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Abstract John Bernard Sjo

Economic progress in the production of wheat in selected counties
of the hard red winter, hard red spring, white, and soft red areas was
determined through an analysis of the effects of technology upon the
input-output ratio for the 1924 to 1954 period. Differential rates of
technological progress were observed in the analysis among the four
areas, thus necessitating an investigation of the factors responsible
for the inter-regional differences. Preceding the analysis a careful
study of the theoretical and methodological procedures associated with
technological research was undertaien to provide a conceptual and pro-
cedural basis.

An explanation of technology is the application of knowledge to the
organization and operation of production in such a manner as to increase
total output without the employment of additional resources or a re-
combination of the resources in use. Certain innovations will, however,
affect the technical production coefficients, making resource adjust-
ments profitable. The nost concentrated effort in this study was directed
toward an explanation of the effect of such innovations rather than the
effect of the recombination or substitution of resources.

Two approaches to the stud; were used, an historical inquiry into
the innovations that have occurred in wheat production and an input-
output analysis of the five-year census data. Varietal improvement
through selection and scientific breeding was the nost significant
biological advance that increased yields. The discoveries in the control

of disease, insects, and weeds were other important advances that affected
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yields. LEngineering imowledge made possible a complete substitution of
mechanical power for animal power and a substantial reduction in the labor
requirements in wheat production. An unaderstanding of the nutrient re-
quirements ot plants and the chemical composition of soil made possible
the rational fertilization of wheat, thus increasing yields through ex-
panding the capital used in wheat production. Vhile these innovations
were being made, the size of the farm increased, the number of farms de-
creased, and the labor requiremnents fell, yet yield per acre and output
per man increased.

The input-output analysis revealed several general tendencies in
the effects of technological progress in the wheat industry regardless
of whether an individual category of inputs, such as land, labor, or
capital, was considered or an aggregate of all inputs was considered.
First, technologzical progress in wheat production occurred in surges,
1934 to 194k, and lapses, 145 to 1y54. The gains in aggregate pro-
ductivity were largel, exhausted by 1945, but the change in production
coefficients made profitable resource adjustments which have continued
to the present. Second, technological progress occurred at different
rates in the separate geograpnical areas considered. The hard red
winter wheat area had the greatest benefits frum the application of new
znowledge to production probleuws. The hard red spring area had little
benefit and the other two areas, the white and soft red, had roderate

increases in productivity. The sporadic and erratic results of tech-
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nological change over time and by geographical areas were explained by the
uneven flow and diffusion of aiscovery, the unequal applicabilit;, of new
gnowledge to all areas, the variabilit, of available capital by areas and
frow time to ti.e, the specialization of production and size of unit, and
the degree of proauction uncertainty.

This stud, is linited in scope by the inadequacies of the data and
the procedural difficulties encountered when stud;ing dynamic phenomena.
The contribution of this study is twofold. First, methodological problems
and data problems were identified which should provide assistance in other
inter-regional studies of a particular agricultural product. Second, the
understanding of the technologica. progress made in the production of wheat

was furthered.
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CHAPTER I
INTRODUCTION

The concerns of agricultural economists have been compartmentalized
into historical problem areass farm management, land economics, market-
ing, and policy. Bach of these problem areas has developed specialised
concepts and methodology. Brinegar, Backman, and Southworth in the
March, 1959, Social Science Research Council Items propose that these
problen areas were vital ones in their time but the problems of today
do not £it into these niches.l "Changing times call for changing
strategies——for reformulation of.problems into new categories, and for
a corresponding regrouping of our intellectual forces."2

They suggest the following reformulation of problém categories:

1) Technological change

2) Agriculture in an economy of abundance

3) Changing structural relationships in agricultural production
k) Agriculture-industrial interrelationships

5) American agriculture in the world economy

6) Income goals for agriculture

7) Systems of thought, research methods, and findings

IBrinegar, George K., Backman, Kenneth L. and Southworth, Herman M.,
Reorientations in Research in Agricultural Economics, Social Science
Research Council Itews, March, 1959.

21p1d.



The first, techmological change, is the problem with which this
study will deal. Brinegar, Backman, and Southworth provided a stimulus
for the continuation of this study in the following statement.

®*Technological change. One problem area comprises tech-
nological progress and its impact: mnot technology as a problem
of farm management and extension, but as a force of ramifying
impact, both macro and micro, a force now left to operate
blindly. There are few attempts to anticipate its economic
counsequences in general or in particular, much less to prepare
the way for coping with them. That traditionally progressive
farm groups question the allocation of resources to techno-
logical research is but the corollary of this lack of fore-
thought. Such questioning is wholly legitimate in economics.
But it requires generalization to the broader problem of
optimum allocation of resources in an industry capable of the
rapid technological advance of agriculture and having its de-
mand characteristics and other conditions; and to the counter-
part questions of optimum organization of production and
equitable distribution of returns to both the functional and
the human resources in such an industry. The impact of tech-
nological change on the beliefs and valuations of farmers and
others and the implications for economic organization like-
wise require investigation. We need, in shor{, an economics
of technological development in agriculture.®

Man has cultivated crops for perhaps 10,000 years. Yet only in
the last two centuries haw there been any significant changes in pro-
duction techniques. Science only recently has played a role in agri-
culture. The cultivation of the soil and care of animals had been an
art handed down from generation to generation. Change in the art was
slow. Not until science was applied to agriculture was the process
of change accelerated.

Although today's agriculturalist still produces the same crops
and tends the same animals, the methods of production and the char-
acteristics of the plants and animals have been greatly altered.

1144,



New breeds, new varieties, new equipment and wide distribution of old
plantal and new knowledge have all played a role in transforming agri-
culture from a subsistence level to a highly commercialised level.
Land and labor, in the advanced agricultural areas, are no longer the
principal factors of production. Capital has been substituted in a
large degree for the other two. New knowledge and the increased
capitalization have caused management to become increasingly signif-
icant in production. The relative importance of the various fastors
of production has changed greatly over time as knowledge of production
methods grew.

While man was yet in the collectional stage, land was the only
factor of production except for the harvesting, where a small quantity
of labor was used. Perhaps the greatest technological advance of all
time was the introduction of capital and labor into the planting and
cultivating stages of the production process. Man had learned that
the harvest could be increased if he cultivated the food plants. The
relative importance of land in the production process gradually dimin-
ished, as has labor to a somewhat lesser degree. Recent technological
progress has for the most part been a continuation of this process.

New knowledge made possible the harvesting of a larger quantity of
product from less land and often from less labor and capital. How-

ever, the increased productivity made it profitable to employ more

l¥meat was unknown in the western hemisphere until brought from
Europe. Potatoes were introduced to Europe. Coffee was an African
crop until introduced to Latin America. East Indian rubber plantations
began from South American seedlings.



resources, particularly capital. The earliest techmnological advances
had the effect of increasing the labor requirement relative to land.
Later advances made possible the reduction of labor relative to land.
Finally labor was reduced relative to both land and capital. However,
after the rudiments of husbandrymanship were learned, little change
was made in the methods of production. For 3,000 or more years agri-
culture remained in the wooden plow era.l Seed was spread by hand.
Harvest was by hand. These were the methods that were brought to
Anerica by the European settlers.

In the late eighteenth and early nineteenth centuries a number of
inventions were made that were to have far reaching effects on American
agriculture.

The invention of the steam engine was one of the earliest inven-
tions that was eventually to revolutionize United States farming
methods. However, many decades passed before steam was a source of
farm power.

Eli Whitney's cotton gin of 1793 was one of the earliest attempts
to mechanize om-of the processes of fu"m production. The grain
cradle soon followed. Then came the iron plow and the thresher. By
the ;nid-lBOO's steam tractors, mowing machines, grain separators, and

the reaper wére coming into use.

11t should be noted that according to Woytinsky, W. S. and E. S.,
in "World Population and Production®, over half of the world's farmers
are.still in this era. .



Mechanization was but one phase of the application of knowledge
to agriculture. The findings of Mendel, a Swiss monk, laid the foun-
dation for the Iorf of the plant and animal breeders. Soil.science
had its beginning in the work of Saussure, Boussingault, and Iiebig,
who made discoveries regarding the nutrients required by plants.

By the end of the nineteenth century agriculture was in a constant
state of changing methods. A steady flow of new inventions, new cul-
tural techniques, and improved strains of plants and animals were be-
coming available to farmers. This flow of technology has continued
at an accelerated pace since then.

The land grant college system, including the experiment stations
and dxtension-service, resulted from the pressure of persons interest-—
ed in seeing changes take place in agriculture.

Agriculture has the distinction of béing an industry in which
private endeavor of the producers has contributed few technological
developments. Publicly supported agencies, the United States Depart-
ment of Agriculture and the land grant colleges, have been the prime
movers in the technological development of agriculture. In addition
to the work of the public agencies, industrial corporations supplying
agricultural inputs have made inportant technological contributions.
Much of the mechanization has been due to the work of machinery manu-
. facturers. Chemical companies have devoted research efforts to develop
fertilizers, insecticides, and weed sprays. Independent inventors,

such as Whitney and McCormick, and scientists, such as Burbank, have



contributed iuportant new knowledge. Uenerally, individual farmers
have been unable to make significant contributions.l Each farmer
operated such a small firm that he was unable to develop kis own
innovations.

Very little is understood about the nature of economic change and
progress. Economists have been forced to consider separate points in
time, because of the difficulty in analyzing economics through time.
The objective of this study is to analyze changes that have taken
place in wheat production over time. Analysis may be based on points
in time, but it is hoped that something may be learned about the nature
of the change in wheat production that may be useful in the study of
the nature of change in general.

There is evidence that the new knowledge that may be forthcoming
may truly revolutionize future food production. Land may becore a
relatively less important factor--used only as factory sites. A few
thousand acres may suffice for the total food production of the United
States. However, this study will be concerned with the shorter run,
considering technological changes that affect one sector of agriculture--
wheat production.

Agriculture has been affected by many and varied technologies. Many
have been off-farm developments such as railroads, use of steel rollers
to grind grain, and scores more which have had great effects on agri-

cultural production. Although the impact of these developuments is

lAn exception to the generalization, E. G. Clark, a Kansas wheat
farmer, is noted for his selections from Red Turkey such as Chiefkan,
Clarkan, Red Chief, and Blue Jacket.



recognized, it will not be the purpose of this study to consider them.
The complexities and interrelatedness of the on-farm developments with-
in the wheat-producing portion of agriculture will furnish sufficient
challenges and difficulties for one study.

Also, it seems that the researcher who begins the process of turn-
ing over technological stones looking for evidence that will explain
this dynamic phenomenon must be cognizant of the hazards and limitations
contronting him. Man cannot foresee that of which he knows nothing.
Much technology of the future will be based upon knowledge not yet
known. Therefore, forecasting technology and predicting its results
with accuracy is largely beyond the capabilities of the researcher.
Even in studying the causal relationships of previous technology and
technology just being adopted, the researcher is handicapped by the
lack of analytical tools.

Time and again the researcher must rely upon his judgrent and
ingenuity to solve methodological problems. Measurement and analysis
have not been attempted the innumerable times necessary to test the
usefulness of a particular approach. Therefore, one of the contri-
butions a study such as this can make is methodological experimentation.
The results should be viewed not as definitive answers, but as results
of some experimental probing into an area in which there is little
understanding. If this study adds even a small portion of understand-
ing or points up the folly of particular procedures, the object-

ive of the author will have been attained.



Although wheat is produced in all sections of the United States,
no attempt will be made to consider the entire wheat industry. Four
geographical areas representing each of the types of wheat, hard red
winter, hard red spring, white, and soft red, will be studied. The
wheat speciality counties of Kansas, Nebraska, South Dakota, North
Dakota, Oregon, and Washington were selected for study. In the soft
red area the 1954 census classed no counties as wheat specialty
counties. In Indiana, Michigan, and Pennsylvania the most important
wheat counties were selected for study.l

Two general approaches will be made to the problem of determin-
ing the contribution technology has made to wheat production. An
historical approach will be used to determine what progress has taken
place and what factors are associated with progress. A statistical
approach will be used to measure the rate of change over time and
among different producing areas.

It is assumed that technological progress is associated with
certain conditions. It shall be the purpose of this study to identify
these conditions and to draw conclusions that may be relevant to pri-

vate and public policy decisions.

1see Figure 18 for location ef the counties studied.






CHAPTER II
THE NATURE OF TECHNOLOGICAL PROGRESS

In order to study the technological changes affecting wheat pro-
duction in the United States it is necessary to establish a working
concept of technology. Economic literature, as well as literature in
the production fields, is filled with references to the benefits of
technology. Yet, seldom is the term conceptually defined. It has a
general reference to "improved ways of doing things® usually referring
to mechanization, new‘varietiea, fertilization, and.improved feeding
practices. In this study it is necessary to have a more refined con-
ceptualisation of technology within an economic framework.

In general, the classicists considered technology to be one of
the influences that was fixed or moved by discrete jumps for most of
the analysis. General equilibrium theory was limited to a point in
time. The econocmic pendulum, when bumped by an exogenous factor such
as techhology, soon slowed down toward an equilibrium position, per-
haps different from the old position. Classical economics analyzed these
different positions, but did little to analyze the continuous flow of
economic change. Even so, economic writers were not unconcerned with

the limitations of statics and comparative statics.
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Economic literature, since Adam Smith, has been filled with the
wrk of economists concerned with the dynamic processes.l Conceptual-
ization of the effects of change and uncertainty on economic organi-
zation has been difficult. A general theory of economic progress is
yet to be formalized, though increasing effort is being given to this
prc:blem.2

Although, historically, that portion of economic theory spoken of
as statics has received greater attention from the theorists than has
that portion designated as dynamics, economists have recognized the
existence of change and progress.

" One of the early essayists who gave attention to progress was
John Stuart Mill, who in 1848 devoted Book IV of his "Principles of
Political Economy® to "Influences of the Progress of éociety on Pro-
duction and Diatributic;n.'

1The first comprehensive treatise in economics was Adam Smith's
"An Inquiry into the Nature and Causes of the Wealth of Nations! which
was published in 1776. Not only did the title of the treatise indicate
a concern for progress, but several sections dealt with dynamic condi-
tions. For example, the title of Book I is "Of the Causes of Improve-
ment in the Productive Powers of Labour, and. of the Order According to
which its Produce is Naturally Distributed among the Different Ranks
of the People.® Book III, "0f the Different Progress of Opulence in
Different Nations," deals with the nature of mrogress, particularly
the movement from an agricultural stage, to a manufacturing stage, to
a trading stage.

2See for example, Baumol, William J., Economic Dynamics, The
Macmillan Company, New York, 1952. In this book Baumol undertakes
the task of developing a model for a progressive economy.







%,..We have still to consider the economical condition
of mankind as liable to change, and indeed (in the more ad-
vanced portions of the race, and in all regions to which
their influence reaches) as at all times undergoing pro-
gressive changes. We have to consider what the changes are,
what are their laws, and what their ultimate tendencies;
thereby adding a theory of motion to our theory of equilib-
rium - the dynamics of political economy to the statics."

Mill wrote not only of the changes that are taking plac; in the
economy, but of those destined to take place. Progressive movement,
he wrote, was especially true in the leading countries and that this
progress seeped to the other nations.

%, ..There is at least one progressive movement which
continues with little interruption from year to year and from
generation to generation; a progress in waal&h, and advance-
ment in what is called material prosperity.®

To Mill, this progress consisted of two segments, increased pop-
ulation and increased production. He wrote that increased production
took place due to:

a. New knowledge

b. Security of person and property

c. Improvements of business capacities of the
general mass of manking

d. Continued growth of the principle and practice of
cooperation.

Mill anticipated the need for dynamics. He used the term dynamic
and contrasted it to static. Dynamics he associated with progressive
change.

1I(ill dJohn Stuart, Principles of Political Economy, Vol. II,
D. Applaton and Company, New York, 1881, Book 1V.

2

Ibid.



", ..0f the features which characterize this progress-
ive economical movement of civilized nations, that which
first excites attention, through its intimate connexion
with the phenomena of production, is the perpetual, and so
far as human foresight can extend, the unlimited, growth
of man's power over nature.®

';..it is impossible not to look forward to a vast
multiplication and long succession of contrivances for
economizing labour and increasing its produce; and to an
ever wider diffusion and benefit of those contrivances."l
Economic Progress
Economic progress occurs when there is an increase in ends relative

2 Whenever é change occurs that makes possible the attain-

to the means.
ment of a given quantity of a product with the use of a smaller quantity
o; factors, or conversely, the attaimment of a greater quantity of a
product with the same quantity of factors, there has been economic
progress. This type of progress assures an increase in the general
welfare of éociety. This means that economlc progress provides for a
rising level of both total and per capita consumption or real income.

Efficiency can be expressed as a ratioz3

Ends produced
Means used

® the efficiency ratio.

The significance of the ratio depends on the defimition of the ends

and the means. The ends are the output of a process; the means are

l1pig.

2Boulding, Kenneth E., Economic Analysis, 3rd edition, Harper
and Brothers, New York, 1955, p. T16.

3Ivid.



the input. The efficiency ratio is the output per unit of input.

Technical efficiency uses physical measures; that is, the bushels
" of wheat divided by the acres of land. Economic efficiency considers
the price of wheat and the price of land. A new process may increase
technical efficiency but not increase economic efficiency.

If we accept that the ultimate output is utility and the ultimate
resource is human time, a measure of economic efficiency is utility
output per man-hour input. Even though utility as yet has not been
successfully measured, an approximation can be made if we use the
raté of change of an index of physical output per man hour.t

Economic progress, Heady theorizes, is possible through discovery,
{nnovation and capital accumulation.? Classical theory was primarily
concerned with capital accumulation as a means of economic growth. The
state of the arts, discovery and innovation, weré assumed fixed.

Boulding summarizes the basis of economic progress as:

1) Change in knowledge

2) Substitution of factors of production.
Change in knowledge is technical progress. Substitution is changing
the bundle of inputs and may include an addition to the total bundle.
The substitution of the less expensive resource for the more expensive

resource denotes progress.

lrhid.

°Heady, Earl O., Economics of Agricultural Production and Resource
Use, Prentice Hall, 1952, New York, p. [JL.




Others have looked at the causes and effects of technological
advances primarily in aggregate. Rather than studying the changes in
the production function for an individual firm they have studied the
aggregate supply function.

Schultz in considering economic progress hypothesizes that tech-
nological changes occur spomcl:lcally.1 Change, he believes, is not
constant, but comes in varying surges and lapses. Each su.rgé and/or
lapse has an intensity which is unpredictable, and this recurrent
phenomenon is not understood. The result of this uneven flow of
technical progress, he states, causes the aggregate supply function
for agricultural products to shift to the right by jumps.

Also Schultz finds that changes in the bundle of resources are
not all quantitative. Input changes may be qualitative, and he
states that it is these improvements that account primarily for the
increases in the input-output ratio. Hybrid seed is a qualitative
change. The quality of the human factor, labor and management, also

changes. .

1schults s To W., Reflection on Agricultural Production, Outpub
and Supply, Journal of Farm Economics, August, 1956.

Also sees Schultz, T. W., The United States Farm Problem in
Relation to the Growth and Development of the United States Economy,
Report of the Joint Committee on Policy for Commercial Agrlculture,
Its Relation to Economic Growth and Stabilit;, November, 1957, and
The Emerging Economic Scene and Its Relation to High-School Education,
(reprinted from The High School in & New Era, Chase and Anderson),
University of Chicago Press, 1958.
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Johnson; adds that the changes in inmput-output ratios may also be
attributed to increasing returns to scale resulting from greater division

of labor and specialization as the economy has increased in size.

Technological Change

For the purposes of this study economic progress will be considered
to be a general concept made up of two parts, technical improvement and
resource substitution. This study is primarily concerned with the first
portion, technical improvement in wheat production.

Technology has not had a precise meaning. Several recent writers
have attempted to make technological changes more meaningful. Among
these have been T. W. Schultz of Chicago University, Earl O. Heady of
Iowa State College, and Vernon W. Ruttan of Purdue University. Heady
has given considerable insight into the concept of technology, partic-
ularly as it affects the production function of an individual firm.
Ruttan has given careful study to the problems of measurement of tech-
nological change. Schultz has concerned himself with the effects on
the aggregate supply function and with qualitative changes in the
factors.

Classification. Classification is a simplifying process used in

sclentific inquiry. An atteupt to meaningfully classify technological

progress by types has been attenpted by a number of writers. Heady

lJohnéon, Glenn L., Agriculture's Technological Revolution,
published in the Final Report of the Seventh American Assembly, Arden
House, Harriman Campus of Columbia University, 1955.




16

classifies technology into two physical categories, biological and
mechanical.l Another classification used by Heady emphasizes effects
on output, on total costs, and on receipts through price elasticity
of demand.2 Ruttan discusses labor-saving, land-saving, and capital-
saving innovations.3

The purpose of classification is to simplify analysis, therefore
different classifications of technological advance have been made
depending on the purposes of the particular analysis.

The most general classification is the physical one. It seems
that all new techniques can be grouped as to whether their effect is
(1) biological, (2) mechanical, (3) mechanical-bi§1ogical or (4) eult-
ural. Heady did not comsider the cultural category.

The biological category includes all innovations resulting from
new knowledge about the biological processes of plants and animals
which result in increasing output per animal or yield per acre. New
varieties and breeds resulting from discoveries in genetics have been
perhape the most noticeable of this type of innovetion. Others include
disease, insect, pest and weed control through discoveries in the
physiology of plants and animals and chemistry which result in in-

creased yields.

lheady, Barl 0., Farm Technological Advance, Journal of Farm
Economics, May, 19L9.

21bid.

3Ruttan, Vernon W., Agricultural and Non-Agricultural Growth in
Jutput per Unit of Input.
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The mechanical category refers to innovations that do not change
the physiological output or makeup of plants and animals to which they
are applied. Usually this category takes the form of substituting some
type of capital for labor, land, or any other type of capital. Examples
include the whole range of mechanization that has taken place in agri-
culture.

The biological-mechanical category includes those innovations
that are not truly biological or mechanical. Elements of both may
exist. For example, application of fertilizer has a physiological

| effect on plants yet has elements of substitution or addition of cap-
ital. Mechanical innovations that increase timeliness of operations
which in turn affect yields are .other examples. The use of the fast
milking technique in dairying is an campl? in the livestock industry.

A category largely ignored by the economistsl, who have considered
the nature of technology, has been one that will be referred to as
cultural. This category will include that new knowledge which has im-
proved the quality of the human factor. Examples are: (1) the mana-
gerial process has been iniproved and certainly must account for part
of the increased productivity of agriculture, (2) new knowledge has
made labor more effective, (3) new knowledge has made possible legal
institutions that affect productivity. This category consists of in-
tangible concepts that are not easily handled by presently known

analytical and measurement techniques.

1an exception to this has been T. W. Schultz and his students.



The analytical and measurement problems involved in the first three
categories arise not because of lack of techniques, but because of scar-
city of data collected in a form that is readily usable for analysis.
Analysis of the fourth category not only is hindered by the scarcity of
data, but also by the lack of techniques of measurement of changes in
quality of the human factor.

Other classifications will be discussed under the headings, effects
on the firm and effects on the industry.

Effects on the firm. Technical advance is manifested in such

things as new crop varieties, new animal breeds, and new practices.
These advances, as related to the firm, have two general properties.
First, the adoption of a technical improvement results in a new
production function. New knowledge permits the production of a greater
output with the same quantity of inputs. Although the quantity of each
input may remain constant, a new method of application may change the
effectiveness of an imput. For example, time of seeding or different
placing of fertilizer may affect output with no change of inmputs. The
change in quality of the factor such as a new variety may mean no
change in the quantity of the factor. In these cases there has been a
change in technical efficiency. Economic efficiency is increased if
the costs of the input remain constant or decrease while price of the
product remains constant or decreases less than the cost decreases or
if costs increase, then the value of the additional output must exceed

the increased costs.

18
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Y
b — IPP)
by /ﬂ"' PPy
Product
Output

0 ap a; X
Resource Input
Fig. 1. The effect of technological improvement
on a production function.
Figure 1 results from a general function such as:
Y=F (% «..x)
Conceptually, the function must include all possible inputs, including
knowledge. The inputs X1 + « « Xp can only represent the known factors
and techniques. In order to provide for the knowledge (or inputs)
presently undetermined, which exist and at least potentially affect the
function, a function must include these. By using a function of this
form, Y = f (xl o o o Xp ug) when u represents the knowledge and in-
puts not yet determined, tnis can be accomplished. In order to con-
struct Figure 1, only one factor (or bundle of factors) can be variable

and all others are fixed; therefore a more specific function of this



20

nature must be considered:
Y =f(x / x5, uy)
or

Y:f(XIOQQXg/Xg+1oooxn,u.t)
where:

X] o oo xg are the known variable factors
Xg +$1. .. X, are the known fixed factors

u; represents the unknown factors (fixed as long as known)

The production function TPPy (Figure 1) represents the old method of
production where Oa; units of input results in Ob; units of output.

With adoption of the new technique, the production function shifts up-
ward to TPP, where the imput of Oa; units of factors results in the out-
put of Ob, units of product. This represents the case where with a

given set of resources technological change makes possible the production
of more units of output. The converse of this is also illustrated in the
diagram. With a reduction of factor X from Oa1 to Oa; the production

of output Ob; remains unchanged.

In the model used, a shift to TPP, results from a discovery of
knowledge presently unknovm (ut). If this new knowledge pertained to the
variable factor it could have increased the effectiveness of x3 . . . xg.
However, the new knowledge could also affect the fixed factors so that

the productivity of the variable factors would be increased. Also,
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there remains the question of the relation of the unknown to the known
portions of the function and the interaction that arises between the two
and within each as the knowledge conditions change.
Since u is assumed to be unknown conceptually it is not possible
to say whether u is changed or uncha.nged.l
Glenn L. Jobhnson and Curtis F. Lard in an unpublished manuscript
prepared as a part of the Interstate Managerial Study have attacked
the problem of defining technology.
"Because of the apparent inadequacy of the definition
of new developments (new technology) followed in the IMS,
& revised definition has been proposed which includes the
degree of knowledge involved in converting a new tech-
nology to an old techmology. The new definition can be
stated as follows: a new technology is the discovery of
a new input (which did not exist before), where inputs
are defined to include ideas; an input will be considered
& new technology to an individual farmer until he makes
either a positive or negative risk action decision concern-
ing the input, after which, the input is an old technology
to him. If afterwards he adopts the input, it would be an
economic adjustment and not a technological advance.®
In Figure 1 in either case the effect on the cost curves would be
to reduce per unit costs, as in the first instance greater product re-
sulted from given resources, in the second less resources were used to
produce a given quantity of product. Technological improvement must
at least momentarily increase profits (or decrease losses) to be
adopted by the firm. An exception to this is the case of a firm max-

imizing some satisfaction function other than a profit functiom. Two

1For example, before plant breeders developed Pawnee wheat, its
potential existed within u. After development, u lost this potential.
The symbol of the unknown, u, was diminished. Whether an indeterrinate
quantity or quality is changed when a portion of the indeterminate be-
comes known is a metaphysical question that need not necessaril; be
solved for the purpose of this study.
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examples ares (1) conspicuous consumption and (2) reduction of un-
certainty. Innovations may_have prestige value even though profits
are decreased by the adoption. The ownership of expensive equipment
to harvest small acreages may enhance the status of a farmer, but may
also reduce profits. An innovation may decrease profits in the long
run, but may reduce uncertainty.l That is, a rotation of constant
wheat may maximize profits over a long period, but is made up of a
series of yields as follows: 20, 10, 18, 2, 4O, 11, 8, 15, 0. In-
troduoing fallow into the rotation may actually reduce profits, but
be adopted because of the effect on &ield uncertainty. Under the new
rotation yields (using total acres rather than harvested acres to be
comparable to no fallow and assuming total costs remain constant)
would be 12, 16, 13, 11, 1k, 9, 12, 15, 13. In the first case the
average yield was 1l bushels per acre, in the second only 13. How-
ever, the zero and near zero yields have been eliminated. The wheat
farmer has increased his certainty and may therefore sacrifice profits
for certainty. In Figure 1 this could be illustrated by going fﬁom
TPP, to TPPi, assuming the technique of summer fallow was previously
unknown.

Not all individual farms m2y have improved their economic posi-
tion after all or a large number of farms have adopted the improvement.
A1l could even be worse off, however, failure to adopt the improvement

could diminish individual profits even more. The early innovators may

lHeady, Earl O., op. cit.
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have temporarily gained by the innovation, but as more producers adopt
the cost~reducing innova:bion) prices of the product are forced to a
lower level. Prices fall due to two influences, lower cost of pro-
duction and/or higher level of output. The price decline will be pro-
portionally greater than the inereased output due to the inelastic
demand for farm products. Profits for each producer will be reduced}
however, if individual producers were to retain the old methods, costs
would be greater and profits even smaller. Also, there may be gains
to the producer as a consumer. 4s members of a technologically ad-
vancing soclety they may be the beneficiaries of lower prices of
commodities purchased.

Technological developments not only affect the firm's output and
resource use, but they also affect the combination of reéourcea and
factor prices.

The second general property of technological progress is that the
marginal physical rates of substitution are always altered in favor of
one factor by specific innovations.l The production coefficients do
not remain constant nor do the coefficients retain their relative
positions. That is, as a new technique is discovered all coefficients
are not equaj.ly affected. This change in marginal rates of swbsti-
tution can be illustrated by using a factor-factor diagram.

Before the new technique is applied, production is on the Y; sur-
face of Yigure 2. If we let Y, be bushels of wheat produced with in-

puts OA of capital and OP of labor, the marginal rate of substitution

lﬂeady, Earl 0., op. cit. p. 13.



of the capital factor for the labor factor is AB substitutes for PN.
After the new technique is used the same bushels of wheat are pro-
duced, as represented by Y,. Thé marginal rate of substitution of
capital for labor is now AB capital for IM labor. The change in
capital ( x2) has remained constant both under the 0ld and new method,
but the change in labor ( x1) has increased (PN to ML). Therefore,
marginal productivity of capital relative to labor has increased with

the use of the new technique.

1
Labor
Input
; \| AX]
Y
ax2 1 100 bushels using
M old technique
Axl
L
T2 100 bushels using
axy new technique
0 A B x2
Capital Input

Fig. 2. The effect of technological improvement on
the iso-product curve.

Changes in the coefficients within the production function re-
sult. in a shift from one production function to another. Also, a
new bundle of resources may be used which results in movement along

the new funmction, using eithér a greater total quantity of resources

or a smaller total quantity of resources.



25

Although the quantitative value of the inputs remains constant
this does not imply that the qualitative value is constant. For
example, quantitatively a bushel of Turkey Red seed wheat is equal
to a bushel of Pawnee seed wheat. However, their qualitative value
in regard to yielding potential is quite different. This can be
demonstrated. When the quantitative value of all inputs was held
constant on experimental plots and the qualitative value of all in-
puts except the seed wheat was held constant there was a change in

output. 1

The qualitative value of labor, management, and capital
can change while the quantitative value of these inputs remains con-
stant. Thus for changes in input-output relationships the researcher
is faced with the problem of measuring qualitative values of inmputs.
He is also faced with the problem of considering the cost of quality
improvement as one of the inputs. For example, experiment station
expenditures for variety improvement rightly are an input for wheat
production. There has been no method of determining appropriate dis-
tribution of these costs.?

Function TPP; in Figure 3 represents production under the old

technique. By using the new technique on the same quantity of

1See Kansas Experiment Station Circular 366, 1958 Experiment
Station Results With Fall Seeded Wheat, Barley, Oats, Rye.

2For a discussion of this problem see T. W. Schultz's article
in the August, 1956, Journal of Farm Economics, "Reflections on Agri-
cultural Production, Output and Supply." - =

Also see the Schultz paper presented before the Joint Economic
Cox;mittee considering Policy for Commercial Agriculture, November 22,
1957.
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Fig. 3. The nature of the substitution effect resulting
from technological improvement.

resources Oaj, production moves to the new function TPP, and Oby is
the output. The increase of output from Ob; to Oby was due to the new
knowledge. However, because of the new knowledge, there is a change
in the marginal rates of substitution which mekes it desirable to
change the bundle of resources, using more total resources. Substi-
tution and/or expansion effect causes the shift from C to D on the
TPP, curve when the new technology makes profitable uses of more in-
puts. The relative prices of factors and prices of products have
been assumed to be not affected by innovations. When this is not the
case, the_change along the TPP2 curve may be caused by the change in
prices rather than (or along with) the substitution and expansion

effects It seems entirely reasonable that if the price effect on the
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product (falls) relatively more than price of factors and that this
price change more than offsets the substitution and expansion effects
(to use more resources) that fewer resources may be used than previ-
ously. In this case the movement would be to the lefi along TPPj.

The effects of technology on the individual firm as discussed in
this chapter assume unlimited access to capital by the firm. In the
case where the firm is limited in capital, the manager cannot adopt
all new practices even though all may increase the firm's profits.
The manager, in order to maximize his net returns must ﬁopt those
new techniques that add most to his profits. He will continue to
make expenditures on that technique until another new technique will
return more. Then he will add that one. He will continue to push
each new technique to the point where there are equi-marginal returns,
to the limit of the available resources.

Effects en an industry. This study is primarily concerned with

the effects of technology on the wheat industry. Therefore, not only
the nature of effects of innovations on the individual farm, but the
effécts on the entire industry are of importance. Agriculture has
greatly increased its total output since 1900. During this period
agricultural output has increased more rapidly than has the increased
employment of resources in agriculture. ‘

Public sponsored research has as one of its purposes the increas-
ing of farm income. Research agencies are charged with the responsi-
bility of finding new knowledge which permits technological progress.
But techmological improvements may affect an industry in different

ways. The effect on income will depend on the price elasticity of



dewand for the specific product and the effect of innovation on the
total output and on the total cost of production.l’2

Technological progress can affect an industry as follows. iihen
demand is elastic (1) total output and total cost may increase, (2)
total output may remain constant and total cost decrease, (3) total
output may increase and total cost may decrease. When deuand is in-
elastic the same possibilities exdst.

The above propositions can be illustrated by Figures L and 5.3

The TR curve represents total revenue for various levels of out-
put. The curve represents different degrees of price elasticity of de-
mand. The rising portion of the TR curve results from a dewand curve
with an elasticity greater than one. The declining portion results
from a demand curve with an elasticity of less than one or is relatively
inelastic.

The TC; and T02 curves represent total costs for the industry pro-
ducing various outputs under the old technique and the new technique,

respectively.

Innovations made under conditions of elastic demand which in-

lHeady, Earl O., op. cit., p. 16.

®Wilcox, Walter W. and Cochrane, Willard W., Economics of Ameri-

EE% Agriculture, Chapter 23, Prentice-Hall, Englewood Cliff, New Jersey,
19 l. [ ]

3These diagrams were used by Professor Heady in his article Farm
Technological Advance in the May, 1949 issue of the Journal of Farm
Economics. However, it was necessary to change the diagram to illus-
trate the loss in net revenue due to an innovation. Professor Heady
did not shift from the original cost curve after adoption of innovation.

Two nearly identical diagrams were used in this study because the
points could be illustrated more clearly than on a single diagram. The
slope of the TC curve in Figure 5 was changed from Figure U4 for purposes
of clarity.

28
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Fig. 4. The effect of technological progress on industry
returns.

creases total output through using a new technique which increases
total costs can be illustrated by Figure 4.l Prior to the innovation
(TC1) total output was OA, total cost AW, and total revenus AE. After
the innovation (TC,) total output was OB, total cost BX, total revenue
BF. The net returns need not always be increased even though total
revenue increases. When total revenue is increased by a smaller
amount than are total costs, net income is smaller. For example, in
Figure L, if under the old technique total output is UA, total cost AW,
and total revenue AE, and with the introduction of the new technique
total output is OC, total cost CY and total revenue CG, then net revenue

fell from EW to GY (AE - AW = EW and CG - CY = GY).

lynile total costs may have increased the per unit costs have
decreased.
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If an innovation causes total costs to decrease and output to
remain constant when demand is elastic, net revenue will always in-
crease.

If an innovation causes total costs to decrease and total revenue
to increase when demand is elastic the effect must always be to increase
net revenue. This situation is illustrated in Figure 5. Using the old
technique the net return will be LF, when output is OA, whereas with the
new technique, if output is OB, the net return will be MG.

The effect on net returns in an industry producing a product which

has a relatively inelastic demand will be somewhat different.l

C,
G HI 5 TG,
F A B<

TR
Dollars / / V/
v
~

0 A B CD E
Output

Figure 5. The effect of technological progress on industry
returns.

1A.gricultural products generally have elasticities of less than
one. T. W. Schultz in "The Economic Organization of Agriculture" has
brought together the wrk of Henry Schultz, Karl Fox, George Mehren, and
Gerhard Tintner to establish this conclusion.
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If demand is inelastic, net revenue to an indusiry must decline
when the innovation is of a type that increases both total production
and total cost. In Figure L under the old method, OC output gives a
total revenue of CG and total cost of CY, leaving a net revenue of GY.
If total output is OD when the new method is used, the total return
will be DH and the total cost DZ, leaving a net return of HZ. HZ is
less than GY.

If demand is inelastic, net revenue must always increase for the
industry when the innovation reduces total costs and leaves output
unchanged.

If demand is inelastic, net revenue may decrease or increase for
the industry where the innovation causes output to increase and total
costs to decrease. Total revenue must be less. If the decrease in total
revenue is greater than the reduction in total cost the net revenue must
also decline. In Figure 5 with output OC under the old method (TC;) the
net return is HN. By moving to the new method (TC,) the net return is
JQ, which is less than HN and with the new method, output is OD and
net return is PI, then net return must increase.

Effect on the supply function. United States agriculture has had

two forces at work that have acted as supply shifters. Up to the last
years of the nineteenth century most of the great increase in agri-
cultural production was due to an ever expanding agricultural land

area. The western movement of settlers annually added thousands of
acres on which to produce food. By 1900 this supply shifter had largely
disappeared. Most of the land was in use.

At this point the sacohd great supply shifter began to become a



dominant force. New knowledge was being applied to agriculture. The
technological revolution that had swept transportation and manufactur-
ing was now taking place in agriculture. Cochrane states that agri-
cultural production increased 90 percent in the period 19141956 and
that almost all of this increase was attributable to technology.l
Figure 6 shows the nature of the effects of technology on the
supply funotion for agriculture. S1 represents the amount of output
that will be produced at varying price levels under old technology.
(Price OP, will bring forth 0Q output.) Given time for adjustment
after the adoption of new technology the supply function is shifted to
the right, Sp. After the change, OQ output is forthcoming at a price
OP;. This is possible because of the effect of technology on the cost
curves. Innovations to be adopted will always reduce per unit costs,
except for the prestige and uncertainty cases, even though total costs
increase. The supply function is derived from the rising portion of

the average total cost curve as illustrated in Figure 7.

1Cochrane, Willard W., Farm Prices, Myth and Reality, University
of Minnesota Press, Minneapolis, 1958. Cochrane does nmot indicate wiether
substitution and expansion effect are included as a part of techno-
loglical progress.

See also Johnson, Glenn L., Agriculture's Technological Revolution,
Chapter 2 of the Final Report of the Seventh American Assembly, Arden
House, Harriman Campus of Columbia University, 1955.
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Fig. 6. Effect of technology on the aggregate supply
function for agriculture.
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Fig. 7. Effect of technology on cost per unit of output.
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Welfare aspects. DBushrod W. Allin stated that belief in techno-

logy is part of the American creed.l In a lecture before the Graduate
School of the Department of Agriculture he listed three principal dy-
namics of an American creed:

1) Belief in enterprise

2) Belief in democracy

3) Belief in technology
The American people expect and demand technological advance in all seg-
ments of the economy. Within their system of values increasing effi-
ciency is desirable. It is so desirable that if some sector of the
economy lags, the public is willing to invest public funds seeking new
knowledge for that segment of the economy. Agriculture has been the
recipient of large amounts of public money for research and development.
Society has generously invested in agricultural development, therefore
it must have expectations of increased welfare to society.

What is the nature of what can be expected?

If aggregate demand for agricultural producfs were relatively
elastic then agriculture or any segment of agriculture would benefit
from technology when adopted. The expanding supply would cause only
slightly reduced prices and total revenue in the aggregate and indi-
vidually would increase. Technology always reduces per unit costs and

may decrease total costs, therefore technology would increase farm

1Allin, Bushrod W., Rural Influences on the American Politics -
Economic System, lecture before the United States Department of Agri-
culture Graduate School, April, 1957.
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incomes. Society in general would benefit because of lower prices for
farm conmodities and from the release of resources from agricultural
production to production of goods which add to the standard of living.

However, aggregate demand for agricultural products as shown by
Henry Schultz and others is not elastic, but is relatively inelastie.
When supply is shifted to the right, prices fall sufficiently to éive
a smaller total revenus. Under these conditions farmers are forced to
adopt new techniques which will reduce costs. The new techniques con-
tinue to push the supply function to the right and lower prices agaih
result. Cochrane characterizes this phenomena by calling it the agri-
cultural treadmill.l

Under these conditions the question arises, why encourage techno-
logical development in agriculture?

The answer is in the effect th.at technology has on the economy as
a whole. Highly developed and wealthy societies are characterized by
having few resources employed in primary industries, such as agriculture
and mining. The fewer resources employed to produce basic raw materials
the more resources that are available for secondary and tertiary indus-
tries which fashion the basic materials into consumer items. On this
basis, new methods which increase the ;‘n"—;%‘g ratio (the definition of
economic progress) are desirable from the viewpoint of the society as a
whole.

1Gochrane, Willard W., op. cit., p. 32.
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Although technology may decrease total returns to agriculture it
may be desirable because of the resources released from food production.
Even though total returns to farmers may be lower it- does not indicate
that individual farmers are worse off. If the resources (usually man-
power) not needed in agriculture are diverted to other portions of the
economy the reduced returns are divided among fewer producers. Should
this happen, all remaining farmers could conceivably have larger in-
comes than in the pre-innovation period. In the case where income
would be smaller for all remaining farmers, their incomes would be even
smaller if the individuals had not adopted the new technology. Or some
remaining farmers may end up with larger incomes while aggregate returns
fall, as do the returns to most operators. In the case where aggregate
and all individual returns decline, the few farmers who were the inno-
vation leaders enjoyed increasing incomes until sufficient numbers
adopted to cause prices to fall.

Although it is easy to conclude that technological advances are
not to the interest of the farmer when he is faced with a consumer who
has an inelastic demand function for agricultural products, the con-
clusion that agricultural research ought to be curtailed or stopped
does not follow. Agricultural efficiency is necessary if the economy
as a whole is to expand. Farmers, even if their incomes are adversely
affected by increased efficiency (through more than offsetting falls in

prices), are benefited when the economy is grmvf!.ng.1 Or one sector of

]‘Wi.tt, Lawrence W., Welfare Implications of Efficiency and Techno-

logical Improvements in Marketing Research and Extension,dournal of Famm
Economics, December, 1955. |
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agriculture may benefit, the producers of products with elastic de-
mand functions, while other sectors are not beneﬁ.tting.l

In reviewing the concept of technological development, one phase
of economic development, and the consequences of technology on the
industry a foundation has been laid for the investigation of the effects

of technology on wheat production.

1see Glenn L. Johnson in the Arden House report.
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CHAPT:R III

METHUDOLUGICAL APPROACIES Tu AN ANALYSIS
OF TECHNOLUGICAL DEVELUPLENT

One of the aspects of dynamic eccnoric theory is technological
progress. The investigation of technological progress within an in-
dustry, in this case wheat, necessitates an inquiry into data needed
and methods of analysis of these data. Previous work in analyzing
technological change in agriculture has been rather limited. Ruttan
of Purduel and Griliches of Chicago2 have recently considered the
problems of analyzing the effects of technology on agricultural pro-

duction.

lRuttan, Vernon W., Technological Progress in the Meat Packing
Industry, 1919-19L7, Marketing Research Report No. 59, United States
Department of Agriculture, 195L.
Agricultural and Non-agricultural Growth in Output per
Unit of Input, Journal of Farm Economics, December, 1557.
and Stout, Thomas T., Regional Patterns of Technological
Change in American Agrlculture, Journal of Farm bconomlcs, May, 1958.

2Gr111ches, Hybrid Corn: An Exploration in the Economics of

Technological Chang_, Lconometrlca, October, 1957.

, Demand for Fertilizer: An Economic Interpretation of
A Technical Chang_, Journal of Farm Economlcs, August, 1958.

5 The Demand for Fertilizer in 195L--An Interstate Study,
Journal of the American Statistical Association, June, 1959.
_, Specification Bias in Estimation of Production

Functions, Journal of Farm Economics, February, 1957.

and Grunfeld, Yehuda, Is Aggregation Necessarily Bad?
The Review of Economics and Statzstlcs, February, 1960.




Much of the analysis of techmology has been concerned with meas-
urement. Historical observation alone can point to the changes that
have taken place in agriculture, but does not tell the degree of the
change. Nor can observation measure the effects of the change that
occurred. Measurement can be accomplished only after suitable data
and methods of analysis are available.

It is the purpose in this chapter to discuss problems and tech-

niques associated with analysis of technological change.

4 The Data

A major difficulty encountered in measuring the contribution of
technological progress te changes in output is the problem of the
inter-relatedness of technology to other changes. Much of the data
has not been recorded in such a way to facilitate the untangling of
this interrelationship. Output data reflect changes in scale, price
relationships, substitution, and shift toward equilibrium as well as
technological changes. Input data are quantitative, whereas the
quality of inputs is important in studying technology. For example,
bushels of wheat seeded are not a true reflection of the contribution
of seed to production. Data show that the quantity seeded per acre
has decreased over time, but production per acre has increased.
Part of the increased productivity resulted from technology, inno-
vations in weed control, insect control, cultivation and fertilization,
but part was due to qualitative inprovements in seed wheat. A4 1920
bushel of seed wheat is not equal to a 1954 bushel of seed wheat.

Quantitative statistics are not adjusted for qualitative changes.
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Schultz argues that the quality of the human factor has been up-
graded. Data do not show this qualitative change, yet improvement in
quality of factors affects a technological development.

Two aggregation problems exist. In the first case, to measure
total output or total input the separate outputs and inputs must be
reduced to cormon units of measure so they may be aggregated. The
data ére in the form of number of tractors, horses, acres, or men.

In the second case, data are in an aggregated form and the analysis
demands the data in separate components. This is particularly the
case of inputs. Joint costs are not allocated to enterprises. For
example, to get the inputs used in wheat production the researcher
must estimate what portion of the total labor, tractor, or gasoline
cost should be assigned to wheat. This problem shall be called the
disaggregation problem.

To measure technological change precisely data are necesséry
that separate out the effects of the other changes or the effects

of related changes must be negligible.

The Measurement

As discussed under the theoretical aspects of technology other
phenomena are closcly associated with technical progress. They are:
(1) changing marginal rates of substitution, (2) expansion or con-
traction of output (benefits of increasing returns to scale),
(3) benefits or disbenefits of movement toward equilibrium position,
(L) changes in relative prices.

Accurate measurement is possible only if the changes in the asso-

ciated conditions can be measured separately or their effect is zero.



According to Ruttan, changes in input savings or output gains due
to technological changes could be measured precisely by several methods
if :1

"First, resource and product combinations must be
identical to the combinations that would be employed under
conditions of competitive equilibrium in both periods.®

"Second, the production function must be homogeneéus
of degree one, that is, constant returns to scale must hold."

"Third, technological progress must be neutral, that
is, the marginal rate of substitution among factors must
be the same in both periods.™

"Fourth, the prices of factors of production relative
to each other and the prices of the products of the firm
(industry) relative to each other must remain unchanged."

These four conditions are rarely, if ever, exactly met..' Nor can
the researcher determine the extent to which the conditions are met.
There are no known objective methods of testing the degree of equilib-
rium, homogeneity, neutrality and price relationship or interrelation-
ship among them. However, recognition of this weakness need not nullify
work towards measurement of the effect of technology. Selection of
methods and data that will minimize the bias introduced by the four
conditions not being met will provide indicators of the magnitude of

effects of technological change.

lputtan, Vernon W., Agricultural and Non-agricultural Growth in Out-
put per Unit of Input, Journal of Farm Economics, December, 1957. See
also Ruttan, Vermon W., Technological Progress in the Meat Packing Indus-
try, 1919-1947, U.S.D.A., M.R.S. Report No. 59; May, Kenneth, Techno-
T_gm_gical Changes and éggr;gation, Econometrica, January, 1947; Stigler,
George J., ITrends in Output and Employment, New York, National Bureau
of Economic Research, 19L7.




If the four conditions were met perfectly then any one of the
following three methods of measurement would precisely measure tech-
nological progress:s (1) labor productivity approach, (2) input-output
approach, (3) production-function approach.

Labor productivity approach. The labor productivity approach was
1l

long the most popular means of measuring technological change. Out-
put per man hour was considered to measure progress. It did and would
yet if the four conditions are met. Even though the four conditions
are not met, 8o long as labor is relatively more expensive than the
other factors employed, the index of average labor productivity is an
indicator of economic progress. When other factors become relatively
expensive, for example land, progress could be measured by the pro-
ductivity of land. European and Asiatic agriculturalists are more con-
cerned with yield per acre than with output per man hour.

Boulding states that the ultimate product of production is human

utility and the ultimate input is human time. If this be the case then

units of output
unmits of labor

progress.

may be considered an adequate measure of technological

However, if the four conditions are not met, average labor pro-
ductivity is not a true measure of technological advance. This meas-
ure may include bias as a result of the effect of movement toward equi-
librium, expansion, substitution or changes in relative prices. Price

change bias can be demonstrated in Figure 8.

lExa.mples of the labor productivity approach are the work of
Sherman Johnson, S. H. McCrory, R. F. Hendrickson, Reuben W. Hecht
and Glen T. Barton in the Department of Agriculture.
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Fig. 8. Price change bias in labor productivity.

Let us assume technology remains constant. Y, represents an iso-
product surface, Pl represents the outlay necessary to produce Y; at
prices existing in the first time period. P, represents the outlay in
a second time period after prices have changed. As the price of capi-
tal fell relative to the price of labor there was a shift from using
Oa, capital and Ob; labor to using Oap capital and Ob, labor. Less
labor and more capital was used to produce the same product. Average
labor productivity increased while technology remained constant.

Bias introduced by movement toward or away from equilibrium can

be illustrated in Figure 9.
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Fig. 9. Movement toward equilibrium bias in labor

productivity.

If it is assumed that technology remains constant it can be
demonstrated in Figure 9 that a movement toward equilibrium increases
labor productivity. To produce Y, with the price iatios represented
by Ple, a firm is in equilibrium with an outlay of Oa, capital and
Ob; labor. However, if the firm, or the industry, is producing at
B using 081 capital and Ob, labor, less labor and more capital can be
used as the producer moves along Yl from B towards A. The productivity
of labor has been increased, not due to technology, but due to a move
toward equilibrium.

Bias introduced by expansion effect is illustrated in Figure 10.

If it is assumed that technology remains constant it can be dem-
onstrated in Figure 10 that increase in scale can affect the productivity

of labor relative to capital. To produce I; required Oa; units of
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Fig. 10. Expansion effect bias in labor productivity.

capital and Obj units of labor. If scale of operation expands to pro-
duce Yy, Oa, units of capital and Oby units of labor are required. As
size of operation increases economies of scale may occur which results
in increased labor productivity.

However, the opportunity to increase labor productivity through
increases in scale alone is rather limited. Labor can only be added
in units of one man, except for part-time help, which requires a
nearly duplicate unit of land and capital to that required by the first
man. The view that the addition of a second man does not greatly affect
the productivity of the first man has been widely accepted.

Input-output approach. The input-output method of measuring

technological change aggregates total inputs and outputs (if more than

one product is produced) from which the ;‘ﬁ‘_;’_&tuf ratio is calculated.

L5
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The change in the ratio measures changes due to technology if the four
conditions hold. If the conditions do not hold, bias will be introduced
resulting from other changes as discussed under the labor productivity
approach. This method does have the advantage of considering changes in
productivity of all resources and not just one. An additional problem
comected with this method is the problem of aggregation which will be
discussed under a separate heading.

Production function approach. The production function approach

consists of constructing a production function for some base period

and then substituting the inputs of a selected period into the function.
The contribution of technology can be measured by calculating the dif-
ference between the actual production and the production estimated by
the base period production function. If the four conditions hold,

this would be an accurate measure of technological change. As the four
conditions are relaxed, bias will enter the measurement.

Aggregation. If factors are aggregated, again the researcher is
faced with the problem of aggregation.

In studying wheat one is not faced with the problems that one
would be faced with in a study of agriculture as a whole. In agri-
culture as a whole many farm products are consumed in further pro-
duction. For example, grains and forage are fed to livestock; if both
the arops produced and the livestock produced are counted the researcher
has erred in total output by the quantity fed.

The recorded data are inputs for total agricultural production,
not by enterprises. For the purposes of this study, inputs must be

separated by uses. Conceptually a portion of tractor costs, truck
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costs, labor costs, etc. is incurred in the production of several pro-
ducts. No satisfactory accounting system has been devised to allocate
joint costs among enterprises. A method often used is to allocate costs
on the basis of the portion of total income contributed by the enter-
prise. Such an allocation is arbitrary and may not reflect the actual
costs incurred in producing the product. However, if the productivity
of the input is the same for all uses, then such an allocation‘would
approximate the actual costs.

Genserally, researchers have shown that small grain production has
been affected by technological advances more than have other phases of
agricultural production. If this is the case, an allocation of joint
costs based on the po}tion of income contributed by wheat will over-
estimate costs of producing wheat.

The series of man hours of farmwork published annually by ARS
divided the labor input among various enterprises. This data, avail-
able by geographical regions and for the United States, may be useful
in verifying the estimates made by counties in this study. Also, ARS
published a farm labor pfoductivity index by groups of enterprises,
i.e. food grains. These seem to be the sole attempts to allocate in-
puts to enterprises.l

In inter-industry comparisons of rate of change in output per unit

of input, the weighted average of the segments must equal the rate of

1see Agricultural Handbook No. 118, Major Statistical Series of the
U.S. Department of Agriculture, Vol. 2, prepared by Agricultural Re-
search Service and Agricultural Marketing Service, 1957.
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change of the total. This would also be the case where several seg-
ments of one industry are compared, one against another, and also to
the whole. This requirement can be met if change is measured by the
value added, that is the net increase in the value of tﬁe intermediate
products used in production.1
In constructing input and output indexes a base period must be
selected. If the beginning period is used, the effect is to bias
downward the effect of technology. To use the end period causes an

upward bias.?

Methodology Applicable to This Study

The wheat input-output time series data available were & limit-
ing factor in the selection of appropriate statistical procedures. Pro-
duction function analysis would have necessitated the use of multiple
correlation. The value of multiple correlation results depends upon the
number of degrees of freedom. The small number of observations and the
large number of variables reduced the degrees of freedom to nearly zero.
Production economists counseled that the results would have little mean-

1ng.3

lRuttan, Vernon W., Agricultural and Non-agricultural Growth in
Qutput per Unit of Imput, Journal of Farm Economics, December, 1957.

2Ladd, George W., Biases in Certain Production Indexes, Journal
of Farm Economics, February, 1957.

See also: Ruttan, Vernon, W., Technological Progress in the Meat
Packing Industry, 1919-1947, U.S.D.A., Marketing Research Report No. 59.

3Knight, Dale and Orazem, Frank, associate and assistant agri-
cultural economists, respectively, at the Kansas Experiment Station.



Statistical analysis, chapters V and VI in this study was the
labor productivity and input-output approaches. Chapter IV will be
devoted to an historical analysis of the technological developments

in wheat production.

L9
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CHAPTER IV

AN HISTORICAL INQUIRY InTO ‘THt TECHNOLOGICAL DEVELCPLENTS
IN WHEAT PrODUCTION IN THE UNITED STATES AND IN FOUR
SELsCTED REGIUNS

Wheat, it is believed, originated in the Eastern Mediterranean
region. From there it spread to Phoenicia and Egypt and eventually
throughout the world. The cultivation of wheat by man antedates his-
torical records. Neolithic man in Switzerland knew wheat. The Chinese
cultivated wheat in 3000 B.C. Wheat has long been an important source
of food. Cultivated wheat differs greatly from the wild wheats. Nothing
is known of the methods used by early ran to improve wild wheat, but
undoubtedly over tne centuries he must have saved the seeds of the most
desirable plants. Without knowledge of what the results would be, early
man in selecting and cultivating the original wild wheat laid the basis

for the technological advances to be made centuries later.

The Basis for Technological Developuent

In the pre-historic period the technoloyical advances made were:
(1) learning to cultivate wheat, (2) selecting seed that improved the
quality, and (3) spreading wheat culture to many new geographical areas.

Throughout the historical period little technological advancement
was made in wheat production until the beginning of tne nineteenth cen-
tury. For centuries the ground was prepared with a wooden plow drawn
by men or cattle, seced was sown by hand, harvest was with the sickle and
fthreshing with a flail or animal hooves. It was under these conditions

of production that wheat was brought to the United States.
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The first introduction was made in 1602 by Gosnold on the Eliza-~
beth Islands off the southern coast of Massachusetts. Wheat was first
grown in Virginia in 1611 and in New York in 1622.1

'This historical study shall be limited to the technological improve-
ments which occurred in the United States after this introduction of
wheat. Late in the nineteenth century the principles of science were
first applied to the growing of wheat. Prior to this a number of im-
provements in machinery occurred which had an effect upon the product-
ion of wheat.

The interest of the govermment in encouraging technological develop-
ment in agriculture‘provided the basis for wheat improvement work. In
1839 the first appropriation by Congress, one thousand dollars, was made
for agricultural purposes. Prior to this President Washington had sug-
gested in 1796 the establishment of a national board of agriculture,
but it was not until 1862 that Congress created the National Department
of Agriculture. In 1889 the department was elevated to the status of
an executive department with a cabinet member as Secretary of Agriculture.

Another institution to apply scientific principles to agricultural
problems was the experiment station of the land grant colleges, the first
being established in 1875 at Middletown, Connecticut. By 1887, when the
Hatch Act was passed, seventeen stations were in operation. This gave
federal support to the experiment stations and greatly stimulated their

expansion. By 1894 there were 55 stations in the United States.

1Dondlinger, Peter Tracy, The Book of Wheat, Orange Judd Company,
New York, 1910.
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Biological Developments and Introduction of New
Varieties From Foreign Countries

The Improvement of Wheat. The improvement of wheat consists

chiefly of increasing the desirable qualities of the wheat plant. Man
is now able to speed up the processes of natural selection and hybrid-
ization in the quest of wheat characterized by qualities deemed desir-
able through purposive selection, scientifiec breeding, and introduction
of new seed from abroad.

Dondlinger a half century ago recognized the value of wheat im-
provement work when he wrote:

®"A century ago wheat was wheat, but now thousands
of varieties have been bred which thrive best under the
local conditions for which they were bred, and often they
satisfy conditions, uses and tastes not in existence a
century ago. The entire wheat harvest of the world is be-
ing improved. The value of this work in proportion to its
cost must appeal to everyone, and indicates its permanency.

The conclusions of scientists seem to be that varieties
will not wear out or materially change if the same conditions
which made them excellent are kept up. If special care was
exercised to produce an artificial variety, this care must
be continued, or it will deteriorate. The improvement of
wheat by breeding is no longer theory as in the time of Darwin,
but an established fact."l

Conscious selection is é modern process in wheat improvement.
The plant breeder atteupts to intensify a particular characteristic
by selecting seed from only those plants which have this character-
istic more markedly than other plants. One of the first experiments

in wheat selection began in 1857 in England by Hallet.?

libid.

2Ingersoll C. L. and Bessey, Charles E., Wheat and Some of Its
Products, Nebraska Agricultural Experiment Station Bulletin No. 32,
189k.
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He selected for size of head, number of heads per plant, and number

of kernels per head. He proved that it was possible to change the
characteristics of wheat by selection. He began with a head four and
three-eights inches long which had 47 grains. In 1858 the best head
raised from the seed of the original head was six and one-=fourth inches
long with 79 grains and the plant with the most heads on a single plant
was ten. After four annual selections, in 1861 the largest head was
eight and three-fourths inches, the greatest number of grains per head
was 123, and the plant with the most heads had 52. By purposive select-
ion the characteristics desired had been intensified.

Such experiments were not begun in the United States until late in
the century. The most extensive and successful of the early selection
experiments were at the Minnesota Experiment Station under the direction
of Professor N. M. Hays.l According to Webber ad Bessey, in 1899,
little attention had been given to the systematic growing of wheat for
selection until recently. They also credit Hays as the most important
of the early workers in wheat selection. From 1888 to 1889 he tested
552 different wheats from which he selected eight for further testing.2

As early as 1882 Blount of the Colorado Experiment Station re-
ported the results of the variety field tests that he had run.’ The

Kansas station conducted selection experiments beginning in 1891.h

1pondlinger, Peter Tracy, op. cit., p. 51.

ZNebber, Herbert I. and Bessey, Ernest A., Progress of Plant
Breeding in the United States, Yearbook of Agriculture, 1899.

3Department of Agriculture Report, 1881 and 1882.

bgansas Bulletins, 20, 33, L0, and 59.



Webber and Bessey in 1899 wrote in the Yearbook of Agriculture:

"In selecting wheat to improve the strain early attempts
were mainly confined to simply taking the largest grains . . . .
Many experiments in this country have worked on the improve-
ment of wheat by selection, but in general with rather in-
different success. Recently, however, Professor Hays of the
Minnesota Agricultural Experiment Station has used a very
careful method of selecting wheat, grown in nursery form,
which has given valuable results."

"The early cases of wheat grown in this country were,
as was the case with almost all our cultivated plants, of
foreign origin and even now a great many sorts are being
imported, especially from Russia. A large number, how-
ever, have had their origin in America; the first of these
being mainly, such as originated in fields of wheat or
from chance--sown seeds, which, owing to their differences
from other wheat, were preserved and perpetuated. Such,
for example, were the Tappahannock, found in Virginia in
185k, and the famous Fultz wheat found in a field of Lan-

caster Red Wheat in Pennsylvania in 1862 by a Mr. Abraham
Fultz.*l

The f:i.rst. recorded new variety developed through selection was at
the Minnesota station. Variety No. 169 in yield experiments from 1895
to 1898 outyielded its parent variety by an average of 5.8 bushels per
acre.

Introduction of new varieties of wheats was one of the important
means by which improvement has been made. Mark Alfred Carleton,
cerealist with the Department of Agriculture, was an early proponent
of seeking varieties and cultural practices in foreign countries that
would be useful in the United States. He made the following obser-

vations for the Great Plains area:

l¥ebber, Herbert I. and Bessey, Ernest A., op. cit., p. 53.



%It may be noted by any careful observer that occasion-
ally there are farmers in these four districts who seem always
to have a good crop of wheat whatever the season, even when
there may be failures of the crop all about them. As other
farmers in the vicinity have the same climate, and approx-
imately the same kind of soil, such differences in results
cannot be due to differences in these conditions. They are
simply due to certain methods of agriculture adopted by these
farmers by which the{ are able to overcome unfavorable con-
ditions of weather."

He noted that with the Great Plains area the Russian immigrants
were particularly successful as wheat farmers because they:
1) came from an area of Russia of great weather extremes
so they knew how best to handle crops under these
conditions

2) brought varieties of wheat from Russia that were
. superior to the varieties being grown on the plains.

He urged all wheat farmers to adopt the Russian varieties and the
cultural methods used by the newly arrived immigrants. In 191l he
reported that these wheats, hard red wheats, were best for the Great
Plains area. With the development of the steel rolling process of
milling and the wheat-flour purifier the millers no longer discrim-
inated against the hard red wheats.

Hard red spring wheat was introduced about 1850, but did not be-
come established as a profitable crop until 1870. The varieties that
became important, Fife and Bluestem, were selections from wheat im-
ported in 1842 from the northern Volga regions of Russia.

. The hard red winter wheats were carried to Kansas by the Russian
Mennonite immigrants from the Crimean region of Russia. The two

varieties resulting from this importation were Turkey Red and Kharkof.

lCarleton, Mark Alfred, Successful Wheat Growing in Semiarid Dist-
ricts, Yearbook of Agriculture, United States Department of Agriculture,

55



However, it was not until 1397 that the Kansas Experiment Station recog-
nized the superiority of the hard red winter wheats. Not until after
1900 did these varieties become important in the southern Great Plains.l

Durum wheat was also introduced from eastern Europe into the north-
ern Great Plains because of its drought resistance and ability to out-
yield the spring wheats. The two varieties imported were Arnantka and
Kubanka.2

From Australia two new wheats were introduced, Early Baart and
Federation.3

Interest in the possibilities of finding new foreign wheats
superior to domestic wheats culminated in sending Carleton to Russia
to find strains of wheat grown for generations in an isolated locality
80 that the strain would be pure and well adapted to envirommental
conditions.h

Hybridization is the process of cross-fertilization of different
strains, varieties, or types of plants. Hybridization occurs in nature
and has had its effects upon altering wheat. Purposive hybridization

by man was begun about 1800 in England by the plant physiologist

lCarleton, Mark Alfred, Hard Wheats Winning Their Way, Yearbook
of Agriculture, United States Department of Agriculture, 191k.

2gal1oway, B. T., Lumigrant Plants Hold Large Place Among U.S.
Crops, Yearbook of Agriculture, United States Department of Agriculture,
1928.

31bid.

hWbods, A. F., Wheat Output Grows Through Survival of the Fittest
Stgain, Yearbook of Agriculture, United States Department of Agriculture,
1927.
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Thomas Andrew Knight.* It is believed that the first hybrid produced
scientifically in the United States was a pear in 1806.

In the United States C. G. Pringle of Charlotte, Vermont, was the
pioneer hybridizer of wheat. He began his work in 1877 and developed
several varieties which were widely produced. Another early wheat
breeder was A. E. Blount of the Colorado Experiment Station who success-
fully developed Amethyst, Improved Fife, Hornblende, Gypsum, Blount's
No. 10, Felspar, Ruby, and Granite.

Blount contributed an article to the 1885 Report of the Commiss-
ioner of Agriculture in which he discussed the production Qf new varie-
ties by what he called cross-fecundation.? Interest in the new method
of plant improvement continued. In 1897 Swingle and Webber wrote in
the Yearbook of the Department of Agriculture an article which empha-
8ized the use of hybrids in wheat improvement work.3

Webber, with Bessey, in 1899, again gave attention to the value
of hybridization work. He states that interest in developing hybrid
wheat began only in 1890.h The characteristics the plant breeders
were attempting to establish in new varieties were earlier maturity,
higher yields, and winter hardiness. In this work many of the crosses

were between American and Russian varieties.

lDondlinger, Peter Tracy, op. cit., p. 51.
2Report of the Commissioner of Agriculture, 1885.

3Swingle, Walter T. and Webber, Herbert J., Hybrids and Their
Utilization in Plant Breeding, Yearbook, Department of Agriculture, 1897.

hﬂbbber, Herbert J. and Bessey, Lrnest A., Progress of Plant
Breeding in the United States, Yearbook of Agriculture, 1899.
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In 1910 Dondlinger concluded no valuable results had been achieved
through the hybridization work of the experimenters. He noted that
plant breeding experiments in wheat were being carried out in Texas,
Kansas, South Dakota, Minnesota, and Karyland. In these experiments the
scientists were seeking earlier maturity so that by sowing two varieties
the harvest period could be lengthened to avoid too green cutting and
shattering. He perceived later developments when he stated:

"Experience has taught that the most successful and
practical way to fight disease is to aid natural selection in
producing disease-resistant or immune plants, rather than to
attempt to cure the disease."l

Mechanization of Wheat Production

Mechanigation of wheat production was an outgrowth of the west-
ward expansion of the nation. Each farmer's production west of the
Mississippi was limited largely by the supply of labor. The cheap
abundant labor of the eastern seaboard was not available. Because
the farmer had a ready market for his grain in Europe, he was anxious
to expand production. In mechanization the farmer of the Trans-
Mississippil region recognized the solution of his problem.

Without mechanigation westward expansion would have been
much slower. Development of the frontier and mechanization were
interdependent. The conditions of the frontier were favorable to
adoption of labor ‘aaving equipment and in turn mechanization made
possible development of the new lands. )

lDondiinger, Peter Tracy, op. cit., p. 51.
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An example of this was in the experience of McCormick with his
reaper. He made no progress in promoting the reaper in the eastern
states; but when he moved to Chicago, his reaper quickly spread.

This period, 1800 to 1900, was the period in which the concept of
substituting capital for labor became firmly established as desirable
in agriculture. It was not suddenly recognized nor sought. It was
forced upon the farmer by a set of circumstances, available market,
abundant supply of land and a shortage of labor.

This portion of the study will trace briefly the historical de-
velopment of the mechanization of wheat production in the United States.

Power. The United States farmer has progressed through many stages
in relation to power. The first source of power was human energy. Dur-
ing the colonial period a large portion of the power needed was provided
by the farmer, his family, hired labor, or slaves. For example, the
seeding was done by hand broadcasting, harvest was with the sickle, the
scythe, or the cradle, and threshing was by flail. Oxen were the source
of power for plowing and soil cultivation, such as harrowing. With the
advent of the steel plow, horses replaced oxen as a source of power.
Horses dominated the farm power picture roughly from 1850 to 1920.

Mechanical power was first possible after the invention of the
steam engine. In 1861 the first attempts were made to use steam power
for plowing. Because of the cumbersomeness of the steam engine, little
headway was made in substituting mechanical power for horsepower on
wheat farms. In the Pacific coast area steam power made the most head-
way. Dry land, large scale operation, big flat fields were factors

that eﬁcouraged the use of steam power in California.
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The first use of mechanical power was for threshing. For this pur-
pose stationary engines could be used.

Rogin reports that in 1900 the gas tractor had begun to supplant
the steam tractor and found immediate popularity, especially among farm-
ers needing small outﬁ.ts.l

Tillage implements. The plow has been the basic tool for culti-

vation of the soil, so that it was to be expected that it would be one
of the first implements to undergo improvement. However, the wooden
plow of antiquity underwent little change until the nineteenth century
when the cast iron plow was introduced. Early cast iron plows were cast
all in one piece and never were accepted by farmers. In 181k, Jethro
Woods patented a plow with interchangeable part8.2 Manufacture of
Woods' plow on a commercial scale began in 1817 and the census of 1880
reporﬁ that the cast iron plow was in universal use by 1825, an
apparent overstatement.

Cast iron plows tended to wear out very quickly due to the soft-
ness of the metal. For this reason the moldboard, share, and land-
side were later made of cast steel. By 18L0 John Deere and others
were comnercially producing steel plows.

The walking one bottom plow continued to dominate until after the
Civil War. The riding wheel plow with several bottoms gradually came
into use, particularly in the Pacific coast area. According to Rogin,

1864 marks the time of introduction of the gang plow.

lRogin, Leo, The Introduction of Farm Machinery, University of
California Press, Berkeley, 1931.

2 Tbid.
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Improvement in design and in quality of material and adaption to
tractor power are the principal changes in the plow made in the last
century.

Harrowing was first accomplished by dragging branches or brush
over the plowed land to cover the seed. First, wooden beams with spikes
and eventually iron frames with teeth were the evolutionary path of the
harrow.

In the dry western lands wheat farmers experimented with implements
that would speed the process of soil tillage. In the late nineteenth
century the development of the disk fulfilled this need. The principla
of the disk has been used in the one-way and the disk plow. Elwood,
Arnold, Schmutz, and McKibben concluded that the development of the
vertical disk and its use as & one-way has been the most important
development affecting the labor needed to prepare land for small grain
production.l

Present day tillage equipment is primarily improvements on and
adaptations of the implements discussed. These include duck-foots,
spring tooth harrows, rod-weeders, and sub-soilers.

Seeding implements. Until about 1850, all planting of wheat was

by hand, commonly called broadcasting. After scattering the seed the
ground was dragged with a harrow to cover the seed. The principle of
the drill was to place the seed evenly beneath the surface of the ground.

After the mechanical seeder was developed in the last half of the nine-

1Elwood, Robert B., Armold, Lloyd E., Schmutz, D. C., and McKibben,
Eugene G., Changes in Technology and Labor Requirements in Crop Product-
ion, Wheat and Uats, Works Progress Administration, National Research
Project, Report No. A-10, Philadelphia, 1939.
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teenth century, changes have been primarily in the improvement of this
basic implement.

Harvesting. Tillage and seeding equipment were quite well develop-
ed before the advent of the tractor. However, the need for large units
of power to run the present day harvesting equipment slowed the adoption
of mechanical harvesting.

The sickle used in early America gave way to the scythe and the
scythe to the cradle. Treading and flailing gave way to the thresher.
Until tractor power became available the two steps of harvesting,
cutting and threshing, were not combined into one.

The cradle, a short-lived intermediary harvesting implement, came
into general use during the first half of the nineteenth century.

In 1834 McCormick patented his first reaper and made his first
sale in 1840. Little progress was made in spreading its use for the
next decade.

"Realizing the difficulty of trying to introduce harvest-
ing machinery in a section of the country where farms were com-
paratively small and labor cheap and plentiful, McCormick under-
took the task of personally degonstrating his reaper during lﬁhh
in western New York, Ohio, Illinois, Wisconsin, and Missouri.

After moving his factory to Chicago in 1847, McCormick was hard
pressed to produce sufficient reapers to meet the needs of the farmers.
From this time on the reaper was well established.

In the next 75 years many improvements were made in the reaper.

Two general types developed, the binder and the header.

1Rogin, Leo, op. cit., p. 60.
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Threshing by mechanical means was first attempted about 1800.
Horses and water wheels provided the power. The first adaptation of
the steam engine to farming was as a source of power for threshing.
Originally stationary engines were used. As the mobile steam engine
was developed greater flexibility of threshing was possible. The gaso-
line engine, of course, made possible even greater flexibility.

- The tractor, the header, and the mechanical thresher, at first
separate units, provided the basis for the modern combined harvester-
thresher. The dry flat lands of California provided the experimental
enviromnent needed to develop the combine. As early as 1828 a patent
was granted for what was claimed to be a combine but was mever develop-
ed. In 1835 a patent was granted for a machine that was to cut, thresh,
clean, and bag the grain. It seems that the development of combines in
California sprang from this patent. A machine was built in the East in
1843, but did not successfully operate until 1853. In 1859 a machine
was taken to California where it ecut 600 acres of wheat. However, it
was not used again. In 1884 only about 50,000 acres of wheat were cut
by combines in California. In the East, cheap labor and small size of
farms further retarded the use of the combine long after the principles
of its use were understood. The successful development of the combine
was delayed until after the gasoline tractor was in fairly general use.

Technological Changes and the Effect of the
Changes Since 1900

The scientific basis for the twentieth century technological evo-
lution in wheat production was well advanced by the turn of the century.
The mechanical principles that underlie mechanization were known. Many
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of the principles of plant breeding useful in plant improvement were
ready for application. Scientists were aware that there were func-
tional relationships between cultural practices and successful crop
production.

Tet in 1900 wheat production was very different than it was in the
1950's. In 1900 farmers were not applying scientific principles to
wheat production. The nineteenth century was an era of scientific dis-
covery. The application of this new knowledge to agriculture was in the
process of being worked out. During the twentieth century the new tech-
nology passed from the experimental stage into wide dissemination and use.

It is simple to conclude that the most significant changes in wheat
production in the last fifty years have been the application of science
to the problems of production. This does not imply that this period has
been devoid of the development of new principles which in the future can
be applied. On the contrary, scientists today are experimenting with
climate control, radiation in plant development, automation of operation-
al procedures, and electronic computational procedures for solving organi-
zational problems, all of which hold the potential of further revolution
in farm production.

This section will be concerned with the adoption of the nineteenth
century discoveries in wheat production in the 1900-1954 period.  Dur-
ing this period the agricultural scientists were also interested in im-
proving and perfecting their knowledge of principles and methodology.

The tractor, the combine, the multiple bottom plow, the drill, and
the cultivatien implements were all in use in 1900. New wheat varieties
had been developed by scientists both through hybridization and select-

ion. The biological nature of most diseases and insects attacking wheat



was fairly well understood. Yet wheat production was not too different
from what it was in 1800. The great production changes were yet to
come.

Mechanization. An indicator of mechanization is the number of

tractors on farms. A study of the replacement of horse power by me-
chanical power is a crude measure of the rate of mechanization. There-
fore the rate at which tractors displaced horses was calculated for
each of the four areas in order to determine if there were regional
differences in the rates of mechanization.l

Simple regression analysis was used to determine the functional
relationship between tractors and horses.2 The results of this
analysis are shown in Figures 11 and 12.

In interpreting the diagram it is necessary to be cognizant of
the reason for the relative positions of each of the curves. The hard
red spring wheat curve is furthest to the right and highest because a
greater geographical area was considered than was considered in the
other three areas. There were just more horses and tractors under con-
sideration.

Secondly, this cannot be interpreted as being a true factor-factor

relationship inasmuch as the curves do not represent a constant product.

1see pp. 89, 90, and 91 of Chapter V for the areas of the hard
red winter, hard red spring, white, and soft red wheat included in
this study.

25ee Tables 26 to 33 of Appendix A.
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Each point on the curve represents one point on a separate iso-product

curve as follows:

'54

X

Therefore, in speaking of the number of horses that were replaced
by each tractor it must be remembered that this is not a true marginal
rate of substitution. With the available data it was impossible to
determine the marginal rate of substitution because only one point was

known on each iso-product curve. However, by connecting each of these

points an average rate of substitution over time can be calculated which

gives a crude measure of the rate of mechanization, and provides the
basis for inter-regional comparisons.

Thirdly, the data does not differentiate size of tractors, there-
fore, the more rapid rate of substitution in the western areas is par-
tially due to the larger size of tractor used there. A larger tractor
provided more power, consequently each tractor replaced more horses
than the smaller tractors used in the eastern states.

By inspection of the data plotted in Figures 11 and 12 it was de-
termined that a curvilinear relationship existed between tractors and
horses in the hard red winter, hard red spring, and white wheat areas.
The functional relationship Y = aXP was chosen to measure the relation-

ship between the decreasing number of horses and increasing number of
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tractors for these three areas. In the soft red area the relationship
appeared to be linear and ¥ = a ¢ bX was used to measure the relation-
ship. The computation of the b values gave a measure of the rate at
which tractors substituted for horses. The b value represented the
average percent decline in number of horses associated with a one per-
cent increase in the number of tractors. By areas, an increase in
tractors by one percent was accompanied by an average decrease in horses
as follows: white, 1.05561; hard red winter, .521016; hard red spring,
‘.EOhhl; and soft red, .3666.1

The rate of mechanization as measured by the relationship in
changes of numbers of horses and tractors was much more rapid in the
white wheat area than for any of the other areas. The hard red winter
and hard red spring areas mechanized at about the same rate, whereas
the soft red area has lagged behind. The rate of change has been rel-
atively constant in the soft red area as represented by the linear
relationship. Since 192L, although the absolute number of tractors
that has replaced horses has increased, there has been little change
in the rate. Each of the other areas experienced a particularly high
rate of substitution of tractors for horses in the early years as in-
dicated by the flatness of the right side of the curve. After 1939
the curves became much steeper whi;h represented a slowing of the rate
of substitution. Between 192l and 1939 a small increase in tractors

was accompanied by a large decline in nunber of horses. In the years

1See Tables 26 to 33 for the computational procedures and Figures
11 and 12 for geometric presentation. The r values show that the
functional relationships used, Y = aXP and Y = a 4 bX gave a good
approximation of the relationship.



1939 to 1954 the larger increases in nunber of tractors was accompanied
by decreasing declines in number of horses, which indicates that the
substitution was largely accomplished by 1939. On the average it can
be concluded that the rate of mechanization was most rapid in the
Pacific Northwest, followed by the southern Great Plains, northern Great
Plains, and the eastern Cornbelt. Furthermore, the mechanization, as
measured by substitution of tractors for horses has been at a declining
rate since 1939 for all areas except the soft red area.

There are other measures of mechanization, all dependent upon the
use of the tractor. An analysis of the relationship of substitution of
machinery for labor would represent a measure of mechanization. If
number of tractors were considered a crude measure of the degree of
mechanization then the rate at which tractors were substituted for
labor would be an indicator of the rate of mechanization. Number of
combines, trucks, grain drills also indicate the trends in mechani-
zation. Because the replacement of the horse b; the tractor was basic
to mechanization in 192 to 195L, the rate at which tractors substi-
tuted for horses was selected as the measure of rate of mechanization.

Factors that may explain the differential rates of mechanization.

A number of factors may have influenced the rates of mechanization.
Small grain production had only a few relatively simple operations,
soil preparation, seeding, and harvesting. The character of these
operations favored mechanization. From this it could be concluded
that the areas having the larger portion of the land in small grains
would mechanize most rapidly. In testing this it was found that the
hard red winter and hard red spring areas had the greatest speciali=-

zation in small grains as well as in wheat.
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Table 1. The percent of farm land in wheat and the percent of_ farm
land in small grains for four wheat producing areas.

s Hard red winter s Hard red spring : White s Soft

s ¢ Small ¢ Small Small Small
Year s Wheat 3 grains s Wheat 8 grains : Wheat:grains s Wheat:grains
1954k 21.2 29.5  18.L 38.7 16.6 21.7 7.2 1h.5
9Ll 25.5 31.6  23.6 39.0 18.9 19.5 7.1 1h.3
1934 19.k 20.8 6.0 8.5 17.0 17.5 8.2 15.2
1924 25.8 30.2 25.0 L5.3 17.4 18.0 7.4 15.3
Avg. 22.9 28.0  18.2 32.9 17.5 19.2 7.5 1hL.8

1Computed from census data.

The soft red areas had the lowest percent of farm land in small grains.
The relation between degree of specialization and rate of mechanization

in each case was consistent with the hypothesis.

Table 2. The relation of rate of mechanization and degree of crop

specialization.
¢ Degree of specialization 3
Area $ & land in small grains : Rate of mechanization
3 192)4-5) average
White 19.2 1.05561
Hard Red Winter 28.0 .521016
Hard Red Spring 32.9 <504l

2Compu.ted from census data.

The larger the size of the farm the more rapid the farm may be ex-
pected to mechanize. Mechanization represents a large fixed cost and

for the small farm the per unit cost discourages mechanization.



Table 3. The relation of size of farm and the rate of mechanization.l

t Average size of farm 3 Percent of farms : Rate of

Area H s over 500 acres :mechanization
s 193L 1954 s 1934 1954 s
White 894 1,246 L9.8 L6.8 1.0556
Hard Red Winter 523 2L Lh.3  b9.5 5210
Hard Red Spring 365 705 L7.9  57.5 «50LL
Soft Red 93 128 1.0 1.5 « 3666

1Sou.rcez United States Census.

In Table 3 the relationship between size of farm and rate of mech-
anization is substantiated in each case, except in the soft wheat area.
The larger the average size of farm the more rapid mechanization occurred.
The portion of the farms that were over 500 acres was closely associated
with the rate of mechanization. The white, the hard red winter, and the
hard red spring all had nearly one-half the farms in the largest size
group, over 500 acres.

- The character of the fields themselves can be expected to influence
the rate of mechanization. Large fields of relatively level land en-
courages the use of large equipment.

Labor supply may be an influencing factor in rate of mechami-
sation. In a comparison of the four areas it could be concluded that

the scarcer the supply of labor the more rapid the rate of mechanmization.
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Table 4. The relation of rate of mechanization and the labor supply.

Area workers per farm . Rate of mechanization
1934 19 1954
White 1.7 1.8 1.5 1.05561
Hard Red Winter 1.7 1.6 1.8 .521016
Hard Red Spring 1.6 1.5 2.1 «50L1
Soft 1.5 1.k 1.3 «3666

lsource: United States Census.

The tabular analysis reveals that within a region there is a re-

lationship between labor supply and rate of mechanization.
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Control of diseases and pests. An identifying characteristic of the

work of the United States Department of Agriculture and the state experi-
ment stations has been the concern for plant disease and pest control.

It is a rare year that none of the publications of either deal with prob-
lems associated with diseases and pests attacking wheat.

Two general approaches to solving these problems has dominated re-
search activity in the area. Most emphasis, judged by the number of
publications, was placed upon developing resistant strains of wheat.
This was discussed under the section of wheat improvement in this chap-
ter. A second approach was to find specific treatments and cultural
practices which would control the disease or pest.

One of the problems, the Hessian fly, has been largely controlled
by a combination of both. A study of the life cycle of the fly showed
the dates at which it hatched and if wheat were planted after this date
it was not attacked. The plant breeders also have built into some
varieties a resistance to the Hessian fly.

Stem rust of wheat was subjected to the same two-pronged attack
beginning in 1902. Seed treatment before planting gives control. Also,
when the relationship between barberry, stem rust, and cereal grains
was understood stem rust could be controlled if one or other of the
hosts were destroyed. Therefore, concerted efforts to destroy barberry
were made.

The early search.for resistant varieties was carried out at the
Minnesota, Kansas, and Tennessee experiment stations both through
selection and plant breeding work. In Kansas, selection led to the

development of Kanred, a strain resistant to rust.
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TYmeliness of operations. In 1910 Dondlinger recommended fall plow-

ing for spring wheat and as early plowing after harvest as possible for

winter wheat. Better control of weeds, moisture conservation, and time

for settling of the seed bed, all of which increased yields, were the

reasons given for the recommendation. Experiment station publications

to the present have echoed and re-echoed the recommendations of Dondlinger.
 With the newly gained knowledge of the relationship between seed-

ing dates and infestation by Hessian fly, the plant scientists of the

early twentieth cenfury advocated the sowing of wheat after the fly

free date.

The development of the tractor made possible the improvements made
in timeliness of operations. The tractor provided a high speed, constant
and dependable power unit that made possible the accomplishment of soil
preparation, seeding, and harvesting activities within the narrow time
limits demanded, in order to optimize wheat yields and quality.

Tenure of farm operators. Tenure patterns in each of the four

areas have been very similar. From 1900 to 1934 there was a general in-
crease in the proportion of tenancy. In the two Great Plains areas the
increase continued until 1939, whereas in the other two areas the peak
was reached by 1934. Throughout the period under consideration the pro-
portion of tenancy has been greatest in the hard red winter wheat area

and lowest in the soft red wheat area.
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Table 5. Changes in the tenure position of farm operators in four
wheat producing areas, 1900, 1934, and 1954.1

t Percent tenancy Percent ¢ - Percent
Area H ¢ full owners ¢ part-owners
s 1900 193L 195L s 1900 1934 195L s 1900 193L 195L

Hard Red Winter 20.0 L46.2 33.6 39.0 25,6 24.5 L41.0 28.2 41.9
Hard Red Spring 6.2 L2.2 21.6 72.9 26.9 3h.L 20.9 30.9 23.h
White 11.2 31.9 20.5 73.3 L5.1 L6.9 15.5 23.0 32.6
Soft Red 23.8 25.0 11.6 61.9 58.6 67.9 1h.3 16.L 20.5

1sources United States Census.

In considering the percent of operators who were full owners the
same pattern by geographical areas prevailed. A higher portion of the
operators in the soft red wheat area were full owners than in any other
area. The hard red winter are= of Kansas and Nebraska consistently
have had the lowest proportion of full owners.

A unique feature of the Kansas-Nebraska counties is the domination
of the part-owner type tenure situation. This indicates that many
operators own land for a base of operation and secure additional land
through rental agreements. This organization has provided a means of
expanding the size of the farm business without confronting the problems
of capital limitations.

Average size of farm. Farms in all regions of the United States

have been increasing in area of land farmed. Each of the four wheat
producing areas under consideration have shown a relatively constant

increase in acreage since 1900 with the exception of the Great Depress-
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ion years.l The corn belt area has shown the steadiest growth, although
at the slowest rate of all the areas. In the 54 year period the soft
wheat farms had an average annual growth in land area of but .68 percent.
The white wheat area in the Northwest showed the most rapid growth. The
average farm has added 13.L9 acres each year since 1900 which was a 2.6
percent annual rate of growth. Except for the 1929-3L and 1949-5L
periods, when farms slightly decreased in acreage the growth has been
steady. The size of farm in the two hard red wheat areas has followed
gimilar patterns. The slower rate of growth in the winter wheat area
is explained primarily by the decline in size of farms in the 1900 to
1909 period. During this period the spring wheat area was making a
relatively rapid rate of growth in size of farms. After 1910 the rate
of growth of the two areas has been nearly equal.

Table 6. A comparison of average size of farms in acres for selected
wheat producing areas, 1900-195L.2

¢ Average size of 3 Total increase 3 Average annual

Area s3__ farm in acres ' s in size s growth
$ 1900 3 1954 s Acres : Percent s Acres 3 Percent
Hard Red Winter 522.94 T723.71 200.77 38.39 3.72 .
Hard Red Spring 365.62  T704.68 339.06  92.74 6.28 1.71
White 518.17 126.82 728.65 140.62 13.49 2.60
Soft 93.32 127.79 3L.L7 36,93 <6l .68

230urce= United States Census.

Three of the areas, hard red winter, hard red spring and white

have shown a tendency to follow the classical growth pattern whereby

1see Figure 1k.



early rate of growth is rapid, followed by a slower growth rate,

another growth spurt, and finally a leveling out.
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Number of farms.l The change in number of total farms is somewhat

less than could be expected when the rapid rate of increase in acreage
per farm is considered. Only in the case of the soft wheat area has

the decrease been significant. The Great Plains had a steady increase
in number of farms until 193l after which time the number has declined
at a fairly constant rate. The soft wheat area has had a decline in the
number of farms, except in the great depression period, throughout the
period. The white wheat area has had very little change since 1934 in
the number of farms. Table 7 swumarizes changes in number of farms in
each area in the period 193L to 195L.

Table 7. A comparison in number of farms and the annual rate of change
in number of farms for four wheat producing areas.

3+ Total number s Change in number sAnnual rate
Area s of farms H of farms ¢ of change
:+ 1934 ¢ 195, : Number : Percent : Percent

Hard red winter 30,963 23,85k = 7,109  -22.9 -1.1
Hard red spring 59,458 42,949 -16,509  -27.8 -1.4
White 9,861 7,613  -2,0l8  -20.8 -1.1
Soft 86,592 62,889  -23,703  -27.L 1.k

2Source: United States Census.

Adjustments in resource use. Data on the county basis for number

of people living and working on farms were not available prior to 193L.
Not until the 1925 census was the farm population enumerated separately.

Again in the 1955 census the number of people on farms was not enumer-

lsee Figure 15.
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ated. This shortcoming of the data was a serious handicap in attempt-

ing to measure changes in resource productivity.l

The data available,
however, provided sufficient information for crude estimates of the
trends in resource use. In all areas the generally accepted conclusion
that the labor input relative to other resources has continuously de-
clined was verified.

On the per farm basis all inputs have been increased during the
1924 to 1954 period. The greatest input increase on the average farm
was the capital input. Capital input (see Table 8) increased 111.7
percent in the hard red winter, 155.1 percent in the soft red, 163.7
percent in the hard red spring, and 271.3 percent in the white wheat
area. The increased size of the farm was also reflected in the in-
crease in the acres per farm as discussed on pages 77 and 78 of this
chapter. A more recent period, 1924 to 1954, was given consideration
in Tables 8 and 9. The land area per farm increased most in the hard
red spring area, 51.7 percent, in the white area, 39.4 percent, in the
hard red winter, 36.3 percent and in the soft red by 27.6 percent. In
every area the average labor input per farm has increased, but at a
much slower rate than the other inputs, 31.2 percent in the hard red
winter, 17.6 percent in the white wheat, 6.2 percent in the soft red,
and 5.9 percent in the hard red spring wheat.

115 order to correct this data gap the Bureau of the Census, Wash=
ington, D. C. and each of the state Crop and Livestock Reporting Services
were contacted directly. State Board of Agriculture Reports in the
Kansas State University Library for each state were carefully studied.

In each case no additional data was available.
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The average labor input per farm and the total labor imput in each
area decreases were probably underestimated, particularly for the de-
creases since 1950. The basis for counting farm labor was changed in
the 1954 Census.l No adjustment factor was available to apply to
the 1954 data to make them comparable to the previous years. There-
fore the decrease in labor was more pronounced than indicated by the

data used.

Table 10. The average number of acres per unit of farm labor for four

wheat producing areas, 193k to 1954.°

Yoar 1 Hard red winter : Hard red spring t__ White :__ Soft red

193k 318.9 286.3 5Lo. L 6L.3
1939 L27.4 326.h 615.6 7h.0
1944 lah.5 Lo1.0 705.9 80.7
1949 LLo.9 387.2 701.8 80.7
1954 399.2 3l1.5 6317.2 73.6

2 Sources Computed from census data.

A measure of the change in the labor input was illustrated by the
change in total acres in farms per unit of man labor, (Table 10). In
this instance the increase in acres was underestimated due to con-
comparability of data. From 1934 to 1949 there was the following in-

creases in acres of land per man unit:

1The 1954 Census of Agriculture states, "data shown for earlier
censuses are not fully comparable with those of 1954, primarily be-
cause of differences in the period to which the data relate. The
data for 1954 were purposely related to a period of peak employment."

8L
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Area Percent Increase | Acres Increase
Hard Red Winter 38 132.0
Hard Red Spring 35 100.9
White 30 161.h
Soft Red 26 9.3

Had the 1954 farm labor data been comparable it could be expected that
the increase would have continued.

The average farm in each area would have had inputs used in wheat
production for the different time periods, illustrated in Table 11.

Table 11. The imputs used for wheat production on the average farm
for four wheat producing areas, 1924, 193L, 19kl, and 1954.1

Year and t Hard red s Hard red s White $ Soft red
type of imput ¢ winter : spring :
192l
Acres of land 133.2 115.4 129.3 7.3
Number of men n.a. n.a. n.a. Nn.a.
Capital (1910-1k dollars) $1,423 $1,11 $1,192 $121
1934
Acres of land 103.2 27.7 152.2 8.2
Number of men 6 o2 .8 ]
Capital (1910-14 dollars)  $920 $601 $1,3L3 $109
19k
Acres of land 173.7 14h.2 241.3 7.9
Number of men o9 1.0 1.3 o2
Capital (1910-14 dollars) §1,227 81,27 $2,17 $121
1954
Acres of land 155.4 129.7 207.1 9.2
Number of men o9 .8 1.2 .2
Capital (1910-1k dollars)$l, k2 $1,585 $L,98 $278

1Compu.ted from census data.
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The aggregate changes are somewhat different than the individual
farm changes. For example, the labor input on the average has in-
creased on the individual farm, but in the aggregate the number of
laborers employed in the production of wheat has continuwously fallen
since 1924. The acreage planted to wheat has remained almost constant
in the aggregate but on the individual farm basis has increased much
more rapidly.

Sumnary of historical review. The historical review has shown

technological advances have been made in several ways: new varieties,
mechanization, control of disease and pests, and improved practices.
These changes have made possible several developments summarized below.

New varieties, control of disease and pests, and improved practices
have made possible a steady increase in wheat yields. Mechanization
has provided the basis for increasing labor productivity, consequently,
the labor input and the number of farms have steadily declined and the
size of farm has steadily increased. Changes in the relative productiv-
ity of the inmputs has caused shifts in resource use. Substitution of
capital for labor and for land has occurred, thus, the portion of total
inputs made up of labor and land has dwindled and the portion made up
of capital has increased.

In Chapter V the procedures for a statistical analysis are to be
discussed, to be followed by Chapter VI, in which the statistical pro-
cedures are applied to data related to technological progress in wheat

production.



87

CAAPTLR V

LETHODULUGICAL PROCLLURLS AND THE SEwuwCTIUN
OFf HYPUTHESsS TO Bx TwSThD

Data collectional agencies such as the United States Lepartment of
Agriculture, Bureau of the Census, and state experiment stations have
not recorded data in a form most useful in technological studies. Iwo
reasons for the lack of appropriate data were (a) procedures for collect-
ion and recording data in the moét useful forwn have not been worked out,
and (b) since methodological procedures in technological studies are not
well developed, it is not known what data are needed. This study can
help point up the type of data necessary to study a single sub-industry
of an industry characterized by many widely scattered small firms pro-
ducing a number of products.

Foruulation and testing of hypotheses is limited by data. For
example, it may be hypothesized that there was a lagged response be-
tween technological advance in wheat production and funds spent on wheat
research. However, experiment station accounts are not kept in such a
manner as to identify expenditures for wheat research. It can be only
estimated as sone portion of the total.l
This chapter will be devoted to a presentation of the methodological

procedures used and an exposition as to the appropriateness of the meth-

ods of analysis selected.

lrnis was verified by Glenn H. Beck, Director of the Kansas Experi-
ment Station, and the directors of eight other state experiment stations.
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Selection of the Areas Studied

In order to handle the problem in this study it was necessary to
look only at a portion of the wheat producing areas of the United
States. Wheat is produced in four general areas in the United States,
each identified by a particular type of wheat. (See Figure 16). To
make an inter-regional comparison of technological advances in wheat
production, it seemed most reasonable to select counties for each
region based on type of wheat. The inclusion of counties was based on
a stratified purposive selection.

Selecting those counties in which a large portion of the resources
were devoted to wheat production reduced the probable error due to the
disaggregation problem.1 It was necessary to estimate the portion of
total inputs devoted to wheat production on the basis Bf source éf in-
come from various enterprises. In those counties where wheat was the
principal source of income it is known that most of the combine, trac-
tor, petroleum, machine hire, and labor costs are incurred in the pro-
duction of wheat. In those counties where only a small portion of the
income is from wheat the difficulty in making a reasonable disaggre-
gation estimate of joint costs increases. Therefore, in those regions
containing counties classed as wheat specialty coun.ties,2 only those

counties were included in the sample. It was possible to make this

1see page 101 for a discussion of the disaggregation problemn.

2According to the 1954 Census of Agriculture, a wheat specialty
county was defined as a county that is typed as a cash grain county
(50 percent or more of the total value of products sold consisted of
cash grain crops) in which the principal cash grain was wheat.
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selection for the hard red winter wheat area, hard red spring wheat
area, and the white wheat area. In the soft red wheat area, which lies
within the corn belt, there were no wheat specialty areas. However, the
principle of selecting those counties deriving the largest portion of
the farm income from wheat was followed. Since the soft red wheat area
was much less homogeneous than the other three areas it seemed desirable
to select counties more widely distributed which would reflect the
heterogeneity. Counties from three states were selected. Southwestern
Indiana is a general farming area where wheat is an important source of
income. Southern Michigan has been a livestock and dairy region which
has gradually shifted to cash grain. These counties also are on the
borderline between winter and spring wheat areas. Pennsylvania once
was the leading wheat producing area of the United States and is the
oldest farming region studied.

By selecting counties in which a large portion of the farm income
was from wheat, it was possible to minimize the problem of disaggre-
gating joint costs because (a) in these counties there are fewer joint
costs, and (b) of the existing joint costs a smaller portion is devoted
to production of crops other than wheat.

Based upon the 1954 Agricultural Census the stratified purposive
selection of counties was made as follows:

Hard Red Winter Wheat
Kansas, Economic Area 2a
Barton Gove Ness Sheridan
Cheyenne  Graham Pawnee Sherman
Decatur Hodgeman Pratt Stafford

Edwards Kiowa Rawlins Thomas
Finney Lane Rush Trego



Nebraska, Economic Area 2

Banner Keith

Chase Kimball

Box Butte Morrill
Cheyenne Perkins
Deuel Scotts Bluff

Hard Red Spring Wheat
South Dakota, Economic Area 2a

Campbell Hyde

Edmunds McPherson
Faulk Potter
Hand Sully
Hughes Walworth

North Dakota, Economic Ares 2a, 2b, 3a, 3b1

Burke Sheridan Towner
Divide Benson Ward
McLean Bottineau Barnes
Mountrail Cavalier Eddg
Williams McHenry Foster
Burleigh Nelson Griggs
Emmons Pierce La Moure
Kidder Ramsey Steele
Logan Renville Stutsman
McIntosh Rolette Wells
White Wheat

Washington, Economic Area 72

Adams Grant
Douglas Lincoln
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