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Power

and

Efficiency

Efficiency
of Labor

Reuben W. Hecht and Eugene G. McKibben

Topay a farmer with mechanical and
electrical power, modern machines,
improved seeds, fertilizers, and pesti-
cides, convenient buildings, and im-
proved breeding stock and feed turns
out almost four times as much product
each hour of work as a farmer did
each hour in the years just before the
First World War.

Advances in efficiency of farm labor
have resulted directly from fewer hours
of farmwork and from grcater farm
production. Many related and inter-
related forces, including engineering
and biological developments and eco-

nomic and social changes, have been
behind these basic causes.

During the half century since 1910,
farm output per man-hour has risen
at an average rate of almost g percent
a year. This gain has not come about
gradually.

For the first decade after 1910, farm
output per man-hour rose less than 1
percent a year. The increase was due
to the cxpansion in farm output as the
labor used on farms also rose.

The two decades between the First
and Second World Wars were char-
acterized by a start of a persistent
downward trend in the number of
workers on farms. Lack of an effective
demand for farm products and other
factors held the annual gain in farm
output to a modest 1 percent a year,
but the gain had a greater influence
on raising farm labor efficiency an
average of 1.6 percent a year than the
reduction in the amount of labor used
on farms had.
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The annual increase in farm produc-
tion and its contribution to the greater
labor efficiency that came during the
Second World War was without prec-
cdent in the history of American agri-
culture and has not been equaled since.
By a fortunate conjuncture of circum-
stances, farm output rosc 3.3 percent
annually and was largely responsible
for raising production per man-hour
to record levels. Efficiency of farm
labor rosc at the annual rate of 4.8
percent from 1940 to 1945.

- The advances in mechanization and
the changes that accompanied it have
meant an acceleration in the reduction
in the man-hours of farmwork since
the war. The number of man-hours
dropped at an annual rate of 4 percent
from 1945 to 1950. Since 1950 the re-
duction on a percentage basis has been
cven greater—¢4.2 percent a year. Ex-
pressed in hours of farmwork, the drop
in the 5 years following thc war
amounted to almost 750 million man-
hours a year. During thc next decade
the annual reduction was about 500
million hours a year.

The postwar drop in farm labor input
is shown also in the number of workers
on farms. There were 1o million on

farms at the end of the war. Primarily
because of the return of workers from
war industrics and the Armed Forces,
farm employment rose for a couple of
years, but after 1947 numbers again
turned downward.

In the first 5 ycars after the war, the
reduction was only 15 thousand work-
ers a year, compared with an annual
drop of about 200 thousand from 1940
to 1945. Farm cmployment averaged
only about 7.4 million workers in 1959:
The annual reduction since 1950 has
been almost 20 times as fast as during
the first 5 postwar years.,

On the other side of the labor effi-
ciency ratio—the production side—ad-
ditions to farm output after the war
continued to contribute significantly to
the steep upward climb in labor
productivity.

Its cffect was less than during the
wartime period for two basic reasons,
one absolute and thc other relative:
The annual increase in farm produc-
tion was less than during the war; the
accelerated reduction in labor used on
farms lowered the relative effect of
additions to farm output.

In line with the great strides made
in adding tractors and other forms of
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mechanical power to farms after the
war, work animalsdisappeared rapidly.
From 1945 to 1950, the drop in work
animals was responsible for additions
to cropland for raising products for
human use, amounting to 2.6 million
acres a yecar. The horse-and-mule-
release of cropland had equaled 2.2
million acres annually during the war
and has averaged 1.5 million acres
yearly since 1950.

As only about g million head of
horses and mules were left on farms
and ranches at the beginning of 1960,
this source of additional output is
about exhausted. However, this aspect
of farm mechanization was the prime
source of greater farm output for the
first half decade after the war. Since
1950, greater crop and livestock pro-
duction resulting from higher yields
has been chiefly responsible for addi-
tions to farm production.

While greater farm production
helped, the reduction in labor used on
farms was the chief cause of the steep
upward climb in labor cfficiency after
the war. It rosc at the annual rate of
5.2 percent for the first half decade and
6.5 percent a year since 1950.

Many adjustments in organization
and management of farms and related
industries developed concurrently with
the advance in farm technology and
labor efficiency. Indeed, they wecre
part of it.

We have said that the farm mecha-
nization phase of the technological
progress in farming both lowered the
amount of labor used on farms and
raised the amount of farm products
available for human use. That is true,
but it is an oversimplification of the
complex and interrclated changes that
have been part of the technological
revolution in agriculturc.

An all-inclusive discussion of labor
efficiency in farming would include
consideration of most of the forces
behind growth in the total economy.
The more general of these include hu-
man desires; stable government and
institutions; public and private re-

319
search for new and adaptable products
and techniques; education, particu-
larly regarding adoption of the inno-
vations; and a favorable economic
climate.

LEconomic forces express themselves
through prices and incomes. Many
price relationships and changes in the
relationships have profoundly affected
advances in technology.

An example is the cost of farm labor
and the cost of the items that can be
substituted for labor. Much of this
kind of substitution has taken place,
particularly the replacement of work
animals by mechanical power.

To simplify the comparison, we as-
sume that wage rates paid to hired
workers reflect the cost of operator’s
time and that of unpaid labor of his
family. (This assumption fails to rec-
ognize remuneration for management
{unctions performed by {arm operators.
On the other hand, they and family
workers do many jobs that add little
to farm income.) ‘

Farm wage rates were more than 200
percent higher in 1958 than in 1925-
1929. During those g0 years, the aver-
age prices paid for tractors, trucks, and
automobiles rose 19o percent; farm
machinery, 130 percent; and fuel,
tires, and other motor supplies about
30 percent. A comparison with 1935—
1939 would show even greater dis-
parity in the rates of increase.

"We could cite other illustrations of
the relationship of prices that favor the
adoption of technology, such as the
prices paid for fertilizer and improved
seed, whose cost generally has been
considerably less than the value of
their additions to production.

THE INCREASE in size and specializa-
tion of farms has been one of the most
significant changes in farm structure
and organization that have come with
the adoption of technology.

About a billion acres have consist-
ently constituted the land base in
farming, but the number of farms has
dropped from about 6.5 million at the
time of the First World War to fewer
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than 4 million in 1960. Each year the
fewer remaining farms, on the average,
add land to their operations. More
than two-fifths of the transfers of farm-
land are for the purpose of enlarging
farms. They were one-fifth of the pur-
chases in 1950.

One might expect that by this time
wheat farmers, who were among the
first to mechanize, would have pretty
well adjusted- their operating units to
the new machines and methods. A
larger proportion of the current trans-
fers of farmland, however, is for farm
enlargement in the wheat farming
areas than in other parts of the coun-
try: Even in the more mechanized

areas, innovations are being adopted

that save even more labor, and effects
of them are being translated into
larger farms.

The number of acres is not a reliable
measure of size in all farming situa-
tions, of course. A poultry farm may
have few acres but be a large unit in
terms of total investment or in number
of birds or eggs produced. Here a
major part of the investment is in
buildings and equipment that induce

large flocks and raise production per
hour of labor.

Modern equipment and machines
arc so expensive in many instanccs
that it is advantageous to the farmer
to develop larger farms and enter-
prises to make full use of the new re-
sources and to hold down unit costs.

Under older systems of farming, a
farmer could add acres or animals
without increasing proportionally the
labor he used. With modern equip-
ment, tools, and methods, the increase
in labor needed is even less, relative to
the added acres and animals.

The degree of specialization on farms
may be indicated by the number of
enterprises (such as milk cows or corn)
each has. Of 20 major enterprises, the
average farm had 5.4 in 1940 and 4.7
in 1954.

Specialization has occurred in both
the general and the unusual farm enter-
prises. The number of farms dropped
about 10 percent between 1950 and
1954, but the number of farms with
chickens and those having milk cows
each fell 19 percent. The number of
farmers growing snap beans dropped
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35 percent, and the number preducing
tomatoes, 30 percent. In each instance,
the avcrage size of the centerprise was
greater in 1954.

Besides raising overall efficiency in
farming, specialization has had other
cflects on farm labor.

One of the disadvantages of speciali-
zation is that work may not be pro-
vided for all seasons and periods of the
ycar if there arc only a few enterpriscs.

That is particularly significant on
farms with a relatively fixed labor
force, such as many family farms.

According to the census, workers on
farms put in about 5 fewer hours per
weck in 1959 than they did in 1949.
Or on a daily basis—around Septecm-
ber 1, 1959—Tfarm opcrators averaged
9.8 hours of work a day. Hired work-
crs averaged 8.9 hours. Comparable
lengths of workdays 1o ycars earlier
were 11.1 and 9.5 hours, respectively.

Spccialization, then, has been trans-
lated into fewer hours per farmworker
as well as into greater production per
worker and per hour of work.

We do not mean to stress specializa-
tion unduly or to imply the abscnce of
other influences. Many forces havc
induced changes in input and produc-
tivity of labor.

Tue NnpEX of labor efficiency is the
ratio of total agricultural output to
the input of labor in farm production.
The index thus reflects the net effect
of all forces that influence cither farm
production or farm labor.

Myriad influences underlie changes
in the two basic indexcs of total agri-
cultural output and labor used in farm
production. They arc themsclves in-
terrelated.

For example: Labor used on farms
has trended downward for nearly four
decades, and the descent would have
becn greater were it not for the upward
trend in farm production.

In terms of a specific crop, in 1950~
1954 it took an averagc of 69 man-
hours to grow and harvest an acrc of
sugar beets yielding 15.5 tons. The
average for the following 4 years was

528981°-—60—- -22
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59 hours per acre, or more than a fifth
less, and the drop would have been
grcater if the yield had not increased.
The average yicld in 1955-1958 was
17 tons. The combined effect of fewer
hours and more tons per acre, includ-
ing the almost innumecrable forces back
of these changes, was to raise produc-
tion of sugar bects per man-hour by
more than 40 percent in 5 years.

To understand the meaning of pro-
duction per hour we have to under-
stand the underlying measures of labor
input and production.

The annual scries of total man-hours
of farmwork are “built up” by individ-
ual farm enterpriscs by applying re-
gional average man-hours per acre of
crops and per head or unit of produc-
tion of livestock to the official estimates
of acres and numbers prepared by the
Crop Reporting Board of the Agri-
cultural Marketing Service. Time for
farm maintenancc or gencral overhead
work is cstimated separately and added
to the direct labor for crops and live-
stock in arriving at man-hours of all
farmwork.

For an individual farm commodity
or enterprise, production per man-
hour may be expressed in bushecls,
pounds, tons, or any commonly used
mcasure. Groups of farm commodities
or total products, however, because of
their diversity, cannot be added di-
rectly and must be converted to add-
ablc units. Average prices for farm
products for a period of years serves

- this purpose.

Average prices for 1947-1949 are
used for the ycars since 1939.

Total farm output measures the an-
nual volume of farm production avail-
able for eventual human use. The
output computations are made in such
a way that crops fed to livestock, for
example, are not double counted, or as
part of both crop and livestock produc-
tion. Eggs used fer hatching also illus-
tratc an item that is deducted to avoid
double counting. Production of horses
and mules and the hay and grain fed
to them are likewisc excluded from
farm output. :
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It would not be correct to attributc
all the changes in efficiency to farm
labor. We should not interpret the
indexes as an allocation to labor of all
the advances in farming efficiency.
Labor is the most important single
input in agricultural production, how-
ever, and changes in the ratio of pro-
duction to labor provide a useful meas-
ure of changes in efficiency of farm
production. :

Changes in production per man-hour
of labor must be interpreted in the
light of changes in mechanization,
yields of crops and livestock, and other
technological forces that operate on
labor input and farm production.

The ideal measure of efficiency
would include all production inputs
in the denominator of the ratio.

Solomon Fabricant, of New York
University, said this regarding pro-
ductivity ratios: _

“As a general rule . . . it is better
not to limit productivity indexes that
purport to measure changc in efficiency
to a comparison of output with a single
resource. The broader the coverage of
rcsources, generally, the better is the
productivity mcasure. The best meas-
ure is one that compares output with
the combined use of all resources.

“Information on all resources is not
available, however. Until rather re-
cently, economists interested in meas-
uring the rate of increase in national
productivity had to make shift with
labor input alone—first, in terms of
number of workers, then in terms of
man-hours. This is still true for most
individual industries, narrowly defined
even on a historical basis, and for both
individual industries and the economy
as a whole on a current basis.”

His statement about individual in-
dustries certainly applies to farm
enterprises. It applies at all levels of
aggregation or from national data to
those for an individual farm.

Tor a comprehensive measurement
of overall efficiency in agriculture,
information on the amount of each
production resource going to each en-
terprise would be necessary. Improve-
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ment of efficiency in farming results
from more cfficient production of corn,
wheat, beef, or another enterprise.
Without total input data for each en-
terprise, we can learn relatively little
of the how and why of total farm effi-
ciency. Capital inputs particularly are
difficult to define and to obtain, but
we have a wealth of data on the
amount of labor used for the individ-
ual farm entcrprises.

Annual series since 1930 of farm pro-
duction per man-hour of labor and of
production per unit of total input are
available for about 1% types of com-
mercial family-operated farms.

Glen T. Barton and Ralph A. Loomis,
of the Department of Agriculture, pre-
sented an analysis of the trends in these
two series in a paper published in the

Journal of Farm Economics for Decem-

ber 1957.

They found that the percentage in-
crease in production per man-hour is
much larger, but that a close associa-
tion exists between changes in it and
in production per unit of total input.
Put another way: A given percentage
increasc in production per unit of in-
puts is associated with a much larger
percentage increase in production per
man-hour.

They stated further: “The high cor-
relation between changes in produc-
tion per man-hour and in production
per unit of input is not surprising when
viewed against the background of tech-
nological progress in agriculture. The
bulk of the innovations adopted in
farm production have been of a direct,
or indirect, labor-saving nature.”

While it has limitations, production
per man-hour is reasonably reliable
for general purposes as an indicator of
total efficiency.

IT 13 UNREALISTIC in some respects to
view farming as a thing apart. When
our Nation was young, that could be
done because agriculture was largely
self-contained. The draft animals, feed,
tools, building materials, implements,
manure, the family’sfood and clothing,
material for the farmhouse and furni-
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ture, and the fucl were all mostly pro-
duced on the farm.

Not so today. Now farmers sell most
of what they produce and buy what
they nced on the farm and in the home.
There has been a dispersion of jobs or
functions from farms to nonfarm busi-
ness firms.

The modern farmer retains prima-
rily the function of a producer of crops
and livestock. This is a different kind
of specialization than we discussed pre-
viously. The average farmer specializes
on fewer enterprises and he also per-
forms fewer functions.

The evolution from self-sufficiency to
commercialization of farming may best
be portrayed by changes in the distri-
bution of the population and labor
force. At the beginning of the 1gth cen-
tury nearly everybody lived in rural
arcas, and 8o of every 100 persons in
the labor forcc were engaged in farm-
ing. Now only 12 percent of the people
live on farms, and of each 100 in the
total working force, only g are farm-
workers,

ENnTIRELY NEW industries and service
institutions have had their beginning
and growth in the increasing tendency

40 45 50 55 60

of farmers to utilize production sup-
plies originating off the farm.

Complementing this development
has been the creation of still another
group of business entitics with the func- -
tions of handling, storing, processing,
and distributing food, fiber, and other
products from the farm to the con-
sumer. Thus we have three groups of
related industries with interrelated
functions. Altogether they embrace es-
sentially the functions that the term
agriculture denoted 150 years ago.

Their dimensions arc large. Con-
sumers in 1954 bought food and fiber
worth about g3 billion dollars, or
roughly 40 percent of the total con-
sumer expenditures for all products
and services.

The total assets of the three segments
equaled approximately 220 billion dol-
lars, which was almost three-fifths of
the total assets of manufacturing,
wholesale, and retail corporations and
agriculture.

About 24 million persons, or about
two-fifths of the total working force of
64.5 million, engaged in the activities
pertaining to agriculture—about 6
million were employed by farm-sup-
plies industries, about 8 million were
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engaged in farming, and 1o million
were in the processing-distribution
industries.

The significant point is this: The
workers in the farm-supplies industries
by taking over functions formerly done
by farmworkers have contributed
heavily to the advance in farm output
per hour of farm labor.

Before going into the extent of this
contribution, we should indicate that
the processing-distribution workers also
do a few functions that were done by
farmworkers, but most of their tasks
were taken over from housewives.

The processing-distribution workers,
that is to say, chiefly perform addi-
tional services or processes rather than
the functions that farmworkers once
did. Processing-distribution workers
should be cxcluded, thercfore, in a
comparison between farm production
or output as it leaves the farmer’s gatc
and the workers who contribute to it.

If we add farm-supplies workers to
the farm labor force, however, and
compare the sum with farm output,
we get a measure of the efficiency of
all labor—direct and indirect, farm
and nonfarm—that contributes to
farm output.

This concept attempts to answer in
aggregatc a question of which the fol-
lowing illustrates a part of the broader
inquiry: ‘

Does using a tractor on a farm still
save labor even though we include the
miners who dug the iron ore and coal
from the earth, the smclter workers
who converted these raw matcrials into
steel, the manufacturing workers who
fabricated the steel into tractors, and
all the other nonfarm workers who
assisted in producing and distributing
the tractor, the fucl, and the other
supplies that it requires?

We cannot give an exact measure-
ment because we lack precise and full
data. Some jobs, for example, have
been transferrcd to nonfarm workers
and have later been transferred back
to farmworkers: Farmworkers once
hauled nearly all farm products to a
local market. When motortrucks were
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introduced, many were purchased by
commercial truckers, who did a lot of
hauling for farmers. When farm trucks
became more common, many farmers
tended to do their own hauling rather
than to hire nonfarm truckers. The
exact division of the hauling job be-
tween these kinds of workers at a given
point in time is unknown.

Estimates by men in the Department
of Agriculture indicate that 5 million
persons worked in the farm-supplies
industrics in 1g47 and 6 million in
1954. Industrial workers put in about
40 hours a week during this period.
Farm-supplies workers thercfore spent
10 billion to 11 billion hours in produc-
ing goods and services purchasced and
used by farmers in 1947-1954. At the
same time, work on farms took 17 bil-
lion to 14 billion hours, or from half to
two-thirds of the total.

Similar estimates were made for a
few years near the end of the First
World War, near the beginning of the
Second World War, and for a current
period. They help us compare changes
in efficiency of farm labor and of total
labor for two periods—between the
wars, when farmers increased their
purchases of supplies from the non-
farm sectors of the economy by about
a fourth; and from the beginning of
the Second World War to 1958. Dur-
ing the latter period, the quantity of
farm supplies, as measured in 1947—
1949 average prices, rose from about
4.8 billion dollars to 14.4 billion.

Farm output per hour of farm labor
rose by about 40 percent during the
interwar period. When the time of the
farm-supplies workers is included, the
increase is less—about 30 percent.
Since the beginning of the Second
World War, the gain in farm labor pro-
ductivity has been a little more than
150 percent. The inclusion of farm-
supplies workers reduces it to about 50
percent.

Thus, when farm supplies are con-
verted to labor and added to the farm
labor force, the gain in efficiency is not
so great as when only farm labor is con-
sidered. The increase is still sizable—
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more than 8o percent from the cnd of
the First World War to 1958.

The technological revolution has not
been limited to agriculture. It has oc-
curred in industrial plants, also; it has
meant a gain in productivity of those
workers as well as a substantial contri-
bution to the increase in cfficiency of
workers on farms.

Tuis iIDEA of laborsaving or gain in
efficiency of all labor resulting from the
adoption of technology is clearer when
it is put in terms of a few important
farm machines such as cornpickers,
cottonpickers, and milking machines.

First, let us assume that in thc late
1950’s the average cost of labor going
into the production, handling, and de-
livery of these machines is 2 dollars an
hour. Second, let us assume that the
total labor represented by one of these
machines as received on the job is
something less than the delivered cost
divided by the average wage. The dif-
ference, of course, consists of items—
such as natural resources and profit—
that do not represent labor.

Two-row mounted cornpickers cost
2,000 to 2,400 dollars delivered to the
farm. The farm-supplies labor rcpre-
sented is about 1,100 hours. The use of
such a picker may reduce harvest labor
requirements by 5 man-hours per acre
and can harvest 80 or more acres in a
season. This means a total reduction of
morc than 400 man-hours annually.

Thus, under usual conditions, only a
few years would be required for the
reduction in farm labor to equal the
nonfarm labor required to produce
and deliver the machinc. A cornpicker,
of course, requires a tractor, fuel, and
other supplies produced by nonfarm
workers. But here, also, a net saving
in labor occurs compared with the
farm labor required to raise, feed, and
work the animals required under older
mcthods of harvesting corn.

One-row, tractor-mounted cotton-
pickers cost 4,000 dollars to 8,000
dollars. The off-farm labor used to
produce, handle, and deliver such
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machines may be 2,000 to 4,000 man-
hours. Such a picker under normal use
will reduce the man-hours needed for
cottonpicking from 40 to 50 per acre
on 40 to 8o acres. This would be a
reduction of farm labor of 1,600 to
4,000 man-hours a year. Again, only a
few years would be required to balance
reduced man-hours of farm labor
against the man-hours of industrial la-
bor required to deliver such a cotton-
picker to the user.

A four-unit milking machine costs
about 1,000 dollars. The off-farm labor
represcnted must be something less
than 500 man-hours. Such a machine
will handle 40 or morc cows, with an
annual reduction of about go man-
hours per cow compared to hand milk-
ing. Thus, the annual reduction of the
dairy labor will be 1,200 hours or more.
Thus, in many cascs, less than a year’s
use will be sufficient for the reduction
in man-hours of dairy labor to balance
the man-hours of industrial labor re-
quired to make the milking machine
available.

These examples constitute further
evidence that the increase in time of
farm-supplies workers is more than off-
sct by the reduction in time of farm-
workers resulting from their use.

ErFiciENCY in [arming results from
more cflicient production of corn, cot-
ton, milk, and other farm products.

How have the different farm enter-
prises fared in this respect?

How do crops compare with live-
stock?

If there are differcnces, what have
been the significant causcs?

American farmers in 1956-1958
raised morc than three times more
total crops per hour of labor than they
did in 1910-1912. (The 3-year aver-
ages are used to add stability.) During
the same period, livestock production
per hour nearly doubled, and labor
efficicncy in total farm production rose
2.8 times.

The increase in productivity of the
labor spent on crops has been far from
uniform among crops and sections and
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for different parts of the last half
century.

There has also been considerable
variation during different parts of the
period in the relative influence of the
two basic factors behind the phe-
nomenal increase in crop production
per hour. These causal factors are
higher yields per acre, which werc
largely the result of fertilizer, varicty,
hybrids, pesticides, weather, and other
biological factors, and fewer man-
hours per acre, which resulted pri-
marily from mechanization—that is,
more effective power sources, ma-
chines, and methods.

Man-hours per acre and yield are
interrelated. To illustrate: If a greater
quantity of fertilizer is applied to a
crop and results in a greater yield,
additional time is needed to obtain
and to apply the fertilizer and to har-
vest and market the higher yield. The
relation between yield and time for
harvest depends on the extent of
mechanization. Additional yield of a
highly mechanized crop adds little to
the timc for harvesting but for crops
that are gathered by hand the increase
in harvesttime is almost proportional
to the added produce.

For the half century beginning in
1910, wide adoption of mechanized
and laborsaving methods of produc-
ing, harvesting, and marketing crops
resulted in a drop in man-hours per
acre of crops at the rate of 2.2 percent
per year. Mechanization was the
prime cause of greater labor efficiency
in producing crops. The increase of 0.8
percent per year in yields also con-
tributed, however, and the combina-
tion of the two resulted in the sub-
stantial rise—g.1 percent annually—
of crop labor productivity. Of the gain
in crop efficiency, 72 percent resulted
from fewer hours per acre. The re-
maining 28 percent was associated
with higher yields.

Between 1910 and 1920, there was a
relatively small but still important in-
crease in the labor efficiency of crop
production. Crop production per acre
dropped slightly. That had a negative
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effect on labor cfliciency. But changes
in equipment and methods, the begin-
ning of the trend toward mechaniza-
tion, was enough to offset the influence
of lower yields and to raise the effi-
ciency of crop labor at the rate of 1
percent annually. There was a trend
toward the use of larger teams. Trac-
tors were coming into use, particularly
in the western wheat areas. The use of
the combine was expanding.

During the depression ycars of the
interwar period, the labor efficiency of
crop production continued to improve
at the slightly greater rate of about 1.5
percent annually. It was partly the re-
sult of moderately higher yields per
acre, but a developing mechanization
was the dominant factor. It was re-
sponsible for about two-thirds of the
gain during these two decades. The
tractor, particularly the general-pur-
pose tractor with pneumatic tires, was
widely accepted in these years. The
combine harvester-thresher had almost
entirely replaced the binder and
threshing machine. Extensive use was
made of cornpickers. The adoption of
field forage harvesters and field pick-
up hay balers was expanding.

During the war years of 1940-1945,
the increased demand and prices for
crop products resulted in an almost
explosive combination of biological
and engineering developments, which
had been incubating during the de-
pression years. The result was an
annual increase of crop production
per man-hour of nearly 5 percent.
Biological developments in crops, soils,
and entomology appear to have made
contributions about equal to those of
mechanization during this period. The
use of hybrid seed corn and heavier
applications of fertilizer became al-
most universal. Laborsaving harvest-
ing machines were generally used,
except where wartime limitations on
steel for their manufacture prevented.

During the period 1945-1950, labor
efficiency continued to increase and at
the still higher rate of about 5.3 per-
cent per year. Slight increases in yield
per acre occurred during this period,
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but the major contribution to in-
creased production per man-hour re-
sulted from fewer man-hours per acre,
which dropped an average of about 5
percent per year. The Korean situa-
tion helped maintain farm prices but
did not seriously restrict the produc-
tion of farm machines. Thus, mechani-
zation developed at the highest rate so
far attained and accounted for 97 per-
cent of the gain in productivity of crop
labor.

Mechanization, as reflected in man-
hours per acre, continued at the slight-
ly lower rate of about 4.6 percent per
year from 1950 to 1958 and was the
most important factor contributing to
rapid increase in labor efficiency.

During this period, though, there
was also the highest rate of increase of
average yield per acre so far attained—
nearly g percent annually. An impor-
tant factor was acreage allotments for
wheat, cotton, and a few other crops.
With the allotments there was strong
incentive to use the best agronomic
practices on the best acres.

The combination of this rapidly in-
creasing yield per acre and the reduced
labor per acre caused by the continu-
ing rapid development of mechaniza-

tion resulted in a startling 7.4 percent
average annual increase in crop pro-
duction per man-hour. About two-
thirds of this phenomenal gain resulted
from advances in mechanization and
the other third from greater yields.

The biggest gains in labor efficiency
have been for the feed and food grains
and oil crops, among them corn, wheat,
and soybeans, which are among the
most completely and effectively mech-
anized. Farmers in 1956-1958 pro-
duced more than six times as much
oil crops, six and two-thirds times as
much food grains, and almost six times
as much feed grains per man-hour as
in 1910-1912.

Even greater gains in efficiency were
made in the major producing area of
each crop.

For sugar crops, mainly sugar beets,
the gain in labor productivity for the
past 5 decades has been ncarly goo
percent, somewhat less than for crop
production as a whole. Production of
sugar crops per hour from 1950 to
1957, however, rose more rapidly than
for any other group of crops except feed
grains. Much progress has been made
in mechanizing production of sugar
beets, which took about g5 hours per
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acre during the war but only 53 hours
in 1955-1958. Also contributing was a
significant increase in yield from r12.7
tons to 17 tons an acre.

For cotton, the gain in labor efli-
ciency also has been just under 300
percent. Picking cotton was about one-
third mechanized in 1958. Even less
progress has been made in mechaniz-
ing chopping and hoeing—the most
time-consuming preharvest operation.

Production of hay and forage is well
mechanized, but the gain in produc-
tivity during 1910-1958 was only about
three-fifths that of all crop production.
That is becausc baling, one of the
modern methods, does not save a great
deal of labor as compared with older
methods, most notably in the West,
where stacking was formerly the prev-
alent mcthod. Chopping with a field
forage harvester, the most laborsaving
modern method, has not increased sig-
nificantly. In fact, the percentage of
the hay crop that was chopped has
-dropped slightly. Advances in the
mechanization of tillage and seeding
operations have had less effect on the
labor for forage production because
many acres of forage crops produce for
several years with one scedbed prep-
aration and seeding.

The gain in labor efficiency for
vegetable production has also been
equally low—1%0 percent—although
for certain vegetables as green peas
and spinach for canning and frecz-
ing production has been completely
-mechanized.

The mechanization of fruit and nut
production has made still less progress.
In many fruit and vegetable crops,
particularly those produced for the
fresh market, the increase in produc-
tivity has been low. That is true also
of certain special crops.

Tobacco, for example, is an im-
portant commercial crop but still re-
quires nearly two-thirds as many
man-hours per unit of production as
it did in 1910. Because the manual
harvesting of this crop has a high labor
requircment, thc large increase in
yield, more than 6o percent, that has
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occurred since 1gro has tended to
counteracti the savings per acre result-
ing {from progress in the mechaniza-
tion of other operations. In fact, pro-
duction per man-hour has increased
less during this period than the yield
per acre, with the result that the man-
hours per acre required in 1958 were
somewhat higher than in 1910.

WHAT ARE the possibilities to im-
prove farm labor efficiency further for
crop production by mechanization?

The complecte or partial mechaniza-
tion of harvesting {ruit and vegetables
is the most challenging. Another im-
portant possibility is the completion of
the mechanization of thc harvesting
and handling of difficult crops, such as
for cotton and certain fruit and vege-
tables, where a good start has already
been made. Promising starts have been
made on the mechanization of the har-
vesting of such very difficult crops as
tobacco, tomatoes, cucumbers, cher-
ries, and blucberries.

Complete mechanization of weced
control in all crops offers a good possi-
bility of further improving the work effi-

‘ciency of crop production. Peak labor

demands for manual weed control and
harvesting required almost 1.5 million
scasonal workers at the peak in 1958.

We can expect that machines will be-
come reliable—that is, less subject to
breakdowns and other interruptions.
That could improve greatly the work
efficiency of crop production.

More cffective machines for plant-
ing and applying fertilizers and pesti-
cides might increase work efficiency by
reducing the labor cost of replanting
and by increasing the yield per acre.

The development of more reliable
and effective machines and the more
extensive adoption of land forming and
stone removal will open the way for the
use of wider machincs at higher oper-
ating speeds. That will tend to contrib-
ute proportionately to improved work
efficiency.

The possibilities of eliminating oper-
ations, such as some of the seedbed and
cultivating operations in favor of so-
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called minimum tillage, or combining
operations, such as was done with the
combine harvester-thresher, are intri-
guing but quite unpredictable.

For rivesTock production, farm la-
bor efficiency about doubled f{rom
1910-1912 to 1956-1958. It rose at the
rate of 1.5 percent a year. That would
appear to be good progress when con-
sidered by itself, but it is only about
one-third of the increase for crop pro-
duction. It scems to have been the re-
sult of more effective application of en-
gineering to crop production, because
for the four decades following 1920 the
gains from animal science, as reflected
in production per breeding unitequaled
or surpassed those from plant and soil
science.

Production per breeding unit is es-
sentially an average of milk per cow,
eggs per hen, and so on. The gain in
production per breeding unit was
about three-fourths, while the gain in
crop production per acre was slightly
less than one-half. On the other hand,
the reduction in man-hours per breed-
ing unit was less than 10 percent, while
the reduction in man-hours per acre
of crops was 60 percent.

This gain in production per breeding
unit has bcen continuous throughout
the period at a fairly uniform rate.
Some acceleration began about 1945,
but the gain from 1950 to 1956-1958
was slower. Up to 1937 or so there was
little gain in efficiency of labor spent
on livestock; the man-hours per brced-
ing unit just about kept pacc with
the production per breeding unit. The
production per man-hour therefore
remained virtually unchanged.

Livestock production per man-hour
has risen at the rate of 3.7 percent a
year since 1950.

The war yecars were the only period
during which the reduction in man-
hours per breeding unit was more ef-
fective than higher livestock yields in
enhancing livestock labor efficiency.
Hours per cow, sow, and hen dropped
at the rate of 2.4 percent a year and
was responsible for more than go per-
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cent of the gain in labor productivity.
There was a great urge to save labor
and despite critical shortages of steel
and rubber, the number of farms hav-
ing milking machines more than dou-
bled during 1940-1945. Almost half
the farms were rcceiving central-sta-
tion electric service in 1945, compared
to about a fourth in 1940. Many of the
machines and installations that save
chore labor depend on electricity.

Declines in man-hours per breeding
unit have continued to be a significant
factor in greater labor efficiency since
the war. They have come through en-
ginecring developments, such as more
effective buildings and farmstead ar-
rangement; mechanized methods of
handling water, fecd, bedding and
manure; and so on.

Livestock yields also have gone up
since the war, however. The average
milk cow on farms produced 6,438
pounds of milk in 1959 but only 4,787
pounds in 1945. Rate of lay was in
excess of 200 ¢ggs per hen in 1958 and
152 in 1945. Besides, a growing num-
ber of the cggs were hatched into
broilers; that increases production per
hen on farms. These developments
were more effective than the reduc-
tion in labor in the greater production
per man-hour. Since 1950, however,
the two basic causes have been about
equally responsible for increased live-
stock labor efliciency.

The dairy and poultry enterprises
are the large users of labor in livestock
production. The large gains in labor
efficiency have been in them.

For meat animals, the gain in labor
efficiency was only about a third from
1910 to 1958. This has been a slow but
rather constant development through-
out the period; it has accelerated
somewhat since 1950.

On the other hand, the gain in labor
cfficiency for dairy production has
been over 100 percent. The gain for
poultry has been still greater—about
170 pcrcent.

The labor efficiency gains for the egg
production phasc of poultry is about
the same as for dairy, but the produc-
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tion of poultry meat products has been
outstanding. Turkeys and broilers have
reached commercial status as a farm
enterprise since 1940. Turkey produc-
tion per man-hour has increased nearly
850 percent since 1910, and broiler
production per man-hour about 400
percent since 1935.

It is impossible to say exactly what
will happen in the way of continued
improvement of the labor cfliciency of
livestock production. It secms certain
that for some time the trend will con-
tinue to concentrate much of the live-
stock production in what might be con-
sidered livestock factories rather than
as secondary or even primary enter-
prises on general farms. That would
mean greater efficiency of the labor
spent on livestock.

Development
and Application

R. L. Green and N. L. LeRay

PeorLE develop and apply technology
in agriculture in a way that reminds
us of a slow-motion game of leapfrog,
in which the time between advancing
leaps is months or years or decades.
Geography fixes somewhat the inter-
vals between jumps because of the
stages of producing, processing, and

marketing crops. In a broader way, -

the influences of people’s moral codes,
labor practices, and ways of life limit
their initiative in developing and
adapting new techniques.

The acceptance of new ideas, a com-
plicated process, involves a series of
thoughts and actions that often extend
over considerable periods of time. An
example: The average timespan be-
tween the time an Iowa farmer learns
about hybrid seed corn and the time

331

he accepts it for continued use is
v years.

George M. Beal and Joe M. Bohlen,
of Iowa State University, said the
stages in learning about new ideas and
adopting them are awareness, interest,
evaluation, trial, and adoption.

They classified people on the basis of
the sequence in which they adopt or
rcject new practices as innovators, the
first to adopt new ideas; early adopt-
ers, those who are among the first to
use approved practices in a commu-
nity, but not the first to try new ideas;
the early majority, the ones who must
be sure an idea will work before they
adopt it; the majority, most of the
people in a community who adopt
proved methods; and those who do not
adopt a new practice even after it has
been adopted by most neighbors.

Age, education, social-economic
status, and activities in progressive
organizations are among the factors
that influence the sequence. The more
education a farmer has, the greater
the likelihood that he will adopt new
ideas. Younger farmers are more fa-
vorable toward new ideas than older
ones. Farmers who belong to farm or-
ganizations and cooperatives often are
early adopters of new practices.

The differences that make for un-
even development and application of
technological advances for a com-
modity include:

Variations in the topography, soils,
and climate in areas of production.

Variations in the cultural require-
ments of crops.

Variations of different production
stages in susceptibility to technological
advance.

Variations between adapted varie-
ties throughout the area of production.

Variations in the economic feasi-
bility of technological change within
the area of production. Feasibility is
often determined by ultimate form of
a commodity for consumption and the
availability and cost of labor.

Variations in the culture of people
working with a commodity.

Variations in the prior combina-



