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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 192k to l95h period. Differential rates of

technological progress were observed in the analysis among the four

areas, thus necessitating an investigation of the factors reaponsible

for the inter-regional differences. Preceding the analysis a careful

study of the theoretical and methodological procedures associated with

technological research was undertaken 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, makingresource adjust-

ments profitable. The EDSt 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 study were used, an historical inquiry into

the innovations that have occurred in wheat production and an input-

output analysis of the five-rear census data. Varietal improvement

through selection and scientific breeding was the most 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. Engineering knowledge made possible a complete substitution of

mechanical power for animal power and a substantial reduction in the labor

requirements in wheat production. An understanding of the nutrient re—

quirements of 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. 'hhile these innovations

were being made, the size of the farm increased, the number of farms de-

creased, and the labor requirements 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, technological progress in wheat production occurred in surges,

l93h to l9hh, and lapses, l9h5 to l95h. The gains in aggregate pro-

ductivity were largely exhausted by l9h5, 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 geographical areas considered. The hard red

winter wheat area had the greatest benefits from the application of new

knowledge to production problems. The hard red spring area had little

benefit and the other two areas, the white and soft red, had moderate

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 discovery, the unequal applicability of new

Knowledge to all areas, the variabilit, of available capital by areas and

from time to time, the specialization of production and size of unit, and

the degree of production uncertainty.

This study is limited 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 technological 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 areas: farm management, land economics, market-

ing, and policy. Each of these problem areas has developed Specialised

concepts and methodology. Brinegar, Backhan, and Southworth in the

March, 1959, Social Science Research Council Items propose that these

problem areas were vital ones in their time but the problems of today

do not fit into these niches.l "Changing times call for changing

strategies—for reformulation ofproblems into new categories, and for

a corresponding regrouping of our intellectual forces."2

They suggest the following reformulation of problem categories :

1) Technological change

2) Agriculture in an economy of abundance

3) Changing structural relationships in agricultural production

A) Agriculture-industrial interrelationships

5) American agriculture in the world econonw

6) Income goals for agriculture

7) Systems of thought, research methods, and findings

 

lBrinegar, George K., Batman, Kenneth L. and Southworth, Roman 11.,

iegrientations iflesearch in Agricultural Economics, Social Science

Research Council Items, March, 1959.

21bid.



The first, technological change, is the problemnwith'which.this

study will deal. Brinegar, Backman, and Southworth provided a stimulus

for the continuation of this study in the following statement.

"Technological chang_, One problem.area comprises tech-

nological progress and its impact: not 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 sho , an economics

of technological development in agriculture.”

llan has cultivated creps for perhaps 10, 000.years. Yet only in

the last two centuries hamethere 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 annuals had been an

art handed down from generation to generation. Change in the art was

slow. Hot 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.

 

lIbid.



New breeds, new varieties, new equipment and wide distribution of old

plantsl and new knowledge have all played a role in transforming agri-

culture from a subsistence level to a highly commercialized 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

capitalisation have caused management to become increasingly signif—

icant in production. The relative importance of the various factors

of production has changed greatly over tMe 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

 

1Wheat 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 Amsrican seedlings.



resources, particularly capital. The earliest technological 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

America 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 revolutionise United States farming

methods. However, many decades passed before steam was a source of

farmvpower.

Eli'Whitney‘s cotton gin of 1793 was one of the earliest attempts

to mechanics one of the processes of farm production. The grain

cradle soon followed. Then.came the iron plow and the thresher. By

the mida1800's steam tractors, mowing machines, grain separators, and

the reaper were coming into use.

 

Ln. should be noted that according to Woytinslq, w. s. and E. 3.,

in “world Population and Production“, over half of the world's farmers

are.still in this era. .



Inechanization'was but one phase of the application of knowledge

to agriculture. The findings of Mendel, a Swiss monk, laid the foun-

dation for the work of the plant and animal breeders. Soil science

had its beginning in the work of Saussure, Boussingault, and.Liebig,

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 extension service, resulted from the pressure of persons interest-

ed in seeing changes take place in agriculture.

Agriculture has the distinction of being 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 important technological contributions.

Much of the mechanization has'been due to the work of machinery manu-

. facturers. Chemical companies have devoted research efferts to develop

fertilisers, insecticides, and weed sprays. Independent inventors,

such as'Whitney and.HcCormick, and scientists, such as Burbank, have



contributed important new knowledge. Generally, individual farmers

have been unable to make significant contributions.1 Each farmer

operated such a small firm that he was unable to develop his 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 become 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 developments 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 judgment 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, Nerth

Dakota, Oregon, and Washington were selected fer study. In the soft

red area the l95h census classed no counties as wheat specialty

counties. In Indiana, Michigan, and Pennsylvania the most important

wheat counties were selected for study.1

Two general approaches will be made to the problem of determin-

ing the contribution technology has made to wheat production. in

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 of 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 varieties, fertilization, and improved feeding

practices. In this study it is necessary to have a more refined con-

ceptualization 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 economic pendulum, when bumped by an exogenous factor such

as technology, 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 literatm'e, since Adam Smith, has been filled with the

mrk 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

problem.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 rocognized the

existence of change and progress.

‘ One of the early essayists who gave attention to progress was

John Stuart Mill, who in 18138 devoted Book IV of his ”Principles of

Political Econonw" to ”Influences of the Progress of Society on Pro-

duction and Distribution.“

 

lThe 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 treatiseindicate

a concern for progress, but several sections dealt with dynamic condi-

tions. For example, the title of Book I is "0f the Causes of Improve-

ment in the Productive Powers of Labour, andof the Order According to

which its Produce is Naturally Distributed among the Different Ranks

of the Peeple." Book III, "Of the Different Progress of Opulence in

Different Nations," deals with the nature of progress, particularly

the movement from an agricultural stage, to a manufacturing stage, to

a trading stage.

2See for example, Baumol, William J., Economic Meg, The

Macmillnn Compamr, New York, 1952. In this Eek Baumol undertakes

the task of developing a model for a progressive econonw.





'...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."l

llill wrote not only of the changes that are taking place 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‘wealah; and advance-

ment in what is called.material prosperity.“

To Hill, 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.8ecurity of person and property

c. Improvements of business capacities of the

general mass of mankind

d. Continued growth of the principle and practice of

cooperation.

hill anticipated the need for dynamics. He used the term dynamic

and contrasted it to static. Dynamics be associated with progressive

change.

 

3
llill, John Stuart, PrincTiples 3; Political Econong, Vol. II

D. Appleton and Company, New ork, 1881, Book IV.

2mid.



'...of 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.'1

Economic Progress

Economic progress occurs when.there is an increase in ends relative

2 ‘Whenever a 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

of factors, or conversely, the attainment 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 society. This means that economic progress provides for a

rising level.of both total and per capita consumption or real income.

3
Efficiency can be expressed as a ratio:

Endsjproduced

leans used

 

the efficiency ratio.

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

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

 

1Ihid.

2Boulding, Kenneth 3., Economicw 3rd edition, Harper

and Brothers, New York, 1955, p. 716.

3Ibid.



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

rate of change of an index of physical output per man hour.1

Economic progress, Heady theorizes, is possible through discovery,

innovation and capital accumulation.2 Classical theory was primarily

concerned with capital accumulation as a means of economic growth. The

state of the arts, discovery and innovation, were 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 emensive

resource denotes progress .

 

1mid.

2Heady, Earl 0., Economics of égricultural Production and Resource

Use, Prentice Hall, 1932, New York, p. 791;.



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 sporadically.1 Change, he believes, is not

constant, but comes in varying surges and.lapses. Each surge 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 agricultura1.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. D

 

lSchultzls, T. W., Reflection 93 gricultural Production, Output

22§.§222$I: Journal of Farm.Economics, August, 1936.

Also see: Schultz, T. W., The United States Farm.Problem.i2

Relation to the Growth and Development of the United States Economy,

Reportof-theJointCommittee on Policy—for Commercial.Agriculture,

Its Relation to Economic Growth and Stability, November, 1957, and

The Emergipg Economic Scene and Its Relation t3 High-School Education

Trzprinted from.The High School in a New Era, Chase and Anderson},

University of Chicago Press, 1958.
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Johnson; adds that the changes in input-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

scientific inquiry. An attempt to meaningfully classify technological

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

 

lJohnson, Glenn L., Agriculture‘s Technological Revolution,

published in the Final Report of the Seventh American Assembly, Arden

House, Harriman.Campus of Columbia University, 1955.
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classifies technology into two physical categories, biological and

mechanical.1 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

(l) biological, (2) mechanical, (3) mechanical-biological or (h) cult-

ural. Heady did not consider 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

perhaps the most noticeable of this type of innovation. 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.

 

lfieady, Earl 0., Farm Technological Advance, Journal of Farm

Economics, May, l9h9.

2Ibid.

3Ruttan, Vernon w., Agricultural _a_ngi_ Non-Agricultural Growth i__n

Output pg; Unit of Igput.
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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 these innovations

that are not truly biological or mechanical. Elements of both.may

exist. For example, application.of fertiliser 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 example 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 imp

proved the quality of the human factor. Examples are: (l) the mana-

gerial process has been improved 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.neasurement techniques.

 

¥Ln exception to this has been T. W. Schultz and his students.
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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 22 the £15m. 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 adaption 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 input. For example, time of seeding or different

placing of fertilizer may affect output with no change of inputs. 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 .
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Fig. l. The effect of technological improvement

on a production function.

Figure 1 results from a general function such as:

Y = f (x1 . . . xn)

Conceptually, the function must include all possible inputs, including

knowledge. The inputs x1 . . . xn 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 (x1 . . . xn, ut) when u represents the knowledge and in-

puts not yet determined, this 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
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nature must be considered:

Y : f (x1 / x2, ut)

or

Y:f(xleeeXg/xg+leeexn,Ut)

where:

g are the known variable factors

xg + l . . . xn are the known fixed factors

x1 0 O O X

ut represents the unknown factors (fixed as long as known)

The production function TPPl (Figure 1) represents the old method of

production where Oal units of input results in Obl units of output.

With adoption of the new technique, the production function shifts up-

ward to TPP2 where the input of Cal units of factors results in the out-

put of Ob2 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 Oa2 the production

of output Obl remains unchanged.

In the model used, a shift to TPP2 results from a discovery of

knowledge presently unknown (ut). If this new knowledge pertained to the

variable factor it could have increased the effectiveness of x1 . . . 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 unchanged.l

Glenn 1.. Johnson 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 ms,

a revised definition has been proposed which includes the

degree of knowledge involved in converting a new tech-

nology to an old technology. 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

a 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 loss 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 function. Tm

 

1For example, before plant breeders developed Pawnee meat, its

potential existed within 11. After development, u lost this potential.

The symbol of the unknown, u, was diminished. Whether an indeterminate

quantity or quality is changed when a portion of the indeterminate be—

comes known is a metaphysical question that need not necessarily be

solved for the purpose of this study.
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examples are: (l) conspicuous consumption and (2) reduction of un-

certainty. Innovations may. have prestige value even though profits

are decreased by the adoption. The ownershipof 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.1 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, to, 11, 8, 15, O. In-

troducing fallow into the rotation may actually reduce profits, but

be adopted because of the effect on yield uncertainty. Under the new

rotation yields (using total acres rather than harvested acres to be

comparable to no fallow and assmning total costs remain constant)

would be 12, 16, 13, ll, lh, 9, 12, 15, 13. In the first case the

average yield was 11; 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 from

TPP2 to TPPl, seaming the technique of summer fellow was previously

unknown.

Not all individual farms may have improved their economic posi-

tion after all or a large number of farms have adopted the improvement.

All could even be worse off, however; failure to adopt the improvement

could dindnish individual profits even more. The early innovators may

 

lHeady, Earl 0., gp. _c_it.
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have temporarily gained by the innovation, but as more producers adopt

the cost-reducing innovation) 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 increased 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 he gains

to the producer as a consumer. As members of a technologically ad-

vancing society 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 resources 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.1 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 equally affected. This change in marginal rates of substi-

tution can be illustrated by using a factor-factor diagram.

Before the new technique is applied, production is on the Y1 sur-

face of Figure 2. If we let I1 be bushels of wheat produced with in-

puts 0A of capital arr! OP of labor, the marginal rate of substitution

 

lHeady, Earl 0., 92. git. p. 13.
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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 Y2. The marginal rate of substitution of

capital for labor is now AB capital for In labor. The change in

capital ( 12) has remained constant both under the old 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.

 

 

 

 

    

Xl

Labor

Input

P \AXl

N ax \ Yl

2 100 bushels using

M old technique

cxl

L Y
2 100 bushels using

“‘2 new technique

0 A. B xz

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 function, using either a greater total quantity of resources

or a smaller total quantity of resources.
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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 inputs.

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.2

Function TPPl in Figure 3 represents production under the old

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

 

lSee 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 AE-

cultural Production, Output and m." “

Also see the Schultz paper presented before the Joint Economic

Cognittee considering Policy for Comercial Agriculture, November 22,

19 7.
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Fig. 3. The nature of the substitution effect resulting

from.technological improvement.

resources Cal, production moves to the new function TPP2 and 0b2 is

the output. The increase of output from Obl to Ob2 was due to the new

knowledge. However, because of the new knowledge, there is a change

in the marginal rates of substitution which.makes 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

TPP2 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 my innovations. ‘When this is not the

case, the change along the TPPQ curve may be caused by the change in

prices rather than (or along with) the substitution and expansion

effect. 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 left along TPPZ.

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 firmls profits.

The manager, in.order to maximize his not returns must adopt 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 on 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

effects 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 technological improvements may affect an industry in different

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

fl
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demand 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. ’hhen

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 demand is in-

elastic the same possibilities exist.

The above prOpositions can be illustrated by Figures h 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 demand 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 TC1 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 0., Op. cit., p. 16.

2Wilcox,Walter W. and Cochrane, Willard W., Economics of Ameri-

g§§.Agriculture, Chapter 23, Prentice-Hall, Englewood Cliff,-fiew Jersey,

19 l.
.

3These diagrams were used by Professor Heady in his article Farm

Technological Advance in the May, l9h9 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 h for purposes

of clarity.
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Fig. h. The effect of technological progress on industry

returns.v

creases total output through using a new technique which increases

total costs can.be illustrated by Figure h.1 Prior to the innovation

(T01) total output was OA, total cost AW, and total revenue AE. After

the innovation (T02) 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 h, if under the old technique total output is OA, total cost AW,

and total revenue AE, and with the introduction of the new technique

total output is 00, total cost CY and total revenue CG, then net revenue

fell from EW to GI (AE - AW 2 EW and CG - CI = GY).

 

lWhile 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 uhen.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 ca, 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.1

F/ K

///é/

      
 

O A B (31D E

Output

Figure 5. The effect of technological progress on industry

returns.

 

lAgricultural products generally have elasticities of less than

one. T. W. Schultz in "The Economic Organization of Agriculture“ has

brought together the Iark 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 industry must decline

when the innovation is of a type that increases both total production

and total cost. In Figure 1; under the old method, 00 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 GI.

If demand is inelastic, net revenue must always increase for the

industry when the innovation reduces total costs and loaves output

unchanged.

If demand is inelastic, net revenue may decrease or increase for

the industry where the innovation causes output to increase 81d 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 00 under the old method (T01) the

net return is HN. By moving to the new method (T02) the net return is

JQ, which is less than HN and with the new method, output is on and

net return is PI, then net return must increase.

Effect on the supgly 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. Host of the land was in use.

At this point the second great supply shifter began to become a
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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 19114-1956 and

that almost all of this increase was attributable to technology.1

Figure 6 shows the nature of the effects of technology on the

supply function for agriculture. 51 represents the amount of output

that will be produced at varying price levels under old technology.

(Price 0P2 will bring forth 0Q output.) Given time for adjustment

after the adoption of new technology the supply function is shifted to

the right, 32. After the change, 0Q output is forthcoming at a price

0P1. This is possible because of the effect of technology on the cost

curves. Innovations to be adapted 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.

 

ICochrane, Willard W. , Farm Priceg, 131th and Reality, University

of Minnesota Press, Minneapolis, 1953. Cochrane does not indicate Whether

substitution and expansion effect are included as a part of techno-

logical progress.

See also Johnson, Glenn L., ggriculture's Technolo ical Revolution,

Chapter 2 of the Final Report of the SeventhMerican sembly, Arden

House, Her-rinse 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. Bushrod W. Allin stated that belief in techno-

logy is part of the American creed.1 In a lecture before the Graduate

School of the Department of Agriculture he listed three principal dy-

namics of an.American creed:

l) Belief in enterprise

2) Belief in democracy

3) Belief in technology

The American people expect and demand technological advance innall 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 deve10pment, therefore

it must have expectations of increased welfare to society.

What is the nature of what can be expected?

If aggregate demand for agricultural products 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 Anerican Politics -

Economic System, lecture before the UnitedStates Department of Igri-

culture Graduate School, April, 1957.
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incomes. Society in general would benefit because of lower prices for

farm commodities 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 inelastic.

When supply is shifted to the right, prices fall sufficiently to give

a smaller total revenue. 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 again

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 that technology has on the econonur 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 §p§lt§ ratio (the definition of

economic progress) are desirable from the viewpoint of the society as a

whole.

 

lCochrane, Willard 111., pp. 93.3., 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

econom' the reduced returns are divided among fewer producers. Should

this happen, all remaining farmers could conceivably have larger in-

comes than in the pro-innovation period. In the case where income

would be smaller for all remaining farmers, their income would be even

smaller if the individuals had not adopted the new technology. or some

remaining farmers mar 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 nmnbers

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 demsnd 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. Famers, even if their incomes are adversely

affected by increased efficiency (through more than offsetting falls in

prices), are benefited when the economy is growing.1 Or one sector of

 

1Witt, Lawrence W., Welfare Implications of Efficiengy and Techno—

logical Improvements in Marketi Research and Extension, Journal of Fan

Economics, December, 195 . '
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agriculture may benefit, the producers of products with elastic de-

mand functions, while other sectors are not benefitting.l

In reviewing the concept of technological deve10pment, 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.

 

lSee Glenn 1.. Johnson in the Arden House report.
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CHAPTER III

METHODOLUGICAL APPROACHES To AN ANALYSIS

OF TECHNOLOGICAL DEVELOPMENT

One of the aSpects of dynamic economic 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 Purdue1 and Griliches of Chicago2 have recently considered the

problems of analyzing the effects of technology on agricultural pro-

duction.

 

1Ruttan, Vernoan., Technological Progress Ln the Meat Packigg

Industry, l9l9él9h7, Marketing Research Report No. 59, United States

Department of Agriculture, l95h.

Agricultural and Non-agricultural Growth in Output per

Unit g£_In2ut, Journal of Farm.Economics, December, 1937.

, and Stout, Thomas T., Regional Patterns of Technological

Change Ln American Agriculture, Journal of Farm Economics, May, 1938.

  

 

 
 

2Griliches,§ybrid Corn: An.EXploration in the Economics of

Technological Change, Econometrica, October, 1957.

Demand for Fertilizer: An Economic Interpretation of

A.Technical Chang_, Journal of Farm Economics, August, 1958.

, The Demand for Fertilizer Ln l9Sh-qAn Interstate Study,

Journal of the American Statistical Association, June, 1959.

g, Specification Bias Ln Estimation.of Production

Functions, Journal of Farm Economics, February, 19§7.

and Grunfeld, Yehuda, Is Aggregation Necessarily Bad?

The Review of Economics and Statistics,_February, 1960.
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Much of the analysis of technology 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.

. The Data

A major difficulty encountered in measuring the contribution of

technological progress to 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 improvements in seed wheat. A 1920

bushel of seed wheat is not equal to a 1951; 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 common units of measure so they may be aggregated. The

data are 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.

Tb measure technological change precisely data are necessary

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 techn010gy other

phenomena are closely associated with technical progress. They are:

(l) 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,

(h) 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 homogeneous

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'muet 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 wi11.minimize the bias introduced by the four

conditions not being met will provide indicators of the magnitude of

effects of technological change.

 

11mm, Vernon w., Agricultural and Non-agricultural Growth 22 93-

ppt per Unit of Input, Journal of Farm Economics, December, 1957. See

also Ruttan, vernonfw.,.Technological Progrgss ig_the Meat Packing Indus-

25y, 1919-19h? U.S.D-A., M.R.S. Report No. 59; May, Kenneth, Techno-

logical hagges ggd Aggregation, Econometrics, January, 19h7; Stigler,

George J., Trends 12 Out ut and Employment, new York, National Bureau

of Economic Research, 19 7.

 



If the four conditions were met perfectly then any one of the

following three methods of measurement would precisely measure tech-

nological progress: (1) labor productivity approach, (2) input-output

approach, (3) production-function approach.

La_;__tm_r_ pgpductivity apgroach. The labor productivity approach was

long the most popular means of measuring technological change;L 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, so 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 flthate product of production is human

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

units 931.1%?:15 may be considered an adequate measure of technological

um o

progress.

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.

 

8 1Examples of the labor productivity approach are the work of

Sherman Johnson, 5. H. McCrory, R. F. Hendrickson, Reuben W. Hecht

and GlenT. Barton in the Demrtment of Agriculture.
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Fig. 8. Price change bias in labor productivity.

Let us assume technology remains constant. Yl represents an iso-

product surface, P1 represents the outlay necessary to produce Y1 at

prices existing in the first time period. P2 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

Gal capital and Obl labor to using Oaz capital and 0b2 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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Capital Input

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 Y1 with the price ratios represented

by Ple, a firm is in equilibrium with an outlay of Oaz capital and

Obl labor. However, if the firm, or the industry, is producing at

B using 081 capital and Ob2 labor, less labor and more capital can be

used as the producer moves along Y1 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 seemed 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 Y1 required Oal units of
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Fig. 10. Expansion effect bias in labor productivity.

capital and Dbl units of labor. If scale of operation expands to pro-

duce Y2, Caz units of capital and Obz 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 gr? ratio is calculated.

h5



116

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

connected 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 feur 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 crops 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.

Generally, 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 portion 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. mo, ARS

published a farm labor productivity index by groups of enterprises,

i.e. food grains. These seem to be the sole attempts to allocate in-

puts to enterprises.1 A

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

 

lSee Agricultural Handbook No. 118, Ma; or Statistical Series o__f th__e_

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 the intermediate

products used in production.:L

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 and period causes an

upward bias . 2

Methodology Applicable to This Study

The wheat input-output time series data available were a 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-

ing.3

 

1Ruttan, Vernon W. , gricultural and fion—aggicultural Grgwth 1.3

m 223 211355 9; my, 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 Ln Eh: Heat

Packipg Industry, 1919-19h}, U.S.D.A. , Marketingfiflesearchfifieport 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 irmut-output approaches. Chapter IV will be

devoted to an historical analysis of the technological developments

in wheat production.

19
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CHAPTER IV

AN HISTORICAL INQUIRY INTO THE TECHNOLOGICAL DEVELOPMENTS

IN'WHEAT PdODUCTION IN THE UNITED STATES AND IN FOUR

SELECTED REGIONS

'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 8.0. ‘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 man to improve wild wheat, but

undoubtedly over the 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 Development

In the pre-historic period the technological 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 the nineteenth cen-

tury. For centuries the ground was prepared with a wooden plow drawn

by men or cattle, seed was sown by hand, harvest was with the sickle and

ithreshing 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 government 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 Washinan had sug-

gested in 1796 the establishment of a national board of agriculture,

but it was not until 1862 that Congress created the National Departinent

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

Batch Act was passed, seventeen stations were in operation. This gave

federal support to the experiment stations and greatly stimulated their

expansion. By 1891.; there were 55 stations in the United States.

 

1Dondlinger, Peter Tracy, th Book 9; 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, scientific 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.“1

Conscious selection is a modern process in wheat improvement.

The plant breeder attempts 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.2

llbid.

189A.
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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-sights inches long which had 147 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.1 According to Webber and 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

is early as 1882 Blount of the Colorado Experiment Station re-

ported the results of the variety field tests that he had run.3 The

Kamas station conducted selection experiments beginning in 1891.1‘

 

IDondlinger, Peter Tracy, pp. 923., p. 51.

2Webber, Herbert I. and Bessey, Ernest 1., Progress of Plant

Breeding in the United States, Yearbook of Agriculture, 1899.

3Department of Agriculture Report, 1881 and 1882.

hKansas Bulletins, 20, 33, ho, and 59.
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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 ine

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, hows

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

185h, and the famous Fultz wheat found in a field of Lane

caster Red Wheat in Pennsylvania in 1862 by a.Mr. Abraham

Fultz.'l

The first 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:

 

libbber, Herbert I. and Bessey, Ernest A., 32. 222., p. 53.
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“It may be noted by arw 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 crap all about them. As other

farmers in the vicinity have the same climate, and approx-

Mately 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 they are able to overcome unfavorable con-

ditions of weather."

He noted that withthe 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 cr0ps 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 1911.; 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 1812 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 Hired, Successful Wheat Gcrowipg _i_n Semiarid Dist-

ricts Yearbook of Agriculture, United States Departmcnt of Agriculture,

mark
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However, it was not until 1897 that the Kansas Experiment Station recog-

nized the superiority of the hard red winter'iieats. Not until after

1900 did these varieties become important in the southern Great Plains.1

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

so that the strain would be pure and well adapted to environmental

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, l91h.

2Galloway, B. T., Inmigrant Plants Ho__]_.__d Large Place Amogg U..S

Cm s Yearbook of Agriculture, United States Department of Agriculture,

1928.

 

3Ihid.

hWoods, 4A. F., Wheat Output Grows Through Survival of the Fittest

Stgain, Yearbook of Agriculture, United States Departmentof Agriculture,

19
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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 Anethyst, 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 of new varie-

ties by what he called cross--fecundation.2 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—

sized 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 marw 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 _ip_ Plant Breedipg, Yearbook, Department of Agriculture, 189?.
 

hRobber, Herbert J. and Bessey, Ernest A., Proggess 3; Plant

Breedipg 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 Maryland. 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."1

Mechanization of Wheat Production

Mechanizationlof 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-

Hississippi 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 saving equipment and in turn.mechanization.made

possible development of the new lands. .

 

lDondlinger, Peter Tracy, 22. cit., p. 51.
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An example of this was in the experience of McCormick with his

reaper. He made no prowess in promoting the reaper in the eastern

states 5 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.

22:25. 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 embersomeness 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 encouraged 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 outfits.1

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 1811;, Jethro

Woods patented a plow with interchangeable parts.2 Manufacture of

Woods' plow on a commercial scale began in 1817 and the census of 1880

reports 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 18140 John Deere and others

were commercially 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 Begin,

1861.; marks the time of introduction of the gang plow.

 

lRoan, Leo, The Introduction 93 Farm Machinery, University of

California Press, Berkeley, 1931.

2 Ibid.
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Inprovement 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 principle

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 a one—way has been the most important

development effecting the labor needed to prepare land for small grain

production.1

Present day tillage equipment is primrily inprovements on and

adaptations of the implements discussed. These include duck-foots,

spring tooth barrows, rod-weeders, and sub-soilers.

Seeding_*implements. Until about 1850, all planting of wheat was

by hand, comonly called broadcasting. After scattering the seed the

ground was dragged with a barrow 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-

 

lElwood, Robert 3., Arnold, Lloyd E., ScMutz, D. 0., and McKibben,

Eugene G. , Changes in Technology and Labor Requirements i__r_1 9322......—Product-

ion, Wheat We,Works Progress Administration, National Research

Project, Report No. A-lO, Philadelphia, 1939.
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teenth century, changes have been primarily in the improvement of this

basic implement.

Harvestigg. 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.183h.McCormick patented his first reaper and made his first

sale in 18h0. 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 demonstrating his reaper during l§hh

in western New Yerk, Ohio, Illinois, Wisconsin, and Missouri.

After moving his factory to Chicago in 18h7, 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, 92. 3:12., 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 experimcntal

environment needed to develop the combine. As early as 1828 a patent

was granted for what was claimed to be a combine but was never develop-

ed. In 1835 a patent was granted for a machine that was to cut, thrash,

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

181:3, but did not successfully operate until 1853. In 1859 a machine

was taken to California where it cut 600 acres of wheat. However, it

was not used again. In 1881; 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.

Yet 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. 0n the contrary, scientists today are experimenting with

climste 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 fan production.

This section will be concerned with the adoption of the nineteenth

century discoveries in wheat production in the l900-l95h 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 cultivation 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
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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 feur areas in order to determine if there were regional

differences in the rates of mechanization.1

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.

 

lSee 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.

28cc Tables 26 to 33 of Appendix A.
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Fig. 11. The relationship between number of tractors

on farms and number of horses on farms for the

specialized wheat regions of the hard red

winter wheat area and the hard red

spring wheat area, 102h to lQGM.
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Fig. 12. The relationship between number of tractors

on farms and number of horses on farms for the

specialized wheat regions of the white

wheat area and the soft red wheat

area, 192% to 195%.



Each point on the curve represents one point on a separate iso-product

curve as follows: I

 
'51; 
 

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 I I axb was chosen to measure the relation-

ship between the decreasing number of horses and increasing number of

68
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tractors for these three areas. In the soft red area the relationship

appeared to be linear and Y = 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,

‘.50hhl; 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 l92h, 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 which represented a slowing of the rate

of substitution. Between l92h and 1939 a small increase in tractors

was accompanied by a large decline in number 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 = aXb and Y I a & bX gave a good

approximation of the relationship.
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1939 to l95h 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 by the tractor was basic

to mechanization in l92h to l95h, 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.



Table 1.

land in.small grains for four wheat producing areas.

The percent of farm land in wheat and the percent of farm

 

 

: Hard red winter : Hard red spring_
 

Small

Year 2 Wheat : grains : Wheat :

 

 

195k

19hh

193k

192h

Avg.

21.2

25.5

19.h

25.8

22.9

29.5

31.6

20.8

30.2

28.0

18.h

23.6

6.0

25.0

18.2

White Soft

Small Small Small

grains : Wheatzgrains : Wheatigrains

38.7 16.6 21.7 7.2 1h.5

39.0 18.9 19.5 7.1 1h.3

8.5 17.0 17.5 8.2 15.2

h5.3 l7.h 18.0 7.h 15.3

32.9 17.5 19.2 7.5 1h.8

 

lComputed from census data.

The soft red areas had the lowest percent of farm land in small grains.

The relation'between.degroe 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.

z'IDegree of specialization :

Area 3 % land in.small grains 2 Rate of mechanization

: l92hfi5h average

White 19.2 1.05561

Hard Red'Winter 28.0 .521016

Hard Red Spring 32.9 .Sohhl

 

2Computed 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.
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Table 3. The relation of size of farm and the rate of maehandzation.1

 

: Average size of farm.z Percent of farms : *Rate of_—*

 

 

Area 3 : over 500 acres :mechanization

: l93h 195h : l93h l95h :

White 89h 1,216 119.8 116.8 1.0556

Hard Red Winter 9 523 72h the 1.9.5 .5210

Hard Red Spring 365 ' 705 h7.9 57.5 .Sohh

Soft Red 93 128 1.0 1.5 .3666

1Source: 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 ens

courages the use of large equipment.

Labor supply may be an influencing factor in rate of mechani-

zation. In.a comparison of the four areas it could be concluded that

the scarcer the supply of labor the sore rapid the rate of’mechanization.
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Table 1;. The relation of rate of mechanization and the labor supply.

 

  

    

 

-m _ -__._.___. w... M—W—- . “a-.—.——. *M .— ____ ‘—~.~_~_‘- 7.1.-

Number of farm

 u... .__.____.-_ __..._

 

 

Area : workersper farm1 . Rate of mechanization

: 31231; 19% 193; 3

White 1.7 1.8 1.5 1.05561

Hard Red Winter 1.? 1.6 1.8 .521016

Hard Red spring 1.6 1.5 2.1 .50hh1

Soft 1.5 1.1. 1.3 .3666

 

lSourcex 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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. J 'u l a An inter-regional comparison ofOtiractors, cembines,

trucks, and horses, 1000—1O
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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.

The 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.f1y, 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 twoepronged 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

Hinnesota, 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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Timeliness 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.

A'With the newly gained knowledge of the relationship between seed-

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

early twentieth century 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 193k there was a general in-

crease in the preportion.of tenancy. In the two Great Plains areas the

increase continued until 1939, whereas in the other two areas the peak

‘was reached by 193h. 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.



77

Table 5. Changes in the tenure position of farm operators in four

wheat producing areas, 1900, 19311, and 19511.:L

 
 

: Percent tenancy : Percent : . Percent

Area 1 : full owners :__part-owners

31900 19311 1955 x 1900 1931. 19511 : 1900 1931. 195;
 

Hard Red Winter 20.0 h6.2 33.6 39.0 25.6 211.5 1.1.0 28.2 1.1.9

Hard Red Spring 6.2 112.2 21.6 72.9 26.9 311.1; 20.9 30.9 23.1.

White 11.2 31.9 20.5 73.3 1.5.1 16.9 15.5 23.0 32.6

Soft Red 23.8 25.0 11.6 61.9 58.6 67.9 1h.3 16.1; 20.5

 

lSource: 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 area 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.1 The corn belt area has shown.the steadiest growth, although

at the slowest rate of all the areas. In the Sh.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.h9 acres each year since 1900 which was a 2.6

percent annual rate of growth. Except for the 1929-3h and l9h9-Sh

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

similar 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.c0mparison Of average size of farms in acres for selected

wheat producing areas, 1900-19511.2

 

 

: Average size of 2 Total increase 3 Average annual

 

 

.Area : farm in acres ' x in size : wth

: 1900 8 l9§h : Acres 2 Percent :‘IE;E§E§25336335

HardRed Winter 522.91. 723.71 200.77 38.39 3.72 .71

Hard Red Spring 365.62 7011.68 339.06 92.71. 6.28 1.?1

White $18.17 12h6.82 728.65 1h0.62 13.89 2.60

Soft 93.32 127.79 3h.h7 36.93 .6h .68

 

2Source: United States Census.

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

have shown a tendency to fellow the classical growth pattern whereby

 

1See Figure 1h.



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.1 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 l93h 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 193h in

the number of farms. Table 7 summarizes changes in number of farms in

each area in the period l93h to l95h.

Table 7. A comparison in number of farms and the annual rate of change

in number of farms for four wheat producing areas.

 

 

: Total number 3 Change in number :Annual rate

Area : of farms 3 of farms : of change

: 193h : l9§HV : Number : Percent : Percent

Hard red winter 30,963 23,85h - 7,109 -22.9 -1.1

Hard red spring 59,h58 h2,9h9 -16,509 -27.8 -l.h

White 9,861 7,813 - 2,0h8 -20.8 -1.1

Soft 86,592 62,889 -23,703 -27.h -1.h

 

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 l93h.

Not until the 1925 census was the farm p0pulation enumerated separately.

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

 

1See 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.1 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

192k to l95h 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, l92h to l95h, 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.h 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.

 

1Inorder 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 input in each

area decreases were probably underestimated, particularly for the de-

creases since 1950. The basis for counting farm labor was changed in

the 195h Census.1 N0 adjustment.factor was available to apply to

the l95h data to make than 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 unit2of farm labor for four

wheat producing areas, l93h to 195h.

 

 

 

Year 3 Hard red winter 3 Hard red Sprigg 3 White 3 Soft red

193k 318.9 286.3 5h0.h 68.3

1939 h27.h 326.h 615.6 7h.0

19th Llh.5 h01.0 705.9 80.7

19h9 hh0.9 387.2 701.8 80.7

19511 399.2 3111.5 637.2 73.6

 

2 Source: 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.193h to 19u9 there was the following in-

creases in acres of land per man unit:

 

1The l95h Census of Agriculture states, "data shown for earlier

censuses are not fully comparable with those of 195h, primarily be-

cause of differences in the period to which the data relate. The

data for l95h‘were purposely related to a period of peak employment."
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Area Percent Increase ‘ Acres Increase

Hard Red Winter D 38 132.0

Hard Red spring 35 100.9

White 30 l6l.h

Soft Red 26 9.3

Had the 195k 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 inputs used for wheat production on the average farm

for four wheat producing areas, 19213, 19311, 191.314, and 19513.1

 

 

 

Year and 3Hardred3Hard red 3 White 3SOftre—:l=

type of input 3 winter 3 sprirg 3 3

192k

Acres of land 133.2 115.13 129.3 7.3

Number of men __ n.a. n.a. n.a. n.a.

Capital (1910-1h dollars) $1,h23 $1,1h1 81,192 3121

l93h

Acres of land 103.2 27.7 152.2 8.2

"tuber or men e6 e2 e8 e2

Capital (1910-1h dollars) $920 $601 $1,3h3 $109

l9hh ’

Acres of land 173.7 11114.2 2141.3 7.9

Number of men .9 1.0 1.3 .2

Capital (1910-11 dollars) 31,227 81,27h $2,170 $121

19Sh

Acres of land 155.13 129.7 207.1 9.2

Number of men .9 1.2 2.8 .

Capital (1910-1h dollars)$l,9h2 $1.585 $h,986 8278

 

1Computed 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 continuously fallen

since 19214. The acreage planted to wheat has remained almost constant

in the aggregate but on the individual farm basis has increased much

more rapidly.

Summary 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 deveIOpments 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 inputs 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

CHAPTER V

METHODOLOGICAL PROCthRDS AND THE SEnuCTIoN

0F HIPUTHESES T0 Be TESTED

Data collectional agencies such as the United States Department of

Agriculture, Bureau of the Census, and state experiment stations have

not recorded data in a form most useful in technological studies. Two

reasons for the lack of apprOpriate data were (a) procedures for collect-

ion and recording data in the most useful form have not been'warked 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.

Formulation 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 some portion of the total.1

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.

 

lThiswas 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

disaggregationproblem.l It was necessary to estimate the portion of

total inputs devoted to wheat production on the basis 0f source 0f 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 counties,2 only those

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

 

1See page 101 for a discussion of the disaggregation problem.

2According to the 195h 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 Hichigan.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 195h 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
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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 Areas 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

Franklin

Oregon, Economic Area 3

Gillman umatilla

Morrow' 'Wasco

Sherman

 

1Data for North Dakota combines hard red spring and durum wheat.
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Soft Red Wheat

Indiana, Economic Area 2b

Clay Pike

Daviess Posey

Gibson Spencer

Greene Sullivan

Knox Vigo

Morgan 'Warrick

Owen

Michigan, Economic Areas 5a, 71

Bay Montcalm Jackson

Gratiot Clinton Lapeer

Isabella Eaton Livingston

Midland Ionia Shiawasee

Pennsylvania, Economic Area 5

Bedford Huntington Perry

Center Juniatia Union

Fulton Mefflin Snyder

Source of Data

Time series data are a prerequisite for studying technological

changes. Input-output data by enterprises were non-existent. There-

fore, a source which provided data for estimating fairly accurate

enterprise input figures was necessary; Since specialized wheat pro-

duction is limited to geographical areas of less than state size, it

was necessary to rely upon a county breakdown. The five-year Census

of Agriculture provided the best source of data that fulfilled these

two requirements. Also, the Census data were readily available at the

 

1Considerable spring wheat is grown in these counties. See

Salmon, S. C. and Reitz, L. P., Distributor of varieties and Classes

of Wheat in the United States in l95h Agriculture HandbookNo. 106,

UnitedStates Department of Agriculture, 1957.
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Kansas Experiment Station. Although Census data have these advantages

over other sources of data, there were disadvantages in the Census

statistics: (a) aggregation of joint costs, (b) available only for

every fifth year, (c) the time series data were not always comparable

1
from census to census, and (d) lack of data for certain input cate-

gories.

Selection of the Measurement Techniques

To meet the measurement problems, the researcher in technology

must improvise ways to adjust data so that they are more useful for

the specific problem and to experiment with procedures of analysis.

In the early stages of this study it was believed that gaining

an understanding of the factors associated with and the consequences

of the technological deveIOpments in wheat production provided the

greatest challenge. As the study progressed, the demands made upon

the researcher's ingenuity and imagination to solve the intricate

methodological problems encountered, gradually replaced the envisioned

challenge in importance.

 

lFor example, investment in machinery data was available in the

early census reports, but in.l9h9, collection of this data was dis-

continued. Expenditures on fertilizer and petroleum were included

only after the l9h9 census.
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Problems of Measuring Output

Wheat production is measured in constant terms, bushels.1 This

quantitative measure can be easily converted into terms of value by

multiplying production.times price. Because only one product was con-

sidered in.this study, there was no problem of aggregation.

'Wheat production was influenced by factors other than the usually

considered inputs. Climate conditions explained a portion of the var-

iations in production. This was particularly true in the western Great

Plains areas. The principal climatic factor affecting yields was rain-

fall. The hard red winter and hard red spring wheat areas were char-

acterized by great variability in yields. Hoover has found that the

coefficient of variability for wheat yields in economic area 2a in Kansas

range from 3h in Stafford County to 77 in Lane County.2 The aggregate

yield data for each producing area selected for this study show con-

siderable yield variability as shown in Table 12.

 

1The constant measure of bushels is accurate only so long as all

bushels of wheat are identical. However, this is not always the case.

Each class of’wheat and the same class of wheat over time have individual

qualitative characteristics which differentiate a particular sample from

all other wheat. A bushel of hard red winter wheat, hard red spring wheat,

white wheat or soft wheat are not identical products. Each has properties

which cause it to have special uses. Weather conditions may cause quali-

tative differences within classes from.year to year and from county to

county. Replacement of old varieties with new have made qualitative changes

in wheat. These quality changes in wheat have not been reflected in the

bushel measurement. Therefore, productivity measures on the basis of

bushels unadjusted for quality changes may be biased downward when quality

has'been improved.

2Hoover, Leo N., Kansas Agriculture After 100 Years, Bulletin.392,

Kansas Experiment Station, Manhattan, 1957.
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'Wearden and Orazem; at the Kansas Station concluded that rainfall

accounted for 50 percent of the variability in wheat yield for western

Kansas. In order to study the effects of technology on production, it

‘would be desirable to remove the influence of weather on yield varia-

bility. Since it was believed that rainfall was the principal climatic

factor affecting wheat yields in most areas, it was believed to be

appropriate to adjust production data by a rainfall factor.2

In order to calculate a rainfall factor, consideration was given

to the period of rainfall.that has the greatest effect upon wheat

yields. According to crep scientists, the rainfall in the months pre-

ceding harvest has the greatest effect onyields.3 Therefore, county

rainfall data were collected for the years 1900-1958. County wheat

production was then adjusted by the index of rainfall. Had a more

sophisticated method of estimating yields unaffected by weather, for

example multiple correlation analysis, been used it is possible that

better estimates could have been achieved. However, lack of data of

other climatic factors, humidity, temperature, wind, light intensity,

 

10razem, Frank and Wearden, Stanley, Yield Variability 9; Different

Crops and Its Estimated Sources, unpublished manuscript.

2Other weather factors which affected yields were distribution of

rainfall, evaporation rates, temperatures, humidity, wind, and sunv

shine. Technological factors other than weather which have not been

considered are damage by insects, diseases, and weeds. Insufficient

data were available to correct yield data for these factors.

3Nauheim, Bailey, and.Merrick used this procedure in work in the

U.S.D.A. See Nauheim, Charles W., Bailey, Warren R., and Merrick,

Della E., Wheat Production, Agricultural Research Service, Agricultural

Information Bulletin No. 179, U.S.D.A., Washington D. C., 1958.
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and evaporation rate, made it impossible to include all factors in an

equation. Exclusion may be a greater contributor to inaccuracy than

the inaccuracies of the simple method adjustment used. The advan-

tages of simplicity outweighed the disadvantages of a more complex

‘ analysis. The rainfall index was calculated as follows:

I=——R7R

I].

Where I = Index of rainfall

R = Rainfall for six months prior to harvest

n = nmnber of years

Production was adjusted as follows:

I = y/I

Y = Production adjusted for rainfall

y : Actual production

I I Index of rainfall

The assmnption underlying the use of this method was that rain-

fall is very closely related to yields and that variation in rainfall

accounts for most of the variation in yields. The assumption was

fairly valid for the Great Plains and white wheat regional However,

in the Cornbelt moisture usually was not a limiting factor for wheat.

Excessive moisture may be more detrimental than lack of moisture;

therefore yield data for the soft wheat area could not be adjusted

satisfactorily for moisture variability. An additional problem, par-

ticularly related to the Great Plains area, arose in making adjustment

in yield for variations in rainfall when the yields fluctuated more

 

1Also see Clawson, Marion, Reflections _0_n Gross Farm Output,

Journal of Farm Economics, Hay 1979, and Stalling,James, Indexes

of the Influence of Leather on Eicultural Output, unpublished

thesis, DepartmentofAgricultural Economics, Michigan State University.
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than did rainfall. For example, when rainfall dropped below ten in-

ches in the western Great Plains, which was 50-75 percent of the normal

rainfall, the wheat yields were near zero. Adjusting yields by a rain-

fall factor of .50 when yield was two bushels, resulted in a yield of

four bushels, which was still below normal yields. In the analysis of

yield trends all years were considered and the adjustment of all areas

except the soft red area proved to be satisfactory. In the analysis

where only the census years were used this adjustment gave results

less satisfactory than the raw data. Production, adjusted for rain-

fall, was used only when the adjusted data reduced variability, in the

hard red winter, hard red spring, and white wheat areas.

Problems of Measuring Inputs

Problems of measuring inputs arose from gaps in time series data,

inappropriate breakdown or lack of breakdown of input data, multiple

enterprise firms employing the inputs to produce more than one pro-

duct, and aggregation of non-homogeneous inputs.

The measurement problems have not been perfectly solved for fem

input-output studies. The most tedious and complex methodological

problem of this study was the identification and quantification of the

inputs used in the production of wheat.

Gaps in time series data. As production techniques changed data
 

collectional agencies did not immsdiately include the new data. Al-

though tractors, combines, and trucks were in general use in the 1930's

in most of the wheat producing areas the first count made by the census

was in 19149. For the years prior to 1911.9 county estimates were made

based upon the state total, mich were made available for this study by
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O. J. Scoville, Director, Farm Efficiency Section, F.E.R.D., A.R.S. of

the U.S.D.A. The census series on value of farm machinery which began

before 1900 would have been very useful had it not been drOpped from

the Census of 1950.

While horses were the principal source of farm power, one of the

important inputs was the grain and roughage fed the horses. No data

were available for this input. However, construction of feed inputs

was not difficult. In the 1929 U.S.D.A. study of Reynoldson's the av-

erage ration for a horse was reported.1 From this it was possible to

estimate the total feed input by counties.

During the 1920 and 1930's the feed input was rapidly being dis-

placed by the petroleum input. However, it was not until 19119 that the

Census reported farm eXpenditures for gasoline and oil.

Fertilizer data by counties were not available until 191:9. Lack-

ing this data in prior years was not a serious handicap since very

little commercial fertilizer was used in the Great Plains and North-

west prior to this data. In Indiana, Michigan, and Pennsylvania this

gap was more serious.

The problem of what was the average price of all tractors on

farms in l9h9 is a complex problem that was not solved entirely satis-

factorily. In consultation with agricultural engineers an estimate

was made of the average size of tractor used. Assuming that at ary

 

1See Morrison, Frank 3., Feeds and Feeding, The Morrison Pub-

lishing Company, Ithaca, New York, 1955.
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given moment the total tractors on farms were 50 percent depreciated it

“was possible to take 50 percent of the selling price of this average

tractor to be used in constructing the input statistic.1

.A substantial annual input was the expenditure of public and pri-

vate funds to improve production techniques, to develop new varieties,

and to develop new machinery. No record has been kept by the various

public agencies as to the amount spent on Specific developments. The

state experiment stations were unable to separate expenditures on.wheat

from.expenditures on other creps.2 Not only did this problem exist for

private expenditures, but also there was the problem of identifying who

made the expenditures.

Inappropriate form of data. Data have not been collected for the

purpose of measuring rate of technological change, therefore many data

were in a form not appropriate for a study such as this.

The number of farm.machines was not broken down into size groups.

For example a tractor was listed as one tractor regardless of size.

Data on number of horsepower or investment in tractors would have been

more useful. Also, this type of enumeration assumed no qualitative

change in tractors over time.

No appropriate means of handling the qualitative changes that

occurred in farm machinery was found. Tractors in 19Sh were different

1Fairbanks, G., Department of Agricultural.Engineering, Kansas

State University, private consultation with the author.

2This is verified by the response of directors of experiment

stations to a request for this data.



101

inputs qualitatively than the 1920 tractor. This was also true for

harvesting, soil preparation, and planting machinery.

The use of prices adjusted for inflation should have reflected

qualitative changes in.machinery. If the price of machinery in con-

stant dollars has shown a rising trend over time this should reflect

the qualitative changes. However, efficiency gains in.manufacturing

techniques may actually cause prices of farm machinery to fall, thus

not reflecting qualitative changes.

Disaggregation of joint costs. Farms were usually multiple enter-

prise firms. Data were available only for the entire farm unit. The

farm uses most types of inputs on more than one enterprise, therefore,

the researcher attempting to make an enterprise analysis is faced with

the problem of disaggregating the joint costs. This study attempted

to minimize the bias that would be introduced by erroneous disaggre-

gation.procedures by selecting only those areas Specializing inndbeat

production. For the hard red winter, hard red spring, and white wheat

areas this was particularly appropriate. For the soft wheat area there

'were no wheat Specialty' areas, but there were areas that derived a

substantial portion of the farm income from wheat. These areas were

selected.

In no county in the United States was wheat the sole product, thus

in every case it was-necessary to select some method to estimate the

portion of the resources used in wheat production. The techniques em-



102

ployed in cost accounting were considered.1 The most appropriate meth-

od of allocating joint costs, from the standpoint of data available, was

the distribution of inputs on the basis of the contribution of the enter-

prise to the farm income. This arbitrarily allocates the inputs, perhaps

at times incorrectly, but according to Hopkins and Heady there is no

method that will guarantee correct apportionment.

Non-homogeneity of inputs. The inputs for wheat production were
 

in the form of number of tractors, number of horses, number of acres,

and dollars of petroleum.products purchased which could not be aggre-

gated directly. This necessitated selection of a method of construct-

ing a total input index. The Laspeyre method,2 which has been used by

Ruttan3 in his technology studies, was considered and tried. However,

there were so many gaps in quantity data that it was impossible to

aggregate on this basis. For example, only dollar input figures were

available for machinery, equipment, and petroleum. Consequently, it

was determined that the most appropriate means of aggregation was to

express all inputs in a constant dollar figure.

lSee Hopkins, John A., and Heady, Earl 0., Farm Records, Third

Edition, Iowa State College Press, Ames, Iowa.

 

2Frederick Cecil.Mills, Statistical Methods Applied to Economics

and Business, Henry Holt and Company, New York, 1938.

 

3Vernon'W. Ruttan, Technological Proggess in the Meat Packing

Industry, 1919-19g1, U. S. D.A.. Marketing ResearchReport No. E9.

See also George W. Ladd, Biases in Certain Production Indexes,

Journal of Farm.Economics, February, 1957.
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Problems of Measuring the Changes in

Input-Output Relationships

A measure of rate of technological change, input-output ratios,

was computed for the various factors of production. Output per unit

of land, labor, current expenditure, and capital investment was com—

puted in an attempt to compare the changes in productivity for each of

the factors of production. By using the value of total production and

the value of total inputs it was possible to calculate total input-output

ratios which.measured the aggregate change in.productivity.

Most studies related to technology have been concerned with changes

in yield per unit of land and the changes in the productivity of labor.

Recently Rattan and others have concerned themselves with the whole

bundle of resources. In this study it was attempted to measure the

productivity of each factor separately and then collectively over time

and for each of the selected wheat producing areas.

Four Hypotheses

After the completion of the measurement of the changes in produc—

tivity, in order to relate these findings to the individual farm de-

cisionemaking problems and to the problems of public policy for the

wheat industry, it was necessary to analyze the changes that occurred.

Four hypotheses were formulated for testing.

1) The rate of technological change in wheat production

has been sporadic.

2) The higher the degree of Specialization in wheat pro-

duction the more rapid the rate of technological change.

3) The larger the size of business the more rapid will be

the rate of technological change.

h) The rate of technological change is positively associated

with the level of income of the wheat producers and with

the level of income in the general economy.
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The empirical testing of these hypotheses is presented in the next

chapter, together with the data developed using the procedures dis-

cussed in this chapter.
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CHAPTER VI

STATISTICAL ANALYSIS OF THE INPUT-OUTPUT DATA

Chapter VI is devoted to an exposition of the procedure used and

the application of these procedures to data in order to measure tech-

nological change and to test the four hypotheses listed in Chapter V.

Five measurements of the technological change that have taken.place in

wheat production were made. These measurements were land productivity,

labor productivity, capital.productivity, current expenditure produc-

tivity, and total input-output relationships.

If all increases in productivity measured for each type of input

could be attributed to that class of input the sum total ought to equal

the rate of changesin the aggregate input-output ratio. The sum of'the

change of the individual inputs exceeded the total change, which indi-

cated the limitations in measuring technological change by measuring

the change in the returns to the individual factors.

Computation of the Input-Output Data
 

In order to add the annual services rendered by each of the input

categories, it was necessary to express the data in a commom unit of

measure.

The construction of index numbers was found to be impractical be-

cause of insufficient data. Items such as equipment, fertilizer, pe-

troleum, and machine hire were given only in dollars. To construct a

weighted index of total annual inputs quantity data would have been

necessary. In all cases where only quantity data was given value of
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the inputs could be calculated by multiplying the quantity times price.

After studying the data and aggregation.possibilities it was concluded

to express all inputs and outputs in terms of l9lO-lh dollars. Inputs

‘were divided into four categories: land, capital investment, current

expenditures, and labor. The aggregate input of each category was com-

puted for the selected regions of each of the principal wheat producing

areas. The summary of these computations is included in Tables 3h, 35,

36, and 37 of appendix B. Changes in the aggregate input-output ratio

theoretically measures the change in the productivity of resources in

production. This change can be attributed to technology.1 However,

in the application of the theoretical model there are complexities

which complicate the measurement of technology. Some of the complex!

ities include:

1) Even though there is no change or even a decrease in the ratio

it may be erroneous to conclude there has been no change in.techno-

logy. This is particularly the case when aggregation.must be accom-

plished on a dollar basis inasmuch as the benefits of technology may have

been absorbed in greater price changes for the product and factors

than in the general price level used as a deflator.

Secondly, production of’a.product may be done only at continuingly

higher costs. .A new technology may slow this per unit increasing cost

trend, but not reverse it.‘ In such a case there would be no improve-

 

1See page hl for a discussion of other factors that may influence

the aggregate input-output ratio.
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ment in the input-output ratio even though there had been the intro-

duction of new knowledge that slowed the rate of per unit increasing

costs.

2) The problems of measurement of the inputs were very great.

Changes in aggregate productivity may have resulted from failure to

correctly measure, or even failure to recognize, all inputs or out-

puts.1 Qualitative changes in inputs or products were particularly

difficult to measure. However, when a constant price level is used

and a persistent upward pzice trend continues for a particular in— ’

put it can be argued that this upwardwtrend represents the change in

quality. In this study this was particularly the case for the labor

input. The quantity of labor measured in number of man units de-

clined throughout the period under consideration while the price of

the labor input after deflation continued to rise. The higher price

of labor at least crudely represents the qualitative change in the

labor input, if the price of labor was not leading the price rises.

The result, when measuring the labor productivity based on the de-

flated price of labor, was a smaller change in labor productivity than

when the output per man unit was used.2 I

3) Failure to account adequately for all inputs influences the

change in productivity. In this study the change in the managerial

 

lSee the Schultz-Heady discussion over this point in the Journal

of Farm Economics, August, 1956, May, 1958, November, 1958, and

February, 1959.

28ee Table 23.
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capacity of the producers was included in the residual, which was

spoken of as a change in technology. This technological change did

not occur without cost, yet it was impossible to allocate a cost to

this qualitative change. Some portion of the cost of elementary, sec-

ondary and university education, extension service, public and private

research, and public information programs of radio, television, press,

and other private sources should have been added to the input side of

the ledger.

It was necessary to assume that all research and developmental

costs that have been incurred in making possible the great capital-

labor substitution was accounted for in the value of the capital in-

put. It is entirely possible that these costs were not included.

h) The productivity of separate inputs does not change at the same

rates. Consequently, the bundle of resources used changed over time

so that even if there were not improvement in the input-output ratio

there could be technological advances, even if the ratio were a constant

1-1 as Schultz argued was conceptually the case.1 'Labor efficiency in

wheat production in all areas has increased at a more rapid rate than

has the aggregate input efficiency. This means that capital and land

efficiency has not increased as rapidly. Even had there been a de-

crease in capital and land efficiency2 that more than offset the gains

 

lSee Schultz's article in the Journal of Farm Economics, August,

1956.

2There may well have been a decrease in the productivity of land

despite the contrary evidence in Table 12. In this data the increases

in yields were primarily due to improved varieties (a capital invest-

ment) and use of fertilizer (another capital investment).
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in labor efficiency it would be difficult to argue there had been no

technological change or benefits from technology.

If the Boulding thesis that labor is the ultimate input is accepted,

then.any change in.resource use that reduces the labor input necessary

to produce a given product is a benefit to society.

Changes in Total Resources Invested in

Wheat Production

 

 

In three of the four areas, the hard red winter, hard red spring,

and soft red, the total resources invested annually in the production

of wheat have declined in the period under consideration, 192h-l95h. In

the fourth area, the white, there has been a general increase in the

total resources used in wheat production. 'When the areas are considered

separately it was found that the greatest decline in.inputs was in the

hard red spring wheat area where there was a 3h.h percent drop; followed

by a 28.h percent drOp in the hard red winter wheat area; a 13.2 per-

cent drop in the soft red wheat area; and a 56.1 percent increase in

the white wheat area. The individual categories of inputs showed both

increases and decreases. Generally the labor input declined. Land

input remained about constant and the two types of capital inputs in-

creased. The significant shift in the bundle of resources was in the

substitution of capital for labor as illustrated by the following dia-

grams.1 It should be noted that prior to l9hh there was little substi—

 

1See Figure 17. It should be noted that because of the small num-

ber of observations a simple free hand fit was made. With the limited

number of observations, little advantage would result from a statistical

fit. Also, the purpose of these diagrams was to illustrate the change

rather than to measure the rate of the change.
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tution of capital for labor. The two inputs appeared to move in the

same direction. Since 19hh the substitution of capital for labor has

been significant.

Table 13. Changes in the capital and labor inputs used in the pro-

duction of wheat in four areas of the United States ex-

pressed as a percent of l9hh.1

 

 

 

:Hard red winterzhard red spripgx White : Soft red

: Capital:Labor : CapitalzLabor :Capital : laborngpital:Labor

191m 100 100 100 100 100 100 100 100

19h9 - 11:2 75 162 88 250 66 161 98

1951; 175 69 128 52 278 6b 190 85

Percent

change

since '

19m. +75 -31 +28 -h8 +178 -36 .90 .15

4'

1Calculated from Tables 3h, 35, 36, and 37 of appendix B.

The most rapid rate of increase in capital investment and the most

rapid rate of decline of labor input was not in the same area. The

white wheat area of the Pacific Northwest has shown the most rapid rate

of mechanization if increasing capital investment represents mechani—

zation, followed by the Cornbelt area, the southern Great Plains and

lastly the northern Great Plains. Almost the converse was true of the

labor input. The greatest decrease was in the northern Great Plains

followed by the Pacific Northwest, the southern Great Plains and lastly

the Cornbelt. This does not, however, represent the changes in the

quantity of capital employed per unit of labor or the capital-labor

ratios.



 

   

 

111

 

   

Capital Capital

51, 000 51, 000 '10fih

(1910-1u=100) (1910-14:100)

oun- !
60,000- 60,000- 1- \ 1924

01029

Q ‘.
1,531+ 9H9 ’ 1920

40,000< 92h h0,000«

-1934 ,- 1939

20,000‘ 20,0004

0 f 1 T I

10,000 20,000 10,000 20,000

$1,000 (1910-1#=100) 31,000 (1910-1h=100)

Labor Labor

Hard Red Winter Hard Red Spring

Capital Capital

51, 000 $1, 000

(1910-1h=100) (1910-1h=100)

60,000‘ 60,000+

#0,0001 {195” h0,000‘

-19t9

20,000 uh 20.0001 glggu

19)?G329 1989mm.02h’ lQHHH-V/// 103“

1939 1929
1039

O I I O I I

10,000 20,000 10,000 20,000

$1,000 (1910-1h=100) $1,000 (1910-1%=100)

Labor Labor
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Fig. 17. A comparison of labor-capital input used to

produce wheat in four areas of the United States.
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Annual Resource Use

The proportional changes in.the relationship of four categories of

resources used annually in the production of wheat in the four areas

were calculated.1 In each of the areas the percent of total annual

services rendered by labor decreased from 192h to l95h. Most of the

decrease in the proportion of the resources consisting of labor

occurred in and after the World‘War II period. From 19hh to 19Sh labor

continuously made up a smaller portion of the annual resources used in

wheat production. The white area had the greatest decrease in portion

of labor, h1.3 percent; soft;red, 29.8 percent; hard red spring, 26.6

percent; and hard red winter, 25.? percent.

Table 1h. The percent of the annual resources used in the production

of wheat made up of labor.

 W

:Hard red winterxfiard red spging: 'White 2 Soft red

: l9hh : l9§H_; I9Eh : l9§h : 1955* 2 1955 2 19th : 195h

Labor 140.0 29.7 146.6 317.2 176.7 27.1; 52.3 36.7

Percent

decrease 25.7 26.6 h1.3 29.8

 

At the time the preportion of the services rendered'by labor was

declining the proportion rendered'by capital investments was increasing

in all areas and the proportion contributed by current expenditures was

increasing in all areas except the white wheat area.

The land input remained relatively stable throughout the period.

 

1868 Table hZ of Appendix D
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192k 193k 19hh 195%

Years Years

White Soft Bed

Fig. 18. The annual services rendered by four

classes of inputs in the production of

wheat in four selected areas,

192% to 195k.
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Changes in Resource Productivity
 

The changes in.resource productivity were measured in two separate

approaches. The first approach was to apply the traditional.measures

of efficiency, such as yield per acre and bushel output per man unit.

The second approach was to compute input-output ratios for the aggre-

gate and for each of separate inputs. From the ratios an index.of

productivity was constructed which gave an estimation of technological

change.

Changes in Land Productivity

Yield per acre. One of the first indicators observed and most
 

easily computed measure was the yield per acre of land. Figures 17,

18, 19, and 20 show the actual yield per harvested acre and the ad-

justed yield per harvested acre.l A trend line was computed by the

least squares method. From this it was estimated that yields have

increased at the rates listed in Table 13.2

Table 15. The average annual increase in.wheat yields for four wheat

producing areas, 1919 to l95h and 1939 to l95h.

  

 

 

   

 

 

-f Area #kflfii z Averagg annual increase in bushels

: TS}? to 195A. : 1939 to 19Sh

Soft red .3127? .52720

White n.a. .33603

Hard red winter .2h322 .28191

Hard red Spring .18010 .Oh912

 

 

1See pages 9h to 98 for discussion of the weather adjustment problem.

2Calculated from annual Crop Reporting Service data.
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Technological change measured in terms of yield per acre indicates

that the greatest average increase was in the soft red wheat region of

the eastern Cornbelt for the period 1939 to l95h. Unfortunately, no

county annual production was available prior to 1939 except in the

census years for Washington and Oregon, therefore, it was not possible

to compare the four regions for a longer time period.

Table 16. The average yield of wheat over two time periods, 1919 to l95h

and 1932 to l95h, for four wheat producing areas of the United

 

 

 

 

States.

J

Area, 2 Average yield in bushels per acre

1919 to 1953 : 1939 to l95h

White n.a. 2b.?

Soft red 18.6 21.8

Hard red winter 13.h 16.h

Hard red Spring 10.7 13.2

 

1Calculated from Crop Reporting data.

value of wheat per acre of land. The gross value of wheat pro-

duced on an acre of land has shown a more or less constant increase

since l92h. The hard red Spring area seems to be an exception. In

this area the value of wheat per acre has varied considerably from

one time period to another but there is no apparent trend.

Land cost to produce one bushel of wheat. Prior to 1939 the gen-

eral movement of the value of land input in terms of the value of wheat

produced on that land was upward. From 1929 to the present this trend

has been.downward reflecting the increased yields. The hard red Spring

area, irxwhich there has been less change in.the per acre yields, has

shown little change in the per bushel land cost since 1939.
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Changes in Labor Productivity

The second measure, labor productivity, has been a widely used

measure of technology. In this study not only the output per man unit

was given consideration but also the labor cost in dollars per unit of

output, gross return per unit of labor, acres harvested per man unit,

investment per man unit,1 and labor cost to produce one acre.

Bushels output per man unit. Throughout the historical period
 

covered by the study the white wheat area continuously had a higher

output per man unit input than any of the other areas. The white

wheat area was followed in this order by the hard red winter, hard red

spring, and the soft red'wheat areas.2 With exceptions only in l93h

and l9hh there was a continuous increase in labor productivity in each

of the areas. However, the rate of increase and the total increase

varied from one area to another. The most rapid increase in labor

productivity was an average annual increase of 182 bushels in the white

wheat area for the 30;years since l92h. The hard.red winter wheat area

increased labor productivity by 116 bushels per year, the hard red

spring wheat area by hS bushels, and the soft red wheat area by h3

bushels. On a percentage basis the areas had the changes in labor

productivity given in Table 17.

 

lIncludes annual capital, current expenditures, and land investment.

23cc Table Table to in appendix C.
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Table 17. Changes in labor productivity as measured by bushels pri-

duced per man unit and percentage change, l92h to 195h.

 

 

Measure of change 3 ‘White 2 Soft red.: Hard red : Hard red

: : : ‘winter : gprimg__

Total percentage

increase 192u-195h 333.9 318.0 u13.9 2u2.3

Average annual

percentage increases 11.1 10.6 13.7 8.1

Total increase in bushels

produced per man unit

192h-19St 5,h52 1,282 3,h86 1,355

Annual average increase in

bushels produced per man

unit 182 h3 116 hs

 

1Calculated from census data.

The most rapid growth in labor productivity whether on an absolute

or percentage basis was in the southern Great Plains and in the Pacific

Nerthwest. This was consistent with the rate of increase in capital

investment, as these two areas have increased capital investment per

man unit more rapidly than have the other two areas.

Acres harvested per man unit. There has been a fairly constant

increase in all areas in the number of acres harvested per man unit.

The only striking difference among areas is the much lower number of

acres handled per man unit in the soft red area as compared to all

other areas. Also, the rate of increase was significantly less in that

area than the other areas.

Investment per man unit.l Labor efficiency increases, usually,

when capital replaces labor in the organizational structure of the farm

 

lInvestment = total investment in land, capital, and current

expenditures.
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business. On a per man unit basis investment in wheat production in-

creased more rapidly in the white wheat area and most slowly in the hard

red spring area as shown in Table 18.

Table 18. Average annual rate of increase in investment per man unit

for four wheat producing areas in the United States, 1921; to

 

 

 

195h.1

Airage annual rat? 3 White : Soft red 2shard red 2 Hard red

of increase : z 3 winter : spring

Dollars _

(1910-114 dollars = 100) $256 $91 $187 $86

Percent 9.0 8.1 7.9 6.2

 

1See Table 130 of appendix 0.

Labor cost to produce one bushel. The value of the labor input

per bushel of wheat produced in each of the areas has diminished by

one-half or more in the last thirty years. In the hard red winter

area the per unit labor cost has been lowered the most, 69.7 percent

or from 33 cents per bushel in 19214 to 10 cents per bushel in 1951;.

The least reduction was in the hard red spring area 118.7 percent or

from 39 cents per bushel in 192).; to 20 cents per bushel in 19511.

In all areas the greatest reduction in labor costs were in the

period of 192).; to 1939. From 1939 to 19511 the labor cost to produce

a bushel of wheat has remained remarkably constant.

Labor cost to produce one acre. From the data it could be gen-
 

eralized that per acre labor costs have declined since 1931;. How.

ever, in the white wheat area the labor cost per acre has remained

relatively constant and may have actually increased slightly.
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Gross returnpper man unit. Another measure of labor productivity,

closely associated.with buShel output per man.unit, is the gross re-

turn per man unit. In constant 1910-lh dollar terms the areas have inr

creased as shown in the following table.

Table 19. Gross return.in 19lO-lh dollars per man unit for four wheat

producing areas of the United States, l92h to l95h.

 

 

Years :Hard red winter 3 Soft red :Hard red spring; White

:Dollarsl:PercentsDollars:PercentzDollars:PercentzDollarssPercent

19211—51; 3,119 h20.2 1,312 323.1 1,295 255.5 h,616 223.1.

192h-39 1,580 262.2 663 212.8 260 131.2 1,892 189.3

1939-5h 1,539 160.2 6119 151.9 1,035 1911.0 2,721; 160.2

 

l1910-11; = 100.

In all cases, except the hard red spring wheat area, the gross return

per man unit increased at a more rapid rate in the l92h to 1939 period

than in the 1939 to 195h period.

Changes in the Productivity of Capital Resources

The annual services rendered'by the capital investment has

shown growth in the post-depression years. In.this period there has

been a rapid substitution of capital for land and labor. The early

substitution resulted in a substantial diminution of the capital ser-

vices used to produce a bushel of wheat in each of the areas decreased

as shown.in Table 20.
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Table 20. The average capital services used to produce a bushel of

wheat in four {heat producing areas of the United States,

l93h and 1939.

 

 

 

 

 

"Year 2 ' Dollar £1910—117= 100Tv'a1'uf' of services Fe; bushel }

3 'White :Hard red winter: Soft red :Hard red spripg

19311 .01; .07 .01; .08

1939 .02 .02 .03 .Oh

 

1See Table hl in appendix C.

In every area since 1939 there has been a gradual increase in the

capital services used to produce wheat. By l95h the per bushel capital

cost was five cents in the hard red winter, nine cents in the hard red

Spring, six cents in the white, and seven cents in the soft red. This

evidence indicates that as capital in the form of power and equip-

ment was first substituted for labor, the returns to the capital were

higher than after this substitution continued for 15 years. The tech-

nological change associated with this, first, increasing productivity

of capital, followed by a decreasing productivity, was the deve10p-

ment of and improvement of the gasoline internal combustion tractor and

the harvesting, planting, and cultural equipment used with it. The

initial returns to this substitution made possible by new technology

diminished as the substitution was carried further so that by l95h

the returns to capital had been pushed to the pre-tractor period. A

new burst of technology was necessary if the returns to capital were

to be increased.
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Changes in the Productivity of Current Expenditures

Current expenditures included such items of cost as horse feed,

petroleum products, fertilizer, and seed. Items not included, which

ought to have been included had.the data been available, were repairs,

irrigation, insecticides, weed sprays, seed treatment, and storage.

Most horse feed was produced on the farm. The cost of production

of this feed was not available. Therefore, based upon Morrison‘s main-

tenance ration for a draft animal the quantity of feed necessary for

horses was estimated, then multiplied by the price of the feed to give

the value of feed fed horses. Undoubtedly, this resulted in an over-

estimation of the value of feed fed horses. It did not appear that this

overestimation had an effect upon the conclusions drawn.

The significant change in current expenditures is not in the total

quantity incurred, which remained relatively constant, but in the make-

up of the bundle of expenditures. As the value of horse feed fed

drOpped the value of petroleum purchases shot upward. Fertilizers,

very little used in any area in 192b, became important inputs by 195h,

particularly in the areas of higher rainfall. Seed was a function of

acres of wheat and followed the acreage fluctuations.

Although there was no great change in the total current expenditures

from l92h to l95h, the two areas in the Great Plains showed a slight de-

cline, the white wheat area and the soft red wheat area each showed a

tendency to have an increasing current expenditure.l

 

1See Tables 3h, 35, 36, and 37 of appendix B.
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The gains in yields over time have had a considerable influence in

decreasing the per bushel current expenditures. The total current ex-

penditure was slightly less in the hard red spring wheat area in l95h than

in 192h, but yields had increased only slightly, so that the per unit

costs showed only a slight decline. The soft red wheat area had both

increasing current expenditures and yields, at about the same rates.

As a result there was little change in the per bushel expenditure. The

greatest reduction in per unit expenses was in the hard red winter wheat

area, closely followed by the white wheat area.

Table 21. Changes in the productivity of the curient expenses in-

curred to produce wheat, l92h to 195k.

Year 1 Dollar (1910-15 3 1005 expendituresrto produce one bushel

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

 

 

192u .u2 .28 .25 .32

1929 .25 .21 .22 .30

l93h .37 .20 .19 .3h

1939 .1h .25 .10 .19

19th .10 .20 .10 .22

19h9 .1h .25 .12 .19

19Sh .12 .2h .11 .25

 

1Calculated from data in Tables 3h, 35, 36, and 37 of appendix B.

In.making an analysis of the relationship of time and rate of change

it was found that the greatest decrease in per unit current expenditure

was from 193k to 1939. In fact, after 1939 that level has remained

nearly constant with a tendency toward turning upward.

The change in the bundle of inputs making up the current expen-

diture has produced one of the most significant social and economic
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changes of technology. In the horse power era the farm remained a

more or less self contained unit. 'When the farmer shifted his de-

pendence for a source of energy from his own acres to the petroleum

producers, he entered upon an era characterized by the dependence of

the farmer on other sectors of the economy. .

Construction of Indexes of Changes in the

Productivity of Resources Used in

Wheat Production
 

Indexes of productivity for total resources and each of three

classes of resources land, labor, and capital were constructed. The

computational procedure began.with input-output data summarized in

Tables 3h, 35, 36, and 37 in the appendix. The common denominator

used in the aggregation was dollar value of inputs based on the 1910-lh

price level.

output

inpu

puted which represented the return per unit of input. The next step

From.the aggregated inputs and output a ratio ( ) was com- 

involved the conversion of the ratios to an index where l92h input-

output ratio equaled 100 percent. Such an index.was computed for

each of the years studied, each of the areas, and for the land, labor,

and capital inputs, in addition to the aggregate input. The results

are recorded in Table 38 of appendix C and portrayed graphically in

Figure 23.

The hard red winter wheat area has shown the greatest increase

in productivity of the total resources employed in the production of

wheat. The increase fer the thirty year period was 17h percent as

compared to 80 percent in the soft red area, 66 percent in the white

area and h8 percent increase in the hard red spring area. The average
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annual rate of increase was 5.8 percent, hard red winter; 2.? percent,

soft red; 2.2 percent, white; and 1.6 percent, hard red Spring. Al-

though on the average there has been this rate of increase in produc-

tivity the change has not been in a continuous flow. Rather the in-

creases have come in bursts. From l93h to 1939 was the greatest period

of increased productivity. In the hard red winter area 138 percent of

the 17h percent increase occurred in this one five year span. If the

193h to 1939 increase in the input-output ratio were dropped from the

calculation of the productivity index the gains would have'been.more

modest and steady. From l92h to l95h the hard red winter area gained

36 percent or 1.2 percent annually; hard red spring, 16 percent or .5

percent annually; soft red, -5 percent or -.1 percent annually; and

white, a3h percent or -l.l percent annually. This emphasizes the sig-

nificance of the one short surge in productivity. Gains since 1939

have been.much less rapid and after l9hh there has even been a slight

decline in productivity. The white and soft red areas also exper—

ienced a burst of changing productivity in the 1931; to 1939 period and

a gradual decline in productivity since then. The hard red spring area

follows a pattern of slower and steadier growth, if the atypical

situation of l93h is discounted. In all other areas the productivity

of resources showed a sharp drop in this depression and drouth year. In

the northern Great Plains in using the same aggregation and disaggre-

gation procedures as in other areas the results do not follOW'the pattern

expected. é;EEiEEi,it could be anticipated that the productivity would

decline. The increase shown in Table 38 of appendix C was due to the

nature of the original data. Almost no resources were allocated to
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wheat production by this procedure because the harvested acres were so

near zero and the portion of the farm.income.from wheat was abnormaka

low; Had planted acreage data been available and used as a basis, the

bias due to high abandonment would have been reduced. The high level

of productivity shown in Table 38 is due to procedural bias and must

not be accepted as the true situation. When 193h is discounted then

the hard red spring area would follow the pattern of the other areas.

There was a much milder productivity burst after l93h and a gradual

upward movement in the later years.

When considering the productivity of the land input on a value

basis rather than a bushel per acre basis a somewhat different picture

developed. Generally the increases in yield per acre were greater than

the change in value of the output produced from the value of land input.

Table 22. A comparison of two methods of calculating changes in land

productivity, bushels per acre, and value of wheat pro—

duced per dollar land input for four wheat producing areas,

192k to 19Sh.

 

 

: Percent changes in land productivity, l9§h to l9Sh

Basis : (l9lO-lh dollar : 190)

{gard red winterzHard red spring: ‘White : Soft red

Bushels per acre 108 O 121 70

Value of wheat

per dollar

land input 78 81 h9 5h

 

The greatest increase in the productivity of the land input on a value

basis was in the hard red Spring area followed by hard red winter, soft

red, and white.
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The measurement of changes in labor productivity varies with the

methodology used. As'with land productivity, labor productivity was

measured first by the bushels output per man unit and on a value out-

put per unit value input.

Table 23. A comparison.of two methods of calculating changes in labor

productivity, bushels produced per man unit and value of

wheat produced per dollar labor input for four wheat pro-

ducing areas, l92h to 195h.

 

 

: Percent changes in labor productivity, l92h to 1955—

Basis : (1910-114 dollar = 100)

:Hard red winterzhard red spring: White : Soft red

Bushels per man

unit 312.9 1&2.3 233.9 218.0

Value of wheat

per dollar

labor input 232 102 90 77

 

In either case the greatest increase in labor productivity was in

the Kansas-Nebraska specialized wheat areas. However, on.the bushels

produced per man unit the increase was ncre rapid than if the value of

the labor and the value of the wheat is considered.

As was the case with total resources used, the change in labor

productivity occurred in.a.relatively short period of time. The greater

portion of the increased labor productivity occurred between l93h and

1939. Even if the effects of the depression and drought are considered,

the evidence points this era up as the one of great advances in in-

creasing labor productivity. This ties into the rapid rate of mechani-

zation of wheat farming in this period of time.1

 

1See pages 58 to 69.
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The productivity of the capital input has changed less than has the

productivity of the other classes of inputs. In all cases the rate of

increase in capital productivity was greatest in the 1920's and early

1930's. The peak was reached by 1939 and since that time there has

been a gentle decline in the productivity of capital. Over time as

more and more units of capital were substituted for labor the marginal

productivity of capital has declined.

The greatest increase in capital productivity occurred in the hard

red wheat area and the least in the hard red spring area.

Changes in the Cost of Production
 

Cost of production information.has been eagerly sought by the re-

searchers, the agricultural program administrators, politicians, and

farmers. Despite the strong need for this type of information, little

has been accomplished, primarily because of the difficulty of identify-

ing and correctly measuring all cost items. Another weakness of cost of

production information is the difficulty incurred when trying to make

application of the data to public and private policy decisions. If cost

data were on an aggregative basis, it may have little validity for in-

dividual cases. When on an individual producer basis, there may be

little usefulness in the data for industryawide planning.

The computation of the input-output relationship necessitated the

gathering of all the data necessary to calculate cost of production

figures on both a bushel and an acre basis for each area. The input

data, within the restriction discussed on pages 106, 107, 108, and 109,

‘was perhaps more accurate, complete, and detailed than has previously
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been recorded. Since the data was gathered for a purpose other than a

cost of production calculation the author believes there is a minimum

of a pgiggi bias.

For the above three reasons it was determined that the time spent

working up the cost of production figures would be worthwhile. The

results are tabulated in Tables h3 and uh of appendix D.
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The cost to produce a bushel of wheat, except for the depression

and drouth years of the 1930's, has been.reduced at a relatively con-

stant rate when expressed in constant dollar values, l9lO-lh = 100.

During the depression years the downward trend was reversed and pushed

sharply upward in the hard.red winter and soft red areas. The white

area was not as affected by the combined effects of drouth and economic

conditions, thus did not have the sharply increased costs. The north-

ern Great Plains, due to the nature of the data and.methodology, showed

its sharpest decline in costs in the depression period. This decline

was due not to actual.reductions, but to the very little wheat produced

and the very small amount of resources allocated in this study to the

production of wheat.

The white wheat area has consistently been able to produce wheat

at lower cost per bushel than.any other area. High yields and size

of the wheat producing firm were important contributions to this effi-

ciency. The hard.red winter area produced wheat at a higher cost per

bushel throughout the period but reduced costs at a slightly more rapid

rate than did the white wheat area. In l95h wheat was produced at the

fellowing per bushel costs: white, 29.6 cents; hard red winter, 3h.h

cents; hard red spring, 59.6 cents; and the soft red, 63.5 cents.

It should be emphasized these are cost calculations adjusted to the

191041h price level and include charges for annual land use, labor, depre-

ciation and repair charge for machinery, fuel and oil (oats, corn and

hay for horses), fertilizer, machine hire, and seed. Expenditures not

included were taxes and interest on loans. Converted to the l9§h price

level the cost to produce a bushel of wheat was: white, 7h.6 cents;

hard red winter, 86.7 cents; hard red spring,$l.50; and soft red, $1.60.
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~In Figure 25 a comparison of the average per bushel costs and the

price of wheat for each area are compared. The dotted area represents

the average profit margins.

Each area has since l92h reduced the average cost of production

on a bushel basis. The hard red winter per bushel costs have been de-

creased since 192h by 63.1 percent or by 2.1 percent annually, the white

by 57.7 percent or 1.9 percent annually, the soft red by 56.5 percent

or 1.89 percent annually, and the hard red spring by 28.6 percent or

.95 percent annually.

‘Whereas the cost1 to produce the average bushel of wheat was

lower in l95h than in l92h, it does not assure that the per acre costs

were reduced. Lower 195h per acre labor costs had been largely offset

by the increased per acre capital inputs, such as fertilizer, higher

quality seed, and machine costs.

The two Great Plains areas were able to reduce the average per

acre costs of production slightly in the thirty year period, the hard

red spring by 27.9 percent and the hard.red winter by 25.6 percent.

The soft red area experienced only a 3.9 percent decrease and the white

area had a 28 percent increase in per acre cost of producing wheat.2

Over the thirty year Span there has been two per acre cost trends.

From l92h through 1939 the cost to produce an acre of wheat was sharply

reduced. In the last half of the span the costs have generally been

upward.

 

lccsts are in the term of a constant dollar, 1910-114 = 100.

25ee Table hh of appendix D.
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The Rate of Technological Change Over Time

Technology and the economic progress associated with its appli-

cation is not a continuous and evenly occurring phenomenon according

to Schultz.1 One of the purposes of this study was to seek evidence

in regard to rate of economic growth in four segments of the wheat in-

dustry and to determine whether or not there were changes in the rate

of growth. Each of the measures of productivity: land, labor, capi—

tal, and aggregate resources lend credence to the Schultz hypothesis.

An area by area and resource by resource analysis of the data was

made.2

Hard Red Winter

Changes in total resource productivity was Sporadic. Increasing

productivity to aggregate resources had begun by l92h and a sharp in-

crease was experienced in the following five years. However, this'

economic growth was curtailed by the double pressures of drouth and

depression the first five years of the 1930's. By 1939 the increas-

ing returns to inputs was in full evidence again. By l9hh a produc-

tivity peak was reached and in the following ten years there was only a

maintenance of this level. Almost all of the increase in total resource

 

lSchultz, T. W., Reflections 93 Agricultural Production, Output,

and Supply, Journal of Farm Economics, August, 1956:

 
 

 

'ZSee Figure 23.
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productivity of the l92h to 195h period occurred in ten years, l93h to

l9hh. As compared to the other three areas, the hard red winter area

has shown a more rapid rate of technological change.

Output per unit of land had a steadier and more consistent increase,

particularly when the bushels per acre were used as a measure.1 The

ratio of the deflated value of inputs to the deflated value of output

also showed a rather consistent growth. The Sharp rise after l93h

should not be attributed as much to change in land productivity as to

a change in economic and climatic influences which could not be entirely

removed in the analysis.

Labor productivity has risen at a fairly steady rate since l92h,

except for the severe depression period. There has been perhaps a

tendency for the rate of increase to slow in the last decade. On the

basis of bushels produced per man unit the average annual increase was

116 bushels. The average annual increase by five year periods was as

follows:

192k to 1929 178 bushels

1929 to 193h excluded because of abnormal conditions

l93h to 1939 excluded because of abnormal conditions

1939 to l9hh 1h? bushels

l9hh to l9h9 72 bushels

l9h9 to l95h 90 bushels

Labor productivity measured as the value of output per unit of value

of input Showed a similar pattern, as shown in Figure 23.

 

lsee Table 12.
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Changes in capital productivity follow almost an identical pattern

as did changes in the aggregate productivity. There was little change

from 192h through l93h. However, in the l93h to 1939 and 1939 to l9hh

periods there was a surge in capital productivity of 163 percent or

16.3 percent annually as compared to the 232 percent total or 7.7 per-

cent annual increase from l93h to 195h.

In the southern Great Plains productivity has not increased at a

steady rate in the thirty years prior to l95h. Technological develop-

ments responsible for changes in productivity apparently were adapted

in bursts that were closely associated with the prosPerity of the pro-

ducers. The fastest rate of growth was in the recovery period after

the 1930's depression and drouth and in the early war boom.years.

Hard Red Spring

If the abnormal years of the depression and drouth are drOpped

there has been a rather steady gain in productivity to aggregate and

individual resources in the hard red spring wheat area. Throughout

the historical period studied technological progress as represented

by the indices of productivity, Figure 2h, show this area to lag be-

hind all other areas in.rate of increase. In the post-depression

period the northern Great Plains have not only lagged in rate of in-

crease, but have lagged in absolute terms, Table 38 of appendix 0.

Only labor productivity has shown a significant increase since 1939.

Land and capital productivity has shown little change since 1939.

Total productivity increased Slightly, due to the rising labor pro-

ductivity.
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‘White

The abnormalities of the depression and drouth period of the

1930's did not produce as marked an interruption in the productivity

changes of the white wheat areas as was experienced in each of the

other areas. Throughout the thirty years studied the Pacific Northwest

has had a higher level of return to resources than the other areas. The

hard red winter and soft red areas have each increased productivity

at a more rapid rate than the white area. However, technological ad-

vances, particularly mechanization, were introduced in this area at

an earlier date than in the other areas, so that despite the differ—

ential rates of change in productivity, the white area has remained

the most productive. Labor productivity has increased more rapidly

than has capital and land productivity; as a result the total pro-

ductivity has increased more rapidly than the productivity of capital

and land.

Soft Red

Although the soft red area was the least efficient in wheat pro-

duction in.l92h, its productivity has increased more rapidly than the

other areas, except the hard red winter area, and in l95h had surpassed

the hard red Spring area in productivity. The changes in productivity

had largely occurred prior to l9hh. Since that time labor productivity

has been increasing very rapidly, land less rapidly, and capital pro-

ductivity has dropped rather rapidly. Consequently, total productivity

has remained fairly constant since l9hh.
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This chapter has been devoted to identifying and measuring the

changes in the productivity of resources used in wheat production in

the four selected regions of the United States. The changes in pro-

ductivity were indicators of the technolOgical changes that have

affected the industry and the individual producers. Chapter VII, the

final chapter, will summarize the conclusions, point out limitations,

and relate the findings to the problems of the wheat industry.
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CHAPTER VII

THE CONCLUSIONS AND THE IMPLICATIONS

OF THE CONCLUSIONS

The conclusions of this study do not always confirm generally held

notions concerning technological development. Agriculturalists have

for the last several decades marvelled at the constant flow of tech-

nology into farming. The increased productivity of agriculture has been

legendary. Article after article by the scientist, the journalist, or

the layman.has heaped praise upon the economic accomplishments in agri-

culture. Seldom has there been any dissent from this conclusion.

Schultz's and Cochrane's recent arguments concerning the uneven flow of

technology have not been widely accepted. Schultz's argument that out-

put-input ratios remain a constant 131 except when there is failure to

account for all of the inputs, especially the qualitative changes of

the inputs, has been received with skepticism.

Limitations

The conclusions of a scientific investigation.may be at least

partially drawn as a result of limitations of the methodology or the

data. Recognition of these limitations, this author believes,

strengthens the validity of the findings. Three factors influencing

this study may have had an effect upon the conclusions that are to be

outlined in this chapter.

First, for the purpose of this study a more restrictive definition

of technology was used than has been the case in many of the technology
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studies. What has often been considered technology, such as mechanization,

did not fall within the definition of technological progress. Such

changes were considered as changing the bundle of resources, that is,

substitution of one input for another. Only the act of gaining the

knowledge that made possible the substitution was considered to be tech-

nological advance. One of the weaknesses of studies of technology has

been the lack of precision in defining technology. The development of

a refined concept of technology may have influenced the conclusions,

but was a positive contribution to the develOpment of framework for tech-

nology studies.

Secondly, when only a portion of agriculture was considered, the

conclusions may be different from those drawn had the whole agricultural

industry been considered. Technology applicable to different types of

production occurs at different times, therefore the flow of technology

may have been rather steady for the whole, but very erratic for the

parts.

Third, empirical analysis was made difficult by the insufficient

data in apprOpriate form for technology studies. Error in judgment

used to solve the many and intricate methodological problems, of

course, may be reflected in the results of the analysis and in the con-

clusions drawn. However, there was no reason to conclude that the

error of judgment in this study was more or less than in the studies of

other technological researchers.
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The Hypotheses

Four general hypotheses were formulated for empirical testing. The

statistical analysis of Chapter VI and the historical analysis of Chap-

ter IV were directed toward finding clues in support of or not in support

of the following: (1) technological change in wheat production has been

sporadic, (2) the degree of specialization affected the rate of techno-

logical advancement, (3) size of the farm.in acres affected the rate of

technological change, (h) technological change was associated with the

level of income of the farmers.

Sporadic Economic Development

‘Wheat production in the four regions studied.has not been character-

ized by a steady increase in the productivity of the aggregate resources.

The 193h to l9hh period was a period of rapid increase in productivity

as a result of technology and substitution of the more productive re-

source, capital, for the less productive resource, labor. The initial

marginal rate of substitution quickly diminished. There had not been

accumulated a new backlog of technology, such as knowledge concerning

mechanical power, new varieties, and cultural practices ready for adOp-

tion in immediate post depression years. Conditions of recovery in the

general economy increased employment opportunities off the farms. Con-

sequently, a steady migration from.farm employment to industrial employ-

ment occurred as farm labor sought higher returns from..itS- labor. The

loss of labor on the farm coupled with the increased productivity of

capital.resulted in a rapid substitution of capital for labor. The out-

break of world War II intensified the labor shortage, thus continuing

the conditions that encouraged resource substitution. Improving economic
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conditions affected farm incomes favorably. Improved income position of

farmers offset the inadequate credit facilities available, by giving

them profits to invest or the collateral to mortgage for increasing cap-

ital inputs.

The conditions that stimulated the burst of increased productivity

diminished after l9hh. The subsequent period has been characterized by

little change in productivity of the resources in aggregate. The accu-

mulation of new knowledge that would change the relative marginal pro-

ductivity of the resources has not recurred. The same general conclus-

ion can be drawn.for each of the types of inputs used in wheat pro-

duction as could be made for the aggregate input.

Based upon these conclusions, a generalization eXplaining economic

growth resulting from technological change in wheat production can.be

made. Had the change been in a steady flow a model for change in re-

source productivity could have been constructed that showed a continu-

ous shift to a higher production plane. As technology affected the

production coefficients, each shift to a higher production plane would

be accompanied by a continuous recombination of resources. Unless the

price-cost ratios became less favorable the pressure would be to use

more resources. The fellowing is a geometric presentation of this con-

cept. In the initial time period (t) the production would be on the

plane represented by 0t using 0x1 resources to produce Oyl product.

At this combination of resources the industry approximates equilibrium.

The inflow of new knowledge increases the productivity of the resources

so that in period t + l the productive process will be on 0t1 plane

when using 0x1 resources. Technology affected the technical coefficients
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so that at Oyz production disequilibrium condition exists and a re-

source adjustment is made to use 032 resources to produce oy3 product,

the new equilibrimn condition. In each new production period this

process would be repeated.

t
Output 3

 

 

  

 

 b 
0 x1 x2 I

Input

Fig. 26. The effect of technology and resource

substitution on an industry.

In this study of four segments of the wheat industry, evidence

indicates changes in resource productivity which have encouraged re-

source recombination. The technology that caused the disequilibrium

conditions to arise has . not entered the wheat industry in a steady.

flow. In most of the thirty year period the shifts from one production

plans to another have been imperceptible for any one production period.

The shift to a higher production plane appears to have occurred in a

very short time period, 1935-1941;. There was a quick rise in the index



11:8

of productivity1 in the immediate post depression period. Economic

change in wheat production has come in spurts followed by periods of

resource adjustment, which can be explained by a model such as Figure 27.

 

 

 

 

 

    
 

Y

3'5 Y2 Total, product,

3'2 / 1915-19511
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Production yl 1;/ ' 9 h 931‘

0 x2 :1 X3 1

Total Inputs

Fig. 27.. A model of the changes in the productivity

of resources used in wheat

production.

Wheat production in 1921; was at 0y1 level, Figure 27, when 022 re-

sources were employed. The process of mechanization had just begun. As

a result the next decade was characterized prmrily by resource recom-

bination with perhaps a slight movement to higher production planes.2

The principal adjustment was the introduction of new capital with little

change in land and labor.

 

1'See Figure 2h.

2The small , bands represent the narrow range of the production

planes in l92h-3h and l9hS-Sh.
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Following the depression each of the wheat areas had a burst in

productivity. This sudden increase in productivity appears to have re-

sulted primarily from new knowledgel which had increased the efficiency

of resources. Simultaneously and immediately following the innovations

resource adjustments were made possible by the off-farm opportunities

for employment. As labor was pulled from.the farms by these Opportun-

ities a recombination of the capital-labor resources were possible and

necessary. ‘Wheat production in a very few years, l93h-hh, moved from

the Y1 plane of production to the Y2 plane. Still using 0x1 inputs the

'wheat industry would have produced Oyz wheat. The gain in total pro-

duct was ylyg. The increased efficiency of resources should have re-

sulted in the use of more factors OxB producing oys wheat. Farmers

responded in just this manner, which resulted in surplus production,

causing government to intervene with acreage restriction programs,

thus forcing a decrease in resources used for wheat production. Rather

than increasing to 0X3 units of input, there was a decline to exp units.

The increased productivity of resources permitted an increased output

fromoy1 to(3y3.

The hard red winter, soft red, and the white areas follow the

pattern of Figure 27. The hard red spring area has not shown the

same surge in productivity, such as characterized the other areas, nor

has it had a very significant steady incline. Thus it more closely

 

1Examples: introduction of new varieties, time of plowing and

planting, disease and insect control.
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conforms to Figure 26. The development of new yield increasing varie-

ties such as Tenmarq and Pawnee in the southern Great Plains has not

taken place in the hard red.3pring wheat area.1 The biological and

climatological hazards were much greater in the northern Great Plains.

These factors complicated the breeding of yield increasing wheats.

The evidence substantiates the lumpiness of technological ad-

vances. Varietal and cultural innovations in.wheat productionvvere

ready for wide adoption by l9h0. The importance of yield increasing

varieties was demonstrated in the differences among the four areas,

particularly the most rapid rate of increase in the hard red winter

wheat area. Early results of genetic knowledge applied to wheat

breeding problems came in varieties grown in the southern Great Plains.

Prior to 1929, Turkey Red, or some of its selections, was the dominant

wheat variety. Tenmarq, the result of scientific crossbreeding, was

released for farm production at this time. By the late 1930's a

second new variety, Pawnee, began the rapid replacement of Tenmarq.

The productivity surge followed these varietal innovations. In other

areas, new variety develOpment lagged and the yield effect of the re-

leased varieties was less pronounced. Improved soft red varieties

were developed at a later date; however the hard red winter varieties

began the replacement of standard old varieties in the soft red area

prior to the development of Thorns, Fairfield, and Vigo. White wheat

 

1Salmon, 3. C. and Reitz, L. P., Distribution of the Varieties

and Classes of Wheat in the United States in l95h, Agriculture Hand-

book No. 108, United States Department of Agriculture, 1957.
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had two pOpular varieties, Golden and Federation, prior to 1939 and no

other important change until Elmar was released in the early 1950's.

The hard red spring area had no new varieties comparable to the winter

wheat area. Figure 28 illustrates the changes in productivity as re-

lated to variety improvements for each of the areas for the l92h to l95h

period. Across the top,the dates new varieties became important are in-

dicated by the series of x's. It should be noted that the hard winter

wheat increased productivity more rapidly than the other areas. Also,

in this area varietal improvement preceded the varietal improvement of

the other areas. The development of Tenmarq and Pawnee wheat seemed

to explain the increase in productivity in the hard red winter area.

x x x x Hard red winter

x x x Soft red

. New

x x x White varieties

x x x Hard red Spring

Index of ,
Productivity

rd red winter

 
 

1921; 1931; 19m {951;

Fig. 28. The time relationship between new varieties and

changes in productivity in four wheat

producing areas, l92h to l95h.
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Specialization and Economic Development

If all other factors had been equal among acres then the signif-

icance of the degree of specialization on economic development could

have been more accurately determined. The importance of specialization

would be greater in a study comparing regions within one of the types

of wheat areas. Between areas the level of income, varietal development

differences, and degree of hazard overshadowed the importance of ape-

cialization on rate of technological development. All innovations were

not equally applicable among areas.

The northern Great Plains had the highest degree of specialization

of the four areas studied. The southern Great Plains the second high-

est, followed by the Pacific NOrthwest and eastern Cornbelt. In no

case did increase in productivity follow the order of Specialization.

The southern Great Plains were not nearly as specialized in small

grains as the northern Great Plains but had a faster rate of economic

development. The other two areas fairly closely fit the expected pattern.

If the hard red spring area is considered an exceptional case, then

it could be generalized that specialization affects economic growth.1 The

evidence certainly does not conclusively support such a generalization.

 

1The author thinks that to make specialization the cause and the rate

of innovation the effect may be inapprOpriate. Perhaps the case is really

the reverse. Providing there exist adapted innovations for the area, the

area may be stimulated to specialize as a result of innovation. The in-

novation must be cost reducing to be adopted. The comparative advantage

position in producing wheat of the area becomes more favorable vis-a-vis

other areas to which.the innovation was unsuited and more favorable for

wheat relative to other crOps presently grown. Therefore an area such as

the hard red winter specialized as wheat became more profitable for the

producer. In the hard red spring area even though the rate of growth was

slowest of all areas the small improvement may have been sufficient to

encourage specialization.due to the relative position of wheat to alter—

natives in the area.
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Size of Operation and Economic Development

The average acres in farms and the average investment in wheat

production were used as indicators of size of Operation. It was not

possible to explain productivity differences among areas by size of

operation.

By either indicator of size the areas were ranked, first, white;

second, hard red winter; third, hard red Spring; and fourth, soft red.

In no case did the ranking of size of Operation coincide with a rank-

ing of increases in.productivity.

A study comparing increased productivity and size of Operation

among individual farms within one area may provide greater evidence to

support the hypothesis that size influences the rate of technological

advance.

Size of operation was closely associated with level of productivity.

output

 

The most favorable ratios1 were in those areas with the largest

input

farms. The white wheat area had a higher level of productivity at the

beginning of the period studied and despite a slower rate of increase

than the hard red winter and soft red still had the highest level of

productivity in l95h.

Level of Income and Economic Development

Level of income and level of productivity were closely associated.

The areas with the highest incomes had the highest level of productiv-

ity. The exception was the soft red area wiere income per farm was

 

1See Table 38 of appendix c.
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lowest, but the productivity ratio was higher than the hard red Spring

ratio. There was not a similar relationship between income and rate of

change in productivity.

Table 2b. A comparison of average level of income per farm, input-

output ratio, and the average rate of increase in pro-

ductivity in.four wheat regions, l95h.

 
v.“

Average level 8 Output : Average rates—-

of income per 2 Input , l95h : of increase

:
 

farm, l95h in productivity ‘

‘White $20,1h6 ' 2.928 . 2.2

Hard red winter 9,796 2.587 5.8

Hard red Spring 5,693 1.5h9 1.6

Soft red b,3h3 1.601 2.7

 

Cost of Production

The cost of production analysis demonstrated the cost reducing

nature of the technological developments in wheat production. In

every area studied there has been almost a continuous decline in the

real cost of producing a bushel of wheat, l92h to 195hn1 In the sub-

sequent period there was doubt that per unit costs have declined.

Depsite the shortcomings of cost of production work the figures

calculated in Table h} provide some insight into the nature of costs

by areas. Size of operation is necessary to reduce the per unit costs.

As technology was adOpted the unit costs dropped. The l935-l9hh tech-

nological surge was accompanied by a sharp drOp in unit costs. After

the l935-l9hh low there were even slight per unit increases.

 

lAll input data was expressed in terms of the 19lO-lh price level.
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The Policy Implications of Technological Advances

in Wheat Production

Discoveries of knowledge have not been predictable. Nor has the

application of scientific discoveries been predictable. One of the

greatest strides in improving the output-input relationships in wheat

production has been the development of new varieties through application

of genetic principles. The basic genetic discoveries were made in 1865

by Mendel. The results of this work were not applied to the wheat in-

dustry for nearly 50 years and success in application took fully 75

years after his work was completed. Scientific discoveries of this

century may have great potential, yet may not be applied for long

periods of time. There is evidence that the gap between discovery and

innovation may be narrowing.1 Regardless of the time necessary for

innovations to affect the productive process, the policy consequences

both fer the individual and for the public are considerable.

Had the technological surge of the late 1930's and the early l9h0's

not coincided with WOrld War II and the following economic aid programs

to Europe and Asia, the economic consequences would have been.much dif-

ferent. Prior to the war, the wheat industry faced a demand curve such

as DlDl’ characterized by its relative inelasticity. Innovations were

pushing the supply function rm idly upward. As a result prices had

dropped without a proportionally great increase in sales. Farm incomes

sagged. Government programs had not successfully solved the prOblem.

 

1Two years after hybrid grain sorghum was available for planting,

almost all Kansas grain sorghum producers had switched to hybrid seed.
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Fig. 29. The nature of the demand curve for wheat in two time

periods, 1930 to l9h0 and l9h5 to 1950.

After the termination of the war the rebuilding of war torn Europe

anthsia not only increased the quantity saleable at higher prices, but

pushed the demand curve to the right. Increased demand temporarily

solved the problem, but also provided the basis for a more serious supply

prOblem in the 1950's. Technology made possible the reduction of per

unit costs. Coupling this with higher prices and the public urging to

produce more as a patriotic duty provided the wheat farmer a triple in?

centive to.increase wheat production. So long as these conditions, in-

creasing demand and falling costs, continued both the industry and the

individual improved economically by increasing production through further

innovation and employment of more resources.

156



157

Cessation of aid programs to Europe returned the wheat industry to

prewar demand conditions. 'Without price supports, price would have

fallen to very low levels. 'With price supports, supply exceeded de-

mand and surpluses resulted. Production controls were ineffective, be-

cause policy makers did not fully understand the power of adoption of

technology or the extent it would pay farmers to reorganize resources

due to the result of the changes in the production coefficients after

the adoption.

So long as sufficient innovation takes place to make it advanta-

geous to substitute capital for labor and land, simple acreage retire-

ment at present levels will not affect total supply. With present

price relationships and substitution relationships wieat farmers will

continue to make the resource substitution that will maintain pro-

duction.

Continuation of such a program can be justified only if:

1) Technological advances in the future will be at

a slower pace than in the past.

2) Demand shifters will be successful.

Even if there may be no immediate prOSpect for a surge in tech-

nology comparable to the 1935 to l9hh period there is evidence that

there will be continuous small gains. New varieties are being re—

leased almost annually, which have at least slight yield advantages

over the Old varieties. Cultural practices, such as timeliness, weed,

insect, and disease control, methods of soil preparation and fertili-

zation also provide the basis for increased productivity of resources.

Dramatic technological advances, comparable or exceeding those of the



158

1920's and 1930's, appear to be just around the corner. If plant

breeders are successful in producing hybrid.wheat the yield increases

may be by fifty or one hundred percent. Producers will be eager to

plant the new variety, as demonstrated by the grain sorghum producers.1

The surge in wheat productivity, such as the 1935 to 19hh surge, may

occur in a one or two year period.

The Kansas experiment station staff point out the technical possi-

bility of the change in the molecular structure of other sources of

protein to duplicate the highly Special protein, gluten, of wheat.

Such a technological advance would have greatly different effects

than one intended to increase productivity of resources used in wheat

production.

Cochrane has concluded that agriculture, in general, is in its

earliest phases of the technological revolution. There appears to be

no reason his conclusion does not apply to the wheat industry. The

expectation of important technical advances further complicates the

wheat supply-demand situation by destroying the national reliance upon

a hOpe that technology would soon move ahead at a slower pace than the

growing population. Nor are there important indicators to justify the

second national hope-the possibility of changing demand for wheat.

Per unit costs can be expected to fall even further, perhaps very

rapidly if an important innovation takes place. In the absence of

 

1It should be noted that it is largely the same group of farmers

who raise wheat in the southern Great Plains who also raise grain

sorghum.
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price supports, the price of wheat would fall even more than costs.

Price supports without effective production control will continue the

surplus problem.

In conclusion, technical progress in wheat production seems in-

evitable and necessary for increasing the economic welfare of the society

in general. As the productivity of the resources change, resource ad-

justment problems will intensify. Vigorous public policies will be nec-

essary to facilitate the changes.

Productivity in wheat production has increased annually on the

average by 5.8 percent for hard red winter, 2.? percent for soft red,

2.2 percent for white, and 1.6 percent for hard red spring. Assuming

a constant level of inputs, predictions can be made as to level of pro-

duction in future years.

Production in 1970 and 1980 was estimated at three levels of tech-

nological advance. First, assuming that there will be a new burst of

technology comparable to the 1930's, the average rate of technological

progress since l92h was used as a basis for estimation. Second, it

was assumed that some new scientific breakthrough would greatly affect

productivity and estimation was made on the basis of double the l92h to

l95h rate of increase in productivity. Third, it was assumed there

would be no new surge in productivity, but a steady slow growth similar

to the period since 19h0. The surge years were dropped and estimation

was made based on the changes since 19h0. The results of these esti-

mations are recorded in Table 25.



Table 25. The predicted wheat production in the United States, by

classes, assuming three rates of technological progress,

1970 and 1980.

160

 

 

Millions of bushels of wheat produced with three

levels of technological progress
 

1970 1980
 

:Average:Average:Double :Average

:1953-5h:l92h-5h:average:192h-5h

:Average:Double :Average

:l92h-5h:average:192h-Sh

 

Area :produc-: rate :192h-5hzdropping: rate :l92h-5h:dropping

: tion 3 3 rate :193h-39 3 rate :193he39

: : : 5period : 3 period

Hard red winter h96 930 1,h80 590 1,210 1,952 650

Hard red spring 180 210 275 195 250 350 205

‘White 183 2ho h03 153 280 380 133

Soft red 202 250 298 200 282 360 195

 

Schnittker estimates a slight increase, one percent per year, in

total wheat utilization, based upon the leveling off of the drOp in per

capita consumption in recent years.

200 -

Index of

Production

1950 = 100

100

1950

 

 

192h-5h rate

_______________ Estimated consumption
 

 

1960

Year

1970

‘ l9hO-5h rate

Fig. 30. The estimated rate of increase in productivity

and rate change in utilization of wheat,

1950 to 1970. Source: Table 25.
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If the increase in productivity of resources used in.wheat pro-

-duction were to continue for the next two decades at the average rate

of the last thirty years, the surplus problem will continue. The thirty

year average was most affected by the post depression surge in produc-

tivity. were the future not to have such a surge in productivity, then

the prospects are excellent that the wheat surplus is only a temporary

problem. This author, after some rather intensive study of wheat proe

duction, concludes that an increasing rate of technological change is

more probable than a continuation of the post 19h0 rate. The optimism

of scientists in the areas of plant breeding, disease and insect con-

trol, and radiation, along with the evaluation of leading agricultur-

alists, support this conclusion.

The implications for the individual farmer, for the wheat industry,

and for society as a whole are clear. Individual producers will not

only be forced by economic pressures to adopt innovations but will be

eager to adOpt. The innovations will increase the productivity of the

aggregate resources, thus, increasing the production of wheat. In-

creased productivity of the resources will encourage employment of more

inputs, which also will result in increased production. Under a free

price system the increased supply will cause the price of wheat to fall

without a comparable increase in consumption. The gross return to the

wheat industry will be less after innovation. Un the average each pro-

ducer will have a lower income unless there is a movement of producers

out that more than offsets the total income decline. The individual

who does not adopt the innovation will have even a lower income, inas-

much, as he will have the old higher cost schedule and the new lower
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price schedule. The producer in the wheat industry is caught on the

Cochrane treadmill. He has no alternative but to make the decision to

adopt which sets in motion the forces that will lower his income.

The society as a whole benefits in terms of higher quality wheat in

abundant supply and produced at low cost. Consumer welfare depends on

increased productivity in agricultural production.

Public programs to assist the wheat industry can be based upon

policies to regulate the supply of wheat through control of the rate

of technological innovation or through limitation of resources de-

voted to wheat production. The regulation of technology, thus slowing

economic progress in the wheat industry, does not appear justifiable.

If the disruption to cultural and social institutions has undesirable

effects which more than offset the economic benefits, then an argument

can be made to slow'the rate of increasing productivity. Such a policy

would be a reversal of the historic policy of publicly stimulating

technological development. Continued technological innovations in

wheat production will necessitate the continuation of programs that

aid the industry and the individual producers in determining and making

the necessary resource adjustments.
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APPENDIX A

Computation of the Rate of Substitution

of Tractors for Horses



Table 26.

169

The relationship between number of tractors on farms and

number of horses on farms for a Specialized wheat region

of the hard red winter wheat area, l92h to l9Sh.

 

 

: Number : Number :

 

 

: of z of : : = :

Year: hcises :tra;tor8: Log X : Log Y : ng X Lpg YiLong :E8t¥%ated

192A 2h8,809 8,762 5.39586 3.9h260 21.2737 29.1153 12,310

1929 156,017 19,183 5.19318 b.28291 22.2119 26.9691 15,3h0

193A 125,691 19,389 5.09930 8.28751 21.8633 26.0028 17,170

1939 65,511 2h,652 b.81631 h.39185 21.1525 23.1968 2h,110

19th 59,121 28,587 8.77173 h.h5616 21.2635 22.769h 25,hh0

19h9 31,h71 35,890 h.h9791 h.55618 20.8932 20.2311 35,330

195A 17,737 'hl,h88 b.2h885 8.61792 19.6208 18.0527 87,680

Sums b.0231h 30.53513 1h?.9091 166.337h

Y-db

Log Y’= Log a + b Log X

Na 4- b£(X) -£(Y) = 0

ea :- 1041:?) 4n = 0

7a + 3h.0231ub - 30.53513 = 0

3h.0231ua + 166.337b53b - 1h7.909181 = 0

.2057h2a +‘b - .897h81

.20h5h2a + b - .889211 3 0

.001200a — .008270 3 O

.0012a = .0082?

Log a - 6.89166

U
‘
I
l
fl
'
n
’

+ h.888950b - h.3h7311

.028502b - .0111850 = O

.028502b = .OlhBSO

- -0 521016
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Table 27. Calculation of the correlation coefficient for the relationship

between tractors and horses for a specialized hard red winter

wheat area, 1924 to 1954.

3 Calculation 01'ny : Calculation of $21

3 :Deviation: Deviation x Estimated: :

:Tractorszfrom mean: from.mean2 : tractprs : 3

Year 3 Y :Y-Y=y: yz : Y :Y-Y=?: 32

1924 8,762 -16,660 277,555,600 12,310 -3,548 12,588,304

1929 19,183 - 6,239 38,925,121 15,340 3,843 14,768,649

1934 19,389 - 6,033 36,397,089 17,170 2,219 4,903,961

1939 24,652 - 770 592,900 24,110 542 293,764

1944 28,587 3,165 10,017,225 25,440 3,147 9,903,609

1949 35,890 10,468 109,579,024 35,330 560 313,600

1954 41,488 16,066 258,116,356 47,640 -6,152 37,847,104

Sums 177,951 0 731,183,315 80,638,991

Mean 25,422

1% I~2

2 _ 731,183,315 2 = 80,638,991
6‘ Y — 7 S Y 7

Wait = 104,311,902 SZY = 11,519,856

r _ "1 SzY

C'ZY

r = 1 ,519,856

‘ 104,311,302

 

r =fi- .1104367

= .889564’
1

r = .943167
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The relationship between number of tractors on farms and

number of horses on farms for a specialized wheat region

of the hard red spring finest area, 1928 to 1959.

 

 

Number 3 Number

 

 

8 of of 3

Year: hc;ses :tragtors Log X 2 Log Y : Epng L g Y:Log_X2 :E6t1¥§ted

1928 503,292 11,799 5.70182 8.06151 23.1580 32.5017 25,880

1929 835,215 27,060 5.63870 8.83233 28.9925 31.7989 27,370

1938 382,815 n.a. 30,880

1939 287,239 33,092 5.39298 8.51971 28.3785 29.0838 36,820

1988 210,809 88,068 5.32286 8.68185 28.9208 28.3328 39,550

1989 112,032 67,168 5.08932 8.82718 28.3737 25.8956 58,280

1958 65,690 78,813 8.81750 8.89839 23.5787 23.5787 71,050

Sums 31.92318 27.81693 185.3988 170.7876

Y - dxb

Log Y = Log a + b Log X

Na +55 (X

afiX + b£(X

- £(Y)

3) -£XY

6a + 31.92318b - 27.81693 : 0

31.92318a + 170.78768b - 185.39882 = 0

.18795a 4 b - .85888 3 O

.18692a 4 b - .85138 = 0

.001038 - .00750 3 0

.00103a = .00750

a 8 7.28155

a + 5.32052b - 8.56989 ' 0

a + 5.38996b - 8.55868 = 0

-.029M.Lb "' 0011185 - 0

- .02988b - .01885

b . -.50881
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Table 29. Calculation of the correlation coefficient for the relationship

between tractors and horses for a specialized hard red Spring

'wheat area, 1924 to 1954.

8 Calculation of O'2Y 3 Calculation of SzY

: :Deviation: Deviation : Estimated: :

:Traotorszfrop mean: from mean : trac¥ors : 3

Year 3 Y : Y-Y = y 3 ya : :Y—Y = 5? z 9‘2

1924 11,799 32,467 1,054,106,089 25,440 13,641 186,076,881

1929 27,060 17,206 296,046,436 27,370 310 96,100

1934 N.A. 30,880

1939 33,092 11,174 124,255,607 36,420 3,328 11,075,584

1944 48,068 3,802 14,455,204 39,550 8,518 72,556,324

1949 67,164 22,898 524,318,404 54,280 12,884 165,997,456

1954 78,415 34,147 1,166,017,609 71,050 7,363 54,213,769

Sums 265,596 3,179,199,351 490,016,123

Mean 44,266

A

G‘ZY = —‘Nfi SZY : __.(_%.__

G'ZY’= 3,179,199,351 SZY'= 490,016,123

2
.1311 = 529,866,558 8 Y = 81,669,354

 

 

 

__ 1 SzY
1' - - ‘72-?

_ 81L669,354

" " r ' 529,866,558

H II

’
1 ll

v.845868

.91651
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Table 30. The relationship between number of tractors on farms and

number of horses on farms for a specialized wheat region

of the white wheat area, 1928 to 1958.

: Number : Number : 3 : . 3

3 of : of 3 3 z : 3 -

: horses :tractors: 3 : 3 :Estimated

Year: I 3 Y 3 Log_X 3 Log Y 3 Log X Log Y:Log_X2 : Y

1928 102,728 1,017 5.00170 3.00732 15.0817 25.0170 1,833

1929 73,099 2,030 8.86391 3.30750 16.0873 23.6576 2,003

1938 62,817 n.a. 2,351

1939 35,527 8,161 8.55056 3.61920 16.8693 20.7076 8,290

1988 28,607 5,637 8.85688 3.77105 16.8056 19.8602 5,390

1989 18,588 9.075 8.16388 3.95785 16.8800 17.3379 11,080

1958 10,277 12,653 8.01186 8.10875 16.8837 16.0950 15,990

Sums 27.08839 21.77167 97.3678. 122.6753

Y - uxb

Log’Y = Log a + b Log X

Na 3 b£(X) -£(Y) = 0

5,11 4. bf(X2) -zxr - 0

27.088398 + 122.675356 - 97.36783 = 0

.22182 + b - .80892

.22089 3 b - .79370

.00133a = .01122

O

0

a g 80 ’43609

t 8.50807b - 3.62861 = O

t 8-53580b - 3.59976 = O
 

.02733b - .02885 . 0

.02733b - .02885

= -1.05561O
‘
l
l
m
m
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Table 31. Calculation of the correlation coefficient for the relationship

between tractors and horses for a specialized White wheat area,

1924 to 1954.

 
 

 

 

 

  

 

 

3 Calculation of er 3 Calculation of 82‘!

3 3Deviation3 Deviation 3 Estimated: 3

:Tractors 3from.mean3 frommean2 3 tractors 3 3

Year 3 Y 3 Y-Y=y 3 yz 3 3 Y-Y =3}: V2

1924 1,017 -4,745 22,515,025 1,433 416 173,056

1929 2,030 -3,732 13,927,824 2,003 27 729

1934 N.A. 2,351

1939 4,161 -1,601 2,563,201 4,290 129 16,641

1944 5,637 - 125 15,625 5,390 247 61,009

1949 9,075 3,313 10,975,969 11,080 2,005 4,020,569

1954 12,655 6,891 47,485,881 15,990 3,337 11,135,569

Sums 34,573 0 97,483,525 15,407,029

Mean 5,762

2 5223

2 _ 97,483,525 2 = 15,407,029

V‘ Y’— 6 S Y 6

wait = 16,247,254 SZY = 2,567,838

r = 1 SZY

(Zr

r = 1 2,567,838

' 16,247,254

 

r zf - .1580475

r = [1.8419525

r = .91652
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Table 32. The relationship between number of tractors on farms and

number of horses on farms for a general farming region

with a wheat specialty of the soft red wheat area, 1928

to 1958.

 

 

3 Number : Number 3

3 of : of 3

t
o
.

o
.

o
.

t
o

“
-
"
O
.

 

Year: noises :tragtors: KY X2 Estipated

1928 225,085 7,988 1,788,975,580 50,663,257,225 2,328

1929 173,269 15,931 2,760,388,839 30,022,186,361 21,322

1938 n.a. 28,765

1939 186,357 31,729 8,683,761,253 21,820,371,889 31,188

1988 102,723 83,066 8,823,868,718 10,552,018,729 87,188

1989 58,898 63,881 3,859,333,618 2,969,596,036 68,865

1958 23,262 81,160 1,887,983,920 581,120,688 76,315

Sums 725,190 283,315 18,968,231,528 116,181,506,888

 

Y = a + bX

Na + b£(X)2- £(Y) = O

aiX + b£(X2 ) - £(XY) = 0

6a + 725,190b - 283,315 = 0

725,190a + 116,181,506,888b — 18,968,231,528 = 0

.00000827a + b -.33552

.OOOOO628a + b -.16329

.OOOOO203a = + 17223

a = 88,882.3685

a + 120,865b - 80,552.50 =

a + 160,1510 - 26150.3868 = 0

-39,286B;= 18,802.1532

b = -.36660

O

O
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Table 33. Calculation of the correlation coefficient for the relationship

between tractors and horses for a specialized soft red wheat

area, 1924 to 1954.

8 Calculation ofj[:2Y’ 8__3 Calculation of SZY

3 3Deviation: Deviation 3 Estimated: 3

:Tractors:from.mean3 frommean2 3 tractors 3 3
._ A A

Year 3 Y 3 Y—Y = y 3 yz 3 Y 3Y—Y = y 3 ‘92

1924 7,948 -32,604 1,063,020,816 2,326 5,622 31,606,884

1929 15,931 -24,622 606,242,884 21,332 -5,391 29,062,881

1934 N.A. 24,765

1939 31,729 - 8,824 77,862,976 31,188 541 292,681

1944 43,066 2,514 6,320,196 47,184 -4,118 16,957,924

1949 63,481 22,928 525,693,184 64,865 -1,384 1,915,456

1954 81,160 40,608 1,649,009,664 76,315 4,845 23,474,025

Sums 243,315 0 3,928,149,720 103,309,851

Mean 40,552.5

2 2

PZY = N2 SZY = __g%L

3,928,149,720 2 _ 103,309,851

8" 2Y = 654,691,620 SZY = 17,218,308

r 1 -§:X

6’ Y

r ___ 71 _ 177218388

654,691,620

r ={f- .028st8

r = v.9737002

H u .98676248
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APPENDIX B

The Annual Services Rendered in the

Production of'Wheat



T
a
b
l
e

3
8
.

A
n
n
u
a
l

s
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d

b
y
e
a
c
h

o
f
t
h
e

f
a
c
t
o
r
s

o
f
p
r
o
d
u
c
t
i
o
n

i
n

t
h
e

p
r
o
d
u
c
t
i
o
n

o
f
W
h
e
a
t

i
n

t
h
e

s
e
l
e
c
t
e
d

r
e
g
i
o
n
s

o
f
t
h
e

h
a
r
d
r
e
d
w
i
n
t
e
r
w
h
e
a
t

a
r
e
a
.

A

 

8

3
1
,
0
0
0

3

S
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d

i
n

c
o
n
s
t
a
n
t

d
o
l
l
a
r
s

(
l
9
1
0
-
l
4
=
1
0
0
)

3

3
C
a
p
i
t
a
l

i
n
v
e
s
t
m
e
n
t

3
C
u
r
r
e
n
t

e
X
p
e
n
d
i
t
u
r
e
s

3
3
T
o
t
a
l

3
6
3
1
1

-
3

3
a
f
‘
e
r
t
i
-
3
P
e
t
r
o
-
3
M
a
c
h
i
m
3

3
H
o
r
s
e
-
3

3
3
s
e
r
v
i
c
e
s

:
H
o
r
s
e
s
4
3
T
o
t
a
l

s
l
i
z
e
r

3
1
e
u
m
5

3
h
i
r
e

3
S
e
e
d

3
f
e
e
d

3
T
o
t
a
l

3
L
a
b
o
r

3
r
e
n
d
e
r
e
d

3
v
a
l
u
e

o
f

3

3
'
w
h
e
a
t

3

3
p
r
o
d
u
c
e
d
1

3

3
3
1
,
0
0
0

3

Y
e
a
r
3
(
1
9
1
0
-
1
4
=
1
0
0
)
3
L
a
n
d
2

3
m
e
n
t

1
9
2
4

1
9
2
9

1
9
3
4

1
9
5
9

1
9
4
4

1
9
4
9

1
9
5
4

5
4
,
9
2
7

5
8
,
2
9
5

2
1
,
5
4
1

5
5
,
8
9
7

7
6
,
5
0
1

8
8
,
1
0
2

6
8
,
9
0
9

5
,
1
5
8

8
,
0
8
8

4
,
7
9
8

5
,
5
5
2

8
,
5
9
0

8
,
1
5
5

5
,
6
8
6

1
,
5
9
0

2
,
2
8
8

1
,
5
5
0

8
9
2

2
,
0
2
5

2
,
9
7
5

5
,
6
8
7

6
5
9

2
6
1

2
7
4

8
9

8
7

1
5

1
0

2
,
0
4
9

2
,
5
4
7

1
,
8
0
4

7
8
1

2
,
1
1
0

2
,
9
8
8

5
,
8
9
7

N
A

N
A

N
A

N
A

N
A

N
A

5
0
7

9
8
9

1
,
8
8
0

N
A

1
,
2
5
5

2
,
4
7
4

5
,
0
4
9

5
,
2
9
8

N
A

N
A

N
A

N
A

N
A

1
,
7
4
8

1
,
8
9
8

7
,
0
8
7

1
1
,
1
8
9

5
,
7
8
5

5
,
5
7
0

4
,
6
7
0

5
,
2
9
0

5
,
5
5
2

8
,
8
1
0

4
,
5
9
1

5
,
5
2
4

9
7
2

1
,
6
0
5

8
0
6

4
7
6

1
6
,
6
6
8

1
7
,
6
4
0

9
,
0
8
9

5
,
7
9
5

8
,
7
4
7

1
0
,
8
9
3

9
,
5
2
9

1
5
,
5
5
5

1
4
,
6
1
5

7
,
2
8
8

4
,
4
8
9

1
1
,
4
9
4

8
,
6
5
6

3
7
,
2
0
6

4
2
,
8
8
8

2
2
,
9
5
7

1
4
,
4
1
7

2
8
,
7
4
1

5
0
,
6
5
2

2
6
,
6
3
3

 

1
F
i
v
e
-
y
e
a
r

m
o
v
i
n
g

a
v
e
r
a
g
e

o
f
b
u
s
h
e
l
s

o
f
W
h
e
a
t

p
r
o
d
u
c
e
d
w
a
s

u
s
e
d
.

2
A
n
n
u
a
l

l
a
n
d
u
s
e
w
a
s

c
a
n
p
u
t
e
d

o
n
t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

c
o
s
t

o
f
u
s
i
n
g

l
a
n
d
w
h
i
c
h
w
a
s

c
o
n
s
i
d
e
r
e
d
t
o

b
e

t
h
e

i
n
t
e
r
e
s
t

r
a
t
e

(
:
1
l
o
n
g
-
t
e
r
m
m
o
r
t
g
a
g
e
s
.

3
A
n
n
u
a
l

e
q
u
i
p
m
e
n
t

u
s
e
w
a
s

c
q
n
p
u
t
e
d

o
n
t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n
,

u
s
i
n
g

a
s
t
r
a
i
g
h
t

l
i
n
e
m
e
t
h
o
d

w
i
t
h
a
n
e
s
t
i
m
t
e
d

l
i
f
e

o
f

1
0
y
e
a
r
s
.

T
e
n
y
e
a
r
s
m
a
y

b
e

a
s
a
n
e
w
n
a
t

l
o
w
a
v
e
r
a
g
e

e
x
p
e
c
t
a
t
i
o
n

f
o
r

t
h
e

l
i
f
e

o
f
e
q
u
i
p
m
e
n
t
,

b
u
t
w
i
l
l

h
a
v
e

t
h
e

e
f
f
e
c
t

o
f

c
a
n
p
e
n
s
a
t
i
n
g

f
o
r

r
e
p
a
i
r

e
x
p
e
n
s
e
s
w
h
i
c
h
w
e
r
e

n
o
t

a
c
c
o
u
n
t
e
d

f
o
r

e
l
s
e
w
h
e
r
e
.

4
A
n
n
u
a
l

h
o
r
s
e

u
s
e
w
a
s

c
o
m
p
u
t
e
d

o
n
t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n
w
i
t
h

a
n
e
s
t
i
m
a
t
e
d

l
i
f
e

o
f

1
5

y
e
a
r
s
.

S
o
u
r
c
e
:

V
a
u
g
h
a
n
,

H
e
n
r
y

1
7
.
,
T
y
p
e
s

a
n
d
M
a
r
k
e
t

C
l
a
s
s
e
s

p
f
:
L
i
v
e
s
t
o
c
k
,

L
o
n
g
'
s

C
o
l
l
e
g
e

B
o
o
k

C
a
n
p
a
n
y
,

C
o
l
u
m
b
u
s
,

O
h
i
o
,

1
9
4
8
.

5
P
e
t
r
o
l
e
u
m
p
r
o
d
u
c
t
s

p
u
r
c
h
a
s
e
d
w
e
r
e

e
s
t
i
m
a
t
e
d

f
o
r

1
9
2
4
,

1
9
2
9
,

1
9
5
9
,

a
n
d

1
9
4
4
.

 

 

178





mT
a
b
l
e
3
5

A
n
n
u
a
l

s
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d
b
y
e
a
c
h

o
f
t
h
e

f
a
c
t
o
r
s

o
f
p
r
o
d
u
c
t
i
o
n

i
n

t
h
e

p
r
o
d
u
c
t
i
o
n

o
f
w
h
e
a
t

i
n

t
h
e

s
e
l
e
c
t
e
d

r
e
g
i
o
n
s

o
f
t
h
e

h
a
r
d

r
e
d

S
p
r
i
n
g
w
h
e
a
t

a
r
e
a
.

  

{
1
:
0
0
0

3

S
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d

i
n

c
o
n
s
t
a
n
t

d
o
l
l
a
r
s

(
1
9
1
0
-
1
4
=
1
0
0
2
,

3

3
_
g
g
p
i
t
a
1

i
n
v
e
s
t
m
e
n
t

3
C
u
r
r
e
n
t

e
g
p
e
n
d
i
t
u
r
e
s

3
3
T
o
t
a
l

3
E
q
u
i

-
3

'
3

3
F
e
r
t
i
-
3
P
e
t
r
o
-
3
M
a
o
h
i
n
e
3

3
H
o
r
s
e
-
3

3
3
s
e
r
v
i
c
e
s

3
T
o
t
a
l

3
L
a
b
o
r
z
r
e
n
d
e
r
e
d

3
V
a
l
u
e

o
f

3

3
w
h
e
a
t

3

3
p
r
o
d
u
c
e
d
:
1

3

3
8
1
,
0
0
0

3

Y
e
a
r
3
(
1
9
1
0
-
1
4
=
1
0
0
)
3
L
a
n
d
z

:
m
e
n
t

1
9
2
4

1
9
2
9

1
9
3
4

1
9
3
9

1
9
4
4

1
9
4
9

5
7
,
7
1
9

5
2
,
8
9
9

5
2
,
5
7
5

4
5
,
2
1
1

7
9
,
0
4
5

8
1
,
8
8
9

7
,
5
9
4

8
,
2
2
8

1
,
7
7
1

5
,
0
4
8

4
,
8
1
8

5
,
6
8
2

2
,
5
5
0

2
,
7
4
0

2
,
4
2
0

1
,
4
5
4

3
,
8
2
4

6
,
7
0
6

1
,
3
1
7

5
7
3

3
1
2

4
8
9

3
5
0

6
6

5
,
6
4
7

5
,
5
1
5

2
,
7
5
2

1
,
9
4
5

4
,
1
7
4

6
,
7
7
2

1
,
1
6
8

2
,
0
1
7

N
A

2
,
5
5
5

4
,
4
4
7

7
,
2
2
4

1
,
9
9
4

2
,
6
1
5

5
,
5
4
4

3
,
1
6
3

8
,
9
0
5

8
,
8
7
1

9
,
8
5
9

:
H
c
r
s
e
s
4
3
T
o
t
a
1

3
l
i
z
e
r

8
1
6
0
1
3
1
5

3
h
i
r
e

3
S
e
e
d

3
f
e
e
d

1
4
,
4
8
5

8
,
5
0
5

5
,
6
9
9

4
,
5
1
9

5
,
1
4
6

3
,
5
8
3

1
8
,
2
6
6

1
5
,
8
6
6

6
,
8
6
2

1
5
,
5
5
9

1
8
,
4
6
4

2
2
,
6
8
0

2
5
,
8
2
1

2
5
,
4
4
5

5
,
6
8
4

1
4
,
0
7
4

2
5
,
7
5
2

2
0
,
9
4
6

5
5
,
1
2
8

4
8
,
8
5
0

1
7
,
0
4
9

3
2
,
6
2
4

5
1
,
0
0
8

5
6
,
0
4
0

1
9
5
4

5
6
,
0
2
9

5
,
9
7
5

5
,
5
1
8

2
9

5
,
5
4
7

7
1
0

4
,
4
9
1

1
,
1
4
1

7
,
0
4
7

1
,
0
8
4

1
4
,
4
7
5

1
2
,
3
8
8

3
6
,
1
8
1

 

1
F
i
v
e
-
y
e
a
r
m
o
v
i
n
g

a
v
e
r
a
g
e

o
f
b
u
s
h
e
l
s

o
f

w
h
e
a
t

p
r
o
d
u
c
e
d
w
a
s

u
s
e
d
.

2
A
n
n
u
a
l

l
a
n
d
u
s
e

w
a
s

c
o
m
p
u
t
e
d

o
n

t
h
e

b
a
s
i
s

o
f

a
n
n
u
a
l

c
o
s
t

o
f
u
s
i
n
g

l
a
n
d
w
h
i
c
h
w
a
s

c
o
n
s
i
d
e
r
e
d
t
o

b
e

t
h
e

i
n
t
e
r
e
s
t

r
a
t
e

o
n

l
o
n
g
—
t
e
r
m
m
o
r
t
g
a
g
e
s
.

3
A
n
n
u
a
l
e
q
u
i
p
m
e
n
t

u
s
e
w
a
s

c
a
n
p
u
t
e
d

o
n
t
h
e

b
a
s
i
s

o
f

a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n
,

u
s
i
n
g

a
s
t
r
a
i
g
h
t

l
i
n
e
m
e
t
h
o
d

w
i
t
h

a
n
e
s
t
i
m
t
e
d

l
i
f
e

o
f

1
0
y
e
a
r
s
.

T
e
n

y
e
a
r
s
m
a
y

b
e

a
s
c
n
e
w
h
a
t

l
o
w
a
v
e
r
a
g
e

e
x
p
e
c
t
a
t
i
o
n

f
o
r

t
h
e

l
i
f
e

o
f
e
q
u
i
p
m
e
n
t
,

b
u
t
w
i
l
l

h
a
v
e

t
h
e

e
f
f
e
c
t

o
f

c
o
m
p
e
n
s
a
t
i
n
g

f
o
r

r
e
p
a
i
r

e
x
p
e
n
s
e
s
w
h
i
c
h
w
e
r
e

n
o
t

a
c
c
o
u
n
t
e
d

f
o
r

e
l
s
e
w
h
e
r
e
.

4
A
n
n
u
a
l

h
o
r
s
e

u
s
e
w
a
s

c
o
m
p
u
t
e
d

o
n

t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n
w
i
t
h

a
n
e
s
t
i
m
a
t
e
d

l
i
f
e

o
f

1
5
y
e
a
r
s
.

S
o
u
r
c
e
:

V
a
u
g
h
a
n
,

H
e
n
r
y
W
.
,

T
y
p
e
s

a
n
d
M
a
r
k
e
t

C
l
a
s
s
e
s

_
o
_
f
_
L
i
v
e
s
t
o
c
k
,

L
o
n
g
'
s

C
o
l
l
e
g
e

B
o
o
k

C
o
m
p
a
n
y
,

C
o
l
u
m
b
u
s
,

O
h
i
o
,

1
9
4
8
.

5
P
e
t
r
o
l
e
u
m
p
r
o
d
u
c
t
s

p
u
r
c
h
a
s
e
d
w
e
r
e

e
s
t
i
m
a
t
e
d

f
o
r

1
9
2
4
,

1
9
2
9
,

1
9
3
9
,

a
n
d

1
9
4
4
.

179



  



T
a
b
l
e
l
fi
i

A
n
n
u
a
l

s
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d

b
y
e
a
c
h

o
f
t
h
e

f
a
c
t
o
r
s

o
f
p
r
o
d
u
c
t
i
o
n

i
n

t
h
e

p
r
o
d
u
c
t
i
o
n

o
f
w
h
e
a
t

i
n

t
h
e

s
e
l
e
c
t
e
d

r
e
g
i
o
n
s

o
f
t
h
e

w
h
i
t
e

w
h
e
a
t

a
r
e
a
.

A
_
-

$
1
,
0
0
0

3

S
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d

i
n

c
o
n
s
t
a
n
t

d
o
l
l
a
r
s

(
1
9
1
0
-
1
4
=
1
0
0
)

3

p
r
o
d
u
c
e
d
1

3
C
a
p
i
t
a
l

i
n
v
e
s
t
m
e
n
t

3
C
u
r
r
e
n
t

e
x
p
e
n
d
i
t
u
r
e
s

3
3
T
o
t
a
l

3
$
1
,
0
0
0

3
3
§
E
u
i
p
-
3

3
3
F
e
r
t
i
-
3
P
e
t
r
o
-
3
M
a
c
h
i
n
e
3

3
H
o
r
s
e
-
3

3
3
s
e
r
v
i
c
e
s

Y
e
a
r
:
(
1
9
1
0
-
1
4
=
1
0
0
)
3
L
a
n
d
2

3
m
e
n
t
3

3
H
o
r
s
e
s
4
3
T
o
t
a
1

3
l
i
z
e
r

3
l
e
u
m
5

3
h
i
r
e

3
S
e
e
d

3
f
e
e
d

3
T
o
t
a
l

3
L
a
b
o
r
x
r
e
n
d
e
r
e
d
_

L

V
a
l
u
e

o
f
:

3

w
h
e
a
t

3 3

1
9
2
4

1
9
2
9

1
9
3
4
:

1
9
3
9

1
9
4
4

1
9
4
9

1
8
,
1
5
9

2
5
,
4
0
2

1
6
,
6
4
4

2
5
,
8
1
6

5
8
,
5
9
9

4
5
,
1
6
8

1
,
5
2
5

4
5
9

1
8
4

6
2
5

9
5

1
,
7
0
7

1
,
4
5
2

1
,
4
8
2

1
,
8
0
9

2
,
5
1
8

7
1
8

6
2
0

4
7
2

1
,
1
5
0

2
,
9
4
8

1
2
2

1
9
5

5
8

5
2

1
1

8
4
0

8
1
5

5
5
0

1
,
1
8
2

2
,
9
5
9

2
7
0

N
A

3
4
9

8
0
9

1
,
6
1
7

5
1
6

1
,
7
5
6

2
,
4
0
4

2
,
5
4
5

1
,
7
1
7

2
,
8
7
0

2
,
9
1
9

5
,
2
2
2

2
,
9
8
2

1
,
7
8
8

7
5
6

1
,
2
6
1

8
0
8

5
,
0
7
5

5
,
6
5
6

4
,
1
1
1

2
,
8
0
2

4
,
7
4
0

5
,
8
8
0

5
,
2
2
0

6
,
1
2
5

5
,
2
1
5

1
,
7
8
0

6
,
7
7
2

4
,
4
4
6

1
0
,
2
4
1

1
4
,
5
2
9

1
1
,
5
7
1

6
,
5
9
4

1
4
,
5
0
5

1
5
,
5
8
5

1
9
5
4

4
6
,
7
9
5

2
,
2
9
4

5
,
2
8
5

7
5
,
2
9
0

1
,
5
5
6

1
,
5
8
8

5
0
6

2
,
2
1
8

5
5
7

6
,
0
2
5

4
,
5
7
5

1
5
,
9
8
2

 

F
i
v
e
-
y
e
a
r
m
o
v
i
n
g

a
v
e
r
a
g
e

o
f
b
u
s
h
e
l
s

o
f
w
h
e
a
t

p
r
o
d
u
c
e
d
w
a
s

u
s
e
d
.

A
n
n
u
a
l

l
a
n
d

u
s
e
w
a
s

c
o
m
p
u
t
e
d

o
n

t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

c
o
s
t

o
f
u
s
i
n
g

l
a
n
d
w
h
i
c
h
w
a
s

c
o
n
s
i
d
e
r
e
d
t
o

b
e

t
h
e

i
n
t
e
r
e
s
t

r
a
t
e

o
n

l
o
n
g
-
t
e
r
m
.
m
o
r
t
g
a
g
e
s
.

A
n
n
u
a
l

e
q
u
i
p
m
e
n
t

u
s
e
w
a
s

c
o
m
p
u
t
e
d

o
n

t
h
e

b
a
s
i
s

o
f

a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n
,

u
s
i
n
g

a
s
t
r
a
i
g
h
t

l
i
n
e

m
e
t
h
o
d

'
w
i
t
h
a
n
e
s
t
i
m
a
t
e
d

l
i
f
e

o
f

1
0
y
e
a
r
s
.

T
e
n

y
e
a
r
s

m
a
y

b
e

a
s
o
m
e
w
h
a
t

l
o
w

a
v
e
r
a
g
e

e
x
p
e
c
t
a
t
i
o
n

f
o
r

t
h
e

l
i
f
e

o
f
e
q
u
i
p
m
e
n
t
,

b
u
t

w
i
l
l

h
a
v
e

t
h
e

e
f
f
e
c
t

o
f

c
o
m
p
e
n
s
a
t
i
n
g

f
o
r

r
e
p
a
i
r

e
x
p
e
n
s
e
s
w
h
i
c
h
w
e
r
e

n
o
t

a
c
c
o
u
n
t
e
d

f
o
r

e
l
s
e
w
h
e
r
e
.

A
n
n
u
a
l

h
o
r
s
e

u
s
e

w
a
s

c
o
m
p
u
t
e
d

o
n
t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n
w
i
t
h

a
n
e
s
t
i
m
a
t
e
d

l
i
f
e

o
f

1
5

y
e
a
r
s
.

S
o
u
r
c
e
:

V
a
u
g
h
a
n
,

H
e
n
r
y
W
.
,

T
y
p
e
s

a
n
d
M
a
r
k
e
t

C
l
a
s
s
e
s
o
f

L
i
v
e
s
t
o
c
k
,

L
o
n
g
'
s

C
o
l
l
e
g
e

B
o
o
k

C
o
m
p
a
n
y
,

C
o
l
u
m
b
u
s
,

O
h
i
o
,

1
9
4
8
.

.
'

P
e
t
r
o
l
e
u
m
p
r
o
d
u
c
t
s

p
u
r
c
h
a
s
e
d
w
e
r
e

e
s
t
i
m
a
t
e
d

f
o
r

1
9
2
4
,

1
9
2
9
,

1
9
3
9
,

a
n
d

1
9
4
4
.

 

 

180



 

~

. e 4 . r. ~‘ 3

. ~ 7‘ a - ,. .

. . ,

,4

u I. 1 I. r. 3‘ V

m -

n

3 a v

o

4 .

~ ,- ,3

n v . ,. n , ‘1

u

v . v , _‘ ‘ n

 

 

 



T
a
b
l
e
j
T
L

A
n
n
u
a
l

s
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d

b
y
e
a
c
h

o
f

t
h
e

f
a
c
t
o
r
s

o
f
p
r
o
d
u
c
t
i
o
n

i
n

t
h
e

p
r
o
d
u
c
t
i
o
n

o
f
w
h
e
a
t

i
n

t
h
e

s
e
l
e
c
t
e
d

r
e
g
i
o
n
s

o
f
t
h
e

s
o
f
t
r
e
d

w
h
e
a
t

a
r
e
a
.

 Y
e
a
r

3
v
a
l
u
e

o
f

3
$
1
,
0
0
0

3

3
w
h
e
a
t

3
S
e
r
v
i
c
e
s

r
e
n
d
e
r
e
d

i
n

c
o
n
s
t
a
n
t

d
o
l
l
a
r
s

(
1
9
1
0
-
l
4
=
3
0
0
)

3

3
p
r
o
d
u
c
e
d
1

3
3
_
C
a
p
i
t
a
l

i
n
v
e
s
t
m
e
n
t

3
C
u
r
r
e
n
t

e
x
P
e
n
d
i
t
u
r
e
s

3
3
T
o
t
a
l

3
$
1
,
0
0
0

3
3
E
q
u
i
p
-
3

3
3
F
e
r
t
i
-
3
P
e
t
r
o
-
3
M
a
c
h
i
n
e
3

3
H
0
r
s
e
-
3

3
3
s
e
r
v
i
c
e
s

3
(
1
9
1
0
-
1
4
=
1
0
0
)
3
L
a
n
d
2

m
e
n
t
3

3
H
0
r
s
e
e
4
3
T
0
t
a
1

3
l
i
z
e
r

3
l
e
u
m
5

3
h
i
r
e

3
S
e
e
d

3
f
e
e
d

3
T
o
t
a
l

3
L
a
b
o
r
3
r
e
n
d
e
r
e
d

 

 

1
9
2
4

1
9
2
9

1
9
3
4

1
9
3
9

1
9
4
4

1
9
4
9
‘

1
9
5
4

1
2
,
5
5
9

1
5
,
8
5
0

9
,
9
5
5

1
5
,
0
2
2

1
4
,
1
8
6

1
8
,
6
0
7

1
9
,
2
9
5

1
,
5
4
0

1
,
6
0
4

1
,
7
5
1

1
,
5
4
4

1
,
5
6
5

1
,
7
6
2

1
,
5
6
1

4
4
9

5
2
6

5
5
0

5
4
7

6
5
1

1
,
0
6
4

1
,
2
6
0

1
4
2

5
0

1
5
4

6
3

3
3 7 3

5
9
1

5
7
6

4
0
4

4
1
0

6
6
4

1
,
0
7
1

1
,
2
6
5

2
,
5
7
5

1
0
6

1
3
8

N
A

2
7
7

4
3
2

7
5
2

8
1
6

3
9
3

3
6
4

1
,
5
5
5

2
,
1
7
6

1
,
9
1
9

1
,
1
7
4

1
,
2
8
6

1
,
5
1
6

1
,
0
9
5

2
,
2
9
7

9
8
6

1
,
7
0
1

7
8
4

8
0
7

4
1
2

1
6
3

5
,
9
5
6

5
,
5
0
0

5
,
6
2
0

2
,
2
5
5

2
,
5
2
5

5
,
0
7
5

4
,
8
1
1

7
,
8
2
5

5
,
7
5
2

8
,
4
8
8

4
,
4
2
4

5
,
2
1
8

5
,
1
6
1

4
,
4
2
0

1
5
,
8
9
2

1
1
,
0
1
2

1
4
,
2
4
5

8
,
6
1
5

9
,
9
7
0

1
1
,
0
6
7

1
2
,
0
5
5

 

F
i
v
e
-
y
e
a
r
m
o
v
i
n
g

a
v
e
r
a
g
e

o
f
b
u
s
h
e
l
s

o
f
w
h
e
a
t

p
r
o
d
u
c
e
d

w
a
s

u
s
e
d
.

A
n
n
u
a
l

l
a
n
d
u
s
e

w
a
s

c
o
m
p
u
t
e
d

o
n

t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

c
o
s
t

o
f
u
s
i
n
g

l
a
n
d
w
h
i
c
h

w
a
s

c
o
n
s
i
d
e
r
e
d
t
o

b
e

t
h
e

i
n
t
e
r
e
s
t

r
a
t
e

o
n

1
o
n
g
-
t
e
r
m
.
m
o
r
t
g
a
g
e
s
.

A
n
n
u
a
l

e
q
u
i
p
m
e
n
t

u
s
e

w
a
s

c
o
m
p
u
t
e
d

o
n

t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n
,

u
s
i
n
g

a
s
t
r
a
i
g
h
t

l
i
n
e

m
e
t
h
o
d

‘
w
i
t
h
a
n
e
s
t
i
m
a
t
e
d

l
i
f
e

o
f

1
0
y
e
a
r
s
.

T
e
n
y
e
a
r
s
m
a
y

b
e

a
s
o
m
e
w
h
a
t

l
o
w
a
v
e
r
a
g
e

e
x
p
e
c
t
a
t
i
o
n

f
o
r

t
h
e

l
i
f
e

o
f
e
q
u
i
p
m
e
n
t
,

b
u
t

w
i
l
l

h
a
v
e

t
h
e

e
f
f
e
c
t

o
f

c
o
m
p
e
n
s
a
t
i
n
g

f
o
r

r
e
p
a
i
r

e
x
p
e
n
s
e
s
w
h
i
c
h

w
e
r
e

n
o
t

a
c
c
o
u
n
t
e
d

f
o
r
e
l
s
e
w
h
e
r
e
.

A
n
n
u
a
l

h
o
r
s
e

u
s
e

w
a
s

c
o
m
p
u
t
e
d

o
n

t
h
e

b
a
s
i
s

o
f
a
n
n
u
a
l

d
e
p
r
e
c
i
a
t
i
o
n

w
i
t
h

a
n
e
s
t
i
m
a
t
e
d

l
i
f
e

o
f

1
5
y
e
a
r
s
.

S
o
u
r
o
e
3

v
a
u
g
h
a
n
,

H
e
n
r
y

W
.
,

T
y
p
e
s

a
n
d
.
M
a
r
k
e
t

C
l
a
s
s
e
s
3
f

L
i
v
e
s
t
o
c
k
,

L
o
n
g
'
s

C
o
l
l
e
g
e

B
o
o
k

C
o
m
p
a
n
y
,

C
o
l
u
m
b
u
s
,

O
h
i
o
,

1
9
4
8
.

P
e
t
r
o
l
e
u
m

p
r
o
d
u
c
t
s

p
u
r
c
h
a
s
e
d
w
e
r
e

e
s
t
i
m
a
t
e
d

f
o
r

1
9
2
4
,

1
9
2
9
,

1
9
3
9
,

a
n
d

1
9
4
4
.

 

 

181



 

 

 



182

APPENDIX C

Input—Output Ratios
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Table 38. Changes in productivity of the resources used in the produc—

tion of wheat in the selected regions of the four principal

wheat producing areas of the United States, 1924 to 1954.1

 —: 1 t 1-
 

 

 

 

 

‘ 3 J Total output7tota1 inputT '

3Hard red winter3Hard red spring3 'White 3 Soft red

3 3 Index 3 3 Index 3 3 Index 3 3 Index

3 31924:= 3 31924= 3 31924= 3 31924=

Year 3 Ratio 3 100 3 Ratio 3 100 3 Ratio 3 100 3 Ratio 3 100

1924 .939 100 1.047 100 1.773 100 .890 100

1929 1.359 145 1.087 104 1.633 92 1.256 142

1934 .938 100 1.910 182 1.438 81 .697 79

1939 2.337 238 1.386 132 3.581 202 1.744 195

1944 2.655 283 1.550 148 2.661 150 1.421 160

1949 2.157 250 1.461 139 2.898 164 1.681 189

1954 2.587 274 1.549 148 2.928 166 1.601 180

Total output/land input

1924 6.80 100 7.81 100 13.70 100 8.02 100

1929 7.21 106 6.43 82 13.71 100 8.62 107

1934 4.49 66 18.39 235 11.48 84 5.67 71

1939 10.05 154 14.83 190 15.94 116 9.73 121

1944 11.94 176 17.12 219 20.23 148 9.06 113

1949 8.13 119 14.46 185 19.48 142 10.56 132

1954 12.12 178 14.10 181 20.40 149 12.36 154



Table 38 (concl.).

_—

Total output/iabor input
 

 

3Hard red winter3Hard red spring3 White 3 Soft red

3 Index 3 Index 3 Index 3 3 Index

31924= 31924= 31924= 3 31924:

 

 

Year 3 Ratio 3 100 3 Ratio 3 100 3 Ratio 3 100 3 Ratio 3 100

1924 2.62 100 2.24 100 5.64 100 1.58 100

1929 3.99 152 2,26 101 3.82 68 2.41 89

1934 2.37 90 4.75 212 3.19 57 1.17 94

1939 7.51 287 3.21 143 13.27 235 3.40 215

1944 6.64 253 3.33 149 5.70 101 2.71 172

1949 7.65 292 3.91 175 10.16 180 3.61 228

1954 8.70 332 4.52 202 10.70 190 4.37 277

Total output/Bapital input

1924 1.87 100 2.63 100 3.19 100 2.73 100

1929 2.89 155 3.12 119 3.60 113 3.76 138

1934 1.98 106 3.40 129 3.38 106 2.47 90

1939 5.12 274 2.92 111 7.09 222 5.68 208

1944 7.03 376 3.49 133 6.52 204 4.44 163

1949 4.76 256 2.78 106 5.12 161 4.49 164

1954 5.29 283 2.83 108 5.02 157 3.18 116

 

1 Computed from.the data in Table 3h. The ratio represents the

return for each one dollar Spent on the aggregate or particular

input for the production of wheat.
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Table 41. Changes in the productivity of the capital resources used

annually in the production of wheat in the selected regions

of the four principal wheat producing areas of the United

States, 1924 to 1954.

3 Capital service to produce 3 Capital service to produce

3 one bushel 3 one acre

3 (1910-14 dollar = 100) 3 (1910-14 dollar == 100)

3 Hard 3 Hard 3 3 3 Hard 3 Hard 3 3

3 red 3 red 3 3 Soft 3 red 3 red 3 3 Soft

Year 3winter zspring3White 3 red 3 winter: Spring: White: red

1924 .05 .06 .03 .05 .54 .59 .47 .92

1929 .04 .05 .03 .03 .50 .43 .48 .57

1934 .07 .08 .04 .04 .56 1.66 .54 .57

1939 .02 .04 .02 .03 .30 .40 .36 .71

1944 .02 .05 .03 .06 .49 .60 .63 1.10

1949 .04 .08 .06 .06 .62 .87 1.48 1.51

1954 .05 .09 .06 .07 1.04 .96 2.03 2.19
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APPENDIX D

Cost of Production
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Table 43. The cost to produce one bushel of wheat in each of the

selected regions of the four principal wheat producing

areas of the United States, 1924 to 1954.1

 

 

Cost per bushel

(1910-14 dollars = 100)
 

 

Hard red 3 Hard red 3 3

Year 'winter 3 spring 3 'White 3 Soft red

1924 .931 .835 .513 1.124

1929 .618 .734 .561 .992

1934 .923 .496 .530 1.330

1939 .357 .612 .233 .689

1944 .330 .550 .313 .851

1949 .400 .624 .313 .685

1954 .344 .596 .296 .635

 

1 Calculated, based upon the data in Tables 34, 35, 36, and 37.

Table 44. The 00st to produce one acre of wheat in each of theselected

regions of’the four principal wheat producing areas of the

United States, 1924 to 1954.1

“‘—

‘__-

Cost per acre

:3

(1910-14 dollars = 100)
 

 

Hard red 3 Hard red 3 3

Year winter 3 spring 3 White 3 Soft red

1924 9.82 8.89 7.72 21.74

1929 8.37 6.39 8.19. 16.71

1934 7.18 10.36 7.71 20.00

1939 5.49 6.74 4.43 14.93

1944 6.70 7.27 7.76 16.48

1949 6.34 7.22 7.79 15.61

1954 7.50 6.50 9.88 20.89

 

Calculated, based upon data in Tables 34, 35, 36, and 37.



  

 


