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ABSTRACT

AN ECONOMIC ANALYSIS OF ALTERNATIVE
MEANS OF ACQUIRING FARM MACHINERY
SERVICES FOR SOUTHERN MICHIGAN
CASH-GRAIN FARMS

By Gary Lee Benjamin

Although current per farm machinery investments only
represent 12 percent of total per farm investments, certain
unique characteristics make the investment difficult to man-
age. Some of these characteristics are, (1) rapid technolog-
ical developments which render machinery to be obsolete long
before it is physically depreciated, (2) high initial costs
and relatively low disposal values, and (3) the changing
farm structure which emphasizes large items of machinery
that cannot be passed from "first line" to "second line"
equipment.

The major objectives of the study were, (1) to des-
cribe alternative methods of acquiring farm machinery services,
(2) to determine the relationship between farm size and per
acre power, machinery and labor costs for selected farm ma-
chinery systems, (3) to determine acreage levels at which
total costs and revenues are equal for selected systems of
farm machinery, and (4) to determine an optimum farm size
which would achieve minimum costs per dollar of revenue for

selected farm machinery systems.
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A snythetic one-man farming operation was utilized to
represent a southern Michigan cash-grain farm. Farm size was
varied in 40-acre increments with a constant typical acre
consisting of 36 percent corn, 15 percent soybeans, 19 percent
navy beans, 15 percent wheat, 12 percent diverted and 3 per-
cent idle. Since primary emphasis was placed on analyzing
farm machinery as a system, the following systems were identi-
fied: (a) 4-row system with complete ownership, (b) 4-row
system with a combination of ownership and custom hiring, (c)
6-row system with complete ownership, (d) 6-row system with
a combination of ownership and custom hiring, and (e) complete
custom hiring. Because the results of a mailed questionnaire
to farm machinery dealers in Michigan showed little evidence
of machinery rental and leasing and relatively high rates,
rental and leasing were not included in the machinery systems
analyzed.

The analysis procedure employed two budgeting models.
Budgeting Model I derived average total machinery and labor
costs per acre. Budgeting Model II included the concept of
timeliness of operations in developing cost: revenue ratios.
Revenues were based entirely on cash sales of crops produced,
while costs included labor, machinery, seed, fertilizer, herb-
icide, custom hauling and an opportunity cost on land.

Although the alternative of complete custom hiring
gave lowest per acre costs for farms up to 322 tillable acres,
the results of Budgeting Model I showed costs per acre de-

creasing rapidly in this acreage range for the other four
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machinery systems. Between 323 and 343 tillable acres, the
4-row system with a combination of ownership and custom hir-
ing resulted in the lowest costs per acre, while the 4-row
system of complete ownership showed lowest costs per acre for
farms of 344 to 597 tillable acres. For farms with more than
597 tillable acres, the 6-row system of complete ownership
gave the lowest per acre costs.

In terms of breakeven analysis, the results of Bud-
geting Model II indicated that the 4-row machinery system
with a combination of ownership and custom hiring required a
minimum of 89 tillable acres before revenues would equal
costs. Other breakeven acreage levels of 107, 123, and 152
tillable acres were noted for the 6-row with a combination
of ownership and custom hiring, the 4-row system of complete
ownership, and the 6-row system of complete ownership,
respectively.

Although all the machinery systems studied showed a
range in acreage for relative efficiencies, the greatest
economies of size occurred with a farm of 760 tillable acres
using a 6-row machinery system of complete ownership. By
defining constant costs as those cost: revenue ratios falling
with five percent of the most efficient point, the acreage
ranges for constant costs were 300, 304, 374, and 470 tillable
acres for the 4-row system of complete ownership, the 4-row
system with a combination of ownership and custom hiring,
the 6-row system of complete ownership, and the 6-row system

with a combination of ownership and custom hiring, respectively.
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The primary implications of the analysis indicated
the following: (1) the importance and benefits of analyzing
farm machinery as a system to fulfill the overall needs of
a farm; (2) the possibility of an increased demand for the
services provided by custom operators; (3) the possibility
of an increased supply of custom operators who hold excess
machinery capacity and desire to market their labor and capi-
tal through custom services; and (4) the potential for a farm
machinery dealer to obtain a return on his inventory of used
machinery by offering short-term machinery rental to farmers.
The results of this study were limited somewhat by
the lack of data in the areas of general farm labor require-
ments, crop losses due to untimely operations, and the affects
of inclement weather on available field work time. The limit-
ing data in these areas indicate relevant needs for future

research.
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CHAPTER I

INTRODUCTION AND SETTING

The Changing Agriculture

Much has been said and written about the changing
scene in agriculture. The agricultural industry, once
mainly confined within the boundaries of many self-support-
ing individual farm units, has grown into a truly big in-
dustry in every sense of the word. As an industry, it is
now one of the biggest employers of human labor and other
vital resources such as electricity, steel and oil. As an
industry, agriculture also supports and promotes one of
the finest research efforts of any industry.

This changing agriculture has also had its effect
on the individual farm unit. The magnitude and rapidity
of this change is well recorded in countless volumes of
statistical data and records. A review of these statis-
tical sources will reveal two distinct trends centered by
a crucial turning point in the 1910-20 decade. Prior to
that time, history records increasing farm numbers, in-
creasing cropland acres, farm output increasing (but at a
decreasing rate), and increasing farm employment. With

the beginning of the 1920's, a second trend started to

1



prevail and has lasted to present day. During this second
trend farm employment decreased, farm output increased at
an increasing rate, and cropland acreage fluctuated with
increases and decreases.

Although there are many debates and studies [1]*
as to what specifically caused this increased output (in
the wake of decreasing farm numbers and employment), the
fact still remains that farming has taken on new dimen-
sions. Farming has continued to grow since the 1920's,
but this second growth has resulted from new capital for-
mation, adoption of new practices and techniques, and im-
proved farm management abilities. Consequently, from 1920
to 1964, the number of farms in the United States has de-
creased by 51.1 percent while the average farm size in-
creased in acreage by 136.8 percent. During the same
period of time, the crop production index (1957-59=100)
for the United States has increased from 76 to 109. Fig-
ures for the State of Michigan show a 52.4 percent decrease
in farm numbers and a 50.1 percent increase in farm size
for the same 1920-64 range. Table 1 gives further details
on how rapidly the farm structure has changed.

In spite of the past record of change in farming
and agriculture, the future is certain to reveal more of

the same, and most likely at an accelerated rate. Cochrane

*All references and footnotes appear at the end of
each chapter.



TABLE l.--Farm numbers, farm size, and crop production index
for United States and Michigan.

United States Michigan
Per- Average Crop Per- Average
Farm cent Farm Prod.2 Farm cent Farm
Year Numbers Change Size Index Numbers Change Size
(acres) (acres)
18501 1,449,073 202.6 NA
1860l 2,044,077 41.1 199.2 NA 62,422 113.0
1870l 2,659,985 30.1 153.3 NA 98,786 58.3 101.0
18801 4,008,907 50.7 133.7 NA 154,008 55.9 90.0
1890 4,564,641 13.9 136.5 NA 172,344 11.9 86.0
1900 5,739,657 25.7 146.6 NA 203,261 17.9 86.4
1910 6,366,044 10.9 138.5 63 206,960 1.8 91.5
1920l 6,453,991 1.4 148.5 76 196,447 - 5.1 96.9
1925 6,371,640 - 1.2 145.1 72 192,327 - 2.1 93.8
1930l 6,295,103 - 1.3 157.3 69 169,372 -11.9 101.1
1935 6,812,350 8.3 154.8 70 196,517 16.0 93.9
1940l 6,102,417 -10.5 174.5 78 187,589 - 4.5 96.2
1945 5,859,169 - 3.9 194.8 85 175,268 - 6.6 104.9
1950l 5,388,437 - 8.1 215.8 89 155,589 -11.2 111.0
1954 4,782,416 -11.1 242.2 93 138,922 -10.7 118.5
1959 3,710,503 -22.6 302.8 103 111,817 -19.5 132.2
1964 3,157,857 -14.9 351.6 109 93,504 -16.4 145.4
lData for Alaska and Hawaii not included in U.S.
figures.
2

Includes feed grains (corn for grain, oats, barley,
sorghum grain), food grains (all wheat, rye, buckwheat and
rice), hay and forage (all hay, sorghum forage, corn silage
and for 1939 to date, sorghum silage), vegetables (potatoes,
sweet potatoes, dry edible beans, dry field peas, truck

crops for processing, and truck crops for fresh market having
value), fruits and nuts (fruits, berries, and tree nuts having
value), sugar crops (sugar beets, sugarcane for sugarcane
syrup, and maple syrup), cotton (cotton lint and cotton seed),
tobacco, and o0il crops (soybeans, peanuts picked and threshed,
peanuts hogged, flaxseed and for 1939 to date, tungnuts),

farm gardens, hay seeds, pasture seeds and cover-crop seeds
and some miscellaneous crop production.

Index 1957-59 = 100

Source: U.S. Department of Commerce, Bureau of the Census,
United States Census of Agriculture (by years),
Washington.




[2] has done some star gazing into the future for what he
labels as "probable and possible" developments up to the
year of 2000. Although, some of his ideas appear to be
far fetched at present, we can rest assured that they are,
indeed, within the realm of possibilities. Farming is now
built on a solid foundation of scientific research, rapid
technological development, expanding managerial abilities,
and superior means of communications. Hence farming, and
the hungry farmers starved by the cost-price squeeze, will
adopt new developments at a faster rate, in the hopes of
lowering per unit costs and increasing net returns. The
big question does remain, however, as to whether or not
individual farmers will be prepared to meet these rapid
changes. The farmer of today who has hopes of still being
a farmer in 1980 will be forced to make rapid economic
decisions as new developments occur. Unless he has prepared
himself knowledgeably and financially, the farmer of today
will find it impossible to salvage his economic existence

in the future.

The Problem Setting

As indicated above, the future of farming will call
for increasing changes. One of the most dynamic aspects of
this change will be in the area of farm investments. The
emphasis of this study is to analyze one segment of the

farm investment structure as it applies to a given type



of farm. More specifically, the analysis pertains to farm
power and machinery requirements as related to a Southern
Michigan cash-grain farm.

As Table 2 shows, farm power and machinery invest-
ments make up about 10 to 13 percent of the total farm in-
vestment which at first, may appear to be a minor part of
the total investment program. However, investment in farm
power and machinery carries certain other unique character-
istics which do not apply to the other segments making up
the total farm investment. Foremost among these unique
characteristics is the fact that farm power and machinery
are continuously subjected to improvements. Engineers are
trying to develop new and better machines to replace old
and oftened outdated methods of operation. Witness for
example, the surge of new fruit harvesting machines which
are gradually replacing the need for hand labor and revo-
lutionizing the fruit industry. Another good example is
the trend that is emerging for self-propelled equipment
and the "uni-system" which provides one source of power
for several field operations.

It should be pointed out, however, that such devel-
opments are not limited to the type which revolutionize an
industry. 1In fact, farm equipment manufacturers operate
much the same as do automobile manufacturers. Each year
brings new models and new improvements to almost every

existing item of equipment; new tractors emerge with higher
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horsepower ratings, the plow adds an additional bottom,
six-row planters gradually replace four-row planters, and
tillage tools are developed to handle the once-over opera-
tion. As with the automobile industry, it has become al-
most impossible to keep up with complete line of makes and
models representing the various farm equipment companies.

The continuous developments in the farm equipment
industry presents another unique characteristic of farm
machinery investment. This is the disposal problem. As
W. H. M. Morris points out, the increasing capacity of
farm machinery has

. + o made individual machines more expensive;

and it is beginning to create a problem in the disposal
of used machinery of large capacity. A depression in
the price of these machines (used machinery) is to be
expected. These two effects combine to make the owner-
ship cost more expensive.

Increase in size of tractors . . . tends to make
the utilization of a machine more uniform throughout
its life on a farm. It used to be practiced to demote
the first line tractor to the second and even ultimate-
ly the third line. It does not seem conceivable that
a 125 hp tractor could be used in this way. So when
it fails to fulfill the needs as a 'first line' tractor
it will have to be traded for a new first line unit.
There may be relatively small demand for such a used
machine. This also leads to the second line unit being
purchased as such"[3].

Aside from the fact that there is little market for a 125
horsepower tractor, the problem of rapid initial deprecia-
tion still exists. The continuous developments in farm
machinery render a machine to be technically obsolete far

sooner than it is physically obsolete. Commercial farmers



are perplexed as to whether they should take a loss by
trading in their four year old tractor for a new and better
model, or continue to struggle along with the older model
till it becomes worn out and market values again approx-
imate depreciation.

As can be seen by the above arguments, the costs
associated with the farm machinery investment are high.
New costs of the larger items of equipment run into several
thousand dollars. Financing such an investment requires
considerable knowledge of sources of capital and debt re-
payment abilities. Coupling this to the problem of finan-
cing the remaining farm investments, it becomes easy to
understand the problem of competition that exists between
alternative uses of limited capital and credit. The whole
method of establishing investment priorities becomes very
important when the entire investment picture is visualized.

Another important characteristic of farm power and
machinery is that the services from such equipment can be
acquired in several ways. Quite logically, the most common
method is through equity ownership of the entire system.
However, the range of choice also includes complete custom
hiring and combinations of ownership with custom hiring,
short-term rental or lease, and long-term rental or lease.
Under various situations and circumstances, each alterna-
tive would most likely prove feasible, since each offers

different costs, different responsibilities of management,



varying probabilities of crop completion, and varying prob-
abilities of service acquisition. The problem remains how-
ever, as to exactly what situations make these alternatives
feasible.

A final important characteristic of the farm power
and machinery investment is that it can be analyzed as an
entire system. Regardless of what individual machinery
units are required to perform the entire sequence of farm
operations, the final decision as to how the machinery
ought to be acquired, should be based on an analysis of
the entire system. Farming is made up of several opera-
tions, and usually made up of several enterprises. Because
of this, any attempt to reorganize a single portion of the
farm structure, should first be evaluated on the basis of
what affects the reorganization will have on the entire
farm. In the case of farm machinery, this requires that
the selection process should be based on an analysis of
machinery as a system.

As mentioned above, this study is an analysis of
farm machinery selection on a cash-grain farm. The reason
for selecting this type of farm is also based on predicted
changes in the structure of farming. Based on 1964 data,
the number of cash-grain farms made up 25.6 percent of all
commercial farms in Michigan. This was second only to the
dairy farm which accounted for 33.6 percent of all commer-

cial farms. Projections to the year of 1980 indicate that,
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even with a reduction in commercial farm numbers of about
57 percent, the number of cash-grain farms in Michigan will
comprise some 35.1 percent of all commercial farms and thus
become the most prominent farm type in Michigan. Table 3
indicates the projected numbers of all farm types in Mich-

igan by 1980.

TABLE 3.--Michigan Commercial Farms by Type: Number and
Percent of Total, 1959-64 and 1980 Projections

Number of farms Percent of all farms
1980 1980
pro- pro-
Type of Farm 1959 1964 Jjection 1959 1964 jection
Dairy 24,663 20,230 8,000 37.9 33.6 21.6
Poultry 2,079 1,734 400 3.2 2.9 1.1

Other 1livestock 9,849 8,725 8,000 15.1 14.5 21.6

Cash-grain 14,262 15,418 13,000 21.9 25.6 35.1
Other field
crops 1,235 1,027 800 1.9 1.7 2.2
Fruit 4,135 4,181 2,000 6.4 7.0 5.4
Vegetable 1,304 1,335 1,000 2.0 2.2 2.7
General 6,197 5,287 2,300 9.5 8.8 6.2
Miscellaneous 1,318 2,250 1,500 2.1 3.7 4.1
Total 65,042 60,187 37,000 100.0 100.0 100.0

Source: Research Report 47 "Project '80 Rural Michigan Now
and in 1980," Agricultural Experiment Station and Coopera-
tive Extension Service, Michigan State University, 1964,

p. 20.
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A Problem Statement

With the understanding of the amount of investment
a farmer ties up in farm power and machinery, and with the
realization of the swiftness in machinery turnover due to
technology, it is not hard to see why farmers have diffi-
culty managing this portion of their total farm investment.
A farmer is faced with several alternatives, ranging from
ownership, custom hiring, renting, and leasing, when he
attempts to acquire farm machinery services. An economic-
ally feasible selection process requires knowledge of op-
erating costs, ownership costs, expected years of life,
salvage values, efficiency schedules, machine capacities,
custom rates, rental rates, and leasing rates. It is the
intent of this study to analyze the costs associated with
the alternative methods available to the farmer in acquir-

ing the services of the complete farm machinery system.

Objectives of the Study

The main objectives of this study are as follows:

1. To describe various alternatives of acquiring
the services of selected farm machinery systems.

2. To determine the relationship between farm size
and per acre total farm power and machinery
costs for selected farm machinery systems on a
Southern Michigan cash-grain farm.

3. To examine the effects of inclement weather on
the timeliness of field operations for Southern
Michigan cash-grain farms using alternative
farm machinery systems.
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4. To determine the breakeven points between total
costs and revenues for a Southern Michigan
cash-grain farm using alternative farm machin-
ery systems.

5. To determine the optimum farm size which would
achieve minimum acre production costs for each
of the various farm machinery systems selected
for a Southern Michigan cash-grain farm.

The Thesis Format

The remainder of this thesis is broken down into
four chapters. Chapter II contains a discussion of the
theoretical framework for economies of size studies and
presents some of the problems in relating the theory to
empirical research. Such things as defining length of run,
resource divisibility, residual claimant, and risk and
uncertainty are described in detail.

Chapter III explains the research methodology used
in this study. Discussion centers on the selection of a
farm for analysis, the selection and description of various
farm machinery systems, and the analysis procedure. A de-
tailed summary of a survey on current farm machinery rental
and lease programs in Michigan is also included in Chapter
ITI.

Chapter IV follows with the results of the analysis
as applied to a southern Michigan cash-grain farm. Chapter
V contains a brief summary on the conclusions and implica-
tions of the study, and the needs for future research.

The appendix at the end of the text includes most

of the tables of supporting data.
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CHAPTER II

THEORETICAL FRAMEWORK AND SUBJECT REVIEW

The groundwork for any type of research rests on
the theories of the supporting discipline. 1In economies
of size studies [1l], the supporting discipline is econom-
ics. The purpose of this chapter is to portray the theory
and some of the associated difficulties of applying the
theory to real life problems. The latter part of the chap-
ter contains a review of two studies already completed in

the area of farm machinery selection.

Theoretical Framework

The theory of production is expressed in terms of
short-run and long-run planning horizons. Explanation of
the lnegth of run is dependent upon the knowledge of which
factors of production are fixed to the firm and which are
variable. A fixed resource is defined as one which is
worth more in its present use than any other entity will
pay for it, but not worth enough in its present use to
justify getting more of it. The marginal value of the
fixed resource is less than the purchase price of an addi-
tional unit of the resource and more than the salvage price

obtainable by selling the unit [2].

14
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A variable resource is defined as having a marginal
value which exceeds its purchase price or is less than its
salvage value. Hence, the amount of a variable resource
used by the firm is flexible. More, or less of it can be
used at increased profits to the firm.

The length of the planning horizon depends on how
the factors of production are viewed. 1In general, economic
literature defines four distinct time periods as the very
short-run, the short-run, the long-run, and the very long-
run.

The very short-run is a time period so short that
a firm cannot change its output, while the short-run time
period is sufficiently long enough to allow the firm to
expand output but not capacity. Hence, the latter time
period allows some, but not all, factors of production to
vary.

The long-run refers to a time period sufficiently
long enough to allow all the firms factors of production
to vary. This is distinguished from the very long-run
where all factors of the firm, the industry, and the econ-
omy, are allowed to change.

To better understand this theory, a diagram is
presented on the following page. This diagram shows five
different short-run planning horizons which are identified
by the five SAC (short-run average cost) curves. Each SAC

curve shows the relative position of the firm facing a
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FIGURE l.--A Diagram of the Short-Run and Long-
' Run Cost Curves
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time period so short that part of the resources are fixed.
Each SAC represents a different level of fixed resources.
The optimum (or most efficient) point of production for
each of these planning horizons is at the bottom of the
respective SAC curves. This is the point where marginal
cost is equal to average cost; hence, per unit of costs of
production are lowest. However, the theory says a firm
will produce in the short-run at the point where marginal
cost is equated with marginal revenue as long as total
revenue at least covers the total variable costs and con-
tributes to the fixed cost.

Each SAC curve shows the three general segments of
decreasing, constant, and increasing costs. In the down-
ward sloping portion of decreasing costs, more units of
the variable resources are added to the existing level of
fixed resources, thus resulting in greater output. Total
average costs are decreasing because the fixed costs are
spread over more units of output. However, a point is
eventually reached whereby increasing proportions of the
variable resources must be added to the fixed resources in
order to increase output. Fixed costs are still being
spread over more units of output, but the total variable
cost becomes much higher per unit of product. Consequent-

ly, total average costs increase.
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The long-run planning horizon is shown by the LAC
(long-run average cost) curve which is drawn tangent to
the SAC curves. This curve reveals the least possible
cost per unit of product for various levels of output when
all factors of production are variable. Hence, it is an
indication of the long-run economies of size available to
the firm for assumed levels of technology and price rela-
tionships. It presents the least-cost resource combination
where the marginal physical products per dollar of resource
are equal for all factors of production. 1In this long-run
situation, the firm will continue to produce if revenues
are sufficient to cover all costs. The most efficient out-
put level is OQ as indicated by the diagram since, at this
point, the per unit costs of producﬁion are lowest. If the
assumption of perfect competition is added to the model,
this will, indeed, be the ultimate output of the firm since
price levels tend to adjust to the point where resources
gain a return sufficient enough to retain the employment
of the inputs being used in production, but not sufficient
enough to lure additional units of the inputs into the pro-
duction function. In other words, there would be no econ-
omic profits. This price level is shown as RP on the

diagram.
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Problems in Applying Theory to
Actual Data

The problem in the application of economic theory
to real life situations, is the necessary relaxation for
some of the assumptions upon which the theory is built.
For instance, what happens if the decision maker lacks
perfect knowledge? Or, what happens if resources are not
perfectly divisible? Or again, what determines the length
of run and the fixity of resources? These are some of the
questions involved in understanding research on economies
of size. Such questions do not negate the true value of
economic theory; they just make the application of the
theory more challenging. Madden [3] has summarized the
research pertaining to farm economies of size and much of
what follows is a review of the points which he raises

concerning empirical economies of size studies.

Length of Run and Fixed Versus
Variable Inputs

Whenever studying problems related to economies of
size, some mention must be made of the length of run. Eco-
nomies which occur from firm adjustment are the result of
different motives depending on whether the short-run or
long-run is advocated. Madden points out that,A"Short—run
economies are viewed as resulting from fuller utilization
of a fixed plant, long-run economies as resulting from ef-

ficiencies obtained by changing plant size, presumably
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involving a longer time period" [4]. However, the problem
still unanswered is: where does the short-run end and
where does the long-run begin? Or stated another way:
when does a fixed resource become a variable resource?
Farm inputs come in various classes with differing
life spans. Durable farm resources have useful life spans
ranging from two to forty years, and can reasonably be con-
sidered fixed to the firm for this period of time. The
issue is complicated more by the fact that there is no
predetermined order for which fixed resources become var-
iable. 1In light of this, length-of-run becomes a fictional
time period which cannot be specified by a calendar. In-
stead, a series of progressively longer lengths-of-run
evolve as the planning horizon lengthens and more inputs
are considered variable [5]. The length of run and the
fixity of resources thus become relative terms, depending

solely on the entrepreneur's (or researchers) frame of mind.

Handling Discrete Resources

Economies of size studies must also deal with the
problem of discrete and divisible resources. A discrete
resource is defined as an input which is available to the
firm in the form of specific sizes or in counted quantities.
It may be a single item, or it may be increments of set
sizes. A divisible resource, on the other hand, is one

which is available to a firm in measured quantities.
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The discrepancy between these two types of re-
sources occurs in the utilization of the inputs. Divisible
resources are usually fully utilized. Such things as gas-
oline, fertilizer, electricity, herbicides, seeds, etc.,
can be obtained in the exact amount required for production.
If the divisible resource is storable, it may be saved for
future use or returned to the seller.

Discrete resources, however, are often underuti-
lized. Farm machinery invariably falls into this trap for
the simple reason that the various machinery items within
the system have different capacities. As a result, some
items of machinery may be underutilized, while others may
be overutilized at the same acreage level.

The solutions to the problem of discrete resources
hinge on two alternatives. 1In the first place, the service
of a discrete resource may be available to the firm in
divisible quantities. Applying this to the farm situation,
it is easy to see that such things as the hiring of part-
time help, the use of custom hiring, or machinery rental
and lease, are all alternatives to the discrete resource
hangup. A second alternative is presented by Madden (6],
who argues that the firm can come closer to full utilization
of discrete resources if it uses smaller increments of the
resource relative to the total quantity of the resource
used by the firm. Applying this to the situation of dis-

crete machinery inputs, it appears reasonable that, if a
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farm acquires tractors in discrete units of 100 horsepower
for every 200 acres of land, a farm of 300 acres would re-
quire two such tractors. However, if tractors were purchased
in units of 50 horsepower; and if the assumption that the
smaller the tractor--the lower the cost, is valid (and it
would be in this case), then a farm of 300 acres would most
likely be handled at a lower per unit cost if one, 100
horsepower, and one, 50 horsepower tractor were used.

It perhaps would be wise to point out that the
proper emphasis of full utilization of resources should be
handled with some caution in economic studies. 1In general,
it is true that the full utilization of resources results
in a reduction of average costs; however, full utilization
to lower average costs is only one method of increasing
profit [7]. Consequently the profit motive may in itself
dictate that the underutilization of some discrete re-
sources will lead to increased revenues. Underutilization,
or excess capacity, may also be argued as an ace in the
hole against risk and uncertainty. Take for example, the
accumulation of excess machinery capacity as a guard against

unfavorable weather and late field operations.

The Role of Management

The term "farm management"” is an often used phrase
which covers a considerable area of relatively unknown

boundaries. Numerous attempts have been made to define
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management, but as yet, no one really knows what management
is, how it operates, or what capacities it offers. There
are even dissenting views as to whether or not management
is a factor of production or something in addition which
helps explain and describe the production function. About
the only concrete aspect of management that is ascertain-
able, is the apparent results of managerial activities,
and in some cases this has to be interpreted with caution.
In general however, farm management is the decision
making process for a farm. Not only does this include the
day in--day out type of decision required for normal ac-
tivity, it also pertains to the process of formulating
major decisions which often change the structure of a farm-
ing operation. The activities of a farm manager are usually
described in terms of supervision, coordination, and entre-
preneurship. The first two involve decision making to
handle daily operations and coordinate daily operations
into a smooth and efficient production cycle. Entrepreneur-
ship pertains to the process of making major decisions and
accepting the risk and uncertainty associated with the suc-
cess or failure possibilities after the decision is made [8].
The problem of handling farm management in studies
on farm structure and behavior, is that it represents in-
tangible attributes. Farm management per se, cannot be
perceived in any form of the senses, and hence cannot be

quantified. As a result, the only alternative for defining
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farm management rests in the ability to qualify the term

in some identifiable manner relative to present levels of
technology and knowledge. 1In economies of size studies,
once this is done all other resources are added to the
production function to develop cost statistics for various
levels of output. The real problem occurs when it becomes
obvious that to advantageously add resources (other than
those with an assumed level), requires excess managerial
capacity on the part of the farmer. When farm complexity
and size is increased, the chances of financial success or
failure become greater; as do the problems of supervision
and coordination. Defining the managerial capacity at some
level may not be sufficient to cover the entire range stud-
ied and, hence, may seriously limit the size or extent of
the farm to something below that indicated as most effi-

cient by an assumed managerial level.

Profit and Residual Claimant

Economic studies which include costs and profits
are often misinterpreted, especially when comparing one
study with another. As Madden points out, the problem is
likely to be a lack of specification for the residual
claimant; or that set of resources which absorb the profit [9].
The definitions of profit and residual claimant
vary, depending on the extent to which the factors of pro-

ductions have received a fair return from gross income.
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For instance, two popular concepts of profit and residual
claimant [10] in farm management studies are "net farm
income" and "operator management income." Under the first
concept, all cash costs and depreciation are subtracted
from gross receipts to arrive at the net farm income figure.
Such a figure however, fails to recognize the opportunity
cost on the equity portion of farm investments, and it
fails to recognize an opportunity cost on the farm oper-
ator's labor and managerial abilities.

The second concept is a further refinement of re-
sidual in that "operator management income" also subtracts
a return for interest on investment and a return for oper-
ator labor. The amount of receipts which still remain,
represent the return to the operator for his managerial
services.

The importance of the above two definitions can
readily be seen in a hypothetical farming situation. As-
sume for the moment that a farmer held full equity in his
operation and received a positive net farm income but a
negative operator management income. Based on this assump-
tion, a farmer in such a position could continue operating
indefinitely since, even though he is not receiving a fair
market return on his investment, and his ability as a la-
borer and manager, all depreciation and cash costs would
be covered by the receipts. However, for a young indivi-

dual considering the long-run consequences of starting a
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similar farm, the revenues would not be sufficient to en-
tice him into the same farm type since alternative invest-
ment and employment would offer greater returns.

The above points out that for proper interpretation
of farm management and economies of size studies, it is
imperative that the individual understand how the residual
claimant is defined and how other resources are priced.
Unless this is done, a cost statistic, a profit statistic,
or a cost:revenue statistic has no real meaning within
itself nor in comparison with similar statistics from other

studies.

A Review of Other Studies

There recently has been a number of economies of
size studies for various types of farms throughout the
United States. Some of these studies have emphasized beef-
lot economies of size [11, 12], while about an equal number
of studies have directed primary emphasis toward economies
within a dairy farm [13, 14]. 1In the area of crop produc-
tion, size efficiency studies have emphasized such things
as optimizing fruit harvesting [15] and least-cost enter-
prise combinations [16]. The discussion which follows is
a review of two prior studies in the area of selecting farm
machinery. The first article refers to a study which
treated farm machinery in preharvest and harvesting systems,

while the latter analyzes cost for entire systems.
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Oklahoma Study

In 1964, Walker published a bulletin entitled

Machinery Combinations for Oklahoma Panhandle Grain Farms

[17]. 1In his study, Walker attempted to isolate average
cost statistics for alternative preharvest farm machinery
systems and for alternative harvesting methods. Machinery
performance and cost data in his study was obtained from a
1960 survey of 57 farmers and 10 machinery dealers in the
Oklahoma Panhandle.

Walker's cost statistics are straightforward average
total preharvest machinery costs per acre for the alterna-
tive machinery combinations. Thus, the cost curves are
continuously downward sloping to a point of limited machin-
ery capacity. These capacities for the alternative systems
were calculated on the basis of calendar time periods for
all critical jobs, the corresponding probabilities of 10
hour work days available, and machinery performance rates.

The cost curves presented in Walker's study do not
include receipts from products sold, and consequently,
there are no cost:revenue ratios. His technique is to
limit the analysis of cost only to the range of acreage for
which a given machinery system is capable of handling field
operations within critical time periods. At the acreage
level for which the capacity of the preharvest machinery
combination limits timely operations, the cost curves

abruptly stop.
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The preharvest machinery combinations analyzed
were; (a) two, 4-plow tractors and equipment, (b) one, 4-
plow tractor and equipment, (c) one, 3-plow tractor and
equipment, (d) two, 5-plow tractors and equipment, (e) one
5-plow tractor and equipment, and (f) complete custom hir-
ing. The analysis showed that in 50 percent of the years,
farmers could cover the critical operations at a minimum
cost with the following systems and acreage ranges:

1. custom hiring--0 to 300 acres of cropland

2. one, 3-plow tractor and equipment--300 to 400
acres of cropland

3. one, 4-plow tractor and equipment--400 to 900
acres of cropland

4, one, 5-plow tractor and equipment--900 to 1400
acres of cropland

5. two, 4-plow tractors and equipment--1400 to
2000 acres of cropland

The latter part of Walker's article is devoted to
an analysis of harvesting operations using the alternatives
of ownership of 12, 14, and 16 foot self-propelled combines
versus custom hiring. The author shows that the breakeven
acreage levels between ownership and custom hiring at 3
dollars per acre, are 360, 385, and 445 acres for the 12,
14, and 16 foot machines respectively. He goes on to de-
velop five different harvesting "strategies" based on var-

ious assumptions as to the availability of custom operators
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and a fixed number of days available for harvesting opera-
tions. For each strategy he develops per acre harvesting
and insurance costs for completing harvesting operations
on time.

The conclusions that Walker draws from his study
are mainly that the number of "tractors and the use of
custom rather than owned machinery may have substantial
effects on total machinery costs" [18]. The availability
of custom operators would reduce costs on farms of up to
300 acres. The decision as to the size of tractor appeared
to have little relevance in the 600 to 1000 acre cropland
farms, however, the maintenance and purchase of a second
tractor added approximately $600 to annual machinery costs
on the same size farm.

In regards to harvesting methods, Walker concluded
that the larger machines ". . . provide lower cost services
when days to combine are fixed. Smaller machines allow
lower per acre costs when a restriction is not placed on

harvest days" [19].

Iowa Studz

In 1964, Ihnen and Heady published a study called

Cost Functions in Relation to Farm Size and Machinery Tech-

nology in Southern Iowa [20]. The study was directed to-

wards farms in nine southern Iowa counties and used

synthetic-firm budgeting models. The farms were divided
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into three different classes of topography--hilly, upland,
and average. The objective was to develop least-cost
machinery combinations for various size farms in each of
the three classes.

The machinery systems considered in the Ihnen and
Heady publication were identified by the size of the mold-
board plow and were as follows; (a) 2-plow, (b) 3-plow,

(c) 2-plow, 2-plow, (d) 2-plow, 3-plow, and (e) 3-plow, 3-
plow. The machinery, excepting for one case of custom
operations, was fully owned.

The analysis used by Ihnen and Heady was based on
two budgeting models. The first model assumed costs and
revenues for crop enterprises while the second model in-
cluded both crop and a beef-cow enterprise. The results
of changing from the first model to the second model showed
"relatively little effect upon the basic'budgeting results
or cost relationships" [21].

The authors included in their analysis a schedule
for crop losses due to untimely field operations and treated
these losses as a cost rather than reductions in revenue.
Other costs included depreciation, interest, taxes, housing
and insurance, seed, fertilizer, insecticides, fuel, oil,
repairs, land, and labor.

The results of the analysis showed that "substan-
tial reduction in average total cost per dollar of crop

product can be obtained by using larger machinery
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combinations on larger crop acreages when custom operations
are not considered" [22]. Minimum unit costs were found to
exist at about 320 crop acres on each farm. The range of
constant costs [23] ran from 196 to 232 crop acres for a
2-man, 2-tractor machinery combination when custom opera-
tions were not considered. For smaller acreages, the
smaller machinery systems resulted in the lowest unit
costs, but these costs were high relative to the minimum
unit costs. Also, the smaller machinery systems resulted
in more yield and revenue losses due to untimely field
operations when acreage increased.

In the one isolated example of custom operations,
Ihnen and Heady found that "custom operations increase the
relative efficiency of the l-man, l-tractor machinery com-
bination and makes these small machinery combinations as
efficient on small acreages as the larger machinery com-

binations on the larger acreages" [24].
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CHAPTER III

METHODOLOGY AND INFORMATIONAL SOURCES

There are, depending on the motives and situations,
a number of methods for analyzing economies of size studies
[1]. However, it is generally recognized that the synthet-
ic firm approach offers the best method for isolating dif-
ferences in average costs per unit of output which are
attributable to differences in size of the firm. Since
this represents the main interest of this study, the "syn-

thetic firm" approach was adopted in the analysis procedure.

Selection of a Farm and
Its Characteristics

The location of the synthetic farm was placed in
the southern half of lower Michigan; exclusive of the Sag-
inaw Valley area. The soils of the hypothetical firm were
assumed to consist entirely of the adequately well drained
clay to clay loam series, which closely correspond with
the majority of actual soil types located in this part of
Michigan.

The selection of the product mix was based on the
average number of enterprise acres reported by the forty-
three Michigan cash-grain farms enrolled in the Michigan

34
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Telfarm project in 1966 [2]. From this data, a typical
acre was calculatéd and defined as the percentage composi-
tion of each crop or productive use made of an acre of
tillable land. The percentages are based on the reported
average number of tillable acres minus the acreage desig-
nated as "other crops." For simplicity, and because the
oat enterprise is similar in most respects to the wheat
enterprise, the relatively small acreage reported as oats
was combined with wheat acreage and called the wheat enter-
prise. As Appendix Table 1 shows, the typical acre was
found to consist of 36 percent corn, 15 percent soybeans,
19 percent navy beans, 15 percent wheat, 12 percent diverted,
and 3 percent idle.

For purposes of analysis, this study only consid-
ered the costs and revenues associated with the productive
crops of corn, soybeans, navy beans, and wheat. Because
of the wide range of alternative uses and practices for
idle and diverted acres, the costs (machinery and labor)
and the possible revenues, attributable to these acreages,
were ignored.

The level of management (and corresponding produc-
tion practices and inputs) assumed for the synthetic farm
was above average and defined as the level ". . . required
to obtain yields intermediate between present average

yields and highest yields presently being attained
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experimentally and by some producers" [3]. The associated
crop yields and productive practices are listed in Appendix

Table 2.

General Data Sources

Much of the supporting data for this study was
obtained from other sources. The majority of the machinery
data on new costs, operating costs, and ownerships costs
came from an earlier publication by Connor [4] and his
supporting unpublished data. Whenever necessary, his data
was supplemented by information obtained from the Agricul-
tural Engineering Department at Michigan State University
and from farm equipment manufacturers offices located in
the Lansing area. Information on current rental and leas-
ing practices in Michigan was obtained by the use of direct
mail questionnaires sent out to 375 Michigan farm machinery
dealers.

The data for yield losses due to untimely opera-
tions, was provided by the efforts of the Crop Science
Department at Michigan State University. The United States
Weather Bureau and the Agricultural Engineering Department
at Michigan State University were helpful in providing data
on inclement weather and resulting lost field work time.

USDA, Experiment Station, and Departmental publi-

cations were also used, but are too numerous to mention
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individually. However, an attempt has been made to iden-
tify; either in the text or in the supporting Appendix

Tables; all relevant informational sources.

Survey on Renting and Leasing

The practice of renting and leasing farm equipment
is not new to farm machinery dealers. Trade journals and
farm equipment representative association publications have
recently explored this practice and found it has been fair-
ly successful for a few dealers located in the Midwest [5,
6, 71. However, even though most farm equipment manufac-
turers provide their dealers with appropriate guidelines,
the practice of renting and leasing farm machinery is rel-
atively unknown in Michigan. Therefore, in an attempt to
learn the exact nature and extent of farm machinery rental
and leasing as it applies to Michigan, a mailed survey
questionnaire was sent to 375 farm equipment dealers lo-
cated throughout the state. The following discussion sum-
marizes the results of that questionnaire. A copy of the
actual gquestionnaire used appears in Appendix Table 17.

A total of 375 questionnaires were mailed to the
major farm equipment dealers who held membership in the
Michigan Farm Power and Equipment Association. Of the 163
questionnaires returned (43 percent) only twenty-six deal-

ers indicated they had programs to rent or lease to farmers.
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Eighteen additional dealers reported they had intentions
of starting such a program within the next two years while
six others indicated they were undecided about starting a

rental or lease program.

Short-Term Renting or Leasing

Out of the twenty-six dealers who had rental or
lease provisions, only eighteen rented or leased farm
machinery on a short-term basis in 1967. Six of these
eighteen provided the service on both new and used equip-
ment; ten dealers rented or leased only used equipment,
and two dealers rented or leased only new equipment.

Of the dealers responding to the question on wheth-
er or not the farmer is required to pay the short-term
payments when use of the machine is delayed by inclement
weather, 71 percent indicated the farmer did, in fact,
have to bear the risk of bad weather by meeting payment
obligations whether he did, or did not use the machine.
Responses to other short-term responsibilities indicated
that a majority of the dealers considered the farmer obli-
gated for the following items; liabilities, operating costs,
and transportation costs. Dealers themselves assumed the
costs for insurance, taxes, and normal wear and tear. The
maintenance responsibility was about evenly divided with

59 percent of the dealers indicating the farmer paid this
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cost while two other dealers reported that maintenance was
handled on a fifty-fifty basis. A summary of the responsi-
bilities appears in Table 4.

The results to the question on the extent and na-
ture of the short-term rental or lease programs in 1967
showed considerable variation in all respects. Although
the tractor and tractor-plow combination appeared to be
the most popular items placed under short-term contracts,
the different items of machinery reported, ranged from
manure spreaders to post hole diggers.

Sizes or capacity of the major items also showed
considerable variation. For instance, the size of tractors
varied from 30 horsepower to 124 horsepower. Considerable
differences were also noted in the time period, or calendar
period, of the short-term contracts. Although eight weeks
was the longest period reported, the majority of responses
fell within the one week or less category.

Rates charged for the tillage and planting equip-
ment were, for the most part, fairly comparable. However,
the number of these items reported was very limited. Rates
charged for tractors and/or plows showed wide variation
depending on the size of the tractor and the number of plow
bottoms. Generally rates were quoted on a per day, per
acre, or per hour basis with a couple of reports charging
on a combination of hours and days. The range ran from 3
dollars per hour to 7 dollars per hour plus 5 dollars per

day.
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TABLE 4.--Summary of questionnaires returned, number of
dealers renting or leasing, and short-term con-
tractual responsibilities.

Number of questionnaires mailed 375
Number of questionnaires returned 163
Percent returned 43
Number of dealers with rental or lease programs 26
Number of dealers holding short-term contracts

in 1967 18
Number of dealers renting or leasing new and

used equipment in 1967 on short-term basis 6
Number of dealers renting or leasing used equip-

ment only in 1967 on short-term basis 10
Number of dealers renting or leasing new equip-

ment only in 1967 on short-term basis 2

Farmer responsible for short-term payments
when inclement weather prohibits use of

the machinel YES 15 NO 6
Responsibilitiesl Number of Dealers Reporting the
Farmer was Dealer was
Responsible Responsible
Insurance 3 16
Taxes 5 12
Liabilities 16 3
Maintenance?2 10 7
Normal Wear and Tear 4 15
Operating Cost 19 0
Transportation 6 12

lAlthough only 18 dealers had short-term rental or
lease programs in 1967, other dealers indicated the provi-
sions within their contracts, by responding to these ques-
tions. Hence the number of responses will in some cases
exceed 18.

2Two dealers indicated this was handled on a 50-50
basis.
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Since the results of the extent and nature of short
term renting and leasing showed such wide variation, no
attempt was made to compute average values. However, Ap-
pendix Table 18 gives the complete breakdown of items,
sizes, lengths of contract, and rates charged as reported

by the eighteen dealers.

Long-Term Renting and Leasing

Of the twenty-six dealers who réportedly had provi-
sions for renting or leasing farm machinery to farmers,
only two dealers indicated they actually held farm machin-
ery under long-term contracts [8] in 1967. 1In addition to
this, eleven other dealers indicated that, although they
had no machinery placed under long-term arrangements in
1967, they might have facilities for doing so, by answering
questions which pertained only to the long-term portion of
the questionnaire. Since this led to some doubt [9] as to
the validity of the responses, the following discussion
summarizes the reports of the two dealers separately from
the eleven other dealers.

The two dealers holding long-term contracts in 1967
reported that the agreements applied only to new farm ma-
chinery. Both dealers required the farmer to bear 100 per-
cent of the responsibilities listed. Responses to the
question on investment credit revealed that one dealer

passes this tax benefit on to the farmer while the other
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makes no provisions. Both dealers were likewise split on
the question of a purchase option; one dealer reporting
his contracts did not contain the purchase option and the
other indicating that such an option was a part of the
contract.

The items and sizes of machinery reported as pres-
ently under long-term contracts were as follows; one tractor
of 130 horsepower; one l2-row planter; one 5 foot stalk
chopper; one 13 foot combine; and one chopper. The re-
ported length of the contracts were for three years with
one dealer listing an annual rate of 28.7 percent of deliv-
ered sales price and other dealer reporting an undeterm-
inable rate.

From the additional information obtained from the
other eleven dealers, it appeared that the problem of
handling investment credit under long-term lease contracts,
posed the least continuity among dealers. The responses
to this question were about evenly divided between the
dealer taking the investment credit himself, the dealer
passing it on to the farmer, and no provisions made. These
same dealers were, however, almost unanimous in reporting
that their contracts for long-term leasing contain a pur-
chase option. Their responses were fairly even, but
slightly in favor of a specific purchase option price, and
slightly against applying a percentage of past lease pay-

ments to the purchase option price.
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The above presents some idea of the current devel-
opment of farm machinery rental and leasing as it is pres-
ently known for Michigan. It appears that this type of a
program is in a beginning stage and, aside from the few
dealers currently renting and leasing, most dealers have
no immediate intentions of expanding this service into
their overall program. Dealers and farmers alike are still
floundering with the problem of how contracts can be for-
malized for the mutual benefit of both parties. As more
knowledge and experience is obtained in this area, and as
the structure of farming changes, the renting and leasing
of farm machinery may become a common practice. 1In the
meantime, it will remain a limited means of acquiring
machinery services.

For the farmer, renting and leasing of equipment
is an expensive alternative and from this standpoint, it
can not compete with other alternatives. Current rates
severly limit the practicability of renting or leasing
those items of equipment which are used extensively in the
farming operation. The unpredictability of weather alone
places some doubt as to the feasibility of short-term
agreements since no farmer wants to pay rent on a tractor
for three days only to have it sit idle due to inclement
weather. Also, aside from some initial "down payment"
benefits, long-run costs, under the long-term contracts,

often considerably exceed other alternatives.
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Since the results of the farm machinery rental and
lease survey showed relatively little of this practice
currently being done in Michigan, and because the costs of
such an alternative are not comparable to other means of
acquiring farm machinery services, the analysis of this
study does not include renting and leasing within the
machinery systems. Major emphasis is instead, placed more
on the current machinery systems used by cash-grain farmers.
Chapter V does, however, contain some possible economic

implications of the renting and leasing alternative.

The Selection and Description of
Various Farm Machinery Systems

The commercial cash-grain farmer of today must have
answers to certain questions before he can wisely select a
machinery system to till, plant, and harvest his crops.
First and foremost, he must determine what crop enterprises
are most profitable for his farm business. Secondly, based
on the knowledge of the farm organization and recommended
technological practices, the farmer should determine what
types of machinery are needed to accomplish the recommended
practices. Thirdly, in order to determine the number and
sizes of machines needed, a comparison should be made be-
tween machinery efficiency (or capacity) schedules and the
number of acres which have to be covered in the limited

time available. The fourth step requires knowledge of
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alternative means of acquiring machinery services, while
step number five requires some knowledge of alternative
uses for capital and credit [10].

The over-riding criteria, however, is the impor-
tance of analyzing farm machinery needs in terms of a
systems approach rather than by the needs for one machine
or the machinery needs for one enterprise. The production
cycle of a cash-grain farm is typically made up of several
separate and distinct field operations which are performed
by the same piece of machinery, and which must be performed
within certain time periods. The unfortunate problem is
that in many cases these separate and distinct operations
must be done within the same time period with only one
piece of machinery. For instance, a similar problem arose
in this study where the optimum harvesting dates for soy-
beans was October 1-10. This period was overlapped by the
October 5-15 optimum harvesting dates for corn. Another
example occurs in the early season of field work where
optimum dates for planting corn interfer with normal til-
lage for the soybeans and navy beans.

When such problems as these occur, the analysis
procedure which concentrates only on the machinery needs
for a particular enterprise would most likely have recom-
mended a combine too small in the first example because it
would fail to acknowledge the needed capacity to complete

both harvesting operations on time. In the second example,
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if the analysis procedure were based solely on the needs

of a tractor, the results again would under-estimate actual
requirements because of a failure to account for the com-
peting time element. 1In both cases, a far better method

of approximating machinery needs to fulfill the require-
ments of the entire farm situation, rests with the use of

a systems approach.

The commercial cash-grain farmer of today is faced
with several alternatives for selecting the services of
farm machinery systems. His range of choice includes com-
plete ownership, complete custom hiring, a combination of
ownership with custom hiring, and a combination of owner-
ship with renting or leasing. As previously indicated,
the emphasis of this study is placed on the current machin-
ery systems used by Michigan farmers. Consequently only
the first three alternatives above are utilized in the
analysis.

Five basic machinery systems were identified in
this study. These systems were: (a) 4-row system with
complete ownership, (b) 4-row system with a combination of
ownership and custom hiring, (c) 6-row system with complete
ownership, (d) 6-row system with a combination of ownership
and custom hiring, and (e) complete custom hiring [11].
Appendix Table 4 lists the items of machinery included in

the 4-row and 6-row systems.
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Although the method of complete custom hiring is
not currently widely used in Michigan, there are, in some
areas of the state, reports that such a practice has been
fairly successful [12]. However, the main reason this
system was included in the analysis was because of the
potential that such a method of acquiring farm machinery
services might have in the future. For example, complete
custom hiring could be beneficial to the elderly farmer
who is nearing retirement or it could be an alternative to
the farmer with a limited labor supply or a limited level
of technical skills which are required for owning and op-
erating the necessary equipment. Adoption of the complete
custom hiring alternative allows farmers to concentrate
entirely on the management functions with primary respon-
sibilities devoted to selecting custom operators who have
the proper equipment for doing the job right, and schedul-
ing their services into the proper sequence of production
practices.

The 4-row and 6-row systems with complete ownership
represent the majority of machinery systems currently used
on Michigan cash-grain farms. Under these two systems,
the farmer owns and operates all of the machinery required
to complete the production cycle for all enterprises.
Hence he becomes directly responsible for all operating

and ownership costs for the entire machinery system.
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For the 4-row and 6-row systems, with a combination
of ownership and custom hiring, it is assumed that all
harvesting operations and the bulk spreading of fertilizer,
are completed by custom operators. The farm owner only
maintains equity in the power (tractor), tillage, and
planting equipment. As a manager, he is responsible for
scheduling his own operations and those of the custom op-

erators into a smooth and efficient productive cycle.

General Assumptions

As in any analytical study, several simplifying
assumptions must be made in order to designate a workable
problem. The assumptions listed below pertain to the bud-
geting models used in this study.

1. The farm owner was assumed to be the manager
and operator for all field work, except for the cases cal-
ling for custom operations, in which case the farm owner
became strictly a manager.

2. Labor requirements fulfilled by the farm owner
were charged at the rate of $1.50 per hour. 1In the case
of custom hiring, all labor was supplied by the custom op-
erators who included the labor charge within the custom
rates.

3. The farm, regardless of size, consisted of only
one soil type, namely the adequately well drained, clay to

clay loam.
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4. The cropping plan remained the same as farm
size varied. This cropping plan allowed for the following
typical productive crop acre: 36 percent corn, 19 percent
navy beans, 15 percent soybeans, and 15 percent wheat. The
remaining 15 percent consisted of idle and diverted acres.

5. The level of management was assumed to be above
average, with yields (and corresponding production prac-
tices) intermediate between current average yields and the
highest yields being recorded experimentally and by top
producers.

6. All field operations had to be completed in
the proper sequence of normal operations. Thus late com-
pletion of one operation delayed the starting time of the
next operation.

7. The five machinery systems included in the
analysis remained fixed as farm acreage increased.

8. The number of hours available for field opera-
tions by the farmer was limited to 10 hours per day and 6
days per week (i.e. 60 hours per week).

9. All owned farm machinery was assumed to be pur-
chased as new equipment, and depreciated on a basis of the
number of years of normal life or the number of years until
physically worn out; whichever was shorter.

10. All prices paid for inputs were assumed to ap-
proximate current market prices. Prices received were the
approximate 1965-66 season average prices received in

southern lower Michigan.
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11. Custom operators were assumed to be available
in sufficient numbers to complete all operations on time,
or as soon as biologically possible. Hence, if the corn,
navy beans, and soybeans crops were planted on time, they
would also be harvested on time. If 10 percent of any of
these crops were planted one week late, then 10 percent of
the same crop was harvested one week late. (The above does
not apply to late planting of wheat because after surviving
the dormant winter stage, all wheat will mature at about
the same time, regardless of the various planting dates.)

12. All crops were assumed to be transported from
the point of harvest to public storage facilities by custom
hauling. Hence, the farm machinery systems did not include
facilities for crop hauling nor did the labor requirements
include time spent for crop storage.

13. Harvesting and planting operations were not
permitted to commence before the optimum time periods for
maximum possible yields.

14. A constant state of the arts was assumed.

The Analysis Procedure

In an effort to meet the objectives for this study,
two budgeting models were utilized in the analysis procedure.
The first model was referred to as Budgeting Model I, and

the second; Budgeting Model II.
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Budgeting Model I

The intent of Budgeting Model I was to relate farm
size with power, machinery, and labor costs for the five
machinery systems analyzed. To better understand this
relationship, budgets and graphs were developed which por-
trayed these costs on a per acre basis. The procedure
assumed that the five machinery systems remained fixed as
farm size ranged from 0 to 1000 tillable acres by 40 acre
increments.

Machinery costs included both the operating and
ownership costs [13]. Operating costs included repairs,
fuel, lubrication, oil, and oil filters. Repairs for all
items of machinery were based on a percentage of new costs.
Lubrication charges for tractors and self-propelled items
were estimated as a percentage of new costs while lubrica-
tion costs for other items of machinery were computed at
5 cents per hour of use. Fuel rates for tractors were
based on an average fuel consumption of .065 gallon of
diesel fuel per rated drawbar horsepower [14]. Combine
fuel rates were based on an average fuel consumption of .3
gallon per hour per foot of cut. O0il and oil filter costs
were based on a rate of 15 percent of fuel costs. These
operating costs for selected items of machinery are shown

in more detail in Appendix Table 9.
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The ownership costs of a machinery system included
depreciation, interest, and insurance. Depreciation was
calculated on the straight line method over the expected
normal life of the machine until technological obsolescence
required replacement. In the event that the number of til-
lable acres at a given farm size required excessive use of
any machinery item (i.e., it became worn out before reach-
ing technological obsolescence), the shorter number of
years of life which resulted, was used as the base. 1In all
cases, salvage values were estimated to be 10 percent of
new costs.

Annual interest and insurance rates were based on
the average investment value for each item of machinery
within a system. Rates of 6 percent and .7 percent, which
approximate current rates, were chosen for the interest
and insurance charges, respectively. More complete details
of annual machinery ownership costs and expected years of
life until technological obsolescence are given in Appendix
Table 4. Appendix Tables 5-8 present the annual ownership
costs schedules by farm size for excessive machinery use.

For Budgeting Model I, data obtained from farm
machinery and labor efficiency tables gave results leading
to "direct" [15] labor and machinery hours required per
acre. Since all machinery operating costs were based on
hourly rates, and labor was charged at the rate of $1.50

per hour [16], these results were easily converted to
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dollars of operating and labor costs for any given size of
farm. Total costs were computed by adding annual ownership
costs to the operating and labor costs. Finally, by assum-
ing the enterprise mix and the machinery systems were fixed,
an average total cost per acre was calculated by dividing
tillable acres into the total costs for each 40 acre incre-
mental increase in farm size. Appendix Tables 10-14 relate
the efficiency schedules and the per acre operating costs

for selected items of machinery.

Budgeting Model II

Budgeting Model II is a refinement of its counter-
part in that this model included two importantly related
problems; the problem of inclement weather and the problem
of completing operations on time to avoid losses in crop
yields. The ultimate objective of Budgeting Model II was
to obtain cost:revenue curves showing the traditional seg-
ments of decreasing, constant, and increasing costs of
production for each of the machinery systems studied. By
generating these costs curves, further insights were pos-
sible into such areas as break-even analysis, and basic
size-efficiency relationships for southern Michigan cash-
grain farmers.

The ability to complete field operations on time
is important to a cash-grain farmer for two reasons. 1In

the first place, losses in crop yields could reasonably
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be expected to occur from planting and harvesting crbps

too early. For instance, a late frost in the spring can
stunt or delay the growth of crops planted too early, while
a lack of complete maturing or high moisture contents are
deterents to early fall harvesting. A second reason for
completing operations on time is to avoid late planting

and harvesting operations which result in shortened growing
seasons and increase the risks of early killing frosts in
the fall.

From a practical standpoint, early operations pre-
sent a small problem relative to late operations. For the
most part, crops are planted in the spring as soon as
weather permits and harvested in the fall when the crop
ripens. Consequently, this study ignored early planting
and harvesting by assuming these two operations could not
begin before the appropriate calendar dates for maximum
possible yields.

Late planting and harvesting operations were, how-
ever, considered an important part of Budgeting Model II.
As farm acreage increased in 40 acre increments, each of
the fixed machinery systems ultimately reached a point of
limited capacity; above which late planting and harvesting
operation resulted in reduced yields per acre. This study
treated the lower yields as reductions in revenue in inter-

preting the effects of late operations on size-efficiency
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relationships. The summary for critical planting and har-
vesting dates and losses in yields resulting from late
operations is found in Appendix Table 26.

Complicating the problem of timeliness of operation
was the problem of inclement weather and the corresponding
lost time available for field work. Because of a lack of
data, incorporating this problem into the budgets posed
one of the biggest headaches of this study. The method
finally adopted was based on a straight line regression
between inches of precipitation and field work days lost
[17]. For analytical purposes, the field working season
from April 1 to November 30, was divided into 35 "climatic
weeks," and based on local climatological data, an average
weekly precipitation value was calculated for each of the
climatic weeks. The corresponding number of work days lost
within each week was obtained directly from the regression
line. Appendix Table 24 lists the average amounts of pre-
cipitation (and corresponding work days lost) by weeks.
Appendix Table 25 shows the plotted regression equation.

The end result of Budgeting Model II was to plot
total dollar costs per total dollar receipts (i.e., cost:
revenue ratio) against farm size [18]. Total receipts
consisted entirely of cash sales from the corn, soybean,
navy bean, and wheat enterprises. Costs included machin-
ery, labor, custom crop hauling, seed, fertilizer, herbi-

cides, and an opportunity cost of six percent on the
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land investment. A listing of the prices paid (other
than machinery) and received are found in Appendix Table

3.
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CHAPTER IV

THE ANALYSIS

The analysis was completed by using the two budget-
ing models described in Chapter III. The analysis results
for both models are described in the following text. Sup-

porting material is presented in the Appendix.

Budgeting Model I

The intent of Budgeting Model I was to show the
relationship between costs and farm size for the five ma-
chinery systems analyzed. More specifically, the objective
was to show how farm machinery and labor costs per acre
decrease as farm acreage increases.

The data supporting Budgeting Model I are presented
in the following Appendix Tables: Appendix Tables 5-8
Present the annual ownership cost schedule, Appendix Tables
11-14 compute the operating costs per acre by enterprise
for the various machinery systems involving ownership,
Appendix Table 15 shows custom rates by enterprise for the
COmplete custom hire system. The budgets, which derived

the cost per acre statistics for Budgeting Model I, were
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computed from the above data. These budgets are located
in Appendix Tables 19 through 23. The results of the bud-
gets are presented in graphical form in Figure 2 [1].

The results of Budgeting Model I indicated that,
from a cost standpoint, complete custom hiring offered the
cheapest means of acquiring farm machinery services for
farms with 322 tillable or less. Between 323 and 343 til-
lable acres, the 4-row system with a combination of owner-
ship and custom hiring resulted in the least dollar labor
and machinery costs per acre. From 344 to 597 tillable
acres, the system of complete ownership of a 4-row system
was found to give the lowest per acre costs; while above
597 acres the 6-row system of complete ownership presented
the lowest per acre costs for labor and machinery. These

findings are summarized in Table 5 below.

TABLE 5.--Summary of Results for Budgeting Model I

Costs Per Acre

at The
Range in Acreage Lower Higher
Machinery Exhibiting Acreage Acreage
System Minimum Cost Level Level
(acres) ($) ($)
Complete custom hiring 0 - 322 16.68 16.68
Combination ownership
& custom hire, 4-row 323 - 343 16.67 16.27
Complete ownership
4-xow 344 - 597 16.24 12.57

Complete ownership
6—xow 598

1000 12.56 10.66

—
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FIGURE 2.--Costs Per Acre for Various Farm Sizes

and Machinery Systems
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Budgeting Model IT

The second budgeting model was used in an attempt
to portray the entire picture of both costs and revenues.
It incorporated the timeliness of operations into the anal-
ysis and charged lost revenues from late operations as a
deduction in total revenue. The intent of Budgeting Model
II was to derive breakeven points between costs and rev-
enues, and to analyze the size-efficiency relationships for
a southern Michigan cash-grain farm.

The costs of this second model included those of
Budgeting Model I plus seed, fertilizer, herbicide, an
opportunity cost for land investment, and custom hauling.
Appendix Table 3 lists the prices paid as used in this
study. Appendix Table 16 aggregates the total variable
costs per acre by machinery system and enterprise.

In all cases, receipts were based on sales of har-
vested crop acreage. For each 40 acre increment, the figure
for total receipts is based on a time table of operations
whereby each field operation must be completed in a given
sequence. Although, no critical time periods were placed
on the tillage operations, late tillage resulted in late
plantings and harvesting for the larger acreages analyzed.
These latter operations were bounded by critical time per-
iods and if late plantings or harvesting occurred, the

yields were reduced accordingly. The derivation of the
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total revenue was based on the rates of reductions in
yields for late planting and harvesting (see Appendix
Table 26), the required man hours to complete all opera-
tions, and the loss of field work days due to inclement
weather. Appendix Tables 27 and 28 lists the number of
acres planted or harvested late by farm size for the 4-row
and 6-row systems, respectively.

The budgets used in Budgeting Model II were calcu-
lated from the additional data on costs and timeliness of
operations, and appear in Appendix Tables 28 through 31.
Figure 3 shows the cost:revenue ratios in graphical form.

In terms of breakeven analysis, the results of
Budgeting Model II indicated that a minimum of 89 tillable
acres were required before costs would equal revenues for
any system other than complete custom hiring. More speci-
fically, this breakeven acreage level was obtained by the
use of a 4-row system with a combination of ownership and
custom hiring. Other breakeven acreage levels noted were
107, 123, and 152 tillable acres under a 6-row system with
a combination of ownership and custom hiring, a 4-row system
of complete ownership, and a 6-row system of complete own-
ership, respectively.

In terms of short-run efficient machinery systems,
the alternative of complete custom hiring resulted in the
most efficient machinery system for both the smaller (below

326) and the larger (above 937 tillable acres) farm sizes [2].
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Between the levels of 326 and 349 tillable acres, cost:rev-
enue statistics were lowest for the 4-row system with a
combination of ownership and custom hiring. From 350 to
537 tillable acres, the 4-row system of complete ownership
resulted in the most effieient machinery system, while the
6-row system of complete ownership showed greatest effi-
ciencies for farms of 538 to 822 tillable acres. Between
823 and 937 tillable acres, the 6-row system with a com-
bination of ownership and custom hiring gave the lowest
cost:revenue statistics. The results of Budgeting Model II
are summarized in the Table 6.

As can be seen from the table, the 6-row complete
ownership system resulted in greatest economies of size
among the systems studied. Although all of the systems
indicated some range in tillable acres for which they were
more efficient than the other systems, the costs within
these ranges were relatively higher than the costs within
the efficient range of the 6-row system of complete owner-
ship. The added capacity of this system (and hence, the
added revenues) more than offset the increased costs of
this system over either of the 4-row alternatives. Also,
at the larger acreage levels, the annual ownership costs
of the 6-row system with complete ownership, were spread
thinner allowing this system to be relatively more effi-
cient than its counterpart with a combination of ownership

and custom hiring.
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It is also interesting to point out the fact that
even at the most efficient point for each of the machinery
systems studied, some losses were apparent because of late
operations. For instance, at the 560 tillable acre level,
where the 4-row system of complete ownership resulted in
its most efficient short-run economies of size, the follow-
ing late operations occurred (see Appendix Table 27): 71
acres of corn were planted one week late; 74.3 acres of
corn were harvested one week late and 43.0 acres of corn
were harvested two weeks late, 2.2 acres of navy beans
were planted and harvested one week late, and 3.2 acres of
wheat were planted one week late. Similar results also
occurred at the most efficient points for the other machin-
ery systems studied (excluding complete custom hiring).
The important point, however, is that the marginal revenue
from expanding to the points of most efficient production
for each system still exceeded the marginal cost. Conse-
quently, the cost:revenue ratio at these acreages did not
increase.

A second interesting feature of the cost curves
presented in Budgeting Model II was the apparently large
acreage ranges exhibiting relatively constant costs for
each of the machinery systems studied. Table 7 summarizes
these ranges in acreage for different definitions of con-

stant costs.



68

T

‘wa3sAs KaxsuTyoew USATH ® I0J (OT3BI SNUBADI:ISOO 3ISOMOT)
jutod 3USTOTFJIS 3JIsSOwW 9Y3 JO 9Seq  WOIJ POUTIIOP 9I® S3ISOD JURISUOD ‘Sased e Ul

066-05¢ €€6-€9¢ 296-G0¢€ S06-S€¥ ®ITH wo3sn) pue
dTysasump UOT3RUTJUOD MOI-9

688-ST1¢€ 168-02¥ 698-8%¢ v€8-097 diysIsump 239TdwoD MOI-9

6TL-T6T 8€9-GLC Z89-L2¢ 6T9-GTE ®ITH wo3sn) pue
dTysasump UOTIRUTQUWOD MOI-§

SY9-€ve Z19-22¢ ¥z9-08¢ 009-00¢€ drysasump 939TdwoOD MOI-p

(saxow®) (s@xo®) (saxow) (saxowe)

anuaaax IeTTOP snusaax IeTTOP $0T UTY3ITM %6 UTY3ITM wa3sis
aad 3sodo 30 xad 3soo 3O Kasutyoew

50T UTUITM 5G UTUITM

SY pouTIad 3ISOD IURFSUOD I0F S9I0Y UT =26uey

swo3s&s AISBUTYOBW SNOTIBA pu® 1S350D 3UB3SUOD JO SUOTITUTISQ SNOTIEA
I0J uoT3Oonpoad JO S3ISOD Juelsuoc) ATaAT3eTad BUTITQTIYXT 92TS wIed ut sabuey--°/ TTAVL



69

References

1. Close examination of the budgets and cost curves will
show that the cost per acre statistics do not re-
sult in a smooth function. The explanation for
this is based on the increased depreciation charges
which occur at the higher acreage levels when a
given item of machinery is used more intensively
than under normal conditions. This increased cost,
at a given 40 acre incremental level, had the ten-
dency to shift the average cost curve in a nonuniform
manner. Such a tendency can most easily be seen at
the 800 and 1000 acre level for the 4-row and 6-row
complete ownership systems, respectively. The re-
sults at these points showed increasing cost per
acre statistics, rather than the expected contin-
uously decreasing values. However, if the analysis
were extended to the next 40 incremental level, the
cost statistic would most likely decrease rather
than increase. Since only a few isolated points
deviated from the function, the cost curves are pre-
sented in a smooth function.

2. Although complete custom hiring appeared to give the
best efficiencies for farms with more than 937
tillable acres, such efficiencies would only be
obtained if the number of custom operators avail-
able were sufficient to complete all operations
on time.



CHAPTER V

SUMMARY AND CONCLUSIONS

Problem Review and Analysis Results

This study started by recognizing the problems
which plague farmers attempting to select the services of
farm machinery. Although the current magnitude of per farm
machinery investments includes only about 12 percent of
total farm investments, there are certain unique charac-
teristics associated with the machinery investment which
render it difficult to manage. Some of these character-
istics recognized in this study, were (a) rapid technolog-
ical developments which result in machines becoming obsolete
long before it is physically depreciated, (b) the initial
high cost of farm machinery and the relatively low disposal
value, (c) the changing farm structure which emphasizes
large items of machinery that cannot be passed from "first
line" machinery to a "second" line, and (d) the relative
rapidity of farm machinery turnover.

In an attempt to analyze the problems surrounding
methods of acquiring farm machinery services, the following

objectives were cited:

70
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l. To describe alternative means of acquiring farm
machinery services.

2. To determine the relationship between farm size
and per acre power, machinery, and labor costs for selected
systems of farm machinery.

3. To examine the effects of inclement weather and
untimely field operations on size-efficiency relationships.

4. To determine acreage levels at which total
costs and revenues are equal for selected farm machinery
systems.

5. To determine an optimum farm size which would
achieve minimum costs per dollar of revenue for selected
systems of farm machinery.

To meet these objectives, a synthetic one-man farm-
ing operation was selected to represent a typical southern
Michigan commercial cash-grain farm. For the analysis,
farm size varied in 40 acre increments from 0 to 1000 til-
lable acres. In all cases, the product mix (typical acre),
consisting of 36 percent corn, 15 percent soybeans, 19 per-
cent navy beans, 15 percent wheat, 12 percent diverted, and
3 percent idle, was considered fixed.

Five alternative farm machinery systems were de-
fined and assumed to remain fixed as farm size expanded.
These five systems were identified as (a) complete custom
hiring, (b) 4-row system with complete ownership, (c) 4-row

system with a combination of ownership and custom hiring,
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(d) 6-row system with complete ownership, and (e) 6-row
system with a combination of ownership and custom hiring [1].
Machinery rental and leasing was not included in the anal-
ysis because of its apparent lack of popularity in Michigan
and because of the relatively high rates.

In order to meet the objectives listed above, two
budgeting models were employed in the analysis. Budgeting
Model I derived average total power, machinery, and labor
costs per acre, while Budgeting Model II included both
costs and revenues to derive cost:revenue ratios. The
costs of the second model included those of Budgeting Model
I, plus seed, fertilizer, herbicide, custom hauling, and an
opportunity cost on land investment. Revenues were based
entirely on sales from crop production.

The results of Budgeting Model I showed that com-
plete custom hiring offered the lowest costs per acre for
farms of less than 323 tillable acres. Although the costs
per acre statistics for the other four systems dropped
considerably within this range (see graph, page 61) these
costs were higher relatively to the costs offered by com-
plete custom hiring. From 323 to 343 tillable acres, the
4-row system with a combination of ownership and custom
hiring resulted in the lower costs per acre, while the 4-
row system of complete ownership showed the lower costs
per acre for a farm of 344 to 597 tillable acres. Above
597 acres the 6-row system with complete ownership gave the

lowest costs per acre of all systems studied.
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An interesting result of Budgeting Model I was the
relatively small variation in per acre costs exhibited at
the higher acreage levels studied. For instance, on farm
sizes of 400 to 720 tillable acres, the costs per acre
varied by less than $1.50 among the farm machinery systems
involving some form of ownership. From 760 to 1000 tillable
acres, these costs per acre variations were within the
range of $1.50 to $2.00.

The results of Budgeting Model II indicated that
the greatest economies of size occurred on a farm of 760
tillable acres with a 6-row machinery system of complete
ownership. Although each machinery system analyzed showed
a range in acreage at which that particular system was more
efficient than others (see graph on page 64 and Table 6 on
page 66), the cost:revenue ratios at these acreage ranges
were relatively higher than at the most efficient point.

In terms of breakeven analysis, Budgeting Model II
indicated that the 4-row system with a combination of ow-
nership and custom hiring required a minimum of 89 tillable
acres before revenues would equal costs. Other breakeven
acreage levels of 107, 123, and 152 tillable acres were
noted for the 6-row system with a combination of ownership
and custom hiring, the 4-row system of complete ownership,

and the 6-row system of complete ownership, respectively.
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Depending on the definition used, the cost:revenue
curve showed fairly substantial ranges in acreages for
which relatively constant costs were observed (see Table 7,
page 68). For instance, the 6- and 4-row systems of com-
plete ownership showed a range of 374 and 340 acres respect-
ively, for constant costs defined as cost:revenue ratios

falling within 5 percent of the most efficient point.

Implications of the Study

Regardless of whether or not the results of this
study are judged as good or bad, several interesting as-
pects have emerged from the analysis. Primary among these
interesting aspects is the degree of importance placed on
analyzing farm machinery as a system. Machinery costs are
quite substantial on the commercial farms emerging today
and it is only natural that farmers are looking for ways
of reducing these costs. Research has generally approached
this problem in two ways; either it analyzes machinery in
separate units, or it analyzes machinery in terms of the
needs for one particular enterprise. 1In either case, the
very nature of farming limits the usefulness of the above
approaches.

Farms, for the most part, are multi-product firms
with different productive cycles for each product. 1In the
case of a cash-grain farm, these productive cycles overlap

and often conflict with one another for the limited time
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and machinery available. To the extent that the limited
time and machinery can be used in all enterprises, the
conflicting overlaps compete for the same time and same
machinery. Consequently, analysis procedures which con-
centrate on individual machinery items; or on machinery
needs for a particular enterprise; often ignore the effects
of delayed operations in competing enterprises. Because
such late operations result in yield and revenue losses,
these two approaches overlook sizeable cost reductions
which, in fact, are available. The only alternative to
such oversights is the method used in this study which
treats farm machinery as a system capable of fulfilling
the needs of an entire farm.

The usefulness of the systems approach to machinery
analysis can be readily adapted to the individual farmer
about to select a machinery system. Primary steps require
that the farmer know the kinds (items) of machinery needed,
alternative ways for service acquisition, and alternative
uses for capital. Based on this knowledge, the final re-
quirements for an efficient machinery system are (a) recom-
mended operations for specific enterprises must be performed,
(b) these operations must be completed on time, and (c) a
and b must be accomplished in the least-cost manner. Ful-
fillment of these last requirements necessitate the systems
approach in order to determine a "most" efficient machinery

system for a given farm. However, as Connor points out,
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changing levels of technology requires ". . . continuous
planning in order to maintain an efficient machinery system
for any given farm" [2].

Another important implication of this study per-
tains to the use of custom hiring as a means of acquiring
farm machinery services. The results of Budgeting Model II
showed that complete custom hiring was the most economical
means of acquiring farm machinery services on farms of 325
tillable acres or less; while the 4-row system with a com-
bination of ownership and custom harvesting expanded the
efficiency range up to 350 tillable acres. The significance
of custom hiring on these rather large acreage levels was
more pronounced by the fact that the average number of
tillable acres for smaller cash-grain farms enrolled in
the Telfarm project in 1966 was only 291 acres [3]. Al-
though average farm size is expected to increase, certain
elements will prohibit many farms from expanding acreages
to any significant degree within the relatively near future.
Consequently, if custom operators are available, the pos-
sibilities are reasonably good that elderly farmers and
farmers with a limited supply of capital and labor will
find custom hiring to be the most economical short-run
means of acquiring farm machinery services.

There are also some implications from this study
which indicate that custom operators may, in fact, be

available in the future; and in greater numbers. The
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results indicated that rather large farms are a requirement
for economic justification of complete farm machinery ow-
nership. For the individual farmer who has already acquired
equity ownership in some of the large and costly items of
machinery, there may be no immediate possibilities for ex-
panding farm size. Therefore, the farmer in this situation
may decide that the only short-run solution to reducing per
acre costs (spreading fixed costs over more acres), rests

in his willingness to market the excess capacity by per-
forming the services of a custom operator.

Although the results of the questionnaire on cur-
rent farm machinery rental and leasing indicated very little
of this practice being done in Michigan, there are condi-
tions whereby such alternatives may, indeed, be feasible [4].
For the most part, renting and leasing of farm machinery
would appeal to the farmer who suddenly found himself in a
pinch for time. For instance, an unseasonably late spring
could reduce the normal amount of time for spring field
work and, hence, delay planting dates. 1In such a case, a
farmer is faced with the decision as to whether or not it
is worth the cost to rent an extra tractor for two weeks
in order to catch up with the field work and assure himself
that crops will be planted on time. If the added revenues
from planting on time to obtain maximum yields exceed the
cost of renting the tractor (and the necessary labor to run

the tractor) then renting is a feasible solution [5].
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There is also one aspect of short-term renting and
leasing which should render it feasible to farm machinery
dealers. This applies to the area of renting and leasing
used farm machinery. Not only would such a service per-
haps benefit the farmer, it would also provide a return for
a rather large part of the dealer's inventory which tradi-
tionally has done nothing but sit idle. As previously
indicated, there is little demand for the large items of
used farm machinery and consequently dealers are finding
that a considerable amount of money is tied up in used
equipment inventory. One solution for obtaining revenue
from this tied up investment is to provide short-term
rental to farmers who need such a service.

The apparent wide range in acreage levels which
provides constant costs is another important implication
in this study. For instance, the six-row system of com-
plete ownership (which resulted in the most efficient sys-
tem) showed a range in constant costs of 374 acres (from
460 to 834 tillable acres) when constant costs were defined
as cost:revenue ratios within 5 percent of the minimum
walue for a system. The low end of this range is partic-
ularly interesting since it corresponds very closely to
the average size of large cash-grain farms (457 tillable
Acres) enrolled in Telfarm project in 1966 [6]. Based on
this comparison, it becomes reasonable to hypothesize that

S oOme farmers are operating in the area of least-costs.
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Despite the fact of this encouraging implication,
the question still remains as to why farmers do not expand
acreage to the most efficient point within the area of
constant costs. One possible answer to this is that far-
mers are not willing to take the added risk and uncertainty
associated with larger farms when the increased economies
from expansion are so relatively low. Partial explanation
can also result to the fact that limitations do exist as
to the ability of management to handle larger farms and
that this limit is possibly reached somewhere below the

maximum acreage levels indicated in this study.

Limitations of Study

The results of this study are limited somewhat by
insufficient data and by the inflexible nature of the bud-
geting technique. Insufficient data was found to exist in
the three general areas of (a) yield losses from untimely
operations, (b) work time lost due to inclement weather,
and (c) general farm labor requirements.

In regards to yield losses from untimely opera-
tions, it is logical to assume that the tillage, cultiva-
ting, and spraying operations can influence crop yields,
if such practices are not completed on time. However,
without adequate study and research, designating crop los-
ses from these late operations would be purely arbitrary.

It may be that such losses are more a function of the

y =
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"proper" timing concept, in accordance with weather and
seasons, rather than a calendar timing function. For exam-
ple, good spraying habits are not so much that they should
be done by the third week of June. Instead, the proper
time for spraying is when it is not too wet or too dry;
whenever that is.

The critical operations and corresponding yield
losses listed in this study, pertained only to late plant-
ing and harvesting operations. Since the data obtainable
in this area lacked proven research for most of the enter-
prises, the only alternative, short of extensive research,
was to use the limited information that was available.

The yield loss functions do, however, leave some room for
doubts.

A second limiting aspect of this study pertains to
the data on field work time lost due to inclement weather.
There is little doubt that rain affects in some manner,
all field operations. But, likewise, there is little doubt
that rain and field work days lost, are not related in a
straight line regression as this study has used. The
amount of rain and the corresponding number of work days
lost are hinged on other important variables such as soil
classification, season of the year, and type of field op-
eration in progress. Soil classification is important be-

cause water runoff is determined by slope, soil texture,
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and soil structure. After an inch of rain, field work will
be resumed much sooner on a sandy loam soil with 5 percent
slope, than it will on a clay loam soil with 1 percent
slope.

Season of the year is an important variable because
it corresponds so closely with the water table level. 1In
the spring, water table levels are high and generally be-
come lower as the hot summer months approach. Consequently,
one inch of rain in the spring of the year would halt field
operations for a relatively longer period of time than the
same amount of rain in the late summer. Unfortunately data
are not available to correlate season of the year, amounts
of precipitation, and work time lost. The straight line
regression as used in this study would therefore, bias
downward the amount of work time lost in the spring and
bias upward the amount of lost time in the summer.

The type of field operation is a third important
variable in the relationship between inches of precipita-
tion and work time lost. The importance of this variable
is easily pointed out by the fact that precipitation will
delay such operations as wheat harvesting considerably
longer than it will delay tillage operations. Even a good
morning dew will perhaps cut down the hypothesized 10 hour
day to an 8 hour work day when wheat harvesting is in its
peak season, while on the other hand, dew has hardly no

affect on tillage and planting operations.
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The inability to separate field work time lost from
precipitation, by the type of field operation results again
in biased estimates of lost time. In general, lost time
for tillage operations are biased upwards, and lost time
for harvesting operations are biased downwards.

A third limiting aspect of this study is in the
area of "general" farm labor requirements, or sometimes
called "indirect labor requirements." Ironically, however,
the problem here was not one of insufficient data. In-
stead, the problem faced by this study was determining at
what point indirect labor takes precidence over direct
labor. 1In general, indirect labor has the characteristic
of being performed when vital field operations cannot be
undertaken. Such items of indirect labor as farm building
improvement, major machinery repair, adapting one item of
machinery from one crop to another (changing combine heads,
or row spacing of planters), etc., are carried out when
rain makes field work impossible, or in the evening hours.
Hence, in this sense, indirect labor requirements do not
directly compete with direct labor requirements. However,
there is another aspect of indirect labor which does make
it a competitor. For instance, time spent on moving ma-
chinery from one field to another, or from the tool shed to
the field, both compete with precious in field work time.
Likewise, time spent in refueling, o0il changes, and general
lubrication also compete with direct in field labor

requirements.
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Since this study could not readily include indirect
labor requirements in a proper timing sequence with direct
labor requirements, the cost:revenue curves are again sub-
ject to some bias. Proper specification of this variable
would most likely adjust the curves slightly upwards and
to the left with the corresponding efficiency points occur-
ring at a somewhat lower acreage level [7].

Further shortcomings of this study are evident
from the limiting nature of the budgeting technique. More
specifically, there is a limit as to the number of varia-
bles which can be readily handled in budgeting procedures,
and to overcome this, requires several simplifying assump-
tions. This study in three particular areas, has used
simplifying assumptions which detract somewhat from the
overall results. 1In the first place, a constant enterprise
mix was assumed throughout the study to be the most effi-
cient cropping program for a southern Michigan cash-grain
farm. The limitation, here, is that a most efficient crop-
ping program is something that must be determined farm by
farm according to the particular characteristics of each
farm. If this study could have varied the enterprise mix,
the results would most likely point to more efficient farm
organization as well as efficient machinery systems. Also,
by varying enterprise mix, the results most likely would
show a more uniform utilization of the machinery units

within a given system.
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A second simplifying assumption, which departed
from the real life situation, was the assumption of one
soil type regardless of farm size. It takes considerable
ignorance to advocate that soils are uniform and that one
farming area is just as good as any other. On the other
hand, it takes tremendous ingeniousness to understand the
relationship of southern Michigan soils and to know re-
quired practices and treatments for each of the various
soil classifications which exist. Since this study could
not take the latter route, the assumption as stated had to
be made explicit. Such an assumption, however, does not
completely deny the results, but it does require certain
adjustments be made before the results are implemented into
any farming program.

A third simplification which limits the usefulness
of this study, is the assumption of fixed prices for all
inputs and products. This limitation is particularly in-
hibiting in the area of land price where a constant oppor-
tunity cost of 6 percent was assumed, but in real life,
land values are again a function of individual character-
istics for a given farm. At any rate, the use of 6 percent
for land price would place the cost in its maximum with

the more realistic price falling between 0 to 6 percent.
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The main point to be made about the constant price
relationships among all resources and products as assumed
by this study, is that the relationships refer to present
conditions. Consequently, there is no real basis for ex-
tending the analysis results into future predictions.

A further limitation pertains to a comparison of
the results of this study and what farmers are actually
doing. For example, at the 440 tillable acre farm size,
results of Budgeting Model I showed machinery and labor
costs per acre of $14.00 and $15.02 for the 4-row and 6-row
systems with complete ownership, respectively as compared
with 1966 Telfarm data, where large farms with an average
of 457 tillable acres reported $30.74 of machinery and
labor cost per acre. This discrepancy can be explained in
either of two ways; either severe limitations exist in the
analysis, or farmers currently prepare themselves for the
unexpected with considerable excess machinery capacity. In
all probability, both explanations are pertinent to the
discrepancy, but to say in what proportions would be

impossible.

Indications for Further Study

Each of the limitations discussed in the previous
Section indicate possibilities for further study. There
Axe, however, other important areas which also require

Continuous improvements. For instance, the whole concept
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of machinery costs, while not currently lacking in data,
need continuous reevaluation as levels of knowledge and
technology change. Standards which fit the current situa-
tion will most likely be obsolete within five to ten years
unless efforts are made to keep abreast with farm machinery
developments.

Another need for further study lies within the
management process of selecting farm machinery systems.
Such questions as, what factors dictate the items of ma-
chinery needed to complete a system, or what organizational
problems confront farmers attempting to maximize the farm
machinery investment, are all relevant to continuous mana-
gerial studies.

Also within the area of management, there is a need
for research directed primarily at determining what manage-
ment is, and what influence it has on the productivity of
a given farm. More specifically, answers are needed for
such things as determining what the capacity of farm man-
agement is and how new knowledge and technology influence
the capacity of management.

Another important area for further research is the
continuous application of the systems approach to farm
machinery investment. Such analysis is pertinent to all
machinery systems under all types of farms and farming
situations. And, as indicated in the previous section, a

better and more flexible approach than the budgeting process
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would likely result in more worthwhile results. Linear
programming or some directly related approach, offers a
faster and better method for handling various product
mixes and other problems which plague manual budgeting.
As the structure of farming continues to change,
each of the points listed above indicate interesting and
significant research possibilities. To the individual
interested in farm management, economies of size studies
present tremendous challenges and offer intriguing areas

for improvement.
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It should be pointed out that the feasibility of short-
term renting and leasing is most likely subject to
the availability and rates of custom operators.

If no custom operators are available--short-term
rental and leasing may be worthwhile. On the other
hand, if custom operators are sufficiently avail-
able then custom hiring would most likely be a
better choice than short-term rental or lease.

In this case, the operating costs for renting a tractor
should not enter into the decision as to whether or
not to rent, since the operating costs are not in
addition to what would normally be required anyway
in order to plant the crop. In other words, if
the decision were not to rent--then the farmer
would consume the operating cost with his own trac-
tor, because the same amount of work would have to
be done. If the decision were to rent, then the
operating costs on the rented tractor decrease the
operating cost for the owned tractor because less
work will be done with the owned tractor.

Cash-Grain Farming Today; What it Costs, How it Pays,
A. Ec. 68, Cooperative Extension Service and De-
partment of Agricultural Economics, Michigan State
University, 1967, p. 10.

Perhaps it would be wise to point out that all is not
lost by excluding indirect labor in the analysis.
By using the assumption of a 10 hour day-6 day
work week, it is quite logical to assume that most
of the indirect labor can be completed outside of
the actual work day. However, exactly how much is
done outside of the actual work day is not known.
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APPENDIX TABLE l.--Estimated typical acre for a cash-grain
farm in southern Michigan.

Average
Acres Adjusted Percent of
Crop Reported Base Adjusted Base
(acres) (acres) (percent)
Corn 120.4 120.4 36.1
Soybeans 50.7 50.7 15.2
Navy Beans 63.2 63.2 18.9
Wheatl 49.6 49.6 14.9
Diverted 38.9 38.9 11.6
Idle 11.1 11.1 3.3
Other 14.7 0
Total Tillable
Acres 348.6 333.9 100.0
Nontillable
Acres 41.3
Total Acres 389.9
1

The wheat acreage includes a small amount of acreage
reported for the oat enterprise.

Source: Unpublished data from 43 cash-grain farms enrolled
in the Michigan Telfarm Project, 1966.
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APPENDIX TABLE 3.--Assumed prices paid and received.l

Item Unit Price?
PRICES PAID (dollars)
SEED:
corn for grain bu. 13.50
wheat bu. 3.25
soybeans bu. 4.50
navy beans bu. 5.50
FUEL AND LUBRICANTS:
gasoline gal. .174
diesel gal. .154
motor oil gal. .90
lubricant 1b. .22
FERTILIZER (bulk):
nitrogen 1b. .105
phosphate 1b. .087
potash 1b. .043
FERTILIZER (bag) :
nitrogen 1b. .113
phosphate 1b. .092
potash 1b. .046
CHEMICALS:
atrazine 1b. 2.90
amiben 1b. 5.00
eptam 1b. 2.83
HAULING:
corn, soybeans, and navy beans bu. .06
wheat bu. .05
LAND: acre 300.
annual opportunity cost at 6% acre 18.
LABOR: hour 1.50
P RICES RECEIVED3
Corn® bu. 1.20
Soybeans bu. 2.60
Navy beans bu. 3.75
Wheat bu. 1.55

1Machinery prices are located in Appendix Table 4.

2These price assumptions are not to be interpreted as
PXr edictions or prospective prices.

3Approximate 1965-66 season average price.

4In the analysis a discount of 13 cents per bushel was
As sumed for drying. Hence the net return per bushel was $1.07.

Sowurce: Larry J. Connor, Cost and Returns for Major Crops in
Southern Michigan, Agricultural Economics Report No.
87, Department of Agricultural Economics, Michigan
State University.




93

0T 000T 006 01 000T 006 dnyo1d uesq
0T 000T G8ST ooveE mox ¢ 0T 000T 8STT G86T MOx ¢ peay uxod
0T 000¢ SZZ1T "33 vl 0T 0ooz 068 °*33F 0T wIoF
-3e1d uteab
0T 000¢ SL69 0T 0002 06€S UyaTm
(ds) sutqwo)
0T 000T 3L 009 ‘3F 0¢ 0T 000T 18 007 °33 OT Ispeaads
A9ZTTTI A=A
0T 000T 8% 08¢ mox 9 0T 000T 12 0LT MOX § Jusuydselje
x2keads
0T 002T €L SLS #Mox 9 0T 002T €L GLS mox 9 (edXa
11nd) xs&eads
0T 000¢ 06T 00ST mox 9 0T 0o0o0¢ 111 SL8 Mmox ¥ I03BAT3ITND
AN 008 PET 00ct wl=LT AN 008 €CT 00TT wl-ST IT1txa
0T 000T €€C 0¥8T Mmox 9 0T 000T 9¢€T GLOT MoOx § (*yoe3je
I9ZTTT}IF
Y3l TM) I93uUeTd
ST 00ST ve 0S¢ *3F 91 ST 00ST ve 0SZ °"3F TT moxxeH
T 00CT 8VT GZET °3F 91 AN 00CT ¢TT 000T °*3F ¢T1 OSsTda
0T 00ST 6GT 0sC1 w9T-S 0T 00ST €€T 090T .9T1-% MOTd
0T 00S9 ¥98 0T89 dH ¥L 0T 00S9 L8L S0Z9 dH %9 Io3o®ea]
0T 00Ss9 L8L S029 dH %9 0T 00S9 8G9 G8TS dH 1S I030®a1]
(*sxx) (°saH) ($) (s) (*sax) (°saH) ($) (s)
90UD0S3aTOSQD . O0UDDSSTOS 3ISOD 92 1S 90U3DS9TOSqO 9O0UDSITOS 3ISOD 92 TS Swo3 T
4 TewION O3 Hlno TewaxoN MdON xo A3TO ¢ TPWION O3 Hnno TBPWION MON IO A3T1O Axsutyoey
9JTT po3oadxy TTIT3 S3ISOD -ede) 93TT po3oadxd TITI S3ISOD -ede)
dtysas drysaa

-umMQ Tenuuy

=UumQ Tenuuy

wa3si&s Moy¥-9

wa3lsis Mod-

*swe3sAs AISUTYORUW MOI-XTS
WIey 3o 93TT pezoadxs pue !sqs05 drysis

pue MOI-INOJ Y3 o3 Kzsutyoew
umo ‘3509 Mou ‘Kitoedes fowsqr--+p mrav: XTANTIJY



94

(obed 3xX3Uu UO PONUTIUOD S3930U300J])

Z
(onTeA obeaTesS + 3sO0) MON)

90° X

:SMOTTOJ se poa3ndwoo sem abxeyo ATaeek 8yl :pasn sem
wIel 9Yy3l uo 9IT] S3IT ISA0 SUTYDRW B JO anTea abeasaase ay3z uo jusdaad g Jo 3sod Ajtunjzxoddo ayg

(Z93I0YsS ST I2A9UYDTUM) {3no uxom ArTeoTsiAyd ao
939T0sqo ATTeoThOoTOoUUDO] SSWOO9q WS3T TTIUN SSn JO SILDX
(30T Fo onTea a2beales) - (3ISOD MdON)

!SMOTTOJ Se Sem S3S0D uoTjeTroaadsp I0F eTnuwIoy 3YJ °3Ino

uxom A1Teotrsiyd sswooaq 3T 9I03F9q 939T0sqo ArTeotboTouyosy swooaq 03 we3T 9yl MOTTe 03 ybnous
TTewWws sem 3zTS wIerI 3ayjz poapTaoad pasn axom (SUTIT-3ybTeRIals) uoTjzeroaadep Tenuue JO Sjunouwe
3UR3SUOD pue ‘swa3lT TR I0F Jusdxad (T JO ONTeA UTIS9pPRI] IO 9PPATRS B UO poasSeq SBM UOT3PID

-axdag °90ouURINSUT pue ‘JUBW]ISSOAUT UO 3JSaI93UT ‘uoTjzerosadsp 9pnIOUT S3SOD mﬁsmumcsoa
0,92 8LTZ vmﬂsmumczo Tenuuy Te3of
q0S¥ T9G¢€ mmﬁnmumczo Tenuuy Te30]
0T 000T 006 Mox p 0T 000T 006 MOI § JIDMOIPUTM uedg
0T 000T PLT SLY mox y 0T 000T PLT SLy Mmox p x9T7Tnd uesq
(*sax) (°saH) ($) (s) (*sax) (°saH) (s) (s)
90UDOSATOSO _ODUIDSOTOS 3ISOD 921S 90U9DS9TOSCO _DOUBDSITOS 3ISOD 92ZTS sue3 T
¢ TePWION O3 ngo TewIoN MSN IO A3IO ¢ TBeWION O3 anQo TewION MaN IO A3TIO Kxsutyoeyn
93ITT po3oadxd TITI3 S3IS0D -ede) 93ITT po3oadxd TTTI3I S3SOD -ede)
drtysasu dtysasu
-umQ Teunuuy -uMQ Tenuuy

wo3lsis Mo¥-9

wa3sAs mod-¥

"PONUTIV0D--*p ATGVL XIANIALY



95

*saaanjoejnueu juswdinbs wiey pue sasTesp Ted0T

*K3TsaoATUN 93B3S URHTUYDTW ‘soTwouodd [eaInlxTnoTaby Jo jusuryredsd ‘L1967 IDQUSAON
‘18 °*ON 3x0doy SOTWOUODH TRANFITNOTIOY ‘UehTUYDOTW uaayznos ut sdoad ysed zoley zo03
suini}ayg pue s3so) s,xouuo) °*p AxxeT burjazoddns ejep paystrgndun pue paysTIqnd :S90INOS

*3T SAo0qe 2aInbTI ay3x wox zopeaads I9zZTTTIASI O3
pue ‘xsmoaputm pue xaTTnd ueaq °Yy3x ‘SUTqWOD 3aYy3l I0J aanbTIy syz burjzoeazqns Aq pajzndwod
ST pue SAT3RUIS]ITER SITY WO3SnNO-dIYSIdUMO UOTIRUTqWOD BY3z 03 satrdde aanbtzy mﬂsav

*uumyToo 9yl
JO ums 9Yy3j ST pue aaTjruIsalTe drysasumo 3a3saTdwoo ayz o3z Ajuo sarydde a2ianbtJy mﬂzam

‘poTpn3s obHeaade Jo Sbuera 2ITJUS 9Y3l IOJ SOINPAYDS 3sod drysasumo
o3a1dwoo ay3z aaTb g 03 G saTqel xIpuaddy °939T0sqo AfTeorborouyossl ST 3IT 9I0F9F INO UIOM
ATTeoTsAyd swodooaq TTITM 3T 3eY3 Iesk Ydea yodnuw OS pasn aq TTIM suTydsew ayjz Agsasym payoeax

ATojewT3Tn ST juTtod B ‘posesardurl ST obearor waeI usaym ‘Isasmoy *939T70sqo ATTeotboTou
-yo93 Ssowod9q WS3T 9yl [TIUN SwWT3 JO Y3lbusT ayjz poIdpTISuod ST 90UIDSSTOSO HmEnozN

% 4

Loo- (onTeA sbeaTes + 3s0) MON)

$SMOTTO3F se poaindwoo sem abxeyo ATaxesi ayy
*auTyoew 8yl JO OIJTT 9Y3l ISA0 anTeA JO (Q00T$ x2d £¢$ Jo o3ex 8yl e psbaeyo sem soueansurl

‘penuTtjuo) ‘ssjoujzood ‘§ ATIVI XIANIAAVY



96

‘g oTqe] xTpuaddy JO wo330q 3B 930U3l00F 89S

T09% LZEvy 08CF 8%Cy TS0V 9C0% LSB8E LE€BE 90LE 98SE T9G¢E STYLOL
0T MOIX ¥ Iamox
-putm ueag
PLT 0T MOI § xoT71nd uesg
0T Jusw
-yoejje ueaq
0T MOI g pesy uxoo
6L6T SOLT GOLT GOLT 60ST 60ST €9€T €9€T 6%CT 8STT 0T ‘33 01 wIog
-3e1d uteab
0T SUTAWO)
1S 0T "33 0T aspeaads
I9ZTTTIISI
LE LE (4% 43 4% 8¢ 8¢ sz 14 €C 12 0T MmoIx jusuydelje
x9keadg
€L 0T mox 9 (2dA3 11nd)
I1skeads
02T o021 ITT 0T Mmox I03B'AT3ITND
€1 T wl=ST ITTIa
€€ €€C 00C 002 o00C 8LT 8LT TOT TO9T L¥T 9€1 0T Mmox Isjueld
ve ST *3F T moxxey
(AN ZT 33 CT osSTd
0g€Z 0€¢ 0€Z 86T 86T 86T GSLT GSLT 8ST GS¥v1 €eT 0T W9T-% MOTd
L8L 0T dH b9 I030®1]
8G9 0T dH TS I030®I1]
(s) () (s) (3) ($) ($) (%) (8) (3 (%) (s) (saeal)
‘Y008 'Y09L "YOZL W089 YO¥9 Y009 *Y09S V0TS *Y08% "VOV¥ |mMMMMMO |mwwwwmo oeEs muwmwwwmz
03 350D 03 9311
:3e asn Axsutyoen diysasump JO saesax
SATSS90Xd U3TM s3so) diysaaump Tenuuy Tenuuy
L L T A T S S S H
/ \

*drysasumo 239Tdwod av
JO W93S&s poy.p © UITM ozTs wxes Aq 53500 dTysIoumd Tenuue jo ornpoyos--'§ ATAYL XTANad



97

*g 9Tqel xIpuaddy JO wo3l3joq 3e 230U300F 893S

L6ET L6ET 0SEC 8TET 8TEC CT6CC 69CC 6%WCC CECC £0¢¢ 8LTC STIVIOL
L8L 0T dH %9 I03d0®e1y
8399 0T dH TS I030v1],
€CT T wl=-ST ITTIQ
ANt ¢T *3F C1T OSTAa
LE LE € (43 [43 8¢ 8¢ 14 14 €c T1¢ 0T MOI-§ *yoselqv
Ix2hkeaxds
44 ST *3F C1 MoxaeH
02T o0c¢t TTT 0T MOI-§ I03eAT3ITND
€L 0T MOI-9 x2Aheads
€€ €€Z 00Z 002 002 8LT 8LT TOT T9T L¥T 9¢T 0T MO -§ Isjueld
0€EC 0€Z 0€Z 86T 86T 86T GLT GLT 8ST GSPT €eT 0T w9T-F MOoTd
($) (s) ($) (s) ($) ($) ($) (%) (s) (s) ($) (sxed’k)
. . . . . . . 2ousad 20uU3d 9ZTS swa3T
Y008 “Y09L °Y0ZL "¥Y089 "YO0¥9 Y009 °Y09GS "Y0CZS Y08V "VO¥V ¥ -§9T0Sq0 -s9T0Sq0 KxoutyoeR
03 23s0)D 03} 93TT
:3V¥ 9sn AaxsuTtyoep drysasump 3JO Ssaeax
SATSS90Xd Y3 TIM S3s0) diysasumQ Tenuuy Tenuuy
7T €T ¢TI 1T 0T 6 8 L 9 1 b4 € 4 T

H.mcﬂnﬂﬂ wo3sno pue dIYysSISUMO JO UOTJFRUTQUOD ®
butsn we3shks MoOI-p ® Y3TIm 9ZTS waeJ Aq S3so0d dTIYSISBUMO Tenuue JO aTNPayYdS--°9 FTIVI XIANIIJY



98

9L 0T *33 0¢ xspesads
*3x=d
TL TL €9 €9 €9 ¥S ¥S ¥S S 8¥ 0T MOI 9 *yoe3l3v
aohkeads
€L 0T MOX 9 Iakeads
06T 0T Mmox 9 103
-BAT3ITIND
VET A wl=LT (3TI33/M)
TITT2d
v¥E ¥HE POE POE ¥OE GLZ GLZ SLT TST €€T 0T MOX 9 (3I3F/M)
Io3ueTd
143 ST ‘3F 91 MOoxxeH
8V1 T *3IF 9T OsTd
TLC TLZ TLT TLZ ©weT ©vE€ET ©P¥ECT LOCT LOC LOCT L8T TLT TLT 6ST 0T w9T-S MOTd
¥98 0T dH ¥L I030®ay
L8L 0T dH %9 I030®I]
($) (s) () (3) ($) ($) (s) (s) () ($) (s) (%) (%) (s) (saealk)
"Y000T "Y096 ¥0Z6 Y088 "Z0V8 "Y008 "W0IL WOZL "Y089 WO¥9 W09 “W09S V0TS _ 37000 _sovesao °  Azouriben
03 30D 03 ¥3IT1
:3Y asn AxduTyoerp dtysasump JO saesajx
SATSS90XT U3 TM 3s0) drysaaump Tenuuy Tenuuy
LT 91 ST VT €T (AN 1T 0T 6 8 L 9 S 14 € 4 T
dTysasumo
939Tdwod JO wa3sAs MOI-9 ® U3 TM 92ZTS wrae Aq s3sod dTYSIS2UMO Tenuue wo o9TNpPayYdS—--*, ATIVI XIANAJIY



[e)}
o))

*g 9T19qel ¥Tpuaddy JO wo3l30gq 3B 930Ul 00F 99§

LL8S TO0SS PSPS ¥aPS LIPS TTTS TTTS ¥80S 8G8F S€8% 6S9% LTSV LTISY S0S¥ STYIOL
0T MOIX ¥ Iamox
-puTM
uead
VLT 0T MOX ¥ ISTInd
ueaq
0T ‘yoejzje
ueaq
0T Mox ¢ peay
uxoo
TTLZ 9€€C 9€€Z 9€ECT 9€€T 890C 890C 890C L98T L98T TTILT G8GT 0T ‘3F VT Euouumam
utex
0T 2UTqwo)
() () ($) (&) ($) (3 () (&) (5 (%) (&) (%) (%) ($) (sxeak)
. . . . . . . . Clelé o) 90uLd 9ZTS swa3 I
Y00O0T *¥Y098 "¥0Z6 Y088 WO¥8°VY008 *WYO9L *VYOCZL Y089 Y0¥ 9 *Y009 "Y09S "¥0ZS -S9T0Sq0 -S9T10SqO0 KAxsutyoeR
03 3Ss0D 03 9311
13V 9sn AasutyoeR dtysasumQ JO sIeajx
9ATSS90x3 Y3ITM 3soD drysasumQ Tenuuy Tenuuy
LT 9T ST T €T Al IT 0T 6 8 L 9 S 14 € 4 T

‘panuT3luUO)--°/, HTIVL XIANIddV



100

*239T70SqO HuTwoosq 9I0J9C INO UIOM S3WOD3] 3T

pue paxtnbax ST auTyoew 9Yy3z JO 9SN SATSS9OXD eyl abaeT os swieJ uo s3sod dIysisumo Tenuue jJussaadax

‘apaoqe pue G sSUUNTO) UT s9aInbTd

*20US0S9TOSJO Yoeax 03 AIsuTyoew 9yl MOTTe O3 ybnous TTews oI swIeF

uaym s3sod dTYSIDUMO Tenuue 3uasardax § UWNTOD UT SaInbTJ °*ISJAIOYS ST JISAYDTYM {3no uxom ArTeotrsiuyd
sawooaq 3T TT3un X0 ‘233T70sqo ATTeoTboTouyosl sswooaq suTydew e TI3un sIiesd JO Isaqumu aYyjz uo paseqd

ST uoTjeToaxadsp ‘sased TTe ul

*90URINSUT pue ‘3sax93uT ‘uoTjeroaxdsp apnToUT S3sod dIysIaumo

T
7PT62 $T16C 9987 998¢C 6C8¢C T16LC T6LC ¥9LZ TVLC 8TLZ 869C T89Z T89T 0L92 STVYIOL
L8L 0T dH %9 I03o®ealL
98 0T dH vL I030RIL
8%T Al *3F 91 osTd
143 ST ‘33 91 MOxx®H
PET AN wl=LT TTTxd
06T 0T Mmox 9 103
-eAT3TnD
€L 0T Mmox 9 xakeads
TL TL €9 €9 €9 172 vsS 7A°) Zs 8V 0T MOX 9 °*ydel3v
- axakexds
vve ¥¥E ¥0E€E ¥0E $0E€E GLZ GSLTZT SLT 2S¢ €ee 0T Mmox 9 Ia3ued
TLC TLT TLZ TLZ ©veC ¥vecCc veZ LOZT LOZT LOZ LST TLT TILT 6ST 0T wIT-S MOTd
(s) (s) (s) (8) (8) (8) () ($) (3) (%) (%) (8) (%) (s) (saeak)
. . . . . . . . . 20uad 20uad 9Z TS Swa3 T
‘Y000T Y096 Y0Z6 V088 "YO¥8 Y008 "VY09L °Y0ZL "¥Y089 Y0¥ 9 Y009 °¥09GS *¥0ZS -saT0Sq0 -S9T0Sq0 Kasutyoen
03 3soD o3 8311
:3V¥ 9sn AIsuTyoepR drysazsump Jo saesx
OATSS90XT U3IIM 3s0) dIysasaumQ [enuuy Tenuuy
LT 91 ST VT €T (AN 1T 0T 6 8 L 9 < 14 € 4 T

e buTsn we3lsds mMOI-9 ®© U3Tm muﬂm

*hUTITY wozsno pue dIYSISUMO JO UOTIFRUTUOD
waey Aq s3sod dIYysIaumo Tenuue JO STNPayYdS--°'g ATIVI XIANIJAY



101

9% - S0~ --- -— 1v° o€ MO ¥ (xz2heads
/M) I93UeTd
09° S0° -—- —-— Gg* o€ MOI 9 I93ueTd
Le® ¢0° -—- -—- rA o€ MOIX ¥ Ia3ueTd
89° Go° -—- -—- €9° L w9T-§S MOTd
86" Go° -—- -—- €G° SL w9T-7 MOTd

0z* Go° -—- -—= ST GZ ‘33 0¢ xapeaads
I9ZTTTIIDI

GT"® Go* -—- -—= oT"* Gz ‘33 0T Iopeaads
I9ZTTTI3I9d

92 97" €L A 9L°T 0}4 MO § (dnsotd
ueaq/m) mmcﬂnsou

60°C €T Z2s” 0°€ I7AZE ov MOX ¥ (dnxot1d
ueaq/Mm) TeUTquod

G9°¢ 9T1°* €L’ Z°v 9L°C 057 Mmox ¢ pesay
UI0dD/M) BUTqUOD

2S¢ €T 4% 0°¢€ L8°T (057 mox g (peay
uIo0d /M) BSUTqWOD

£€9°¢C 9T* €L AN 7 79°T 057 *3F $T (*3e1d
utexb/m) auTquod

06°T €T zs® 0°€ GZ°T (1}7 "33 0T (*3et1d
utexb/m) surquo)
9C°T ¢z’ 6V ° Z°¢ 4N 0S dH ¥L (TI®SSTp) ao3deay
¢T°T 1¢° €y’ 8°¢C 8V’ 0S dH ¥9 (TSS°Tp) Ix03deI]
Z6° 8T* ve- 2°C oy 0s dH TG (T®saTp) x03d0®IL

(s) ($) (3) (uotteb) (3) (%)
2sn Jo anoy GINOH 34 Inoy Iad JINnOH Iod ¢ INOH 1S0) MaN 9ZTS swa3T
I3d 3s0D bur 3so) I93TTd 14 1°ond 19nd Jo xad 3sOD JO 3IUSDI3d I0 Kasutyoey

-3exado Te30L TTIO pue ‘TTO 3FO 3SOD

‘uotjeoTIqN]

suoTTes atedsy

e se 3so) A31oede)

ateday Te3O0L

*swe3T AxouTyoew WIRF pPa3OdTOS I0F asn Jo anoy xad s3soo burjzeaado--°¢ ATAVI XIANAIAY



102

9SS FO sSaInNOH Te30J

(3s0D MON 3JO uad019d Se sateday Te3IOL) (3SOD MON)

teTnuIoy BUTMOTTOF 9yl uo poaseq aIe s3soo atedoy

€
*wa3sis
MOI-9 9Y3 UT pasn auTquwod ayjz uo jusauyoeijze doyotd uesaq ayjz I0F ST uaaTb sanbrg wQBN
*wo3lsiks
MOI-§ 9Y3 UT posn auTqwod 3yjz uo juswyoeije dnxd1d uesaq syz I03J ST usAaTb ainbT3 w:BH
09° S0° -—- -—- I (037 Mmox g MOoapUTM
pue T1nd
AN S0° - -—- Le" x4 wl=ST TTTXA
6€"° G0° -——- -——- e %4 wl-ST T1T2a
v1® S0° - -——- 60° ov 3T 91 MoxxeH
AN G0° -—- -—- LO" 0¥ 33 C1 moxxeH
€s° So°* - -— 8% * 0€ *3F 91 Aeads pue osTQ
42 s0° -—- -—- 6€"° o€ "3F CT Aeads pue osTQ
8¢ ”* G0° -—- -—- 13 o€ *3F 91 OSTA
og* S0° -—- -—- ce* o€ *3F 1 0s1da
gg* G0° - —— o€" ov Mmox 9 JIOJRATITND
€C’ Go0° - - 8T° (1}2 MOX § I0JBATITND
6T" c0° -—— - T 0€ MOIX 9 x9hkexdsg
L’ S0° -— -— L9° 0€ MOI 9 (x2heads
/M) I93ueld
(s) ($) (s) (uorTeb) (s) ()
as)l JO aInoH ¢INOH 194 INOH Iad InOoH aIad ¢ INOH 31S0D) MaN 92 TS swo3 T
Iad 3so0) butr 23so0) I93TTJ v o043 19nd FO a9d 3SO0) JO jusddaad Io KxsuTtyoeR

-3exado Te30L TTO pue ‘ITO0 3O 3IsoOD

‘uotjeoTaqny

suolTed atedsy

® se 3s0) A3toede)d
atedsay TE30L

psnuTjuo)p--°6 IATIVIL XIANIIIVY



103

*X3TsasaTun 9338 URHTIYDOTW ‘SOTWOUODT TeInlTnoTiby Jo juswixedsq ‘xouuo)
*p Kxxe1 KAq ‘1g asqumN 3xoday SOTWOUODF TeANITNOTIDY ,‘UebHIYDSTW uIsyinos uT
sdox) yse)d aolel 103 suanisy pue s3so), bHurizazoddns ejzep paystTgndun pue paysITqnd :90aInos

*S3s00
I9n3 9ay3x Jo jusdxad gT se pajndwod aiIe SISITTF TTO pue TTO JO S3ISOO dBYJL °ISn JO InoyY
1od s3jusd ¢ 3e po3ndwod aIe SWE3T AISUTYORW IBYIO JIOF UOTIRDTIQNTT °3ISOO MdBU JO 2bHejusd

-19d ®© se psjewIlsa aIe swelT paTradoad-JT9S pue SI03DRIF IO0J SISOD UOTIRITIANT,

*3nd Jo 3003 aad
anoy xad uoTlTeb ¢°* 3o uorjdumsuodo ToNnJ SHeIdAR UR UO paseq I S3ISOO [oNF SUTQWOD  ‘*umul
-Txew a2yl jo juadiad y, ST IomodasIoy Jeqmedp poaljed ‘*Iomodssaoy Jegqmeip pajex xad uogted

690° 3o uoTjdwunsuod TonJ TISOTp o2HeIsae U UO paseq ale SI030eI} IOF SISOD szhv

‘penuT3luU0) ‘s930U3z00d ‘6 ATAVI XIANIIAY



104

8¢" 0€T TZ* 08°¥ 08 0°¢S 02T *3}3 0T I9zTTT3x23 pedads
9T"* G¢C1 €T I7°L <9 0°¢ 8¢¢ Mox 9 MOX °UT 8¢
Kexds
8T° 70T LT" T8°S G8 0°¢ 8¢c¢ Mox 9 MOx °*UuT 8¢
ve: 70T €C” 8C° ¥ <8 0°¢ 89T MO0 9 Mox °*uT 8¢
93BATITND
LC* 0T 9¢° 88°¢ <8 0°¢€ 28T MOX § MO °*UT 8¢
9¢ 70T gg” 98°¢ G8 0°¢€ ZTT MO ¥ MOx *UuT 8¢
93eAT3TND
oy CE€T oeg- €€ ¢ GS 9°¢ 89T Mmox 9 MOx *utT 8¢
6G° CET 1572 A4 5] 9°¢ ¢1T MOx ¢ MOX °*UuT 82
Keads
pue °*3194 ‘jueld
/A4 et 6T° 0C°s 09 8°¢€ 8¢C72 Mox 9 MOx °UuT 8¢
(A% [ AAN 9¢* €8°¢ 09 8°€¢€ 89T mox 9 MOX °*UT 8¢
9ZTTT3a=F 3 3Jueld
9¢ *° PeT 62" Ly ¢ 09 8°¢ ST mox § MOx *uT 8¢
8% "° XAl 6€"° R4 09 8°¢ ¢TT Mox yp MO *UT 8¢
9ZTIT3a9F 3 3Jueld
PT” 80T €T° 89°L 08 0°s 26T *3F 91 MoxxeH
6T" 80T LT® 9L°§S 08 0°g A AN 33 T MmoxxeH
8T* 0TT 91°* Sv°9 08 Z°v c61 ‘33 9T Aeads pue osT1q
ST® 20T ST~ €89 G8 (A 7 26T ‘33 91 osTda
€2 0TT 1" 78 ¥ 08 A A ‘37 21 Aexds pue os1d
8T1° 20T 8T~ T18°S S8 Sy AAL ‘33 CT OSTA
gg* ¢0T LE" 2Lz G8 0°% 08 w9T-9 MOTd4
Ly® 20T 9% ° 8T°¢ G8 0¥ ¥9 wW9T-7 MOTd
(sanoy) (%) (sanoy)  (saxde) (%) (HdW) (*uT)
ISA0 SINOH I9MOd ¢ISAQ SWTL ,INOH Hmocwﬂo poads SUTYO®rR 92 TS uot3yexado
SHigd Al CF Jo 3juad I9d ‘saoy SuTryoew -TI33IF burzeaado Jo b {o) pue AIsuTyoeR
‘3I10y I9d -I9d ®© Se I9d sanoyg x9d PIoTJd pPIo1d yaptm XKa3toede) Jo wo3lT
SINOHY UB SINOH UeR sauTyoeR saIovy

*uebTUYSTW uxayinos uTr suorjzexsado pIaTF poaTjroads

I03 SjuswaITNbax 10qeT pue ‘Iamod ‘uUTyORW 93PWTYSS 03 pasn S1030ei--°0T ATYL XIANAIIY



105

*L96T ‘IoquenoN ‘AX3TsISATUN 93e3]S
uUebTUYDTW ‘sSoTwouody Tean3iTndoTiby jo juswixedsq ‘L8 °ON 3x0dsy SOTwWOUODd TeaINITNOTILY
W UebTYoTW uxsyjznos ut sdoxd ysed Iolel I10F suanisy pue s3s0), ‘Iouuoc) °*r Axxer] :90IN0OS

*92I0® 9UO JIS3A0D O3 SWT] Isamod pue auTydew JO w.H.D.OEm

00T
(XousToTF3® PIoTd) (HAW UT poads) (S9UOUT UT UIPTA SUTUDEW)

:SMOTTOF se poindwodo sem sutyoew pTaTF Jo AjToeded wsam

*spus 3e butuany pue ‘uorl
-eotaqnT ‘satedsx ‘sjusuisnlpe se swa3T Yons IO0J poa3onpap usdq sey ,dWT3 FSOT, I9IJe UOT3IONP
-oxd aAT30933F9 I0J HBuTuTePwsx SWT3 PTOTF JO obHejusoaad ay3z o3 sasjax AousToTIIS PIOTJ

T
T9° TTT gg”* Z8°T G9 c°c CTIT Mmox y sueaq 3saaJeH
135 72 OTT 6€"° A4 SL 0°€¢ ¢TT Mox § sueaq
MOJIPUTM pue TInd
T€e” TTT 8¢C* €G°¢ 0L 0°¢ 89T 33 PT jeaym 3saaxeH
1A 11T oV 29°¢ 0L 0°¢ 0CT ‘33 0T 3esyM 3ssAaaeH
6% ° TTT A7 8C°¢C <9 gz 0vT Mox g MOX °*UuT 8¢
19° TTT gg* 28°T1 <9 g°c ¢1T Mox p Mmox *uT 8¢
sueaqios 3saaxey
0s° TTT A7 zec°e <9 0°¢ PTT MOx ¢ MOx °*UT 8¢
oL~ TIT €9° 09°1 oL 0°¢€ 8L mox ¢ MOX *UuT 8¢
UIOD 3SoAley
T9° TTT LE" TL°C S9 g'¢g 6TT wl=LT 92TTT3x=33 % TT1TIA
4% 61T A sC°¢ G9 €°¢ SO0T wl=-GT 92TTT3I=33 ¥ TITIA
60° 0€T LO® 0V " ¥T 08 0°¢g 09¢ *33 0€ ISz TTT3x23F pedads
(sanoy) (%) (sanoy) (saxowe) (%) (HdW) (*uT)
IDA0 SINOH I9MOd _JI9AQ SWTL 7INOH KouaTo poads SUTYORR 92 TS uot3exado
swT] I3d JO 3jusd mnmm ‘a10y SUTYORW -T3IJd bBurjzeaadpo Jo Io pue AxsuTyoen
210y 194 -I9d ®© Se Iad sanoy xad pPISTd pPIoTd yaptM <XK3toede)d JOo we3lI
SINOH U SINOH UeR suTyYOrRR S9I0VY

*ponuTIU0)--*0T HTIVL XIANTddY



106

1¥°9 9210y IX9d 3so0) butjzexadp Te3OL
0ge"¢ 22z 0S°T IoqeT
¢99° cLe - Z6° dH TS Humzom
S6L” IL® -— ZT°1T dH ¥9 aumzom
Sy0°1T ‘I 19° 06°T ‘33 0T SUTqUOD
080° sg’ 9€* € Mmox ¥y 93eAT3TNO
Loz- S 6G° 9% ° MoIx ¥ Aeads pue °3a93 ‘3juerd
0¢0° LT* 6T° (A ‘3F C1 moxaey
L92"* 9% ° Ly" 8g " W9T-¥ motd
sueaqkos
Z28°9 9I0Y I9d 350D burjzeaadp e33O0l
09g°¢€ kz° 2 0S°T1 IoqeT
9¢9° 89° -—- z6° dH TS Hnwsom
osL- L9" === A B dH %9 ngzom
88G°1T €9° oL* 2S¢ MOX ¢ aUTqWOD
090° 9¢Z° Lz €C"* MOIX ¥ 93BAT3TNO
sZo0° €T" 9T* 6T° MOX 9 Aeads
LOT® 6C° 9¢* LE" MOIX ¥ 9zTITT13x33 pue 3juerd
L9cC- 9% ° Ly 8¢ " w9T-b motd
(43 1¢- 8¢* ST° ‘313 01 I9zZTTT3x193 peoaads
uxo)d
(%) (sanoy) (sanoy) (%)
3S0D sjuswaxinbay sjuswaxTnbay INOH I°2d 92 TS uot3exado
butjzeaadp INOH SUTyYDSeR IoqeT 3S0D juaudtnbg pue astaxdaajudg
butjyeasdp

210y x84

pue astadisjus Aq axdoe i1ad s3soo burjzeaado zoqeT pue ‘asmod ‘AasuTyoen--°TT ITIVI XIANIAAY

*dtysasumo 9397dwod Y3 TM walsAs moi-p © burisn uorjzeaado



T
——

-
P 'CINERIFL N A S




107

‘T o19qel xTpuaddy JO wo3l3joq 3e 930U300J 99§

GZ°S 92I0Y I3d 350D burjzeasadp Te3OL
ooL°¢ 08°T 06°T IoqeT
086° €9° -——- Z6° dH TS Hgmzom
b69° z29° - ¢T°T dH 9 Humzom
o9L~ ov- 1A 06°T *3F 0T SUTqUOD
LT 1A (AN 6¢° wl=GS1 9ZTIT3x3F pue TTTIP
0zo- LT® 61" (A *3F 2T Moaxey
12 8T° 8T* og”* 3T CT OSTp
L9z’ 9% ° Ly 8S* w9T-¥ motd
JeayM
G9°8 210y I9g 3so0) burtjzeasadp Te3lOL
0TV ‘¥ ¥6°¢ 08°1 IoqeTt
V66" 80°T -—- Z6° dd TS Humzom
86T°T LO°T -—- ¢T°T dH %9 Humzom
0ST" T GG* 19° 60°2 MOIX ¥ SUTqWOD
vee:® 6€"° 1387 09° Mo § moaputm pue TTnd
19T° oL* L €T MOI ¥ (SaWT3l Z) ©3eAT3ITNO
/A2 6€"° 8Py ° LE"® MOX ¥ 921TT3I23 pue 3juetd
60" 1¢° €C"* A *13 21 Aexds pue oSsTp
L9Z:* 9% ° Ly: 8¢~ W9T-¥ motd
sueag AAeN
(s) (sanoy) (sanoy) (s)
3s0D sjuawaaTnbay sjuswaxTnbay INOH I3d 92 TS uot3eaado
butjexadp INOH SUTYDSeR IoqeT 3S0)D juawudinbg pue astadasjug
butjzeaadp
210y I9d

‘PINUT3UOCD--"TT HATIVL XIANIdAVY



108

SP°0T 910y I9d 3soD butjzeasdp Te3og
e1v ¢ TI9°T 0S°T Ioqet
z99° zL” —— 6" du 16 1Iomod
S6L" TL® --- Z1°1 dH ¥9 p*emod
000°9 - —_—— —_— (wozsno) auUTqWoD
080° qg” 9¢ €C° MOX ¢ 93BAT3ITNO
L0Z" (o 6G"° 9p * MOIx ¥ KAeads pue °*3x93 ‘juetrd
0zo°* LT~ 6T° T ‘3F T MoxxRey
L9Z" 9% ° Ly 86" w9T-¥ motd
sueaqkog
96 11T 9210y I9d 3s0D burtjzeaadp Te3015
068°T 92°T 0S°T 1oqeT
ves® LS*® --- z6" dH TS 1I9mod
8€9" LS" -—- Z1°1 dH %9 t¥emod
000°L - —_— - (wo3 sno) DUTWOD
090" 9¢Z* LZ" €C’ Mmox ¥y 93eAT3ITND
G2o0° €T 9T- 61" Mmox 9 KAeads
LOT"® 6¢C° 9€ ° LE"® Mox § 9ZTTT3193 pue 3juetrd
L9z® 9% * Ly 86" w9T-¥ mot1d
0S0°T - -— _——— (wo3zsnod) I9zTTT3I193 peaads
uxo)d
($) (sanoy) (sanoy) ($)
1s0) sjusawaxtnbay sjuswaxtnbay Inoy Iad 9218 uot3yeaxadQ
butjyeaado INOH SUTyoeR IoqeT 3S0D jusudinbg pue astadaejulg
butyeaadp

210y I9ad

*hutITy WO
-sno pue dIYsSI9auMO JO UOTIBUTQWOD ® Y3 Tm walsdAs moa-y e Hursn uorjzeaado
pue asTadasjua Aq aioe 1a9d s3soo bHutjeasdo xoqeT pue ‘zomod ‘A1suUTyUoeW--°ZT ITIVI XIANIJJY



109

*$T o1qel xTpuaddy JO wo330q 3B 930U300F 23S

9ID0VY a=d

08°6 9210Y I9d 3s0) burtjzexsadp Te301
ovo°¢ 9¢°T 0s°T IoqeT
08¢"° €9° -—— c6° dH TS Huwzom
¥69° c9° -—- ¢T1°1 dH %9 Hum3om
000°9 - -— -—— (wo3zsnod) suUTqwoo
cLT” vy (AN 6€° wl=GT 9ZTTT3I33F pue TTTIAp
0co* LT" 6T"° A 317 21 moxxey
¥so° 8T° 8T° oe* "33 ¢T1 OSTIp
Loz* 9% ° Ly gg* W9T-¥% moTd
3eaym
v vl 9I0Y I9d 3so) burtjzeasdo Te3O0L
0s8°¢ 06°T 06°T oqet
018" 88" —-—— Z6° dH IS Humzom
986° 88" ——= AR | dH ¥9 HH@BOQ
000°L - -—- -—— (wo3 sno) SUTqWOD
000°¢ - -—- -— (wo3sno) moaputm pue T1nd
T9T° oL~ L. € MOI ¥ (sPwT3l Z) ©93BATI3TND
A4 6€° 8v" LE" MOIX 92ZTITT33193 pue 3juetrd
Z60° 12° €e” A7 ‘33 2z1 Aexds pue osTp
L9c: 9% ° Ly 8¢’ w9T-¥ moTd
suesag AaeN
(s) (sanoy) (sanoy) (s)
350D sjuauwaxTnbay sjuswaaxtTnbay InoHy xad 921S uot3zeaadp
butyeaadp INOH SUTYOEeR Ioqer] 3S0)D jusawdTnbg pue astadasjug
butzeaadp

*panNuUTlUOD--°"¢T dTdVIL XIANIJJY



110

8E°S 2I0Y X924 350D butzeaadp Te30]
SLy-¢ S9°1 08°T IoqeT
28¢° 4N -—- ¢T°T dH %9 Huwsom
€v9 - Ts° -— 92°1 dd ¥L Hhmzom
€1IT1°1 1A 6%° €G6°C ‘3T PI SUTqWOD
080° €C’ ve: sg” mox 9 93eAT3TNO
91¢~ o€ " ov* ZL® MOIX 9 Keads pue °3x93 ‘juetd
810" €T° PT” /AN *3F 97 Moxxey
474 Le® 8¢ " 89° w9T-6G motd
sueaqlos
9T°§ 910y I9g 3s0) burjzeasdp Te3ol
qZe*"¢ GG°T 0S°T IoqeT
8€G” 8¥%° - A dH %9 Humzom
Z6S° LY -——- 9Z°1 dd vL Hnmsom
IvC°1 ve- 0G° G9°¢ Mmox ¢ auTquod
090° LT® 8T° Gg* MO 9 93BAT3TNO
8¢C0° ST R 6T" MO 9 Keads
AN 6T" | A4 09° Mmox 9 9zTTT3a93 pue juerd
414 Le: 8¢ 89° w9T-G motd
A LO" 60° 0z *313 0¢ I9ZTITT3I93 peaads
uxo)

(s) (sanoy) (sanoy) (s)

3S0)D sjusawsxtnbay sjuswaatnbay Inoy Ixad 92 TS uot3yeaado

butaeaado INOH SUTYDER IoqerT 3s0)D juawdtnbg pue astadxsjulg
butyeaxadp

9aI0Y I°2d

*drysasumo 939T7dwod Y3zTM waxsAs mox-9 v Hbursn uorjzeaado
pue ostadasjus Aq a1oe xad s3sod burjeasdo xoqeT pue ‘asmod ‘AIsUTyoen--°¢T ATV XIANIJAVY



B T T Y

Y i
fI; - .l...hv<



111

*$T ©19el XTpuaddy JO wo330q 3B 930U300JF 93§

6v° ¥ 910Y I13d 3so) burjzeaadp TE3IOL
G80°¢ 6e°1 06°T Ioqet
TLS® 16° --- Z1°1 dH ¥9 pFemod
€v9° 16° --- 921 dH ¥L pIomod
80L" 8¢" 1€° €69°C *3F vl dUTqWOod
GGeT° LE" 1A A wl=LT 9ZTTT3x93F pue TTTap
8TO0° €T AN AN ‘33 91 moxxey
LSO qT* ST° gg"* ‘33 91 OSTpP
zse: LE"® 8€g " 89" w9T-G motd
3esayM
09°L 910y x18d 3so0) burjzeaadp Te3O0L
0S¥ € 0e’e 0G°T aoqet
vL8" 8L" - ¢T°T dH ¥9 Huwzom
€86° 8L" -— 92T dH pL p*omod
86V T GG* T19° §9°'¢ Mmox y U TqWOD
vee: 6€"° €y° 09° MOI § moxputm pue TTnd
191° 9% ° 8v* gg* mox 9 (sewT3 Z) S3eAT3TOD
80T"* 8T° A4 09" MOX 9 9z TTT3I19F pue 3juetrd
G80° 9T1° 8T1"° £€G° *31F 97 Keads pue osTp
Zse: LE" o 89" w9T-S motd
sueag AaeN

(s) (sanoy) (sanoy) ($)

3S0D wUCWEOHHSU®M muﬂwﬁmhﬂﬂvwm INOH Jx=d 9Z2TS GOHHMH@QC

butyexadp anoH auTyYORR IoqeT 3S0) juawudinbg pue astadasjug
butyexadp

9I0Y I9d

*penUT3UOD-~-"€T ITIVI XIANAJIIY



112

25°6 210y I9d 3so) burtzeasdp 1e3O0L
OvL"T 9T°'T 0S°T IoqeT
TLS® 4N --- Z1°1 dH %9 pI9mod
€v9° 1s6° -— 9Z°T dd vL Humzom
000°9 -—- -—— -—- (wo3sno) aUTqWOD
080° €C* ve° cg” Mmox 9 93BAT3TNO
91Z"* og* ov° ZL® MOI 9 Keads pue °*3x93 ‘juerd
8T10° €T /A% PT° ‘3F 9T Mmoxxey
AT LE" 8€ " 89° w9T-G mot1d
sueaqlos
66°0T 9210V I9d 3s0) burtjeasdp Te30L
0vv°1T 96" 0S°T I0qeT
€6v° 1A -—- ¢T°1 dH %9 Hnmzom
1A 1A -——- 92°T dH %L HMGBOQ
000°L -—- -—- -——— (wo3snd) BUTqWOD
090° LT® 81" Geg"* Mmox 9 93BAT3TNOD
820" ST*® 9T° 61" MOX 9 KReaxds
/AN 6T° ve* 09" MmoIx 9 9zZTTT3x93 pue juetd
A4 Le" 8¢ " 89° w9T-S motd
060°T - - -——— (wo3z sno) I9zZTTT3I193F pesaads
uIo)

(3) (sanoy) (sanoy) (s)

3s0D sjusawaxtnbay sjuswaxtnbay Inoy Isd 92 TS uot3zeaado

butyeaadp INOH SUTYD®eR IoqeT 3S0D juawdtnbg pue astadasjulg
butyexadp

210V 94

*butaty wo3l
-sndo pue dIYsIsaumo JO UOTIBUTqWOD ® Y3TM wa3lsAs moi-9 e bursn uotzeaado
pue astxdasjus Aq oaor xad s3soo Hbutjzeaado aoqeT pue ‘aomod ‘AISUTYOCW--*HT ITIIVI XIANIIAY



113

*S1030®I3 OM3} 39Uyl US9M3}aq ATUSAS POPTATP SI9M dI0®

a1ad sjuawaxtnbsx xsmod ATanoy

T
Z€°6 210y I3d 3s0) burtzeasadp Te3oL
029°1T 80°T 0S°T Ioqet
TLS® TG ° -— AR dH %9 Humzom
€vo- TS* -—- 9C°T dH %L Huosom
000°9 -—- —-—— -—- (wo3sno) 2UTqUOD
GQT* Le: 1v° Zv: wl=LT 9ZTTT3433 pue TTTap
810° €T’ VT AN 37 91 moxxey
LSO"® ST° ST* 8¢ ‘33 91 OSTpP
¢ses Le® 8¢g"” 89° W9T-6S motd
3eauM
68°'CT 92I0Y I9d 3s0) butjeasdp Te3ol
068°T 92°T 0G8°T IoqeT
T99°* 6S° -——— ZT°1T dH %9 Humzom
TEL® 8g"° —-——— 9Z°'T dd %L HHmBOQ
000°L --- -—— - (wo3z sno) 3saAaIeY
000°¢ - -— -—- (wo3 sno) moxputm pue TInd
T9T" 9% * 8% " sg- Mmox 9 (sewT3 g) 93 AT3TNO
80T" 8T" ce’ 09° mox 9 9217113333 pue juerd
680" 91" 81" €s° *37 91 KAeads pue osTp
zse: Le® ge " 89" w9T-G mo1d
sueag AaeN

($) (sanoy) (sanoy) ($)

350D sjuswaxTnbay sjusawaxTnbay InoHd xad 92z TS uot3eaado

butjzeaadp INOH SuTydeR aoqeT 3s0D juswdtnbg pue ostadasjug
butyeasado

9aI0VY I°9d

*PaNUT3UOD-="§T IJTIVL XIANIdAVY



114

APPENDIX TABLE 15.--Custom rates per acre and per forty-acre
increments by enterprise and operation.

Custom Rates

Per Forty-
Enterprise and Custom Rates Acre
Operation Per Acre Increments
($) ($)
Corn
spread fertilizer 1.05 15.12
plow 5.50 79.20
plant and fertilize 2.30 36.00
spray 1.50 21.60
cultivate 2.00 28.80
harvest 7.00 100.80
Total for Corn 19.55 281.52
Soybeans
plow 5.50 33.00
harrow 1.50 9.00
plant, fert. and spray 2.50 15.00
cultivate 2.00 12.00
harvest 6.00 36.00
Total for Soybeans 17.50 105.00
Navy Beans
plow 5.50 41.80
disc and spray 2.50 19.00
plant and fertilize 2.50 19.00
cultivate (2 times) 4.00 30.40
pull and windrow 2.00 15.20
harvest 7.00 53.20
Total for Navy Beans 23.50 178.60
Wheat
plow 5.50 33.00
disc 2.00 12,00
harrow 1.50 9.00
drill and fertilize 2.00 12.00
harvest 6.00 36.00
Total for Wheat 17.00 102,00

lForty-acre increments are made up of 36 percent corn,
15 percent soybeans, 19 percent navy beans, and 15 percent
wheat.

Sources: Doane Agricultural Service, Inc., 1967 Machiner
Custom Rates, Vol. 30, No. 7-8, March, 1967.

Rates for Custom Work in Michigan, Extension Bul-
letin E-485. Cooperative Extension Service, Mich-
igan State University.

Clyde May, Professional Farm Manager.
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APPENDIX TABLE 17.--Copy of rental and leasing questionnaire.

Confidential:
For Research
Purposes Only

Department of Agricultural Economics
Michigan State University

Questionnaire On Farm Machinery Rental and Leasing

l. Do you as a farm machinery dealer have a program whereby
you rent or lease farm machinery to farmers?
Yes No

la. If you presently are not renting or leasing farm machinery,
do you have any plans or intentions of doing so within the
next two years?
Yes No

If you checked "No" in question 1, disregard the remainder of
this questionnaire and return it in the enclosed envelope.

SHORT-TERM: Questions 2 through 6 pertain to short-term (less
than one year) rental or lease agreements.

2. Have you rented or leased new farm machinery on short-
term arrangements since January 1, 19672
Yes No

3. Have you rented or leased used farm machinery on short-
term arrangements since January 1, 19672
Yes No

4. Under your short-term rental or lease agreements, is the
farmer required to make rental or lease payments when the
item of machinery sets idle due to inclement weather?

Yes No

5. Under your short-term rental or lease arrangements, who
is responsible for the following and what is the per-
centage of responsibility between the dealer and the
farmer?

Responsibility Dealer Farmer

(Percent) (Percent)

Insurance (fire, wind, theft)
Taxes (where appllcable)
Liabilities (personal injury)
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APPENDIX TABLE 17.--Continued.

Responsibility

Dealer Farmer

(Percent) (Percent)

Maintenance and Repairs

"Normal" wear and tear

Operating Costs (fuel, oil,
lubrication)

Transportation Costs (between
farmer and dealer)

Other

6. Please indicate below the extent and nature of your short-
term rental or lease program which you have carried on
since January 1, 1967:

a. The items of farm machinery which you have rented
or leased on a short-term basis.

b. The "average" or typical capacity of each item rented
or leased.

c. The number of units of each item.

d. The "average" or typical time period cf rental or
lease for each item.

e. The rate (in dollars) charged per time period or
unit measure, i.e., acre, ton, bu., hour, day, week,
month, etc.

f. The delivered sales price of the item rented or
leased.

(a) (b) (c) (d) (e) (£)

Rate Per
Average Time Time Period
Period of or Unit ($ Delivered
Number Contract per acre, Sales

Item of Average of (hrs., days, hr., week, Price
Equipment Capacity Units week, mo.) mo.) (s$)
Farm Trac-

tors HP
Planters rows
Drills ft.
Balers
Combines

(small

grain) ft.
Combines

(corn) rows

Corn Pick-
ers rows
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APPENDIX TABLE 17.--Continued.

(a) (b) (c) (d) (e) (£)
Rate Per
Average Time Time Period
Period of or Unit ($ Delivered
Number Contract per acre, Sales
Item of Average of (hrs., days, hr., week, Price
Equipment Capacity Units week, mo.) mo.) ($)
Choppers rows
Plows bottoms
Discs ft.
Harrows ft.
Manure
Spreaders bu.
Cultiva-
tors rows
Sprayers ft.
Fertilizer
Spreaders ft.
Dryers bu.
Other
LONG-TERM: Questions 7 through 12 pertain to long-term (one
year or more) leasing arrangements. If you have
no long-term lease arrangements, please disregard
the remainder of this questionnaire and return it
in the enclosed envelope.
7. Are you presently leasing new farm machinery on long-term
arrangements?
Yes No
8. Are you presently leasing used farm machinery on long-

term arrangements?

Yes No
9. Of the following alternatives, which best describes your
policy of handling the investment credit tax benefit ap-
plicable to new machinery?
Take It Myself Pass On To The Farmer__ No Provisions
Made
10. Do your long-term lease contracts contain a purchase

option?
No

Yes
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APPENDIX TABLE 17.--Continued.
l0a. Does the purchase option identify a specific pur-
chase option price?
Yes No

10b. Does the purchase option specify a percentage of
past lease payments that will apply if the item
is purchased?
Yes No

11. Under your long-term lease arrangements, who is respon-
sible for the following and what is the percentage of
responsibility between the dealer and the farmer?

Responsibility Dealer Farmer

(Percent) (Percent)

Insurance (fire, wind, theft)

Taxes (where applicable)

Liabilities (personal injury)

Maintenance and Repairs

"Normal" wear and tear

Operating Costs (fuel, oil,
lubrication)

Transportation Costs (between
farmer and dealer)

Other

12. Please indicate below the extent and nature of your
long-term leasing program applicable to the present:

a. The items of farm machinery you are currently leas-
ing on long-term arrangements.

b. The "average" or typical capacity of each item.

c. The number ofunits of each item.

d. The formula for establishing the amount of lease
payment, i.e., a percent of retail value, etc.

e. The required frequency of lease payments.

(a) (b) (c) (d) (e)

Item of Average Number Formula Frequency
Equipment Capacity of Units for Rates of Payments

Additional Comments:

Please return the questionnaire in the self-addressed envelope.
Thank you.
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TABLE 25. --Relatlonshlp between inches of
precipitation and field work days
lost.

4-
3-
2 -
1-
.8
.6
.4
.2
T [ 1) | |
.5 1.0 1.5 2.0
Inches of Precipitation
Y = .04 + 2.34X
Y = Days Lost

X = Inches of Precipitation

Source: Unpublished data U.S. Weather Bureau
and Department of Agricultural Engi-
neering, Michigan State University.
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