Technological Change

in Agriculture

The sources, diffusion, and social imports of
technological change in agriculture are examined.

Richard E. Just, Andrew Schmitz, David Zilberman

Farming methods in the United States
and other parts of the world are continu-
ously changing. Public institutions and
private corporations invest billions of
dollars yearly in new agricultural tech-
niques. The rates of return on these in-
vestments are much above the average
for the economy as a whole (15 to 50 per-
cent) (/). Yet, there is objection to the
introduction of each new technique (es-
pecially a labor-displacing one), particu-
larly by its potential victims. Not every-
one agrees with the advertisement that
“‘our business is manufacturing ma-
chines so that man can do more.”

In this article we view some of the
controversial issues concerning tech-
nological change in agriculture from the
perspective of economic theory. We first
explain the direction and nature of the
process of technological change and then
discuss the short- and long-run effects.
The arguments for and against tech-
nological change and growth are criti-
cally evaluated.

Forms of Technological Change

Technological change involves gener-
ating useful knowledge pertaining to the
art of production. More specifically, it
involves a shift in the production func-
tion (which relates the quantity of out-
puts to the quantity of inputs) enabling
greater output quantity or quality, or
both, to be produced with the same vol-
ume of land, labor, and capital or the
same output quantity and quality to be
produced with less of at least one of
the inputs. Often these shifts include
changes in the quality of inputs, such as
improved forms of machinery or more
highly educated labor.
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Some broad classifications of the
forms of technological change are biolog-
ical-chemical, agronomical, and mechan-
ical. Biological-chemical change is gen-
erally land-using and laborsaving. Ag-
ronomical change is generally land-
saving, whereas mechanical change is
usually laborsaving. Another classifica-
tion has to do with whether technology is
primarily yield-increasing or labor-
saving. Many forms of technological
change are complementary, and several
forms often occur simultaneously. For
example, implementation of the mechan-
ical tomato harvester (a mechanical
change that is laborsaving) gave rise to
the need for, and was delayed by the lack
of, a tomato variety (a biological change)
suitable for mechanical harvesting. This
case demonstrates that the type of tech-
nology likely to develop is a result of ec-
onomic needs and incentives.

Process of Technological Change

A useful theory of technological
change is that of induced innovation.
Technological change is directed toward
saving the progressively scarce or more
expensive factors, that is, saving propor-
tionally more of the scarce factor than of
the abundant factor per unit of output at
constant prices. More generally, the the-
ory of induced innovation also considers
the impact of final demand. Some tests of
this theory are described by Binswanger
and Ruttan (2). On the basis of this the-
ory, Hayami and Ruttan demonstrated
that, since land was relatively scarce in
Japan, technology was developed to in-
crease the productivity of land (3). In the
United States, on the other hand, a con-
siderable amount of technological devel-
opment was directed toward increasing
the productivity of labor in part because
of the relative abundance of farmland
and the scarcity of farm labor. Each of
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these processes of technological change
had different effects on income distribu-
tion, general working and living condi-
tions, and the structure of rural commu-
nities generally.

Another behavioristic pattern com-
mon to all economic agents and farmers
in particular is aversion to risk. Farmers
prefer to reduce uncertainty regarding
their crop yields and future costs; as a
result, they tend to replace inputs associ-
ated. with uncertainty with inputs that
promise more stable profits. Thus, for
example, the tendency to replace labor
with capital (during periods of unstable
labor supply and threats of labor union
strikes) can be explained by farmers’
preferences for the predictable. Also, it
appears that overcapitalization in farm-
ing is a rational, risk-reducing response
to uncertainty in the weather because
certain critical operations can be com-
pleted rapidly and thus reduce the farm-
ers’ weather vulnerability ¢).

New technologies developed in re-
sponse to these various economic in-
centives result from three sources: farm-
ers, private corporations (for example,
machine manufacturers, seed breeders,
chemical companies), and public re-
search institutions. In the case of farm
producers, productivity is improved not
only through purchase of improved
physical inputs from agricultural input
manufacturers but also through learning
by doing (for example, improved knowl-
edge of seeding depth and timing on a
particular farm by trial and error)—an
important farmer-generated form of ag-
ronomical technical change. However,
farmers are generally limited in the ex-
tent to which they can develop agro-
nomical technology since the cost of de-
velopment, other than that of learning by
doing, is too burdensome. As a result,
farmers are dependent on those ma-
chines and seed varieties offered by large
agribusinesses.

Private technology suppliers, in con-
trast, tend to develop and support only
those technologies for which they can
capture a substantial part of the benefits.
Thus, private concerns tend to focus on
mechanical and chemical developments
that lead to patented products. Similarly,
private concerns may strongly support
other biological-technical change since
the gains to machine manufacturers, fer-
tilizer companies, and seed companies
associated with increased production
may be substantial. Apparently, this was
the case with the Green Revolution. On
the other hand, private enterprises are
understandably reluctant to incur large
expenses in developing technologies for
which the benefits cannot be sufficiently
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captured by the developing enterprise.
The results of public research and devel-
opment activities are likely to be diffused
more rapidly than the results of private
research since these new technologies
become public information and are thus
widely accessible at lower cost. Private
research, in contrast, results in monopo-
listic control of information during the
period of patent rights. This is also the
case when technology is developed pub-
licly and patent rights are sold, say, from
a university to a private concern for mar-
keting. A related issue that must be con-
sidered in conjunction with public re-
search is that, because of the public na-
ture of the results, private concerns are
often able to reap the associated short-
run benefits. Whether or not various in-
dividual groups of producers and con-
sumers gain or lose in each case depends
upon the type of technological develop-
ment, as well as the market structure
(degree of competition), factor mobility,
the relationship of public and private
concerns, and the like.

Income Distribution: Immediate Effects

In general, the adoption of any tech-
nology results in an increase in the sup-
ply of the product being produced (if
there were no economic potential, the
technology would not be adopted) (5). If
a group of innovating producers makes
up a large part of the market, com-
petition will lead to lower product prices
because of increased supply; hence, con-
sumers will be better off. Benefits will
accrue to consumers roughly in propor-
tion to their expenditures on the product
in question, and this partly depends on
the distribution of income among con-
sumers. For example, improved tech-
nologies in staples should benefit the
poor relatively more than the wealthy,
whereas improved livestock technol-
ogies may be relatively more beneficial
for middle- and upper-income classes.
Also, in the case of commodities that
are exported where changes in domes-
tic technology have minor impacts on
world prices, producers capture rela-
tively more of the gains.

The fact that different technologies
lead to different input uses and produc-
tivities suggests that significant income
distributional effects may also be experi-
enced among factor suppliers. For ex-
ample, consider the adoption of mechan-
ical harvesting technology for tomatoes
and cotton. An immediate effect of these
developments was the displacement of
harvesting labor by harvesting machin-
ery which resulted in a decline in the to-
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tal wage bill paid by tomato and cotton
producers. Thus, for example, it is wide-
ly felt that California farm workers are
adversely affected by mechanical tech-
nology. However, the increase in the
demand for harvesting equipment with
mechanical harvesting technology in-
creased the returns in the farm machin-
ery manufacturing business. Also, the
demand for loans for capital investment
by producers increased; thus, the pay-
ment to capital increased relative to that
of labor.

The impact of technology on real land
values is inconclusive since, while in-
creasing productivity and reducing cost,
it also decreases product prices in the
case where markets are perfectly com-
petitive. However, in cases where out-
put prices are unaffected by technology,
the impact on land values is positive. In
the agricultural sector as a whole, it is
apparent that mechanical-technological
change has had a very large impact on
the growth in farm size and the reduction
in the number of farms.

Alternatively, consider biological-
technological changes such as the in-
troduction of hybrid corn and Mexican
wheat varieties. In such cases, workers
are not necessarily displaced. Employ-
ment per acre might even increase be-
cause of the extra handling and harvest-
ing of the increased output. If prices do
not drop appreciably as a result of the in-
creased output triggering a reduction in
acreage, total employment will increase.
This appears to have happened in Japa-
nese agriculture where the emphasis on
technology was biological in nature; the
improved rice varieties seem to have
been both labor- and land-intensive. Un-
like the case of mechanical change, the
capital requirements for agriculture were
thus not altered significantly (6). Again,
however, the effect of biological ad-
vances on land values is inconclusive un-
less product prices stay constant or in-
crease. Finally, it should be noted that
biological change, in and of itself, may
not force rapid growth in farm size, as
in the case of certain mechanical in-
novations, because there are no indivis-
ibilities requiring large farm size for eco-
nomical operation.

Compensation: Potential versus Actual

Gains

To determine whether or not the over-
all impact on social welfare is positive or
negative, the most common criterion is
the ‘‘compensation principle’’—techno-
logical change is beneficial if the gainers
can compensate the losers sufficiently so

that all are better off. In studies of the
impact of the mechanical tomato har-
vester, it has been demonstrated that
there were extremely large gains for pro-
ducing and consuming groups taken to-
gether, whereas displaced farm workers
were adversely affected. More interest-
ing than this was the demonstration that
the gains wer: large enough that the farm
workers could have been compensated
for their losses by the gainers so that
“‘everyone’’ could have benefited from
technological change (7). In the absence
of other complications every new tech-
nological change leads to potential gains
for society as a whole because supply is
increased. However, if the gains are not
adequately distributed, there will gener-
ally be groups that are adversely affected
and, if society is more concerned about
these (possibly poor) groups than the
gaining groups, then the actual effect of
technological change may not be good.
Thus, a more important question than
“Is technological change good?” is
““How can technological change be im-
plemented appropriately?”’

In this context we point out that a sub-
stantial amount of technological change
in agriculture is of an incremental nature
and widely dispersed over time and
space so that it is impractical to consider
compensation for losses caused by it.
Change must be implemented in spite of
some losses to specific individuals when
the gains are relatively large, otherwise
stagnation and the associated lack of up-
ward mobility from the lower-income
classes must be accepted. Second, some
of the problems of compensation can be
partly overcome by extending labor ben-
efits available in other sectors to farm
workers. For example, extension of un-
employment insurance to seasonal farm
workers would provide ‘‘generalized”’
compensation as compared to the ‘‘spe-
cific’’ protection of compensating work-
ers for the loss of jobs brought about by
the tomato harvester.

Wealth Accumulation and Farm Size

One important issue surrounding tech-
nological change concerns increasing
farm size and the related accumulation of
wealth by landowning farmers. Few
would disagree that mechanization has
been a critical factor in the process of
farm amalgamation. This phenomenon is
at least partially explained by the fact
that large farmers tend to have easier ac-
cess to capital markets, information, and
education; therefore, they are among the
first to adopt new technologies that
lower their costs and cause product
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prices to fall. These phenomena, in turn,
create incentives for farmers not adopt-
ing these practices to sell their holdings to
the larger operations. At the same time,
many farms are sold as farm owners
reach retirement age; and these farms
are often purchased by neighboring
farmers who generally need the addition-
al land to make efficient use of ever
larger farm machinery. Thus, techno-
logical change leads to more concentra-
tion in production and may cause mo-
nopolistic (or oligopolistic) price prac-
tices. If technological change is to be
implemented appropriately, it is of the
utmost importance that antitrust mecha-
nisms function well to maintain com-
petition. Moreover, these regulations
should control the market power of labor
unions as well as that of large business-
es.

Environmental Impacts of Technology

Increasing mechanization has led to
increasing energy demand in the farming
sector, and varietal improvements have
led to greater use of fertilizers that also
embody nonrenewable resources.

Most modern technologies are energy-
intensive and contribute to the current
energy crisis. However, it could also be
argued that, from a social point of view,
concern about energy use in agriculture
should be secondary relative to wasteful
uses such as automobile travel for recre-
ation, jet travel to all parts of the world
for trivial purposes, and the manufacture
of disposable items.

There has also been a concern that
certain technologies result in pollution of
the environment. Pollution intensity is
not an inherent property of new tech-
nologies; with the right environmental
policies, science and technology can be
harnessed to improve the environment.
For example, in California the issue of
rice straw burning has resulted in tech-
nology now being developed to eliminate
the burning process as a means of dis-
posing of rice straw. By using such de-
vices as regulation taxes and health stan-
dards, society can control the short-run
ill effects of technology and actually
create the incentives that lead to long-
run technological solutions to particular
pollution problems.

Sociological Impacts of Technology

As pointed out earlier, the process of
technological change tends to result in
the growth of farms over time and, con-
comitantly, the increased specialization
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of the factors of production. In many
cases the activities of owners, managers,
and workers become segmented. For ex-
ample, Schumacher (8) and Mishan (9)
have recently argued that, because of the
emphasis on efficiency and special-
ization, work becomes repetitious and
uncreative. Hence, workers derive satis-
faction primarily from wage earnings and
not from work per se. But technology
has also made possible a large reduction
in working hours so that leisure time has
become a major source of enjoyment.
Furthermore, a number of jobs have
been generated in the area of tech-
nological development that enhance cre-
ativity and self-satisfaction. Net benefits
in terms of working conditions are thus
difficult to evaluate.

Another major, legitimate concern is
the impact of technology on rural com-
munities. Clearly, while many small
rural communities declined with the
growth of farm size, others survived and
grew in size to become major service
centers. Under modern transportation
there is a reduced value in maintaining
adjacent communities.

Certainly, in this process of change,
some people have been adversely af-
fected. Older people who could not ad-
just to large communities and cities suf-
fered. Money was lost in certain busi-
nesses since properties in a declining
community had little resale value. Thus
everyone does not benefit from tech-
nological change unless everyone is
compensated during the process of ad-
justment. Also, any compensation
scheme must be implemented in a man-
ner that will encourage rapid adjustment
rather than channel vast sums of money
into declining communities in such a way
as to encourage continued social in-
efficiency. Changes already under way
will probably continue to put increased
pressure on those in declining commu-
nities to move and, if so, the social costs
associated with supporting them will in-
crease accordingly.

General Equilibrium Effects

When considering the welfare effects
of technological change, one must sup-
plement the above analysis of direct ef-
fects with a more general economy-wide
analysis of the adjustment process and
eventual final state of the economy taken
as a whole. For example, agricultural
technology has indeed displaced work-
ers, but it is not clear whether workers
have been pushed out of agriculture be-
cause of dwindling labor demand or
pulled out because of more attractive op-

portunities in other sectors. One way or
another, other sectors in the economy
eventually absorbed most of the dis-
placed workers. According to U.S. De-
partment of Agriculture statistics, one
out of every three people was engaged in
farming in order to feed the population in
1910; by 1976, the number had declined
to 1 out of every 49. By comparison, ap-
proximately 31 percent of the population
(which amounts to 70 percent of the 1976
labor force) was freed from farming
to pursue occupations elsewhere (10).
Clearly, this 70 percent has not simply
been added to the unemployment lines
but has, to a large extent, contributed
productively to the rest of the economy.
These overall impacts of technology
must be evaluated before conclusions
are reached about technological change
in a single sector.

One cannot omit interregional and in-
ternational dimensions when discussing
technological change. As an example,
the mechanical tomato harvester result-
ed in an increase in acreage planted in
California but a decrease in acreage
planted in other states because of lower
per unit costs in California. Also, since
most of California’s farm products are
traded internationally and labor costs are
higher in the United States than many
other areas (reflecting a higher standard
of living), the United States will not re-
main competitive unless technology that
increases the productivity of labor con-
tinues to be developed (/7).

A further point often overlooked is the
effect of agricultural technology on nutri-
tion. The increase in agricultural produc-
tivity allowed the people of the United
States to consume a greater variety of
products; it also increased their con-
sumption of those products having a rel-
atively high protein content. By com-
parison, lack of technology is a general
cause of malnutrition in less-developed
countries. Also, the technological im-
provement in food processing has re-
duced the hours required for meal prepa-
ration by housewives and has thus en-
abled women to participate in activities
outside the home.

Conclusions

It seems that, by and large, the in-
troduction of technology need not lead to
undesirable consequences if the process
of adoption is properly monitored and
controlled. Generally, there are potential
gains from technological change; but
whether or not all are made better off de-
pends on the extent to which the gainers
compensate the losers and the latter are
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stimulated to adjust rapidly so that losses
do not continue. The amount and form of
compensation needed depend on such
factors as the age of the displaced work-
ers and the level of employment in the
general economy.

We suggest that the following points
are important:

1) In agriculture it is difficult to identi-
fy the workers displaced by a particu-
lar technological change. Care must be
taken in developing appropriate defini-
tions and in providing incentives for
those adversely affected to identify
themselves. '

2) Compensation must be paid in a
manner that preserves incentives to ad-
just to a changing world. For example, a
program that paid a displaced worker the
equivalent of his wages until he found
another job would not be satisfactory. A
better approach would be to provide a
simple severance payment, to subsidize
retraining, and to facilitate movement to
other work.

3) Adequate predictions of the impact
of technological improvements present a
problem. Preparation of a meaningful
‘‘impact statement’’ prior to the devel-
opment of a technology is virtually im-
possible. However, once a particular
machine has been developed, a meaning-
ful study can be conducted on its poten-

tial impact, the best way to introduce it
and control its adverse effects, and the
means by which adversely affected
groups can be compensated.

4) Part of the taxation or other revenue
from the gains of technological change
has to be used to finance agencies over-
seeing compensation and control. In the
absence of such use, other bureaucratic
costs are likely to result because dis-
placed workers may otherwise be added
to the unemployment and welfare rolls
that provide no incentives for adjustment.

5) Incentives to entrepreneurs also
play a role in increasing productivity
over time. If rigid restrictions are contin-
ually placed on technological improve-
ments in labor-intensive industries—for
example, in the fruit and vegetable in-
dustries—then increasing restrictions
will entice producers to shift into already
mechanized production of other com-
modities. If handled improperly, such re-
strictions could thus lead to more ex-
pensive foods and less dietary variety.
Hopefully, incentives will be sufficiently
preserved to ensure that new improve-
ments will continue to be made so that
both efficiency and income distribu-
tion goals are met. Without efficient
means of production there is little pro-
duct to distribute among the members
of society.
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