regions of the Southwest and
West.

●

●

●

●

Traditional dairy regions will continue to ex-
perience increased competitive pressure from
larger scale, more efficient producers in other
parts of the United States. Substantial restruc-
turing of dairies in the Great Lake States and
the Northeast will be required for those dairies
to compete.

Emerging technologies need to be transferred
to moderate-size dairy farms at a much earlier
time in the technology adoption process for
these farms to survive.

Dairy price supports must be sufficiently flex-
ible to adjust to the increased production and
lower costs spurred by technological change.
This could be accomplished either by adjust-
ing the price support level to changes in pro-
duction costs per unit of output or by adjust-
ing the level of CCC purchases.

Current geographic price alignment systems
in Federal milk marketing orders are becom-
ing increasingly outdated. A comprehensive
study is needed of changes required to mod-
ernize the Federal order system in light of
technological changes.
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Chapter 10

Impacts on the Environment
and Natural Resources

Overall, the emerging technologies are ex-
pected to reduce land and water requirements
for agricultural use. They are also expected to
reduce certain adverse environmental impacts
associated with land and water use, such as soil
erosion, threats to wildlife, and pollution from
the use of farm chemicals. What impacts will
result from biotechnologies, however, are more
uncertain, for there are no good predictive eco-
logical models or systems in existence that could
help evaluate the potential impacts of a release
of genetically altered organisms into the envi-
ronment.

This chapter evaluates the implications for
the environmental and natural resource use of

emerging agricultural technologies. It is divided
into four parts: 1) impacts of technology, which
includes the methodology for identifying the
emerging technologies and evaluating their en-
vironmental/resource impacts, the evaluations
of the technologies, and some limitations asso-
ciated with the evaluations; 2) the relationship
between the size and structure of farms and the
adoption of new technologies; 3) environmental
concerns of emerging technologies; and 4) pol-
icies for mitigating adverse consequences and
for enhancing the favorable aspects of the new
technologies.

IMPACTS OF EMERGING TECHNOLOGIES

Methodological Approach

One problem that arises in identifying the
technologies to be evaluated is the establishment
of a time horizon. Although the emerging tech-
nologies studied are expected to be adopted
before the end of the century, some of the tech-
nologies identified are not expected to be in-
troduced for commercial adoption until very
late in the century. Even then, adoption may
be rather limited, and widespread adoption may
not occur until the first decade of the next cen-
tury. Thus the environmental and resource im-
pacts of such technologies may not manifest
themselves until early in the next century.

Since policy concerns focus on technologies
that should be discouraged or encouraged be-
cause of expected environmental/resource con-
sequences, holding rigidly to the end of the cen-
tury for evaluating the emerging technologies
is too limiting, Therefore, the convention used
in determining which technologies were to be
evaluated was that the technology be available

for adoption by the end of the century, even
though the environmental and resource impacts
from use of that technology might not occur un-
til later.

The Delphi approach was used to facilitate
consensus in the evaluation of the impacts of
emerging technologies (Coates, in Teich, 1981;
Gordon and Ament, in Teich, 1981). While the
technique does not provide for a high level of
scientific rigor, the difficulties inherent in fore-
seeing the myriad possible consequences of a
new technology in a complex socioeconomic
system require subjective evaluation from a
well-informed, multidisciplinary team. The Del-
phi technique lends itself to identification of
consensus.

A team of 11 experts was assembled for a 2-
day workshop to perform the evaluation.’ These

IThis chapter is based largely on the results of the workshop
as analyzed by James Hite in the OTA paper “Environmental and
Natural Resource Impacts of Emerging Technologies in Amer-
ican Agriculture” and reviewed by the workshop participants.

205
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experts represented a broad range of back-
grounds and regions within the United States.
(The names, affiliations, and disciplinary spe-
cialty of each member of the team is included
in appendix C.) The first task of the team was
to group the technologies in a way that was
meaningful for evaluation of their environ-
mental/resource impacts. The first division was
between animal and plant agriculture.

Four general types of technologies related to
animal agriculture were identified: 1) genetic
engineering, growth and development, repro-
duction, and nutrition; 2) animal disease, pest
control, environment, and behavior; 3) animal
waste and crop residues; and 4) aquiculture.

The nine general areas of technologies related
to plant agriculture included: 1) genetic engi-
neering in plants; 2) photosynthesis; 3) nitro-
gen fixation; 4) plant growth regulators; 5) or-
ganic farming; 6) multiple cropping; 7) water
and soil-water-plant relationships; 8) soil ero-
sion and land management; 9) disease, insect,
and weed control.

Each general area of technology was then
evaluated relative to eight types of impacts: 1)
water quality, 2) water quantity, 3) soil erosion,
4) soil productivity, 5) air quality, 6) wildlife,
7) solid waste, and 8) human health.

The evaluation was performed on a lo-point
scale. A technology with a strongly favorable
impact on the environment and/or natural re-
sources would receive a rating of 10.0. A tech-
nology with a strongly adverse impact would
receive a rating of zero. If the impact were
judged to be neutral, the rating would be 5.0.
A computer-driven device, a Consensor, was
used to tabulate the ratings assigned by each
expert. In addition, the device allowed each ex-
pert to weight his or her rating according to the
degree of confidence he or she had in the rat-
ing. That level of confidence could be set at zero,
25, 50, 75, or 100 percent.

The Consensor provided an immediate video
screen readout of the rating distribution, the
weighted average rating, and the average de-
gree of confidence. If the first vote showed a
very wide distribution of ratings, those experts

with outlying ratings were asked to explain their
reasons for their ratings. After additional dis-
cussion, another vote was taken. Since lack of
a consensus after such discussion is, in itself,
an indication of considerable uncertainty about
the impacts of new technology, no attempt was
made to force a consensus beyond a second vote.

The “with and without test” was adopted as
a basic guide in making the judgments neces-
sary to assign a rating. Simply, the test involves
evaluating what the environmental/resource
situation would be with and without the tech-
nology. The rating, therefore, is based on an
assessment of the net effect of the emerging tech-
nology. A rating that suggests that a particular
technology will result in environmental im-
provement cannot be taken to mean that the
environment will be better after adoption of that
technology. Rather, such a rating means that
the group’s judgment was that the environment
will be better with the new technology than it
would be if the old technology were continued
into the future. The converse is also true.

Evaluation Results

Technology in Animal Agriculture

Genetic Engineering, Growth and Development,
Reproduction, and Nutrition.—Emerging tech-
nologies in the broad area of animal growth and
development center on recombinant deoxyribo-
nucleic acid (rDNA), monoclinal antibodies,
estrous-cycle regulation, and embryo transfer.
All of these technologies are expected to lead
to production of increased output with fewer
animals and reduced input of feed. That means
that a given future demand can be met with
fewer animals, less land devoted to production
of feed grains and to pasture, and, in general,
less demand on natural resources than would
otherwise be the case.

On the other hand is the effect these new tech-
nologies might have on the structure of animal
agriculture. If the new technologies encourage
fewer but larger herds and greater geographic
concentrations of animal agriculture, localized
environmental problems might intensify. For
example, disposal of manure and increased use
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of antibiotics, hormones, and other chemicals
could result.

The rating results indicate that only two of
the nine environmental impacts—water qual-
it y and human health—were judged relevant to
this group of technologies (table 10-1). Given
fewer animals, some marginal improvement in
water quality would result. The possibilities for
using genetic engineering techniques to reduce
unsaturated fats in red meats would have a mar-
ginally beneficial effect on human health.

Animal Disease, Pest Control, Environment, and
Behavior.—The emerging technologies in the
area of animal disease, pests, environment, and
behavior combined biotechnology and comput-
er systems. In addition, it is expected that in-
creased use will be made of existing technologies
for diagnostic testing, slow-release insecticides
and vaccines, and photoregulation.

Technologies in this area are viewed as simi-
lar in their effects on production to those asso-
ciated with the previous area of animal growth
and development, reproduction, nutrition, and
genetic engineering, as shown in the rating. The
use of these technologies will result in increased
output of animal products with fewer inputs of
natural resources. The environmental/resource
consequences were also judged to be essentially
the same as those in the previous area. With
fewer animals needed to meet a given future
demand, less natural resources would be re-
quired for feed production. Thus reduced pres-
sure would be exerted on the environment and
natural resources. However, as indicated above,
concentration of animals could cause environ-
mental problems.

Animal Waste and Crop Residue.—The basic
features of emerging technologies in the han-

dling of animal waste and crop residues center
on chemical and biological conversion, recy-
cling, and fuel production. All of these technol-
ogies are already being used to varying degrees.
The new features involve increased adoption
and application of the technologies to specific
crops. One example is the use of corn cobs as
fuel in thermal gasifiers for drying.

In general, economic factors will prevent
widespread use of biomass for fuel or the con-
version of animal waste to methane for the fore-
seeable future. Incorporating crop residues into
the soil is expensive and sometimes creates
disease and insect problems. Only if the field
burning of crop residues is banned bylaw, thus
raising the cost of conventional methods of man-
aging these residues, would many new technol-
ogies in this area be widely adopted.

Assuming that the new technologies are
adopted, increased use of animal waste for
energy would reduce some water pollution and
would marginally improve water quality. If crop
residues were removed from the fields in large
quantities, some additional soil erosion and loss
of soil quality would result from the reduction
of humus, but it is thought that the new tech-
nologies would not have a large effect on resi-
dues left in the field. Any movement toward less
burning of crop residues, however, would pro-
duce a marginal improvement in air quality in
selected localities.

Aquiculture. —Aquacultural activities have
considerable potential for adverse impacts on
water quality and quantity. In some parts of the
country, aquacultural enterprises remove large
quantities of groundwater from aquifers. In
addition, some potential exists for wastewater
from such enterprises to pose a water quality

Table 10-1 .—Impacts of Animal Technologies on the Environment and Natural Resources

Water Water Soil Soil Air So l id  Human
Technology group quality quantity erosion productivity quality Wildl i fe waste health
Genetic engineering, growth,

reproduction, and nutrition . . . . . . . . . . . . 5.9 NR NR NR NR NR NR 5.5
Animal disease, pest control,

environment, and behavior . . . . . . . . . . . . 5.9 NR NR NR NR NR NR 5.5
Animal waste and crop residues . . . . . . . . . 5.4 NR 5.0 NR 5.3 NR NR NR
Rating system 10 = strongly favorable impact; 5 = neutral; O = strongly adverse impact; and NR = not relevant.

SOURCE Off Ice of Technology Assessment
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problem. Yet there are important economic
questions about the potential growth in markets
for aquacultural products. Until these questions
are answered, it is not possible to make meaning-
ful comments about potential environmental/re-
source impacts.

Technology in Plant Agriculture

Genetic Engineering.–While the technology
of genetic engineering in plants offers dramatic
possibilities for agriculture, the scientists work-
ing in the area believe that actual adoption of
new technologies on the farm is some years
away. Basic work in developing gene maps for
plants is somewhat behind that for animals.

The technology involves rDNA, cell culture,
cell fusion, and monoclinal antibodies. Much
of the effort will focus on moisture and drought
stress in plants, suggesting a reduced need for
irrigation water. There should also be reduc-
tions in the use of chemicals as resistances be-
come engineered into plants, with favorable re-
sults for water quality. To produce a given level
of output, increased yields will allow retirement
of some marginal, erosion-prone land, increas-
ing the amount of habitat available for wildlife.
Possibilities for using genetic engineering tech-
niques to improve soil microbes was thought
especially promising for soil productivity. On
balance, therefore, these genetic engineering
techniques in plant agriculture would enhance
the environment rather strongly (see table 10-2).

Enhanced Photosynthesis. -Technologies that
enhance photosynthesis address the plant’s cen-
tral productive process, increasing yields per

unit of land. With these technologies, marginal
lands could be retired, water needs could be held
down, and erosion would be reduced.

In general, the technologies would be envi-
ronmentally helpful. One possible exception
concerns soil productivity. For example, with
enhanced photosynthesis, crops on land left in
production will draw out soil nutrients faster
than would otherwise be the case. Therefore,
the effect of the technology on those lands would
be to reduce the natural productivity of the soils.
However, with this technology there would be
less land in production. On those lands not in
production, soil productivity would be restored,
or at least maintained. On balance, the effect
of enhanced photosynthesis technologies on soil
productivity would be about neutral.

Nitrogen Fixation.–Legumes have the ability
to fix nitrogen from the atmosphere and trans-
form it into plant food. However, cereal plants
generally lack this ability. Breeding cereal plants
with nitrogen-fixing abilities has long been the
Holy Grail of agricultural geneticists, but many
difficult problems have been encountered in its
pursuit. Advances in genetic engineering, how-
ever, have opened up new avenues for plant
breeders, and renewed hope exists of develop-
ing cereal plants with nitrogen-fixing capabil-
ities. Even though the possibilities for significant
breakthroughs prior to the end of the century
are considered remote, some incremental ad-
vances are expected.

If such nitrogen-fixing technologies develop,
the environmental/resource implications would
be significant and positive. These technologies

Table 10=2.-lmpacts of Plant Technologies on the Environment and Natural Resources

Water
Technology group quality

Genetic engineering. . . . . . . . . . . . . . . . . . . . 6.4
Photosynthesis . . . . . . . . . . . . . . . . . . . . . . . . 6.2
Nitrogen fixation. . . . . . . . . . . . . . . . . . . . . . . 7.1
Plant growth regulators . . . . . . . . . . . . . . . . . 6.2
Organic farming . . . . . . . . . . . . . . . . . . . . . . . 5.7
Multiple cropping . . . . . . . . . . . . . . . . . . . . . . 6.4
Water and soil-water-plant relationships . . 6.2
Soil erosion and land management. . . . . . . 6.3
Disease, insect, and weed control. . . . . . . . 6.9

Water
quantity

6.9
6.2

6.2
5.1
4.8
7.5
6.6
5.3

Soil
erosion

6.5
6.3
NR
6.3
5.6
6.8
7.1
9.1
7.0

Soil
productivity

7.4
5.0
5.6
5.0
5.5
5.0
5.8
7.7
5.7

Air
quality Wildlife

5.9 6.3
NR 5.6
5.4 6.3
NR 5.6
NR 5.5
NR 4.8
NR 5.0
6.6 6.7
5.7 7.1

Solid
waste

5.4
NR

NR
5.5
NR
NR
NR
6.1

Human
health

6.1
NR

NR
5.9
NR
NR
5.1
7.4

Rating system: 10 = strongly favorable impact; 5 = neutral; O = strongly adverse impact; and NR = not relevant,

SOURCE: Office of Technology Assessment.
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would allow substantial reductions in the use
of nitrogen fertilizers, resulting in a decrease
in nitrogen runoff into surface waters and per-
colation into groundwater, with beneficial ef-
fects on water quality. With less nitrogen being
manufactured, fewer people would be exposed
to health risks in fertilizer plants and on the
farm. Improved air quality would result from
reduced fertilizer manufacturing, and wildlife,
especially aquatic life, would also benefit from
reduction of nitrogen runoff into surface waters.

Growth Regulation.— Plant growth regulators
are typically organic chemical compounds
sprayed on the surface of plants. They increase
yield by affecting the way the plant uses its nu-
trients, Chemical concentration in the sprays
is usually quite low. The compounds are rather
quickly metabolized by the soil and usually pre-
sent few environmental problems because the
compounds themselves tend to break down
quickly. The environmental/resource impacts
of new technologies in plant growth regulation
are likely to be quite similar to those determined
for enhanced photosynthesis.

Organic Farming. —In some sense, organic
farming represents an old and traditional set
of technologies. However, in recent years, the
concept of organic farming has undergone some
changes. At the heart of organic farming are
technologies concerned with nutrient self-reli-
ance and recycling and minimum use of, but
not necessarily total elimination of, chemicals.
New organic farming in particular could be ex-
pected to make use of advances flowing from
genetic engineering, enhanced photosynthesis,
simultaneous cropping, and several other tech-
nologies discussed in this chapter,

Assessing the environmental/resource impli-
cations of organic farming presented more prob-
lems than any other single set of technologies.
While there was general agreement that organic
farming approaches would require more land
to meet expected demand, there was skepticism
about the extent to which organic farming tech-
nologies would be adopted. If widely adopted,
organic farming would disperse animal agricul-
ture geographically, since there would be a
greater need to keep animals on many farms

to produce manures. As a consequence, farm
energy consumption would be reduced. If en-
ergy prices rise substantially, organic farming
techniques might be adopted rather widely; but
barring such an increase, the panel thought it
unlikely that organic farming would account
for more than a small percentage of the Nation’s
farm output.

Organic farming could have adverse impacts
on environmental resources if it were widely
adopted. Increased pressures would be brought
on marginal and erodible lands, and widespread
use of animal manures could have some nega-
tive consequences for water and air quality.
While wildlife might be less threatened by the
use of fewer chemical compounds, wildlife habi-
tats could be threatened by the need for more
land for crops.

Perhaps the strongest positive impact was
thought to be in the area of human health. Or-
ganic farming would reduce human exposure
to agricultural chemicals and could result in
food products that have higher nutritional value
and less chemical contamination,

Multiple Cropping.—The concept of multiple
cropping involves two separate types of prac-
tices. The first, called simultaneous cropping,
involves growing two or more crops in the same
field at about the same time, The second type
involves growing a second crop closely behind
the harvest of another in the same field in the
same year, The two types merge in some cases
where one crop is begun before the other is har-
vested.

The latter type of multiple cropping has been
increasing rather rapidly in the Southeast and
in California. Because the land is covered with
a crop for longer periods during the year, run-
off and erosion are reduced, The result is im-
proved water quality and soil conservation. In
certain instances, increased irrigation water is
required. Multiple cropping can be either ben-
eficial or harmful to soil productivity, depend-
ing on the crops grown. In the wheat-soybean
systems of the Southeast, for instance, multi-
ple cropping might improve soil productivity
marginally, but other systems would intensify
the removal of soil nutrients.
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On balance, multiple cropping would prob-
ably have some adverse consequences for wild-
life. Machinery would be in the fields more
often, disturbing nesting areas and wildlife gen-
erally. Also, there would be less stubble and
other crop residues available for cover and feed.
On the other hand, however, multiple cropping
has the potential to reduce the land needs of agri-
culture and, as a result, to protect habitat and
soil resources.

Water and Soil-Water-Plant Relationships.—
Technologies that affect water and soil-water-
plant relationships include certain genetic engi-
neering approaches. Improvements in plants’
capabilities to close leaf pore openings (stomata)
for longer periods to retain moisture are possi-
bilities. The ratings, however, were assigned
primarily on perceptions of still-to-be-applied
irrigation technologies, particularly improve-
ments in onfarm irrigation technologies.

Movement toward improved irrigation effi-
ciency is considered environmentally benign.
Less water applied means less return flow and,
thus, less threat to water quality. It also means
substantial savings in water and reduced soil
erosion. The effects on soil productivity are
mixed, however. While improved technologies
will allow plants to make better use of existing
soil nutrients, they will also allow those nutri-
ents to be used up faster. So, improved irriga-
tion technologies would have a marginally ben-
eficial effect on soil productivity. Similarly,
effects on wildlife are likely to be mixed. The
concentration of salts in runoff water might be
higher, and with less water, there might be fewer
reservoirs and other habitats. On the other hand,
with less water being drawn away from irriga-
tion, more clean water might be available else-
where. Thus the impact on wildlife would prob-
ably be neutral.

Soil Erosion/Land Management.—One major
technological change in agriculture in the 1970s
was the growth of what is called conservation
tillage. Conservation tillage implies limited till-
age. It has several forms: in some cases, corn
and other grains are actually planted into grass
or stubble along with an herbicide applied in
a very narrow strip where the seed is injected.

A newer innovation is called prescribed tillage,
a practice that uses computer technology to

monitor soil conditions. This technique inte-
grates such information with weather forecasts,
for example, to determine when and how to un-
dertake tillage.

Conservation tillage has enormous possibil-
ities for reducing soil erosion. The major envi-
ronmental problem is the increased use of her-
bicides. Another problem is the reduced crop
yield that results from conservation tillage. To
meet given production demands additional
acreage must be cultivated. Although the health
impact on humans is likely to be negative be-
cause of an increased threat to groundwater
from agricultural chemicals, reduced tillage
could reduce mechanical energy consumption
and incidence of farm accidents associated
with tillage activities.

Disease, Insect, and Weed Control.–The
emerging technologies in plant disease, insect,
and weed control begin with integrated pest
management (1PM), an approach to pest con-

trol that does not eliminate use of pesticides but
does attempt to minimize those pesticides by
making maximum use of predators, by attempt-
ing to protect beneficial insects, and by apply-
ing pesticides in limited quantities only after
no other control mechanism is deemed feasi-
ble. 1PM has the potential to reduce pesticide
use by as much as 50 percent.

Integrated weed management is similar in
concept. In this practice changes in cultivation
practices are integrated into reduced use of her-
bicides.

These new technologies, combined with a
new generation of agricultural chemicals ex-
pected to appear on the market by late in the
decade, will tend to cause considerable envi-
ronmental improvements over existing technol-
ogies, if properly applied. However, some con-

cerns were expressed about application in the
field. Application machinery often is not pre-
cise, and knowing that, farmers sometimes de-
liberately use a greater application rate than that
called for in farm-chemical instructions. Un-
like many of the other technologies examined,
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these disease, insect, and weed control technol- of agricultural chemicals, which will clearly be
ogies will reduce the amount of land needed for environmentally beneficial to water quality, soil
crops. Most of the environmental improvements quality, human and animal health, air pollution,
are expected to be associated with reduced use and energy requirements.

EFFECTS OF FARM STRUCTURE ON THE ENVIRONMENT

To evaluate the impact of farm structure on
the environment and natural resources, three
scenarios related to three different structures
of production agriculture were postulated:

1. a continuation of current policy, which
could be expected to result, by the end of
the century, in a notably dual distribution
of farms by size—many small farms with
sales of less than $20,000 annually and
many large farms with annual sales of
$500,000 or more each year;

2. policies that accelerate the trend toward
a dual distribution and a significant reduc-
tion in the number of moderate farms; and

3. policies that would slow down the move
toward the bipolar distribution, maintain-
ing the number of moderate farms at the
expense of larger farms.

The question posed was: what effect, if any,
would these structural scenarios have on the
environment and on natural resource use? The
scale used in assigning ratings was the same
as that used in evaluating the various sets of tech-
nologies, that is, a rating of 5.0 meant that the
scenario was expected to make no perceptible
difference. Ratings higher than 5.0 suggested
environmental improvement, all things being
equal, whereas ratings below 5.0 suggested
some environmental degradation.

Considerable evidence suggested that large
farms were more likely than small farms to adopt
new technologies. Small farms are constrained
by time limitations in the use of technologies
that require intensive management. They may
also be constrained by access to financing. In
this context, both considerations are especially
important, since many of the new technologies
are management-intensive and will require sub-
stantial front-end outlays.

On the other hand, it was noted that some large
farms may currently be more heavily leveraged
financially than the moderate farms. Moreover,
since almost all of the small farms are operated
by persons or families with some outside in-
come, the small farms may be less constrained
financially to use technologies that save labor
and do not require enormous front-end outlays
that necessitate borrowing. Organic farming is
an example of a technology that may have more
appeal to small than to large farmers.

It is also important to note that many large
farms making use of hired labor may concen-
trate on minimizing labor costs. The new tech-
nologies, in the main, are not primarily labor-
saving. The principal savings to be had from
these new technologies are in a reduction inland
and environmental degradation. Since the envi-
ronmental effects are usually offsite and exter-
nal to the farm firm’s accounts, there may be
only modest incentives for some of the larger
farms to adopt the new technologies unless the
farms are under strong regulatory pressures
from environmental agencies.

On balance, however, the technologies would
favor large-farm operators. Because the tech-
nologies, in general, tend to be environmentally
enhancing, it follows that movement toward a
greater concentration of production in the
hands of large operators would have beneficial
environmental effects. However, several panel-
ists insisted on the caveat that the major factors
influencing adoption of the new technologies
are access to front-end capital and managerial
capability. Thus the technologies are not con-
fined exclusively to large farms; many moder-
ate farms are also in a position to adopt the tech-
nologies. In the areas of animal agriculture,
particularly, many of the new technologies are
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being adopted first by seed-stock producers,
who tend to be moderate operators.

These reservations are important as back-
ground for the interpretation of the ratings. Sce-
nario 1 represents a continuation of recent
trends and, given the “with and without” rule
used in evaluating the technologies, must be as-
signed a rating of 5.0 (environmentally neutral)
in all impact areas. Movement toward greater
concentration of production on large farms
would, in the panel’s judgment, have a general
tendency to enhance the environment because
the larger farms (as a class) will be more likely
to adopt the new technologies. The panel em-
phasizes, however, in strong terms, that move-
ment toward greater concentration of large
farms is not a necessary condition for realiza-
tion of environmental improvement flowing
from the new technologies. Public policies that

improve the access of small and moderate farms
to the new technologies would accomplish the
same end.

Scenario 3 represents public policy designed
to improve the survival rates of moderate farms.
Such policy, taken alone, was judged to have
unfavorable environmental consequences in
five of the nine impact areas addressed. If such
farms survive, but do not prosper, they will have
few resources available to use in adopting the
new technologies. Policies that improve the op-
portunities of moderate farms to prosper and
survive, however, would allow such farms to
avail themselves of new technologies that are
environmentally enhancing. Indeed, under such
conditions, moderate farms might well adopt
these new technologies more rapidly than the
larger farms for those reasons cited above.

ENVIRONMENTAL CONCERNS Of EMERGING TECHNOLOGIES

Looking at all the technologies assessed, the
environmental/resource impacts were believed
by the majority of the panel to be, at least mar-
ginally, environmentally enhancing. The panel
noted particularly the potential for new tillage
technologies to reduce soil erosion and improve
soil productivity, for new irrigation technologies
to conserve water, for nitrogen-fixing technol-
ogies to improve water quality by reducing ni-
trogen runoff, and for genetic engineering to

improve agricultural productivity. The technol-
ogies should reduce land needs and thereby re-

duce threats to wildlife habitats. They should
also reduce the use of chemicals and the result-
ing possible threats to human health.

In only a few cases were the new technologies
thought likely to have unfavorable environ-
mental or resource impacts. Those concern the

impacts of multiple cropping on water quality
and on wildlife. In both these cases, however,
the unfavorable impacts were thought to be rela-
tively mild. Concern also arose over possible
problems associated with human error or ma-

chine malfunction in the application of chemi-
cals used in conservation tillage.

Perhaps the chief cause for concern was the

lack of knowledge about the potential effects

on the environment of the release of genetically
altered organisms. Most of the biotechnologies
applicable to agriculture that are expected to

be commercially adopted in the next few years

involve release of new organisms into the envi-
ronment. The question of “deliberate release”

of engineered micro-organisms has already
arisen in agriculture, however, in connection
with the testing of genetically altered bacteria
in potato fields to prevent freeze damage. Other
cases are almost certain to arise. The potential
for these genetically altered micro-organisms
to interact with the environment in unpredict-
ably harmful ways cannot be ignored. Consid-
erable debate is occurring within the scientific
community and within the Federal bureaucracy
over proper controls on the testing and use of

genetically altered organisms prior to deliberate
release. The economic benefits from uses of bio-
technology that require deliberate release of

modified organisms probably are substantial,
but the panel recognized the need to work out

suitable regulatory safeguards controlling such
releases (Doyle, 1985; Healy, 1985; Kendrick,
1985; Schatzow, 1985).

The safety issue of biotechnology was debated
when the first gene was about to be inserted into
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a micro-organism. Concerned about potential
hazards of new rDNA techniques, a group of
the world’s leading scientists, headed by Paul
Berg, met 10 years ago for the second time at
the Asilomar Conference Center in Pacific Grove,
California. They agreed to strictly regulate those
experiments using rDNA techniques until more
data could be collected for assessing the poten-
tial hazards and until safety could be assured.
One day after the second Asilomar conference,
a National Institutes of Health (NIH) Recombi-
nant DNA Advisory Committee, commonly
known as RAC, held its first meeting and be-
gan drafting a set of safety guidelines for the
rDNA experiments, guidelines that have gov-
erned rDNA research in the United States ever
since (Tangley, 1985).

As scientists learned more about rDNA tech-
niques, the guidelines were periodically revised.
Each revision further relaxed the rules as scien-
tists came to realize that the fears of hazards
from rDNA research, although not groundless,
were greatly overestimated a decade ago. Dur-
ing the last decade, hundreds of laboratories
around the world have been cutting and splic-
ing DNA in a multitude of combinations.

As new products of rDNA research approach
field testing, clinical trials, and commercial in-
troduction, safety and ethical issues have rekin-
dled. Unlike 10 years ago, when concerns came
exclusively from scientists, concerns today
come from scientists, industry, social activists,
and the public, all for different reasons. Some
scientists, social activists, and members of the
public are concerned about possible adverse im-
pacts on human health and the environment,
while some scientists and industry fear that pub-
lic concerns may lead to overregulation.

One example illustrates the controversy over
rDNA research in agriculture. Two years ago,
Steven Lindow and Nicholas Panopoulos of the
University of California, Berkeley, successfully
constructed non-ice-nucleation bacteria that in-
hibit frost formation on potato plants. As these
researchers readied to field test the new orga-
nisms to see if they could protect crops from

frost damage, a coalition of public interest
groups filed a lawsuit to postpone the field trials
(Tangley, 1983). These groups believe that field
tests of genetically modified organisms should
not proceed until scientists develop a method
for establishing the safety of such releases. In
May 1984,9 days before the scheduled release
of the micro-organisms, a U.S. District Court

issued a temporary injunction halting the first
proposed release and prohibiting NIH from ap-
proving any more releases until the case was
fully resolved (Bioscience, 1984). 111 February
1985 a U.S. Court of Appeals upheld part of the
lower court’s decision, stating that NIH was re-
quired to prepare an environmental assessment
of the one field test in question but that the in-
stitute could go ahead and consider other re-

lease proposals. Recently, the Environmental
Protection Agency approved the first two field
tests of genetically altered organisms. In the first
experiment, Agracetus of Middletown, Wiscon-
sin, would test the effects of their new products,
genetically modified disease resistant tobacco
plants, on the natural environment. In the sec-
ond experiment, Advanced Genetic Sciences of
Oakland, California, would test bacteria that
have been genetically altered to prevent frost
formation on strawberry plants. This company
would spray the modified bacteria on 2,400 blos-
soming strawberry plants on a one-fifth acre plot
in Salinas Valley.

The central issue of these controversies is
whether genetically engineered micro-orga-
nisms will disrupt the ecosystem into which they
are released and will have adverse impacts on
human health and the environment. In the case
of non-ice-nucleation bacteria, scientists know
virtually nothing about the normal role these
bacteria play in the biosphere. Closely related
bacteria are apparently ubiquitous, and some
scientists suggest that they play a role in the
moisture nucleation in clouds, and consequent-
ly in rain or snowfall (Feldberg, 1985). What hap-
pens, however, if these new strains really are
effective in competing for the same ecological
niche as the natural strains? What if they allow
clouds to hold much more moisture before pre-
cipitation occurs?
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The major point the proponents of biotech-
nology, mainly the biotechnology industry and
some scientists, use to defend biotechnology is
that genetic engineering techniques have been
used in plant breeding and animal husbandry
for centuries. During the last several decades,
biotechnology has been used in chemical and
food processing industries (Fraley, 1985). For
example, antibiotics, amino acids, and other
supplements produced by fermentation tech-
nology are routinely added to feeds to stimu-
late animal growth and prevent disease. Mi-
crobial seed inoculums are commonly used to
increase crop yields. Immobilized cells and en-
zymes are being used extensively to catalyze bio-
chemical conversions in the production of spe-
cialty chemicals and feedstock (Fraley, 1985).
Genetic engineering methods for manipulating
genes in micro-organisms such as bacteria and
yeast have also existed for several years.

Speaking for the biotechnology industry,
Hardy and Glass (1985) argue that genetically
engineered organisms are similar either to ge-
netically engineered organisms already in com-
mercial use or to naturally occurring organisms
indigenous to habitats where they would be in-
troduced. The fact that similar organisms exist
or have been previously introduced into the
environment suggests that no adverse effects
would occur from the introduction of novel
micro-organisms. Hardy and Glass claim that
after nearly 10 years of close scrutiny, risk
assessment studies, and worldwide experience
with molecular and cellular genetic manipula-
tions, there is no evidence of any significant haz-
ards associated with this technology. The risks
remain only speculative. In fact, with the ac-
cumulation of knowledge, many of the fears
voiced in the early days of molecular genetics
have been shown to be unfounded. Therefore,
there is no reason to believe that cellular and
molecular genetic engineering should present
any greater hazard than that posed by the whole-
organism genetic manipulation that has been
practiced for centuries. With millions of dol-
lars invested in biotechnology research and de-
velopment, industry is concerned with over-
regulation that could stifle future growth of the
biotechnology industry and cause the U.S. in-
dustry to lose its competitive edge.

Opponents argue that the issue of deliberate
release of genetically engineered micro-orga-
nisms into the environment is quite different
from the genetic engineering methods, such as
production of antibiotics and amino acids by
fermentation technology, used in the past. Mc-
Garity (1985) points out several reasons why
risks of large-scale release of micro-organisms
are of much greater concern than the risks of
fermentation biotechnology; for example: 1) a
large-scale release of genetically engineered
micro-organisms into the environment signifi-
cantly reduces the degree of human control over
the novel micro-organisms; 2) biological con-
tainment, by which strains of micro-organisms
are weakened so that they cannot survive out-
side the laboratory environment, can no longer
be used as a safeguard against potential hazards;
and 3) it is difficult to assess potential risks to
human health and the environment.

Alexander (1985) also expresses concerns that
there is not enough information to predict the
ecological consequences. The best model for
predicting ecological consequences is the exotic
species model, but this model has been criticized
as inappropriate for predicting the potential eco-
logical consequences of the deliberate release
of novel micro-organisms because the model is
based on outdated ecological thinking (Regal,
1985). Because there is no adequate model, Alex-
ander (1985) suggests that history be used as a
guide for the future. The history of the applica-
tion of these emerging technologies provides
lessons for assessing new technologies. Alex-
ander asserts that no technology was without
risk, and a risk-free technology probably does
not exist now. Regal (1985) also indicates that
there is no great power that is only good, that
has no dangers, and that cannot be misused. Al-
though the risks from deliberate release appear
to be small, the consequences of an unlikely
event could be disastrous. It is the fear that new
micro-organisms or their genetic traits might
survive and multiply unchecked and thus have
adverse impacts on the ecosystem that make sci-
entists worry about the release of the novel
micro-organisms (Robbins and Freeman, 1985).

Now rDNA technology is entering a crucial
stage in its development from laboratory to the
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marketplace. Goldberg (1985) demands that
there be a social responsibility to ensure that
rDNA technology is safe and suggests that all
sectors of society must participate in decision-
making about new developments such as the
release of genetically modified organisms, In
light of public concerns, proponents of biotech-
nology realize that without public confidence
and support, this promising technology could
falter as it moves from the laboratory to the mar-
ketplace. Those scientists who believe the risk
of genetically modified micro-organisms is next
to nothing envision that public concerns about
such organisms must be addressed. Industry
also recognizes the need for some regulation
of the environmental applications of genetic
engineering and suggests that better risk assess-

ment tools be developed (Hardy and Glass,
1985).

Some biotechnology companies that are or
will be introducing genetically engineered prod-
ucts believe that public perception translates
into public policy and that commercialization
of biotechnology may be in peril if ignorance
engenders fear of biotechnological research and
applications (Price, 1985). They call for public
education about biotechnology research and ap-
plications.

Since deliberate release of genetically engi-
neered micro-organisms is such an important
and controversial issue, OTA and the National
Science Foundation cosponsored a workshop
late in 1985 to address this issue.

Although the discussion above addresses
some policy matters obliquely, the purpose of
this section is to discuss the way public policy
might enhance the positive environmental ef-
fects or mitigate the negative effects of the
emerging technologies,

The first point on which a consensus emerged
was the observation that the net movement of
new technologies is environmentally enhanc-
ing. Given the public pressure for environmental
improvement and the increased regulatory ac-
tivity by Government in the environmental area,
that movement is consistent with economic the-
ory. It follows, then, that increased Government
expenditures on research and education would
tend to have positive environmental effects. The
assessments presented here suggest that there
is a strong public interest in accelerating tech-
nological change in agriculture, and if that is
the objective, the action required is increased
research and education.

The second approach, which complements
the research and education effort, is to develop
more stringent environmental regulations and
provide stronger enforcement of regulations.
Such regulations tend to have the economic ef-
fect of raising the cost of using the environment

in agricultural production, Economic theory
suggests that as costs of particular inputs are
increased, economic agents will find ways to
reduce the use of the relatively higher priced
inputs. So, increasing the costs of environmental
inputs through stronger regulations and better
enforcement will accelerate the adoption of the
new technologies and give impetus to research
that has further environmental benefits.

Finally, policies that reward farmers who
adopt environmentally enhancing technologies
have some precedent. Cost-sharing programs
in the area of soil conservation are the best
known example. Targeted cost-sharing and
creative use of the relationship between envi-
ronmentally enhancing farm practices and the
price support program, such as the so-called
cross-compliance proposal for using conserva-
tion cost-sharing funds, represents, at least in
a generic way, a policy option likely to enhance
the environmental benefits of the new tech-
nologies.

Turning to policies to mitigate the undesir-
able environmental impacts of new technol-
ogies, the panel moved quickly to the classic
prescription of exacting a user charge. If the
research base were available to determine the
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appropriate T value for soil erosion, a soil ero-
sion tax could be levied on each ton of loss above
that level. Ideally, the tax would be equal to the
environmental damage caused by the erosion,
Unfortunately, the research base for setting the
T value is not sufficient. There would also be
very difficult enforcement problems with such
a tax. But the idea of making users of environ-
mental inputs pay for them was considered fun-
damental to policy that mitigates undesirable
environmental consequences.

In general, with a few notable exceptions,
most of the emerging technologies are expected
to reduce substantially the land and water re-
quirements for meeting future agricultural
needs. As a result, these technologies are also
expected to reduce environmental problems as-
sociated with the use of land and water. The
technologies were thought to have beneficial
effects relative to soil erosion, to reduce threats
to wildlife habitat, and to reduce dangers asso-
ciated with the use of agricultural chemicals.
New tillage technologies, however, may reduce
erosion and threats to wildlife while increas-
ing the dangers from the use of agricultural
chemicals.

The panel concluded that the new technol-
ogies were most likely to receive first adoption
by farmers who were well financed and were
capable of providing the sophisticated manage-
ment required to make profitable uses of the
technologies. In the main, such farmers will tend
to be those with relatively large operations.
Hence, the technologies will tend to give addi-
tional economic advantages to large farm firms
relative to moderate and smaller farms, accen-
tuating the trend toward a bipolar or dual farm
structure in the United States.

In addition, since the new technologies tend
to be, at the margin, environmentally enhanc-
ing, there is public interest in research and edu-
cation that leads to their rapid development and
widespread adoption. That conclusion becomes

More practical applications of this concept
focus on raising the costs of agricultural chem-
icals by placing excise taxes on those chemi-
cals. The more expensive the chemicals, the less
they will be used and the greater care the user
will take to be sure that the application rate is
not excessive. Similarly, policies to raise the
price of irrigation water might have some ben-
eficial impacts on water quantity (although there
are studies suggesting that the price elasticity
on such water approximates unity),

CONCLUSIONS

even stronger if public policy is aimed at main-
tenance of the moderate farm. Larger farms,
with their own access to research results and
scientific expertise, may be able to advance the
new technologies with relatively little publicly
sponsored research. But moderate and small
farms will have to depend on publicly sponsored
research and extension education to obtain ac-
cess to the new technologies and to adapt them
to their individual situations.

The new technologies will require more strin-
gent environmental regulations and stronger en-
forcement of regulations. The complexities of
some of the emerging technologies will pose sig-
nificant challenges for promulgation of wise
environmental regulations. The economic ben-
efits from the technologies cannot be passed by,
but users may have little private incentive to
make use of the technologies in ways that avoid
unnecessary, adverse, third-party effects. The
panel considered that economic incentives or
disincentives, including the use of excise taxes
to discourage overuse of potentially threaten-
ing materials, represented a more intelligent ap-
proach to protection of environmental values
than did direct regulations. Yet the panel also
concluded that: 1) some additional effort to en-
force existing regulations would hasten the
adoption of the new technologies that are, at
least potentially, less environmentally threat-
ening; and 2) new regulations will be required
to deal with some aspects of the emerging tech-
nologies.
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Perhaps the most revolutionary of the new
technologies are those associated with rDNA.
While specific applications of such technologies
that are currently apparent would appear to re-
duce resource needs and threats to the environ-
ment arising from agricultural activities, the
panel recognized possible dangers associated
with the deliberate release of genetically altered
micro-organisms. The very revolutionary nature
of the new biotechnologies and the lack of a
scientifically accepted predictive ecology pre-
vented the panel from providing specific evalu-
ations of resource/environmental impacts asso-

ciated with the deliberate release of new forms
of life,

Ten years ago, scientists concerned about the
impact of rDNA agreed to regulate the rDNA
experiments. Now many scientists see little dan-
ger in the applications of the planned rDNA
technology. But as new products of rDNA re-
search approach field testing and commercial
introduction, safety and ethical issues have
rekindled. Both sides of the issue agree that more
research should be conducted to assess the po-
tential benefits and risks.
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Chapter 11

Impacts on Rural Communities

The impacts of technological and structural
change in agriculture do not end with the indi-
viduals who live and work on farms. A variety
of other consequences are to be expected at the
level of the rural communities that have direct
and indirect linkages to farms and farmers. As
with individual farmers, some communities are
likely to benefit from change, while others are
likely to be affected adversely. Much depends
on the type of overall labor force in the commu-
nit y and on the opportunities for labor to move
to other areas of employment.

Hard-hit communities may need technical as-
sistance to attract new businesses to their areas,
to develop labor retraining programs, and to
alter community infrastructure to attract new
inhabitants. To accomplish these goals, Federal
policy will have to be complemented by regional
and local policies.

Those rural communities that benefit from
changes in agricultural technology and struc-
ture may do so in several ways. For example,
as agriculture becomes more concentrated,
some communities will emerge as areawide
centers for the provision of new, high-value tech-
nical services and products. Likewise, some
communities will emerge as centers for high-

I Rural communities are defined as places with less than 20,000
inhabitants in a nonmetropolitan county.

volume food packaging, processing, and distri-
bution. In both cases, the economic base of these
communities is likely to expand. However, un-
less total demand for agricultural commodities
increases substantially, centralization of serv-
ices, marketing, and processing will be like a
zero-sum game in many areas; the market cen-
ters will benefit at the expense of other com-
munities. Many of the communities that are by-
passed will decline as a result of the process of
centralization.

Communities may also benefit in those parts
of the country in which the number of small and
part-time farms is increasing. This phenome-
non results in an increase in population in many
rural areas and in an increase in total income
and spending in some of these rural areas. The
increase in small farms may sustain more re-
tail establishments than would otherwise be the
case, since purchases by small farmers may tend
to be more local than those by larger farmers.
The operators of these farms in many cases sub-
sidize their own production from off-farm income.

This chapter assesses the impacts that emerg-
ing technologies and structural change have had
on rural communities in the 1970s in five re-
gions of the United States, outlines several areas
of potentially adverse impacts, and provides a
policy framework for options that may help mit-
igate the adverse impacts.

A landmark study that addressed the relation-
ships between increased concentration in agri-
cultural production and community welfare
was done by Walter Goldschmidt in 1944. Gold-
schmidt found a series of negative social effects
associated with large-scale agriculture in the
central valley of California. His research was
based on a matched-pair comparison of a com-
munity of relatively large farms (Arvin) and a
community of relatively small farms (Dinuba).

He found higher median family income, low-
er poverty, better schools, more retail trade,
stronger institutions—including churches, more
recreational opportunity, and more newspaper
readership—associated with the set of small
farms surrounding Dinuba, Although numer-
ous methodological and theoretical criticisms
have been made about this study, the thesis of
this study continues to frame the discussion of
structure and community relationships. Gold-
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schmidt and his supporters argue that when
farming is practiced on a scale that exceeds a
family’s ability to provide the main source of
labor and management, it tends to acquire in-
dustrial relations of production in which owner-
ship and management are separated from la-
bor. As a result, this industrialized form of
agriculture tends to become disarticulate from
the surrounding communities, increasingly
relying on these communities as a source of low-
cost hired labor. This, in turn, is thought to re-
sult in social inequality, poverty, and a range
of associated pathologies. The general hypothe-
sis is that increases in structural concentration
of production, and especially industrial rela-
tions of production, are associated with de-
creases in social welfare.

There has been a long-run secular trend
toward an increased proportion of hired labor
and a decreased proportion of family labor in
agriculture. Large and very large farms tend to
rely more on hired labor than do moderate
farms. As total agricultural production becomes
more concentrated in the large and very large
sales classes, the proportion of hired labor in
U.S. agriculture is likely to continue to increase.
The available data on regional changes in pro-
portion of hired labor is limited. Data is avail-
able on changes in number of hired workers by
the four regions of the United States defined
by the 1970 and 1980 Census of Agriculture.
Hired labor increased by 21 percent in the North
Central region during this period. In the West
hired labor stayed about the same. Hired labor
decreased by about 18 and 5 percent in the
Northeast and South, respectively (Pollack, et
al., 1983).

Increasing structural concentration in U.S.
agriculture is not necessarily synonymous with
agricultural industrialization. In many areas of
the United States large and very large farms are
owned and operated primarily with family la-
bor. This is generally most true where the farm-
ing system is land-extensive and not labor-in-
tensive, such as cash grain production in the
Midwest and ranching in the Great Plains and
the West. Increasing concentration is expected
to continue to take place in these regions with-
out large increases in hired labor. However, ad-
verse effects may also occur in regions where
continued concentration is likely to result in the
loss of a substantial proportion of the moder-
ate farms. Adverse impacts may result simply
from the loss of a substantial proportion of the
local population if many farm families relocate
to other parts of the country and they are not
replaced by immigration. This in turn will re-
sult in a reduction in the population base that
supports civic activities and patronizes the small
businesses and services in the local rural com-
munities.

Retail establishments in rural communities
that provide goods and services to these mod-
erate farms may decline when the consolidated
farms choose to purchase goods and services
at greater distances. The operators of the large
and very large farms that emerge from the proc-
ess of structural change are considered more
likely to purchase goods and services and to mar-
ket their products over greater distances than
their more moderate predecessors were. The
argument is that they are able to receive vol-
ume discounts and premiums from more cen-
tralized purchases and sales.

The structure of agriculture and the charac-
teristics of rural communities vary greatly
across the United States, owing to major differ-
ences in soils, climate, population density, pat-
tern of land use, economic and social history,
availability of irrigation water, topography, avail-
ability of low-cost labor, and the level of educa-
tion of the population. Following from this it

can be expected that changes in agricultural
structure will vary in different parts of the coun-
try and that the impacts of structural change
on rural communities may vary in different re-
gions. To avoid overgeneralizing in its assess-
ment of impacts of structural change on rural
communities, OTA analyzed five regions of the
United States: the Northeast; South; Midwest;
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the Great Plains and the West; and the CATF
(those counties with the most industrialized agri-
culture in four Southern and Western States—
California, Arizona, Texas, and Florida). This
division of the United States differs in several
respects from the regional division used in the
U.S. Census of Agriculture. In particular, the
Great Plains and the West in this chapter include
most of the Western region of the Census of Agri-
culture and also have parts of the North Cen-
tral and Southern regions from the census. The
CATF region in this chapter has no close coun-
terpart in the Census of Agriculture.

Although the intended focus was on rural
communities, information on the welfare of in-
dividual communities and on linkages between
individual communities and surrounding farms
was not directly available on a regional basis
for most States. In general, it was necessary to
do the analysis in terms of rural agricultural
counties instead of individual communities.
This was a distinct disadvantage, since county-
level data tend to obscure the details of linkages
and impacts at the community level.2 With the
exception of the CATF region, the set of coun-
ties defined as rural and agricultural was drawn
from the set of nonmetropolitan counties. Met-
ropolitan counties as defined by the Office of
Management and Budget are also known as
Standard Metropolitan Statistical Areas, with
the exception of the New England region. All
other counties may be considered to be rural
counties. Rural counties with a significant
proportion of total income from agricultural
sources were considered as candidates for in-
clusion in the set of rural agricultural counties.
The minimum proportion of agricultural in-
come that was considered significant varied by
region and ranged from 5 to 20 percent.

ZHowever,  if statistically significant relationships can be shown
between structural change in agriculture and changes in social
welfare when the unit of analysis is the county, then it is likely
that the associations are even stronger for a proportion of the
communities in the county. This is generally true because not
all communities are likely to be equally affected within a county.
The county level of analysis aggregates the different impacts on
the individual communities and tends to level  out strong rela-
tionships with respect to particular communities. Therefore, sta-
tistically significant associations at the county level area strong
test of a hypothesis concerning associations at the community
level.

The CATF Region

The CATF region includes all of Florida and
the industrial-agricultural counties of Califor-
nia, Arizona, and Texas, s The counties studied
are the 98 counties that were either in the top
100 counties nationwide in sales or that had
$2,000 or more per year in per capita income
from agriculture. Twenty-six Texas cattle and
grain counties that met these criteria were
grouped with the region covered by the Great
Plains and the West, since they fit the land-use
intensity and farming system types of this re-
gion better than the CATF region. The CATF
regional set of counties4 differs considerably
from the nonmetropolitan counties in the rest
of the United States in that agricultural devel-
opment is relatively recent in these counties.
Many CATF counties have not gone through
a period in which moderate farms dominated
agricultural structure. These counties are also
unique in the extent to which they depend on
subsidized irrigation water from State and Fed-
eral water projects.

CATF counties are of particular interest be-
cause agriculture in these counties has already
evolved into a highly concentrated structure,
The great majority of agricultural sales comes
from 1arge-scale, industrial-type farms. In 1982,
farms in the very large sales class had 66 per-
cent of regional sales as compared with 25 per-
cent for the rest of the United States. Moreover,
the share of sales from very large farms in-
creased from 58 to 66 percent between 1978 and
1982. The number of farms in all acreage cate-
gories in CATF counties has recently declined,
with the exception of the very large sales class.
This reduction in the number of farms with
fewer than 2,000 acres increased the concen-
tration of production by 17 percent at the same
time that total agricultural sales in the region
increased only 6.5 percent (see tables 11-1 and
11-2). The counties selected as the data set for

3“CATF  counties,““CATF regional set of counties, ” and “CATF
region” are used synonymously.

qThe findings in this section are contained in Dean MacCan-
nell  and Edward Dolber-Smith,  “Report on the Structure of Agri-
cuhure  and Impacts of New Technologies on Rural Communi-
ties in Arizona, California, Florida, and Texas, ” prepared for the
Office of Technology Assessment, Washington, DC, 1985.
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Table 11-1.—Comparison of Selected Farm Characteristics, All Counties
in California, Arizona, Texas, and Florida, for 1969 and 1978

Change from
Attribute 1969 1978 1969 to 1978

Number of farms: . . . . . . . . . . . . . . . . . . 332,878 (856)8 290,977 (746) – 9.88

Sales:
Sales categories:

>$100,000 . . . . . . . . . . . . . . . . . . . . . . 31,983 (82)
$40-90,999 . . . . . . . . . . . . . . . . . . . . . . . 29,693 (76)
> $40k . . . . . . . . . . . . . . . . . . . . . . . . . . 34,028 (88) 61,676 (158) 81.25
$20-39,999 . . . . . . . . . . . . . . . . . . . . . . . 27,672 (71) 28,536 (73) 3.12
$10-19,999 . . . . . . . . . . . . . . . . . . . . . . . 34,973 (90) 34,856
$ 5-9,999 . . . . . . . . . . . . . . . . . . . . . . . .

(90) – 0.33
43,733 (112) 42,960 (110) – 1.77

$2,500-4,999 . . . . . . . . . . . . . . . . . . . . . 46,947 (121) 45,679 (117) – 2.70
<$2,500 . . . . . . . . . . . . . . . . . . . . . . . . 145,476 (374) 76,903 (197) –47.14

Total sales per county . . . . . . . . . . . . . . $20,509,402 (1,000) $21,838,408 (1,000) 6.48
Average sales per farm (1980 dollars). , 16.85

Acreage:
Acreage categories:

>2,000 acres . . . . . . . . . . . . . . . . . . . . 14,826 (38) 14,869 (38) 0.29
1,000-1,999 acres . . . . . . . . . . . . . . . . . 16,969 (44) 16,468 (42) – 2.95
500-999 acres. . . . . . . . . . . . . . . . . . . . 32,419 (83) 27,772 (71) – 14,33
180-499 acres. . . . . . . . . . . . . . . . . . . . 70,513 (181) 56,773 (146) – 19.49
50-179 acres. . . . . . . . . . . . . . . . . . . . . 96,974 (249) 81,939 (210) – 15.50
10-49 acres. . . . . . . . . . . . . . . . . . . . . . 69,878 (180) 62,002 (159) –11 .27
<10 acres . . . . . . . . . . . . . . . . . . . . . . 31,319 (81) 31,154 (80) – 0.53

Average acreage per farm , . . . . . . . . . . 1,939 1,957 0.93

Type of ownership
Family ownership ., ... , . . . . . . . . . . . . 166,911 (429) 176,448 (452) 5.71
Partnership . . . . . . . . . . . . . . . . . . . . . . . 25,283 (65) 26,443 (68) 4.59
Corporate ownership . . . . . . . . . . . . . . . 5,209 (13) 9,529 (24) 82.93
Other type of ownership . . . . . . . . . . . . 1,866 (5) 1,287 (3) –31 .03
aFirS~ value  IS Ifle Sum for all counties; the mean value per county IS in parentheses

SOURCE Off Ice of Technology Assessment

this analysis are shown in detail in a paper by
MacCannell and Dolber-Smith (1985).

Background on the CATF Region

Current agricultural patterns were not fully
established in the CATF area until after World
War II. Arizona was not even a State until 1912,
and many of the new agricultural regions of all
four States were not settled until this century.
Historically and nationally, the original pattern
of Spanish land grants and dependence on irri-
gation systems are the two main underlying
causes of present-day farming systems. Prior
to this century, agricultural landholdings were
enormous, and the main products were range
animals and nonirrigated grains. The first crude
irrigation systems were built at the beginning
of this century by land developers and specula-
tors. The Imperial Valley of California went
through several successive cycles of irrigation,

land sales based on the promise of cheap and
plentiful water, irrigation system failure, farmer
bankruptcy, land repurchase or repossession
by the original speculators, irrigation system
overhaul, land resale, and so forth. These and
similar abuses eventually resulted in Federal in-
tervention and public involvement in the con-
struction and management of irrigation systems
throughout CATF. A number of these systems
are enormous and of very recent construction.
The San Luis Unit of the California Central Val-
ley Project, completed in 1969, is one such sys-
tem. This farm and rural community system in
the most productive area of California (West
Fresno County) has only a 15-year history.

Since World War II, the large agricultural
operators of the CATF region have exploited
their natural, historical, and political advantage
by combining new agricultural technologies,
modern irrigation techniques, Government sup-



Ch. 11—Impacts on Rural Communities ● 225

Table 11-2.—Comparison of Selected Farm Characteristics, Agricultural Counties
in California, Arizona, Texas, and Florida, for 1969 and 1978

Change from
Attribute 1969 1978 1989 to 1978

Number of farms: . . . . . . . . . . . . . . . . . . 97,557 (995) 84,951 (867) – 12.92

Sales:
Sales categories:

>$100,000 . . . . . . . . . . . . . . . . . . . . . . 16,184 (165)
$40-90,999 . . . . . . . . . . . . . . . . . . . . . . 13,703 (140)
> $40k . . . . . . . . . . . . . . . . . . . . . . . . . . 16,298 (166) 29,887 (305) 83.38
$20-39,999 . . . . . . . . . . . . . . . . . . . . . . 13,082 (133) 11,048 (113) –15.55
$10-19,999 . . . . . . . . . . . . . . . . . . . . . . 14,473 (148) 10,522 (107) –27.30
$5-9,999 . . . . . . . . . . . . . . . . . . . . . . . 14,240 (145) 9,942 (101) –30.18
$2,500 -4,999 . . . . . . . . . . . . . . . . . . . . . 11,696 (1 19) 8,766 (89) -25.05
<$2,500 . . . . . . . . . . . . . . . . . . . . . . . . 27,768 (283) 14,705 (150) –47.04

Total sales per county. . . . . . . . . . . . . . $10,307,860 (1,000) $11,855,632 (1,000) 15.02
Average sales per farm (1980 dollars) . $113,068 $153,750 27.14

Acreage:
Acreage categories:

>2,000 acres. . . . . . . . . . . . . . . . . . . . 5,418 (55) 5,744 (59) 6.02
1,000-1,999 acres . . . . . . . . . . . . . . . . 6,420 (66) 6,647 (68) 3.54
500-999 acres . . . . . . . . . . . . . . . . . . . 11,792 (120) 9,839 (100) –16.56
180-499 acres . . . . . . . . . . . . . . . . . . . 18,968 (194) 14,926 (152) –21.31
50-179 acres . . . . . . . . . . . . . . . . . . . . 21,507 (219) 18,303 (187) –14.90
10-49 acres . . . . . . . . . . . . . . . . . . . . . 24,757 (253) 21,047 (215) –14.99
<10 acres . . . . . . . . . . . . . . . . . . . . . . 8,702 (89) 8,445 (86) – 2.95

Average acreage per form . . . . . . . . . . . 2,074 2,192 5.69

Type of ownership:
Family ownership. . . . . . . . . . . . . . . . . . 60,503 (617) 55,639 (568) – 8.04
Partnership . . . . . . . . . . . . . . . . . . . . . . . 10015 (102) 10,019 (102) 0.04
Corporate ownership . . . . . . . . . . . . . . . 2,096 (21) 4,048 (41) 93,13
Other type of ownership . . . . . . . . . . . . 648 (7) 459 (5) –29.17
aFirSt value IS the sum for all counties; the mean value per county is in parentheses.

SOURCEO  fficeofTechnology  Assessment

port programs, and an abundant supply of
cheap, foreign labor. At the present time, CATF
counties occupy a preeminent position in the
national agricultural economy and international
trade. Half of the top 100 agricultural counties
nationwide are found in these four States. Agri-
cultural products are the principal ’’industry”
and export of California, Arizona, and Texas.
In Florida, agriculture ranks behind tourism and
manufacture, but it still employs 77,000 work-
ers and has an annual sales of $l.3 billion. In
Texas, the value added inagricultureis 1.3 times
that of all manufacturing. The economic posi-
tion of agriculture within the CATF region is
all the more remarkable when the high level of
industrial development of these same States is
taken into consideration.

The agricultural commodity mix of the CATF
counties is extremely diverse. With the excep-
tion of Florida citrus, there is no statewide

monoculture or clear dominance of entire re-
gions by a single crop or commodity. Leading
commodities of the four States are cotton, sor-
ghum, beef, wheat, citrus, row-crop vegetables,
rice, sugarcane, sugar beets, grapes, melons,
avocados, strawberries, nuts, peanuts, and corn.
Over 9 million acres of cotton are grown in the
CATF region, amounting to 70 percent of the
U.S. total and about 30 percent of the world trade
in cotton. One hundred percent of U.S. citrus
and 55 percent of all noncitrus fruits are grown
in the CATF region.

The CATF counties have four dominant forms
of agricultural operations: 1) large-scale, family-
owned corporations; 2) large-scale, corporate
farms and partnerships; 3) highly sophisticated
“part-time” operations owned by investors (usu-
ally urban-based professionals), which have
high gross sales from small acreages; and 4)
small-scale, unsophisticated, part-time farming
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operations with low sales. There has never been
a widespread pattern of moderate-scale,  family-
owned farms in the CATF region.

Findings for the CATF Region

Examining the impact of structural change
that has already occurred on the rural commu-
nities among these counties may give insight
into the impacts of continuing concentration
in other regions of the country. The analysis of
these counties has benefited from the availabil-
ity of data on poverty, unemployment, and
standard of living at the community level (cen-
sus tract data) in contrast to the analyses of other
regions, which are based almost entirely on
county-level data.

The primary finding is that there is a strong
correlation between increased concentration
and substandard social and community welfare
in this regional set of counties. However, this
relationship is not strictly linear. As agricultural
scale increases from very small to moderate
farms, the quality of community life improves.
Then, as scale continues to increase beyond a
size that can be worked and managed by a fam-
ily, the quality of community life begins to de-
teriorate. Increasing concentration in this re-
gion results in increasing poverty, substandard
living and working conditions, and a breakdown
of social linkages between the rural communi-
ties that provide labor and the farm operators.
In other words, the relationship of community
welfare to agricultural structure resembles an
inverted U curve (MacCannell and Dolber-
Smith, 1985). This finding is a modification of
the basic Goldschmidt hypothesis that any in-
crease in concentration is associated with a de-
crease in community well-being.

The most extreme poverty in CATF counties
is found in those counties with the most con-
centrated and productive agriculture. Up to 70
percent of the population of the most highly con-
centrated counties live in poverty. Up to 40 per-
cent of the population live in houses without
plumbing in the same counties.5

‘The measure of agricultural concentration that is the best
predictor of change in median family income between the 19i’o
and 1980 census years is the proportion of farms in each county

It was found that the types of rural communi-
ties in the CATF counties could be usefully
placed in one of three categories:

1.

2.

3.

Communities in which the population liv-
ing on farms is wealthy and the associated
rural communities are impoverished. This
pattern is found in the central valley of Cali-
fornia and in parts of Texas.
Communities that are internally segregated;
the wealthy and the poor live in segregated
neighborhoods in the same community.
This pattern was found in and near Lub-
bock and Brownsville, Texas.
Communities that are externally segregated.
In this pattern, entire communities are
dominated by a single social class or eth-
nicity. The result of this pattern is a regional
set of counties within which some of the
towns are lower working class, farm work-
er, and transient communities, while other
towns nearby exhibit the classic pattern of
the rural trade center, and are the commu-
nities of choice for middle-class immigrants
and nonagricultural, industrial relocation.

In general, CATF communities that are sur-
rounded by farms that are larger than can be
operated by a family unit have a bimodal income
distribution, with a few wealthy elites, a large
majority of poor laborers, and virtually no mid-
dle class. The absence of a middle class at the
community level has a serious negative effect
on both the quality and quantity of social and
commercial services, public education, and edu-
cation. Rothman and others (1977) find that
hired agricultural laborers are always located
on the bottom of community status hierarchies,
are always transient to some degree (even if not
technically migratory), and are never treated
as full-fledged members of the rural community.
On the other hand, the large-scale farm owner-
operators tend to bypass local public and com-
mercial services and establishments, preferring

with greater than $40,000 in annual gross sales of farm products.
This variable is inversely related to the variation in median fam-
ily income and accounts for 31 percent of the change in income.
That is, counties that had a high proportion of farms with sales
in excess of $40,000 in 1970 had a strong tendency toward low
growth in family income in the decade of the 1970s. This finding
lends strong support to the Goldschmidt hypothesis.
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to shop in distant cities. These same large-scale
farm owner-operators purchase education, po-
lice protection, recreation, and other public sec-
tor amenities from the private sector for their
own exclusive use. As a result, their needs and
desires are not translated into community well-
being. The recent public involvements of the
largest farmers in CATF are not based in the
local community, but in lobbying and selling
at the State, Federal, and international levels.

In sum, CATF rural communities in the most
productive agricultural areas do not share in
economic or social benefits from increased pro-
duction and sales. Instead, the rural commu-
nity stagnates or declines in the context of in-
creasing agricultural productivity. Under these
structural conditions, CATF agriculture is in-
creasing its dependence on foreign labor. Con-
tinued importation of labor, operating within a
different value system than the rest of the United
States, is the only possible support for an agri-
cultural economy that has become disarticu-
late from the local community. Increasingly,
the rural communities in CATF agribusiness
areas are not local in the sense of participating
in U.S. social and cultural traditions. Instead,
they resemble Honduran plantation communi-
ties more than their rural counterparts in other
areas of the United States. In effect, social and
economic relations from the developing world
have been adopted to maintain the world mar-
ket position of CATF agriculture.

A major cause for concern in CATF counties
stems from the potential for substantial addi-
tional displacement of labor in the production
of certain fruit and vegetable crops and dairy
products. Historically, fruit and vegetable pro-
duction in CATF has been a large, steady source
of employment, although low paying and often
seasonal in nature. However, one of the antici-
pated impacts of emerging technologies is a re-
duction in the labor required to prepare fields
and seedbeds, plant, cultivate, treat, harvest,
sort, and process fruits and vegetables. This sit-
uation could result in substantial increases in
unemployment in CATF counties among farm
laborers who have few employment alterna-
tives. Since the rural-labor communities in this
region are already impoverished and alienated

from mainstream U.S. society, substantial in-
creases in unemployment are likely to result in
increased unrest and discontent among the
farmworker population. This problem will be
offset to some extent if CATF counties succeed
in capturing additional production shares from
other regions of the country.

The Great Plains and
the West Region

Background on the Great Plains
and the West Region

The region of the Great Plains and the West
encompasses the 17 States—North Dakota,
South Dakota, Nebraska, Kansas, Oklahoma,
Texas, New Mexico, Colorado, Montana, Wy-
oming, Idaho, Utah, Arizona, Nevada, Califor-
nia, Oregon, and Washington—that potentially
had agricultural counties in which farming sys-
tems of grains, or livestock (excluding dairy),
or combined grains and livestock predomi-
nated.6 In these 17 States, 351 counties were clas-
sified as agricultural. The basic units of analy-
sis are the 234 counties with at least 20 percent
of total proprietor and labor income from agri-
culture and counties with at least 25 percent
of their economically active population in agri-
culture in 1982. Each county in the region is
classified by its predominant type of agricul-
ture, according to data from the 1974 and 1982
Census of Agriculture. The four classes of agri-
culture used are wheat farming (33 counties),
livestock (84 counties), wheat and livestock (72
counties), and mixed grains (corn, sorghum, and
wheat) and livestock (45 counties). Counties with
25 percent or more of production in other grains
and field crops, hogs, or dairy production are
eliminated from the analysis. Those counties
of California, Arizona, and Texas that are char-
acterized by industrial agriculture are also ex-
cluded. The industrial-agricultural counties of
these States are considered separately as part
of the CATF region. The counties used to rep-

eThe findings reported in this section are contained in: Jan L.
Flora and Cornelia Butler Flora, “Emerging Agricultural Tech-
nologies, Farm Size, Public Policy, and Rural Communities: The
Great Plains and the West, ” prepared for the Office of Technol-
ogy Assessment, Washington, DC, 1985.
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resent the Great Plains and the West are shown
in detail in the paper of Flora and Flora (1985).

Counties are further subdivided into those
with a predominance of moderate farms and
those with a predominance of large farms.
Farms in this region are generally much larger
per dollar of production than farms in other re-
gions of the United States. Consequently, the
definition of large and moderate size is differ-
ent than that in other regions. Farms with acre-
ages in the range of 500 to 999 acres represent
moderate farms, whereas farms larger than
2,000 acres represent large farms.

The analysis was based on agricultural coun-
ties in the Great Plains and the West. The Great
Plains includes most of both the northern and
southern plains. Northeast New Mexico and the
eastern half of Colorado are included in the
Great Plains. The western half of South Dakota
and northwestern Nebraska, areas in which
grazing on federally owned land is common,
are considered part of the West. Annual pre-
cipitation in the Great Plains ranges from more
than 40 inches, in eastern Texas, to less than
20 inches, along the western border of the re-
gion. In the area of the West considered agri-
cultural, annual precipitation ranges from 25
inches or less in most river valleys to 6 inches
or less in the intermountain basins and south-
ern desert areas. Much of the land outside the
river valleys is owned by Federal or State gov-
ernments that regulate access to the land, which
is used primarily for grazing cattle and sheep.
The frost-free period in this region ranges from
less than 100 days in North Dakota to over 300
days in southern Texas.

Wheat production (spring wheat in the north-
ern plains and winter wheat in the southern
plains) dominates the Great Plains. Corn, an in-
creasing proportion of which is irrigated from
west to east, is an important crop in southeast-
ern South Dakota and eastern Nebraska and
Kansas. In those areas where integrated grain-
livestock operations rotate corn and soybeans,
and are the dominant farming system, agricul-
ture is very similar to that in the Corn Belt. Grain
sorghum is an important crop farther west in
Nebraska, Kansas, and Texas, where precipi-

tation levels are less. Cotton dominates agricul-
ture in parts of Oklahoma and Texas. However,
much of the land, especially in the western half
of the region, is in native range, whose produc-
tivity is limited by low precipitation.

Findings for the Great Plains and
the West Region

Growth in the number of large farms in each
type of county was associated with a decline
in the number of moderate farms. In general,
there was a kind of homogenization; more coun-
ties had a similar structure in 1980 than in 1970.
A number of significant findings parallel those
found in CATF counties, although they are not
as dramatic. Support for the Goldschmidt hy-
pothesis was provided by two specific findings:

1. The decline in the number of retail serv-
ices and retail sales was greatest in those
counties with the largest increase in very
large farms. Conversely, more retail serv-
ices and sales were retained in counties in
which the number of moderate farms in-
creased in the 1970s.

2. Counties with a predominance of moderate
farms in 1970 experienced a greater increase
in hired labor than large farm counties dur-
ing the 1970s, where farm consolidation
occurred, and an even greater increase in
mechanization investment.

There is evidence that the growth in the num-
ber of very large farms was associated with mod-
erate declines in rural, nonfarm, and total pop-
ulation. This suggests that concentration is
occurring at the same time that the total num-
ber of agricultural workers is declining. That
is, expansion of farm size in the Great Plains
and the West is taking place without a substan-
tial increase in hired labor as has been the case
in industrial agriculture of the CATF counties.

Counties with growth in the number of mod-
erate farms tended to retain rural nonfarm and
total population. Unlike CATF counties, there
was no significant association between change
in size of farms and change in measures of
income.



The counties with a predominance of mod-
erate farms in 1969 had a much greater decline
in the numbers of commercial establishments
between 1969 and 1982 than did those counties
initially dominated by large farms. This was
largely because moderate farms in the 1970s de-
clined in numbers during the process of land
concentration.

Median family income was generally posi-
tively associated with the proportion of land in
large farms and negatively associated with land
in moderate farms. This suggests that popula-
tion has declined in large farm counties and that
the reduced number of large farms that remain
generally have higher net incomes than the
farms in counties where moderate farms still
predominate. During the decade of the 1970s,
the gap in median family incomes between large
and moderate farm counties generally tended
to close, especially for wheat and wheat/live-
stock counties,

A number of differences emerged between the
four different types of counties:

1. Livestock counties were the only counties
that gained population as a group. The live-
stock counties had the greatest increase in
rural nonfarm population and did not lose
as much of their farm population as the
other three types of counties. However, the
livestock counties had the lowest initial
population base.

2. Wheat counties that were dominated by
large farms in 1969 had a greater increase
in hired labor than wheat counties domi-
nated by medium farms in 1969. This is the
opposite of what occurred in the other types
of counties.

3. The strongest correlation between increases
in median family income and increased
farm size occurred in wheat counties. This
was consistent with the relationship of pov-
erty and farm size in wheat counties. Wheat
counties with a higher percentage of large
farms had a lower percent of poverty. In-
terestingly, wheat/livestock counties had
the opposite relationship between poverty
and farms size. Poverty was positively cor-
related with percent of large farms in the
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wheat/livestock counties. Moreover, the
correlation between poverty and percent of
large farms became more strongly positive
during the 1970s. The dominant size class
of farms was unrelated to poverty for the
livestock and mixed crop/livestock counties.

The basic conclusion about the Great Plains
and the West is that there is some support for
the modified Goldschmidt hypothesis, but that
the outcome there is likely to be much different
than that in CATF counties. Incomes improved
as concentration increased, but there were de-
clines in population and number of retail estab-
lishments. There is a strong potential for the
development of a high concentration of agri-
cultural production in the Great Plains and the
West—especially in terms of farm size, if not
gross sales per farm. The most likely adverse
impact will be the loss of population and small
retail firms in the region. At the same time, there
is likely to be lower availability of alternate em-
ployment options in manufacturing and service
industries as compared with other regions of
the country. As a result, many small rural com-
munities are expected to become substantially
less viable. As in the CATF region, the trend
is toward increasing sales and net income per
farm as farm concentration and consolidation
continue.

The region of the Great Plains and the West
is unlikely to develop the highly intensive, diver-
sified agriculture with high dependence on low-
cost, hired labor that characterizes the CATF
counties. The people that remain in the agri-
cultural counties of the West are likely to have
higher median incomes as a result of concen-
tration of production in this region. The type
of farming systems in the counties included in
the Great Plains and the West will simply not
have the labor requirements of the intensive
fruit, vegetable, and livestock production of
CATF industrial counties.

Background of the Northeast Region

The Northeast region comprises six New Eng-
land States (Connecticut, Maine, Massachu-
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setts, New Hampshire, Rhode Island, and Ver-
mont) plus three Middle Atlantic States (New
Jersey, New York, and Pennsylvania).7 This re-
gion is characterized by a relatively uniform dis-
tribution of farm types and sizes and a relative
absence of large-scale or industrialized agricul-
ture. Agriculture in this region is dominated by
the production of dairy products, followed by
fruit, vegetable, and poultry production for
nearby urban markets. There has been a long-
standing decline in the amount of land in agri-
culture in this region; however, this decline was
attenuated in the early 1970s. The farm popu-
lation as a percentage of the nonmetropolitan
population has been lower than that of the other
regions of the United States since the turn of
the century.

Urban economic and social influences have
a relatively dominant role over the well-being
of rural communities in this region. There are
only 105 nonmetropolitan counties in the whole
region, and only 30 counties in which 5 percent
or more of labor-proprietor income was derived
from agriculture. The most agriculturally pro-
ductive counties in this region are not the most
rural, but are instead closely linked with major
urban centers. Inconsequence, it is reasonable
to expect that structural change in agriculture
in the Northeast is much less likely to be associ-
ated with adverse effects on rural communities
as it is in other regions of the United States, since
opportunities for off-farm employment are likely
to continue to be better for more rural residents
in this region than in many other parts of the
country.

The Northeast is also quite diverse. One
source of diversity is agroecological in nature.
The six New England States generally have low-
quality soils and short growing seasons, with
a few exceptions, such as the Connecticut River
Valley. The Middle Atlantic States generally
have more favorable agricultural conditions.
The second source of diversity is socioeconomic
in nature and relates to the dramatic variations

‘The findings reported for the Northeast region are contained
in: Frederick H. Butte] and Mark Lancelle, “Emerging Agricul-
tural Technologies, Farm Structural Change, Public Policy, and
Rural Communities in the Northeast,” prepared for the Office
of Technology Assessment, Washington, DC, 1985.

in urban-metropolitan influence in the region.
The contrasts are striking between the Boston
to Washington, DC, megalopolis, with its dense-
ly settled 35 million inhabitants, on the one
hand, and the State of Vermont, which is com-
posed entirely of nonmetropolitan counties, on
the other.

The farm structure of the Northeast showed
increased strength in the small and part-time
farm component during the 1970s and early
1980s. The number of farm operators whose
principal occupation was not farming, or who
worked any days off-farm, or who worked 100
or more days off-farm increased more rapidly
in the Northeast than in the remainder of the
United States. The Northeast also exhibited a
larger increase in the number of individual or
family farms than in the rest of the United States,
primarily in the small and part-time classes of
farms. Table 11-3 shows a comparison of the
Northeast with the rest of the United States for
selected characteristics for 1974 and 1982.

Findings for the Northeast Reg ion

The results of the analysis of relationships be-
tween measures of structural change and meas-
ures of community well-being support the ex-
pectation that structural change in agriculture
is not likely to have great impact on rural com-
munities. This finding is in stark contrast with
the findings from CATF counties and also dif-
fers considerably from the findings for the Great
Plains and the West region. The analysis does
provide some useful insights of a more detailed
nature:

1,

2.

3.

4.

There was no strong pattern of social or
economic decline in rural counties between
1970 and 1980.
The rural population of the Northeast re-
gion has relatively high income levels and
access to services.
The rate of technical change as measured
by expenditures on machinery and chemi-
cals was relatively low during the 1970s.
There was no significant relationship be-
tween: a) change in technology and farm
structure, and b) rural community welfare
changes during the 1970s.
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Table 11-3.—Comparison of Northeast Regional Farms With Total U.S. Farms by Selected Characteristics,
1974 and 1982

Percent Percent
Northeast region change, Total United States change,

Farm structure characteristics 1974 1982 1974-82 1974 1982 1974-82
    - - 
Number of farms . . . . . . . . . . . . . . . . . . . 127,531
Land in farms (acres) . ..............23,359,889

Average size of farm (acres) . . . . . . . 183
Value of land and buildings:

Average per farm (dollars) . . . . . . . . . 121,227
Average per acre (dollars) . . . . . . . . . 662

Farms by size:
<10 acres. . . . . . . . . . . . . . . . . . . . . . . 7,689
10-49 acres . . . . . . . . . . . . . . . . . . . . . . 19,416
50-179 acres . . . . . . . . . . . . . . . . . . . . . 54,901
180-499 acres . . . . . . . . . . . . . . . . . . . . 37,864
500-999 acres . . . . . . . . . . . . . . . . . . . . 6,421
1,000-1,999 acres . . . . . . . . . . . . . . . . . 1,046
2,000 acres . . . . . . . . . . . . . . . . . . . . 194

Land use:
Total cropland (acres). . . . . . . . . . . . . 13,851,473
Woodland (acres) . . . . . . . . . . . . . . . . . 5,809,958

Agricultural products sold:
Market value ($1,000) . . . . . . . . . . . . . 4,291,380

Average per farm . . . . . . . . . . . . . . . 33,650
Crops . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,440,397
Livestock . . . . . . . . . . . . . . . . . . . . . . . 2,216,436
Poultry . . . . . . . . . . . . . . . . . . . . . . . . . . 616,094

Farms by type of organization:
Individual or family . . . . . . . . . . . . . . . 82,142a

Corporation . . . . . . . . . . . . . . . . . . . . . 2,615 a

Tenure of operator
Full owner . . . . . . . . . . . . . . . . . . . . . . 83,389
Part owner . . . . . . . . . . . . . . . . . . . . . . 36,112
Tenant . . . . . . . . . . . . . . . . . . . . . . . . . . 8,030

Principal occupation:
Farming . . . . . . . . . . . . . . . . . . . . . . . . . 78,144
Nonfarming . . . . . . . . . . . . . . . . . . . . . 46,390

Operators reporting: days of work off farm
Any days . . . . . . . . . . . . . . . . . . . . . . . . 56,670
100 days . . . . . . . . . . . . . . . . . . . . . . 46,691

Selected production expenses ($1,000)
Commercial fertilizer . . . . . . . . . . . . . 207,433
Other agricultural chemicals ....., . 74,225
Hired labor. . . . . . . . . . . . . . . . . . . . . . 401,846

Workers working >150 days:
farms . . . . . . . . . . . . . . . . . . . . . . . 21,775 a

Numbers of workersb . . . . . . . . . . . . . 66,149
Machinery and equipment:

Estimated value ($1,000). . . . . . . . . . . 2,879,414
Average per form . . . . . . . . . . . . . . . . . 23,470

131,991
23,061,163

175

214,623
1,236

10,599
26,421
51,866
34,533

7,070
1,282

220

13,972,802
5,899,750

7,179,543
54,394

2,181,303
4,998,240

844,395

115,713
4,098

82,043
40,005

9,943

75,111
56,442

67,751
56,048

309,769
140,301
712,383

29,242
88,547

5,337,081
40,435

3.5
–1.3
–4.4

77.0
86.7

37.8
36.1

–5.5
–8.8
10.1
22.5
13.4

0.8
1.5

67.3
61.6
51.4

125.5
37.1

40.9
56.7

–1.6
10.8
23.8

–3.8
21.5

19.6
20.0

49.3
89.0
77.3

34.3
33.9

85.4
72.3

2,314,013
1,017,030,357

440

147,838
336

128,254
379,543
827,884
616,098
207,297
92,712
62,225

440,039,087
92,527,627

81,526,124
35,231

41,790,360
33,301,560

6,202,291

1,517,573 a

28,656 a

1,423,953
628,224
261,836

1,427,368
851,902

1,011,476
814,555

5,137,361
1,757,776
4,652,074

223,093 a

712,715 a

48,402,626
22.303

2,241,124
984,755,115

439

347,974
791

187,699
449,301
711,701
526,566
203,936
97,396
64,525

445,527,557
87,133,026

131,810,903
58,815

62,274,394
69,536,509

9,732,222

1,945,724
59,788

1,325,931
656,219
258,974

1,234,858
1,006,266

1,187,490
963,728

7,689,577
4,282,795
8,434,399

312,621
950,112

93,686,308
41.930

–0.3
–0.3
–0.1

135.2
135.4

46.3
18.3

–14.0
–14.5

–1.6
5.1
3.7

1.2
–5.8

61.6
66.9
49.0

108.8
56.9

28.2
108.6

–6.9
4.5

–1.1

–13.4
18,1

17.4
18.3

49.7
143.6
81.3

40.1
33.3

93.6
88.0

aAmong farms with sales ~$2,~
bcomputed  from the preliminary reports for the nine Northeastern States

SOURCES Data for1974  1978 Census ofAgricu/ture  FYelirninary  l?eport Northeast region and United States (Washington, DC US Department of Commerce, Bureau
of the Census, 1980). Data for19B2 1992 Census ofAgrlculfum?  Pre/irninarYRewrf,  nine Northeastern States and United States (Washington, DC US Depart.
ment of Commerce, Bureau of the Census, 1983)
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5.

6.

Farm population change, the proportion of
full-owner farms, and the proportion of
part-time farmers had a positive effect on
community well-being in rural counties, as
measured by the poverty rate and median
family income. That is, counties in which
farm population declined, the proportion
of full-owner farms declined, or the propor-
tion of part-time farmers declined had a
moderate increase in the poverty rate. The
proportion of farms that were fully owned
had the strongest relationship to the pov-
erty rate.
Counties in which the percent of farms
owned by corporations increased also had
increases in poverty rates and declines in
median family incomes.

The primary structural change that is likely
to occur in the Northeast is due to technologi-
cal changes in the dairy industry. As discussed
in chapters 2 and 8, new dairy technologies, pri-
marily bovine growth hormone and computer-
ized feeding technologies, are expected to in-
crease production greatly and lower production
costs substantially for those dairies that are able
to adopt them. The result will be greatly in-
creased production at the currently adminis-
tered milk price levels. This will in turn trigger
price support reductions and increased failure
rate among dairy farms. Over the next 10 years,
over half of the small-to-moderate dairies in the
Northeast may be forced to leave agriculture.
The production of milk will become concen-
trated in the larger dairies in the region, and
more milk will be shipped into the region. Un-
like the CATF region, where the bulk of milk
production is expected to be concentrated in
very large-scale dairies, with thousands of cows
and with industrial relations of production,
dairy production in the Northeast is more likely
to remain concentrated in dairies with herds
in the 100-to 500-cow range and with relatively
few hired workers per dairy.

The Midwest Region

Background of the Midwest Study Area

The Midwestern region is composed of Illi-
nois, Indiana, Iowa, Michigan, Wisconsin, Min-

nesota, Missouri, and Ohio.a The 565 nonmetro-
politan counties served as the data set for the
analysis of this region. These counties were
segregated into three groups; those in which 10,
20, and 30 percent of total labor and proprietor
income came from agriculture. Table Ii-4
shows the distribution of the nonmetropolitan
counties according to the level of dependence
on agriculture by State. As can be seen, the coun-
ties most dependent on agriculture are located
in the western part of the region. The range of
dependence on agriculture among the seven
States varies considerably. For example, 29 per-
cent of the counties with at least 30 percent of
income from agriculture are in Iowa alone,
whereas Ohio and Michigan have no counties
with 30 percent income from agriculture and
only one and two counties, respectively, with
at least 20 percent income.

With the exception of CATF counties, this re-
gion differs from the other regions of the United
States in the extent to which agriculture domi-
nates its landscape. Nonetheless, this region also
has a large industrial base. Table 11-5 provides
aggregate statistics for the Midwest region as
well as for the nonmetropolitan counties and
agricultural counties of this region. The non-
metropolitan counties account for 30 percent
of the Midwest’s population and for over 75 per-
cent of the farm population, farming acreage,
and farm sales. When the proportion of county
income derived from agriculture is taken into
account, it becomes apparent that the agricul-
tural counties have only a modest percentage
of the regional population. Around 12 percent
of the region’s population live in counties with
at least 10 percent of income derived directly
from agriculture. The counties that depend most
on agriculture account for less than 2.5 percent
of the region’s total population and less than
10 percent of the nonmetropolitan population
(van Es, Chicoine, and Flotow, 1985).

Because change in agricultural technologies
will not have uniform impacts on agriculture—

aThe  findings reported for the Midwest region are contained
in: J.C. van Es, David L. Chicoine, and Mark A. Flotow, “Agri-
cultural Technologies, Farm Structure, and Rural Communities
in the Midwest: Policy Choices  and implications for 2000, ” pre-
pared for the Office of Technology Assessment, Washington, DC,
1985.
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Table ll-4.—Distribution of Rural Counties, by Varying Levels of Dependence on Agriculture,
for States in the Midwest

Dependence on agriculture

Rural counties At least 10°/0 At least 20°/0 At least 30°/0

Number Percent Number Percent Number Percent Number Percent

Ohio. . . . . . . . . . . . . . . . . . . .
Indiana . . . . . . . . . . . . . . . . .
Michigan . . . . . . . . . . . . . . . .
Wisconsin. . . . . . . . . . . . . . .
Illinois . . . . . . . . . . . . . . . . . .
Minnesota. . . . . . . . . . . . . . .
lowa. . . . . . . . . . . . . . . . . . . .
Missouri . . . . . . . . . . . . . . . .

Total . . . . . . . . . . . . . . . . .

49
62
56
57
80
71
91
99

565

8.67
10.97

9.91
10.09
14.16
12.57
16.11
17.52

100.00

9
35
50
58
76
62

334

4.19
8.98
2.69

10.48
14.97
17.37
22.70
18.56

100.00

1
15
2

16
30
35
56
37

0.52
7.81
1.04
8.33

15.63
18.23
29.17
19.27

3
17
26
29
20

5-00

3.00
17.00
26.00
29,00
20.00

192 100.00 100 100.00

DePenden~e ~n~ri~”lture  IS measured lntermsofthe proportion of laborand proprietary income derived from wflculture  The figuresare based on theyears  1975-79.

SOURCE Office of Technology Assessment

for example, technological changes in cash
grain production will have little direct impact
on dairy farms and vice versa—a more accurate
analysis of technological impacts entailed the
subdivision of the nonmetropolitan agricultural
counties in the Midwest into grain counties,
dairy counties, and mixed agriculture counties.
The dominant type of agriculture in each county
(defined as 50 percent or more of sales) deter-
mined a county’s classification.

Dairy production in the Midwest accounts for
about 13 percent of the regional agriculture and
about 41 percent of dairy production nation-
wide. Dairy farms account for about 9 percent
of the farm population but only about 2 percent
of the regional population. There are more dairy
farms (about 60,000) in the part-time sales class
in this region than in any other sales class in
the other regions. Almost all of the dairy coun-
ties are concentrated in Wisconsin. In 1978
there were 28 counties in the Midwest in which
50 percent or more of total agricultural sales
were from dairy products. Only 3 dairy coun-
ties derived 30 percent or more of county in-
come from agriculture, all in Wisconsin.

Grain counties realize more than 50 percent
of their agricultural sales from the sale of grain.
In the Midwest, grain sales include corn, wheat,
soybeans, and minor specialty grains. Within
the Midwest, grain farming is predominantly
carried out by family-based enterprises, with
a considerable input of outside capital. These
families rent the land but contribute much of

the labor and management. The grain counties
account for about 20 percent of the agricultural
agreage and sales and about 16 percent of the
farm population and number of farms of the
agricultural counties.

Once the counties characterized by the grain
and dairy industry have been separated, the re-
maining 181 counties are characterized as be-
ing mixed livestock, dairy, and grain counties.
The exact nature of these counties varies con-
siderably. Most of the counties are in the west-
ern part of the Midwest and are characterized
by integrated grain and livestock farm enter-
prises. In a few cases, the counties contain
different types of enterprises that are primar-
ily specialized, none of which account for more
than 50 percent of agricultural sales. The mixed
agricultural counties account for 6.5 percent of
the region’s total population but about 30 per-
cent of the region’s farm population and sales,
The 53 mixed agricultural counties that are most
dependent on agriculture (30 percent or more
income from agriculture) have less regional sig-
nificance than might be expected. These coun-
ties have only 1 percent of the regional popula-
tion and less than 10 percent of its sales from
agriculture.

Findings for the Midwest Region

The impact of farm structure changes at the
community level are difficult to isolate from
other societal changes that may occur simul-
taneously. For example, agricultural counties



234 ● Technology, Public Policy, and the Changing Structure of American Agriculture

n l
)  
. - k
o -

4’-’ e-
n l -
! -

. 



Ch. 11—Impacts on Rural Communities ● 235

(those receiving at least 10 percent of their in-
come from farming) in the rural Midwest ex-
perienced differential population change and
a sharp increase in unemployment during the
1970s; neither change can be attributed to struc-
tural changes in agriculture.

Comparisons within homogeneous groups
(grain, dairy, and mixed farming) of agricultural
counties show that those counties with larger
farms tend to be somewhat better off than those
counties where the process of concentration in
agriculture has not progressed so far.

The data available for this analysis does not
provide evidence of negative county-level con-
sequences associated with the historical direc-
tion of change in farm structure in the Midwest
during the 1970s. Although the process of struc-
tural change continues in the Midwest, the ma-
jor changes in population, agricultural struc-
ture, and impacts on rural communities appear
to have taken place before the 1970s.

The concentration of sales was used as the
principal indicator of structure and structural
change in the Midwest. Concentration of sales
is measured with reference to the mean percent
of farms with sales over $100,000 in 1980 for
each set of counties deriving 10, 20, and 30 per-
cent of their income from agriculture. That is,
in each set, those counties whose percentage
of farms with sales over $100,000 was greater
than the median percentage were considered
to have greater concentration than those coun-
ties whose percentage was less. The degree of
concentration is measured by the difference be-
tween the median percent and the individual
percentage for each county. In terms of the sales
classes used elsewhere in this report, this meas-
ure of concentration groups counties into those
with small and part-time farms on the one hand
and those with more moderate to large and very
large farms on the other hand.

According to this basic dichotomy, dairy
counties with higher concentrations of moder-
ate-to-large dairy farms consistently have higher
median family incomes and lower median per-
centages of poverty than dairy counties with
large percentages of small and part-time farms.
These findings are shown in table 11-6. This

measure does not provide any definite under-
standing of the association between increased
sales from large and very large farms and meas-
ures of welfare such as median family income
or poverty.9 It is surprising that in the dairy
counties, where the labor demands of the agri-
cultural enterprise are high, there is a very large
amount of off-farm employment.

Table 11-7 indicates that in grain counties with
a higher concentration of sales of the moder-
ate, large, and very large farms, it is more likely
that farms are fully rented and that more labor
will be hired. The farm operators are less likely
to work at least 100 days off the farm. These
factors are what would be expected in an agri-
cultural setting characterized by moderate,
large, and very large farms. Table 11-7 also
shows that the grain counties characterized by
higher concentration tend to have larger popu-
lations and to be more urbanized. Median fam-
ily incomes are higher and the occurrence of
poverty is less. In the counties with higher con-
centration, employment in manufacturing is
higher, and unemployment is lower. Overall,
it can be argued that grain counties with a higher
concentration of sales have a higher level of eco-
nomic well-being. It should be noted again that
this definition of higher concentration includes
farms in the moderate, large, and very large sales
classes.

As shown in table 11-8, mixed agricultural
counties with a heavier dependence on agricul-
ture are somewhat different from counties that
depend less on agriculture. Farms in the most
dependent counties are slightly more likely to
be rented fully and to hire labor. In these coun-
ties, the farm operator is less likely to work more
than 100 days off the farm. The most dependent
counties tend to contain fewer people, have a
higher percentage of farm population, have
lower median incomes, and have higher levels
of poverty. Their retail sales and manufactur-
ing employment are lower. These kinds of differ-

‘Because of the small number of dairy counties, a comparison
of the different levels of agricultural dependence among the dairy
counties is not meaningful. Similarly, data on counties with in-
creased concentration in sales among large and very large sales
class farms would probably not be statistically significant, since
the Midwest does not have many very large dairies.



236 • Technology, Public Policy, and the Changing Structure of American Agriculture

Table n-6.-Comparison of Midwestern Counties With Greater and Lesser Concentration of Sales on Farms
With Sales of More Than $100,000 for Counties Dominated by Dairy Production

Counties with sales concentration

10%0 20% 300/0

Below the Above the Below the Above the Below the Above the
regional regional regional regional regional regional

Mean county values (ca 1980) mean mean mean mean mean mean

Agriculture:
Percent of renters of farms . . . . . . . . . . . . . . . . . . . . . . . . 4.09
Hired labor, 150+ days per farm . . . . . . . . . . . . . . . . . . . . 0.29
Percent of farms hiring some labor. . . . . . . . . . . . . . . . . . 43.53
Percent of operators working 100+ days off farm . . . . . 35.20

Demographic:
Total population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20,576.00
Percent of farm population . . . . . . . . . . . . . . . . . . . . . . . . . 18.93
Percent of urban population . . . . . . . . . . . . . . . . . . . . . . . . 19.07
Median family income ($) . . . . . . . . . . . . . . . . . . . . . . . . . . 15,790.00
Percent at poverty level . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.60

Business and employment:
Retail sales per capita ($) . . . . . . . . . . . . . . . . . . . . . . . . . . 2,391.00
Percent employment: manufacturing . . . . . . . . . . . . . . . . 22.54
Percent employment: services . . . . . . . . . . . . . . . . . . . . . . 18.15
Percent of unemployed . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.62

Number of counties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5.63
0.43

47.27
30.39

31,950.00
16.34
27.27

16,996.00
8.60

2,687.00
23.40
18.53
7.47

15

6.54
0.32

45.15
27.46

20,280.00
26.19
15.60

15,703.00
11.00

2,379.00
20.00
17.20
7.40

5

4.50
0.46

48.17
30.71

21,929.00
19.45
22.83

16,262.00
9.17

2,154.00
21.17
18.50
8.00

6

8.69
0.21

55.56
31.25

25,642.00
31.55
14.00

15,703.00
10.60

1,807.00
16.00
19.00
6.00

1

6.45
0.54

48.91
24.76

14,309.00
27.33
18.00

16,996.00
8.60

1,893.00
16.00
18.00
7.00

1
SOURCE Office of Technology Assessment.

Table 11.7.—Comparison of Midwestern Counties by Concentration of Sales on Farms
With Sales of More Than S100,000 for Counties Dominated by Grain Production

Counties with sales concentration

10 ”/0 20% 30%

Below the Above the Below the Above the Below the Above the
regional regional regional regional regional regional

Mean county values (ca 1980) mean mean mean mean mean mean
Agriculture:
Percent of renters of farms . . . . . . . . . . . . . . . . . . . . . . . . 15.35 25.57 17.84 26.44 18.70 27.23
Hired labor 150+ days per farm . . . . . . . . . . . . . . . . . . . . 0.19 0.32 0.21 0.30 0.22 0.26
Percent of farms hiring some labor. . . . . . . . . . . . . . . . . . 38.18 46.85 40.63 47.67 42.80 48.00
Percent of operators working 100+ days off farm . . . . . 32.57 26.14 27.53 24.47 24.26 22.59
Demographic:
Total population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18,074.00 21,022.00 14,258.00 18,507.00 13,269.00 14,829.00
Percent of farm population . . . . . . . . . . . . . . . . . . . . . . . . . 20.03 16.80 23.49 18.89 26.44 22.75
Percent of urban population . . . . . . . . . . . . . . . . . . . . . . . . 24.95 32.19 18.35 28.78 17.00 21.95
Median family income ($) . . . . . . . . . . . . . . . . . . . . . . . . . . 16,706.00 18,665.00 16,637.00 18,623.00 15,844.00 18,221.00
Percent at poverty level . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.46 8.05 10.00 8.07 11.60 8.30
Business and employment:
Retail sales per capita ($) . . . . . . . . . . . . . . . . . . . . . . . . . . 2,521.00 2,711.00 2,370.00 2,627.00 2,519.00 2,446.00
Percent employment: manufacturing . . . . . . . . . . . . . . . . 20.93 22.04 18.15 21.80 14.78 19.36
Percent employment; services . . . . . . . . . . . . . . . . . . . . . . 18.72 18.38 19.10 17.53 18.95 18.00
Percent of unemployed . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.94 6.96 7.43 6.64 7.43 6.14

Number of counties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 57 40 36 23 22
SOURCE Office of Technology Assessment.
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Table 11-8.—Comparison of Midwestern Counties by Concentration of Sales on Farms
With Sales of More Than $100,000 for Counties Dominated by Mixed Agriculture

Counties with sales concentration

10 ”/0 200/0 30 ”/0

Below the Above the Below the Above the Below the Above the
regional regional regional regional regional regional

Mean county values (ca 1980) mean mean mean mean mean mean
Agriculture:
Percent of renters of farms . . . . . . . . . . . . . . . . . . . . . . . . 9.90 19,43 11.76 22.11 13.30 22.85
Hired labor 150+ days per farm . . . . . . . . . . . . . . . . . . . . 0.18 0.26 0.19 0.26 0.17 0.25
Percent of farms hiring some labor. . . . . . . . . . . . . . . . . . 36.85 43.87 37.67 45.87 38.35 47.03
Percent of operators working 100+ days off farm . . . . . 36.34 27.65 32.54 22.76 29.15 21.85

Demographic:
Total population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16,776.00 21,874.00 13,174.00 16,794.00 10,213.00 13,290.00
Percent of farm population . . . . . . . . . . . . . . . . . . . . . . . . . 22.93 21.62 26.95 25.15 39.54 27.52
Percent of urban population . . . . . . . . . . . . . . . . . . . . . . . . 18.82 30.01 14.20 27.81 8.97 21.29
Median family income ($) . . . . . . . . . . . . . . . . . . . . . . . . . . 15,363.00 18,184.00 15,363.00 17,768.00 14,729.00 17,070.00
Percent at poverty level . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,63 8.68 11.92 9.36 13.50 10.33

Business and employment:
Retail sales per capita ($) . . . . . . . . . . . . . . . . . . . . . . . . . . 2,300.00 2,699.00 2,162.00 2,616.00 2,197.00 2,398.00
Percent employment: manufacturing . . . . . . . . . . . . . . . . 20.16 19.72 17.18 16.95 13.97 15.81
Percent employment: services . . . . . . . . . . . . . . . . . . . . . . 17.95 18.40 17.87 18.63 18.21 18.10
Percent of unemployed . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.18 5.53 6.23 4.98 6.03 4.76

Number of counties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 72 61 43 32 21
SOURCE: Office of Technology Assessment

ences were not expected in advance of the anal-
ysis. Counties that are most heavily dependent
on agriculture in general turnout to be less pros-
perous.

The general finding that measures of social
welfare improve as farm structure moves away
from a predominance of small to part-time farms
is consistent with the findings in other regions
of the country. However, negative associations
between farm scale and social welfare might
emerge if data were available to distinguish be-
tween counties with a predominance of mod-
erate farms and those with a predominance of
large to very large farms. Also, the decade of
the 1970s was generally a very prosperous pe-
riod for the Midwest. It is not easy to find ad-
verse associations between social and economic
factors during periods of relatively little eco-
nomic adversity.

An analysis of the relationships between fac-
tors as factors changed during the 1970s yields
results similar to those of the static, cross-
sectional analysis described above. As average
farm size increased in the direction of moder-
ate to large farms, median levels of income in-
creased in dairy and mixed agricultural coun-

ties. Associations between the change in poverty
rates and other factors did not yield consistent
or significant results. There was a negative asso-
ciation between population change and change
in the share of full ownership and part owner-
ship of farmland. As the share of part owner-
ship increased, county populations tended to
decrease. The percent of manufacturing and
service employment in 1970 was positively asso-
ciated with population change during the 1970s.

The biotechnologies for animal agriculture
will be of less significance to technological
change in the Midwest because monoculture
cash grain farming characterizes much of the
agriculture in the region. Since the biotechnol-
ogies for plant agriculture are expected to bring
changes relatively more slowly to this subsec-
tor, past trends in the Midwest will character-
ize much of the farm structural change and re-
lated community effects of the rest of the century
(OTA, 1985).

The combined impacts of biotechnologies on
the mixed crop and animal counties of the Mid-
west is more difficult to discern. This is par-
ticularly true in much of Iowa and parts of Il-
linois and Missouri, where pork production is
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the primary type of animal agriculture. As dis-
cussed in chapter 3, the rate of productivity in-
crease in pork production is not significantly
different from past trends, even under the most
optimistic scenario of technological change.
The hog industry is already in the process of
restructuring in the direction of more concen-
tration, vertical integration, and specialization
of production technology. The impact of new
technologies in the mixed crop and animal coun-
ties maybe simply to accelerate the changes that
are already taking place.

In general, the Midwest lies between the
Northeast and the Great Plains and the West
with respect to expected impacts on rural com-
munities. At the regional level, the Midwest is
similar to the Northeast in that certain areas
have a concentration of dairy production-that
is likely to undergo considerable change. Also,
like the Northeast, employment opportunities
are likely for displaced farmers over large parts
of the region. Unlike the Northeast, the Mid-
west does have some areas—primarily the west-
ern counties of Iowa and Missouri—in which
agriculture dominates the economic base of the
rural communities. These areas are likely to be
more similar to the Great Plains and the West
in that a decline in population and number of
retail establishments will be associated with a
continuing concentration of agricultural re-
sources. Like the Great Plains and the West, the
counties with at least 30 percent income from
agriculture are likely to have fewer opportuni-
ties for off-farm employment.

The South Region

In this study, the Southern region comprises
Alabama, Arkansas, Delaware, Georgia, Ken-
tucky, Louisiana, Maryland, Mississippi, North
Carolina, South Carolina, Tennessee, Virginia,
and West Virginia.10 Florida is excluded from
this region and treated separately as part of the
CATF counties. The South is more difficult than

IOFindings repo~~ for the South are contained in: Jerry R. Skees
and Louis E. Swanson, “Examining Policy and Emerging Tech-
nologies Affecting Farm Structure in the South and the Interac-
tion Between Farm Structure and Well-Being of Rural Commu-
nities, ” prepared for the Office of Technology Assessment
Washington, DC, 1985.

the other regions to characterize in terms of farm
structure, owing to the relative diversity and
complexity of areas within the South. For this
reason, the structure of agriculture for this re-
gion will be presented in more detail than it was
for the other regions.

Farm Structure in the South Region

The South has a high degree of diversity in
commodities and in structures of production.
It has the largest concentration of small, low-
income farms in the United States, particular-
ly in the Appalachian and tobacco-producing
States. About 35 percent of the Nation’s farms
with sales less than $10,000 are located in the
South. In contrast, 21 percent of all farms in the
United States with sales in excess of $250,000
per year are also located in the South. In 1982,
farms with sales of less than $40,000 made up
82 percent of the farms in the South and 68 per-
cent of the farms in the rest of the United States.
Commodities such as cotton and poultry are
highly concentrated, whereas other commodi-
ties such as cattle and tobacco have very low
concentrations. Hog and pig production is in
the middle of a transition period from widely
dispersed, small-scale production to concen-
trated, large-scale confinement operations.

Agriculture is more diversified in the South
than in the other major regions of the United
States. Cattle sales in the South account for the
largest percentage of total sales in the South.
However, at 27 percent in 1982, this share was
less that that of the top commodity in each of
the other four regions.

Different commodity groups have different
structures of production in the South. In the
deep South, where the plantation system was
strongest and both cotton and sugarcane are
still raised, there is a greater preponderance of
industrial-type farms and larger-than-family
farms. However, cotton and sugarcane have
never been raised by family farms. On the other
hand, both Kentucky and North Carolina are
centers for tobacco production and are char-
acterized by a proportionately larger number
of small family farms. The South also has an
especially large number of farms that raise cat-
tle—363,994 out of a national total of 618,270
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cattle farms in 1982. Fifty-three percent of all
U.S. farms that had sales or inventory of cattle
in 1982 were in the small farms class in the
South. In contrast, poultry and egg production
is relatively concentrated in the South in large
and very large farms, with 26 and 39 percent
of regional sales in 1982, respectively.

The South is also undergoing change at a fast-
er rate than the rest of the United States. A com-
parison of basic farm structure statistics be-
tween nonmetropolitan counties in the South
and in the rest of the United States is shown
in table 11-9. The number of farms declined
faster in the South than in the rest of the United
States between 1969 and 1978. Average farm
sales increased by 87 percent in the same period
in the South, yet the increase was only 58,1 per-
cent in the rest of the United States. Average
acres per farm increased 37 percent in the South
and actually decreased in the rest of the United
States. One of the most dramatic changes in the
structure of agriculture in the South involves
the percent of full owners: the rate of decline
was twice as great in the South as in the rest
of the United States. The South went from 71
percent full ownership in 1969 to 39 percent in
1978, a 33-percent decline. The rest of the United
States went from 56 to 39 percent, a 17-percent
decline.

Many rural areas of the South still have low
standards of living compared with other regions
of the United States. Table 11-10 shows sev-
eral quality-of-life variables in nonmetropolitan
counties of the South and the rest of the United
States. Poverty in the South was greater in both
1970 and 1980. In 1980 the average rural county
poverty level was approximately 6 percent higher
in the South than in the rest of the country. Me-
dian family income was also significantly lower
than that in the rest of the United States. Be-
cause of the diversity of agriculture and the wide
dispersion of production scales, there is a strong
a priori expectation that definitive conclusions
may be difficult to achieve for the region as a
whole.

Findings for the South Region

The analysis of associations between struc-
tural change and rural community welfare is

Table 11.9.—Comparison of Basic Farm Structure
Statistics in Rural Counties of the South

With Those of Total United States

Rest of U.S. South
Variable county mean county mean
Farm numbers . . . . . . . . . . . . . . . . 860a

741
(-1 19)

Farm size (sales) ... ... ... ... .. $48,788
77,140

(28,352)

Farm size (acres) . . . . . . . . . . . . . . 1,232
1,220
( - 12)

Part-time farming ... , . . . . . . . . . . 36.1 0/0
38.2
(2.1)

Chemical and fertilizer
use per farm . . . . . . . . . . . . . . . . $2,697

5,713
(3,016)

Machinery value per farm ... ... .$27,584
54,710

(27,126)

Hired labor per farm . . . . . . . . . . . $4,781
4,638

(– 143)

Farms below 180 acres . . . . . . . . . 43.40/0
43.5
(0.1)

Percent full owners . . . . . . . . . . . . 55.80/o
38.9

( - 16.9)

Percent tenant operators . . . . . . . 13.9”/0
11.9

( -2.0)
Percent grain sales . . . . . . . . . . . . 18.40/o

25.9
(7.5)

Percent livestock sales . . . . . . . . . 38.00/o
36.9

(-1.1)
Percent unemployment . . . . . . . . . 4.5%

(2.0)

849
624

(–225)

$24,675
46,112

(21,437)

205
232
(27)

44.3
47.4
(3.1)

$2,646
5,517

(2,871)

$17,023
36,043

(19,020)

$3,049
3,936
(887)

71 .0 ”/0
67.2

(-3.8)

70.6%
38.0

(-32.6)

9.9 ”/0

(-1.9)

11 .0 ”/0
20.0
(9.0)
17.7%
20.6
(2.9)

4.9%
7.8

(2.9). ,
a1987.70  values are listed first

1977-80 values are listed second
NOTE  The change between the two time periods appears in parentheses

SOURCE  Office of Technology Assessment

based on the complete set of 706 rural counties
in the region. Nonmetropolitan counties with
low proportions of income from agriculture
were not excluded from the set of counties.

The principal findings are as follows:

1. The Goldschmidt hypothesis is not con-
firmed at the regional level for the majority
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Table 1 l-10.—Quality of Life Variables
in Rural Counties

Rest of U.S. South
Variable county mean county mean

County population . . . . . . . . .

Percent families below
poverty . . . . . . . . . . . . . . . . .

Total year housing units . . . .

Property taxes per capita . . .

Retail establishments . . . . . .

Median family income . . . . . .

Percent unemployment . . . . .

Farm/rural population. . . . . . .

Percent employed in
manufacturing . . . . . . .

Percent employed in
services . . . . . . . . . . . . . . . .

al~T.TO values are Ilsted first

21,738
25,064
(3,326)

15.0”/0
11.8

(-3.2)

7,550
9,840

(2,290)

$346
396
(50)

247
248

(1)

$17,547
20,860
(3,313)

4.5 ”/0

(2.0)

27.1 0/0
18.8

(-8.3)

16.00/0
15.8

( -0.2)

7.0 ”/0
18.9

(11.9)

23,036
26,723
(3,687)

26.6°/
17.6

(-9.0)

7,500
9,907

(2,407)

$103
135
(32)

226
237
(11)

$14,055
18,112
(4,057)

4.9%

(2.9)

1 7.5%

(-8.4)

30.4%
29.3

(- 1.1)

7.7%
16.8
(9.1)

1977.80 values are listed second
NOTE The change between the two time pertods  appears In parentheses

SOURCE Off Ice of Technology Assessment

of indicators for community welfare, al-
though there is support for a modification
of the Goldschmidt hypothesis with respect
to levels of unemployment. The nonmetro-
politan counties are more dependent on
manufacturing and service sector employ-
ment than on employment in agriculture.
The structure of the manufacturing and
service sector has a greater impact on so-
cial welfare than does agriculture in these
counties. Manufacturing industries are
associated with low levels of unemploy-
ment, but also with lower median family
incomes. Service industries in the South are

2.

3.

4.

5.

associated with both low levels of median
family incomes and high rates of poverty.
There is a strong association between aver-
age farm size and unemployment in south-
ern agricultural counties in both 1970 and
1980. However, this association is not
strictly linear as is predicted by the Gold-
schmidt hypothesis, A pattern similar to an
inverted U emerges when the agricultural
counties are compared as a cross-section
in 1970 and 1980. In each year, unemploy-
ment decreases sharply over the range from
small farms to moderate farms. However,
unemployment is also strongly associated
with increasing average farm size over the
range from moderate to large-scale farms.
Other basic measures of social welfare,
such as percent of poverty and median fam-
ily income, do not appear to follow the same
pattern. The basic conclusion is that the
lowest rate of unemployment is associated
with a farm structure dominated by mod-
erate farms in the South. Unemployment
tends to be substantially higher when the
average farm size in a county is especially
small or large.
Counties in which the average farm size in-
creased the most during the years between
1970 and 1980 were likely to have declin-
ing levels of unemployment but greater in-
creases in poverty. This analysis of changes
over time provides some weak evidence in
support of the Goldschmidt hypothesis.
Counties that had a substantial decrease in
farm population have increased unemploy-
ment, poverty, and decreased median fam-
ily incomes.
Levels of part-time farming are associated
with county well-being. Those counties
with high levels of part-time farming in 1969
and 1978 were more likely to have lower
levels of poverty and higher levels of me-
dian family income. Furthermore, counties
with the most rapid increase in the propor-
tion of operators working 100 or more days
off of the farm were more likely to have had
a faster rate of decline in unemployment
and poverty, along with a faster rate of in-
crease in median family income. It is likely
that the part-time farms have a welfare func-
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tion: they provide their operators with sup-
plemental income and some security in the
context of employment variability.

Potential for Adverse Impacts o n
Rural Commnities in the South

The potential for structural change varies con-
siderably in different parts of the South. Large
sections of the South are hilly and mountainous,
terrain more similar to that of the Northeastern
region of the United States. Like the Northeast
in general, there is relatively low potential for
the concentration of production in large and
very large farms in these areas. The geography
of these areas prevents the creation of large con-
tiguous parcels of land on which large machin-
ery can operate effectively. However, there is
cause for concern with respect to the potential
for developing highly concentrated industrial-
scale agriculture in the coastal areas of the
South. The topography and climate of this area
lends itself to the establishment of agricultural
structure with a pattern similar to that found
in the other Sunbelt States included in the CATF
region. This coastal area also has a labor force
with the same kind of characteristics as those
found in the CATF region–that is, relatively
poorly skilled, segmented, and impoverished.
Therefore, agriculture in the coastal plains has
the potential to develop a similar structure and
a similar set of adverse impacts on rural com-
munities in this area as has already occurred
in CATF counties. This in turn may result in
substantial worsening of living standards and
community welfare in this area. Detailed re-
search on this area would be necessary to as-
sess the potential for adverse structural change
and the extent to which adverse impacts have
already occurred in rural communities in this
area,

In summary, the South is more similar to the
CATF region than to the other regions of the
United States. Unlike the CATF, the South has
a relatively high percentage of small farms and

rural poverty in areas that are not dominated
by industrial agriculture. The availability of
services, levels of education, and income levels
is substantially lower in the rural counties of
the South compared with those in the North-
east and Midwest. Unlike the Northeast, Mid-
west, and CATF regions, specific technologies
are not seen as having a clearly identifiable im-
pact on rural communities in the South, since
production of particular commodities does not
predominate regionally or within a particular
State in the region. One moderate exception to
this lies in the soybean/rice rotations in Loui-
siana, which accounted for almost all of the cash
grains produced in this State in 1982. However,
cash grain production is already highly concen-
trated in Louisiana, and relative to other parts
of the South, the structure of agriculture is not
likely to change greatly in Louisiana. Public pol-
icies that pertain to tobacco production and cat-
tle raising may have a detrimental impact on
small-scale farms that depend on these com-
modities.

The economic fortunes of the rural South are
tied to its position in the national and interna-
tional economy. Given the relatively poor posi-
tion of this region in the national economy it
is not reasonable to expect these areas to im-
prove their social and economic conditions with
their own resources. Rural sociologists and agri-
cultural economists have argued for a compre-
hensive rural development program for the
South. They argue that the rural areas are al-
ready experiencing extreme social and eco-
nomic problems. The dire social consequences
of these depressed conditions and the persist-
ence of social inequalities include “intolerably
high rates of infant mortality and homicide. . .
inadequate jobs and income, inadequate serv-
ices” and a decline in effective grassroots, self-
help initiatives (Wilkinson, 1984). Those com-
munities that remain primarily dependent on
their farming hinterlands are thought to be the
most likely to experience a decline in their pop-
ulations, quality of services, and retail establish-
ments (Whiting, 1974).
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THE RURAL DEVELOPMENT POLICY CONTEXT

Concern about the impact of changing agri-
cultural technologies and structural change in
agriculture on rural communities should be
placed in the context of changes that have
occurred and are likely to continue to occur in
the general economic structure of rural areas.
For purposes of this discussion, all nonmetro-
politan counties and areas of the United States
are aggregated together into the category of ru-
ral areas. Two basic trends have clearly been
operating in rural areas for several decades.
First, since about the time of World War I, there
has been along-run displacement of labor from
agriculture, primarily due to mechanization and
consolidation of agricultural production. Sec-
ond, since about 1940 there has been a steady
growth in the number of manufacturing and
service sector jobs in rural areas. The rate of
industrialization of rural America increased
greatly in the 1970s, especially in the South. Re-
duction in the population of farm operators
slowed in the 1970s and reversed in some areas.
Overall, rural areas in the United States are
much less dependent on agriculture in 1980 than
they were in 1940. In 1983 the natural resource
sector, which includes all of agriculture as well
as forestry, fisheries, and mining, accounted for
only 11 percent of the wage and salary income
of nonmetropolitan areas (U.S. Department of
Commerce, 1984). Government accounted for
19.4 percent of income, and the service and man-
ufacturing sector accounted for 70 percent. The
economy of rural areas has therefore become
more diversified and less sensitive overall to eco-
nomic cycles in agricultural prices.

Along with the changes in population and eco-
nomic structure in the 1970s, there were sev-
eral trends of improvement in the welfare of ru-
ral areas and communities. The gap between
incomes of rural and urban workers narrowed,
to within 12 percentage points of each other,
availability of services has improved, and pov-
erty rates in rural areas declined from 17 per-
cent (in 1970) to 14 percent (in 1980). Even at
the historical low point in rural poverty, nearly
all of the poorest counties in the United States
were nonmetropolitan. There were only 8 met-

ropolitan counties with poverty rates of 25 per-
cent or more in 1980, whereas there were 339
nonmetropolitan counties with this rate of
poverty.

Improvement in the welfare of rural areas is
due to investment by both private and public
sectors. The private sector has invested in new
housing, manufacturing, and service facilities,
while the public sector invested primarily in the
basic infrastructure of rural areas: roads, water
and sewer systems, health and educational fa-
cilities, and so forth. Much of this development
has been interrelated; water projects such as
dams and reservoirs tend to attract investment
in retirement housing, which in turn provides
these rural areas with a relatively stable increase
in service sector jobs. In turn, increases in in-
dustrialization and retirement housing as well
as increases in land values in general tend to
increase the tax base, which provides for im-
provements in many rural services such as edu-
cation, health facilities, water treatment plants,
and so forth.

The improvements in rural welfare have not
been evenly distributed. Some regions and sub-
regions have not improved nearly as much as
other areas. Figure 11-1 shows the incidence
of nonmetropolitan counties with a poverty rate
of 25 percent or higher as determined by the
1980 Census of Population. Nonmetropolitan
counties with this high percentage of poverty
appear to occur in five groups. The largest group
is the southern “black belt” counties that run
across the States of North Carolina, South Caro-
lina, Georgia, Alabama, Louisiana, Mississippi,
and Arkansas. Another group occurs in the clus-
ter of Appalachian counties in eastern Kentucky
and northeastern Tennessee. Poverty is also
prevalent in a more diffuse pattern in rural coun-
ties along the Rio Grande Valley in Texas, and
among many of the counties dominated by In-
dian reservations in Arizona, New Mexico,
Utah, North Dakota, and South Dakota.

Moreover, the incidence of poverty falls dis-
proportionately on minorities and women in
rural areas. In 1982, only 15 percent of non-
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Figure 11-1 .—Nonmetropolitan Counties With a Poverty Rate of 25 Percent or Higher

metropolitan whites were poor, compared with
42 percent of nonmetropolitan blacks and 31
percent of nonmetropolitan Hispanics. In 1979,
34 percent of nonmetropolitan Indians had pov-
erty-level incomes. The incidence of female
headed households in nonmetropolitan areas
increased by 25 percent in the 1970s. In 1980,
35 percent of these households were classified
as being at or below the poverty line (Skees and
Swanson, 1985).

Minorities have had some relative gains in
welfare in some areas. In the South, the pov-
erty rates among nonmetropolitan blacks de-
creased by 10 percentage points from 1970 to
1982, while the poverty rates among nonmetro-
politan whites increased somewhat, from 13 to
15 percent over the same period.

Trends toward improvements in rural wel-
fare have taken a turn for the worse in the 1980s.
Rural poverty increased again in the recession

of 1980-81 to 18 percent in 1982. Many rural
service and manufacturing industries that relo-
cated in rural areas in the 1960s and 1970s be-
gan to move overseas in search of still lower
labor rates. The tax base that supports many ru-
ral services such as schools and hospitals was
eroded as cropland values fell across the coun-
try. There is also evidence that the movement
of population from urban to rural areas in the
1970s has reversed in many areas. Throughout
the 1970s, population grew more rapidly in ru-
ral areas than in urban areas. The rate of popu-
lation growth in rural areas fell rapidly in 1980
through 1982 and is now significantly lower
than that of urban areas.

In summary, rural poverty is still very preva-
lent at high levels compared with metropolitan
areas. Changes in the economic structure of ru-
ral areas have increased the economic base of
many communities and counties but have along
way to go before the welfare of rural areas is
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equivalent to that of urban areas. Moreover, the in previous decades, but the economic situation
economic and financial base of many rural of many rural counties is sufficiently precari-
communities is significantly less strong in 1985 ous that substantial changes in agriculture will
than in 1980. Overall, agriculture plays a much undoubtedly have an impact on the welfare of
smaller role in the rural economy than it did these areas.

SUMMARY AND POLICY IMPLICATIONS

A wide range of diversity is evident in the
character, agricultural structure, patterns of
change, and patterns of impact on rural com-
munities in five different regions of the United
States. A clear picture of adverse relationships
between agricultural structure and the welfare
of rural communities is evident in the CATF
counties. Large-scale and very large-scale in-
dustrialized agriculture in these counties is
strongly associated with high rates of poverty,
substandard housing, and exploitive labor prac-
tices in the rural communities that provide hired
labor for these farms. Very large-scale agricul-
ture has been a strong source of employment
in the CATF region for many years, although
at very low wage rates. Emerging technologies
may reduce the labor requirements throughout
much of the CATF region between now and year
2000. Increased unemployment will greatly in-
crease the strain on these communities. There
is potential for CATF to increase its share of
national agricultural production, which would
mitigate the trend toward increasing unemploy-
ment. However, increased agricultural produc-
tion in this region will tend to be constrained
by the cost of irrigation water and the need to
control environmental impacts.

There is a substantial potential for a pattern
similar to that of the CATF region to occur in
the coastal zone of the South. The topography
and climate favor large-scale, labor-intensive
production of fruits, vegetables, and dairy prod-
ucts. The South also has a segmented, relatively
unskilled labor force that could provide a source
of low-cost labor similar to that of the CATF
region. It is difficult to draw generalizations
about the rest of the South, owing to the diver-
sity of agricultural structure and production.
There is evidence of a relatively strong associa-
tion between rates of unemployment and agri-

cultural structure. Unemployment rates tend
to be lowest in counties with a predominance
of moderate farms. Unemployment rates are
higher in counties with a predominance of small
or large farms.

Dairy products are the single most important
agricultural commodity group of the Northeast.
Dairy farms are likely to experience widespread
failure because of the combination of techno-
logical change and public policies. The struc-
ture of agriculture in the Northeast is therefore
likely to change substantially during the next
10 to 15 years. However, rural communities in
the Northeast have a low overall dependence
on income from agriculture. Almost all of the
most productive agricultural counties in the
Northeast are in metropolitan areas where em-
ployment opportunities and services are rela-
tively available. The most rural counties are not
the most agricultural. Therefore, rural commu-
nities in the Northeast generally are not likely
to experience adverse consequences from struc-
tural change, with the exception of a few local-
ities with especially high dependence on dairy
production.

There is no clear-cut evidence that rural com-
munities in the Midwest were adversely affected
by structural change during the 1970s. In gen-
eral, alternative sources of employment in the
manufacturing and service sectors have been
relatively prevalent and are expected to con-
tinue to be relatively good in the Midwest. In
general, indicators of social welfare tended to
improve as farm structure moved from small
and part-time farms toward moderate to large
farms during the 1970s. However, there was a
tendency for the population to decline in coun-
ties where the share of part-ownership of farms
increased. As with the Northeast region, there
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is a reasonable expectation that technological
change in the dairy industry will result in a mass
exodus of small to moderate dairy farms dur-
ing the next 5 to 15 years. Rural communities
in dairy counties may not be adversely affected,
since off-farm employment is quite high in these
counties. Mixed agricultural counties on the
western edge of the Midwest that are relatively
dependent on agriculture are the most likely to
suffer adverse consequences from structural
change. If the percent of part-ownership in-
creases as agriculture becomes more concen-
trated, population, median income, and retail
sales may decline in these counties.

There is a strong potential for the develop-
ment of a high concentration of agricultural pro-
duction in the Great Plains and the West, espe-
cially in terms of farm size, if not gross sales
per farm. In turn, the number and percent of
hired managers in this region is likely to in-
crease. Unlike the South, there is low potential
for development of industrialized agriculture
with large numbers of hired field workers. The
most likely adverse impact will be the loss of
population and small retail firms in the region.
In general, fewer alternate employment options
will be likely in manufacturing and service in-
dustries in this region than in the other regions
of the country.

One of the most important findings is that it
is very difficult to generalize across regions of
the United States about the impacts of chang-
ing agricultural technology and structure on ru-
ral communities. As a consequence, policies de-
signed to prevent or ameliorate adverse impacts
and promote beneficial impacts will run the risk
of being inappropriate unless they are crafted
with consideration for regional differences.

Regional Rural Development Policy

Rural development policies are carried out
at the national, State, and local levels. Over the
years, rural development policies have received
high priority and at other times, including the
early 1980s, they have received relatively little
attention in terms of leadership and resources.
This policy of “benign neglect” is based on the

view that rural communities have strong, cohe-
sive social institutions and can help themselves
better than the Federal Government and States
can. There is strong evidence that many, if not
most, rural communities have suffered a decline
in their strength, cohesion, and capabilities and
are now much less able to help themselves. Ur-
banization has reduced the traditional bases of
cohesion in many rural communities (Wilkin-
son, Hobbs, and Christenson, 1983). Many of
the gains in social welfare that were achieved
in rural communities in the 1960s and 1970s are
in danger of being lost. Moreover, the exami-
nation of indicators -of social welfare of rural
communities in this study has shown that pov-
erty, substandard housing, unemployment, and
lack of access to basic services continue to be
widespread problems in major regions of the
United States. There is strong potential for fur-
ther declines in the welfare of rural communi-
ties in some areas. It follows that policy makers
who are concerned about the quality of life in
rural areas should give renewed consideration
to regional development policies. Regional de-
velopment policies that address the quality of
life in rural areas will benefit from higher polit-
ical priority and a new focus on the issues. It
will take the cooperation and coordination of
policy makers at all levels of Government to
achieve this increase in priority and this im-
provement in focus.

The national role is critical in providing lead-
ership and in setting national standards for the
improvement of conditions in rural areas and
regions that cut across State lines. This respon-
sibility is shared by the Federal Government and
national organizations. State governments and
State organizations have the responsibility for
selecting particular areas for assistance and for
assisting State and local organizations in the
delivery and use of services. Local governments
are responsible for direction and implementa-
tion of programs to meet local needs and in the
use of local capacities and resources (Bradshaw
and Blakely, 1983). In this section, the general
roles and capabilities of the three levels of Gov-
ernment are outlined, followed by a discussion
of policy considerations for each region.
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Robs and Capabilities
of Government

The National Role in Regional
Rural Development

The Federal Government can promote region-
al rural development in a number of ways:

1.

2.

3.

4.

Develop a strong Federal rural policy that
would help coordinate the various activi-
ties of the several Federal agencies active
in rural development and set a clear direc-
tion for Government involvement.11

Develop rural human capital by targeting
resources for training and skills develop-
ment to minorities and the poor. The Fed-
eral Government is in a better position to
do this than many State governments.
Integrate programs of economic develop-
ment. The Federal Government can provide
incentives for establishing in rural areas
new industries that are integrated with the
need for human resource development in
those areas.
Directly provide resources for the most
needy rural areas (especially the South). The
Federal Government has the special abil-
ity to reallocate resources from areas and
regions of affluence to areas in which pov-
erty and depressed conditions prevail. The
largest proportion of rural poverty in the
United States is in the South. As a conse-
quence, actions by individual State govern-
ments in this region are not likely to be as
effective as national policies targeted at this
region. At the national level many of the
programs that have been most successful
in achieving improvements in social wel-
fare in rural areas have not operated under
the label of rural development per se. Ex-
amples are the Interstate Highway System,
the Social Security System, Environmental
Protection Agency grants for pollution
abatement, Corps of Engineers’ waterway
development and flood control projects, the
Rural Electrification Administration, the

l~Federa] agricultural commodity policies, other income suP-
port policies, and Federal research and extension policies also
have an impact on regional rural development. These policies
are discussed in other chapters.

5.

6.

Farm Credit System, and the Farmer’s
Home Administration.
Create a context for improved assessment
and analysis of rural development problems
and policies. The U.S. Department of Agri-
culture is in a better position than single
State institutions to promote improved
scholarship on issues and policy options
for rural development. At the same time
there is a great need to sustain and improve
the Federal collection and dissemination
of information on rural communities. Only
the Federal Government can establish the
uniform national database and analytical
standards required for an adequate defini-
tion of the problems of rural communities
and rural development. Public policies are
best established on the basis of well-defined
problems. Public policies toward rural de-
velopment in the past have been poorly
formulated, in part due to the lack of con-
sistent definitions and data about rural
communities.
Provide certain governmental services with
indirect but potentially substantial impact
on regional rural development. For exam-
ple, the welfare of many poor rural com-
munities in the South and the CATF region
is affected by the rate of influx of immigrant
farmworkers. It will be very difficult to im-
prove the incomes and housing standards
of hired labor in these two regions in the
face of uncontrolled competition from or
nonregulation of immigrant labor.

The State Role in Regional
Rura l  Deve lopment

Each State can play a pivotal role in many
respects in the process of regional rural devel-
opment. While the Federal Government can pro-
vide leadership and funding, regional develop-
ment policies will be carried out to a large extent
through State agencies and programs. To the
extent that the States increase their level of
responsibility and activity in rural development,
they will also have to increase their organi-
zational capabilities. States also have the op-
portunity to organize themselves into regional
federations to coordinate programs and share



resources for regionwide development pro-
grams. The States have roles that the Federal
Government cannot perform:

1.

2.

3.

4.

5.

6.

Only individual States or regional groups
can adequately coordinate the different in-
terest groups and opportunities within their
boundaries.
Strategies that are politically feasible can
only originate with the States; they cannot
be successfully imposed by the Federal Gov-
ernment.
The States are uniquely capable of im-
proving the organizational capacity of ru-
ral development groups in those places
where the need for development is greatest.
States can exercise leadership in creating
multi jurisdictional organizations.
State responsibility for land use assessment
and zoning can bean effective way to min-
imize some of the disadvantages of growth
in rural areas.
Legislative and administrative actions by
State governments within the broad policy
guidelines of the Federal Government are
necessary to ensure that benefits from de-
velopment programs reach the most needy
rural residents.

The Local Role in Regional
Rural DeveIopment

The basic economic development activities
that work to improve the quality of rural life are
conducted by jurisdictions that lie below the
level of the State government. These local ef-
forts must work within national and State guide-
lines and priorities, but they must have a great
deal of flexibility to create programs appropri-
ate to local conditions and resources. Local orga-
nizations working at the local level ultimately
have a great deal of responsibility to make sure
that the needs of disadvantaged rural residents
are met (Bradshaw and Blakely, 1983). Local
organizations have some strengths relative to
State and Federal agencies. Local governments
and agencies are capable of developing more
diversity in sources of funding and types of serv-
ices that are delivered. Localities are better able
to identify and use particular local resources
in the process of development.
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Regional Policy Considerations

The CATF Region

The social welfare of many rural communities
in CATF counties is already very poor. Public
policies aimed at rectifying the existing prob-
lems are needed in addition to policies to miti-
gate adverse impacts from continued concen-
tration and technical change.

There are several essential elements of any
program directed toward correcting existing
problems in the CATF region:

1.

2.

3.

4.

5.

Community development, cooperative ex-
tension, and poverty programs might be fo-
cused on the specific needs of the small
communities and of displaced individuals.
Building codes could be enforced on rental
properties, and grants might be provided
to owner-occupants to bring their dwellings
up to code.
Safe and sanitary public housing could be
provided to migrant agricultural labor.
More rigorous monitoring and enforce-
ment of water and air quality is needed in
rural communities. Specific controls could
be enacted on environmental problem areas
—burning of crop stubble, disposal of pes-
ticide containers, and drainage of irriga-
tion water.
The general issue of below-minimum wages
should be addressed:
a.

b.

c.

barriers to unionization of agricultural
labor could be removed;
benefit packages could be adapted for use
by migratory labor;
job costs (charges for transport to the
fields, lodging, and food) could be disal-
lowed if they depress wages below the
minimum levels; and

d. professional standards and licensing
could be established for labor contractors.

The Great Plains and the West

The analysis of the Great Plains and the West
indicates that public policy rather than technol-
ogy per se accounts for most of the recent shifts
in agricultural structure and will have the great-
est impact in the foreseeable future. The prin-
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cipal impact of technology was the adoption of
larger machinery on moderate farms, which re-
sulted in predominantly medium-sized farm
counties becoming more like large farm coun-
ties during the 1970s. Much of this change can
be attributed to Federal incentives for the sub-
stitution of capital for labor. While this has been
true since the 1940s, the process accelerated dur-
ing the inflationary 1970s and received further
impetus through increases in investment tax
credits in 1981. The more recent reversal of
monetary policy has resulted in a great deceler-
ation of capital investment, but has also greatly
decreased net farm income. Interest payment
write-offs have provided a major subsidy for
growth, especially in irrigated mixed crop and
livestock counties.

The structural change in dairy production will
have a substantial impact on the overall struc-
ture of agriculture in the Northeast because the
dairy farm is the predominant type of agricul-
ture in this region. One possible way to miti-
gate this impact will be to convert dairy farms
to the production of fruits, vegetables, and poul-
try. These commodities are produced in large
quantities in the Northeast, the markets are well
developed, and demand is likely to be more elas-
tic than the demand for dairy products.

As in the Northeast, there is a need to con-
sider public policies for the Midwest that will

CHAPTER 1

Bradshaw, Ted K., and Blakely, Edward J., “Na-
tional, State and Local Roles in Rural Policy De-
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Flora, Jan L., and Flora, Cornelia Butler, “Emerg-
ing Agricultural Technologies, Farm Size, Public
Policy, and Rural Communities: The Great Plains
and the West, ” prepared for the Office of Tech-
nology Assessment, Washington, DC, 1985,

Goldschmidt, Walter, As You Sow: Three Studies in
the Social Consequences of Agribusiness (Mont-
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address the major structural changes expected
in the dairy industry. Public policies that assist
dairy farmers to shift resources into alternate
types of production will benefit communities
in areas that are relatively dependent on income
from dairy production. Programs that enable
dairy farmers to retrain for employment in new
occupations and to leave agriculture maybe of
more benefit to farmers than to the communi-
ties in which they reside if these programs re-
sult in outmigration to other parts of the country.

The South

There seems to be a consensus among the
specialists in rural affairs about the character
of a national or regional rural development pro-
gram. Such a program would require a “two-
fold attack, one that combines Federal initia-
tives with local initiatives—the former to in-
crease resources, the latter to build a sense of
community” (Wilkinson, 1984). Four general
criteria are:

1.

2.

3.

4.

there must be a program aimed at the crea-
tion of jobs that generate a livable income;
basic rural services such as health care, edu-
cation, water, sewer, and power must be pro-
vided or upgraded;
labor and civil rights laws must be strength-
ened and enforced; and
local participation must be included in any
rural development program,
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Chapter 12

Impacts on Agricultural
Research and Extension

Much of the success of American agriculture
is attributable to the creation of the Nation’s agri-
cultural research and extension system (Ruttan,
1982; Cochrane, 1958). For well over a century
this system has contributed to a plentiful, low-
cost supply of food and fiber, and to the posi-
tive U.S. balance of agricultural trade, through
the system’s research on new agricultural tech-
nologies and practices and through its transfer
of technology to farmers and other members of
the agricultural community. The technological
innovations brought about by agricultural re-
search and extension increased agricultural out-
put in 1945 through 1979 by 85 percent, with
no change in the level of agricultural inputs
(USDA, 1980).

The public has invested substantial sums of
money (currently about $3 billion annually) in
agricultural research and extension at Federal
and State levels. This investment has been no
accident. Several important events have helped
make the agricultural research and extension
system an integral and long-standing part of U.S.
agricultural policy—the first Federal appropri-
ations to agricultural research in 1856, the estab-
lishment of the U.S. Department of Agriculture
(USDA] and land-grant university system in
1862, the funding of a State agricultural experi-
ment station system in 1887, and the creation
of the Federal-State-local extension partnership
in 1914,

However, agriculture’s entrance into the era
of biotechnology and information technology
raises several questions about the impact of tech-
nical advances on the performance of the re-
search and extension system and about how that
performance will ultimately affect the structure
of agriculture. For example, in the past, public
research was the driving force for agricultural
production. Now, with the private sector becom-

ing more involved, the public sector is emphasiz-
ing more basic research while the private sec-
tor is focusing on certain areas of applied
research and development,

This situation leaves open the question of who
will do other aspects of applied research in the
public sector. Although the public sector has
allocated resources to research in biotechnol-
ogy and information technology, extension has
done little to make information about these tech-
nologies available to farmers. Extension must
thus decide what its mission will be, for exten-
sion policy will determine how effective mod-
erate farmers will be in gaining access to new
technology. without such access moderate
farms will disappear even faster.

The role of extension raises additional
questions:

●

●

●

●

●

●

who gains and who loses from the process
of technological change in agriculture?
Is agricultural research and extension
structurally neutral, or does it favor the
growth of large industrialized farms?
what are the roles of the various compo-
nents of the agricultural research and ex-
tension system as they relate to techno-
logical change in the biotechnology and
information technology era?
What are the implications of increased pri-
vate sector involvement in agricultural re-
search?
what are the implications of patents being
conferred on biotechnology and informa-
tion technology discoveries, that is, for the
social contract under which the agricul-
tural research system was created?
How is a proper balance to be struck be-
tween public and private sector compo-
nents of the agricultural research and ex-
tension system?

253
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These major questions will be addressed in it relates to developments in biotechnology and
this chapter. The answers to the questions are information technology.1

based on previous OTA studies, on an exten-
sive body of literature on the impact of technol-
ogy on agriculture, and on papers commis-
sioned by OTA regarding the status of the

1The OTA papers were prepared by George Hyatt, Roy Lov-
vorn, Ronald Knutson, and Fred White. The findings from these

agricultural research and extension system as papers were integrated into this chapter by Ronald Knutson.

THE FUNCTIONS AND CHALLENGES OF RESEARCH AND EXTENSION

Increasing demands are being placed on the
agricultural research and extension system.
These demands result largely from pressures
to increase food and fiber production in the face
of an ever-expanding world population, the goal
of eliminating hunger and malnutrition, higher
levels of consumer income, agriculture’s impact
on the environment and worker safety, policies
designed to expand exports, the desire for a safer
food supply, and reduced availability of water
for irrigation.

Technological change is necessary for solv-
ing each of the problems implied by these pub-
lic concerns, The process of achieving techno-
logical change in agriculture involves three
basic steps, each a function of the research and
extension system:

1. basic research—discovery of new ideas,
concepts, and relationships;

2. applied and developmental research:
. development of ideas, concepts, and rela-

tionships into products (where a prod-
uct is the output of technology);

● adaptation of new technologies to as
many agro-ecosystems as possible; and

. maintaining newly achieved productiv-
ity from evolving pests, disease, decline
in soil fertility, and other factors (some-
times referred to as maintenance re-
search); and

3. adoption of products (transfer of tech-
nology).

Discovery is primarily the function of basic
research. Most basic research has traditionally
been done in the public sector. There appears
to be a general assumption that the private sec-
tor will not support sufficient amounts of high-

risk basic agricultural research because that re-
search is unlikely to yield a near-term payoff.
However, this assumption is now being chal-
lenged by large private sector investments in
biotechnology and information technology,

Developmental and applied research is con-
ducted by both the public and private sectors.
The marked increase in the quantity of applied
private sector research has resulted in sugges-
tions that public sector support for agricultural
research might logically be reduced, Such a sug-
gestion, however, is overly simplistic. Research
policy decisions like this require an understand-
ing of the relative payoffs from various types
of research, the interrelationships between basic
and applied research, and the types of research
undertaken by the public and private sectors
(White, 1984). Most of the applied research con-
ducted by the private sector is development of
ideas, concepts, and relationships into products.
Very little private sector applied research is al-
located to the adoption of new technologies to
a specific agro-ecosystem or to defense of newly
achieved productivity from enemies of the agro-
ecosystem (maintenance research). This respon-
sibility falls to the public sector.

The function of encouraging technology adop-
tion has traditionally been shared by the public
and private sectors, In the public sector, exten-
sion educators at the Federal, State, and county
level work directly with farmers to test and dem-
onstrate the usefulness of new products flowing
out of both sectors. Private firms tend to con-
centrate their adoption strategies on more con-
ventional promotion and advertising strategies.

Over time, the effort and resources required
to achieve a technological breakthrough, as a
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general rule, increase, This is true because the
simpler problems naturally tend to be solved
first. More difficult problems require more com-
plex tools of analysis and thus a larger research
commitment in time, effort, and resources. The
entry of agriculture into the contemporary bio-
technology era illustrates this increased com-
plexity. For years, agriculture has depended on
chemicals to control pests, diseases, and weeds.
These chemicals have been applied without a
full knowledge of either precisely how they work
or how they affect the environment. This prac-
tice has increasingly been questioned as chem-
ical residues have become more associated with
environmental contamination and safety con-
cerns. Moreover, biotechnology research has
increased the understanding of the specific ef-
fects of chemicals, such as atrazine on weeds.
As a result of such research, it is becoming
possible to develop chemical control agents for
specific needs. Potentially, all agricultural
plants could, for example, be made resistant to
“Roundup” herbicide. With all cultivated plants
resistant to the herbicide and all undesirable
grasses susceptible to it, the potential exists for
nearly complete control of grassy weeds on a
farm. Higher output and/or reduced inputs
would result from improved weed control, In
addition, fewer and safer chemicals, and chem-
icals in smaller quantities, could be used. The
result could be a safer food supply and environ-
ment, less use of valuable resources, and a
higher level of output.

To achieve these benefits, large investments
must be made in basic research. Much of this
research uses techniques not common to agri-
culture. New scientists having modern biotech-
nology research skills must be trained for agri-

cultural research, and existing scientists must
be retrained. Laboratories and related equip-
ment will be more complex and expensive. The
educational levels of the producer clientele will
have to be improved to adopt and use effectively
the more complex new technologies,

Such needs will not be accomplished over-
night. Research and education are, of necessity,
long-term processes, Interruptions in research
and education create gaps in the flow of tech-
nology into agriculture that are of a considera-
bly longer duration than the interruption itself.
For example, if a line of research designed to
pinpoint molecular defects in genes that make
poultry and cattle vulnerable to leukosis (a form
of cancer) were interrupted, it could increase
the time required for discovery, development,
and adoption of leukosis control methods by sev-
eral years.

Agricultural research and extension educa-
tional programs compete with other demands
for both public and private funds, In the pri-
vate sector, support for research depends on
overall firm profitability and the potential for
near-term cost recovery and contribution to
profits. When firm profits fall, research funds
are traditionally among the first to be cut. This
variability yin private sector research investment
increases the need for stability of funding by
the public sector. It also increases the need for
policy makers to evaluate the comparative pay-
off from various forms of Government expendi-
tures—recognizing that all requests for Govern-
ment assistance cannot be satisfied. Weighing
the payoffs from the many alternative demands
on the public treasury may be the most com-
plex task facing policy makers (Knutson, 1984).

COMPONENTS OF THE AGRICULTURAL RESEARCH
AND EXTENSION SYSTEM

The U.S. agricultural research and extension ● land-grant universities;
education system contains many research and ● non-land-grant universities; and
education agencies, grouped in the following •   private firms, individuals, and foundations.
five categories: The agencies can be viewed both from the per-

. U.S. Department of Agriculture (USDA); spective of the sources of funds and from the
• other Federal agencies; perspective of the performers of research and
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educational activities (users of funds) (figure 12-
1). Each of the components of the agricultural
research and extension system has its unique
role, although all components are interrelated
and tied to the central objective of technology
discovery and transfer for the benefit of farmers
and of society as a whole.

USDA

The 1977 farm bill designated USDA as the
lead Federal agency for research, extension edu-
cation, and teaching in the food and agricultural
sciences. This action confirmed by law what
had been true since before the turn of the cen-
tury. It did not, however, mean for USDA to pro-
vide a majority of the funds for these functions.
In fact, the proportion of funds provided by
USDA for agricultural research and extension
has declined from about 54 percent in 1966 to
47 percent in 1982 (CSRS, 1984).

Research

USDA provides funds both to its own research
agencies and to universities. Its own agencies

include mainly the Agricultural Research Serv-
ice (ARS) and the Economic Research Service
(ERS); together they use about 75 percent of
USDA’s research funds. The remaining 25 per-
cent goes almost entirely to universities. Most
of the university funds go to land-grant univer-
sities, established by law in 1862 and 1890.
USDA funds to non-land-grant universities, are
limited to a relatively few competitive grants
used to support high-priority research.

USDA’s agricultural research is carried out
at 148 locations across the United States. About
two-thirds of USDA’s agricultural research sci-
entists are located in USDA laboratories, with
the remainder being located in the land-grant
universities’ agricultural experiment stations.
In contrast to its agricultural research, USDA’s
economic research tends to be heavily concen-
trated in Washington, DC. This concentration
is increasing with the recent policy decision to
eliminate the regular ERS field staff. In the fu-
ture short-term detail to university sites will only
be possible. It remains to be seen how compati-
ble this notion is with the kind of long-term com-
mitment much research requires, -

Figure 12-1 .—Agricultural Research and Extension Funding (in million dollars]

Fund flows I k 1

SOURCE: Of Office of Technology Assessment
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Over time there has been considerable debate
regarding the role of USDA in both agricultural
and economic research. During the 1950s through
the 1970s, agricultural research had a tendency
to become increasingly decentralized, given the
proliferation of agricultural research facilities
located throughout the United States. Admin-
istration was also decentralized, with substan-
tial authority for program development being
established at the regional level. As a result,
questions arose about the role of USDA and
about potential duplication of research func-
tions between USDA and the land-grant univer-
sities (OTA, 1981). After a number of special
studies and recommendations, the issue of the
role of USDA in agricultural research came to
a head in the debate on the 1977 farm bill, when
Congress designated USDA as the lead agency
of the Federal Government for agricultural re-
search and directed the Secretary of Agricul-
ture to coordinate all agricultural research, ex-
tension, and teaching activities conducted or
financed by Federal funds.

The 1977 farm bill did not specifically address
the functions of USDA versus those of the land-
grant universities, although it established the
Joint Council on Food and Agricultural Sciences
and the National Agricultural Research and
Extension Users Advisory Board to assist in
planning the research and extension program
agenda. The responsibilities of the Joint Coun-
cil include a formidable list of tasks:

●

●

●

●

●

●

evaluating research, extension, and teach-
ing program impacts;
identifying high-priority research;
developing memoranda of understanding
among the participants;
establishing priorities;
recommending responsibilities for re-
search, extension, and teaching programs;
and
summarizing achievements.

In a recent comprehensive study, OTA con-
cluded, “There is concern whether the functions
assigned the Joint Council are attainable” (OTA,
1981).

The Users Advisory hoard has a somewhat
less formidable task of determining the needs

and priorities for agricultural research and ex-
tension. Its major mandates include:

reviewing USDA’s policies, plans, and
goals for research and extension;
examining relationships between private
and public sector research and extension
programs;
recommending policies, priorities, and
strategies for research and extension; and
assessing distribution of resources and
allocation of funds for research and ex-
tension.

While it is generally agreed that the functions
of the Users Advisory Board are more attain-
able than those of the Joint Council, the impact
of the board in establishing research priorities
is unclear (OTA, 1981).

In addition, OTA concludes that there is still
no satisfactory long-term process for evaluating
existing research activities and potential re-
search opportunities and for the development
of a new set of research priorities. At the same
time, OTA recognizes the potential for too much
planning and organization. Agricultural re-
search is sufficiently complex that research ad-
ministraters have difficulty evaluating the rela-
tive merits of particular projects. Therefore,
specific decisions on what research is to be un-
dertaken are generally made by the research sci-
entists. The administrator’s comparative advan-
tage is in establishing policy, organizing to get
the job done, obtaining and allocating funds,
and coordinating to eliminate unnecessary du-
plication (OTA, 1981).

One of the most important contemporary is-
sues that the Federal Government has to deal
with is that of establishing broad-priority re-
search and extension needs and the roles of the
components of the research and extension sys-
tem. The Joint Council and the Users Advisory
Board, if given time and sufficient encourage-
ment to perform, have the potential for effec-
tively dealing with the priorities issue. Positive
progress is indicated by the Joint Council’s
Needs Assessment for Food and Agricultural

S c i e n c e s .

The primary question about the roles issue
involves the line of demarcation between USDA
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and land-grant programs. This issue has been
treated quite differently by research and exten-
sion. The OTA study concludes that USDA re-
search should concentrate on those agricultural
problems that are important to the Nation and
that no one State or private group has the re-
sources, facilities, or incentive to solve (OTA,
1981). Such a role can logically be assigned to
both ARS and ERS, For ARS, however, a shift
in the focus of agricultural research to research
only on national and regional problems would
represent a marked departure from that agen-
cy’s increasing emphasis on research having
a State or local focus.

Available evidence suggests that the progress
of the agricultural research community in estab-
lishing priorities is more advanced than that of
the extension community. The agricultural re-
search community has been extensively stud-
ied and critically evaluated in a series of projects
extending back to the mid-1960s. This series
of internal and external analyses has led to ad-
justments in the distribution of the research
system’s resources in recognition of potential
advances evolving in biotechnology and infor-
mation technology (Knutson, 1984).

Extension

As the rate of technological change acceler-
ates, access to information plays a more impor-
tant role in agricultural productivity y and farm
survival. In the evolving biotechnology and in-
formation technology era the trend is to substi-
tute information for time, capital, labor, land,
and energy throughout agriculture (Warner and
Christenson, 1984).

In the agricultural research system research-
ers have traditionally been the producers of new
technology, whereas extension personnel have
been the agents of technology transfer (through
their roles as adopters, evaluators, dissemina-
tors, and trouble shooters), An accelerating rate
of technological change thus places increased
demands on performance by the Extension
Service, making it more important that exten-
sion sort out its priorities.

The extension community has not made the
same progress in sorting out its priorities that

the research community has. Identified national
extension objectives play little role in program
development at the State and local level. (Most
extension planning takes place at the local level
through advisory committees and other forms
of direct contact with clientele [Marshall, et al.,
1985].) One major, congressionally mandated,
extension evaluation project culminated in a se-
ries of reports that concentrated more on past
benefits than on future needs, priorities, and
required adjustments (Extension Service, no
date). Moreover, there was relatively little refer-
ence to the functions or programs of extension
in the reports of either the Joint Council or the
Users Advisory Board.

Federal extension has dramatically deempha-
sized its direct educational role in the past 20
years (Hyatt, 1984). Although Federal extension
specialists were once generally viewed as hav-
ing a vast subject matter base in their own right
and were frequently called onto engage in staff
training and to conduct educational programs,
they are now viewed more as program leaders,
coordinators, and facilitators, The technology
transfer and education function is thus left to
the State specialists and agents. These changes
were at least partially forced by reductions in
personnel ceilings and by limited appropria-
tions. Nevertheless, this change in strategy has
not been beneficial to the overall national ex-
tension education program. In addition to the
lack of progress in national planning and needs
assessment, the quality of educational service
to the States has deteriorated.

As in research, there are issues of national
significance that the USDA Extension Service
is better able to cope with educationally than
are the States. While ultimately the States must
take the leadership in extending information to
farmers, USDA extension can play an impor-
tant role in making the information and related
educational materials available on a timely ba-
sis. (For another perspective see Hyatt, 1984,
pp. 17-18.) This role is currently being played
on, at best, a spotty basis. The need is particu-
larly critical for facilitating technology trans-
fer between USDA research agencies and the
State extension services as well as facilitating
technology transfer between States. Facilitat-
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ing communication between the USDA and
State specialists should be a key mission of the
USDA Extension Service. Unless this function
is adequately performed, Federal research agen-
cies such as ARS will be encouraged to develop
their own outreach programs, The need is for
increased integration of the research and ex-
tension function, not greater fragmentation.

With these needs in mind, if it is decided that
a portion of the USDA Extension Service staff
will be state-of-the-art national program leaders,
the following changes would be required:

● support for Federal extension would have
to be substantially increased;

● the designated leaders would have to be rec-
ognized as national extension program co-
ordinators by the States and be provided
compensation consistent with that role; and

● the program leaders would have to have ac-
cess to resources allowing them to coordi-
nate with researchers and State specialists
to develop state-of-the-art educational ma-
terials that could be used in all States.

Other Federal Agencies

Although other Federal agencies have become
more important sources of funding for agricul-
tural research in universities, they still provide
less than 3 percent of the total agricultural re-
search funds. The main sources of these funds
are the National Institutes of Health, the Depart-
ment of Defense, the Department of Energy, the
National Aeronautics and Space Administra-
tion, and the National Science Foundation. The
National Institutes of Health and the National
Science Foundation support basic university re-
search, largely in the biotechnology area. Their
grants tend to go to leading scientists working
on the frontiers of promising new areas of basic
research.

Land-Grant Universities

Land-grant universities represent a joint Fed-
eral-State partnership in research, extension,
and teaching. Land-grant universities (1862 and
1890) perform the majority of total public sector

agricultural research. About 52 percent of their
funds are from State-appropriated sources—a
marked increase from the past. Fourteen per-
cent were formula funds (explained later); 19
percent were other Federal funds; and 16 per-
cent were funds from farm sales, private grants,
and contracts.

Resea r ch

Land-grant university research is performed
primarily in the academic departments (e.g., ani-
mal science, soil science, agronomy, agricul-
tural economics, biochemistry) of the land-grant
universities. Land-grant universities combine
the training of future scientists (graduate and
undergraduate) with their research programs.
Having the research scientists teach in class-
rooms increases the relevance and timeliness
of those universities’ curricula. z

Research planning and priority setting is
much more decentralized in the land-grant
university system than it is in USDA. This de-
centralization results largely from the number
of research institutions involved, the orienta-
tion toward problems of the State, the increased
proportion of funding from individual States,
and the higher level of academic freedom af-
forded university scientists compared with that
of most Federal and private sector scientists.

Most land-grant universities now have or are
developing long-range research plans. These
plans are normally developed from the scien-
tist up rather than from the administrator down.
Because of the increased complexity of projects,
experiment station directors and other high-
level research administrators are frequently not
in the best position to evaluate the relative merits
of particular projects. The more removed the
administrator’s training and expertise is from
that of the scientist, the more imperfect is his
or her level of knowledge in dealing with spe-
cific research problems. Academic heads of de-
partments are thus generally in a better position
to judge the potential value of specific research

‘The same reasoning can be applied to split appointments in-
volving extension and research or to extension and teaching. In
each instance, relevance and timeliness are fostered.
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than are experiment station directors (Knutson,
et al., 1980).3 Administrators achieve their re-
search priorities and goals through the fund-
ing, position description, and hiring processes.

On the other hand, some hold the view that
scientists are becoming more isolated in basic
research (Marshall, et al., 1985). At the same
time, administrators are being held more ac-
countable for the performance of the system in
meeting public needs. They must develop a
sense of the broad needs of the public and build
the case for continued public support. A deli-
cate balance must be struck between the needs
perceived by research administrators and the
needs of the scientists. In a system where com-
munication is good, these needs should con-
verge. In fact, communication and consensus
development is the key to performance, particu-
larly in a system where one unit depends on
other units of the system for information and
coordinated action.

In this setting, the potential for unnecessary
duplication of research among universities and
between the State and Federal levels is reduced
by communication and by the reward system
within the scientific community. There is little
or no reward in the scientific community for
research that simply duplicates what has already
been discovered and confirmed. Failure to ad-
vance the frontiers of knowledge becomes the
basis for outright rejection of proposed scien-
tific publications used as criteria for promotion
and tenure. Communication within professional
societies provides an important information
base on which future research decisions are
based. However, this is not to be confused with
the need for adaptive and maintenance re-
search. Many technologies in agriculture need
to be modified to be successful in various agro-
ecosystems. Likewise, once established, main-
tenance research is needed to prevent yield de-
clines as a result of the evolution of pests and
pathogens, decline in soil fertility and structure,
and other factors. These areas of needed re-

3The same reasoning can also be applied to the administration
of extension programs— those closer to the work are better able
to etraluate it.

search are at times viewed as unnecessary dupli-
cation or replication of research. In fact, the time
may come when a relatively large share of the
public agricultural research effort will have to
be devoted to maintenance and adaptive applied
research, More communication on the need for
this research is warranted.

One avenue for research communication that
has been substantially curtailed by restricted
funding and the way funds are handled within
the system is regional research. Regional re-
search allows scientists who have mutual in-
terests in a problem area that concerns more
than a single State to work together. By bring-
ing these scientists together, the critical mass
of knowledge, research skill, and resources can
be assembled to tackle a particular problem.

However, persistent problems have prevented
the fulfillment of the potential payoff from re-
gional research, because even research funds
earmarked for regional research are generally
handled by universities in the same manner as
other funds. In most States, scientists or depart-
ments receive no additional support for en-
gaging in regional research activities. As a re-
sult, scientists must conduct regional research,
which is often more costly, with the same fund-
ing base. When regional research funds were
relatively plentiful, regional research was fre-
quently undertaken and completed because of
scientist initiative and the perceived adminis-
trative obligation to support regional research.
But as research budgets tightened, the interest
of both scientists and land-grant universities in
regional research declined.

Those who suffer the most from the declin-
ing interest in and commitment to regional re-
search are the smaller, less well-financed land-
grant universities. These universities frequently
do not have the critical mass of research talent
required to tackle larger research problems.
They can, however, get involved on a regional
basis. In contrast, the larger universities are
more likely to have that critical mass. As a re-
sult, in the absence of regional research, the
larger universities are in a position to compete
for the grants involving priority research on the
cutting edge of knowledge.
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The superior ability of larger universities to
compete for grants, combined with the increas-
ing complexity of agricultural research, has
from time to time led to proposals for establish-
ing universities that are regional “centers of ex-
cellence” in either specific or broad areas of
agricultural research, The center concept was
expanded by Marshall in recommending the es-
tablishment of Centers of Research and Exten-
sion Excellence to methodically analyze, syn-
thesize, and disseminate research findings and
to identify high-priority research needs (Ken-
drick, 1981). -

It can be argued that the marketplace, com-
bined with contemporary public and private re-
search funding policies, is already leading to
the development of such centers. Questions,
however, exist about whether the marketplace
will generate enough centers of excellence and
whether the result will be the creation of a set
of “have and have not” university research and
extension programs. Since the land-grant uni-
versities are public institutions, it would appear
appropriate that this be an overt public policy
decision rather than one left to the marketplace.
This does not mean that there would be no role
for even the smallest, poorest funded land-grant
university. It plays an important role in a na-
tional system designed to deal with thousands
of agro-ecosystems and is vital to the existence
of a decentralized system with nationwide ca-
pability.

Extension

Extension education of farmers is also an in-
tegral part of the land-grant universities’ func-
tions. Extension receives about 63 percent of
its funds from State and county sources, with
the remainder provided by USDA, largely under
formula funds.

How to apply new research findings is sel-
dom obvious. It cannot be assumed that once
research findings are available, they will be
quickly and effectively put to use.4 The process
of developing and using research is complex

4Th is analysis IS 1 i mited to the agricultural component of the
extension program, other functions include home economics,
4-H, an(l (,ommunit~’ detelopmt;nt.

and requires a close working relationship be-
tween the research and education functions. Ex-
tension plays a critical role in alerting farmers
to new discoveries and products, evaluating the
discoveries and products, and determining how
they can best be used in combination with ex-
isting products and techniques. This is particu-
larly true for the vast majority of farmers (likely,
at least 95 percent of them) who do not have
direct access to research results and do require
extension interpretation of them.

Because of these complexities, extension ac-
tivities go beyond a public information role. At
the State level, extension has technically trained
applied scientists (generally referred to as spe-
cialists) who are headquartered primarily at a
land-grant university. These scientists may also
have research and/or teaching responsibilities.
Their extension role is to develop educational
programs, prepare applied publications, con-
duct meetings, and provide technical assistance
at the request of county staff.

Extension is involved not only in educating
farmers but also in providing important feed-
back to research scientists about farmers’ prob-
lems and further needed research. The proxim-
ity of extension specialists to research scientists
is deemed critical for developing a working
knowledge of the scientific developments and
for closing the “feedback loop” between exten-
sion and research.

Available evidence suggests, however, that the
feedback loop concept is operating unsatisfac-
torily, Marshall (1985) and his colleagues found
that extension’s ability to influence what re-
search was done in the agricultural research sys-
tem was inadequate, His study projected that
more research coordination problems could be
anticipated with the expected increased orien-
tation toward basic research. This finding ap-
peared to be the main origin of Marshall’s
recommendation for the need for Centers of Re-
search and Extension Excellence.

Because of their direct contact with agricul-
tural producers and agribusiness clientele, ex-
tension programs tend to be more grassroots
oriented than research programs. In most States,
educational needs are determined predominant-
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ly by producer advisory committees. Programs
are then developed to address these needs using
county agent and State specialist expertise. In
addition, individuals from the private sector are
often called on b y extension to provide a work-
ing knowledge perspective on solving particu-
lar problems.

State extension specialists are normally highly
skilled scientists trained at the doctoral level in
specific agricultural disciplines such as agron-
omy, animal science, entomology, or agricul-
tural economics. In addition, these scientists
develop skills in educational methodologies, in-
cluding the ability to use computer and other
electronic technology as they become available,
to deliver research findings in an educational
context. With these interdisciplinary skills,
specialists develop educational programs de-
signed to fill the needs of extension’s clientele.
They may prepare educational materials (in-
cluding the development or adaptation of com-
puter software), bulletins, press releases, and
radio or television tapes. Such educational ma-
terials may be used directly in farmer and ranch-
er programs or in training county agents who
in turn work with farmers.

Of equal importance to extension programs
is extension’s use of the result demonstration,
The typical result demonstration involves the
planting of different crop varieties, the appli-
cation of different fertilizer levels, or the appli-
cation of different pest control methods to rela-
tively small plots of land on an actual farm. The
result demonstration is open for inspection, and
field tours are periodically conducted for inter-
ested farmers to observe the progress of the crop.

Result demonstrations are not limited to prod-
ucts developed in university laboratories. As pri-
vate sector-branded products enter the market,
they are also used in result demonstrations to
compare their effectiveness with that of estab-
lished products and practices. Extension there-
by serves as a public sector evaluation of new
products and practices. Without such evalua-
tion individual farmers and ranchers would in-
cur the costs of experimenting to determine the
optimum input combinations to use in produc-
tion, These costs would be converted into re-

duced farm numbers (for those who used the
wrong input combinations), higher food costs,
and reduced competitiveness in international
commodity markets.

With renewed emphasis on basic agricultural
research, substantial concern arises over the po-
tential for the development of an applied re-
search gap (Christenson and Warner, 1985; Mar-
shall, et al., 1985; and Feller, et al., 1984). This
gap could occur because applied scientists are
attracted to higher rewarded basic research,
leaving open the question of who will do the
applied research. The potential for such a gap
may be reduced by increased private sector in-
terest in biotechnology research and develop-
ment. However, as the private sector performs
a larger share of the applied research in the de-
velopment of new products, extension has the
potential for becoming even more involved in
the evaluation of technologies and products
flowing out of the private sector.

Substantial challenge is involved in exten-
sion’s adjusting to this new role. Although in
some States extension is already deeply involved
in the evaluation of new products, in other
States product evaluation is primarily the func-
tion of experiment stations. In the future, ex-
periment stations will likely be doing less of this
work, and extension’s responsibilities will cor-
respondingly increase. This increased respon-
sibility will entail a larger specialist staff with
modern scientific training.

Some States may be inclined to forego the
responsibility of getting involved in conflict-
oriented product evaluation programs. Some
probably already haves To the extent that this
occurs, the usefulness of extension to the farmer
clientele will decline. Leadership at the Federal
level will be required to assure that technology
transfer is facilitated in the farmer’s interest.

As agriculture becomes more complex, filling
the gap between research and extension will en-
tail a larger role for extension in applied re-

sThe problem of foregoing conflict-oriented product evalua-
tion is by no means limited to extension. For example, private
firms supporting university research may place restrictions on
the university’s conducting and/or publishing evaluations of the
impacts or the economic feasibility of particular discoveries.
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search. This is already occurring. Marshall and
his colleagues found that 56 percent of exten-
sion agricultural specialists with 100-percent
extension appointments are involved in applied
research. Despite the need for extension involve-
ment in applied research, the Smith Lever Act
provided no explicit authority for extension to
conduct research. However, an amendment in
the recently passed Food Security Act of 1985
(farm bill) gives extension explicit authority to
conduct applied research. The intent of this
amendment is to clarify extension’s role in the
process of technology transfer, not to duplicate
the mission of the experiment stations.

Extension has a regional counterpart to re-
search, whereby specialists meet to develop
educational materials on a multi-State basis. As
in research, the funds committed to such activ-
ities (frequently referred to as “special need”
or “pilot project” funds) have been substantial y
curtailed. The decision to reduce these funds
occurred during the late 1970s when the Sci-
ence and Education Administration was in con-
trol and when Federal funding was being sub-
stantially squeezed, As a result, communication
between extension specialists in different States
is more limited, and the quantity of educational
materials produced by regional committees has
been substantially reduced. Once again, this
occurrence has not had as much of an adverse
effect on the educational programs of the larger,
better funded universities as it has on the smaller
universities.

At current funding levels, one of the most dif-
ficult issues facing extension in their agricul-
tural program is that of limiting its role and cov-
erage to those functions for which it has the
greatest expertise (Feller, 1985). Without criteria
for limiting the role of extension, there is dan-
ger that extension activities in agriculture will
become so dispersed and out of focus that their
effectiveness will be impaired. Danger exists
that extension will be called on to solve any prob-
lem, whether related to agriculture or not, In
the process, the agriculture program of exten-
sion could become more of a social program
than an instrument of technology transfer.

This is not a new issue but a continuing and
progressively more complex one. It is made

more treacherous by the politics of funding and
the reality that once a new program is estab-
lished it develops its own constituency and is
difficult to cutback (Feller, et al., 1984). It is not
possible for extension to be everything to every-
body, particularly in times of limited resources.
Yet, additional functions are frequently dictated
by political realities at the Federal, State, and
local levels. (For further discussion of the diffi-
culty in delimiting the clientele and roles of ex-
tension see Hyatt, 1984, pp. 14-19 and 33.)

The Joint Council has not given sufficient at-
tention to the role of extension, As a starting
point for defining extension’s role, it must be
remembered that the root of extension is re-
search. Similarly, extension is a primary outlet
for research, after an appropriate level of prod-
uct development. Extension is, therefore, de-
limited by the scientific endeavors of the re-
search components of the agricultural research
system, including both the public and private
sector components. This delimiting role is il-
lustrated in figure 12-2.

Figure 12-2.— Research and Extension Roles in the
Technology Discovery and Transfer Process

SOURCE: University of Caiifornla, Cooperative Extension Long Range Planning
Statement, Berkeley, CA, August 1982, p viii.
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Feller (1985) defines the mission of extension:

The core mission of extension is, therefore,
one of developing, extending, and bringing
about the use of research-based knowledge.
The core source of that knowledge is the agri-
cultural experiment stations. Viewing exten-
sion in a broader context than this runs seri-
ous risk of reducing its overall effectiveness.

This is particularly the case when it is recog-
nized that extension is likely to play an increas-
ing role in filling a portion of the gap between
research and extension. Another dimension of
this role problem involves the tendency for ex-
periment stations to become more involved in
extension-type education programs as a means
of gaining public recognition and support. Con-
siderable care must be taken not to foster such
duplication of efforts.

Research done in the land-grant universities
is in direct proximity to extension specialists
and can therefore be directly channeled into the
State extension program. USDA research is
often done at locations distant from State ex-
tension programs, which sometimes creates an
incentive for USDA research agencies to reach
out and develop their own educational chan-
nels. Such initiatives generally amount to an un-
necessary duplication of effort.

USDA research agencies that do not have di-
rect channels of communication and coopera-
tion with extension need to develop them. Per-
haps the most important such communication
channels are the field staff, offices, and labora-
tories located on land-grant university cam-
puses. Interestingly, ERS has attempted to move
most of its field staff into Washington—a strat-
egy that runs counter to the need to improve
communication.

As indicated previously USDA extension can
also play a role in facilitating communication
between the USDA research agencies and the
State extension specialist. However, even main-
tenance (to say nothing of needed strengthen-
ing) of this role has been rendered impossible
by the previously discussed reemphasis of the
role of USDA extension’s staff in subject mat-
ter education.

Non-Land-Grant Universities

Non-land-grant universities include a broad
range of higher education institutions, ranging
from strictly private and autonomous State
universities having little or no direct relation-
ship to agriculture, to State universities having
agriculture, forestry, and food-related programs
but not having land-grant status (1862 or 1890).
Some of these institutions have had significant
applied research programs in agriculture since
their founding. The major expertise of most,
however, lies in teaching and research in the
biological, physical, and social sciences. When
agriculture entered the biotechnology era, some
non-land-grant universities such as Stanford
were ahead of the land-grant universities in
numbers of discipline scientists (such as molecu-
lar biologists and biochemists) who were in-
volved in basic biological research having po-
tential application to agriculture.

The non-land-grant universities support their
research programs through State appropria-
tions, Government grants, endowments, founda-
tions, corporate grants, and contracts, Outstand-
ing scientists in the non-land-grant universities
often received biological research support from
Government institutions such as the National
Science Foundation and the National Institutes
of Health. The 1977 farm bill opened up USDA
competitive grant research to proposals from
the non-land-grant universities,

Non-land-grant universities do relatively lit-
tle in terms of extension-type adult education
programs. Involvement in such programs is
largely limited to “public service” conferences
and adult outreach programs held near these
universities or community colleges, Such serv-
ices may be provided free as a public service,
on a cost basis, or under consulting arrange-
ments with individual faculty members.

Private Firms, Individuals,
and Foundations

Private Sector Research

The land-grant university system was estab-
lished largely because it was concluded that in
a decentralized competitive structure, the pri-
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vate sector would not have the economic incen-
tive to provide the level of funding needed to
maintain an efficient, viable agriculture. Despite
many changes in the structure of agriculture
since the founding of the land-grants system, this
premise went largely unchallenged until the
1970s. The presumption was that agricultural
firms would not undertake sufficient basic re-
search and applied research to keep American
agriculture efficient, productive, and compet-
itive.

Until recently, private sector research, there-
fore, has been limited largely to providing a
small number of grants for university research
and private sector developmental research asso-
ciated with the introduction of new products.
As a result, private sector grants for agricultural
research have historically come primarily from
foundations such as Ford and Rockefeller. With
the advent of biotechnology, private firm in-
terest in agricultural research increased sharp-
ly. While much of this interest appears to be a
spinoff from biomedical human research, sub-
stantially expanded resources have also been
committed to plant and animal reproduction de-
signed to produce new varieties or to expand
the rate of genetic improvement. In addition,
increased interest is being shown in develop-
ing disease- and insect-resistant plants as well
as organic methods of pest control.

One of the major reasons for this expanded
private sector interest in agricultural research
has been the extension of patent rights to plant
varieties and other biological discoveries. The
potential for capturing the benefits of the re-
sulting patented discoveries has spurred private
sector support of university research. Because
such arrangements hold the potential for sub-
stantially changing the basic public service na-
ture of the land-grant system, a separate sec-
tion of this report is devoted to the implications
of increased private sector involvement in bio-
technology research. These implications are by
no means limited to research: they affect the
overall thrust of extension education and the
availability of new research knowledge to ex-
tension,

The current magnitude of private sector com-
mitment to agricultural research is largely un-

known, although studies suggest that it may ap-
proach $3 billion, particularly with the recent
increases in private funding (National Agricul-
tural Research and Extension User’s Advisory
Board, 1983; and Agriculture Research Insti-
tute, 1985). That makes the private sector re-
search commitment approximately equal to or
potentially larger than the public sector com-
mitment and represents a major shift toward
private sector dominance of agricultural re-
search.

Approximately half of the private sector re-
search budget is spent on production agricul-
ture and half on food production or postharvest
technology research. Private sector research re-
sources are obviously devoted to those areas
having the highest short-run profit potential.
Also, despite recent large increases in private
sector agricultural research, questions remain
about the long-term willingness of private sec-
tor firms to invest large sums of money in agri-
cultural research and about the breadth and sta-
bility of investment in such research. As noted
previously, private firms tend to cut back on re-
search first in times of adversity.

Private Sector Promotional and
Educational Programs

The private sector is playing a more impor-
tant role in education (Christenson and Warner,
1985). For most agribusiness firms, this role is
pursued in conjunction with their efforts to pro-
mote the products and services that they mar-
ket. The educational value of these promotional
activities is more in terms of alerting farmers
to the availability of new products than in ob-
jectively evaluating the performance of those
products.

The burden of new product evaluation then
falls either on the farmer (through trial and er-
ror) or on the extension service (through result
demonstration). 6 While extension involvement
is more efficient, there is potential for increased
antagonism between private sector firms and

‘3A con siderable  amount of new product testing IS also d ont~
by the university research community under contracts, grants,
or consulting arrangements. While product testing at one time
was an important component of experiment station research, it
is considerably less important toda}’.
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extension. Extension testing will not be ap-
preciated by firms found to produce products
having relatively lower levels of performance.

With a few important exceptions, such as inte-
grated pest management (1PM) checkoff pro-
grams, private sector direct financial support
for agricultural extension programs has been
limited but appears to be growing. It might be
argued that limitations on private sector fund-
ing are essential for keeping extension educa-
tion programs objective. There may be greater
dangers in increased private sector funding of
extension than of research. In both cases it is
critical that the objectivity and availability of
information flows be maintained.

Two of the most important private sector sup-
porters of extension programs are the Farm
Foundation and the Kellogg Foundation.’ Both
of these institutions are maintained largely by
endowment grants. Each foundation has played
particularly important and unique roles during
the recent period of reduced funding for exten-
sion programs.

The Farm Foundation has played a particular-
ly critical role in filling the void created by the
reduction in funds available for communication
and program development on a regional basis.
The foundation’s support of regional extension
committees in the areas of farm management,

—- — —.
7General farm organizations and commodity groups have been

important supporters of both research and extension programs
at the Federal and State levels. This support has, however, been
largely one of influencing Federal, State, and county government
appropriations. This important private sector role is frequently
not recognized.

marketing, policy education, and community
development has frequently been the only sup-
port for contact and coordination among spe-
cialists in neighboring States. The pressure on
Farm Foundation funding has become increas-
ingly intense as Federal extension decisions
not to fund meritorious projects become more
prevalent.

The Kellogg Foundation has periodically at-
tempted to fill a portion of the void left by the
reduction of USDA Extension Service pilot proj-
ect funds. While Kellogg continues to support
what it perceives to be the most innovative
proposals for educational program develop-
ment, an increasing backlog of proposals has
developed with little hope of their being funded
on a timely basis,

Increased pressure on funding from public
and unbiased private sector sources discourages
new program development by extension spe-
cialists. Potential and existing extension em-
ployees are increasingly being attracted by re-
search positions and/or the private sector. A
large infusion of new private support, without
a vested interest, to institutions such as that pro-
vided by the Kellogg and Farm Foundations ap-
pears unlikely. The 1PM checkoff concept may
hold promise for increased, direct producer
funding of specific educational programs. The
only remaining option then becomes the estab-
lishment of a new thrust for public support of
extension education. Such a thrust is needed
particularly at the specialist and program de-
velopment level, which is a logical level for in-
creased Federal support and leadership (Knut-
son, 1984).

TRENDS IN LEVEL OF SUPPORT AND RELATED ISSUES

In the 10 years from 1966 through 1975, the increased 87 percent in current dollars and 9
level of support for agricultural research and percent in constant dollars.
extension programs increased 215 percent in
current dollars and by 30 percent in terms of Research-Extension Balance
constant dollars (table 12-1). During this period,
research and extension resources increased at From 1966 through 1975, Federal support for
nearly the same rate. From 1975 through 1982, extension increased considerably more than
total expenditures on research and extension Federal support for research. However, since



Table 12-1 .—Trends in Agricultural Research and Extension Funding by Source and User, Selected Years

Extension
Research Total

State agricultural extension service
State agricultural experiment stations

research
Total State and county Total and

Year Federal State Private Total USDA research Federal appropriations extension extension

Millions of current dollars:
1966 . . . . . . . . . . . . . . . 79 118 9 206 153 359 75 126 201 560
1975 . . . . . . . . . . . . . . . 135 331 23 489 266 755 179 269 448 1,203
1982 . . . . . . . . . . . . . . . 268 563 94 925 469 1,394 315 539 854 2,248

Millions of constant dollars:
1966 . . . . . . . . . . . . . . . 80 119 9 208 155 363 76 128 204 567
1975 . . . . . . . . . . . . . . . 83 203 14 300 163 463 110 164 274 737
1982 . . . . . . . . . . . . . . . 95 201 34 330 167 497 112 192 304 801

SOURCE Cooperative State Research Service, Inventory of Agricultural Research FY 1982, vol. II (Washington, DC: U S Department of Agriculture, 1982), U S Congress, Office of Technology Assessment,
An Assessment of the  Umted  States  Food and Agr@uHural  Research System.  OTA.  F-155 (Washington, DC  U S Government Prlntlng  Off Ice, December 1981)
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1975, research expenditures have increased
somewhat more than extension expenditures.
Increased support for agricultural research rela-
tive to extension has been particularly unbal-
anced when the surge of private sector invest-
ment in agricultural research is considered. This
increased emphasis on research likely reflects
the

●

●

●

●

●

following:

a higher level of sensitivity y to the needs for
high-priority biotechnology research;
the potential for major breakthroughs in
productivity;
a reaction to concerns about the availabil-
ity of an ample supply of food;
a desire to maintain competitiveness in in-
ternational trade; and
the higher costs associated with conduct-
ing biotechnology research, which has been
used to justify higher appropriations.

In a time of tight budget constraints, policy-
makers (particularly at the Federal level) have
apparently made a decision that research has
a higher priority than extension. Longer run
questions, however, exist regarding the need
to maintain a balance between research and ex-
tension activities.8

Research and extension are part of a complex
agricultural system designed to discover, adopt,
evaluate, and (where favorable) facilitate tech-
nology transfer to farmers and ranchers. All
parts of the system are equally important for
accomplishing this mission.

The biotechnology and information technol-
ogy era presents at least as many, and probably
more, challenges for extension as it does for re-
search. Many of the technologies that are on
the horizon are exceedingly complex and for-
eign to many extension staff, In the foreseeable
future, embryo transplant technology may be
as important to the dairy industry as artificial

insemination has been over the past three dec-
ades, growth regulators will increasingly be ap-
plied in minute quantities to plants to increase
productivity, and new strains of genetically
engineered plants and animals will be entering
commercial production channels. Extensive
staff training and development will be required
at both the specialist and county levels for ex-
tension to play an effective role in technology
transfer of biotechnology and information tech-
nology. Without such training, extension will
play an increasingly less important role in pro-
duction agriculture. Technology transfer will
occur less efficiently and with more structural
impacts—larger farms will benefit at the ex-
pense of smaller farms.

Another important effect of the research-
extension imbalance in emphasis is to attract
the best scientists into research rather than ex-
tension. While the public sector agricultural re-
search community is experiencing increased
difficulty competing with private sector firms
for the services of qualified scientists, extension
is having even more difficulty competing with
both interests.9 At the specialist level, extension
draws on the same pool of doctoral-level scien-
tists as does research. Because it is receiving
increased emphasis, research is able to compete
more effective y for the services of the top scien-
tists.10 Over time, unless corrected, the result
will be a lower quality of extension staff, The
same principle applies at the county level, where
extension must likewise compete for its profes-
sional staff with both public and private sector
employment alternatives. With relatively less
extension support, the best county and area ex-
tension staff will be attracted to the private sec-
tor or to other better endowed agencies in the
public sector. These effects are already occur-
ring, at a time when extension is being called
on to transfer a larger quantity of increasingly
complex technology,

‘It is interesting to note that the relative increase in emphasis
on research began during the Carter-Bergland Administration.
Previously, the Nixon-Ford-Butz Administration had put rela-
tively greater emphasis on extension programs, while the
Kennedy-Johnson-Freeman Administration had favored research.
The impacts of these shifts in emphasis in terms of productivity
have not been adequately studied.

QThere is a concurrent concern that the best research and ex-
tension scientists are being attracted into pri~’ate sector managerial
jobs.

Ioone method  by  which  extension migbt ad lust to this compe-
tition is to reduce tbe number of staff and concentrate more re-
sources around a smaller number of higbly qualified staff. Ext-
ension has not, as a general rule, employed this strategy.
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FederaI-State Balance

The States have been picking up a larger share
of the cost of the agricultural research and ex-
tension system. From 1966 through 1975, Fed-
eral support for research and extension declined
as a proportion of the total, from 55 to 48 per-
cent. In 1982 the Federal share was 47 percent.
The historic commitment to a national system
of developmental institutions in agriculture is
fading.

This trend is consistent with the philosophy
of a reduced overall Federal role. However, it
is inconsistent with the role of U.S. agriculture
nationally in terms of maintaining stable prices,
contributing to a favorable balance of trade, and
meeting world food needs. These are important
national goals that require a higher level of Fed-
eral involvement and support,

During the period 1975 through 1982, most
of the relative reduction in Federal support has
been in extension appropriations. While Fed-
eral support for research increased by 7 percent
(constant dollars), extension support increased
by less than 2 percent (table 12-1). State and
count y support for extension, on the other hand,
increased by 17 percent. The Federal share of
extension support, thereby, fell from 40 percent,
where it had been since the early 1950s, to 37
percent. Appropriations for extension in 1984-
86 suggest a further drop in extension’s share
of Federal support.

The rationale for reduced Federal support for
extension relative to research is unclear. Al-
though education has traditionally been viewed
as a State and local community function, exten-
sion was formed on the principle of a Federal-
State-county partnership. The ability and will-
ingness of State and county governments to sup-
port extension adequately in the face of reduced
Federal support is questionable.” Clearly, if the
biotechnology and information technology era
justifies higher levels of support for agricultural

research, it also justifies higher levels of sup-
port for agricultural extension—particularly be-
cause of the increased private sector commit-
ment to agricultural research.

Research and Extension
Professional Staff

Despite increases in real appropriations for
agricultural research, the number of profes-
sional research staff has declined. This decline
results from the continuously increasing cost
of supporting a research scientist with research
equipment and materials. Greater cost increases
can be anticipated in the future as agricultural
research progresses into the biotechnology era
and as the demand of the private sector for
newly trained scientists continues to accelerate.

Extension experienced an n-percent increase
in the numbers of professional staff from 1966
to 1975, and a subsequent 6-percent decline
through 1984 (table 12-2). Nearly all of this de-
cline was in the specialist staff, which experi-
enced a 15-percent decline in numbers. This re-
duction in number of specialists is particularly
alarming since the specialist staff has the high-
est level of training and is the best equipped to
educate both county agents and farmers on
evolving agricultural technologies.

The disproportionate reduction in the num-
ber of specialist staff is probably best explained
by budget considerations and the lack of direct
State control over county staff. As budgets tight-
en, considerably more funds are made available
to the State director when a specialist position
is eliminated or not filled. In addition, competi-
tion for specialist staff has become increasingly
keen, For extension program administrators,
the avenue of least resistance compared with
the option of reducing the number of county

Table 12.2.—Trends in Numbers of Extension
Professional Staff, Selected Years

III nterestlng]y,  the 1977 farm bill contained authorization for
(JSIIA  to be the lead agency in universit}  education programs
related to agriculture. While there was a transfer of staff and offices
from the Department of Education to LJSDA, this initiative has
receit”ed ~ery limited b’SL)A  support and is essentially’ dead.

Year Specialist County Total

1966 . . . . . . . . . . . . . . . . . . 3,641 10,451 14,092
1975 . . . . . . . . . . . . . . . . . . 4,224 11,357 15,581
1984 . . . . . . . . . . . . . . . . . . 3,581 11,140 14,721
SOURCE Extension Serwce, U S Department of Agriculture
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staff is reduction in force at the specialist   level—
precisely what has occurred. Therefore, while
the need is for an increased emphasis on spe-
cialist staff, just the opposite is occurring. 1n
fact, one can forcefully argue that in the bio-
technology and information technology era,
without substantially increased emphasis on
county agent development, the specialist will
have an ever-increasing and comparative advan-
tage in educating farmers. The model for coop-
erative education could shift from county agent-
to-farmer education to specialist-to-farmer edu-
cation. This is probably already happening and
has the potential for substantially changing the
structure and role of extension. Without sub-
stantially increased State or Federal support for
extension, counties will have to pickup a larger
proportion of extension’s costs, or the counties’
impact and effectiveness in education will grad-
ually erode.

An alternative strategy for extension would
involve an intense, continuing program of staff
development at the county level designed to pro-
vide count y agents with state-of-the-art research
findings and related information. A decision to
emphasize this strategy is based on the prem-
ise that the strength of extension lies in the
county agent. Historically, the county agent has
been one of the best educated persons in the
county. Questions increasingly arise as to whether
this era is gone.

Christenson and Warner (1985) put the issue
in the following very cogent terms:

If county staff are not providing relevant and
timely information, if they do not have access
to innovative ideas, if they are not seen as out-
standing educators in the county, they will not
have the trust and respect of the people. County
staff who are seen as just another information
disseminator who hands out pamphlets, gives
advice on fertilizing lawns and gardens, and
holds meetings for “expert” speakers from the
State university, may not survive in an infor-
mation society.

This is not to contend that all county agents
are out-of-date. Many continue to carry out state-
of-the-art programs. However, as the rate of
technological change accelerates, research re-
sults will become more complex and difficult

to comprehend. County agents will find it in-
creasingly difficult to keep up.

Such observations are not limited to county
agents. Many researchers will also find their
knowledge level bypassed (antiquated) by bio-
technology; specialists will thus also need to up-
date their knowledge. However, the cost of re-
training specialists will be less than that of
retraining county agents because specialists are
fewer and have closer day-to-day contact with
research.

The funds that land-grant universities receive
from the Federal Government can be allocated
either on the basis of competitive grants or for-
mulas. Historically, about two-thirds of the
funds have been allocated to the States by for-
mulas. While there are formula differences be-
tween research and extension, the principal fac-
tor in both formulas is rural population and farm
numbers. As a result, States having a larger ru-
ral population and greater farm numbers receive
more formula funds.

The specifics of the formula have been the sub-
ject of considerable debate. Large rural popu-
lations and farm numbers in the Southeast do
not correspond with the quantity or value of pro-
duction. Midwestern and Western States feel
that formula funds ought to be allocated on the
basis of the value of commodities produced. Sen-
ator Lugar (Indiana) has become a champion
of debate to change the formula (GAO, 1983).

Since agricultural research deals more with
the products of agriculture, not population, Mid-
west advocates suggest that inequities result
from research funds being allocated on the ba-
sis of population. Current formula funding pro-
cedures have tended to promote regional crops
such as cotton, tobacco, and peanuts as opposed
to wheat, corn, soybeans, milk, beef, and hogs.
Yet, those States that produce the majority of
the wheat, corn, soybeans, milk, beef, hogs,
fruits, and vegetables have been more competi-
tive in achieving competitive research grants,
In some instances, strong State research sup-
port has compensated for less Federal support.
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A change to a product value-based formula
would accelerate the trend toward increased
centralization of research in the major agricul-
tural States such as California, Iowa, and Indi-
ana. It can also be argued that the effect would
be to shift the allocation of research resources
in the direction of moderate-size and larger scale
farms. However, questions exist regarding
whether the size distribution of the clientele be-
ing served by research and extension is an y dif-
ferent in those Southern States that receive a
larger proportion of formula funds just because
of a larger number of smaller farmers. Maybe
the needs of small farmers are not being served
in the South any better than in the rest of the
country.

The case for a population-based formula ap-
pears to be stronger for extension than for re-
search. Education deals more with people than
with the value of products, However, even here
the urgency of education can be argued to be
product value-based. That is, education is more
urgent where more products are produced. In
addition, as in research, questions arise as to
whether extension is effectively serving the
educational needs of farmers having smaller
scale operations.

Competitive grants are a much discussed
method of allocating USDA agricultural re-
search funds. Prior to 1970, Federal contracts
and grants generally represented about 10 per-
cent of the USDA funds going to the State agri-
cultural experiment stations and about 2 per-
cent of total experiment station funds. However,
the world food crisis and advances in biotech-
nology created greatly increased interest in
grants. By 1982, contracts and grants had in-
creased to 16 percent of experiment station
funding.

In 1977 Congress authorized a special com-
petitive research grants program primarily to
support basic research in food and agricultural
science. The competitive grants program was
available to any research institution, land grant
or not. In 1982 experiment stations received
only 38 percent of competitive grant appropri-
ations, accounting for less than 1 percent of ex-
periment station funds. The land-grant univer-
sities accepted the grants concept only on the

condition that grants not displace formula fund
appropriations. At least partially because of
land-grant resistance to formula fund reduc-
tions, the competitive grants program has re-
ceived a low level of appropriations.

Although competitive grants are made on the
basis of a peer review system, basic research
scientists complain that the grants are gener-
ally so small that they cannot sustain even a
middle-size biotechnology research project. In
1982 the average size of a grant was approxi-
mately $70,000 (CSRS, 1984). The program is
frequently referred to by researchers as the
“small grants program. ” The underlying rea-
son for the small size of these grants probably
lies in political pressure on USDA research ad-
ministrators to distribute the grants geographi-
cally among the States,

For many years, extension has used savings
from Federal administration funds, plus approx-
imately $500,000 in so-called special needs
funds, for allocation to the States in the form
of competitive grants to support, among other
priorities, the development and testing of in-
novative concepts of extension education. This
important, highly successful (albeit, informal)
counterpart of the competitive research grants
program has been severely restricted since
1978—ironically starting about the same time
as the research grants program was initiated.
The reasons for this restriction lie in the inter-
action of such factors as reductions in Federal
administration funds, the subversion of exten-
sion funds to support a vast experiment to co-
ordinate research and extension at the Federal
level, a congressionally mandated evaluation
project, and the subsequent emphasis on in-
creased ongoing evaluation, which had to be
absorbed out of existing funds.

One of the unique features of the extension
special grants program was that the projects
supported by it were frequently regional or na-
tional in scope, thus facilitating the production
of educational programs that could be replicated
and applied on a multistate basis. Since the re-
striction of this program, innovative extension
program development has been severely cur-
tailed, particularly for programs having a re-
gional or national focus. Individual States have
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not, and probably cannot, fill this void. Several
recent attempts to provide funds for these pur-
poses as a designated item in the Federal ex-
tension budget have been unsuccessful,

Interaction Between
Non-Land-Grant Universities
and Land-Grant Universities

The world food crisis and the biotechnology
era have fostered increased non-land-grant in-
terest in agricultural research. This interest was
further heightened by the establishment of the
competitive grants program in the 1977 farm
bill. Experience indicates that the non-land-
grant universities are fully competitive with the
land-grants in receiving these funds. However,
competitive grants have not been expanded suf-
ficiently to augment significantly most non-
land-grant agricultural research programs.

Increased funding for human research in the
biotechnology area holds the potential for rapid
technology transfer of medical discoveries to
agriculture at a relatively low cost. Potential also
exists for fortifying existing non-land-grant
basic research in photosynthesis, plant embryol-
ogy, genetics, and animal physiology. This will,
however, require significant increases in fund-
ing beyond current levels as well as a movement

away from the “small grants” philosophy dis-
cussed previously.

One of the factors hindering the contribution
of the non-land-grant universities to discoveries
in agriculture is the traditional competition
within States between land-grant and non-land-
grant universities. Because of increasingly lim-
ited funding, competition for the allocation of
appropriated funds and the establishment of
new educational programs has become increas-
ingly intense, Over time, substantial conflicts
have developed over the favored position of
land-grant universities in having access to for-
mula funds, Such conflicts even exist within
land-grant universities between experiment
station-related agricultural departments and
academic departments having no ties to the ex-
periment stations, such as biology departments.

Such conflicts are difficult to overcome. Dan-
ger exists that in attempting to “force” cooper-
ation, policy makers could destroy productive
elements of the existing system that have served
agriculture well. Yet constant pressure to ob-
tain a higher level of cooperation would appear
to be warranted. Perhaps the most effective
means of applying such pressure would involve
the development of programs that provide finan-
cial rewards for cooperative land-grant/non-land-
grant research programs. However, if funding
levels remain low little progress is likely.

PROPERTY RIGHTS, EXCLUSIVITY, AND THE LAND-GRANT
UNIVERSITIES’ SOCIAL CONTRACT

Land-grant universities were created to serve others could occur very rapidly. In other words,
the public. The agricultural component of land- changes in the rules may have also changed the
grant universities has unique responsibilities very concept of the land-grant system (Knutson,
to conduct research and extend the results of 1984),
agricultural research for the public benefit.
Traditionally, those research results have been Questions of how the land-grant universities
readily and freely available to the public, inas- might adjust to the new concept of research
much as the results have no private property property rights and the related opportunities
or exclusivity rights attached to them. policy for increased private sector funding have been
changes that have occurred over the past 15 the subject of extensive study. However, the im-
years, however, hold the potential for substan- pact of this concept on the unique nature or “so-
tially changing this traditionally ready-and-free- cial contract” of the land-grant system has re-
access concept of land-grant university re- ceived little attention. A discussion of both
search. Some changes have already occurred; dimensions follows. This discussion is impor-
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tant because it has a potentially profound ef-
fect on the land-grant system and its relation-
ship to the public.

The Development of Discovery
Property Rights

Policy changes regarding property rights in
agricultural research had their origin in the
enactment of the Plant Variety Protection Act
of 1970. Previously, patent protection in plants
was limited to asexually reproduced material—
mainly orchard fruits and ornamental flowers.
The Plant Variety Protection Act provided that
a breeder of a new, stable, and uniform variety
of sexually reproduced plants could restrain
other seedsmen from reproducing and selling
that variety for 17 years.

Of possibly greater significance was the 1980
landmark U.S. Supreme Court decision, Dia-
mond v. Chakrabarty, which held that the in-
ventor of a new micro-organism, whose inven-
tion otherwise met the legal requirements for
obtaining a patent, could not be denied a pat-
ent solely because the invention was alive. This
decision opened the door for patenting poten-
tially all new products of the biotechnology era.

Since the passage of the Plant Variety Protec-
tion Act and the Chakrabarty decision, private
sector interest in agricultural research has
mushroomed. OTA, for example, found that in
1983 there were 61 companies pursuing appli-
cations of biotechnology in animal agriculture
and 52 companies applying biotechnology to
plants, The companies involved ranged from
established agricultural chemical suppliers such
as Monsanto, DuPont, Dow, Eli Lilly, and Amer-
ican Cyanamid to new biotechnology firms such
as Genentech, Biotechnical International, MGI,
and Genex (OTA, 1984).

Most of these firms have developed their own
in-house research capability by employing mo-
lecular biologists, biochemists, geneticists, plant
breeders, and veterinarians. whereas past em-
phasis in plant and animal science was on se-
lecting and breeding for specific, desired traits,
the emphasis has changed to understanding the
factors that control the genetic traits and overtly
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changing them. Progress is already being made
with growth hormones, vaccines, and herbicide-
resistant varieties of plants. Several genetically
engineered products are very close to being mar-
keted commercially.

Relationships are also developing between
many of these firms and universities. For ex-
ample, Monsanto has a 5-year, $23.5 million
contract with Washington University under
which individual research projects are con-
ducted. At Stanford University, five corporate
sponsors (General Foods, Koopers Co., Inc.,
Bendix Corp., Mead Corp., and McLoren Power
& Paper Co.) contributed $2.5 million to form
the for-profit Engenics and the not-for-profit
Center for Biotechnology Research.

Such relationships are not limited to private
universities. Michigan State University (a land-
grant university) created Neogen to seek ven-
ture capital for limited partnerships to develop
and market innovations arising from research.
The formation of Neogen points up a signifi-
cant problem being encountered by the univer-
sities. Neogen was formed, in part, to retain
faculty members who were getting offers from
biotechnology companies. In Neogen, faculty
members are allowed to develop their entrepre-
neurial talent and reap the associated financial
rewards while remaining at the university.

The establishment of biotechnology property
rights has substantially heightened scientists’
interest in private sector employment oppor-
tunities, In the process, questions have arisen
over who maintains the property right—the
university, the private firm, or the scientists?
In the Washington University-Monsanto case,
the University retains the patent rights while
Monsanto has exclusive licensing rights. In En-
genics, Stanford likewise gets the patent rights
while the center and the six corporate sponsors
receive the licenses and pay royalties. Neogen
will buy patent rights from Michigan State Uni-
versity, while the inventor will get a 15-percent
royalty or a stock option in Neogen.

Land-Grant University Adjustments

The potentially profound implications of such
developments on the land-grant university sys-
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tern seem clear. Such private sector arrange-
ments integrate business into the university fab-
ric, raising questions about the control of the
university research agenda, the allegiance of
scientists to their university employer, the will-
ingness of scientists to discuss research discov-
eries that have a potentially patentable products
associated with them, and potential favoritism
shown particular companies by the university
because of their research ties.

This controversy has caused the land-grant
Agricultural Experiment Station Committee on
Policy (ESCOP) to express its concerns publicly
and to develop guidelines to deal with these bio-
technology issues. The statement of ESCOP con-
cerns includes the following:

●

●

●

●

As publicly supported institutions, the
SAES (State Agricultural Experiment Sta-
tions) will need to assure that industrial rela-
tionships generate an end result in the in-
terest of the general public. This end result
should reward the industrial investor but
avoid placing such an investor in an un-
warranted position of financial advantage
through privileged use of information or
technology partly derived from research
using public funds; neither should a cur-
tailment of new information to the public
occur,
The SAES are greatly concerned about the
curtailment of communication on early re-
search results and about the constraints on
sharing of germplasm emerging due to con-
cerns on the part of scientists and institu-
tions for protecting potentially patentable
research results. Industry sponsorship of
this kind of research tends to exaggerate
this problem.
There is general concern in the academic
community about the drain of scientific
manpower from the universities to indus-
try. The ability to continue to conduct basic
research in an academic environment and
the concurrent interdependent ability to
continue educating scientists are key issues.
There is concern that individual scientists
may place themselves in positions of com-
promise or conflict of interest as they estab-
lish personal relationships with industry

●

as contractors, consultants, or institutional
officers.
There is concern on the part of both scien-
tists and the SAES that through industrial
sponsorship of research, there may be in-
troduced an undesirable level of direction
of effort by industry (ESCOP, 1981).

Out of these concerns ESCOP developed the
following interim policy guidelines:

●

●

●

●

●

Maintain SAES management control of re-
search: Consensus: SAES should retain the
ability to manage research programs, and
control the direction of new investigations,
regardless of the source of support, in-
cluding situations in which one or several
firms may sponsor research at several in-
stitutions.
Strong basic research and graduate educa-
tion capability: Consensus: SAES should
maintain and expand the basic research ca-
pability in genetic engineering and related
areas within the domain of publicly sup-
ported institutions.
Faculty-industry relationships: Consensus:
Scientists should maintain close communi-
cation with institutional administrators in
the development of relationships and com-
mitments with the commercial sector. In-
stitutional guidelines should be developed
that assist the scientists in avoiding institu-
tional or personal conflicts of interest.
Publication and communication; Con-
sensus: The ability to publish and exchange
information is essential and must be se-
cured in agreements. In some instances,
publications or information exchange may
need to be temporarily delayed to allow
time for an institution or sponsor to assure
adequate patent protection. The final de-
cision to defer or modify a publication
should reside with the public institution.
Trade secrets and confidential information:
Consensus: Protection of “trade secrets” or
“confidential information” for more than
a very limited period should be avoided by
public institutions. Advance review by a
private sponsor, to avoid premature release
of information, maybe advisable but should
not become a mechanism to “shelve” use-
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ful information or unpatentable tech-
nology.

. Patent rights and premature disclosure:
Consensus: SAES should retain the right
to participate in the decisions related to the
disposition of intellectual and real property
and patent rights resulting from research.
Retained ownership of patents by the SAES
is preferred, In any agreement, the SAES
should retain the right to use discoveries
and inventions from SAES research to ex-
tend and enhance public research and edu-
cation. The need of private sponsors to
obtain a return on investment must be rec-
ognized, and agreements may provide for
special licenses for patents originating from
sponsored research.

● Biosafety of recombinant DNA: Consensus:
SAES must retain responsibility for review
and decisions in the release or distribution
of laboratory research products, although
some research may be supported by out-
side sponsors.

● Grants and income earnings: Consensus:
Extending knowledge and developing new
technology while serving the public inter-
est  should be the prime motivations in
agreements between SAES and the private
sector. Royalty income from discoveries
originating under such agreements should
be recognized as a secondary consid-
eration.

● Licensing responsibilities and performance
expectations: Consensus: SAES should as-
sure that “due diligence” clauses are in-
cluded in contracts to assure that new tech-
nology is not shelved and the public interest
is served while private investment in com-
mercialization is respected. Assignments,
rights, or licensing of patents for commer-
cial use should be considered separately
from contractual definition of research to
be conducted. Initial  or developmental
processes and pervasive technology ulti-
mately leading to improved biological ma-
terials generally should not be assigned for
sole use by a sponsoring firm.

● Tax code implications: Consensus: When
sponsored research is motivated by certain
interpretations of Tax Code Section 1235,

exclusive licensing or co-ownership of pat-
ent rights is a preferred alternative for the
institution, since the institution maintains
a vested interest and some ownership of
patent rights involving the scientist, the in-
stitution, and the firm may require unique
documentation. Careful attention to these
rights and relinquishments is suggested
(ESCOP, 1981),

Impact on the Land-Grant
Social Contract

Potential basic changes in the relationship be-
tween land-grant universities and the public are
implied by the preceding adjustments, although
not explicitly discussed. The land-grant univer-
sity system was established on a public service
basis different from that of other universities.
Its tradition has implied a social contract that
makes its discoveries freely available to the pub-
lic.

The advent of patent rights, exclusive licens-
ing, and private sector investment in public sec-
tor research has the potential for changing the
distribution of benefits from land-grant research
discoveries.” These changes warrant direct
public discussion and consideration by policy-
makers. They occur for at least five reasons:

1. By exclusive licensing or transfer of pat-
ent rights to private firms, the right to use
discoveries is no longer freely available–
even if information on the discovery itself
is freely available,

2. Certain individuals or firms are conferred
the benefits of specific land-grant research
to the potential detriment of others. Prior
to the transfer of discovery rights, the ben-
efits were available to anyone who adapted
a land-grant discovery to commercial usage.

3. The costs of the resulting discoveries are
internalized in the price of the resulting
product. The price the public pays for the
product also includes any monopoly rents
associated with the conferral of the rights.

IZS i ~1  i la r i m ~)1 i(; a t 10 ns n] a \ a ] s() ex I St I or A KS r~?s~a r(; h to the
extent that patent rights a n(l e~[ Iuslie I i(:ensi ng arrangements
are created by ARS.
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Society thus pays twice: once for the cost
of the research and then again for its bene-
fits. without the conferral of property
rights, rents are minimized by competition. 2.

4. Private sector-public sector inequities are
virtually assured in any granting of re-
search property rights to an individual firm.
This occurs because with a relatively small
private sector investment there is access
to a much broader range of current and
prior research.

5. The existence of patent rights, trade secrets, 3.
and confidential information has as many
potential}’ adverse implications for exten-
sion in terms of the increased burden for
product testing, the potential lags in infor-
mation, and the absence of research infor-
mation that would have previously been
readily available.

The argument does not, however, flow exclu-
sively against the conferral of private sector If

riety Protection Act was enacted into law.
Over 1,088 patent-like certificates were
granted by February 1, 1983.
without land-grant university involvement
in private sector-funded research, the uni-
versities may not be able to retain the top-
quality scientists needed to conduct agri-
cultural research that is on the frontier of
knowledge, In the process, agricultural re-
search, extension, and teaching programs
would suffer.
Patent monopoly rights may be necessary
to attract the capital investment needed to
translate land-grant university scientific
advances into commercial reality. without
such proprietary protection, new discov-
eries may not be able to compete for re-
sources to develop marketable products or
technologies. The public availability of such
products could thereby be affected.

policy makers do not want land-grant uni-

property rights by the land-grant universities. versities to confer property rights, policy makers

There are three main counterbalancing argu- must provide the level of funding necessary for. . .
-merits: competing with other non-land-grant universi-

ties that confer such rights. This decision is a
1. With the conferral of private property rights basic public policy decision–maybe the most

and the associated private sector invest- basic decision since the land-grant system was
ment, the quantity of research discoveries created. Once the land-grant system begins ac-
may increase. Evenson (1983), for example, tively competing for private sector grants and
found a sharp acceleration in private plant conferring licensing rights, there will be no turn-
breeding programs after the 1970 Plant Va- ing back,

PRICING INFORMATION SERVICES

Although seldom recognized as such, one of
the most critical aspects of U.S. agricultural pol-
icy is that of information policy. Much of what
USDA does is provide information. Until the
1970s, most agricultural information available
to farmers had its origin in USDA. The depart-
ment gathered the information, interpreted it,
and published it. Extension Service personnel
at State and Federal levels and private sector
media made the information freely available to
the public. The information covered a very
broad range—technology developments, public
policy changes, statistical data, economic trends,
and price forecasts. USDA was respected for
having the best information system in the world.

In many respects, USDA had a monopoly on
information that was freely available to any-
one—small farmer or large agribusiness firm.

The information policy of USDA began to
change in the 1970s. Tight Federal budgets re-
sulted in cutbacks in the quantity and quality
of information at a time when, because of
greater instability y, more information and infor-
mation of better quality were needed. New meth-
ods of communication made timely transfer of
information to the producer possible. Such com-
munication could be accomplished in closed,
often computerized, systems where the bene-
fits could be captured by the supplier. Larger
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farm units required information of a more spe-
cific nature, tailored to their operations. Infor-
mation had captured a value, yielding private
sector profit opportunities.

without substantially increased appropria-
tions, neither USDA nor the land-grant system
could adequately respond to these new de-
mands, Perhaps more significantly, private sec-
tor firms, seeing increased profit opportunities,
did not encourage increased funding for infor-
mation, In the process, they indirectly (some
might argue, directly) discouraged increased
funding, Their philosophy was basically one of
“give us (the private firms) the raw data and we
will interpret it. ”

At a time when policy makers sought oppor-
tunities to transfer functions from the public
to the private sector, it seemed quite logical to
cut back on public sources of information. Since
the information that was being collected by
USDA had acquired greater value, it also seemed
logical to begin charging for all (or nearly all)
USDA publications.

Increasing quantities of information are now
available only to those farmers and agribusiness

firms who can afford to pay for it, Those who
can afford to pay for it are the larger farm oper-
ations and agribusiness firms. Those who can-
not afford to pay for it are the moderate-size and
small farms as well as the moderate-size and
small agribusiness firms. Since information is
a lifeline for success in today’s agriculture, its
absence accelerates the trend toward a more
highly concentrated agriculture.

For many moderate and smaller farmers the
Extension Service was the only continuing relia-
ble and consistent source of information. But
even that source was curtailed by a USDA pol-
icy requiring State extension staff to pay for
USDA publications they had the responsibility
for distributing. Many States did not have the
funds to obtain reports that were vital to timely
producer decisions. Such policy changes are dif-
ficult to justify or excuse.

This problem is by no means limited to the
Federal Government. Many States have also
been forced by budget constraints to charge for
publications as well as for many of their educa-
tional programs. Such policies aggravate the
comparative disadvantage of moderate farms
competing in agriculture,

DISTRIBUTION OF BENEFITS AND STRUCTURAL IMPACTS

Technology is one of the driving forces be- Two important lessons arise from this descrip-
hind structural change in agriculture, This point tion of the process of technological change:
has perhaps been most clearly argued by Wil- 1
lard Cochrane (1958), who points out that the
first adopters of new technology are the imme-
diate beneficiaries in that their costs per unit
of production are lowered and their profits thus
rise. The profits of those firms supplying the
products of new technology also rise. In addi-
tion to reducing costs per unit of production,
technology generally expands output. Also,
higher profits encourage the adopting farmers
to expand output—even to the extent of increas-
ing the scale of their farm operations. But as
output expands, prices decline. Later technol-
ogy adopters thus realize less profit. In fact,
those farmers who are the last to adopt new tech-
nologies may actually be forced either to adopt
or to get out of agriculture.

Those farmers who are most aggressive in
effectively adopting and applying new tech-
nologies are the most likely to survive. Their
size or scale of operation thereby influences
the structure of agriculture. Likewise, to the
extent that research discoveries or exten-
sion programs favor certain size farmers,
structure is affected. White (1984) finds that
this impact is less than has sometimes been
asserted (Hightower, 1973). These findings
do not, however, negate the concern about
the neutrality issue. The importance of
technology in fostering structural change
makes constant awareness and considera-
tion of technology’s potential impacts im-
portant in designing research and exten-
sion programs.
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2. The ultimate beneficiary of agricultural re-
search and extension has and will likely
continue to be the consumer. Larger sup-
plies, lower food prices, and better quality
have almost invariably been the main end
result of research. This does not mean that
research operates contrary to the interest
of farmers. Research directly benefits the
more progressive farmers. Research is crit-
ical to expanding markets for farm prod-
ucts and to maintaining the competitive-
ness of U.S. agriculture internationally.
Research overcomes the constant threat of
new disease and other vagaries of nature
that threaten the increased productivity cre-
ated by science and its application.

These lessons present a difficult problem for
policy makers and land-grant university admin-
istrators. While the returns on investment in
agricultural research and extension programs
are high, their benefits are by no means uni-
formly distributed. Although farmers and agri-
business firms are frequently described as the
main clientele of the agricultural research and
extension system, they are not the long-term
beneficiaries. The benefits enjoyed by farmers
and agribusiness firms are not uniformly dis-

tributed. The adverse effects of technology on
farmers who fail to adopt, agribusiness firms
that fail to obtain the property rights, or on farm
laborers who are displaced may be dismissed
as one of the costs of progress. They are, how-
ever, accentuated by policies that:

●

●

●

fail to provide sufficient resources and in-
centives to serve the research and exten-
sion needs of the full range of farmer and
agribusiness clientele regardless of their
ability to pay for those services;
fail to provide alternative retraining and
employment opportunities for those who
are displaced by the effects of technologi-
cal change; and
fail to take into consideration the unique
nature of the social contract under which
the land-grant university system was formed
in designing a system of pro pert y rights for
its discoveries.

In other words, the trend toward industrializa-
tion may continue—but the scales should not
be tilted by public policy to speed up the proc-
ess or assure the final conclusion. Indeed, pub-
lic policy should work to keep options open for
conscious public decision.

SUMMARY AND CONCLUSIONS

To an important extent, U.S. agriculture has ●

been very successful because of technological
advance. Yet, consideration of specific changes
in research and extension policy may be justi-
fied. The following areas have been identified
as meriting consideration for policy changes:

● The social contract on which the agricul-
tural research and extension system was
created needs to be reevaluated. This issue
should not be left for resolution by the
courts. Specific guidelines must be devel-
oped that, while allowing the system to
compete, protect the public interest and
investment in the agricultural research and
extension functions. Both Congress and ●

USDA should have an input in this type of
policy development.

It is sometimes suggested that increased
private sector support for agricultural re-
search signals less need for public support.
While private sector support complements
public support, basic biotechnology and in-
formation technology research is very cost-
ly, A reduced role for public research and
extension would provide a slower rate of
technological progress and a lower level of
protection for the public health and wel-
fare. In addition, there is a strong public
interest in maintaining an agricultural re-
search component in each State to serve
the problem-solving needs of State agri-
culture,
Many agricultural problems are local or re-
gional in scope. The applied nature of the
system, having an agricultural experiment
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●

●

station and extension service in each State,
has provided a unique capacity to identify
and solve local or regional problems. Re-
ality suggests that only certain universities
have sufficient resources to compete for pri-
vate sector support in biotechnology and
information technology. The result is a con-
fluence of forces that is creating a dichot-
omy of “have and have not” universities.
In the process, traditional extension-re-
search interaction and feedback mecha-
nisms could break down, particularly in
States that are not in a position to command
a major biotechnology component.

The role of extension is even more impor-
tant than it has been in the past. New, more
complex products require evaluation and
explanation. In States where experiment
stations have attracted substantial private
sector support, the product testing function
can most objectively be performed by exten-
sion. The recently passed 1985 farm bill
gives extension explicit authority to engage
in applied research functions such as prod-
uct testing and evaluation.

While agricultural research is not inher-
ently biased toward large-scale farms, lags
in adoption by smaller and moderate farms
have the same effect. Unless special atten-
tion is given to technology generation and
transfer to moderate farms, major struc-
tural changes could result—leading to the
eventual demise of a decentralized, mod-
erate farm structure. To the extent that pres-
ervation of these farms is a policy objec-
tive, special funding for and emphasis on
the problems of technology generation and
transfer of technology to moderate farms
is warranted.

●

●

While the agricultural research system
has received the benefits of increased fund-
ing from both private and public sources,
extension funding has not materially in-
creased. As a result, extension staff at the
county and specialist levels are being
caught up in a whirlwind of technological
change. The result is a need for the injec-
tion of substantial staff development fund-
ing into the extension system.
Basic organizational issues must be ad-
dressed by the Extension Service. The prem-
ise on which extension was developed was
that of research scientists conveying the
knowledge of discoveries to the extension
specialist who, in turn, supplied informa-
tion to the county agent who taught the
farmer. Over time, this concept has grad-
ually but persistently broken down as agri-
cultural technology has become more com-
plex, and insufficient resources have been
devoted to staff development. As a result,
more emphasis has been placed on direct
specialist-to-farmer education. More spe-
cialists have been placed in the field to be
closer to their clientele, but at the cost of
less contact with research scientists. As
these changes have occurred, the role of
the county agent has become increasingly
uncertain. Appreciation for and use of
county agents as educators and technology
transfer agents has declined. As a result of
these changes, a basic structural reevalua-
tion of the organization of the extension
function of the agricultural research sys-
tem is needed. Such a reevaluation will in-
evitably have to tackle the politically sen-
sitive issues of the role of the county, State,
and Federal components of the Extension
Service.
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Chapter 13

Implications and Policy Options
for Agriculture

The biotechnology and information technol- food supply, more agricultural exports, im-
ogy revolution has been fostered by substantially proved food quality, and reduced adverse envi-
expanded private sector investment in agricul- ronmental impacts. However, if current agri-
tural research, an investment complemented by cultural policies continue, this era also holds
increased public sector emphasis on basic re- the potential for marked changes in the struc-
search, The output of this revolution is in its ture of agriculture and rural communities, in-
infancy today but can be expected to blossom eluding the demise of many small and moderate-
over at least the next 30 years. size farms, increased centralization and integra-

te potential payoffs of this era include in- tion of farm production, and the degradation

creased food production for domestic and ex- of many rural communities.

port demand, a lower cost and more nutritious

THREE FARM

Major structural change in agriculture has al-
ready begun. Based on a continuation of cur-
rent policies, past trends, and future technologi-
cal expectations, the likely net result of this
structural change would be the development of
a farm structure composed of three predomi-
nant agricultural classes:

1. The large-scale farm segment will be com-
posed of a relatively small number of farms
that will produce the bulk of the produc-
tion. By year 2000 there could be as few as
50,000 large-scale farms producing as much
as three-fourths of the agricultural produc-
tion. Some of these large-scale farms will
be owned by agribusiness corporations and
some will not. This large-scale farm seg-
ment will be highly efficient in production,
marketing, financial, and business manage-
ment functions. The farms will be run by
full-time, highly educated business manag-
ers. Most of their land maybe rented. These
managers will probably know their chances
of making a profit even before planting or
breeding.

2. The struggling moderate-size farm segment
will strive to find a niche in the market and
to survive in an industrialized agricultural

CLASSES

setting. The difficulty for the moderate-size
farm to find that niche is rapidly becom-
ing the center of the farm policy debate.
Traditionally highly productive, efficient,
moderate-size, full-time farms have been
referred to as the “backbone” of American
agriculture, It is still true that a moderate,
technologically up-to-date, and well-man-
aged farm with good yields is highly resil-
ient. One key to their success clearly lies
in the management factor. But more often
than not, management has to be willing to
accept a relatively low return on invested
capital, time, and effort. With ever-increas-
ing educational requirements in farming,
there will likely be less willingness by suc-
cessful managers of moderate-size farms
to accept a lower return for their services
and for invested capital, Another key to
their survival lies in access to state-of-the-
art technologies at competitive prices. Co-
operatives have traditionally performed
that role. But today, cooperatives are gen-
erally not conducting or funding basic or
applied research in biotechnology and in-
formation technology. Like their predomi-
nantly moderate-size farmer members, co-
operatives, too, have encountered financial
difficulty.

285
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3. The small, predominantly part-time farm seg-
ment tends to obtain most of its net income
from off-farm sources. However, this seg-
ment is highly diverse.1 It includes wealthy
urban investors and professionals who use
agriculture primarily as a tax shelter and/or
country home. It includes the would-be
moderate farmers who are attempting to

INo analysis exists that accurately measures the diversity of
this farm segment.

use off-farm income as a means of enter-
ing agriculture on a full-time basis. This
modern version of the old farmhand-to-ten-
ant-to-owner agricultural ladder is also fad-
ing. Finally, this segment also includes a
number of poor, essentially subsistence,
farmers, vestiges of the “war on poverty”
from the 1960s. These farmers remain a sig-
nificant social concern that needs to be
dealt with from a policy perspective, although
traditional farm price and income policy
hold no hope for solving their problems.

CONSEQENCES OF CONTINUING CURRENT POLICIES
AND PROGRAMS VERSUS NO PR0GRAMS

Today’s farm structure is partly the product
of past policies and programs and partly the
product of technology. Since the 1930s, farm
program benefits have been allocated on the ba-
sis of cost of production. In the late 1960s the
conversion of farm programs from supporting
farm prices to supporting farm income resulted
in the imposition of limits on the amount of pay-
ments a person involved in farming could re-
ceive. These payment limits proved largely in-
effective at stemming the flow of benefits to
large farms. Likewise, large farms have bene-
fited disproportionately from other programs
such as economic emergency credit and soil
conservation. Large farms have been in the best
position to take advantage of new technologies
derived from the public sector agricultural re-
search and extension system. If current farm
policies and programs continue, the number of
large farms will continue to grow and reap the
majority of program benefits.

Without substantial changes in the nature and
objectives of farm policy, the three classes of
farms will soon become two—the moderate-size
farm largely will be eliminated as a viable force
in American agriculture. In addition, the prob-
lems of the small subsistence farm will continue
to fester as an unaddressed social concern.

As this structural change occurs, the face of
rural America will change. Large farms natu-
rally tend to concentrate their activities in larger

communities. Moderate-size and small rural
communities inevitably die as the business con-
ducted by farm implement, fertilizer, and chem-
ical dealers as well as agricultural bankers de-
clines. As a consequence, the rural-community
tax base is eroded as business activity, employ-
ment, and property values decline. Children are
bused longer distances to schools. The eco-
nomic and social fabric of rural America erodes.

It is still unclear as to what the consequences
of this change maybe, because the vast majority
of Americans have little or nothing to do with
agriculture other than consume its products.
Clearly, an increase in rural unemployment re-
sults in an increase in costly Government so-
cial programs. The uncertainty, however, arises
over food production efficiencies and costs.
This study shows that large farms can indeed
produce at lower cost than smaller farms. The
question is whether the only way this lower cost
can be achieved is through scale of operation.
Can a moderate farm with adequate educational
advice and assistance from existing institutions
achieve the same low production cost without
creating the adverse rural community economic
and social consequences that are a result of cur-
rent farm policies and trends? The answer is
not clear.

In the much longer run an agriculture domi-
nated by a few corporate giants may not be
desirable from a general public, taxpayer, or
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consumer perspective. A progressive, decen-
tralized, competitive structure would be prefer-
able. The task facing policy makers is to foster
such a structure.

The results of this study clearly demonstrate
that these adjustment problems would not be
solved by a quick transition to no Government
involvement in agriculture. In fact, the adjust-
ment problems at the farm and rural-community
level would be aggravated further by additional
farm and rural agribusiness financial failures.
While reduced Government involvement in
agriculture may be a desirable long-term goal,
longer term transition policies and programs
are clearly required. Indeed, every industrial-
ized nation manages their agricultural sector
to some degree—none are free of Government
intervention. In fact, the U.S. agriculture econ-
omy is managed less than most other industri-
alized nations.

The remainder of this chapter sets forth the
policy changes that would be required if Con-

gress and the related body politic decided that
overt steps should be taken to foster a diverse,
decentralized structure of farming where all
sizes of farms had an opportunity to compete
and to survive in a time of rapidly changing tech-
nology. It should be noted that the objective of
giving every farm the opportunity to compete
and survive does not imply an unchanging and
stagnant farm structure. It does imply a politi-
cal and social sensitivity to both the impact of
current farm programs on farm structure and
to the different needs of large, moderate, and
small farms for Government assistance. It can
be expected that regardless of what Government
does, fewer commercial farms will exist in year
2000 than today. But at a minimum, Government
can do much to ease the pain of adjustment.2

‘The policy options presented are not all inclusive; e.g., inter-
national trade dimensions of agricultural policy are not covered
in detail.

REQUIRED POLICY ADJUSTMENTS

Previous attempts to deal with the agricultural
structure issue have been limited to actions such
as limiting direct income support payments to
some fixed amount per farmer, like the $50,000
cap in present programs. Such marginal policy
changes, though thought to be beneficial, are
not discrete enough to separate or distinguish
between the different farm segments effectively.

More substantive changes in policy direction
are required for addressing the structure issue.
Specifically, separate policies and programs
need to be pursued with respect to each of the
three farm segments—large farms, moderate
farms, and small farms. The choice of any one
set of policies would imply that Congress
desired to selectively enhance the status of one
farm segment.

Policy for all farmers implies two basic pol-
icy goals:

1.

2.

All farmers need to operate in a relatively
stable economic environment where they
have an opportunity to sell what they pro-
duce. Restrictive trade policies or mis-
guided macroeconomic policies impede
this basic goal.
All farmers need a base of public research
and extension support whereby they can
maintain their competitiveness in the mar-
kets in which they deal. A loss of U.S. com-
parative advantage in the world agricul-
tural product market would be a serious
blow to the American economy. Similarly,
a loss of consumer confidence in the abil-
it y of the food system to produce a safe and
nutritious food supply efficiently would un-
dermine public support for all of agri-
culture.

Policy for large farms need address only these
two goals. Policies for moderate and small farms
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must address these same goals plus additional
problems now facing these farm segments.

Policy for Large Commercial Farms

A basic conclusion of this study is that large-
scale farmers do not need direct Government
payments and/or subsidies to compete and sur-
vive. However, there is still a need for a com-
mercial farm policy.

Criteria for determining what constitutes a
large-scale farm are important but somewhat
arbitrary. The dividing line developed from this
study is about $250,000 in sales for a crop or
dairy farm unit under single ownership or con-
trol. This level of sales is generally required to
achieve most economies of sizes Overtime, this
optimum size has had, and will continue to have,
a tendency to increase. As this occurs, criteria
for limiting program benefits according to farm
size will likewise have to increase.

Creating a Stable
Economic Environment

The policy goal of creating a relatively stable
economic environment where farmers have an
opportunity to sell what they produce implies
the following major farm program initiatives:

●

●

Direct Government payments would be
eliminated to all farms having over $250,000
in annual sales. This implies the elimina-
tion of the target-price concept, at least for
this sales class. Elimination of payments
to these farms would significantly reduce
Government expenditures in agriculture.
The nonrecourse loan would be converted
to a recourse loan. The nonrecourse fea-
ture has resulted in the accumulation of
large Government commodity stocks. The
recourse feature would provide a continu-
ing base of support for the orderly market-
ing of farm products. It would encourage
year-long producer marketing inasmuch
as farmers could not avoid interest pay-
ments by forfeiting commodities to the Gov-
ernment.

sThe  $250,000 figure is based on census data and the econ-
omies of size analysis discussed in previous chapters.

●

●

●

Government credit to farms having over
$250,000 in sales would not be available,
except for the recourse price support loan.
An expanded international development
assistance program would be established.
Such a program would have to include an
optimum balance of commodity aid and
economic development aid. Its primary ob-
jective would be to help developing coun-
tries reach the takeoff phase of economic
growth, and thus become better future cus-
tomers of American agriculture.
A balanced macroeconomic policy that
facilitates growth of export markets and
maintains a relatively low real rate of in-
terest would have to be maintained. Re-
duced deficits, combined with more expan-
sionary monetary policies, would have the
effect of expanding the growth of agricul-
tural export markets and would result in
reduced interest payments on the record
agricultural debt.

Maintaining
Technological Competitiveness

The technological competitiveness of Amer-
ican farmers would be assured by continuing
a policy that encourages public and private in-
vestment in agricultural research. The major
thrust of the research and extension programs
as they affect large farms would be as follows:

●

●

●

The trend toward increased public sector
emphasis on basic research would be con-
tinued. Increased reliance would be placed
on the private sector for applied research
in the development of new products.
While the public sector would emphasize
basic research, an important problem-solv-
ing component would be maintained to
adapt new technologies to various agro-eco-
systems and to maintain newly achieved
productivity from pests and disease, de-
cline in soil fertility, and other factors.
Extension’s role in the direct education of,
or consultation with, large farmers would
be deemphasized. Private consultants would
play an increasing role in technology trans-
fer to the large farm segment.
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Policy for Moderate-Size Farms

Policy for moderate-size farms must include
not only the elements of policy postulated for
large farms, but also additional elements that
are specific to the more complex needs of this
farm segment. For example, OTA finds that
moderate farms having $100,000 to $250,000 in
gross sales face major problems of competing
and surviving in the biotechnology and infor-
mation technology era. Some moderate farms
will survive and some will not. This latter group
should be assisted in their move to other occu-
pations.

The following are specific policy goals for
moderate-size farms:

●

●

●

The risk of moderate farms operating in
an open market environment needs to be
reduced.
New and easily adopted technologies
should be made available to moderate
farms.
Opportunities for employment outside agri-
culture should be created for those farmers
who are unable to compete.

Diligent enforcement would be needed to as-
sure that the benefits of programs established
to assist moderate farms are limited just to those
farms.

Risks to Moderato-Size Farms

The most difficult obstacle to survival facing
the moderate farm is that of managing risk. The
initiation of market-oriented farm policies in
the early 1970s greatly increased the amount
of price and income risk facing the moderate
farm. Large farms are better able to manage risk
generally because of the higher level of their
management’s formal training and because of
their greater diversification. The potential ad-
vantages of diversification by moderate farms
commonly are offset by diseconomies associ-
ated with smaller scale, multiple enterprises.
Similarly, managers of moderate farms often
lack the skills associated with operating in the
futures market or understanding various forms
of contracting.

Three possible options exist for reducing the
risks confronting moderate farms, One involves
offering moderate farms a higher level of price
and/or income protection than would be avail-
able to large farms. It maybe argued that such
policies foster inefficiency, but this may be a
price that must be paid to maintain a decen-
tralized agriculture. The three options are:

1.

2.

3.

Income protection could be provided
through either a continuation of the cur-
rent target-price concept for moderate
farms only or through a device known as
the marketing loan, Like the current non-
recourse loan, the marketing loan is a loan
from the Government on commodities in
storage. If the commodity is sold for less
than the loan value, the farmer pays back
only those receipts to the Government in
full payment of the loan. The marketing
loan, in essence, becomes a guaranteed
price to the producer. The level of the mar-
keting loan should be no greater than the
average cost of production for moderate
farmers.

The nonrecourse loan concept could be
continued for moderate farms. However,
the level of the nonrecourse loan should not
be set any higher than the recourse loan
suggested previously for large farms; other-
wise, the Government could end up acquir-
ing most of the production from moderate
farms.

The public sector could provide signifi-
cantly increased assistance as a means of
reducing risk to moderate farms. Such as-
sistance could be in the form of, for exam-
ple, educational programs on risk manage-
ment, futures markets, contracting, and
cooperative marketing, In addition, special
assistance could be provided for coopera-
tives that offer marketing and pooling pro-
grams designed to reduce risk. While such
programs might also benefit large farms,
cooperatives have tended to be institutions
used primarily by moderate and small
farms.
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Technology Availability and
Transfer to Moderate Farms

OTA finds that agricultural research gener-
ally is not inherently biased against moderate
farms. Rather, moderate farms maybe seriously
disadvantaged either by lags in adoption or by
lack of access to competitive markets for the
products produced by new technology. The fol-
lowing initiatives could help minimize such
problems of technology availability and transfer:

●

●

●

Extension’s evaluation of the increasing
number of new products entering the mar-
ket would be extended. This increased ef-
fort would play a dual role of providing a
check on the efficacy and the efficiency of
new products of biotechnology and infor-
mation technology, and would eliminate
the costs associated with individual farmer
experimentation with them. These test re-
sults would be available to all farms, regard-
less of size.
Extension technology transfer services
would be specifically aimed at moderate
farms. The primary goal of such programs
would be to make technologies available
to moderate farms on the same schedule
as large farms. Farming systems encom-
passing new technologies would have to
be adapted specifically to moderate farm
needs and made available through exten-
sion programs. Where this requires special
research initiatives, the U.S. Department
of Agriculture (USDA) and the Experiment
Stations would provide the support. In
States where technological change threat-
ens to displace large numbers of moderate
farms, such as in Midwest dairying, spe-
cial initiatives by State and local govern-
ments to support research and extension
would also be warranted.
The development of cooperatives that em-
phasize technology supply and transfer
services to moderate farms would have to
be undertaken. Unlike private sector agri-
business firms, cooperatives do not appear
to conduct or fund any aspect of biotech-
nology and information technology re-
search. Current financial stress in the co-
operative sector suggests that this sector

●

may not be able to marshal the capital
needed for such research. At a minimum,
there seems to be a need for cooperatives
to have a strong applied and developmen-
tal program of research in biotechnology
and information technology buttressed by
land-grant university basic research. To
achieve such a research objective cooper-
atives should consider carefully the forma-
tion of a research agency in common (RAC).
USDA or land-grant university research
along with RAC could receive special pub-
lic sector Federal and State appropriations
and support. Formal links might be encour-
aged between research, extension, and co-
operative institutions to maximize the ef-
fectiveness of technology transfer to
cooperatives and their moderate-size farm
members.
Ample credit would have to be made avail-
able to moderate farms that have the poten-
tial to survive. Government credit, in con-
cert with cooperative credit, should be
aimed specifically at filling the needs of
moderate farms. Emphasis should be placed
on credit required to keep moderate farms
technologically up-to-date.

Transition Policy to Other Agricultural
Enterprises or Nonfarm Employment

Regardless of the effectiveness of the initia-
tives discussed above, there will bean acceler-
ated need to move farm families either to other
agricultural enterprises or out of agriculture into
new occupations. The need arises, therefore,
for specific public action to facilitate adjustment
of resources from the current farm operation
into gainful, productive employment elsewhere.
Adjustments in rural community business activ-
ity and social service will be directly affected
by such changes. (The specific nature of these
adjustments and potential public policy consid-
erations are treated in greater detail later in this
chapter.) Specific initiatives to ease this struc-
tural adjustment process include the following:

● As a continuously evolving industry, new
opportunities for employment of displaced
farmers need to be explored and developed
within agriculture. Aquiculture, for exam-
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pie, is becoming an important and viable
agricultural industry. A more urbanized so-
ciety has resulted in the growth of a large
horticulture and nursery industry. Chang-
ing population demographics, particularly
in terms of aging, suggest marked increases
in the demand for fruits and vegetables.
Land-grant universities and the Extension
Service bear an important responsibility for
fostering the growth of these industries
through education and training. Displaced
farmers, having prior experience in agri-
culture, are logical clientele for such edu-
cation and training activities.

● Special skills training programs aimed at
those areas where significant employment
opportunities exist need to be designed to
assist with the transition to nonfarm jobs.
Jobs in rapidly growing service, health care,
or care-for-the-aged industries provide con-
temporary examples.

● Financial assistance from Federal, State,
and local governments, similar to the fa-
mous G.I. bill, might be established to as-
sist displaced farmers or rural residents
during the period of transition while they
receive skills training. For example, the
Federal Job Training partnership Act Title
III program is a federally funded, State-
administered program that assists displaced
workers in obtaining vocational retraining
and counseling. Such a program could be
made available to displaced farmers.

● In areas of severe financial stress, assis-
tance may be provided in the form of Gov-
ernment purchase of land or production
rights from displaced farmers at its “long-
term fair market value. ” The returns from
the land could be used by the displaced
farmer for relocation and retraining. The
Government could retain the land in con-
servation reserve status until it might be
needed for future production.

● An alternative program to ease the transi-
tion for farmers leaving agriculture is a self-
financed agricultural transition loan. Its ob-
jective would be to allow a farmer to leave
agriculture without having to worry about
generating the funds needed to live on while
seeking new employment. Such a program

could involve the following: 1) farmer ter-
minates the farm operation and becomes
eligible for a Federal or State guaranteed
living loan, 2) farmer liquidates the farm
business over time and ultimately finds
other employment, and 3) farmer uses the
net proceeds from liquidation and earnings
from new job to repay the loan.

Policy for Small/Part-Time Farms

policy for small/part-time farms includes the
elements of policy for large farms plus addi-
tional elements.

With few exceptions, small farms having less
than $100,000 in sales are not viable economic
entities in the mainstream of commercial agri-
culture—nor can they be made so. However,
even a small increase in their farm income could
have a significant multiplier effect on the local
economy because of the large number of small
farms. These farms survive because their oper-
ators have substantial outside income (part-time
farmers), or because they have found themselves
a niche in marketing a unique product with spe-
cial services attached (often direct to consum-
ers), and/or because they are willing to accept
a very low return on resources contributed to
the farming operation.

The Government’s role would be severely re-
stricted for the small farms who either have sub-
stantial outside income or who have found a
niche in the market. They are as much able to
take care of themselves as large farms are.

However, subsistence farmers who have
limited resources, and often limited technical
abilities, represent a genuine problem for which
public concern is warranted—these indeed are
the rural people left behind. Commercial farm
programs have done and can do little to solve
their problems. These impoverished individuals
are a social and economic problem for which
only social programs can help. However, while
programs such as food stamps, social security,
and aid to families with dependent children are
important to many subsistence farmers, these
programs do not serve the farmers’ unique agri-
cultural and related needs. The following sug-
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gestions are made for dealing with the problems
of subsistence farmers:

●

●

●

●

●

●

Initiate a special study to identify these
individuals and their specific status and
needs. Develop social programs to meet
those needs.
USDA and the land-grant universities bear
a special burden of responsibility y for serv-
ing the needs of these subsistence farmers.
This responsibility has not generally been
realized and, therefore, has not been ful-
filled. In the South, this responsibility falls
particularly on the 1890 land-grant univer-
sities along with the statewide extension
education programs and the 1862 land-
grant universities. In the North, the respon-
sibility for serving the agricultural educa-
tional and research needs of subsistence
farmers falls exclusively on the 1862 land-
grant universities.
USDA and the land-grant universities could
be directed to develop a joint plan for serv-
ing the agricultural research and educa-
tional needs of these farmers. Such a plan
should include the delivery of farming,
credit, and marketing systems designed to
maximize the small farms’ agricultural pro-
duction and earning capacity.
Farming systems must be developed spe-
cifically to serve the needs of small subsis-
tence farms. Such systems should, to the
extent practicable, encompass the use of
new technologies. Special USDA and land-
grant research program components must
be designed specifically to develop and/or
modify technology for use by small subsis-
tence farms.
Credit delivery systems for small subsis-
tence farmers must be specifically devel-
oped by USDA through the Farmers Home
Administration. Such systems should con-
sider the unique capital and cash flow limit-
ing factors associated with subsistence
farmers who commonly are not in a posi-
tion to take advantage of other farm pro-
grams such as price and income supports.
Marketing programs geared to subsistence
agriculture are essential for providing hope
for this farm segment. The difficulty lies

in the inability of these farmers to obtain
access to the mass markets through which
most agricultural production moves. Coop-
eratives and direct marketing to consumers
offer two potentially viable alternatives.
USDA and the Extension Service should
play a critical role in assisting in the estab-
lishment of such markets.

Policy for Rural Communities

The impact of adjustment in agriculture to
changing technology will by no means be
limited to the farm sector. Rural communities
will be at least equally affected by increasing
farm size, integration, and moderate-size farm
displacement. Although these effects will ini-
tially be felt by implement dealers, farm supply
and marketing firms, or bankers, the reverber-
ations will extend throughout the community
in terms of employment levels, tax receipts, and
required services. Rural communities should
be assessing these impacts and preparing to
make needed adjustments. To ease the pain of
adjustment the following actions are suggested:

●

●

●

Comprehensive programs for community
redevelopment and change need to be ini-
tiated throughout rural America. Such de-
velopment plans should be fostered and
facilitated by both Federal and State gov-
ernment agencies. Rural community devel-
opment research and extension programs
must be revitalized to serve the needs of
communities in transition.
Increased employment opportunities in ru-
ral areas should be fostered b y aggressively
attracting new business activities to rural
communities. Particular emphasis would
be placed on attracting those businesses
that develop technologies and serve the
needs of high-technology agriculture in ru-
ral areas.
Rural communities should be assisted in
developing and modernizing the infrastruc-
ture needed to be a socially and economi-
cally attractive place to live. Some rural
communities can serve as an attractive
retirement residence for an aging popula-



tion. But a higher level of social services
would clearly be required,

● To attract new industry to these areas, ru-
ral communities need to play a vital role
in skills training for displaced farmers and
rural community employees. School and
university outreach programs can be mod-
ified to serve this important role.

Policy for Technology and
Environmental Resource Adjustment

Technological change inherently creates a dis-
ruption or imbalance in the allocation of re-
sources. Much of this study has been devoted
to analyzing these effects. Some may question
whether this degree of change is either neces-
sary or desirable.

One of the major reasons that American agri-
culture has been so productive is because tech-
nological change has been fostered by the pub-
lic sector and nurtured by a profit-seeking
private sector. Consequently, American con-
sumers have enjoyed a plentiful supply of low-
cost food and natural fiber. In addition, agri-
cultural exports have made a major contribu-
tion to the overall development of export mar-
kets, to the benefit of the general economy.
Biotechnology and information technology of-
fer more of the same, with the added bonus of
using less chemicals in the production of food—
whether for the control of pests, disease, and
weeds or for the production of commercial fer-
tilizer.

Maintaining the productivity and competi-
tiveness of U.S. agriculture in the public inter-
est requires a delicate balance between public
and private sector support for technological
change. Yet it would be wrong to imply that
there are no risks, The conferring of property
rights on discoveries of the agricultural research
system has shifted the agricultural research bal-
ance to the private sector. While the effects of
this shift appear to be positive, concerns exist
that a substantial portion of the benefits of even
public research could be captured by private
firm interests, In addition, no scientifically
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acceptable methodology exists for weighing the
risks or hazards of biotechnology research. To
deal with such issues, the following policy sug-
gestions are made:

●

●

●

●

Steps should be taken to secure the public
interest social contract on which the USDA
and land-grant university agricultural re-
search system has been based. Assurance
needs to be provided that the benefits of
publicly supported research and extension
are not inappropriately captured in the
form of private monopoly rents. The effect
would be to stifle the process of discovery
and the dissemination of new knowledge,
Major investments need to be made to fos-
ter the development of human capital that
is in a position to cope with the process of
rapidly changing agricultural technology,
This need extends from the training and
development of the most basic biological
research scientists, through the extension
specialist and county agent, to the farmer
who adopts the new technology and the
banker who supplies the loan for its pur-
chase. At a time when agriculture is in a
low-income crisis state, there maybe a ten-
dency not to make such investments in the
future, Such a strategy would clearly be
counterproductive,
Biotechnology is not likely to replace land
and water as vital agricultural resources.
In recent years, soil conservation has taken
aback seat from a policy perspective to full-
production policies. Such a strategy would
appear to be very short-sighted. Likewise,
the inability of policy makers to establish
a national water policy runs counter to
maintaining the competitive edge of U.S.
agriculture internationally,
Little is known about the adverse impacts
of potential biotechnology developments
on the ecosystem. These risks must be care-
fully assessed, monitored, and, where nec-
essary, regulated. Care must be taken, as
well, not to overregulate and thereby stifle
the potential competitiveness and produc-
tivity of U.S. agriculture.
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CONCLUSIONS

While the biotechnology and information tech- costs of these improvements to farming and ru-
nology revolution will create many adjustment ral communities can be minimized by careful
problems, it has the potential for creating ben- policy analysis, planning, and implementation.
efits in a safer, less expensive, more stable, and This study is only the first step in that direction.
more nutritious food supply. The substantial
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Appendix A

Animal and Plant Technology
Workshop Methodology and Procedures

To assess the impacts of emerging agricultural
production technologies, two workshops—one for
animal technology and the other for plant, soil, anti
water technology–-were conducted in April 1984.
The objective of the workshops was to obtain in-
formation about the development and adoption of
emerging technologies so that the information
could be used to analyze the economic, social, and
environmental impacts of technology adoption,

Since the information needed spanned a wide
range on the spectrum of the process of technologi-
cal innovation—from successful completion of re-
search to widespread commercialization of t he
technology—participants of the workshops were
carefully selected to include expertise in different
stages of technological innovation. Participants
comprised physical and biological scientists, engi-
neers, economists, extension specialists, agribusi-
ness representatives, and experienced farmers.

The Delphi technique was used to obtain collec-
tive judgments from the workshop participants. To
facilitate the process of obtaining consensus, an
electronic Consensor was employed to tabulate the
ratings assigned by each expert, In addition to reg-
istering the ratings, the device allowed each expert
to weight his rating according to the degree of con-
fidence or expertise he had in his rating. That level
of confidence or expertise could be set at zero, 25,
50, 75, or 100 percent,

The Consensor provided an immediate video
screen readout of the rating distribution, the
weighted average rating, and the average degree of
confidence, If the first vote showed a very wide dis-
tribution on ratings, those experts with ratings that
were outliers were asked to explain their reasons
for the ratings assigned. After additional discussion,
another vote was taken. Since lack of a consensus
after such discussion was, in itself, an indication
of considerable uncertainty about the impacts of
new tech no log y, no attempt was made to force a
consensus beyond a second vote.

The principal tasks accomplished at the work-
shops were:

a. Estimation of the year that each technology’
was likely to be introduced for commercial
adoption,

b.

c.

d.

e.

f.

g.

Estimation of the yield trends for each com-
modity in 1990 and 2000 under the no-new-
technology environmental
Packaging of technologies that are likely to be
introduced in the production of each com-
modity in 1990 and 2000,
Estimation of the increases in crop and live-
stock performance measures when the pack-
age of technologies is fully adopted by farmers.
Estimation of the adoption profile (i.e., the
number of years it takes to reach a certain per-
centage of adoption and the maximum percent-
age of adoption) of each package of technol-
ogies applied to a particular commodity}’,
Discussion of major barriers to the adoption of
a particular package of technologies to the pro-
duction of each commodity.
Identification of public policy options that
could remove the barriers or facilitate adoption
of the packages of technologies.

Information obtained from this workshop was
used to assess the economic, social, and environ-
mental impacts of these technologies. Iowa State’s
CARD econometric and hybrid models were used
to simulate the impacts of these emerging technol-
ogies on plant and animal production, inventory,
demand, supply, prices, gross farm income, pro-
duction expenses, and net farm income in 1990 and
2000 under alternative technology environments.

Alternative Environments for the
Development and Adoption

of Technology

Since the information to be obtained at the work-
shops depended on the environment under which
a new technology would be developed and adopted,
it was necessary to make certain assumptions about
future environments, or scenarios. Four technology
environments were developed and used in the work-
shops: most likely, more-new-technology, less-new-
technology, and no-new-technology environments.

I.I\lternat  ii  e IW tlnology  en~  Ironrments  WIII1  he d iscussed  In t hc nt’~t WI(
t]on
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The most likely environment is bordered by the
more-new-technology and the less-new-technology
environments; both deviate from the position of the
most likely environment. It is assumed in the most
likely environment that the historical trends will con-
tinue into the future. Forces, such as gross national
product (GNP), population growth, export demand
for U.S. agricultural commodities, trade policy, in-
flation rates, energy prices, and research and exten-
sion expenditures, that have shaped the past would
continue to evolve as they had in the past decades.
Assumptions made for various economic variables
under the three environments are shown in table A-1.
Factors underlying the more-new-technology en-
vironment are generally more favorable for devel-
opment and adoption of new technologies than those
under the most likely environment, and factors
underlying the less-new-technology environment
are less favorable than those under the most likely
environment.

The assumptions under the no-new-technology
environment are the same as that of the less-new-
technology environment except for new technol-
ogies. It is assumed that all emerging technologies
discussed in the two workshops will not be avail-
able for commercial introduction before year 2000.
Existing technologies will continue to be used.
Through education and extension, farmers will learn
to use the existing technologies better to increase
productivity. Productivity is likely to continue to in-
crease at a decreasing rate and will eventually level
off.

Presentation and Discussion
Of Technologies

In a plenary session, each author of a technology
paper made a lo-minute presentation to give the par-
ticipants essential information about a technology
area so that they would be able to make intelligent
projections about the development and adoption of
that area. The authors’ presentations focused on the
following:

a. When would a significant technology emerge
from each major line of research?

b. What is the output of the new technology? IS

it a new product (e.g., a new vaccine for a par-
ticular disease) or a new process to produce the
same product (e.g., no till)?

c. How will each technology be used by farmers?
Can it be used alone or in combination with
other technologies? If it has to be combined with
other technologies, how will they be packaged?

d. What will it take for farmers to adopt it? Do they

e.

f.

g.

have to make a capital investment, such as the
purchase of new chemicals, instruments, equip-
ment, or machinery?
What specific crops or livestock would be af-
fected by adoption of a specific package of tech-
nologies?
How would the package of technologies affect
the performance of crop and livestock pro-
duction?
How would each package of technologies affect
the quality of the environment and resource use?

Table A-1.—Alternative Technology Environments

More new Less new
Factors technology Most likely technology

Population growth rate:
United States . . . . . . . . . . . . . . . 1 .0% 0.7% 0.5%
World . . . . . . . . . . . . . . . . . . . . . . 1.8 1.6 1,3

GNP growth rate:
United States . . . . . . . . . . . . . . . 4.0 3.4 3.0
World . . . . . . . . . . . . . . . . . . . . . . 5.0 3.5 2.0

Trade policy . . . . . . . . . . . . . . . . . . Less protectionist, Continuation of More protectionist,
more favorable present trends less favorable
terms of trade terms of trade

Rate of growth of export demand:
Grain . . . . . . . . . . . . . . . . . . . . . . 1.80/0 1.4% 0,80/0
Oilseeds. . . . . . . . . . . . . . . . . . . . 2.3 1.8 1.2
Red meat . . . . . . . . . . . . . . . . . . . 2.0 1.0 0.0

Energy price growth rate
(constant dollars) . . . . . . . . . . . . 5.0 3.0 1.0

Growth rate of research and
extension expenditures
(constant dollars) . . . . . . . . . . . . 4.0 2.0 0.0

Inflation rate . . . . . . . . . . . . . . . . . . 8.0 5.0 3.0
SOURCE Office of Technology Assessment
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A checklist was given on the above information
to the participants. Based on information obtained
from the presentation and on interactions with the
authors, the participants collectively packaged the
technologies and estimated the impacts and the
adoption profile for each package of technologies
(see section “Packaging of Technologies”).

Timing of Commercial Introduction

Since the impact of a new technology on agricul-
ture at a given time depends on when the technol-
ogy is introduced for commercial adoption, each
author at the workshops was asked to make an ini-
tial estimate on the probable year of commercial in-
t reduction for each technology. Following each pres-
entation, the entire group evaluated and discussed
the author’s initial estimate. The entire group then
collectively estimated the year of commercial intro-
duction of each technology under the three technol-
ogy environments. Table A-2 shows the probable
years of commercial introduction of animal technol-
ogies, and table A-3 shows the same for plant tech-
nologies under the three alternative environments.

The years of commercial introduction estimated
ranged from the present or possibly earlier—for ge-
netically engineered pharmaceutical products; con-
trol of infectious disease in animals; superovulation,
embryo transfer, and embryo manipulation of cows;
and control of plant growth and development—to
2000 and beyond for genetic engineering techniques
for farm animals and cereal crops. Of the 57 poten-
tially available animal technologies, 27 were esti-
mated to be available for commercial introduction
before 1990, and the other 30 between 1990 and 2000,
under the most likely environment. In plant agricul-
ture, 50 of the 90 technologies examined were pro-
jected to be available for commercial introduction
by 1990, and the other 40 technologies between 1990
and 2000.

Packaging of Technologies

Since in practice most technologies would be used
in combination with other technologies, the 28 areas
of technologies were grouped into packages accord-
ing to their probable impacts on particular commodi-
ties under different technology environments. Table
A-4 shows different packages of technologies used
in producing different commodities under the three
alternative environments. In beef production, for ex-
ample, 12 animal technology areas were grouped
into six packages. Since more new technologies
would be available for commercial adoption in later

years than earliers years, each package of technol-
ogies was further categorized as a 1990 package and
a 2000 package. For example, package 1990A would
include all genetic engineering technologies intro-
duced commercially by 1990, and package 2000A
would include all genetic engineering technologies
introduced commercially by 2000, including all
package 1990A technologies. Thus, there are really
a total of 12 packages of technologies for beef pro-
duction.

Performance Estimates Under the
No-New-Technology Environment

To estimate the net impact of emerging technol-
ogies on agricultural production, the participants
of the workshops were first asked to project the
performance measures of crop and livestock pro-
duction, such as crop yields and livestock feed effi-
ciency, to 1990 and 2000 under the no-new-technol-
ogy economic environment. Historical trend lines
of performance measures of crop and livestock pro-
duction were provided to the participants as a basis
for their discussion, Through the Delphi process,
participants collectively projected the performance
measures for each of the nine commodities for 1990
and 2000 assuming that all emerging technologies
identified and discussed in this study would not be
available for commercial adoption by 2000. The per-
formance
follows:
Wheat:

Corn:

Soybeans:

Cotton:

Rice:

Beef:

Swine:

Dairy:

Poultry:

measures used in this study were as

bushels per acre, percent of planted acre-
age harvested.
bushels per acre, percent of planted acre-
age harvested.
bushels per acre, percent of planted acre-
age harvested.
pounds per acre, percent of planted acre-
age harvested.
bushels per acre, percent of planted acre-
age harvested.
pounds of meat produced per pound of
feed, calves per cow per year.
pounds of meat produced per pound of
feed, pigs per sow per year.
pounds of milk produced per pound of
feed, pounds of milk produced per cow
per year.
pounds of poultry produced per pound
of feed, eggs per layer per year, -

The results of the estimates are shown in table A-
5. If all the new technologies identified in this study
do not become available for commercial adoption
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Table A-2.—Timing of Commercial Introduction of Animal Technologies

Technology environments

More new Most Less new
Technology technology likely technology

Genetic engineering:
Production of pharmaceuticals 1982
Control of infectious diseases 1983
Improvements in animal

production 1990
Detection and treatment of

genetic abnormalities:
Detection 1990
Treatment 1990

Control of cancer and Ieukemia 1990

Animal production:
Cycle regulation 1985
Superovulation, embryo transfer,

and embryo manipulations 1983
Improvement of fertility 1990
Genetic engineering techniques

for farm animals 1995

Regulation of growth and development:
Muscle and adipose tissue

accretion
Hormone, serum, and tissue

factors important to growth
Immunological attraction of

animals
Measuring body composition and

animal identification

Animal nutrition:
Animal product consumption and

human health
Alimentary tract microbiology and

digestive physiology
Voluntary feed retake and

efficiency of animal
production

Maternal nutrition and progeny
development

Aquiculture

Livestock  pest  control:
Slow-release Insecticides
Vaccines
Integrated systems
Modification of insect habitat
Insect-resistant animals
Utilizing Immunity systems

Disease control:
Data managment and systems

analysis

1987

1995

1990

1990

1995

1989

1989

1984
1984

1984
1986
1987
2000
2000
1990

1980

1982
1983

2000

1995
2000
1990

1989

1983
1995

2000

1992

2000

1995

1995

2000

2000

1995

1984
1984

1984
1986
1989
2000
2000
1990

1980

1982
1983

> 2000”

>2000
>2000
>2000

1995

1983
1995

>2000

>2000

>2000

>2000

>2000

>2000

>2000

>2000

1984
1984

1984
1991
1994
2000
2000
1995

1980

“ > = Atter

SOURCE OttIce  of Technology Assessment

by 2000, the performance of crops and livestock
could continue to improve through 2000 (but at
slower rates), primarily because of better applica-
tions of existing technologies through education and
extension. For example, corn yields are projected
to increase from 115 bushels per acre in 1982 to 117
bushels per acre in 1990 and 124 bushels per acres

.—

Technology environments

More new Most Less new
Technology technology likely technology

Diagnostic methodologies 1986
Selection for disease resistance 1994
Genetic engineering of micro-

organisms and embryos
Embryos 1995
Micro-organism 1988

Immunobiology 1983

Environment and animal behavior:
Energy conservation

Non-Integrated system 1985
Integrated system 1995

Optimizing total stress 1995
Stress and immunity 1995
Photoregulation of physiological

phenomena 1990

Utilization of crop residues and animal wastes:
Energy from manure 1985
Chemicals from crop residues 1990
Animal feed from crop residue 1990
Animal feed from manure 1990

Monitoring and control technologies:
Sensors 1985
C o n t r o l l e r s 1985
Displayers 1985
Actuators 1985

Communication and information management:
Local communication networks 1985
D a t a  t e r m i n a l s 1985
Software and database systems 1985
Manufacturing management

s y s t e m s 1987
E x p e r t  s y s t e m s 1992

Telecommunications:
Digital communication 1990
Fiber optics 1990
Personal computers 1985
Videotex and teletext 1985
Value-added networks 1985
Integrated services digital

network 1987
Remote sensing 1985

Labor-saving technologies:
Robotic farming 1995

—

1986
1999

1999
1989
1983

1990
2000
2000
2000

1990

1985
1990
1990
1995

1985
1985
1985
1985

1985
1985
1985

1990
1995

2000
2000
1985
1985
1985

1990
1985

2000

1988
>2000

>2000
1999
1983

2000
>2000
>2000
>2000

>2000

1985
>2000
>2000
>2000

1985
1985
1985
1985

1985
1985
1985

2000
2000

>2000
>2000

1985
1985
1985

2000
1985

>2000

in 2000. Wheat yields are projected to increase from
36 bushels per acre in 1982 to 38 bushels per acre
in 1990 and 41 bushels per acre in 2000. And milk
production could increase from 12,300 pounds per
cow per year in 1982 to 13,700 pounds in 1990 and
15,700 pounds in 2000.
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Table A-3.—Timing of Commercial Introduction of Plant Technologies

Technology environments
,More new

Technology technology—
Genetic engineering:
microbial inoculums 1990
Plant propagation 1983-90
Genetically engineered plants

Vegetable 1990
Soybeans/cotton 1990
Cereals 1995

Enhancement of photosynthetic  efficiency:
Basic process of photosynthesis
Photosynthetic control by Internal

and external factors
Photosynthetic molecular biology

and genetics
Estimation of photosynthesis and

project management
needs

Mechanisms of response and
adaptation to stress

Plant growth regulators:
Controlling growth and

development
Resistance 10 disease and Insect

pests
Overcoming environmental

stresses
Postharvest preservation

1983

1983-90

1990-2000

1983-90

1990

1984

1986

1986
1985

Plant disease and nematode control:
Breed cultivators 1984
Genetic engineering
Bacteriocides fungicides and

nematicides
Biocontrol agents
Crop loss assessment

Management of insects and mites,
Chemical controls

New chemicals
Application technology

Genetic engineering
Pathogen/c chemicals
Plants

Information processing

Weed control:
Bioregulation through chemical

and biological technology
Allelopathic chemicals as

bioregulators
Crop tolerance and susceptibility

to control agents
IWMS for conservation tillage and

annual multicrop production

Biological nitrogen fixation:
Improved strains of rhizobia
Stress-tolerant rhizobia
Legumes more active m nitrogen

fixation (plant breeding)
Root zone of cereals
Nitrogen-fixmg cereals

Chemical fertilizers:
Increasing efficiency of nitrogen

use
Decreasing energy required
Processing of lower quality

phosphate rock into
fertilizers

Ammonia from coal

2000

1988
1985
1985

>1995
1984
1988

1995
2000
1984

1984-2000

1990

1992

1984-2000

1984
1987

1990-95
>2000
>2000

1990
1980

1990
1995

MOST

likely
Less new

technology

1990
1983-90

1990
1995
2000

1983

1983-90

1990-2000

1983-90

1983-95

1984

1988

1988
1986

1984
2000

1990
1990
1990

2000
1984
1990

2000
2005
1984

1984-2000

1995

1998

1984-2000

1984
1990-95

1990-95
>2000
>2000

1995
1980

1990
2000

Never
>1 990’

1995
2000
2010

1983

1983-2000

1990-2000

1983-90

2000

1985

1990

1990
1990

1984
2025

2000
2010
2000

>2000
1984
1995

2005
2010
1984

1984-2000

2000

>2000

1984-2000

1984
1995-2000

1990-95
>2000
>2000

2000
1980

1990
2000

—

Technology environments———-—
More new

Technology technology

Water and soil-water-plant relations:
Understanding drought

resistance/tolerance
Plant breeding
Biotechnology” recombinant DNA

Water use efficiency
Water management
Photovoltaic systems

Soil erosion, productivity, and tillage:
Conservation farming systems
Assessing erosion and

its impact
Reclaiming lands
Use of public for soil

conservation projects

Multiple cropping:
Breeding crops for intensive

planting systems
Double croppmg/intercropplng
Competition by plant species for

growth factors
Plant nutrition through fertilizers

and microbiology
Mechanization for multiple

cropping

Organic farming:
Reduced use of inputs

Biocides
Reduced soil erosion
Self-sufficiency for nutrients
Minimum tillage with minimal

biocide use
Rotations

Use
Knowledge

Labor-saving technologies:
Mechanized fruit and vegetable

operations
Robotic farming

Fruit and vegetable
Grains

2000
1984

2010
1984
1995

1995

1995
1995

1995

1985
1990

1990

1995

1987

1984
1984
1984

1990

1984
1990

1985

1995
1995

Crop separation, cleaning, and processing:
New methods for separating and

cleaning grain
Infield or onfarm processing of

forages and oilseeds:
Vegetable
Forage
Oilseed

Engine and fuels:
Adiabatic compression ignition

engines with
turbocompounding

Electronic engine controls
Alternative fuels

Grams
Cellulose

Land management:
Conservation tillage
Controlled traffic farming
Customed-prescribed tillage
Multicropplng
Organic farming

1995

1984
1990
1984

1990
1985-86

1984
1995

1984
1987
2000
1984

Most
Iikely—

2020
1984

2030
1984
1995

1995

1995
1995

1995

1985
1985

1995

2000

1990

1984
1984
1984

1990-95

1984
1990-95

1985

2000
2000

1995

1984
1990
1984

1990
1986

1984
2000

1984
1990
2005
1984

Less new
technology

2050
1984

2050
1984
2010

1995

2000
>2000

1995

1985
1985

1990**

>2000

1987’”

1984
1984
1984

2000

1984
2000

1985

2010
2010

1995

1984
2000
1984

1990
1986

1984
2010

1984
1995
2020
1984
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Table A-3.—Timing of Commercial Introduction of Plant Technologies—Continued

Technology environments Technology environments

More new Most Less new More new Most Less new
Technology technology likely technology Technology technology likely technology— —. —

Communication and information management:
Local communication networks 1985
Data terminals 1985
Software and database systems 1985
Manufacturing management

systems 1987
Expert systems 1990

Monitoring and control:
Sensors 1984

Telecommunications:
1985 1985 Digital communication 1995 2000 2010
1985 1985 Fiber optics 1990 2000 2010
1985 1985 Personal computers 1985 1985 1985

Videotex and teletext 1985 1985 1985
1990 2000 Value-added networks 1985 1985 1985
1992 1997 Integrated services digital

network 1990 1990 >2000

1984 1984 Remote sensing 1985 1985 1985

Controllers 1984 1984 1984
D i s p l a y e r s 1984 1984 1984
A c t u a t o r s   1984 1984 1984

-— —.- . - . .  ..-    . . —- — —
● > = After
● *May actually accelerate development m this area if there is increased Interest m resource

efficient/sustainable cropping systems

SOURCE Off Ice of Technology Assessment
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Table A-4.—Packages of Technologies

Beef:
Package A:
Package B:

Package C:

Package D:

Package E:

Package F:

Swine:
Package A:

Package B:

Package C:

Package D:

Dairy:
Package A:

Package B:

Package C:

Package D:

Poultry:
Package A:

Package B:

Package C:

Genetic engineering
Animal reproduction
Regulation of growth and development
Animal nutrition
Crop residue and animal waste

Pest control
Disease control

Environment and animal behavior

Monitoring and control
Communication and information

management
Telecommunications

Labor saving

Genetic engineering
Animal reproduction
Regulation of growth and development
Animal nutrition
Pest control
Disease control

Environment and animal behavior
Monitoring and control
Communication and information

management
Telecommunications

Crop residue and animal waste

Labor saving

Genetic engineering
Animal reproduction
Pest control
Disease control

Regulation of growth and development
Animal nutrition
Environment and animal behavior
Crop residue and animal waste

Monitoring and control
Communication and information

management
Telecommunications
Labor saving

Bovine growth hormone

Genetic engineering
Animal reproduction
Regulation of growth and development
Animal nutrition

Pest control
Disease control
Environment and animal behavior
Crop residue and animal waste

Monitoring and control
Communication and information

management
Telecommunications
Labor saving

Wheat:
Package A:

Package B:

Package C:

Corn:
Package A:

Package B:

Package C:

Soybean:
Package A:

Package B:

Package C:

Rice:
Package A:

Package B:

Plant growth regulators
Plant disease and nematode control
Management of insects and mites
Weed control
Chemical fertilizers
Water and soil-water-plant relations
Soil erosion, productivity, and tillage
Multiple cropping
Organic farming
Land management

Labor saving
Crop separation, cleaning, and processing
Engines and fuels

Communication and information
management

Monitoring and control
Telecommunications

Genetic engineering
Plant disease and nematode control
Management of insects and mites
Water and soil-water-plant relations
Communication and information

management
Monitoring and control
Telecommunications

Weed control
Chemical fertilizers
Soil erosion, productivity, and tillage
Multiple cropping
Land management

Organic farming

Genetic engineering
Enhancement of photosynthetic efficiency
Plant growth regulators
Plant disease and nematode control
Multiple cropping

Management of insects and mites
Weed control
Biological nitrogen fixation
Chemical fertilizers
Water and soil-water-plant relations
Soil erosion, productivity, and tillage
Organic farming
Labor saving
Crop separation, cleaning, and processing

Communication and information
management

Monitoring and control
Telecommunications

Genetic engineering
Enhancement of photosynthetic efficiency
Plant growth regulators
Plant disease and nematode control

Management of insects and mites
Weed control
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Table A-4.—Packages of Technologies—Continued

Cotton:
Package A:

Chemical fertilizers
Water and soil-water-plant relations
Multiple cropping
Crop separation, cleaning, and procesing
Communication and information

management
Monitoring and control
Telecommunications Package B:

Genetic engineering
Enhancement of photosynthetic efficiency
Plant growth regulators
Plant disease and nematode control

Package C:

Management of insects and mites
Weed control

Chemical fertilizers
Water and soil-water-plant relations
Soil erosion, productivity, and tillage
Multiple cropping
Labor saving
Engines and fuels
Land management

Communication and information
management

Monitoring and control
Telecommunications

Biological nitrogen fixation
Organic farming
Crop separation, cleaning, and processing

SOURCE: Office of Technology Assessment

Table A.5.—Performance Projections Under
No. New-Technology Environment

Commodity Unit

Beef . . . . . . . . . lb. meat per lb. feed
calves per cow

Dairy. . . . . . . . . lb. milk per lb. feed
milk per cow per year

(thousand lb)
Poultry , . . . . . . lb. meat per lb. feed

eggs per layer per year
Swine . . . . . . . . lb. meat per lb. feed

pigs per sow per year
Corn . . . . . . . . . bushels/acre
Cotton . . . . . . . pounds/acre
Rice . . . . . . . . . bushels/acre
Soybean. . . . . . bushels/acre
Wheat . . . . . . bushels/acre

1990 2000
0.071
0.940
0.938

13.7
0.52

255.0
0.167

14.8
116.5
502.0
108.6
32.2
37.8

0.066
0.950
0.952

15.7
0.53

260.0
0.17

15.7
123.5
511.0
111,9
34.8
40.8

SOURCE: Office of Technology Assessment



Appendix B

U.S. Regional Agricultural Sales
by Sales Class and Commodity

Table B-1 .–Sales of Cash Grains by Sales Class and Region, 1982

Northeast North Central Southern Western
Sales class definition region region region region U.S. total

Small <$19.9K . . . . . . . . . . . . . $ 58,622 $ 768,433 $ 516,810 $ 92,769 $ 1,436,634
Part-time $20 to 99.9K . . . . . . . 127,304 6,935,115 1,556,510 572,129 9,191,058
Moderate $100 to 249.9K . . . . . 128,851 8,222,262 2,086,754 1,017,181 11,455,048
Large $250 to 500K. . . . . . . . . . 71,517 3,774,781 1,563,810 727,328 6,137,436
Very large >$500K . . . . . . . . . . 46,052 1,899,146 1,269,735 1,180,086 4,395,019

Total . . . . . . . . . . . . . . . . . . . . 432,346 21,599,737 6,993,619 3,589,493 32,615,195—

Percentage of total regional sales of cash grains, 1982

Small <$19.9K . . . . . . . . . . . .
Part-time $20 to 99.9K . . . . . . .
Moderate $100 to 249.9K . . . . .
Large $250 to 500K. . . . . . . . .
Very large >$500K . . . . . . . . . .

Total . . . . . . . . . . . . . . . . . . . .

13.60/o 3.60/o 7.4% 2.60/o
29.4 32.1 22.3 15.9
29.8 38.1 29.8 28.3
16,5 17.5 22.4 20.3
10.7 8.8 18.2 32.9

100.0 100.0 100.0 100.0

Percentage of total national sales of cash grains, 1982

Small <$19.9K . . . . . . . . . . . - 0.2 ”/0 2.40/o 1.6 0/0 0.3% -4.4%  -

Part-time $20 to 99.9K . . . . . . . 0.4 21.3 4.8 1.8 28.2
Moderate $100 to 249.9K . . . . . 0.4 25.2 6.4 3.1 35.1
Large $250 to 500K. . . . . . . . . . 0.2 11.6 4.8 2.2 18.8
Very large >$500K . . . . . . . . . . 0.1 5.8 3.9 3.6 13.5

Total . . . . . . . . . . . . . . . . . . . . 1.3 66.2 21.4 11.0 100.0
NOTE Moderate and large sales class Intervals In fh(s  table differ from Intervals used elsewhere tn the report

SOURCE Off Ice of Technology Assessment Compiled from regional  data provided by Bureau of the Census Agriculture Dlvls!on

305
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Table B-2.–Sales of Cattle and Calves by Sales Class and Region, 1982

Sales class definition

Small <$19.9K . . . . . . . . . . . . .
Part-time $20 to 99.9K . . . . . . .
Moderate $100 to 249.9K. . . . .
Large $250 to 500K. . . . . . . . . .
Very large >$500K . . . . . . . . . .

Total . . . . . . . . . . . . . . . . . . . .

Northeast North Central Southern Western
region region region region U.S. total

$95,569 $ 860,155 $1,491,739 $ 328,404 $2,775,867
84,425 1,450,508 1,089,760 719,211 3,343,904
74,117 2,022,486 726,592 745,354 3,568,549
57,267 1,825,647 577,156 836,720 3,296,790
58,996 6,677,929 4,048,095 4,372,600 15,157,620

370,374 12,836,725 7,933,342 7,002,289 28,142,730

Percentage of total regional sales of cattle and calves, 1982

Small <$19.9K . . . . . . . . . . . . . 25.80/o 6.70/o 18.8% 4.7%
Part-time - $20 to 99.9K . . . . . . . 22.8 11.3 13,7 10.3
Moderate $100 to 249.9K. . . . . 20.0 15.8 9.2 10.6
Large $250 to 500K. . . . . . . . . . 15.5 14.2 7.3 11.9
Very large >$500K . . . . . . . . . . 15.9 52.0 51.0 62.4

Total ... , . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0

Percentage of total national sales of cattle and calves, 1982

Small <$19.9K . . . . . . . . . . . . . 0.3%0 3.1 % 5.3% 1.2% 9.9%
Part-time $20 to 99.9K . . . . . . . 0.3 5.2 3.9 2.6 11.9
Moderate $100 to 249.9K , . . . . 0.3 7.2 2.6 2.6 12.7
Large $250 to 500K. . . . . . . . . . 0.2 6.5 2.1 3.0 11.7
Very large >$500K . . . . . . . . . . 0.2 23.7 14.4 15.5 53.9

Total . . . . . . . . . . . . . . . . . . . . 1.3 45.6 28.2 24.9 100.0
NOTE: Moderate and large sales class intervals in this table differ from intervals used elsewhere in the report.

SOURCE: Office of Technology Assessment. Compiled from regional data provided by Bureau of the Census, Agriculture Division.

Table B-3.–Sales of Dairy Products by Sales Class and Region, 1982

Northeast North Central Southern Western
Sales class definition region region region region U.S. total

Small <$19.9K . . . . . . . . . . . . . $ 25,152 $ 109,070 $ 26,613 $ 11,508 $ 172,343
Part-time $20 to 99,9K . . . . . . . 1,040,132 2,760,985 437,924 134,948 4,373,989
Moderate $100 to 249.9K. . . . . 1,381,918 2,600,968 1,085,013 437,406 5,505,305
Large $250 to 500K, . . . . . . . . . 467,390 743,530 647,896 550,289 2,409,105
Very large >$500K . . . . . . . . . . 178,001 197,635 666,780 2,053,233 3,095,649

Total . . . . . . . . . . . . . . . . . . . . 3,092,593 6,412,188 2,864,226 3,187,384 15,556,391

Percentage of total regional sales of dairy products, 1982

Small <$19.9K . . . . . . . . . . . . . 0.80/0 1.7% 0.9% 0.4%0
Part-time $20 to 99.9K . . . . . . . 33.6 43.1 15.3 4.2
Moderate $100 to 249.9K. . . . . 44.7 40.6 37.9 13.7
Large $250 to 500K. . . . . . . . . . 15.1 11.6 22.6 17.3
Very large >$500K . . . . . . . . . . 5.8 3.1 23.3 64.4

Total . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0

Percentage of total national sales of dairy products, 1982

Small <$19.9K . . . . . . . . . . . . . 0.2% 0.7% 0.2% 0.1% 1.1%
Part-time $20 to 99.9K . . . . . . . 6.7 17.7 2.8 0.9 28.1
Moderate $100 to 249.9K . . . . . 8.9 16.7 7.0 2.8 35.4
Large $250 to 500K. . . . . . . . . . 3.0 4.8 4.2 3.5 15.5
Very large >$500K . . . . . . . . . . 1.1 1.3 4.3 13.2 19.9

Total . . . . . . . . . . . . . . . . . . . . 19.9 41.2 18.4 20.5 100.0
NOTE: Moderate and large sales class intervals in this table differ from intervals used elsewhere in the report.

SOURCE: Office of Technology Assessment. Compiled from regional data provided by Bureau of the Census, Agriculture Division
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Table B-4.–Sales of Poultry and Eggs by Sales Class and Region, 1982

Northeast North Central Southern Western
Sales class definition region region region region U.S. total

Small <$19.9K . . . . . . . . . . . . . $ 7,081 $ 13,634 $ 23,616 $ 4,488 $ 48,819
Part-time $20 to 99.9K . . . . . . . 25,334 66,701 386,349 31,085 509,469
Moderate $100 to 249.9K . . . . . 85,870 241,939 1,719,082 52,012 2,098,903
Large $250 to 500K. . . . . . . . . . 153,000 490,911 1,559,160 96,664 2,299,735
Very large >$500K . . . . . . . . . . 562,178 845,410 2,373,048 1,009,005 4,789,641

Total . . . . . . . . . . . . . . . . . . . . 833,463 1,658,595 6,061,255 1,193,254 9,746,567

Percentage of total regional sales of poultry and eggs, 1982

Small <$19.9K . . . . . . . . . . . . . 0.80/0 0.80/0 0.4% 0.4%0
Part-time $20 to 99.9K . . . . . . . 3.0 4.0 6.4 2.6
Moderate $100 to 249.9K . . . . . 10.3 14.6 28.4 4.4
Large $250 to 500K. . . . . . . . . . 18.4 29.6 25.7 8.1
Very large >$500K . . . . . . . . . . 67.5 51.0 39.2 84.6

Total . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0

Percentage of total national sales of poultry and eggs, 1982

Small <$19.9K . . . . . . . . . . . . . 0.1 % 0.1 % 0.2 ”/0 O.OO/O 0.50/0
Part-time $20 to 99.9K . . . . . . . 0.3 0.7 4.0 0.3 5.2
Moderate $100 to 249.9K . . . . . 0.9 2.5 17.6 0.5 21.5
Large $250 to 500K. . . . . . . . . . 1.6 5.0 16.0 1.0 23.6
Very large >$500K . . . . . . . . . . 5.8 8.7 24.3 10.4 49.1

Total . . . . . . . . . . . . . . . . . . . . 8.6 17.0 62.2 12.2 100.0
NOTE Moderate and large sales class intervals In thls table differ from intervals used elsewhere in the report

SOURCE’ Off Ice of Technology Assessment Compiled from regional data provided by Bureau of the Census, Agriculture Division

Table B-5.–Sales of Hogs by Sales Class and Region, 1982

N o r t h e a s t N o r t h  C e n t r a l S o u t h e r n W e s t e r n
S a l e s  c l a s s  d e f i n i t i o n r e g i o n r e g i o n r e g i o n r e g i o n U.S. total

Small c$19.9K . . . . . . . . . . . . . $ 18,399 $ 261,398 $ 139,914 $ 19,696 $ 439,407
Part-time $20 to 99.9K . . . . . . . 34,735 1,268,807 213,832 33,453 1,550,827
Moderate $100 to 249.9K ., . . . 49,804 2,596,083 273,900 50,072 2,969,859
Large $250 to 500K. . . . . . . . . . 35,215 1,595,321 252,456 35,143 1,918,135
Very large >$500K . . . . . . . . . . 36,848 1,158,830 436,821 80,313 1,712,812

Total . . . . . . . . . . . . . . . . . . . . 175,001 6,880,439 1,316,923 218,677 8,591,040

Percentage of total regional sales of hogs, 1982

Small <$19.9K . . . . . . . . . . . . . 10.5% 3.80/o 10.60/0 9.0 ”/0
Part-time $20 to 99.9K . . . . . . . 19.8 18.4 16.2 15.3
Moderate $100 to 249.9K . . . . . 28.5 37.7 20.8 22.9
Large $250 to 500K. . . . . . . . . . 20.1 23.2 19.2 16.1
Very large >$500K . . . . . . . . . . 21.1 16.8 33.2 36.7

Total . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0

Percentage of total national sales of hogs, 1982

Small <$19.9K . . . . . . . . . . . . . 0.2% 3.0% 1.6% 0.2% 5.1 %
Part-time $20 to 99.9K . . . . . . . 0.4 14.8 2.5 0.4 18.1
Moderate $100 to 249.9K . . . . . 0.6 30.2 3.2 0.6 34.6
Large $250 to 500K. . . . . . . . . . 0.4 18,6 2.9 0.4 22.3
Very large >$500K . . . . . . . . . . 0.4 13.5 5.1 0.9 19.9

Total . . . . . . . . . . . . . . . . . . . . 2.0 80.1 15.3 2.5 100.0
NOTE:   Moderate and large sales class Intervals in this table differ from intervals used elsewhere in the report

SOURCE Off Ice of Technology Assessment Compiled from regional data provided by Bureau of the Census, Agriculture Division
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Table B-6.—Sales of Fruit and Nuts by Sales Class and Region, 1982

Northeast North Central Southern Western
Sales class definition region region region region U.S. total

Small <$19.9K . . . . . . . . . . . . . $25,913 $26,709 $ 49,595 $ 139,210 $ 241,427
Part-time $20 to 99.9K . . . . . . . 71,720 64,518 132,191 803,335 1,071,764
Moderate $100 to 249.9K . . . . . 75,058 69,900 135,530 456,103 736,591
Large $250 to 500K. . . . . . . . . . 93,410 58,372 137,860 643,407 933,049
Very large >$500K . . . . . . . . . . 112,430 66,268 826,993 1,490,301 2,495,992

Total . . . . . . . . . . . . . . . . . . . . 378,531 285,767 1,282,169 3,532,356 5,478,823

Percentage of total regional sales of fruit and nuts, 1982

Small <$19.9K . . . . . . . . . . . . . 6.8 ”/0 9.3% 3.9 ”/0 3.9 ”/0
Part-time $20 to 99.9K . . . . . . . 18.9 22.6 10.3 22.7
Moderate $100 to 249.9K . . . . . 19.8 24.5 10.6 12.9
Large $250 to 500K. . . . . . . . . . 24.7 20.4 10.8 18.2
Very large >$500K . . . . . . . . . . 29.7 23.2 64.5 42.2

Total . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0

Percentage of total national sales of fruit and nuts, 1982

Small <$19.9K . . . . . . . . . . . . . 0.5 ”/0 0.5 ”/0 0.9%0 2.50/o 4.4 ”/0
Part-time $20 to 99.9K . . . . . . . 1.3 1.2 2.4 14.7 19.6
Moderate $100 to 249.9K . . . . . 1.4 1.3 2.5 8.3 13.4
Large $250 to 500K. . . . . . . . . . 1.7 1.1 2.5 11.7 17.0
Very large >$500K . . . . . . . . . . 2.1 1.2 15.1 27.2 45.6

Total . . . . . . . . . . . . . . . . . . . . 6.9 5.2 23.4 64.5 100.0
NOTE Moderate and large sales class intervals in this table differ from intervals used elsewhere in the report.

SOURCE Office of Technology Assessment Compiled from regional data provided by Bureau of the Census, Agriculture Division

Table B.7.—Sales of Vegetables and Melons by Sales Class and Region, 1982

Northeast North Central Southern Western
Sales class definition region region region region U.S. total

Small <$19.9K . . . . . . . . . . . . . $27,070 $34,743 $ 50,355 $ 19,196 $ 131,364
Part-time $20 to 99.9K . . . . . . . 61,918 61,181 64,749 69,592 257,440
Moderate $100 to 249.9K . . . . . 68,836 59,792 80,025 90,604 299,257
Large $250 to 500K. ., , , . . . . . 57,776 69,208 97,667 218,614 443,265
Very large >$500K . . . . . . . . . . 86,165 135,505 734,475 1,901,387 2,857,532

Total . . . . . . . . . . . . . . . . . . . . 301,765 360,429 1,027,271 2,299,393 3,988,858

Percentage of total regional sales of vegetables and melons, 1982

Small <$19.9K . . . . . . . . . . . . . 9.00/0 9.60/o 4.9 ”/0 0.80/0
Part-time $20 to 99.9K . . . . . . . 20.5 17.0 6.3 3.0
Moderate $100 to 249.9K . . . . . 22.8 16.6 7.8 3.9
Large $250 to 500K. . . . . . . . . . 19.1 19.2 9.5 9.5
Very large >$500K . . . . . . . . . . 28.6 37.6 71.5 82.7

Total . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0

Percentage of total national sales of vegetables and melons, 1982

Small <$19.9K . . . . . . . . . . . . . 0.7% 0.9 ”/0 1 .3 ”/0 0.50/0 3.30/0
Part-time $20 to 99,9K . . . . . . . 1.6 1,5 1.6 1.7 6.5
Moderate $100 to 249.9K . . . . . 1.7 1.5 2.0 2.3 7.5
Large $250 to 500K, . . . . . . . . . 1.4 1.7 2.4 5.5 11.1
Very large >$500K . . . . . . . . . . 2.2 3.4 18.4 47.7 71.6

Total . . . . . . . . . . . . . . . . . . . . 7.6 9.0 25.8 57.6 100.0
NOTE Moderate and large sales class intervals in this table differ from intervals used elsewhere in the report,

SOURCE Office of Technology Assessment. Compiled from regional data provided by Bureau of the Census, Agriculture Division.
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Table B-8.–Sales of Cotton by Sales Class and Region, 1982

N o r t h e a s t N o r t h  C e n t r a l S o u t h e r n W e s t e r n
S a l e s  c l a s s  d e f i n i t i o n r e g i o n r e g i o n r e g i o n r e g i o n U . S .  t o t a l

Small <$19.9K . . . . . . . . . . . . . 0.0 “ $ 729 $ 49,604 $ 4,279 $ 54,612
Part-time $20 to 99.9K . . . . . . . 0.0 5,967 276,144 32,822 314,933
Moderate $100 to 249.9K . . . . . 0.0 18,952 459,384 106,598 584,934
Large $250 to 500K. . . . . . . . . . 0.0 11,578 558,039 168,870 738,487
Very large >$500K . . . . . . . . . 0.0 5,085 311,511 1,003,784 1,320,380

Total . . . . . . . . . . . . . . . . . . . . 0 0 42,311 1,654,682 1,316,353 3,013,346

Percentage of total regional sales of cotton, 1982

Small <$19.9K . . . . . . . . . . . . . 0 0
Part-t ime $20 to 99.9K . . .  .  .  .  . 0 0
Moderate $100 to 249.9K . . . . . 0 0
Large $250 to 500K. . . . . . . . . . 0.0
Very large >$500K . . . . . . . . . . 0.0

Total . . . . . . . . . . . . . . . . . . 0.0

1 .7 ”/0 3.0 ”/0 0.3 ”/0
14.1 16.7 2.5
44.8 27.8 8.1
27.4 33.7 12.8
12.0 18.8 76.3

100.0 100.0 100.0

Percentage of total national sales of cotton, 1982

Small <$19.9K . . . . . . . . . . . . . 0 .0% 0.0% 1.6% 0.1% 1.80/0
Part-time $20 to 99.9K . . . . . . . 0.0 0.2 9.2 1.1 10.5
Moderate $100 to 249.9K . . . . . 0.0 0.6 15.2 3.5 19.4
Large $250 to 500K. . . . . . . . . . 0 0 0.4 18.5 5.6 24.5
Very large >$500K . . . . . . . . . . 0.0 0.2 10.3 33.3 43,8

Total . . . . . . . . . . . . . . . . . . . . 0 0 1.4 54.9 43.7 100.0
NOTE Moderate and large sales class intervals In ~hIs  table mffer from Intervals used elsewhere In the report

SOURCE Office of Technology Assessment Compiled ‘rorn  regional data provided by Bureau of the Census, Agriculture Dlvlslon
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Appendix D

Analysis of Size Economies and
Comparative Advantage in
Crop Production in Various
Areas of the United States

This appendix provides the detailed analysis of
size economies and comparative advantage by area
for crop production. A summary of this analysis
was presented in chapter 8. The analysis was con-
ducted at the University of Minnesota by Steve
Cooke under the guidance of Burt Sundquist. Cooke’s
manuscript “Size Economies and Comparative Ad-
vantage in the Production of Corn, Soybean, Wheat,
Rice, and Cotton in Various Areas of the United
States” is published in a second volume to this OTA
report,

The following analysis is organized by commod-
ity. Each section follows the same format. First,
there is a discussion of size economies by selected
producing areas. Second, there is a discussion of
comparative advantage, including the relationship
between comparative advantage and size econ-
omies. Each of these commodity sections includes
a summary of the size economy indices and “scor-
ing table. ”

Corn

The corn-producing areas selected are:
1. Illinois area 300—Corn for grain
2. Indiana area 101—Corn for grain
3. Iowa area 201—Corn for grain
4. Nebraska area 400—Irrigated corn for grain

The four measures, or indicators, of size econ-
omies are estimated according to the procedures
outlined by Cooke (1985). These indicators include
production cost, use of harvesting equipment, and
static and dynamic Herfindahl production concen-
tration indices.l A summary of these indices is pre-
sented in a table for each commodity by enterprise
size for each of the selected production areas (ta-

I For simpllc.lty,  II near production possibilities curves and homogene-
ous commodity price ratios were assumed in the analysls

ble D-l). There is an element of judgment required
in using these indices.

To clarify and facilitate the judgment used, a scor-
ing table was set up and marked for each of the
measurement categories (table D-2). Each enterprise
within a category was given a plus or minus for the
presence or absence, respectively, of a “clear ad-
vantage” that enterprise size exhibited relative to
the others within a given production area. Each
measurement category was weighted equally so
that the overall or total measure of size economies
was expressed as the sum of the phases. The range
in scoring was from 0 to 4. Zero implies no advan-
tage for that enterprise size. Four implies a clear
advantage for that enterprise size relative to one or
both of the other enterprise sizes within a produc-
tion area. A table for each commodity presents the
results of the scoring procedure (table D-3).

In Illinois the very large corn enterprises have a
cost advantage both in cost per bushel and in capi-
tal ownership costs per acre (table D-l). Very large
corn enterprises in this area can fully use one to
five self-propelled, six-row harvesters. These har-
vesters are assumed to have an annual harvesting
capacity of about 450 acres per harvester, The static
Herfindahl index (which is the measure of relative
production concentration) in 1982 was greatest for
large and very large enterprises. The dynamic Her-
findahl index (which is the change in relative con-
centration) from 1978 to 1982 was positive only for
the very large enterprise size. The scoring results
are 4, 1, and O for the very large, large, and moder-
ate-size enterprises, respectively (table D-2). There
is strong evidence to argue for the existence of size
economies for very large enterprises relative to
large and moderate enterprises in corn production
in Illinois.

In Indiana large and very large enterprises have
nearly identical costs per bushel, In ownership cost
per acre, very large enterprises have a cost advan-
tage. Very large enterprises can fully use two, and
large enterprises can fully use one, self-propelled,

317
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Table D-l. -Indices Used to Determine Size Economies in Selected Corn. Producing Areas, 1983

Harvest machinery Herfindahl indices

State, area, and Total costa per Ownership costa per full utilization ‘ Static Dynamic
enterprise size bushel (percent) acre (percent) Maximum Minimum (percent) (percent)

IL 300
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 5.4 0.9 100 35
L . . . . . . . . . . . . . . . . . . . . . . . 105 105 0.9 0.7 96 0
M . . . . . . . . . . . . . . . . . . . . . . . 119 110 0.6 0.5 43 –15

IN 101
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 2.1 1.7 100 32
L . . . . . . . . . . . . . . . . . . . . . . . 99 105 1.4 0.9 95 21
M . . . . . . . . . . . . . . . . . . . . . . . 105 105 0.9 0.4 79 11

1A 201
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 1.8 1.0 100 48
L 107 128 0.6 0.5 118 11
M : : : : : : : : : : : : : : : : : : : : : : : 105 155 0.5 0.3 85 –11

NE 400b

VL . . . . . . . . . . . . . . . . . . . . . . 100 100 5.2 2.6 100 42
L 107 100 2.1 0.9 62 11
M : : : : : : : : : : : : : : : : : : : : : : : 113 105 0.8 0.5 43 – 2

aExcluding land charge
blrngated

SOURCE Office of Technology Assessment

Table D.2.—Scoring Table Used to Determine Size Economies in Selected
Corn. Producing Areas, 1983

State, area, and Production Harvester Herfindahl indices

enterprise size cost utilization Static Dynamic Total

IL 300
VL . . . . . . . . . . . . . . + + + + 4
L — + — 1
M : : : : : : : : : : : : : : :  – — — — o

IN 101
VL . . . . . . . . . . . . . . -t + + + 4
L + + + + 4
M : : : : : : : : : : : : : : :  – — + + 2

1A 201
VL . . . . . . . . . . . . . . + + + + 4
L — — + + 2
M : : : : : : : : : : : : : : :  – — + — 1

NE 400a

VL . . . . . . . . . . . . . . + + + + 4
L — + — + 2
M : : : : : : : : : : : : : : :  – — — — o

alrrigated

SOURCE: Office of Technology Assessment
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Table D-3.—Production Costs and Yield by Enterprise Size
in Selected Corn. Producing Areas, 1983

State, area, and Total costa Yieldb Total costa

enterprise size $/bu. Percent Bu/acre Percent $/acre Percent

IL 300
VL . . . . . . . . . . . . . . . . .
L
M: :: : : : : : : : :: :: : : :

IN 101
VL . . . . . . . . . . . . . . . . .
L
M :::: ::: ::: :: :: :: :

1A 201
VL . . . . . . . . . . . . . . . . .
L
M : : : : : : : : : : : : : : : : :

NE 400C
AL . . . . . . . . . . . . . . . . .
L
M : : : : : : : : : : : : : : : : :

1.67
1.75
1.99

1.69
1.67
1.77

1.67
1.80
1.75

2.83
3.03
3.21

100
105
119

100
99

105

100
107
105

100
107
113

130.3
128.6
123.1

125.6
125.3
122.4

119.0
117.4
113.0

118.6
112.6
106.2

100
99
94

100
100
97

100
99
95

100
95
90

217
225
245

212
209
217

199
211
198

336
341
341

100
103
113

100
98

102

100
106
99

100
102
102

aExcluding land  charges
b.state  level ~ield~Perha~ested  a~ref~rirdgated  and nonlrrigatedin  1982.

Clrrigated,

SOURCEOffice  of Technology Assessment

six-row harvesters. The relative production concen-
tration in 1982 was nearly uniform across enterprise
sizes within 21 percent. The change in relative pro-
duction concentration from 1978 to 1982 was posi-
tive and nearly uniform across enterprise sizes in
this area within 21 percent. The scoring results are
4,4, and 2 for the very large, large, and moderate
enterprises, respectively. There is evidence to ar-
gue that size economies exist for large and very large
enterprises relative to moderate enterprises in corn
production in Indiana.

In Iowa very large corn enterprises have a cost
advantage both in total cost per bushel and in capi-
tal ownership cost per acre. Very large enterprises
can fully use one to two self-propelled, six-row corn
harvesters. The relative production concentration
in 1982 was nearly uniform across enterprise size
within 33 percent. The change in relative produc-
tion concentration from 1978 to 1982 was positive
for large and very large enterprises in this area. The
scoring results are 4, 2, and 1 for very large, large,
and moderate enterprises, respectively. There is evi-
dence to argue that size economies exist for very
large enterprises relative to large and moderate en-
terprises in corn production in Iowa.

In Nebraska very large irrigated corn enterprises
have a production cost advantage in terms of total
cost per bushel. However, ownership costs per acre
are equal for large and very large enterprises and
less than those for medium enterprises. Very large

enterprises can fully use three to five, and large en-
terprises one to two, self-propelled, six-row harvest-
ers. The relative production concentration from
1978 to 1982 was substantially higher for very large
enterprises relative to large and moderate enter-
prises. The change in relative production concen-
tration from 1978 to 1982 was positive for large and
very large enterprises in this area. The scoring re-
sults are 4, 2, and O for very large, large, and moder-
ate enterprises, respectively. There is clear evidence
to argue that size economies exist for very large en-
terprises in irrigated corn production in Nebraska.

The source of size economies can be found by ex-
amining the components of the production cost
measures (table D-3). Very large enterprises in gen-
eral tend to have the lowest total cost per bushel.
Large and very large enterprises all have at least
slightly higher yields per acre relative to moderate
enterprises. Yield is a source of size economies in
corn production. Total cost per acre is relatively uni-
form across enterprises in which very large enter-
prises have a slight cost advantage.

In Illinois yield is a source of size economies. The
very large enterprises in this area have lower ex-
penditures per acre for fertilizer, fuel lubrication,
repairs, and labor relative to large and moderate en-
terprises. In Indiana yield is also a source of size
economy. Preharvest and capital ownership costs
are not a source of size economies in this area. In
Iowa yield is again a source of size economy, as is
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custom harvesting. In Nebraska yield is a source of
size economies. Purchased irrigation water repre-
sents a potential for size diseconomies in Nebraska,

Very large enterprises in each of the selected pro-
ducing areas consistently have slightly lower varia-
ble and ownership costs associated with machinery
and equipment. This implies that very large corn en-
terprises tend to use some combination of fewer
and/or smaller machines and tractors, and ones that
go over the field fewer times. This is a constant
source of size economies in the selected corn-pro-
ducing areas.

Comparative Advantage in
Corn Production

The overall objective for including a discussion
on comparative advantage is to provide a context
within which to analyze size economies and to de-
termine the source or explain the absence of com-
parative advantage between the selected production
areas.

In Illinois the total cost of corn production is about
14 percent higher than that in Iowa. There are size
economies for very large corn enterprises only. The
relative lack of comparative advantage is due to
higher expenditures on phosphate, potash, herbi-
cide, and pesticide in conjunction with a 6-percent
lower yield compared with that in Iowa. The trends
in relative yield and land prices indicate that the
competitive position in corn production will de-
crease in this area. The absolute measure of produc-
tion concentration in this area is low compared with
the other selected producing areas. In addition, corn
production is not particularly concentrated in any
one enterprise size category, which implies that pro-
ducers are not beginning to exploit size economies
to increase their competitive position.

In Indiana the total cost of producing corn is about
10 percent more than in Iowa, and size economies
exist for large and very large enterprises relative to
moderate enterprises. The lack of comparative ad-
vantage is due to the relative price of nitrogen and
additional expenditures on pesticides compared
with those in Iowa. The absolute measure of pro-
duction concentration in this area is high compared
with that of the other selected areas. This implies
that corn production is concentrated in one or more
enterprise size categories and that producers are
moving toward larger enterprise sizes to exploit size
economies in this area so as to increase their com-
petitive position.

In Iowa the total cost of producing corn is the
lowest of the selected corn-producing areas. Size
economies exist in this area for very large enterprises

relative to large and moderate enterprises. Iowa’s
comparative advantage is related to higher yields
relative to fertilizer, herbicide, and pesticide use.
The absolute measure of production concentration
is also the lowest of the selected producing areas,
implying that corn production is not concentrated
in any one particular enterprise size in this area.
However, size economies exist for very large enter-
prises and can be exploited to improve Iowa’s com-
parative advantage.

In Nebraska the total cost of producing irrigated
corn is 8 percent higher than in Iowa, and size econ-
omies exist for very large enterprises relative to large
and moderate enterprises. The lack of comparative
advantage is due to the additional cost of irrigation
water pumped from wells. The trends in yield and
land prices indicate that the competitive position
of this area will substantially decrease. The abso-
lute measure of production concentration in this
area is the highest of the selected corn-producing
areas. This implies that production is concentrated
in one or more enterprise size categories and that
producers are moving toward larger enterprise sizes
to exploit size economies and to enhance or main-
tain their competitive positions.

Soybeans

The soybean-producing areas are:
1. Illinois area 300
2. Iowa area 201
3. Mississippi area 100
4. Ohio area 101

Size Economies in Soybean Production

In Illinois very large soybean enterprises have
about a 5-percent cost disadvantage relative to large
enterprises in total cost per bushel (table D-4). Large
and very large enterprises in this area have nearly
equal capital ownership costs per acre. Large and
very large soybean enterprises in this area can fully
use one and two self-propelled, six-row harvesters,
respectively. This size harvester has an annual har-
vesting capacity of about 380 acres, The static
Herfindahl index (or measure of relative production
concentration) in 1982 was greatest for the large en-
terprises. Finally, the dynamic Herfindahl index (or
the measure of the change in relative production con-
centration) between 1978 and 1982 was positive only
for the large and very large enterprises in this pro-
duction area. The scoring results are 2,4, and O for
the very large, large, and moderate enterprises, re-
spectively (table D-5). Thus, there is evidence to ar-
gue that size economies exist for the large enterprises
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Table D.4.–lndices Used to Determine Size Economies in Selected Soybean-Producing Areas, 1983

Harvest machinery Herfindahl indices

State, area, and Total cost per Ownership cost per full utilization Static Dynamic
enterprise size bushel (percent) acre (percent) Maximum Minimum (percent) (percent)

IL 300
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 2.4 1.4 100 65
L 95 102 1.3 0.9 142 16
M : : : : : : : : : : : : : : : : : : : : : : : 102 106 0.9 0.6 80 – 4

1A 201
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 2.7 1.3 100 38
L 104 86 1.2 0.7 202 19
M : : : : : : : : : : : : : : : : : : : : : : : 108 90 0.7 0.4 198 – 5

MS 100
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 2.1 1.2 100 9
L 116 98 1.2 1.1 24 11
M : : : : : : : : : : : : : : : : : : : : : : : 99 72 1.1 1.0 24 11

OH 101
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 2.5 2.2 100 71
L 84 90 1.6 1.0 115 21
M : : : : : : : : : : : : : : : : : : : : : : : 86 90 0.9 0.3 73 – 3

SOURCE Office of Technology Assessment

Table D-5.—Scoring Table Used to Determine Size Economies in Selected
Soybean-Producing Areas, 1983

State, area, and Production Harvester Herfindahl indices

enterprise size cost utilization Static Dynamic Total

IL 300
VL . . . . . . . . . . . . . . – + — + 2
L + + + + 4
M : : : : : : : : : : : : : : :  – — — — o

1A 201
VL . . . . . . . . . . . . . . + + — + 3
L . . . . . . . . . . . . . . . – + + + 3
M . . . . . . . . . . . . . . . – — + — 1

MS 100
VL . . . . . . . . . . . . . . + + + — 3
L . . . . . . . . . . . . . . . – — — o
M . . . . . . . . . . . . . . . + + — — 2

OH 101
A L . . . . . . . . . . . . . . – — + + 2
L + + + + 4
M : : : : : : : : : : : : : : : + — — — 1

SOURCE Office of Technology Assessment

relative to very large and moderate enterprises in
soybean production in Illinois.

In Iowa very large soybean enterprises have about
a 4- to 8-percent cost advantage relative to large and
moderate enterprises in total cost per bushel. How-
ever, very large enterprises in this area have about
a 10-to 14-percent cost disadvantage relative to large
and moderate enterprises in ownership costs per
acre. Large and very large enterprises can fully use
one and two self-propelled, six-row harvesters, re-
spectively. The relative production concentration
in 1982 was greatest for large and moderate enter-

prises. Finally, the change in relative production
concentration between 1978 and 1982 was positive
only for very large and large enterprises in this area.
The scoring results are 3, 3, and 1 for very large,
large, and moderate enterprises, respectively. There
is evidence to argue that size economies exist for
very large and large enterprises relative to moder-
ate enterprises in soybean production in Iowa.

In Mississippi very large and moderate soybean
enterprises have about a 16-percent cost advantage
relative to large enterprises in total cost per bushel.
However, very large enterprises have a 26- to 28-
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percent cost disadvantage in ownership costs per
acre in this area relative to large and moderate en-
terprises, respectively. Moderate and very large soy-
bean enterprises can fully use one and two self-pro-
pelled, eight-row harvesters, respectively. This size
harvester has an annual harvesting capacity of about
800 acres, The relative production concentration in
1982 was greatest for very large enterprises. Finally,
the change in relative production concentration be-
tween 1978 and 1982 was relatively low and uniform
across enterprise sizes in this area. The scoring re-
sults are 3,0, and 2 for very large, large, and moder-
ate enterprises, respectively. The evidence suggests
that there is no clear advantage for any enterprise
size relative to another in soybean production in Mis-
sissippi.

In Ohio very large soybean enterprises have be-
tween a 14-to 16-percent cost disadvantage relative
to large and moderate enterprises in total cost per
bushel. Similarly, very large enterprises have about
a lo-percent cost disadvantage in ownership cost
per acre relative to large and moderate enterprises
in this area. Large and very large soybean enterprises
can fully use one and two self-propelled, six-row har-
vesters, respectively. The relative production con-
centration in 1982 was greatest for very large and
large enterprises. Finally, the change in relative pro-
duction concentration between 1978 and 1982 was
positive for very large and large enterprises in this
area. The scoring results are 2,4, and 1 for very large,
large, and moderate enterprises, respectively. Thus,

there is evidence to argue that size economies exist
for the large enterprises relative to very large and
moderate enterprises in soybean production in Ohio.

The source or absence of size economies can be
found by examining the components of the produc-
tion cost measure. Total cost per unit of output is
equal to the total cost per acre divided by the yield
per acre. Table D-6 summarizes the production costs
and yield by enterprise size for the selected soybean-
producing areas, In Illinois soybean yields for large
and very large enterprises are equal and 2 percent
higher than those of moderate enterprises. In Iowa
soybean yields are nearly uniform across enterprise
sizes, with larger enterprises having 1 percent high-
er yields. In Mississippi soybean yields are 6 per-
cent higher for very large enterprises relative to large
and moderate enterprises. In Ohio soybean yields
are nearly uniform across enterprise sizes, with
larger enterprises having 2 to 3 percent higher yields.
Yield is only a slight source of size economies in soy-
bean production (table D-6).

In Illinois size diseconomies for very large enter-
prises are associated with the substantially higher
fertilizer, herbicide, and pesticide expenditures,
without corresponding higher yield, In Iowa the
modest size economies for very large and large en-
terprises relate to lower costs of owner-provided
relative to custom-provided durable services. In Mis-
sissippi the absence of size economies relate to the
diseconomies of additional horsepower used by very
large enterprises, In Ohio size diseconomies for very

Table D-6.-Production Costs and Yield by Enterprise Size
in Selected Soybean-Producing Areas, 1983

State, area, and Total costa Yieldb Total costa

enterprise size $/bu. Percent Bu/acre Percent $/acre Percent

100
95

102

100
104
108

100
116
99

100
84
86

38.2
38.2
37.4

36,8
36.6
36.3

25.0
23.6
23.6

35,6
34.8
34.4

100
100
98

100
99
99

100
94
94

100
98
97

136
129
136

122
126
130

130
142
122

152
125
126

100
95

100

100
103
107

100
109
94

100
82
83

aEXc\udlng  land charges.
bstate level  Yielrjs per harvested  acre for irrigated and nonirrigated h 19S2.
Cproductiorl year data fOr 1982.
SOURCE: Office of Technology Assessment.
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large enterprises relate to the diseconomies of addi-
tional horsepower used in land preparation and to
the substantially higher expenditure on fertilizer,
herbicide, and pesticide, without corresponding
higher yields.

Comparative Advantage in
Soybean Production

In Illinois total cost per bushel of soybeans is about
3 percent higher than in Iowa. Size economies exist
for large enterprises only. The slight lack of com-
parative advantage is due to higher expenditures on
herbicides, pesticides, and land. Trends in relative
yield and land value indicate that the competitive
position of Illinois will substantially improve. Soy-
bean production is not concentrated in one or more
enterprise sizes; however, size economies exist for
large enterprises and can be exploited to improve
comparative advantage.

In Iowa total cost per bushel of soybeans is the
lowest of the selected soybean-producing areas. This
comparative advantage is related to the level of yield,
which is high relative to seed, herbicide, pesticide,
and fertilizer expenditures. Trends in relative yields
and land values indicate that Iowa’s comparative
position will decrease in the future. The measure
of production concentration in Iowa is the lowest
of the selected States, implying that soybean pro-
duction is not concentrated in one or more enter-
prise sizes. Size economies exist for the large and
very large enterprises and can be exploited to im-
prove comparative advantage in this area.

Total cost per bushel of soybeans in Mississippi
is about 24 percent higher than in Iowa. The sub-
stantial lack of comparative advantage relative to
Iowa is a result of low yields and high expenditures
on herbicides, pesticides, and ownership costs.
Trends in yield and land values indicate that the
competitive position of Mississippi will substantially
decrease in the future. Production is concentrated
in one or more enterprise sizes, and no size econ-
omies remain to be exploited in this area.

In Ohio total cost per bushel of soybeans is about
5 percent higher than in Iowa. The slight lack of com-
parative advantage is the result of lower yields and
higher expenditures on herbicides, pesticides, pot-
ash, and phosphate. Trends in yield and land values
indicate that the competitive position of Ohio will
improve slightly in the future. Production is con-
centrated in one or more enterprise size categories.
Size economies exist for large soybean enterprises
only and can be exploited to improve comparative
advantage in this area.

Wheat
For wheat the selected producing areas, type of

wheat grown, and cultural practices followed are:
1.

2.

3.

4.

Kansas area 100—Hard red winter wheat
following fallow
Montana area 200—Hard red spring wheat
following fallow
North Dakota area 200—Hard red spring
wheat following crop
Washington area 400—White wheat follow-
ing fallow

Size Economies in Wheat Production

In Kansas very large wheat enterprises have a sub-
stantial cost advantage both in cost per unit of out-
put and in ownership cost per acre (table D-7). Very
large, large, and moderate wheat producers in this
area can fully use 4 to 20, 2 to 3, and 1 to 2 self-
propelled, 20-foot-wide harvesters, respectively.
This size harvester has an annual capacity of har-
vesting about 500 acres. The static Herfindahl in-
dex (or measure of relative production concentra-
tion) in 1982 was greatest for the large and very large
producers. This difference in static concentration
was less pronounced in this area than in other wheat-
producing areas in this study, however. Finally, the
dynamic Herfindahl index (or the change in rela-
tive concentration) from 1978 to 1982 was positive
for the large and very large enterprises. The scor-
ing results are 4, 3, and 2 for very large, large, and
moderate enterprises, respectively (table D-8). There
is evidence to argue for the existence of size econ-
omies advantages for very large enterprises relative
to the large and moderate wheat enterprise in Kansas.

In Montana very large wheat enterprises have a
cost advantage both in cost per unit of output and
ownership cost per acre. The very large, large, and
moderate-size enterprises can fully use one to six
self-propelled, 20-foot-wide harvesters, The static
measure of relative production concentration in
1982 was greatest for the very large enterprises. Fi-
nally, the change in the relative concentration from
1978 to 1982 was positive only for the very large en-
terprise size. The scoring results are 4, 1, and 1 for
the very large, large, and moderate categories, re-
spectively. There is strong evidence to argue for the
existence of size economies for very large enter-
prises relative to large and moderate sizes in the pro-
duction of wheat in Montana.

In North Dakota large wheat enterprises have a
cost advantage when measured either in cost per
unit of output or ownership cost per acre. Large and
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Table D“7.–lndices Used to Determine Size Economies in Selected Wheat-Producing Areas, 1983

Harvest machinery Herfindahl indices

State, area, and Total cost per Ownership cost per full utilization Static Dynamic
enterprise size bushel (percent) acre (percent) Maximum Minimum (percent) (percent)
KS 100

VL . . . . . . . . . . . . . . . . . . . . . . 100
112
118

100
109
113

20.6
3.9
2.0

4.1
2.0
1.1

100
100
75

17
17

– 7

100
106
110

100
115
108

6.9
1.5
1.0

1.5
1.0
0.6

100
23

6

20
–12
–31

L
M : : : : : : : : : : : : : : : : : : : : : : :

ND 200
VL . . . . . . . . . . . . . . . . . . . . . .
L
M : : : : : : : : : : : : : : : : : : : : : : :

WA 400
VL . . . . . . . . . . . . . . . . . . . . . .
L
M : : : : : : : : : : : : : : : : : : : : : : :

100
95

103

100
90
98

3.5
1.6
0.9

1.6
0.9
0.4

100
72
36

100
118
85

100
117

91

6.2
2.7
1.9

3.7
1.9
1.3

100
100

31

3
3

– 2

SOURCE: Office of Technology Assessment.

Table D-8.—Scoring Table Used to Determine Size Economies in Selected
Wheat-Producing Areas, 1983

State, area, and Production Harvestor Herfindahl

enterprise size cost utilization Static Dynamic Total

KS 100
VL . . . . . . . . . . . . . . + +

+
+

+
+
+

+
+
—

4
3
2

4
1
1

L
M : : : : : : : : : : : : : : :

MT 200
VL . . . . . . . . . . . . . . + +

+
+

+
—
—

+
—
—

L
M : : : : : : : : : : : : : : :

ND 200
VL . . . . . . . . . . . . . .

—
—

+
+
—

+
+
—

+
+
—

3
4
0

—
+
—

2
2
2

+
+
+

+
+
—

—
—

—
—
—

L
M : : : : : : : : : : : : : : : +

SOURCE: Office of Technology Assessment

very large enterprises can fully use one and two to
three self-propelled, 20-foot-wide harvester(s), re-
spectively. The static measure of relative produc-
tion concentration in 1982 was greatest for large and
very large enterprises. Finally, the change in the rela-
tive concentration from 1978 to 1982 was positive
for both large and very large enterprises. The scor-
ing results are 3, 4, and O for the very large, large,
and moderate categories, respectively. There is evi-
dence to argue for the existence of size economies
for large and very large enterprises relative to mod-

erate enterprises in the production of wheat in North
Dakota. The production data suggests size econ-
omies for large enterprises in particular.

In Washington moderate wheat enterprises have
a substantial cost advantage when measured in cost
per unit of output or ownership cost per acre. Mod-
erate, large, and very large producers can fully use
one to two and four to six self-propelled, 19.4 -foot-
wide harvesters, Washington wheat producers in
this area typically use a combination of “regular”
and “hillside” harvesters in approximately a 70:30



App. D—Analysis of Size Economies and Comparative Advantage in Crop Production in Various Areas of the United States ● 325

ratio in harvesting their crop. A “composite” har-
vester is assumed to have an annual harvesting ca-
pacity of 495 acres per harvester. The static meas-
ure of relative production concentration in 1982 was
greatest for large and very large enterprises. Finally,
the change in the relative production concentration
from 1978 to 1982 was positive for both large and
very large enterprises, but only by 3 percent. There
was virtually no change in production concentra-
tion between enterprise sizes from 1978 to 1982. The
scoring results are 2, 2, and 1 for very large, large,
and moderate enterprise categories, respectively,
There is no clear evidence on which to argue for
size economies in the production of wheat in Wash-
ington.

Yield is only a slight source of size economies in
wheat production (table D-9). Wheat yields in Kansas
are nearly uniform across enterprise size. In Mon-
tana and North Dakota the very large enterprise has
the greatest yield per acre, by about 3 to 6 percent.
In Washington large and very large enterprises have
the same yield. The moderate enterprises, however,
have substantially (20 percent) higher yields per acre
than do the large and very large enterprises in this
area. In fact, 1982 data reveals that small and very
small enterprises have substantially higher yields
than do moderate enterprises in this area. In Wash-
ington wheat yield is inversely related to enterprise
size. Otherwise, yield is only a slight source of size
economies in wheat production.

In Kansas the important factor for size economies
relates to economies associated with custom harvest
rates. In Montana size economies are the result of

the combination of slightly higher yields and lower
costs, again related to the use of custom harvesting.
In North Dakota size economies for large enterprises
relate to higher yield and lower ownership and har-
vest costs relative to those of moderate and very large
enterprises. In Washington size economies do not
exist for very large enterprises relative to moderate
enterprises because of the substantial diseconomies
associated with yield and the slightly higher owner-
ship and harvesting costs. In Washington size econ-
omies for very large enterprises relative to large en-
terprises exist because of the substantially lower
ownership costs of the very large enterprises in this
area, which are related to the differences in horse-
power tractors used particularly inland preparation.

Comparative Advantage in
Wheat Production

In Kansas and Washington the comparative ad-
vantages in producing wheat are nearly equal and
are the greatest of the areas studied. Kansas also has
the potential for increasing its comparative advan-
tage relative to unexploited size economies that ex-
ist for large and very large enterprises. This area has
a relatively low level of production concentration.
Finally, there is little change (about 1 percent per
year) in production concentration in this area. The
relatively large average size of the wheat enterprise
in Kansas implies that enterprises are larger on aver-
age across size categories and that no one enterprise
size dominates production in the area. (A similar
set of characteristics exists for Iowa corn enterprises

Table D-9.-Production Costs and Yield by Enterprise Size
in Selected Wheat. Producing Areas, 1983

State, area, and Total cost Yield Total cost

enterprise size $/bu. Percent Bu/acre Percent $/acre Percent

KS 100
VL . . . . . . . . . . . . . . . . . 2.05 100 33.1 100 68 100
L 2.30 112 33.1 100 76 112
M : : : : : : : : : : : : : : : : : 2.41 118 33.2 100 80 118

MT 200
VL . . . . . . . . . . . . . . . . . 2.77 100 31.1 100 86 100
L 2.94 106 29.9 96 88 102
M :::: :: :: :  :: :: : 3.05 110 29.2 94 89 103

ND 200
VL . . . . . . . . . . . . . . . . . 3.79 100 31.7 100 100 120
L 3.60 95 30.8 97 111 93
M : : : :  : : :  : : : : : : : : 3.91 103 29.7 94 116 97

WA 400
VL . . . . . . . . . . . . . . . . . 3.26 100 39.9 100 130 100
L 3.86 118 39.9 100 154 118
M : : : :  : :: : : : : : : : : : 2.76 85 47.8 120 132 102

SOURCE: Office of Technology Assessment.
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except that the enterprises there tend to be smaller,
on average.)

It is only about 3 percent more costly to produce
a bushel of wheat in Montana than in Kansas. This
slight lack of comparative advantage is due to high
ownership costs associated with more and larger
machines being used on the land more times in land
preparation. Unlike those in Kansas, size economies
in Montana exist for very large enterprises only. This
implies that producers in Montana can exploit size
economies as a strategy to remain competitive.

It is about 9 percent more costly to produce a
bushel of wheat in North Dakota than in Kansas. The
increased costs are due to additional expenditures
on seed, fertilizer, and chemicals associated with
increasing relative yields, spring planting, and con-
tinuous cropping. Size economies exist for very large
and large enterprises in North Dakota. Production
concentration, though higher than in Kansas, is still
low, Thus, no one enterprise size dominates produc-
tion in this area. Size economies can be exploited
to improve North Dakota’s comparative advantage.

Washington’s comparative advantage in wheat
production is nearly identical to that of Kansas. It
is less than 1 percent more costly to produce a bushel
of wheat in Washington than in Kansas. All size
economies within Washington are nearly fully ex-
ploited. The average enterprise size is quite large,
about 1,600 acres. The level of production concen-
tration is the highest of any of the wheat-producing
areas studied. This implies that one or more enter-
prise sizes dominate production in this area.

Rice

For rice the selected producing areas and type of
rice grown include:

1.

2.
3.

4,

California area 400–medium-” and short-
grain rice
Texas area 1001—long-grain rice
Delta (Mississippi 100 and Arkansas 300–
long-grain rice
Arkansas area 200—long-grain rice

Size Economies in Rice Production

In California the total cost per hundredweight of
rice for all three enterprise sizes is nearly identical,
with moderate enterprises having a slight advantage
of about 3 percent (table D-10). On the basis of owner-
ship cost per acre, the moderate enterprise has a cost
advantage of about 8 percent relative to very large
enterprises, Very large, large, and moderate enter-
prise sizes can fully use 5 to 11, 3 to 4, and 2 self-
propelled, 16-foot-wide harvesters, respectively.
This size harvester has an annual harvesting capac-
ity of 465 acres. The static Herfindahl index (or meas-
ure of relative production concentration) in 1982 was
greatest for the large and very large producers, The
dynamic Herfindahl index (or the change in rela-
tive concentration) from 1978 to 1982 was negative
for all enterprise sizes in this rice-producing area.
Unfortunately, the data associated with the Herfin-
dahl indices are not sufficiently disaggregated at the
large and very large rice enterprise sizes to allow

Table D.10.—lndices Used to Determine Size Economies in Selected Rice-Producing Areas, 1979

Harvest machinery Herfindahl indices

State, area, and Total cost per Ownership cost per full utilization Static Dynamic
enterprise size cwt a (percent) acre (percent) Maximum Minimum (Percent) (percent)

CA 400b

VL . . . . . . . . . . .
L
M : : : : : : : : : : : :

TX 1001b

VL . . . . . . . . . . .
L
M : : : : : : : : : : : :

DLT 100 and 300b

VL . . . . . . . . . . .
L
M : : : : : : : : : : : :

AR 200b

VL . . . . . . . . . . .
L
M : : : : : : : : : : : :

100
99
97

100
103
92

11.7
4.6
2.4

4.7
2.4
1.3

100
100
25

–4
–4

–19

100
98
97

100
98
95

6.2
2.8
1.8

3.7
1.8
1.1

100
80
61

28
24
20

100
94
92

100
109
113

6.5
3.3
1.5

2.2
1.0
0.6

100
85
58

–35
–19

11

100
100
98

100
105
102

6.3
2.1
1.0

2.1
1.0
0.6

100
84
67

21
–20

– 7
aHundredweight,
blrrigated.

SOURCE: Office of Technology Assessment.
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for more detailed analysis. The scoring results are
2,2, and 2 for very large, large, and moderate enter-
prises, respectively (table D-II). There is evidence
to argue that no size economies exist in California
rice production, given the 1979 configuration of en-
terprise sizes.

In Texas large and moderate rice enterprises have
a slight cost advantage (3 to 4 percent), both in cost
per unit of output and ownership cost per acre. The
very large, large, and moderate enterprises can fully
use four to six, and one to two self-propelled, 16-
foot-wide harvesters. The static measure of relative
production concentration in 1982 was relatively uni-
form across enterprise sizes in this area. Finally, the
change in the relative concentration from 1978 to
1982 was also relatively uniform and positive across
enterprise sizes in this area. The scoring results are
2, 2, and 2 for the very large, large, and moderate
categories, respectively. There is evidence to argue
that no size economies exist in Texas rice produc-
tion, given the 1979 configuration of enterprise sizes.

In the Delta large and moderate enterprises have
a cost advantage, when measured in cost per unit
of output, by about 6 to 8 percent. However, very
large enterprises have a cost advantage in capital
ownership cost per acre. Very large, large, and mod-
erate enterprises in this area can fully use three to
six, two to three, and oneself-propelled, 17-foot-wide
harvesters, respectively. This size harvester has an
annual harvesting capacity of 495 acres per harvest-
er. The static measure of relative production con-
centration in 1982 was nearly uniform across enter-

prise sizes. Finally, the change in the relative
concentration from 1978 to 1982 was positive for
the moderate enterprise size only. The scoring re-
sults are 1,2, and 3 for the very large, large, and mod-
erate enterprises, respectively. There is evidence to
argue that no size economies exist in the Delta rice
production, given the 1979 configuration of enter-
prise sizes,

In Arkansas moderate enterprises have a cost ad-
vantage, when measured in cost per unit of output,
by about 4 percent. However, very large enterprises
have a cost advantage in capital ownership costs per
acre. Very large, large, and moderate enterprises can
fully use three to six, one to two, and one self-pro-
pelled, 17-foot-wide harvesters, respectively. The
static measure of relative production configuration
in 1982 was nearly uniform across enterprise sizes.
Finally, the change in the relative production con-
centration from 1978 to 1982 was positive for the
very large enterprise size only. The scoring results
are 2, 1, and 2 for the very large, large, and moder-
ate enterprises, respectively. There is evidence to
argue that no size economies exist in Arkansas rice
production, given the 1979 configuration of enter-
prise sizes.

The absence of size economies in rice production
can be explained by examining the components of
the production cost measures (table D-12). Rice yield
in all the production areas studied is inversely re-
lated to enterprise size, except in Texas. In the case
of the Delta, large and moderate rice enterprises have
a substantial yield advantage over very large enter-

Table D-n .—Scoring Table Used to Determine Size Economies in Selected
Rice-Producing Areas, 1979

State, area, and Product ion Harvester Herfindahl

enterprise size cost utilization Static Dynamic Total

CA 400a

VL . . . . . . . . . . . . . .

TX 1001a

VL . . . . . . . . . . . . . .

DLT 100 and 300a

VL . . . . . . . . . . . . . .

AR 200a

VL . . . . . . . . . . . . . .

2
2
2

2
2
2

2
2
3

2
1
2

alrrigated

SOURCE: Off Ice of Technology Assessment.
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Table D-12.—Production Costs and Yield by Enterprise Size
in Selected Rice-Producing Areas, 1979

State, area, and Total cost
enterprise size $/cwt Percent

Yield Total cost

Cwt/acre Percent $/acre Percent

CA 400a

VL . . . . . . . . . . . . . . . . . 6.34
L 6.29
M“ : : : : : : : : : : : : : : : : : 6.12

TX 1001
VL . . . . . . . . . . . . . . . . . 7.70
L 7.39
M“ : : : : : : : : : : : : : : : : : 7.46

DLT 100-300a

VL . . . . . . . . . . . . . . . . . 6.78
L 6.36
M“ : : : : : : : : : : : : : : : : : 6.26

AR 200a

VL . . . . . . . . . . . . . . . . . 6.33
L 6.31
M : : : : : : : : : : : : : : : : : 6.09

100
99
97

100
96
97

100
94
92

100
100
96

51.3 100 325 100
52.6 103 331 102
52.1 102 319 98

47.4 100 365 100
46.3 98 342 94
46.4 98 346 95

39.8 100 270 100
42.6 107 271 100
43.6 110 273 101

43.1 100 273 100
44.7 104 282 103
44.5 103 271 99

alrrigated.

SOURCE: Office of Technology Assessment

prises by about 7 to 10 percent. Total cost per acre
for very large enterprises is less than or equal to to-
tal cost per acre for large and moderate enterprises
in all the production areas again except Texas. In
general, rice production has diseconomies of size
relative to yield and no economies of size in rela-
tion to total costs per acre. Yield diseconomies are
related in large part to timeliness of fertilizer and
water application, which can be managed better at
smaller enterprise sizes than at larger ones.

Size diseconomies in rice production exist uni-
formly across the selected production area. These
diseconomies are primarily the result of yield dis-
economies of size assistance in California, the Delta,
and Arkansas. Yield diseconomies are related to
timeliness of fertilizer, herbicide, pesticide, fungi-
cide, and water application. In Texas size disecon-
omies are associated with purchased canal water
used for irrigation, which in turn allows for lower
ownership costs associated with producers’ well-
pumped irrigation.

Comparative Advantage in
Rice Production

The comparative advantage of California in rice
production is the greatest of the areas studied. It is
the result of high yields, relatively inexpensive irri-
gation water, and reduced herbicide and fungicide
costs relative to those of other selected producing
areas. This comparative advantage is not expenda-
ble through size economies, since size economies

have been more than fully exploited in this area. Cali-
fornia has the largest average size rice acreage per
enterprise, at 1,071 acres. This implies that produc-
tion is concentrated in one or more size categories.
The combination of size economy and comparative
advantage information shows that rice enterprises
in California should not increase their size as a
means of reducing cost and thereby improving com-
parative advantage.

The comparative disadvantage of Texas in produc-
ing rice is the greatest of the areas studied. The data
indicate that in 1979 it was about 25 percent more
costly to produce a hundredweight of rice in Texas
than in California. This substantial lack of compara-
tive advantage is related to relatively low yields and
high irrigation, herbicide, and fungicide costs. It is
not correctable by increasing enterprise size in at-
tempting to be more competitive, since size econ-
omies have been more than fully exploited. If trends
in relative yield and land values continue, Texas will
decline from its already marginal competitive posi-
tion.

It is about 14 percent more costly to produce a hun-
dredweight of rice in the Delta than in California.
This lack of comparative advantage is related to ad-
ditional expenditures on herbicides, fungicides, and
irrigation water. This comparative disadvantage is
not correctable by simply increasing enterprise size
in an attempt to be more competitive, since size econ-
omies have been more than fully exploited. The aver-
age enterprise size in this area is about 700 acres.
Production is very highly concentrated in one or
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more of the enterprise size categories, and size econ-
omies have been more than fully exploited. The dy-
namic Herfindahl index shows that there was a sub-
stantial decrease in rice production concentration
between 1978 and 1982 in this area. Rice produc-
tion in the absence of size economies is becoming
less concentrated and may continue to be so into
the future. The combination of size economy and
comparative advantage information implies that rice
enterprises in the Delta could not increase enterprise
size as a means of enhancing comparative advantage.

The comparative disadvantage in Arkansas in
1979 was such that it was 8 percent more costly to
produce a hundredweight of rice in Arkansas than
in California. This lack of comparative advantage
is due to additional expenditures on herbicides, fun-
gicides, and irrigation water pumped from wells.
This comparative disadvantage is not correctable
by increasing enterprise size in an attempt to be more
competitive, since size economies do not exist. The
average enterprise size in this area is about 485 acres,
the smallest of the selected rice-producing areas. Pro-
duction is distributed relatively uniformly across en-
terprise sizes, and there is a modest trend toward
resource dispersion, or reconcentration. The com-
bined information on size economies and compara-
tive advantage implies that rice enterprises in Ar-
kansas could not increase enterprise size to enhance

comparative advantage. In fact, the current size dis-
tribution of rice enterprises is well suited for rice
production by being small on average and yet capa-
ble of fully using a single rice harvester.

For cotton the selected upland cotton-producing
areas and cultural practices include:

1. Alabama area 600—dryland
2. California area 500—irrigated
3. Mississippi area 100—-mixed
4. Texas area 200-irrigated
5. Texas area 200—dryland

Size Economies in Cotton Production

In Alabama very large cotton enterprises have the
lowest total cost per bale and lowest ownership costs
per bale by about 7 to 8 percent and lowest cost per
acre relative to large and moderate enterprises by
about 20 to 26 percent (table D-13). Very large enter-
prises in this area can fully use three to six self-
propelled, two-row cotton pickers. This size har-
vester has an annual harvesting capacity of about
400 acres. The static Herfindahl index (or measure
of relative production concentration) in 1982 was
greatest for the very large producers. Finally, the

Table D-13.—lndices Used to Determine Size Economies in Selected Cotton. Producing Areas, 1982

Harvest machinery Herfindahl indices
State, area, and Total cost per Ownership cost per full utilization Static Dynamic
enterprise size bale (percent) acre (percent) Maximum Minimum (percent) (percent)

AL 600
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 6.7 2.9 100 63
L . . . . . . . . . . . . . . . . . . . . . . . 107 120 2.6 2.1 64 8
M . . . . . . . . . . . . . . . . . . . . . . . 108 126 1.8 1.3 64 8

CA 500’
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 9.3 5.2 100 39
L 91 86 4.2 2.3 100 39
M : : : : : : : : : : : : : : : : : : : : : : : 98 98 2.0 0.9 6 9

MS 100
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 11.3 5.2 100 24
L 103 101 5.1 2.3 100 24
M : : : : : : : : : : : : : : : : : : : : : : : 100 97 2.3 1.6 48 21

TX 200a

VL . . . . . . . . . . . . . . . . . . . . . . 100 100 4.7 2.5 100 77
L . . . . . . . . . . . . . . . . . . . . . . . 94 88 2.4 1.3 70 80
M . . . . . . . . . . . . . . . . . . . . . . . 99 94 1.1 0.6 35 80

TX 200
VL . . . . . . . . . . . . . . . . . . . . . . 100 100 29.5 5.8 100 6
L 114 143 5.0 2.7 100 6
M : : : : : : : : : : : : : : : : : : : : : : : 117 124 2.7 1.4 51 5

alrrlgated

SOURCE” Off Ice of Technology Assessment
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dynamic Herfindahl index (or the change in rela-
tive concentration) from 1978 to 1982 was positive
for each enterprise size, particularly for very large
enterprises. The scoring results are 4, 1, and 1 for
very large, large, and moderate enterprises, respec-
tively (table D-14). There is strong evidence to argue
that size economies exist for very large cotton en-
terprises in Alabama.

In California large cotton enterprises have the
lowest total cost per bale and ownership costs per
acre relative to very large and moderate enterprises.
Very large, large, and moderate enterprises can fully
use six to nine, three to four, and one to two self-
propelled, two-row cotton pickers, respectively. The
static Herfindahl index in 1982 was greatest for the
large and very large enterprises. Finally, the dy-
namic Herfindahl index for 1978 to 1982 was posi-
tive for each enterprise size, particularly for the large
and very large enterprise sizes. The scoring results
are 3, 4, and 1 for very large, large, and moderate
enterprises, respectively. There is evidence to ar-
gue that size economies do exist for very large en-
terprises in the production of irrigated cotton in Cali-
fornia, given the enterprise configuration in 1982.

In Mississippi the total cost per bale and the
ownership cost per acre is nearly equal across cot-
ton enterprise size categories. Very large, large, and
moderate enterprises can fully use 5 to 11, 3 to 5,
and 2 self-propelled, two-row cotton pickers. The

measure of relative production concentration in
1982 was greatest for very large and large enterprise
sizes. The change in relative production concentra-
tion from 1978 to 1982 was nearly constant across
all enterprise sizes. The scoring results are 4,4, and
3 for very large, large, and moderate enterprises, re-
spectively. There is evidence to argue that size econ-
omies do not exist for large and very large cotton
enterprises relative to moderate enterprises in Mis-
sissippi, given the enterprise configuration in 1982,

In Texas (irrigated) large cotton enterprises have
the lowest total cost per bale, by about 6 percent.
Large and moderate enterprises have the lowest
ownership cost per acre. Moderate, large, and very
large enterprises can fully use one, two, and three
to four, “composite” cotton strippers with an an-
nual harvesting capacity of about 525 acres per har-
vester. The measure of relative production concen-
tration in 1982 was greatest for large and very large
enterprises. The change in relative production con-
centration from 1978 to 1982 was nearly constant
across enterprise size categories. The scoring results
are 3, 4, and 2 for very large, large, and moderate
enterprises, respectively. There is evidence to ar-
gue that size economies do not exist for very large
enterprises in irrigated cotton in Texas, given the
1982 configuration of enterprises.

In Texas (dryland) very large cotton enterprises
have the lowest total cost per bale, by about 14 to

Table D-14.—Scoring Table Used to Determine Size Economies in Selected
Cotton-Producing Areas, 1982

State, area, and Production Harvester Herfindahl

enterprise size cost utilization Static Dynamic Total

AL 600
VL . . . . . . . . . . . . . . 4

1
1

CA 500a

VL . . . . . . . . . . . . . . 3
4
1

4

3

3
4
2

TX 200a

VL . . . . . . . . . . . . . .

3
2
1

alrrigated,

SOURCE Office of Technology Assessment
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17 percent, and lowest ownership cost per acre, by
about 24 to 43 percent. Moderate, large, and very
large enterprises can fully use 2, 3 to 5, and 6 to 30
“composite” cotton strippers, The measure of rela-
tive production concentration in 1982 was greatest
for large and very large enterprises. The change in
relative production concentration from 1978 to 1982
was positive, nearly constant, and quite small across
enterprise sizes. The scoring results are 3, 2, and
1 for very large, large, and moderate enterprises, re-
spectively. There is evidence to argue that size econ-
omies exist for very large enterprises in dryland cot-
ton production in Texas.

Circumstances regarding size economies in the
selected cotton-producing areas can be explained
by examining the components of the production cost
measures (table D-15). Cotton yields tend to be re-
lated to enterprise size, as in Alabama, California,
and Mississippi, by about 3 to 7 percent. In Texas,
yields tend to be inversely related to enterprise size
by about 2 to 3 percent. Total cost per acre tends
to be nearly uniform across enterprises in Alabama,
Mississippi, and Texas (irrigated). In California to-
tal cost per acre is directly related to enterprise size,
whereas in Texas (dryland) the total cost per acre
is inversely related to enterprise size.

In summary, size economies exist for very large
cotton enterprises in Alabama because these enter-

prises incur lower machinery and tractor-related ex-
penses for a given field operation and still manage
to obtain a slightly higher yield. In California, size
diseconomies are primarily related to the pecuni-
ary diseconomies of purchased irrigation water for
cotton production. In Mississippi the lack of size
economies in cotton production for large and very
large enterprises relative to moderate enterprises re-
lates to similar preharvest and ownership costs in
conjunction with slightly higher yields, In Texas (ir-
rigated) the lack of size economies is related to the
combination of size diseconomies in harvesting and
cultivation, along with slightly higher yields enjoyed
by large and moderate enterprises in this area. In
Texas (dryland) size economies for very large enter-
prises relate to the substantial preharvest and owner-
ship cost advantages associated with lower machin-
ery and tractor-related expenses for a given field
operation, without substantial loss in yield.

Comparative Advantage in
Cotton Production

In Alabama the average total cost per bale in pro-
ducing cotton is about 23 percent higher than in Mis-
sissippi. This comparative disadvantage is due to
low yields and high fertilizer, lime, insecticide, and
harvesting costs. Size economies exist in cotton pro-

Table D-15.—Production Costs and Yield by Enterprise Size
in Selected Cotton-Producing Areas, 1982

State, area, and Total costa Yield Total costa

enterprise size $/bale Percent Bales/acre Percent $/acre Percent

279
298
301

100
107
108

1.52
1.47
1.47

100
97
97

424
438
443

100
103
104

298
271
291

100
91
98

2.28
2.28
2.11

100
100
93

680
619
613

100
91
90

230
237
229

100
103
100

1.79
1.79
1.74

100
100
97

412
424
399

100
103

97

319
299
315

100
94
99

0.67
0,69
0.68

100
103
102

214
206
214

100
98

100

259
298
302

100
114
117

0.44
0.45
0.45

100
103
102

114
134
136

100
118
119

aExcluding land charge.
blrrigated

SOURCE: Off Ice of Technology Assessment
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duction in this area for very large enterprises. The
average enterprise size is about 1,200 acres and is
one of the lowest of the cotton areas studied. Pro-
duction concentration, on the other hand, is the high-
est of the areas studied, and production and re-
sources were concentrating at a substantial rate of
36 percent between 1978 and 1982, or 9 percent per
year. Since cotton production in this area is at a sub-
stantial competitive disadvantage, producers appear
to be adopting a strategy of increasing enterprise
size as a means of exploiting size economies and in-
creasing competitiveness. This strategy will con-
tinue to work in the future, as well.

In California the average total cost per bale of cot-
ton is about 9 percent higher than in Mississippi.
This comparative disadvantage is due to high irri-
gation costs. Size economies do not exist for very
large enterprises in California, given the 1982 en-
terprise configuration. The average cotton enter-
prise is about 2,100 acres in size and is the second
most concentrated cotton-producing area in the
selected areas, The diseconomies associated with
the rates of purchased irrigation water limit the ex-
tent to which other size economies can be used to
decrease production costs.

In Mississippi the average total cost per bale of
cotton is the lowest of the areas studied. Size econ-
omies do not exist in this area for very large and large
enterprises relative to moderate enterprises. The
average cotton enterprise in this area is about 1,800
acres. Production concentration is “moderate” rela-
tive to the other areas in the study. Since cotton pro-
duction is the most competitive, producers have
adopted a strategy of moderate enterprise expansion
as a strategy to increase total revenue rather than
to increase comparative advantage.

In Texas (irrigated) the average total cost per bale
of cotton is about 1 percent higher than in Missis-
sippi. In part, this is because of a comparative advan-
tage in soil. Size economies in Texas (irrigated) do
not exist for very large enterprise sizes under the
1982 enterprise configuration. The average enter-
prise size is about 1,224 acres per enterprise. Pro-
duction concentration is low relative to the other
areas. Producers in this area seem to be adopting
irrigation as a means of decreasing variability as well
as increasing average yield. However, size econ-
omies do not appear to exist for very large irrigated
cotton enterprises and, therefore, do not exist as an
additional means of improving comparative ad-
vantage,

In Texas (dryland) the average total cost per bale
of cotton is about 4 percent higher than in Missis-
sippi. Again, this is due in part to the inherent qual-
ity of the soil. Size economies remain to be exploited
by very large enterprises in this area. The average
cotton enterprise size is about 3,300 acres. The pro-
duction concentration is the lowest of the cotton-
producing areas studied. The change in production
concentration was about a 6-percent increase from
1978 to 1982, or about 2 percent per year. This is
very low relative to the other cotton-producing areas,
particularly when compared to irrigated cotton. In
this area yields are subject to wide variation, owing
to climate and the absence of irrigation water. There-
fore, producers seem to have adopted a strategy of
nonexpansion in the face of size economies for very
large enterprises. The future success of this strat-
egy will depend in part on relative yields and land
prices compared with those of other cotton-produc-
ing areas.



Appendix

Methodology and Detailed Results of
Microeconomic Impacts of Technology

and Public Policy for Crop Farms

Chapter 8 presented the summary results of the
macroeconomic impacts of public policies and tech-
nology on the viability of crop farms. This appen-
dix discusses in more detail the methodology used
for the analysis and the specific results by area. For
further information the reader is advised to read
the individual commissioned papers published in
a separate volume to this report.

The first step for each production area was to de-
scribe representative farms that included moder-
ate, large, and very large farms. The second step
involved a simulation of the representative farms
using a Monte-Carlo, whole-farm simulation model
(FLIPSIM V) under alternative farm policy, income
tax, finance, and technology scenarios.

Simulation Model

The current version of the General Firm Level
Policy Simulator—FLIPSIM V, developed by James
Richardson and Clair Nixon at Texas A&M Univer-
sity—was used to simulate the three representative
farms for selected policy and technology scenarios.
The model is capable of simulating the annual func-
tions of a crop farm, i.e., production, marketing,
financial growth and decay, machinery depreciation
and replacement, family consumption, fixed and
variable costs, and participation in farm programs.

Each representative farm was simulated over the
lo-year planning horizon beginning in 1982 and ex-
tending through 1992. The planning horizon was
then repeated 50 times, using a different set of ran-
dom cotton prices and yields for each iteration. At
the end of each iteration, values for key output vari-
ables were calculated.

The model began each year of the planning hori-
zon by determining the production costs for the
current size of the farm, based on information pro-
vided for larger farms. Because the representative
farms were permitted to grow over time, crop mix
and per-acre production costs were forced to change
to correspond to those for larger representative
farms.

After determining the relevant crop mix and costs
for the farm, the model selected the random crop

prices and yields for that year. Random yields were
drawn to reflect the historical variability typical of
the study area,

FLIPSIM V simulated variable production costs
for each crop by multiplying the per-acre input
costs by planted acreages for the respective crops.
Labor costs were calculated as the sum of full-time
labor charges plus the cost of part-time labor. Part-
time labor needs were based on the difference be-
tween hours of monthly labor available from full-
time employees and nonpaid family members, and
the monthly labor needs for all crops. Harvesting
costs were the product of the per-unit harvest costs,
random yield, and harvested acreage. Each farm’s
initial production and harvesting costs were ex-
pressed in 1982 dollars.

Annual crop yields were selected at random,
based on the historical yield variability observed for
the study area subject to the technology scenario
being evaluated, the year of the planning horizon,
and the size of farm. Under the base technology sce-
nario it was assumed that the very largest farm
would adopt the new technology first. The next
smallest farm was assumed to adopt this technol-
ogy in a similar pattern during subsequent years,
and the smallest farm would make the adoption
even later. The specific lag years for each com-
modity were based on the results of technology
workshops discussed in chapter 3.

The model calculated property taxes based on the
price of land and the property tax rate for the study
area. Other fixed costs were determined by the ana-
lyst, The model amortized all outstanding loans un-
der the assumption that they were simple interest
mortgages. Annual interest rates for existing debt
on land, machinery, and operating loans were, re-
spectively, 8.5, 13.4, and 14.4 percent. Annual in-
terest rates for new debts and refinanced loans (on
long-term and intermediate-term assets) were 11.4
and 13.4 percent, respectively. Cash reserves and
off-farm investments were allowed to earn 10 per-
cent interest annually. The market value of farm
machinery was updated under the assumption that
the real market value of used equipment decreased
1 percent per year. The market value of cropland
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was estimated using the historical relationship be-
tween the capital gains rate for cropland and the
rate of returns for farms. The capital gains rate was
a function of the capital gains rate for land in the
previous year and the rate of return to production
assets for the farm in the previous year,

The model next depreciated each piece of equip-
ment on the farm for income tax purposes. Equip-
ment purchased prior to 1981 was depreciated using
the double-declining balance method and a 5-year
to 7-year life. Equipment placed into use after 1980
was cost recovered assuming a 5-year life and the
Accelerated Cost Recovery System (ACRS) rules.
Regular-purpose and special-purpose buildings
were depreciated using ACRS rules, or the double-
declining balance method, where applicable. Equip-
ment that had passed its economic life was traded
for a replacement, if sufficient cash was available
to cover the required downpayment. The cost of
replacement equipment, expressed in 1982 dollars,
was held constant throughout the planning horizon.
First-year expensing and maximum investment tax
credit (ITC) were calculated for all equipment pur-
chases.

The fraction of each crop marketed in the current
tax year was estimated internally, based on the oper-
ator’s desired taxable income ($7,400), estimated
cash receipts, and income tax deductions. If the mar-
ket price was less than the effective loan rate for a
crop, it was placed in a Commodity Credit Corpora-
tion (CCC) loan when available, rather than being
sold. Stocks were released from the loan if the mar-
ket price in the following year exceeded the loan rate
plus interest. Deficiency payments were paid if the
season average price was less than the target price.

The deficiency payment is a function of the pay-
ment rate, farm program yield, and harvested acre-
age. When an acreage set-aside or diversion program
was simulated, the model reduced planted acreage
the specified amount and accounted for increases
in production on the more productive land left in
production (slippage).

After simulating the farm policies specified by the
user, the model determined the farm operator’s year-
end financial position, calculated family cash with-
drawals, and calculated income taxes payable in the
following year. Cash surpluses were deposited in
an interest-bearing account at 10 percent interest.
Year-end cash flow deficits were handled in the fol-
lowing order: 1) grant a lien on crops in storage at
the operating loan interest rate, 2) refinance long-
term equity, 3) refinance intermediate-term equity,
and/or 4) sell cropland. If the operator was unable
to cover the deficit in one of these ways, the farm

was declared insolvent and the model proceeded to
the next iteration after calculating the operator’s ac-
crued income and self-employment taxes.

Personal income taxes and self-employment taxes
were calculated with the assumption that the oper-
ator was married, filed a joint income tax return,
and itemized personal deductions. The regular in-
come tax liability was computed using income aver-
aging (if qualified) and the standard tax tables. The
model selected the tax strategy that resulted in the
lower income tax liability.

The farm was permitted to grow at the end of each
year by purchasing cropland if the operator had cash
available (after meeting all expenses) to cover a 30-
percent downpayment for land and a 35-percent
downpayment for any additional machinery neces-
sary for the proposed larger farm. The operator was
permitted to borrow against equity in land to meet
up to 50 percent of the downpayment for land. The
farm operation could also grow by leasing land if
the operator had sufficient cash available to cover
the 35-percent downpayment required for purchas-
ing additional machinery needed to operate the
larger farm. If machinery was purchased because
of growth, the machinery was depreciated, the in-
vestment tax credit was calculated, and the opera-
tor’s income taxes were recomputed.

After checking the farm’s prospects for growth,
the model updated the farm operator’s balance sheet
and cash flow statement and prepared to simulate
the next year of the planning horizon. The steps in
the simulation process described above are repeated
for 10 years, or until the farm is declared insolvent.
After completing each iteration, the model sum-
marized the information for numerous key output
variables and returned the farm to its initial eco-
nomic situation (year one). This insured that the farm
faced the same economic, policy, and physical rela-
tionships for each of 50 iterations analyzed.

Policy and Technology Scenarios

The three representative farms for each area were
simulated for 10 years under the alternative sce-
narios described below. Seven farm policy scenarios
(including a continuation of the 1981 farm bill), one
income tax provision scenario, three financial bail-
out scenarios, and three alternative technology
scenarios were simulated for each farm. All policy
values associated with each scenario were held con-
stant across farm sizes to allow direct comparison
of their impacts on different farm sizes. Each sce-
nario is described in detail in this section.
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Farm Policy Scenarios

1. Base Policy .—The base policy scenario involves
continuation of the 1981 farm bill through 1992 and
continuation of the income tax provisions under
the 1982 Tax Act through 1992. Annual mean crop
yields were assumed to increase based on expected
adoption of new technology, as indicated in the pre-
vious section. For this scenario it was assumed the
following farm policies were in effect:

●

●

●

●

●

CCC- loan program is available to producers.
An acreage diversion/set-aside program in ef-
fect for 1983-85, was used, excluding payment
in kind. No acreage diversion/set-aside program
was in effect for 1986 through 1992.
A target price-deficiency payment program is
available for cotton in all years.
The $50,000-payment limitation for deficiency
and diversion payments is in effect.
Farms of all sizes are eligible to participate in
these farm program provisions.

Values for loan rates, target prices, diversion rates,
and diversion payment rates for 1983, 1984, and 1985
were set at their actual values. Loan rates and target
prices for 1986 through 1992 were held constant at
their 1985 levels.

It was assumed that the following options for
depreciating machinery and calculating income
taxes are used for the base scenario:

●

●

●

●

●

●

●

●

●

Machinery and buildings placed in use prior
to 1981 are depreciated using the double-
declining balance method.
Machinery and buildings placed in use after
1980 are depreciated using an ACRS method.
The operator elects to claim first-year expens-
ing for all depreciable items.
The operator elects to take maximum ITC and
reduce the basis.
The operator adjusts crop sales across tax years
to reduce current-year taxes.
The operator may use either the regular income
tax computation or income averaging to calcu-
late Federal income tax liabilities.
There is no maximum interest deduction for cal-
culating taxable income.
The actual self-employment tax rates and max-
imum income levels subject to this tax for 1983
and 1984 are used. Announced values for these
variables in 1985 through 1986 were used, and
the 1986 values were held constant through
1992.
The operator elects to trade in old machinery
on new replacements at the end of each item’s
economic life.

2. A Twenty-Percent Acreage Reduction.—The pro-
visions of the base policy scenario were modified
by adding a 15-percent set-aside with a 5-percent
paid diversion for cotton in 1986 through 1992. Rea-
sonable slippage (70 percent for cotton) and program
participation rates were used to estimate the result-
ing increase in mean prices in 1986 through 1992.
All other provisions of the base scenario were used
without change.

3. No Farm Program Payment Limitation.—All pro-
visions of the base scenario were used except that
there was no limitation on diversion and deficiency
payments.

4. No Price Supports and No Deficiency Payments.—
The CCC loan and target price provisions under the
base scenario were assumed to have been eliminated
for all years in the planning horizon (1983-92), An-
nual mean prices were decreased based on the ex-
pected impact of removing the price and income sup-
port programs. Relative variability in prices about
their means was increased based on the work of Mor-
ton, Devadoss, and Heady as to the effects of no farm
program on U.S. agriculture. To isolate the impact
of price and income supports on the representative
farms, the acreage diversion and set-aside programs
in the base policy for 1983 through 1985 were as-
sumed to remain in effect.

5. No Target Price/Deficiency Payment.—The target
price and deficiency payment provision was as-
sumed to be eliminated for all years of the planning
horizon 1983 through 1992. All other provisions of
the base scenario were used without change to iso-
late the effects of removing only the deficiency
payment.

6. Target Farm Program Benefits.-All farm program
and income tax provisions of the base scenario were
used except that farms with more than $300,000 of
sales were not eligible to participate in farm program
provisions, This program restriction excluded the
very large farms from participating directly in the
program provisions (CCC loan, target price/defi-
ciency payments, and set-aside/diversions). Mean
prices and relative variability in prices were not ad-
justed because sufficient “smaller” farms were as-
sumed to be participating in the farm program for
the price support actions of the CCC loan to func-
tion normally.

7. No-Farm Program.-All farm program provisions
outlined for the base scenario were eliminated for
all 10 years of the planning horizon, Mean annual
prices and relative variance in prices for the no-price
and income supports scenario (4) were used due to
eliminating provisions of the CCC loan.
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Income Tax Scenarios

8. Reduced Income Tax Benefits and Base Farm Pro-
gram.—The Federal income tax provisions in place
for the base policy scenario were made more restric-
tive. All farm policy provisions of the base scenario
were left unchanged. The more restrictive Federal
income tax provisions included the following:

●

●

●

●

Machinery and buildings were depreciated
using the straight-line cost recovery method.
First-year expensing provisions were elimi-
nated for all depreciable items.
ITC provisions were continued, but the maxi-
mum ITC provision was eliminated.
The maximum annual interest expense that
could be used to reduce taxable income was
$15,600. This value represented the annual in-
terest expense deductions a consumer might
have for a home, automobiles, and the like.
The operator must sell obsolete machinery upon
disposition rather than trading it in on new
replacements, thus forcing recapture of excess
depreciation deductions.

All other Federal income tax provisions for the
base scenario were used as outlined earlier.

9. Base Finance Scenario.— Each farm’s long-term
debt-to-asset ratio was increased to 0.55, and its
intermediate-term debt-to-asset ratio was increased
to 0,60, to represent a highly leveraged farm. An-
nual long-term and intermediate-term interest rates
were increased to their average values (0.1139 and
0.1343, respectively) for 1980 to 1983 to represent
a farm that had been forced to refinance its assets
during the past 4 years. The farm program provi-
sions associated with the base policy scenario were
continued for this scenario,

10. Debt Restructure.—The length of intermediate-
term loans was increased by 1 year, and a portion
of intermediate debt was converted to long-term
debt. The conversion of intermediate-term debt was
permitted as long as the long-term debt-to-asset ra-
tio did not exceed 0.65. For some farms, this allowed
all intermediate-term debt to be converted to long-
term debt, while for other farms this constraint sub-
stantially restricted debt conversion. Total debt loads
and farm program provisions were the same as those
used for the base finance scenario (9).

11. Interest Subsidy.—The annual interest rates,
debt levels, and farm program provisions in the base
finance scenario (9) were simulated, but an interest
subsidy was provided during the first 2 years. The
interest subsidy took the form of an interest rate re-

duction equal to 3.4 percent for long-term interest
rates and 5.4 percent for intermediate-term inter-
est rates. These interest rate reductions were the
amounts necessary to reduce the respective inter-
est rates (0.1 137 and 0.1343) to a 4-percent rate of
interest.

No-New-Technology Scenarios

12. No-New-Technology and Base Farm Policy .—The
Federal income tax and farm program provisions
in the base policy scenario were simulated assum-
ing no increase in mean yields over the planning
horizon. For the no-new-technology scenarios, mean
irrigated and dryland cotton yields for all 10 years
were set equal to their respective means observed
over the period 1974-83.

13. No-New-Technology and No Deficiency Pay-
ments.—The farm program provisions in the no-
target-price/deficiency payments scenario (5) were
simulated assuming the same average annual cot-
ton yields used for the base no-new-technology sce-
nario (12).

14. No-New-Technology and No-Farm Program.-All
farm program provisions were eliminated (scenario
7), and annual average crop yields used for the base
no new technology scenario (12) were assumed.

Evaluation Criteria

The FLIPSIM V model provides considerable de-
tail about the viability of a representative farm at
the end of each iteration, e.g., ending leverage ra-
tio, ending net worth, ending farm size, total assets,
total debt, net present value, and the solvency of the
farm over 10 years, By repeating each scenario for
50 iterations, the model generates the information
necessary for estimating values for key output vari-
ables. The means of these key output values are used
to compare the economic impacts of selected pol-
icy and technology scenarios on representative
farms. The following output variables for the model
were selected to compare the impacts of the
scenarios described in the previous section:

Probability of survival is defined as the prob-
ability that the representative farm will remain
solvent for 10 years. In other words, it is the
probability that the farm operator will maintain
at least the minimum financial ratios required
by bankers in the local area for all 10 years of
the planning horizon.
Probability of a positive net present value is the
probability that the representative farm will
have a positive after-tax net present value. An
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after-tax, real discount rate of 3 percent was
used to calculate the farm’s net present value.
Thus this statistic indicates the probability of
the representative farm providing at least a 3-
percent real rate of return to the operator’s ini-
tial net worth.

● After-tax net present value (NPV) is the present
value of the operator’s annual cash withdrawals
(CW) plus the present value of the change in net
worth (NW) minus the present value of annual
off-farm income (OF):

T CWt –OFt NWT

NPV = ~ + — – NWO

t = l (1.03)t (1.03)T

Cash withdrawals equal family living expenses
plus State and Federal income taxes and self-
employment taxes. Initial net worth (NWo) and
ending net worth (NWT) explicitly consider the
value of off-farm investments and accrued
taxes. A 3-percent after-tax, real discount rate
was used to calculate net present value for all
representative farms.

• Present value of ending net worth is used to in-
dicate the change in the farm’s real net worth
over the planning horizon. Net worth is affected
by increases (or decreases) in asset (land, ma-
chinery, and livestock) value and retained earn-
ings. This value can be compared directly with
initial net worth to indicate the relative magni-
tude of real financial growth.

• Acres owned, leased, and controlled at the end
of the planning horizon for each iteration indi-
cate the impacts of alternative scenarios on the
rate of growth for representative farms. These
three statistics provide an indication of how the
farm grew through either the purchase or lease
of land.

• Total long-term and intermediate-term debts at
the end of the planning horizon provide an in-
sight into the financial stress of the farm over
the planning horizon. Increases in average end-
ing debt from one scenario to another can be
due either to rapid growth through purchasing
land and machinery or to the farm operator be-
ing forced to refinance large cash flow deficits,
When surplus cash is available, the operator is
permitted to prepay intermediate-term debts
first and then prepay new long-term debts,
Therefore, large ending intermediate-term
debts indicate insufficient cash was available
to reduce intermediate-term debt through pre-
payment of principal.

• Ending equity ratio is the farm’s ending ratio
of total net worth to total assets. This ratio pro-

vides a “bottomline” measure for comparing
the representative farm’s ending financial po-
sition across scenarios.
Average annual net farm income is the average
net farm income received by the operator over
all years simulated, Net farm income equals to-
tal farm receipts plus total Government pay-
ments minus all cash production expenses, in-
terest payments, labor costs, fixed cash costs,
and depreciation. This value excludes all non-
farm income and interest earned on cash re-
serves.
Average annual Government payment is the
average annual Government payment (defi-
ciency and diversion payments) received over
all years simulated.

Results of Analysis

Texas Southern High Plains
Cotton Farms

The results indicate that under the most likely tech-
nology scenario and continuation of the provisions
of the 1981 farm bill, all three representative cotton
farms had a high probability of remaining solvent
through 1992 (table E-l). Additionally, all three farms
had an 88-percent or greater chance of receiving a
reasonable return to equity. All three farms were able
to grow over the 10-year planning horizon. The
greatest percentage of increase in ending farm size
was for the 1,088-acre farm, followed by the 3,383-
acre farm and the 5,570-acre farm.

Imposing an acreage reduction program (acreage
diversion and set-aside) increased net farm incomes
and average net present value for all three farms,
Acreage reduction programs increased the annual
rate of growth more for the 1,088-acre farm than for
the two larger farms.

Removing the deficiency payment program (in-
come supports) reduced the probability of survival,
net farm incomes, and annual growth rates for all
three farms. The greatest percentage decrease in an-
nual net farm income was experienced by the 1,088-
acre farm, followed by the 3 ,383-acre farm. Similarly,
the two smaller farms experienced greater reduc-
tions in their annual growth rates.

Removing both price supports (CCC loan) and defi-
ciency payments reduced the probability of survival
the most for the 1,088-acre farm (36 percent),
whereas the probability of survival for the 5,570-acre
farm fell only 2 percent. All three farms had slower
rates of growth in the absence of price and income
supports. The annual rate of growth for the 1,088-
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Table E-1 .— Comparison of Selected Farm Commodity and Income Tax Policy Scenarios on
Representative Texas Southern High Plains Cotton Farms

Alternative scenarios

Criteria 1 2 3 4 5 6 7 8

Moderate size (1,088 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 92.0
Present value of ending net worth ($1,000) . . . . . 564.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 1,558.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 8.3
Annual Government payment ($1,000) . . . . . . . . . . 26.0

Large size (3,333 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 90.0
Present value of ending net worth ($1,000) . . . . . 1,412.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 4,289.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 33.4
Annual Government payment ($1,000) . . . . . . . . . . 38.0

Very large size (5,570 acres):
Probability of survival 94.0
Present value of ending net worth ($1,000) . . . . . 3,027.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 6,002.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 66.6
Annual Government payment ($1,000) . . . . . . . . . . 40.2

94.0
648.0

1,635.0
13.3
22.2

94.0
1,697.0
4,455.0

53.6
35.1

96.0
3,489.0
6,047.0

100.6
39.1

94.0
601.0

1,648.0
11.9
29.5

94.0
1,853.0
4,577.0

83.3
83.3

98.0
4,047.0
6,514.0

170.6
135.8

56.0
242.0

1,216.0
–28.9

1.3

72.0
931.0

3,748.0
– 14.8

3.2

92.0
2,367.0
5,781.0

–3.2
4.8

68.0
301.0

1,274.0
–21.7

1.1

82.0
1,055.0
3,857.0

3.6
3.0

96.0
2,645.0
5,848.0

31.0
4.6

92.0
564.0

1,558.0
8.2

25.9

86.0
1,191.0
3,985.0

12.9
16.8

88.0
2,287.0
5,727.0
– 13.9

0.0

42.0
167.0

1,213.0
–40.6

0.0

62.0
801.0

3,649.0
–39.7

0.0

78.0
2,066.0
5,736.0
–40.5

0.0

88,0
516.0

1,565.0
–6.0
25.8

88.0
1,226.0
3,965.0

–7.2
37.9

94.0
2,583.0
5,746.0
– 15.6

40.4
aTh~  ~~~n~~iog  are:

1. Continuation of the 1961 farm bill and 1963 Federal income tax provisions.
2. A 20-percent acreage reduction in 1966-92.
3. No farm program payment limitation in 1963-92.
4. No price supports and no deficiency payment in 1963-92.
5. No target prlceldeflclency  payment in 1963-92.
6. Target farm program benefits to farms that produce less than S300,000 in program crops.
7. No farm program in 1963-92.
8. Reduced income tax benefits and the base farm program.

The impact of price supports can be derived by subtracting scenario 5 from scenario 6.
The impact of income supports can be derived by subtracting scenario 6 from scenario 1.
The impact of income supports with a $50,000 payment limitation can be found by subtracting scenario 6 from scenario 4.

SOURCE: Office of Technology Assessment.

acre farm was reduced five times more than for the
5,570-acre farm.

Removing all farm program provisions reduced
the probability of survival for all three farms. The
probability of survival declined from 92 to 42 per-
cent for the 1,088-acre farm and from 90 to 62 per-
cent for the 3,383-acre farm. The probability of sur-
vival for the 5,570-acre farm remained above 75
percent. Average annual net farm incomes for all
three farms were substantially less than zero, and
average net present values were considerably lower
than under the current farm program.

Imposing a more restrictive set of Federal income
tax provisions on the three representative farms re-
duced the average annual rate of growth more for
the two larger farms. Net farm incomes were also
reduced more for the two larger farms. Growth oc-
curred by leasing because higher taxes reduced
available cash for land purchases (downpayments).

The results of analyzing the three farms, assum-
ing they were highly leveraged, reveal that debt re-
structuring would not greatly help these farms (ta-

ble E-2). Although their probabilities of survival
would not be increased, the farms would be able to
remain solvent 1 to 3 years longer. A 2-year interest
subsidy would provide greater benefits to net present
value, net farm income, and ending net worth than
would a debt restructure program.

Yield-enhancing technology anticipated over the
next 10 years for cotton did not significantly change
the average annual growth rates of the representa-
tive farms (table E-3). Changing the farm program
or Federal income tax provisions had a greater im-
pact on farm growth.

In conclusion, the results indicate that moderate
(1,088-acre) cotton farms in the Texas Southern High
Plains depend more on farm program provisions for
their continued growth and economic viability than
do larger farms. Larger farms are better able to sur-
vive without farm program benefits because of lower
production costs (dollars/lb), higher average cotton
lint prices, and a greater asset base from which to
meet cash flow deficits. The loss of any farm pro-
gram provision reduces the economic viability and
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Table E-2.—Comparison of Selected Financial Bailout Scenarios for Three Representative
Texas Southern High Plains Cotton Farmsa

Alternative scenarios for Alternative scenarios for Alternative scenarios for
1,088-acre farm 3,383-acre farm 5,570-acre farm

Criteria 9 10 11 9 10 11 9 10 11

Probability of survival . . . . . . . . . . . . . . . 64.0 66.0 72.0 58.0 50.0 60.0 66.0 64.0 66.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 304.0 314.0 343.0 604.0 600.0 733.0 1,310.0 1,356.0 1,619.0
Ending farm size (acres) . . . . . . . . . . . . . 1,414.0 1,434.0 1,443.0 3,770.0 3,841.0 3,821.0 5,733.0 5,976.0 5,772.0
Annual net farm income ($1,000) . . . . . . –5.4 –6.4 1.3 –9.1 –21.2 6.9 –41.8 –57.3 –6.3
Annual Government payment ($1,000) . . 24.4 24.8 24.7 36.8 36.4 37.2 41.1 41.3 41.6

aThe scenarios are’
9 Continuation of the 19S1 farm bill and the 1983 Federal tax provisions for a highly leveraged farm.

10 Restructure of debt for a highly  leveraged farm.
11 Interest rate subs!dy  (buy-down) in the first 2 years for a highly leveraged farm

SOURCE Office  of Technology Assessment

Table E.3.—Comparison of Selected Policy Scenarios Assuming No New Technology for
Three Representative Texas Southern High Plains Cotton Farmsa

Alternative scenarios for Alternative scenarios for Alternative scenarios for
1,088-acre farm 3,383-acre farm 5,570-acre farm

Criteria 12 13 14 12 13 14 12 13 14

Probability of survival . . . . . . . . . . . . . . . 92.0 68.0 42.0 88.0 78.0 60.0 94.0 90.0 76.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 552.0 290.0 161.0 1,325.0 966.0 738.0 2,807.0 2,322.0 1,843.0
Ending farm size (acres) . . . . . . . . . . . . . 1,590.0 1,280.0 1,206.0 4,273.0 3,818.0 3,633.0 5,960.0 5,816.0 5,724.0
Annual net farm income ($1,000) . . . . . . 7.0 –22.2 –41.0 25.4 –3.6 –45.5 47.0 0.2 –65.9
Annual Government payment ($1,000) . . 26.3 1.1 0.0 37.9 3.0 0.0 40.5 4.8 0.0
aThe scenarios are:

12 Continuation of the 1981 farm bill and the 1983 Federal tax provisions, assuming no-new-technology scenario.
13 No target price deficiency payment program, assuming no new technology scenario
14 Deficiency plus diversion payments and any other Government payments recewed for Government loans and storage costs

SOURCE” Off Ice of Technology Assessment

growth rate of the 1,088-acre farm more than the
larger farms; however, all size farms are negatively
affected.

Southern High Plains Wheat Farms

Three different size wheat farms in the Southern
High Plains, representative of a majority of the com-
mercial agricultural production for the region, were
analyzed. The farms initially operating 1,280 acres,
1,920 acres, and 3,200 acres, reflected debt-to-asset
ratios typical of farms in the area, owned the neces-
sary machinery complement, and farmed both owned
and leased cropland.

Analysis results indicate that under the most likely
technology scenario and a continuation of the pro-
visions of the 1981 farm bill (base scenario), all three
representative wheat farms had a high probability
of remaining solvent through 1992 (table E-4), Ad-
ditionally, all three farms had a high probability of
generating a reasonable return on equity and were

able to grow over the 10-year planning horizon. The
greatest percentage increase in average ending farm
size was for the 1,280-acre farm, followed by the
1,920-acre operation.

Imposing an acreage reduction program (acreage
set-aside and paid diversion) increased net farm in-
comes and average net present value for all three
farms. Acreage reduction programs increased aver-
age ending farm size slightly more for the 3,20()-acre
farm than for the 1,280-acre farm.

Removing the deficiency payment program (in-
come supports) reduced the probability of survival
for only the 1,920-acre farm. Although each farm
suffered a reduction in average annual net farm in-
come, the reduction was significantly greater for the
1,280-acre farm. Average annual growth rates de-
clined more for the two smaller farms.

Removing both price (CCC loan and farmer-owned
reserve) and income supports (deficiency payments)
reduced the probability of survival for both the 1,280-
acre and 1,920-acre farms. All three farms experi-
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Table E-4.—Comparison of Selected Farm Commodity and Income Tax Policy Scenarios on
Representative Southern Plains Wheat Farmsa

Alternative scenarios

Criteria 1 2 3 4 5 6 7 8

Moderate size (1,280 acres):
Probability of survival, . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 803.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 1,901.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 2.6
Annual Government payment ($1,000) . . . . . . . . . . 30.9

Large size (1,920 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 1,028.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 2,765.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 9.0
Annual Government payment ($1,000) . . . . . . . . . . 39.0

Very large size (3,200 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 1,936.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 4,218.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 48.9
Annual Government payment ($1,000) . . . . . . . . . . 44.2

100.0
1,032.0
1,955.0

18.3
31.5

100.0
1,359.0
2,890.0

28.5
39.1

100.0
2,204.0
4,365.0

59.5
45.0

100.0
811.0

1,901.0
3.1

31.6

100.0
1,117.0
2,755.0

17.3
44.7

100.0
2,231.0
4,483.0

78.4
76.9

76.0
283.0

1,565.0
–33.6

2.5

50.0
294.0

2,234.0
–52.5

4.2

100.0
1,096.0
3,552.0

–7.8
5.8

100.0
426.0

1,648.0
–21.4

2.5

90.0
475.0

2,339.0
–34.9

3.7

100.0
1,412.0
3,834.0

15.6
5.9

100.0
761.0

1,910.0
–0.9
27.7

96.0
696.0

2,618.0
– 17.6

16.2

100.0
1,087.0
3,494.0
– 13.6

0.0

48.0
189.0

1,478.0
–41 .6

0.0

32.0
179.0

2,093.0
–67.9

0.0

92.0
925.0

3,472.0
–25.1

0.0

1OO.O
710.0

1,757.0
–8.3
29.4

100.0
833.0

2,499.0
–21.8

37.3

100.0
1,657.0
3,805.0

28.1
44.1

aT1-j~  ~~-”a~i~~  a~~:

1. Continuation of the 1961 farm biil  and 1983 Federal income provisions.
2. A 20-percent acreage reduction in 1966-92.
3. No farm program payment imitation in 1963-92.
4. No price supports and no deficiency payment in 1983-92.
5. No target price/deficiency payment in 1983-92.
8. Target farm program benefits to farms that produce iess than $300,000 in program crops.
7. No farm program in 1963-92.
8. Reduced income tax benefits and the base farm program.

The impact of price supports can be derived by subtracting scenario 5 from scenario 8.
The impact of income supports can be derived by subtracting scenario 6 from scenario 1.
The impact of income supports with a $50,000 payment limitation can be found by subtracting scenario 6 from scenario 4

SOURCE: Office of Technology Assessment.

enced slower rates of growth as a result of eliminat-
ing price and income supports. Average ending farm
size ranged from 19 to 16 percent less than under
the base scenario. All three farms experienced neg-
ative annual net farm incomes on the average.

Removing all farm program provisions reduced
the probability of survival for all three wheat farms.
Probability of survival (100 percent under the base
scenario) declined to 48 percent for the 1,280-acre
farm, 32 percent for the 1,920-acre farm, and 92 per-
cent for the 3,200-acre farm. Average ending net
worth for the farms declined over the period, owing
to a decline in land values.

Imposing a more restrictive set of Federal income
tax provisions on the three representative wheat
farms slowed the average annual growth rate more
for the two larger farms. Farm growth occurred
more by leasing cropland than by purchasing land,
owing to reduced cash reserves. The 3,20()-acre farm
experienced the greatest absolute reduction in an-
nual net farm income (about $20,000), followed by
the 1,920-acre farm.

A 2-year interest rate subsidy program would pro-
vide greater benefits to highly leveraged wheat farms

than would a debt restructure program. Probability
of survival for a highly leveraged 1,920-acre wheat
farm was increased from 40 to 80 percent by an in-
terest rate subsidy (table E-5).

Yield-enhancing technology anticipated over the
next 10 years will likely contribute to farm growth.
The greatest benefit will accrue to those farms ini-
tially adopting the new technology (table E-6).

In conclusion, the results of this analysis indicate
that moderate wheat farms—1,280 to 1,920 acres—
in the Southern High Plains depend more on farm
program provisions than do larger farms for their
continued growth and economic viability. The loss
of any farm program provision, however, negatively
affects farms of all sizes.

Corn-Soybean Farms in the Corn Belt

All three Illinois farms had a survival probability
at or near 100 percent under the entire range of farm
program (and no program) alternatives considered
here (table E-7). But the probability of positive after-
tax net present value dropped dramatically (particu-
larly for the medium [640-acre] and large [982-acre]
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Table E-5.—Comparison of Selected Financial Bailout Scenarios for Three Representative
Southern Plains Wheat Farmsa

Alternative scenarios for Alternative scenarios for Alternative scenarios for
1,280-acre farm 1,920-acre farm 3,200-acre farm

Criteria 9 10 11 9 10 11 9 10 11
Probability of survival . . . . . . . . . . . . . . . 86.0 98.0 100.0 40.0 70.0 80.0 100.0 100.0 100.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 289.0 408.0 383.0 258.0 399.0 406.0 1,248.0 1,373.0 1,348.0
Ending farm size (acres) . . . . . . . . . . . . . 1,434.0 1,549.0 1,552.0 1,994.0 2,058.0 2,118.0 3,779.0 3,978.0 3,891.0
Annual net farm income ($1,000) . . . . . . –22.5 –21.2 – 14.3 –37.9 –35.1 –24.1 17.1 12.4 27.5
Annual Government payment ($1 ,000) . . 25.2 26.4 26.8 34.8 35.2 35.6 43.9 44.1 44.0

aThe scenarios  are
9 Continuation of the 1981 farm bill  and the 1983 Federal tax provisions  for a highly leveraged farm

10 Restructure of debt for a highly leveraged farm
11 Interest rate subsidy (buy-down) in the first 2 years for a highly leveraged farm

SOURCE: Office  of Technology Assessment

Table E-6.—Comparison of Selected Policy Scenarios Assuming No New Technology for
Three Representative Southern Plains Wheat Farmsa

Alternative scenarios for Alternative scenarios for Alternative scenarios for
1,280-acre farm 1,920-acre farm 3,200-acre farm

Criteria 12 13 14 12 13 14 12 13 1 4

Probability of survival . . . . . . . . . . . . . . . 100.0 90.0 32.0 100.0 44.0 10.0 100.0 82.0 28.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 726.0 325.0 134.0 780.0 229.0 81.0 1,131.0 562.0 220.0
Ending farm size (acres) . . . . . . . . . . . . . 1,859.0 1,632.0 1,430.0 2,605.0 2,304.0 2,048.0 3,699.0 3,542.0 3,322.0
Annual net farm income ($1,000) . . . . . . – 1.3 –28.9 –46.8 – 10.9 –52.9 –77.1 –2.1 –45.4 –85.8
Annual Government payment ($1,000) . . 30.7 2.5 0.0 38.1 3.9 0.0 43.7 5.9 0.0
aThe scenarios  are:

12 Contlnuatlon  of the 1981 farm bill and the 1983 Federal tax provisions, assuming no-new. technology scenario
13 No target price deficiency payment program, assuming no new technology scenario
14 Deflclency  plus diversion payments and any other Government payments received for Government loans and storage costs

farms) when farm program benefits were reduced
or removed. In fact, even the loss of target price/defi-
ciency payment programs dropped the probability
of positive after-tax net present value into the range
of 4 to 6 percent for these two representative farms.
As a general rule, the largest farm fared the best with
the loss of farm programs because it operates with
a substantial acreage of rented land and suffers rela-
tively less from the economic drag of servicing a high
real estate debt load. Moreover, this very large unit
had much less economic incentive to grow in size
than do the two smaller farms.

All three Nebraska farms also had a survival prob-
ability at or near 100 percent under the entire range
of program and no-program alternatives (table E-8).
The loss of farm program benefits had its greatest
adverse impact on the very large (2,085-acre) farm,
probably because this unit has large machinery in-
vestments and uses much more full-time hired la-
bor. In fact, the probability of realizing positive after-
tax net present value dropped to the 8 to 12 percent
range for this very large operation when program
benefits were withdrawn or dramatically reduced.

Economic performance measures for the medium
(672-acre) and large (920-acre) farm also deteriorated
under the latter condition. Overall, the generally
stronger economic viability of the Nebraska farms
(compared with Illinois farms) was attributable to
much lower land prices and the lower debt servic-
ing costs that result.

A modest reduction in income tax benefits did not
have major economic impacts on the moderate and
large farms in either Illinois or Nebraska. It has its
greatest impact (a reduction of $5,800 in net farm
income compared with that of the base scenario) for
the very large (2,085-acre) farm in Nebraska. Even
here, however, the impact was very small compared
with the loss of economic benefits from either the
target price/deficiency payment program or the
entire complement of existing price and income
supports.

Increasing debt loads to a level of 60 percent of
machinery value and 55 percent of land value re-
sulted in a heavy economic dragon all three Illinois
farms, but somewhat less so for the Nebraska farms
(tables E-9, E-10). This difference results mainly from
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Table E-7.—Comparison of Selected Farm Commodity and Income Tax Policy Scenarios on Representative
Corn-Soybean Farms in East Central Illinoisa

Alternative scenarios

Criteria 1 2 3 4 5 6 7 8

Moderate size (640 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 703.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 902.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 23.2
Annual Government payment ($1,000) . . . . . . . . . . 11.6

Large size (962 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 975.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 1,374.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 24.3
Annual Government payment ($1,000) . . . . . . . . . . 22.6

100.0
743.0
904.0

29.9
9.8

100.0
970.0

1,364.0
22.9
16.6

100.0

100.0
703.0
902.0

23.2
11.6

100.0
991.0

1,388.0
26.4
24.3

100.0

100.0
568.0
824.0

10.2
0.7

100.0
645.0

1,139.0
14.3

1.0

100,0

100.0
593.0
837.0

11.8
0.7

100.0
693.0

1,180.0
5.2
1.0

Very large size (1,630 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0100.0

100.0
669.0
907.0

19.1
8.6

100.0
801.0

1,355.0
8.0
7.8

100.0

100.0
563.0
834.0

11.1
0.0

100.0
622.0
,134.0

0.0

100.0
719.0
893.0

19.0
11.7

100.0
852.0

1,217.0
24.9
21.9

100.0
Present value of ending net worth ($1,000) . . . . . 1,267.0 1,348.0 1,266.0 991.0 1,033.0 1,056.0 1,036.0 1,044.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 1,945.0 1,932.0 1,942.0 1,856.0 1,859.0 1,908.0 1,876.0 1,784.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 51.8 62.2 52.4 31.1 35.1 34.7 34.8 54.4
Annual Government payment ($1,000) . . . . . . . . . . 23.6 19.3 25.3 1.7 1.7 0.0 0.0 23.3
aTh~ ~~ena~i~~  a~~:

1. Continuation of the 1981 farm bill and 1963 Federal income provisions.
2, A 20-percent acreage reduction in 1966-92.
3. No farm program payment limitation in 1983-92.
4. No price supports and no deficiency payment in 1983-92.
5. No target priceldeficiency  payment in 1983-92.
6. Target farm program benefits to farms that produce less than $300,000 in program crops.
7. No farm program in 1963-92
8. Reduced income tax benefits and the base farm program.

The impact of price supports can be derived by subtracting scenario 5 from scenario 6.
The impact of income supports can be derived by subtracting scenario 6 from scenario 1.
The impact of income supports with a $50,000 payment limitation can be found by subtracting scenario 6 from scenario 4.

SOURCE: Office of Technology Assessment

the much higher land prices on Illinois farms.
Whereas survival probabilities dropped to as low as
72 percent for the 640-acre Illinois farm, they
dropped only to 86 percent for the 672-acre Nebraska
unit. Similarly, the probabilities for positive after-
tax net present values dropped to as low as 16 per-
cent for the 640-acre Illinois farm, but remained at
100 percent for all three Nebraska farms.

Because of the heavy real estate debt load on Il-
linois farms, these farms continued to have severe
economic problems with either a debt restructur-
ing or an interest rate subsidy type of financial
bailout. Of the two, however, the interest rate sub-
sidy was the most beneficial alternative, particularly
for the smaller (640-acre and 982-acre) farms. Simi-
larly, the interest rate subsidy was preferable (as
compared with debt restructuring) for the two small-
est Nebraska farms. Faced with substantial incen-
tives for additional growth in size, these farms were
not in a position to profit appreciably from debt re-
structuring. A financial bailout in the form of an in-
terest rate subsidy improves net farm incomes and
provides a “margin of safety” in the event of unex-
pected economic adversities.

The impact of eliminating new technology fell
mainly on the very large farms (tables E-n and E-
12), These farms tend to be the early adopters of new
technology, which generally results in a very favor-
able benefit/cost ratio. One should keep in mind,
however, that the simulation analysis conducted
here did not permit feedback on the price effects
from increased output levels.

Because of highland and machinery costs, the sur-
vival probability for new entrants in Illinois was very
low (O to 4 percent). It was much higher (84 percent)
for the base scenario on the 672-acre Nebraska farm.
But this probability dropped to only 6 percent with
the loss of all farm programs. Thus the economic
survival of new entrants was particularly dependent
on price and income benefits from farm programs
(or of some other type of financial assistance).

As a practical matter, new entrants to farming can
probably survive with high land prices and high in-
terest rates only if they are able to lease most of their
land resources or arrange for a postponement of a
portion of their “early year” debt repayment obli-
gations.
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Table E-8.—Comparison of Selected Farm Commodity and Income Tax Policy Scenarios on
Representative Irrigated Row Crop Farms in South Central Nebraska

Alternative scenarios

Criteria 1 2 3 4 5 6 7 8

Moderate size (672 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 670.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 921.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 26.8
Annual Government payment ($1,000) . . . . . . . . . . 17.3

Large size (920 acres):
Probability of survival . . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 1,349.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 1,257.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 58.4
Annual Government payment ($1,000) . . . . . . . . . . 24.1

Very large size (2,065 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0
Present value of ending net worth ($1,000) . . . . . 2,259.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 2,375.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 118.6
Annual Government payment ($1,000) . . . . . . . . . . 35.9

100.0
736.0
909.0

31.0
14.5

100.0
1,377.0
1,253.0

60.9
19.3

100.0
2,374.0
2,383.0

127.3
31.5

100.0
670.0
921.0

26.8
17.3

100.0
1,369.0
1,257.0

57.4
23.9

100.0
2,407.0
2,384.0

134.6
49.6

92.0
260.0
882.0
–9.8

1.0

100.0
739.0

1,242.0
0.1
1.3

100.0
1,013.0
2,167.0

1.3
3.0

100.0
476.0
870.0

10.6
1.0

100.0
1,084.0
1,240.0

35.7
1.3

100.0
1,863.0
2,280.0

88.0
3.0

100.0
670.0
921.0

26.8
17.3

100.0
1,180.0
1,257.0

37.4
15.3

100.0
1,270.0
2,197.0

10.8
0.0

90.0
264.0
808.0

– 11.4
0.0

100.0
750.0

1,243.0
–0.5

0.0

100.0
1,007.0
2,128.0

–0.1
0.0

100.0
628.0
917.0

26.8
17.9

100.0
1,269.0
1,234.0

58.9
24.4

100.0
2,072.0
2,330.0

112.8
35.9

aThe scenarios are.
1 Continuation of the 1981 farm bill and 1963 Federal Income tax provisions
2 A 20-percent acreage reduction In 1986-92
3 No farm program payment limitation in 1963-92
4 No price supports and no deficiency payment In 1983-92
5 No target price/deficiency payment in 1963-92
6 Target farm program benefits to farms that produce less than $300,000 in program crops
7 No farm program in 1963-92
8. Reduced income tax benefits and the base farm program

The Impact of price supports can be derived by subtracting scenario 5 from scenario 6.
The Impact of Income supports can be derived by subtracting scenario 6 from scenario 1.
The Impact of Income supports with a $50,000 payment Imitation can be found by subtracting scenario 6 from scenario 4

SOURCE Off Ice of Technology Assessment.

Table E-9.—Comparison of Selected Financial Bailout Scenarios for Three Representative
Corn-Soybean Farms in East Central Illinoisa

Alternative scenarios for Alternative scenarios for Alternative scenarios for
640-acre farm 982-acre farm 1,630-acre farm—

Criteria 9 10 11 9 10 11 9 10 11
Probability of survival . . . . . . . . . . . . . . . 80.0 72.0 84.0 88.0 80.0 90.0 100.0 100.0 100.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 271.0 291.0 299.0 579.0 588.0 654.0 822.0 872.0 831.0
Ending farm size (acres) . . . . . . . . . . . . . 653.0 689.0 662.0 1,046.0 1,062.0 1,073.0 1,795.0 1,740.0 1,712,0
Annual net farm income ($1 ,000) . . . . . . –0.9 –3.3 3.8 2.0 –3.5 7.8 30.6 27.9 36.9
Annual Government payment ($1,000) . . 8.9 8.9 9.1 19.2 18.9 19.0 23.0 22.8 22.8

aThe scenartos are
9 Contlnuatlon  of the 1981 farm bill and the 1963 Federal tax provisions for a highly !everaged farm

10 Restructure of debt for a highly  leveraged farm.
11 Interest rate subsidy (buy-down) In the first 2 years for a highly !everaged  farm

SOURCE Off Ice of Technology Assessment
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Table E-10.—Comparison of Selected Financial Bailout Scenarios for Three Representative
Irrigated Row Crop Farms in South Central Nebraskaa

Alternative scenarios for Alternative scenarios for Alternative scenarios for
672-acre farm 920-acre farm 2,083-acre farm

Criteria 9 10 11 9 10 11 9 10 11

Probability of survival . . . . . . . . . . . . . . . 96.0 86.0 98.0 100.0 100.0 100.0 100.0 100.0 100.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 353.0 334.0 387.0 871.0 876.0 893.0 1685.0 1820.0 1714.0
Ending farm size (acres) . . . . . . . . . . . . . 822.0 822.0 854.0 1,195.0 1,146.0 1,205.0 2,399.0 2,392.0 2,421.0
Annual net farm income ($1,000) . . . . . . 5.9 2.9 11.3 22.6 16.7 28.2 58.9 77.2 72.1
Annual Government payment ($1 ,000) . . 16.7 16.8 17.0 23.0 22.6 22.9 36,0 36.0 36.1

aThe scenarios  are:
9 Contlnuatlon  of the 1981 farm bill and the 1983 Federal tax provisions for a highly  leveraged farm

10 Restructure of debt for a highly leveraged farm
11 Interest rate subsidy (buy-down) In the first 2 years for a highly leveraged farm

SOURCE Off Ice of Technology Assessment

Table E-11 .— Comparison of Selected Policy Scenarios Assuming No New Technology for
Three Representative Corn. Soybean Farms in East Central Illinoisa

Alternative scenarios for Alternative scenarios for Alternative scenarios for
640-acre farm 982-acre farm 1,630-acre farm

Criteria 12 13 14 12 13 14 12 13 14

Probability of survival . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 98.
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 699.0 589.0 561.0 862.0 604.0 540.0 915.0 694.0 672.0
Ending farm size (acres) . . . . . . . . . . . . . 902.0 837.0 850.0 1,392.0 1,190.0 1,116.0 1,899.0 1,801.0 1,796.0
Annual net farm income ($1,000) . . . . . . 23.0 11.7 10.8 23.9 3.3 -0.8 25.3 9.8 6.1
Annual Government payment ($1,000) . . 11.6 0.7 0.0 22.9 1.0 0.0 22.9 1.7 0.0

aThe  scenarios are”
12 Continuation  of the 1981 farm bill and the 1983 Federal tax provisions for a highly leveraged farm
13 Restructure of debt for a highly leveraged farm
14 Interest rate subsidy  (buy-down) In the first 2 years for a highly  leveraged farm

SOURCE” Off Ice of Technology Assessment

Table E-12.— Comparison of Selected Policy Scenarios Assuming No New Technology
Three Representative Irrigated Row Crop Farms in South Central Nebraskaa

for

Alternative scenarios for Alternative scenarios for Alternative scenarios for
672-acre farm 920-acre farm 2,085-acre farm

Criteria 12 13 14 12 13 14 12 13 14
Probability of survival . . . . . . . . . . . . . . . 100.0 100,0 90.0 100.0 100.0 100.0 100.0 100.0 100.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . 670.0 475,0 263.0 1,230.0 985.0 671.0 1,812.0 1,388.0 680.0
Ending farm size (acres) , . . . . . . . . . . . . 921.0 870.0 808.0 1,257.0 1,221.0 1,226.0 2,402.0 2,240.0 2,107.0
Annual net farm income ($1,000) . . . . . . 26.7 10.6 – 11.4 53.9 30.3 –2.6 77.5 51.0 – 10.9
Annual Government payment ($1 ,000) . . 17,3 0.9 0.0 23,9 1.3 0.0 35.7 3.0 0.0
aThe scenanos are

12 Contlnuatlon  of the 1981 farm bill  and the 1983 Federal tax provisions, assuming no.new-technology  scenario
13 No target price deflc!ency payment program, assuming no.new-technology  scenario.
14 Deficiency plus diversion payments and any other Government payments received for Government loans and storage costs

SOURCE Office  of Technology Assessment
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General Crop Farms in the Delta Region
of Mississippi

All three representative farms had a It) O-percent
probability of survival under the entire range of pol-
icy alternatives in that equity in land and machin-
ery did not fall below 30 and 35 percent, respectively
(table E-13). One of the principal reasons for the sol-
vency of these farms over the 10-year planning hori-
zon was the availability of off-farm income to meet
some of the cash flow needs. The remaining criteria
in table E-I3 are indicative of farm size, wealth, and
financial characteristics that are projected to occur
on these representative farms over the 10-year simu-
lation under each policy alternative.

The present value of ending net worth is one meas-
ure of real wealth accumulation. In comparing the
policy scenarios for each size of farm, substantial
greater growth in real net worth occurs on the rep-
resentative farms under conditions that continue
current farm commodity policy and income tax pro-
visions with and without acreage reductions and
farm program payments limitation (scenarios 1 to
3) and with a more restrictive set of income tax pro-

visions (scenario 8). For the 1,443-acre farm real net
worth increases by 105 to 151 percent under these
program alternatives. The largest rate of growth in
real net worth (a 151-percent increase from the ini-
tial situation) occurs for the alternative that con-
tinues the 1981 farm bill provisions, but with no farm
program payments limitations (scenario 3). A pol-
icy that continues the current farm program but with
a 20-percent acreage reduction in 1986 to 1992 re-
sults in a 135-percent growth in real net worth. Much
lower growth rates in real net worth occur for the
policy alternatives that eliminate various provisions
of the current farm program, withdraws all farm pro-
gram support, or targets the benefits to farms pro-
ducing less than $300,000 of program crops. Simi-
lar patterns are evident in the effects of the policy
alternatives on rates of growth in real net worth of
the 3,119-acre farm and the 6,184-acre farm,

A second noticeable pattern is the decline in the
growth rate in real wealth as the size of the repre-
sentative farm increases from the 1,443-acre farm
to the 6,184-acre farm for each of the policy alterna-
tives, Comparisons among the different farm sizes
must be made with caution because the initial total

Table E-13.—Comparison of Selected Farm Commodity and Income Tax Policy Scenarios on
Representative General Crop Farms in the Delta of Mississippi

Alternative scenarios

Criteria 1 2 3 4 5 6 7 8

Moderate size (1,443 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Present value of ending net worth ($1,000) . . . . . 1,651.0 1,757.0 1,881.0 1,106.0 1,134.0 1,059.0 1,070.0 1,533.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 2,009.0 2,057.0 2,093.0 1,625.0 1,645.0 1,581.0 1,590.0 1,913.0
Annual net farm income ($1 ,000) . . . . . . . . . . . . . . 38.9 40.4 64.6 – 14.2 –6.9 – 16.3 – 17.6 29.9
Annual Government payment ($1,000) . . . . . . . . . . 48.2 45.2 75.4 1.9 1.9 0.0 0.0 47.9

Large size (3,119 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Present value of ending net worth ($1,000) . . . . . 2,940.0 3,280.0 4,418.0 2,482.0 2,537.0 2,433.0 2,454.0 3,139.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 3,327.0 3,340.0 3,877.0 3,119.0 3,135.0 3,119.0 3,119.0 3,135.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 38,3 65.1 148.0 –20.6 –8.2 –28.9 –25.1 21.8
Annual Government payment ($1,000) . . . . . . . . . . 49.9 49.1 160.6 4.7 4.8 0.0 0.0 49.9

Very large size (6,184 acres):
Probability of survival. . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Present value of ending net worth ($1,000) . . . . . 5,450.0 6,116.0 7,728.0 5,135.0 5,175.0 4,984.0 5,079.0 5,902.0
Ending farm size (acres) . . . . . . . . . . . . . . . . . . . . . 6,248.0 6,254.0 6,530.0 6,270.0 6,245.0 6,242.0 6,267.0 6,203.0
Annual net farm income ($1,000) . . . . . . . . . . . . . . 41.9 118.2 227.1 – 19.7 –0.6 –42.9 –32.4 5.9
Annual Government payment ($1,000) . . . . . . . . . . 49.9 49.8 278.0 7.9 0.0 0.0 0.0 49.9
aThe scenar(os are’

1. Continuation of the 1981 farm bill and 1983 Federal tncome provisions.
2 A 20-percent acreage reduction in 1986-92.
3. No farm program Payment limitation in 1983-92
4. No price supports and no deficiency payment in 1983-92.
5 No target price/deficiency payment in 1963-92.
6 Target farm program benef!ls  to farms that produce less than $300,000 in program crops
7 No farm program in 1983-92.
8 Reduced income tax benefits and the base farm program

The impact of price supports can be derived by subtracting scenario 5 from scenario 6
The impact of Income supports can be derived by subtracting scenario 6 from scenario 1
The impact of Income supports with a $50,000 payment I!mitatlon can be found by subtracting scenario 6 from scenario 4

SOURCE: Office  of Technology Assessment
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equity to asset ratios differ. However, the results in-
dicate that the policy alternatives involving farm pro-
gram payments (scenarios 1 to 3 and scenario 8) in-
duced a greater growth rate in real wealth on the
moderate-size farm as compared with the two larger
farms.

This pattern of growth is even more evident when
examining changes in farm acreage. The 1,443-acre
farm experienced considerable growth in both owned
land acreage and/or acreage leased under scenarios
1 to 3 and scenario 8. In contrast the two larger farms
exhibited less than 7-percent growth in farm size un-
der these scenarios, with the exception of the 3,119-
acre farm under scenario 3 wherein payments limi-
tations are removed. The 1,443-acre farm experi-
enced a 10- to 14-percent increase in acreage
whereas the two larger farms exhibited virtually no
growth in farm acreage for the policy alternatives
involving elimination of some or all the program pay-
ments provisions and when program payments are
targeted to farms with less than $300,000 of program
commodity sales. These results indicate that farm
program payments are an important inducement to
growth of moderate-size general crops farms in the
Delta of Mississippi Region.

The two largest representative farms reduced a
substantial portion of the long-term real estate debt
under all scenarios. The 1,443-acre farm had a much
lower rate of long-term debt payback, principally be-
cause growth in farm size occurred through pur-
chase of additional cropland under scenarios 1 to
3, and the use of accumulated cash to purchase ma-
chinery and equipment for expansion on leased land
under scenarios 4 to 8. The 1,443-acre farm gener-
ally exhibited a larger liquidation of its intermediate-
term debt than the two larger farms for each of the
policy alternatives. Each of the representative farms
tended to use income from both farm and nonfarm
sources to pay back existing debts, and the ratio of
total equity to total assets increased appreciably on
each farm for all of the policy alternatives.

The three representative general crops farms in
the Delta of Mississippi Region are very dependent
on farm program payments in maintaining net farm
income. Policy alternatives involving relatively little
or no Government payments (scenarios 4 to 7) re-
sulted in negative average annual net farm incomes.

All three farms had a 100-percent chance of re-
maining solvent and having a positive after-tax net
present value over the lo-year planning horizon for

each financial bailput alternative (table E-14).
Present value of ending net worth increased substan-
tially on each farm with the largest rate of growth
occurring under the debt restructuring alternative.
Each representative farm expanded its acreage, both
through purchasing and leasing, with the smallest
farm exhibiting the most rapid rate of growth.

The highly leveraged crops farms in this region
exhibit characteristics that indicate survival and
growth under financial bailout policies. The imple-
mentation of debt restructuring and interest rate sub-
sidy policy alternatives would appear to stimulate
substantial growth in farm acreage in this produc-
tion region.

The no-new-technology scenarios had little effect
on the probability of having a positive after-tax net
present value on each farm (table E-15). It reduced
slightly the probability under the policy of “No Farm
Program.” The probabilities of having a positive
after-tax net present value did not change from the
most likely technology situation on the 1,443-acre
farm. The impacts of these modest technology driven
yield increases on product prices were not evalu-
ated. Consequently, in the base farm policy scenario,
the moderate-size and large-size farms show small
improvement in annual net farm income as a result
of technological advance. The very large farm shows
a substantial increase in net farm income since the
technology adoption rate was much faster on this
size of farm.

Rates of growth in cropland purchases, leasing
and total farm acreage were almost identical under
the two technology situations for a given represent-
ative farm. However, the 1,443-acre farm exhibited
substantially higher growth rates in farm acreage
than the two larger farms. Also, the rates of payback
on long-term and intermediate-term loans under the
two technology situations were nearly identical for
a given representative farm.

These results indicate that the most likely tech-
nology changes projected for the Delta of Mississippi
Region are expected to have the greatest impact on
growth in real wealth and farm acreage of the 1,443-
acre farm, The 3,119-acre farm and the 6,184-acre
farm are expected to exhibit little growth in farm
acreage over the l0-year simulation period. The eco-
nomic impact expected from new technology is
rather minimal compared with the economic impact
from changing the farm commodity price and in-
come support programs.
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Table E-14.—Comparison of Selected Financial Bailout Scenarios for Three Representative
General Crop Farms in the Delta of Mississippi

Alternative scenarios for Alternative scenarios for Alternative scenarios for
1,443-acre farm 3,1 19-acre farm 6,184-acre farm

Criteria 9 10 11 9 10 11 9 10 11

Probability of survival . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,563.0 1,656.0 1,545.0 3,237.0 3,431.0 2,968.0 5,259.0 5,840.0 4,990.0
Ending farm size (acres) . . . . . . . . . . . . . . . . 2,109.0 2,115.0 2,025.0 3,845.0 4,719.0 3,685.0 6,606.0 7,656.0 6,453.0
Annual net farm income ($1,000) . . . . . . . . . 35.5 29.4 37.7 30.1 20.4 33.8 3.7 –14.8 5.4
Annual Government payment ($1,000). . . . . 48.4 48.4 48.3 49.9 49.9 49.9 49.9 49.9 49.9
aThe scenarios are:

9. Continuation of the 1981 farm bill and the 1983 Federal tax provisions for a highly leveraged farm
10. Restructure of debt for a highly leveraged farm.
11. Interest rate subsidy (buy-down) in the first 2 years for a highly leveraged farm.

SOURCE  Office of Technology Assessment.

Table E-15.—Comparison of Selected Policy Scenarios Assuming No New Technology for
Three Representative General Crop Farms in the Delta of Mississippi

Alternative scenarios for Alternative scenarios for Alternative scenarios for
1,443-acre farm 3,1 19-acre farm 6,184-acre farm

Criteria 12 13 14 12 13 14 12 13 14

Probability of survival . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,513.0 1,104.0 1,043.0 2,786.0 2,451.0 2,354.0 2,286.0 4,915.0 4,715.0
Ending farm size (acres) . . . . . . . . . . . . . . . . 2,006.0 1,638.0 1,587.0 3,343.0 3,148.0 3,119.0 6,322.0 6,277.0 6,261.0
Annual net farm income ($1,000) . . . . . . . . . 38.6 –7.3 – 18.3 34.0 – 11.9 –29.9 15.1 –27.5 –57.7
Annual Government payment ($1,000). . . . . 48.2 1.9 0.0 49.9 4.8 0.0 49.9 7.9 0.0
aThe scenarios are:

12. Continuation of the 1981 farm bill and the 1983 Federal tax provisions, assuming no-new-technology scenario.
13. No target price deficiency payment program, assuming no-new-technology scenario,
14 Deficiency plus diversion payments and any other Government payments received for Government ioans  and storage costs

SOURCE: Office of Technology Assessment.



Appendix F

Detailed Results of Macroeconomic
Impacts of Technology and

Public Policy on Dairy Farms

Chapter 9 presented the summary results of the
macroeconomic impacts of public policies and tech-
nology on the viability of various size dairy farms.
This appendix discusses in more detail the specific
results of the analysis by area and size of farm. For
more detail than is provided in this appendix the
reader is advised to read the background paper on
which this analysis is based. The paper is published
in a separate volume to this report.

As with the crop farms analyses, the first step was
to describe representative farms that included mod-
erate, large, and very large farms in each produc-
tion area. The second step involved a simulation
of the representative farms using a Monte-Carlo,
whole farm simulation model (FLIPSIM V) under
alternative farm policy, income tax, finance, and
technology scenarios, This model is described in
appendix E.

Results for Alternative Policy
and Technology Scenarios

Minnesota Dairy-52 Cows

Given the base policy scenario, the 52-cow Min-
nesota dairy had a 74-percent chance for survival
after 10 years, but only a 26-percent chance of hav-
ing a positive after-tax, net present value (table F-
1). Average present value of ending net worth de-
creased from the initial $417,000 to $240,000 after
10 years. Total debt increased $199,000, and the
equity-to-asset ratio declined from 0.71 to 0.44 over
the lo-year period, Average annual net farm in-
come was a –$22,000.

Both policy alternatives involving crop programs
that increase feed prices (scenario 1) and the no-

Table F-1.–Comparison of Selected Policy Scenarios on a 52-Cow Minnesota Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8

Probability of survival
(percent) . . . . . . . . . . . . . . . . . 58 74 62 74 58 22 74 92 50 62

Probability of positive net
present value (percent). . . . . NA 26 22 26 18 8 24 38 20 22

After-tax net present value
mean ($1,000). . . . . . . . . . . . . NA –61 –89 –61 – 100 – 198 –62 13 – 103 –88

Average present value of
ending net worth ($1,000) . . 417 240 213 240 202 114 238 310 191 214

Total debts after 10 years
($1,000) . . . . . . . . . . . . . . . . . . 168 367 392 367 403 443 370 309 400 391

Average ending equity ratio
(fraction) . . . . . . . . . . . . . . . . . 0.71 0.44 0.39 0.44 0.37 0.22 0.43 0.55 0.35 0.39

Average internal rate of return
(fraction) . . . . . . . . . . . . . . . . . NA –0.02 –0.03 –0.02 –0.04 –0.09 –0.02 0.01 –0.04 –0.03

Average annual net farm
income ($1,000) . . . . . . . . . . . NA –22 –25 –22 –27 –38 –27 –14 –26 –25

%he scenarios are:
Base—sea chapter 9.
1—A 20-percent acreage reduction crop program—9-percent higher feed costs.
2—No crop program
3—Fifty cents-per-hundredweight lower milk price.
4—No dairy price su~rt  program.
5—Raduce  income tax benefit program.
6—Milk supply control program.
7—No information technology,
8—No bovine growth hormone technology.

NA=Not applicable.

SOURCE: Office of Technology Assessment.
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Table F-2.—Comparison of Selected Policy Scenarios on a 125-Cow Minnesota Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8

Probability of survival
(percent) . . . . . . . . . . . . . . . . .

Probability of positive net
present value (percent). . . . .

After-tax net present value
mean ($1 ,000) . . . . . . . . . . . . .

Average present value of
ending net worth ($1 ,000) . .

Total debts after 10 years
($1,000) . . . . . . . . . . . . . . . . . .

Average ending equity ratio
(fraction) . . . . . . . . . . . . . . . . .

Average internal rate of return
(fraction) . . . . . . . . . . . . . . . . .

Average annual net farm
income ($1 ,000) . . . . . . . . . . .

NA 100 100 100 100

NA 96 88 96 86

NA 369 312 369 283

969 1,120 1,072 1,119 1,049

302 154 208 154 235

0.76 0.89 0.86 0.89 0.85

NA 0.05 0.04 0.05 0.04

NA 20 12 20 8
aThe scenarios  are

Base—see chapter 9
1—A 20.percent  acreage reduction crop program—9 percent higher feed costs
2—No crop program
3—Fffty  cents.per-hundredweight lower m(ik  prtce
4—No dairy price suport  program
5—Reduce Income tax benefit program
6—Milk supply control program
7—No information technology
8—No bovtne  growth hormone technology

NA = Not applicable

SOURCE Off Ice of Technology Assessment

crop program that increases feed price variability
(scenario 2) had little impact on the 52-cow Min-
nesota dairy because most of the feed is raised at
the dairy rather than purchased. Crop yields were
fixed, not variable, from year to year. However,
simulations where crop yields were stochastic did
not significantly change the results.

A support price 50 cents below the price in the
base scenario reduced the probability of survival
to 58 percent (scenario 3). The decline in the
present value of ending net worth was more ad-
versely affected, and debt was $36,000 higher com-
pared with the results from the base scenario after
10 years.

Eliminating the price-stabilizing aspects of the
dairy price support program (scenario 4) resulted
in a probability of survival of 22 percent for the 52-
cow Minnesota dairy. The equity-to-asset ratio was
0.22 after 10 years.

Eliminating income tax benefits (scenario 5) did
not change the probability of survival but did ad-
versely affect the present value of ending net worth
and total debt when compared with the base scenario.

A supply control program (scenario 6) increased
the probability of survival to 92 percent, and the
equity-to-asset after 10 years increased from 0.44
to 0.55. Present value of ending net worth declined

98 100 100

44 94 98

59 360 461

835 1,083 1,190

518 197 93

0.67 0.87 0.93

0.01 0.05 0.05

–21 3 33

100 100

54 82

104 235

869 1,007

459 289

0.70 0.81

0.02 0.03

–15 2

to $310,000 after 10 years. Total debt increased but
less than that under the base scenario. The supply
control scenario generally was more favorable than
the base scenario for the 52-cow Minnesota dairy,

The probability of survival for the 52-cow Min-
nesota dairy would decline to 50 percent after 10
years if productivity gains from information and
nutrition technology do not materialize. The prob-
ability of survival without bovine growth hormone
would decline to only 62 percent because this size
dairy would adopt this technology in 1989, near the
end of the 10-year period.

Minnesota Dairy- 125 Cows

Given the base policy scenario, the 125-cow Min-
nesota dairy had a 100-percent chance of surviv-
ing 10 years and a 96-percent chance of having a
positive after-tax net present value (table F-2). The
present value of ending net worth increased slightly
from an initial $969,000 to $1,120,000 at the end
of the 10-year period. Both long-term and inter-
mediate-term debt were reduced, and the equity ra-
tio increased from an initial 0.76 to 0.89 by the end
of the 10 years.

Like the effects on the 52-cow Minnesota dairy,
policies that increase the level or variability of feed



350 • Technology, Public Policy, and the Changing Structure of American Agriculture

prices have little impact on the financial perform-
ance (scenarios 1 and 2) of the 125-cow dairy. Be-
cause this dairy produces most of its own feed re-
quirement, it is insulated from short-run variations
in feed costs.

A support price lower by 50 cents per hundred-
weight reduced the present value of ending net
worth from $1,120,000 under the base scenario to
$1,049,000 (scenario 3). The total equity ratio was
0.85.

A dairy support program (scenario 4) reduced the
probability of a positive after-tax present value to
44 percent. Both long-term and intermediate-term
debt was $216,000 higher than under the base scenario,

Eliminating the income tax benefits (scenario 5)
for the 125-cow Minnesota dairy resulted in higher
debts and lower present value of ending net worth,
equity ratio, and average annual net farm income
after 10 years, compared with the results under the
base scenario.

A supply control program (scenario 6) increased
the probability of a positive after-tax net present
value to 98 percent, compared with 96 percent under
the base scenario. Under both the base and supply
control scenarios, the 125-cow dairy had a 100
percent chance of surviving the 10-year period. The
dairy showed good financial progress under the sup-

ply control program as the present value of ending
net worth was $1,190,000. The total equity ratio was
0.93 at the end of the 10-year period. Average an-
nual net farm income for the lo-year period was
$33,000, up from $20,000 under the base scenario.

The probability of survival would remain at 100
percent without either information or bovine growth
hormone technology. However, the probability of
a positive net present value, average present value
of ending net worth, and other financial perform-
ance measures were more adversely affected than
under the base scenario.

Arizona Dairy-359 Cows
Given the base policy scenario, the 359-cow Ari-

zona dairy had a 96 percent chance of survival and
a 96 percent change of a positive after-tax net present
value for the 10-year period (table F-3). The dairy
showed good financial improvement over the 10
years as present value of ending net worth was
$1,296,000 compared with $744,000 at the beginning
of the period, most debt was paid, and total equity
ratio increased from 0.71 to 0.93. Average annual
net farm income was $14,000.

All feed is purchased by the 359-cow Arizona
dairy, and the 9 percent increase in feed cost (sce-
nario 1) reduced the probability of survival to 80 per-

Table F-3.—Comparison of Selected Policy Scenarios on a 359-COW Arizona Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8

Probability of survival
(percent) . . . . . . . . . . . . . . . . . NA 98 80 98 94 42 98 96 92 94

Probability of positive net
present value (percent). . . . . NA 96 72 96 90 26 96 96 90 90

After-tax net present value
mean ($1,000) . . . . . . . . . . . . . NA 829 172 822 593 –326 812 1,134 543 592

Average present value of
ending net worth ($1,000) . . 744 1,296 768 1,288 1,120 276 1,247 1,486 1,028 1,107

Total debts after 10 years
($1,000) . . . . . . . . . . . . . . . . . . 298 41 254 43 72 603 42 26 82 78

Average ending equity ratio
(fraction) . . . . . . . . . . . . . . . . . 0.71 0.93 0.71 0.93 0.91 0.26 0.93 0.93 0.90 0.91

Average internal rate of return
(fraction) . . . . . . . . . . . . . . . . . NA 0.09 0.01 0.09 0.06 –0.15 0.09 0.11 0.06 0.07

Average annual net farm
income ($1 ,000) . . . . . . . . . . . NA 14 –64 13 –14 –121 6 54 –21 –19

%he scenarios are:
Base—see chapter 9.
1—A 20-percent acreage reduction crop program—9-percent higher feed costs.
2—No crop program
3—Fifty cents-per-hundredweight lower milk price.
4—No dairy price suport  program.
5—Reduce income tax benefit program.
6—Milk supply control program.
7–No information technology.
8—No bovine growth hormone technology.

NA=Not applicable.

SOURCE: Office of Technology Assessment.
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cent, compared with 96 percent under the base sce-
nario. However, the dairy still made good financial
progress as debts were reduced, and the present
value of ending net worth was $768,000, compared
with $744,000 at the beginning of the period. The
no-crop-program scenario (scenario 2) increased the
variability of feed prices but reduced the financial
progress of the dairy relatively little.

A support price 50 cents below the base scenario
(scenario 3) prices reduced the probability of sur-
vival and resulted in a lower present value of end-
ing net worth. Total equity-to-asset ratio still in-
creased to 0.91, 2 percentage points less than that
of the base scenario.

Eliminating the dairy support program (scenario
4) reduced the probability of survival to 42 percent.
The after-tax net present value was –$326. The
present value of ending net worth was $1,020,000
less than under the base and more than 60 percent
lower than at the beginning of the period. Debt was
tripled, and the total equity-to-asset ratio decreased
from 0.71 at the beginning of the period to 0.26 at
the end of the 10 years, Average annual net farm
income was –$121,000, compared with $14,000 un-
der the base scenario.

Eliminating income tax advantages (scenario 5)
slightly reduced the present value of ending net

worth but had little effect on the probability of sur-
vival, remaining debt, and ending total equity-to-
asset ratio.

With supply control (scenario 6) the probability
of survival was 96 percent. Present value of ending
net worth was $190,000 higher at the end of the 10-
year period, Average annual net farm income was
$54,000.

The financial progress under either the no infor-
mation technology (scenario 7) or no bovine growth
hormone (scenario 8) was somewhat less than un-
der the base scenario that included both these tech-
nologies. The average annual net farm income be-
came negative, and the probability of survival
declined to 92 percent for the no information sce-
nario and to 94 percent for the no bovine growth
hormone scenario.

California Dairy-550 Cows

Given the base policy scenario, the 550-cow Cali-
fornia dairy had a 96 percent probability of survival
and positive net present value (table F-4). The dairy
showed good financial improvement over the 10-
year period under the base scenario. Present value
of ending net worth increased from $1,261,000 at
the beginning to $2,055,000 at the end of the 10-year

Table F-4.-Comparison of Selected Policy Scenarios on a 550-COW California Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8

Probability of survival
(percent) . . . . . . . . . . . . . . . . . NA 98 80 98 94 62 98 98 88 94

Probability of positive net
present value (percent). . . . . NA 96 58 98 88 32 98 96 80 96

After-tax net present value
mean ($1 ,000) . . . . . . . . . . . . . NA 1,178 157 1,169 798 –292 1,157 1,682 367 659

Average present value of
ending net worth ($1,000) . . 1,261 2,055 1,267 2,045 1,792 799 1,971 2,349 1,380 1,672

Total debts after 10 years
($1,000) . . . . . . . . . . . . . . . . . . 464 105 405 110 157 739 109 92 300 185

Average ending equity ratio
(fraction) . . . . . . . . . . . . . . . . . 0.71 0.92 0.73 0.92 0.90 0.52 0.93 0.92 0.81 0.89

Average internal rate of return
(fraction) . . . . . . . . . . . . . . . . . NA 0.08 0.00 0.08 0.06 –0.06 0,08 0.10 0.02 0.05

Average annual net farm
income ($1,000) . . . . . . . . . . . NA 10 –117 9 –35 –16 – 5 76 –88 –57

‘The scenarios are:
Base—see chapter 9.
1—A 20-percent acreage reduction crop program—9-percent higher feed costs.
2—No crop program
3—Fifly cents-per-hundredweight lower milk price.
4—No dairy  price suport program.
5—Reduce income tax benefit program.
6—Milk supply control program.
7—No information technology.
8—No bovine growth hormone technology.

NA = Not applicable,
SOURCE: Office of Technology Assessment,
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period. Total debts were greatly reduced, and total
equity-to-asset ratio increased from 0.71 to 0.92 over
the lo-year period.

The crop acreage reduction policy (scenario 1),
resulting in a 9 percent increase in feed costs, re-
duced the probability of survival to 80 percent and
the probability of positive after-tax net present value
to 58 percent. The no-crop-program scenario (sce-
nario 2) had relatively little impact on the 550-cow
California dairy.

A milk support price 50 cents lower (scenario 3)
than under the base scenario reduced the probabil-
ity of survival to 94 percent and the present value
of ending net worth to $1,792,000. The total equity-
to-asset ratio after 10 years was 0.90.

The no dairy price support program (scenario 4)
reduced the probability of survival to 62 percent,
and reduced the present value of ending net worth
to $799,000. The total equity-to-asset ratio was 0.52
after 10 years.

Eliminating income tax advantages (scenario 5)
had little impact on the financial performance of the
550-cow California dairy relative to the base sce-
nario. The total debts and the total equity-to-asset
ratio was about the same asunder the base scenario,

A mandatory supply control program (scenario 6)
resulting in a milk price $1 per hundredweight

higher than in the base scenario had a favorable im-
pact on the 550-cow California dairy. Compared
with the base scenario the present value of ending
net worth was $2,349,000, or 14 percent higher, and
the after-tax net present value was $1,682,000, or 43
percent higher. The average annual net farm income
increased to $76,000.

The average present value of ending net worth and
the equity ratio increased from the beginning of the
period to the end even without information (scenario
7) or bovine growth hormone (scenario 8) technol-
ogy. Also, total debt was reduced. However, both
the probability of survival and a positive net present
value declined, and average annual net farm income
became negative,

California Dairy-1,436 Cows

Given the base policy scenario, the 1,436-cow Cali-
fornia dairy had a 98 percent probability of survival
and showed strong financial progress from the be-
ginning to the end of the 10-year period (table F-5).
The present value of ending net worth was $7,332,000,
compared with $2,538,000 at the beginning of the
lo-year period. The total equity-to-asset ratio in-
creased from 0.69 at the beginning of the period to

Table F-5.—Comparison of Selected Policy Scenarios on a 1,435-COW California Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8
Probability of survival

(percent) . . . . . . . . . . . . . . . . . NA 98 98 98 98 98 98 100 96 98
Probability of positive net

present value (percent). . . . . NA 98 98 98 98 92 98 100 98 98
After-tax net present value

mean ($1,000) . . . . . . . . . . . . . NA 6,473 3,923 6,454 5,375 2,523 6,415 8,103 3,246 4,450
Average present value of

ending net worth ($1,000) . . 2,538 7,332 5,477 7,316 6,509 4,418 7,142 8,543 4,648 5,747
Total debts after 10 years

($1,000) . . . . . . . . . . . . . . . . . . 1,131 145 220 148 150 307 145 98 201 145
Average ending equity ratio

(fraction) . . . . . . . . . . . . . . . . . 0.69 0.94 0.92 0.94 0.94 0.91 0.94 0.95 0.94 0.95
Average internal rate of return

(fraction) . . . . . . . . . . . . . . . . . NA 0.15 0.08 0.16 0.15 0.07 0.16 0.19 0.10 0.12
Average annual net farm

income ($1,000) . . . . . . . . . . . NA 449 171 447 325 7 421 653 101 207
%he scenarios are:
Base-see chapter 9.
1—A 20-percent acreage reduction crop program—9-percent higher feed costs.
2—No crop program
3—Fifty cents-per-hundredweight lower milk price,
4—No dairy price suport  program.
5—Reduce income tax benefit program.
6—Milk supply control program.
7—No information technology,
8—No bovine growth hormone technology.

NA = Not applicable.

SOURCE: Office of Technology Assessment.



App. F—Methodology and Detailed Results of Macroeconomic Impacts of Technology and Public Policy for Crop Farms ● 353

0.94 at the end. Total debt was cut by 87 percent from
the beginning to the end of the period.

The acreage reduction scenario, resulting in 9 per-
cent higher feed prices, reduced the probability of
survival to 96 percent (scenario 1). Total equity-to-
asset ratio was 0.92.

Eliminating the crop program (scenario 2) had lit-
tle impact on the financial position of the 1,436-cow
California dairy. Debt, equity-to-asset ratio, and
present value of ending net worth were all about the
same as under the base scenario.

A milk support price 50 cents lower (scenario 3)
than under the base scenario resulted in an 11 per-
cent lower present value of ending net worth after
10 years. Total debt increased slightly, and the total
equity-to-asset ratio remained the same as the base.

Eliminating the dairy price support program (sce-
nario 4) reduced the probability of survival to 96 per-
cent. The present value of ending net worth was
$4,418,000, or 40 percent lower than under the base
scenario.

Eliminating the income tax advantages (scenario
5) did not affect the probability of survival, total debt,
or equity-to-asset ratio. However, the present value
of ending net worth decreased 2.6 percent from the
base scenario.

With supply control (scenario 6), the probability
of survival of the 1,436-cow California dairy in-

creased to 100 percent. The present value of ending
net worth was $8,543,000, or about 17 percent higher
than under the base scenario. All intermediate-term
debt was paid, and only $96,000 of long-term debt
remained after 10 years under the supply control
program. Average annual net farm income increased
45 percent, to $653,000.

If the productivity gains associated with informa-
tion on bovine growth hormone technologies do not
materialize, the financial performance will be ad-
versely affected, but the probability of survival for
the 1,436-cow California dairy would remain about
the same. Average present value of ending net worth
was 37 percent lower without information and nu-
trition technology (scenario 7) and 22 percent lower
without bovine growth hormone technology (sce-
nario 8).

Florida Dairies

Given the base policy scenario, the probability of
survival was 98 percent for the 350-cow and 100 per-
cent for the 600-cow and 1,436-cow Florida dairies
(tables F-6, F-7, and F-8). Debt was reduced over the
lo-year period on all three dairies. The total equity-
to-asset ratio after 10 years was at least 0,84. The
present value of ending net worth increased 33 per-

Table F-6.—Comparison of Selected Policy Scenarios on a 350-Cow Florida Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8

Probability of survival
(percent) . . . . . . . . . . . . . . . . . NA 96 58 98 86 36 94 98

Probability of positive net
present value (percent). . . . . NA 88 34 88 78 28 88 98

After-tax net present value
mean ($1 ,000) . . . . . . . . . . . . . NA 448 – 185 445 235 –305 425 663

Average present value of
ending net worth ($1 ,000) . . 757 1,004 463 1,002 825 317 936 1,164

Total debts after 10 years
($1,000) . . . . . . . . . . . . . . . . . . 304 198 577 198 300 679 226 130

Average ending equity ratio
(fraction) . . . . . . . . . . . . . . . . . 0.71 0.84 0.46 0.84 0.74 0.32 0.81 0.89

Average internal rate of return
(fraction) . . . . . . . . . . . . . . . . . NA 0.07 –0.04 0.07 0.03 –0.12 0.07 0.10

Average annual net farm
income ($1 ,000) . . . . . . . . . . . NA – 6 –83 – 6 –31 –97 – 9 25

aThe scenarios are
Base—see chapter 9
1—A 20-percent acreage reduction crop program—9-percent higher feed costs.
2–No crop program
3—Fifty cents-per-hundredweight lower milk price.
4—No dairy price suporf  program
5—Reduce income tax benefit program.
6—Milk supply control program
7—No information technology
8—No bovine growth hormone technology

NA = Not applicable

SOURCE: Office of Technology Assessment,
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Table F-7.–Comparison of Selected Policy Scenarios on a 600-COW” Florida Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8

Probability of survival
(percent) . . . . . . . . . . . . . . . . .

Probability of positive net
present value (percent). . . . .

After-tax net present value
mean ($1,000) . . . . . . . . . . . . .

Average present value of
ending net worth ($1,000) . .

Total debts after 10 years
($1,000) . . . . . . . . . . . . . . . . . .

Average ending equity ratio
(fraction) . . . . . . . . . . . . . . . . .

Average internal rate of return
(fraction) . . . . . . . . . . . . . . . . .

Average annual net farm
income ($1,000) . . . . . . . . . . .

NA 100

NA 100

NA 1,617

1,465 2,453

468 116

0.76 0.94

NA 0.10

NA 83

96 100 100

80 100 100

602 1,612 1,281

1,778 2,455 2,255

280 116 124

0.86 0.94 0.94

0.06 0.10 0.09

–28 82 44

72 100 100 98 100

56 100 100 86 98

85 1,576 2,011 701 1,151

1,268 2,306 2,681 1,748 2,164

587 116 116 233 129

0.66 0.94 0.93 0.89 0.94

–0.04 0.11 0.12 0.06 0.08

–97 68 137 –24 23. , .
%he  scenarios are:

Base—see chapter 9.
1—A 20-percent acreage reduction crop program—9-percent higher feed costs.
2—No crop program
3—Fifty cents+ er.hundredweight  lower milk price.
4—No dairy price suport  program.
5—Reduce income tax benefit program.
6–Milk supply control program.
7—No information technology.
8—No bovine growth hormone technology.

NA=  Not applicable.

SOURCE: Office of Technology Assessment.

Table F-8.—Comparison of Selected Policy Scenarios on a 1,436-COW Florida Dairy

Alternative scenarios

Initial
Criteria situation Base 1 2 3 4 5 6 7 8

Probability of survival
(percent) . . . . . . . . . . . . . . . . . NA 100 100 100 100 100 100 100 100 100

Probability of positive net
present value (percent). . . . . NA 100 100 100 100 100 100 100 100 100

After-tax net present value
mean ($1 ,000) . . . . . . . . . . . . . NA 8,396 6,020 8,387 7,501 4,712 8,182 9,413 5,046 6,667

Average present value of
ending net worth ($1,000) . . 3,343 9,257 7,560 9,263 8,591 6,625 8,966 10,038 6,650 7,874

Total debts after 10 years
($1,000) . . . . . . . . . . . . . . . . . . 1,053 195 195 195 195 195 195 195 195 195

Average ending equity ratio
(fraction) . . . . . . . . . . . . . . . . . 0.76 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.96 0.96

Average internal rate of return
(fraction) . . . . . . . . . . . . . . . . . NA 0.16 0.13 0.16 0.15 0.11 0.16 0,17 0.12 0.14

Average annual net farm
income ($1,000) . . . . . . . . . . . NA 635 404 634 536 242 607 769 272 433

aThe scenarios are:
Base-see chapter 9.
1—A 20-percent acreage reduction crop program—9-percent higher feed costs.
2—No crop program
3—Fifty cents-per-hundredweight lower milk price.
4—No dairy price suport program.
5—Reduce income tax benefit program.
6—Milk supply control program.
7—No information technology,
8—No bovine growth hormone technology.

NA= Not applicable.

SOURCE: Office of Technology Assessment.
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cent on the 350-cow dairy, 67 percent on the 600-
cow dairy, and 177 percent on the 1,436-cow dairy.

The crop acreage reduction policy (scenario 1) re-
duced the probability of surviving the 10-year period
to 58 percent for the 350-cow dairy and to 96 per-
cent for the 600-cow dairy. The probability of sur-
vival remained at 100 percent on the large 1,436-cow
Florida dairy.

Eliminating the crop program (scenario 2) had
relatively little impact on all three Florida dairies,
The probability of survival remained unchanged at
100 percent for the 600-cow and 1,436-cow dairies
and at 96 percent on the 350-cow dairy.

A milk support price 50 cents below the base (sce-
nario 3) did not affect the probability y of survival for
the 1,436-cow dairy but reduced the probability of
survival for the 350-cow dairy to 86 percent. The
present value of ending net worth was about 18 per-
cent lower for the 350-cow dairy, 8 percent lower
for the 600-cow dairy, and 7 percent lower for the
1,436-cow dairy.

The no-dairy-program scenario (scenario 4) re-
duced the probability of survival to 36 percent for
the 350-cow dairy and to 72 percent for the 600-cow
dairy. The probability of survival remained at 100
percent for the 1,436-cow dairy, The present value
of ending net worth was at least 28 percent less un-
der the no-dairy-program scenario than under the
base scenario for all three Florida dairies,

Eliminating income tax advantages [scenario 5)
had relatively little impact on all three Florida
dairies. The present value of ending net worth was
about 7 percent less for the 350-cow dairy but only

3 percent 1ess for the 1,436-cow dairy. Total debt re-
mained the same for the 1,436-cow dairy but was
somewhat higher for the smaller dairies.

A supply control policy (scenario 6) improved the
financial position of each of the dairies. Compared
with the base scenario, the present value of ending
net worth increased about 16 percent for the 350-
cow dairy, 9 percent for the 600-cow dairy, and 8
percent for the 1,436-cow dairy.

Like dairies in other regions, both no information
technology (scenario 6) and no bovine growth hor-
mone technology (scenario 8) adversely affected the
financial positions of the Florida dairies after 10
years.

Minnesota Dairies

Given the high debt (scenario 9), the 52-cow Min-
nesota dairy had a zero-percent probability of sur-
vival over the 10-year period (table F-9). The proba-
bility of survival remained zero even with subsidized
interest (scenario 10) and restructuring debt (sce-
nario 11), The same result was obtained for new en-
trant operators (scenarios 12, 13, and 14).

The 125-cow Minnesota dairy in an initial high
debt position had a 24 percent probability of survival
(scenario 9) (table F-10). A new entrant with high
debt also had a zero probability of survival (scenario
12). Therefore, there was a zero probability of sur-
vival under both higher feed costs (scenario 13) and
no dairy programs (scenario 14),

Table F-9.—Comparison of Selected Policy Scenarios on a 52. COW Minnesota Dairy,
Assuming High Debt and New Entrant Conditions

High debt New entrants

Initial Scenarios Initial Scenarios

Criteria situation 9 10 11 s i t u a t i o n  1 2 13 14
Probability of survival (percent). . . . . . . . . . . . . NA o 0 0 NA o 0 0
Probability of positive net present value

(percent). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NA o 0 0 NA o 0 0
After-tax net present value mean ($1,000) . . . . NA – 103 – 108 –99 NA – 103 – 103 – 102
Average present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246 104 98 109 264 143 144 145
Total debts after 10 years ($1,000) . . . . . . . . . . 340 423 424 419 466 505 503 504
Average ending equity ratio (fraction) . . . . . . . 0.42 0.21 0.20 0.22 0.36 0.23 0.23 0.23
Average internal rate of return (fraction) . . . . . NA –0.17 –0.19 –0.16 NA –0.11 –0.10 –0.10
Average annual net farm income ($1,000) . . . . NA –46 –42 –44 NA –90 –90 –91
aThe scenarios are:

9–Base–continuation of present dairy policy and assuming high debt,
10—Subsidize interest rate so that effective rate on all loans is 8 percent.
11 —Restructure debt.
12—Base policy and new entrant.
13—New entrant and no price support for dairy,
14—New entrant and a 9-percent increase in feed costs.
NA = Not applicable.

SOURCE: Office of Technology Assessment
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Table F-10.—Comparison of Selected Policy Scenarios on a 125-Cow Minnesota Dairy,
Assuming High Debt and New Entrant Conditions

High debt New entrants

Initial Scenarios Initial Scenarios

Criteria situation 9 10 11 s i t u a t i o n  1 2 13 14

Probability of survival (percent). . . . . . . . . . . . . NA
Probability of positive net present value

(percent). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NA
After-tax net present value mean ($1,000) . . . . NA
Average present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 554
Total debts after 10 years ($1,000) . . . . . . . . . . 718
Average ending equity ratio (fraction) . . . . . . . 0.44
Average internal rate of return (fraction) . . . . . NA
Average annual net farm income ($1,000) . . . . NA

24

24
–80

341
910

0.30
–0.06

–51

16

16
– 147

280
943

0.25
–0.09

–58

28 NA o 0 0

28 NA o 0 0
–59 NA –237 –256 –241

351 575 291 274 292
906 963 1,016 1,026 1,021

0.31 0.37 0.23 0.22 0.24
–0.06 NA –0.15 –0.16 –0.16

–49 NA –117 – 121 – 121
aThe scenarios are:
9–Base–continuation of present dairy policy and assuming high debt.
10—Subsidize interest rate so that effective rate on all loans is 8 percent.
11 —Restructure debt.
12—Base policy and new entrant.
13—New entrant and no price support for dairy.
14—New entrant and a 9-percent increase in feed costs.
NA= Not applicable.

SOURCE: Office of Technology Assessment

Table F-11.—Comparison of Selected Policy Scenarios on a 359-Cow Arizona Dairy,
Assuming High Debt and New Entrant Conditions

High debt New entrants

Initial Scenarios Initial Scenarios

Criteria situation 9 10 11 s i t u a t i o n  1 2 13 14

Probability of survival (percent). . . . . . . . . . . . . NA 66 70 68 NA 52 6 16
Probability of positive net present value

(percent). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NA 66 70 68 NA 52 6 16
After-tax net present value mean ($1,000) . . . . NA 417 466 440 NA 270 –320 – 173
Average present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471 709 746 730 528 583 64 217
Total debts after 10 years ($1,000) . . . . . . . . . . 570 326 297 325 715 459 787 700
Average ending equity ratio (fraction) . . . . . . . 0.45 0.63 0.68 0.64 0.42 0.52 0.04 0.23
Average internal rate of return (fraction) . . . . . NA 0.01 0.03 0.02 NA –0.01 –0.22 –0.08
Average annual net farm income ($1,000) . . . . NA –59 –46 –56 NA – 109 – 191 –191
aThe scenarios are:
9—Base—continuation of present dairy policy and assuming high debt.
10—Subsidize interest rate so that effective rate on all loans is 8 percent.
11 —Restructure debt.
12—Base policy and new entrant
13—New entrant and no price support for dairy,
14—New entrant and a 9-percent increase in feed costs.
NA= Not applicable.

SOURCE: Office of Technology Assessment.

Arizona Dairy-359 Cows

Given the high debt base (scenario 9), the 359-cow
Arizona dairy had a 66-percent probability of sur-
vival and improved its financial position from the
beginning to the end of the lo-year period (table F-
11). The present value of ending net worth was
$709,000, compared with a $471,000 beginning net
worth. Total debt was reduced $244,000 over the 10-
year period. The total equity-to-asset ratio increased
from 0.45 at the beginning of the period to 0.63 at
the end.

Restructuring debt (scenario 11) increased the
probability of survival from 66 to 70 percent and im-
proved the present value of ending net worth and
equity-to-asset ratio compared with that of the high
debt base (scenario 9).

A new entrant with high debt had a 52-percent
probability to survive over the lo-year period (sce-
nario 12). A new entrant under the no-dairy-price-
support program (scenario 13) had only a 6-percent
probability of survival. Increased feed costs (sce-
nario 14) decreased a new entrant’s probability of
survival from 52 to 16 percent.
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Florida Dairy-350 Cows

Given the high debt base (scenario 9), the 350-cow
Florida dairy had only a 34-percent probability of
survival (table F-12). Present value of ending net worth
was $375,000; beginning net worth was $466,000.
The total equity-to-asset ratio decreased from 0.44
at the beginning to 0.38 at the end of the 10-year
period.

The interest subsidy (scenario 10) increased the
probability of survival from 38 percent to 42 per-
cent and increased the present value of ending net
worth from $375,000 to $382,000, compared with
the results of high debt base (scenario 9). The debt

restructuring policy (scenario 11) improved present
value of ending net worth for the 350-cow Florida
dairy compared with the results of high debt base
scenario (scenario 9). However, the improvement
was considerably less than under the interest sub-
sidy scenario.

A new entrant with high debt had only a 22-percent
probability of survival (scenario 12). The probabil-
ity of survival declined to 2 percent, given a 9-per-
cent higher feed cost (scenario 13). The no-dairy-
price-support program reduced the probabilities of
survival of a new entrant and a high debt dairy from
22 to 2 percent (scenario 14).

Table F-12.—Comparison of Selected Policy Scenarios on a 350-COW Florida Dairy,
Assuming High Debt and New Entrant Conditions

High debt New entrants

Initial Scenarios Initial Scenarios

Criteria situation 9 10 11 s i t u a t i o n  1 2 13 14

Probability of survival (percent). . . . . . . . . . . . . NA 34 38 36 NA 22 2 2
Probability of positive net present value

(percent). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NA 34 38 36 NA 22 2 2
After-tax net present value mean ($1,000) . . . . NA , 6 23 NA –75 –297 –263
Average present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466 375 382 392 527 326 116 181
Total debts after 10 years ($1,000) . . . . . . . . . . 594 609 609 602 773 741 897 897
Average ending equity ratio (fraction) . . . . . . . 0.44 0.38 0.39 0.39 0.41 0.31 0.10 0.17
Average internal rate of return (fraction) . . . . . NA –0.05 –0.04 –0.04 NA –0.05 –0.22 –0.03
Average annual net farm income ($1,000) . . . . NA –88 –76 –85 NA – 155 – 194 –21 1
%he scenarios are:
9–Base—continuation of present dairy  policy and assuming high debt
10—Subsidize interest rate so that effective rate on all loans is 8 percent.
11 —Restructure debt.
12—Base policy and new entrant
13—New entrant and no price support for dairy
14—New entrant and a 9-percent increase in feed costs.
NA = Not applicable.

SOURCE  Office of Technology Assessment.
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