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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.
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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.
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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,


