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A COST ANALYSIS OF THE OPERATION OF VARIOUS SIZES
AND TYPES OF TRACTORS ON SELECTED FARMS

IN MARION COUNTY, OREGON

CHAPTER I

INTRODUCTION

During the past eight decades there has been a continuous

upward trend in agricultural labor productivity (10, p. 64-65),

The two causal factors responsible for this upward trend are ra-

pid farm mechanization and scientific advances in the biological

sciences.

Labor productivity on the average nearly tripled between

1910-1955 for all crop enterprises and nearly doubled for all

livestock enterprises and their products (10, p. 76). The trac-

tor has been the major item of machinery both in terms of total

dollars invested and numbers of machines when compared with

any other item of machinery found on the farm during the past

thirty years. The number of tractors (excluding steam and gar-

den) on farms during the period 1910-1956 increased from 1, 000

to 4,450, 000 (10, p. 78). In 1920, tractors accounted for nine

percent of the total number of farm machines found on farms.

This figure was 21 percent in 1940 and increased to 30 percent

by 1956.
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Though the tractor isntt the only factor responsible for in-

creasing the productivity of labor, it seems justifiable to conclude

that the tractor is a statistically significant factor influencing the

productivity of agricultural labor. For example, in 1959-61 out-

put per man hour was 87 percent higher than 10 years earlier and

over four times higher than 50 years earlier (22, p. 44-45).

Since World War II the substitution of farm machinery for

labor has continued at an even more rapid pace when compared

with the period prior to World War II. The value of farm machin-

ery in 1947-49 dollars rose from $372 million in 1940 to $1,311

million in 1956. The number of persons employed in agriculture

decreased from nearly 11 million in 1940 to 7 million in 1961 or

36 percent (22, p. 48). However, total agricultural production

increased from an index of 70 in 1940 (1957-59 = 100) to 107 in

1961 or 53 percent (22, p. 11-12). The increasing substitution

of machinery for labor indicates that at the present time machin-

ery may be a more important cost factor in the farm operation

than in previous years.

Historical Development (5, p. 25-45)

The forerunner of the tractor was developed about the

middle of the nineteenth century. It was powered by steam but
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was unable to move from place to place except with the aid of

horses. During the next 50 years numerous varieties of wheel

and crawler tractors were patented and placed on the market.

Farmers purchased small numbers of steam tractors in the 1870's

and by 1900 more than 30 firms were manufacturing 5,000 steam

tractors a year. The gasoline tractor was developed in the 1890's.

However, the farmer was slow to adopt the gasoline tractor be-.

cause it hadn't been field tested with the steam tractor for the

purpose of comparing the mechanical operation of each tractor

under similar field conditions. A series of engineering tests per-

formed between 1908 and 1912 demonstrated the potential advan-

tages of the gasoline tractor.

During the 1920's emphasis turned towards developing a

relatively small wheel tractor to supplement the large wheel

tractor found on most farms. However, this endeavor was a

financial failure because most farmers could not afford two trac-

tors. In 1924 International Harvester Company produced the first

all purpose wheel tractor which could accomplish most tasks on

a farm. Steel wheels were replaced by rubber wheels during the

late 1930's and after World War II. The crawler tractor was

sold commercially in the late 1920's and in 1931 the first diesel-

powered tractor entered the market. In 1941 the
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Minneapolis-Moline Company developed a tractor capable of burning

liquid petroleum fuel.

The development of the tractor often assisted in the early devel-

opment of threshing machines, multiple unit plows, etc. , coming into

use on farms, this mechanical power was needed to pull these early

machines as well as speed up tillage and harvest operations in emer-

gencies caused by weather or other unpredictable situations.

The Current Situation

Many individuals interested in agriculture commonly believe

there is only one problem in agriculture and the solution to this prob-

lem (overproduction) will lead to an economically healthy agriculture.

However, closer examination of the agricultural situation reveals that

there are many problems confronting agriculture. Some of the more

important problems from the individual farmer's point of view are,

(1) increasing production costs, (Z) relatively low product prices,

(3) seasonal farm labor supply shortages, (4) marketing the farm

produce, (5) keeping up with technological advancements, and (6)

obtaining operating capital.
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The cost of production approach to improving farm in-

come, which this thesis will employ, is concerned with the eco-

nomic efficiency of the farm operator. Economic efficiency re-

fers to increasing the dollar value of farm outputs with a given

dollar value of inputs or reducing the dollar value of inputs with

the same dollar value of output.

The purpose of this thesis is to analyze the costs of oper-

ating various sizes and types of tractors with the hope that the re-

suits may help the farmer reduce his costs of production and

thereby improve his net income position.

Obj e c t i ye s

The objectives of this study were, (1) to determine the total

cost of operating various sizes and types of tractors in the Willa-

mette Valley, (2) to determine the relative importance of the sev-

eral items of cost, and (3) to study ways and means of reducing

the costs of tractor operation.

Sampling Procedure and Methodology

A major task confronting every farm record collector in-

volves obtaining information that accurately reflects actual farm

conditions. In many instances, the farmer has the pertinent



information written down in farm record and cost account books.

In other instances, information is found on bills or an income

tax statement. Finally, the farmer may have to resort to mem-

ory in those instances where the previously stated sources of

information do not provide the answer to the record collector's

question. Information assembled for this thesis was the product

of all three sources mentioned, Where memory was relied upon,

the farmer was asked to make his "best estimate'

Data for this project were taken from a 1958 Marion County

farm survey concerning physical and economic soil productivities.

The survey covered 419 farms and contained information on produc-

tion levels and cost and returns associated with various soils and

crop enterprises. A 1, 000 millimeter grid system was placed over

a 1927 Marion County soils map and more than 1,000 points were

selected by using a table of random numbers to locate points on

the map. Farm boundaries were located and addresses obtained

from records in the Marion County Agricultural Stabilization and

Conservation Office (12, p. 64-65).

Tractor costs and related data obtained from the 1958

Marion County farm survey were punched on the I, B. M. cards

as shown in Appendix A. A separate I. B. M. card was used to

record the data for each tractor in the study. There were 535

tractors in the study but four were excluded from the present
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analysis because they were comparatively small garden type trac-

tor s.

The data in this study were of two general types. Cost data

included total costs per hour, operating costs per hour, fixed

costs per hour, and their component parts. Non-cost data includ-

ed such information as tractor type (wheel or crawler), fuel type

(gas or diesel), tractor size, tractor age, hours of annual tractor

use, farm size, and original cost of the tractor, etc.



CHAPTER II

ENVIRONMENTAL CONDITIONS SURROUNDING THE
COST ANALYSIS

The cost analysis presented in chapters four and five

would not take on their full importance without a physical des-

cription of the tractors studied, and a description of the farms

on which the tractors were employed.

A Description of the Tractors Analyzed in this Study

The purpose of this section is to describe the tractors in

this study and show how they were classified into various catego-

ries. The tractors were classified on the basis of size (maximum

drawbar horsepower), fuel (gas or diesel), and kind (wheel or

crawler). Tractors were also analyzed according to age.

Size

All tractors were first separated into categories based

upon size. Separation of all tractors according to size was con-

sidered of primary importance because it was believed there

would be a greater difference in cost per hour figures between

size groupings than between fuel or kind groupings. The tractors
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included in this analysis ranged from nine maximum drawbar

horsepower, (hereafter referred to as MDHP) to 65 MDHP. Fi-

gure 19 in Appendix B illustrates the number of tractors classified

by tractor size. The 531 tractors in the study were separated into

the following intervals based upon size (Table 1). These intervals

were selected because (1) they are commonly used by research

Table 1. Tractor size related to number of plows

MDHP Size Group Number of Plows

Under 11 1

11-20 1-2

21-30 2-3

31-40 3-4

over 40 4 and over

workers, and (2) farmers think in terms of the number of plows a

tractor will pull rather than its MDHP. Intervals were selected

with the help of the Agricultural Engineering Department at Oregon

State University that relate MDHP to plow numbers (2, p. 3).

Fuel

The second tractor grouping was based upon fuel (gas or

diesel). There were three fuel types in the original survey but
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liquid petroleum fuel was excluded because there were an insuffi-

cient number of observations when grouped by size, fuel, and

kind. Five tractor groups based on size intervals and fuel are

presented in Table 2.

Table 2. Number of observations within selected size and fuel
groupings

MDHP Fuel Type
Size Group Gas Diesel LP

Under 11 22 None None

11-20 115 None 1

21-30 138 17 10

31-40 130 51 6

Over 40 24 17 None

Kind

The final grouping was based upon tractor kind (wheel or

crawler). Figure 20 in Appendix B represents tractors grouped

by size, fuel, and kind. Ten tractor groupings were selected for

cost analysis in the study. All other tractor groupings were ex-

cluded because there was an insufficient number of observations

within those particular groupings. It was arbitrarily decided that

each group should have at least 10 observations in order to be used
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in the cost analysis. Table 3 lists ten tractor groups containing

495 tractors that were subjected to cost analysis.

Table 3. Tractor groupings used in the cost analysis

MDHP No. of Fuel Kind
Size Group Tractors Gasoline Diesel Wheel Crawler

Under 11 22 X X

11-20 108 X X

21-30 123 X X

21-30 15 X X

21-30 17 X X

31-40 125 X X

31-40 41 X X

31-40 10 X X

Over4O 24 X X

Over4O 10 X X

TOTAL 495 417 78 412 83

Age

Age is an important factor in analyzing tractors. Figure

21 in Appendix B presents 524 tractors classified by age. The

slight disparity between the number of tractors in the study (531)

and the number of tractors classified by age (524) can be explained
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by the failure of the survey records to indicate the year seven

tractors were manufactured. The mean average age for all trac-

tors classified by age and all tractors subjected to cost analysis

was nine years (average year manufactured was 1950). The most

interesting conclusion drawn from Figure 21 is that 86 percent of

the tractors in the cost analysis were between a few months and

13 years old. On the other hand, the cost analysis included 15

tractors over 20 years of age with one tractor listed as being

manufactured in 1928.

Table 4 lists the average tractor age classified by size,

fuel, and type. There are only two groupings (Zl-30 MDHP gas

Table 4. Average age by size, fuel, and kind for tractors in the
cost analysis

MDHP Under Weighted
Size Group 11 11-20 21-30 31-40 Over 40 Average

Fuel apd GW GC DC GW DW DC GW DC
Ki nd!/

Average
Age in 10 11.5 8.2 16.1 14.7 7.2 6.5 10.3 5.8 6.5 9.2
Years

These abbreviations represent Gasoline Wheel (GW), Gasoline Crawler (CC), Diesel
Crawler (DC), and Diesel Wheel (DW) tractors.
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crawler and diesel crawler) where the mean average age of a par-

ticular group of tractors deviates considerably from the mean

average age (nine years) for all tractors included in the cost anal-

ysis. The gas crawler and diesel crawler tractors of 21-30 MDHP

are on the average three to ten years older than tractors of other

groupings. This possibly can be explained by the fact that the in-

dustry reduced the output of relatively small crawler tractors

(21-30 MDHP) after World War II because the government released

large stockpiles of natural and synthetic rubber for domestic use.

It is also probable that the farmer preferred the 21-30 wheel to the

same size crawler tractor.

A Description of the Farms in this Study and their
Relationship to the Tractors Employed on those Farms

The farms in this study are thought to be typical or repre-

sentatve of Marion County, Oregon. They are diversified rather

than specialized crop farms. A diversified farm raises several

types of products (crop or animal or both) rather than concentrat-

ing on one particular product. The majority of farms grew at

least one grain and one forage crop, along with a seed, vegetable,

tree fruit, small fruit, specialty crop, or some combination of

the five latter crops. There were only a few exceptions to the

previous statement, For instance, five farms specialized in
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vegetable crops and six farms gre.r a combination of vegetable

and small fruits. The total cultivated acreage on these 11 farms

was 435. Six additional farms cultivating 341 acres specialized

in hops or small fruit. Total acreages for each type of crop

grown on the 274 farms included in the cost analysis are presented

in Table 5. Unfortunately, no information was available concern-

ing livestock enterprises and their products.

Table 5. Total crop acreage by type of crop grown on 274 farms
included in the cost analysis

Type of Crop

Grain

Seed

Forage pasture

Specialty field

Vegetable

Small fruit

Tree fruit and nut

Fallow-soil bank

Unaccounted for

Total Acreage

14, 310

8, 909

8, 225

2, 386

2, 503

1, 040

1, 262

1, 449

606

TOTAL 40,690
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Farm size ranged from five to 743 acres. Table 6 lists

the average farm size by tractor size, fuel, and kind. It is ap-

parent from Table 6 that within a particular tractor type (gaso-

line wheel or diesel crawler) tractor size increases with farm

Table 6. Average farm size by size and type of tractor

Tractor Size Tractor Type Average

Under 11 Gasoline Wheel 106. 1

11-20 Gasoline Wheel 115. 1

21-30 Gasoline Wheel 164. 5

21-30 Gasoline Crawler l365

21-30 Diesel Crawler 187. 9

3 1-40 Gasoline Wheel 176. 9

3 1-40 Diesel Wheel 198. 9

3 1-40 Diesel Crawler 250. 8

Over 40 Gasoline Wheel 248. 5

Over 40 Diesel Crawler 412. 9

Average Farm Acreage 148. 5

size. For a given tractor size above 11-20 MDHP, the diesel

crawler tractor was employed on larger farms than gasoline wheel

tractors. In general, tractor size increased with farm size.

Of course, some increases in crop acreage are accompanied
by the farmer purchasing an additional tractor rather than in-
creasing the size of his present tractor unit.
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The relationship between farm size and total MDHP on the

farm is illustrated in Figure 1. The linear relationship between

Total MDHP
per Farm

1 20

90

60

30

0
1 2 3 4 5 6 7

Farm Size (Hundreds of Crop Acres)
Figure 1. The relationship 1etween farm size and total

MDHP per farm--J

The curve in Figure 1 and all subsequent curves were drawn
free -hand.

farm size and total MDHP on farms ranging in size up to 750 crop

acres means that a 100 acre increase in farm size is accompanied

by an increase of approximately 14 MDHP. In other words, trac-

tor power as measured by maximum drawbar increases at a con-

sistent rate with farm size up to 750 acres.

Figure 2 presents the relationship between farm size and

crop acres per horsepower. It shows that a horsepower on a re-

latively large farm was associated with more crop acres than a
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horsepower on smaller farms. This statement means that small

farms were 'overpowered when compared to larger farms. The

Crop Acres per
Hor sepower

2

[IJ
1 2 3 4 5 6 7

Farm Size (Hundreds of Crop Acres)

Figure 2. The relationship between farm size and crop
acres per horsepower

shape of the curve indicates that acreage per horsepower in-

creases at a dminishing rate up to 750 acres. For instance, a

farm increasing in crop acreage from 25 to 50 acres or 100 to 200

acres will reduce its level of 'overpowerednesst' to a greater de-

gree than a 450 acre farm that expands in acreage.

The relatively large reduction in the tboverpowerednessh

of small farms (5-49 acres) expanding to medium size farms



(50-449 acres) as compared with medium size farms expanding to

large farms (450-750 acres) gives emphasis to certain cost advan-

tages associated with the medium size farm as opposed to large

farms. The economic considerations pertinent to the above dis-

cussion will be further developed in Chapter 5.

'It should be recognized that farm type as well as crop acreage may
influence the relationship shown in Figure Z. Since the farms in this
study were not identical in type of crops grown, it is possible that
the slope of the curve pertaining to large crop farms may be partial-
ly explained by the fact that these large farms could have been more
extensive than the smaller farms. Thus, any cost advantage attribu-
ted to a particular size of farm may be partially explained by the
more extensive nature of the crops grown on large farms.
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CHAPTER III

THE EMPLOYMENT OF TRACTOR POWER
ON MARION COUNTY FARMS

Management ability is an important element in the successful

operation of a farm. Of increasing importance is the farm operators

management ability as related to tractor power. The following sec-

tions, (1) outline those factors which influence the farm operator s

decisions concerning the employment of power resources, and (2)

compara the level of employment of various sizes and types of trac-

tor S.

Factors Influencing the EmDlovment of Tractor Power

It may be of value to briefly summarize those factors influenc-

ing the farm operator's decisions concerning the employment of trac -

tor power.

Certain factors such as farm size, farm type, technological

innovations, available substitutes for tractor power, and the physical

environment are responsible for determining a maximum restraint on

the level of employment of tractor power on farms. Such factors

prohibit the amount of total tractor work per farm from surpassing

a given maximum level.
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For instance, a farm operator possessing a given amount

of crop acreage, planning to grow a particular composition of

crops, using certain technological innovations such as fertilizer

or irrigation water, having a given seasonal farm labor supply,

and having certain soil and climatic conditions will employ his

tractor power, at least a given amount of time (B' Figure 3) in

performing those tasks normally associated with the complete

producing cycle of a certain crop or crops on a commercial or

family type farm. The farm operator should use his tractor pow-.

er at least B' hours per year because the average product of the

tractor power up to this point increases as more hours of tractor

power are applied to a given amount of fixed factors (farm size,

farm type, technological innovations, available substitutes for

tractor power, and the physical environment). The total product

of fixed factors also increases up to OB' hours of tractor use per

year as more tractor hours are applied to the fixed factors. Thus,

with the situation just described, increasing technical efficiency

encourages the farm operator to use his tractor, at least OB'

hours per year. If the farm operator wishes to accomplish the

tasks mentioned above with a relatively high degree of perfection,

he may spend a greater amount of tractor time on each task when

compared with the minimum employment mentioned previously.
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However, after a farm operator has employed his tractor

power a given number of hours, a maximum point of technical ef-

ficiency is reached in accomplishing those tasks normally't as-

sociated with the complete producing cycle of a certain crop or

crops. Maximum technical efficiency is measured at the highest

point on the total physical product curve (A Figure 3) or where the

marginal physical product curve reaches OA'. The farm operator

should not employ his tractor power more hours than necessary to

reach point A in Figure 3. This point determines the maximum

Product of
Tractor Use

B' A'
Hours of Tractor Use Per Year

Figure 3. Technical efficiency and the use of tractor power

constraint for the employment of a farm operator's tractor power.

As stated, maximum constraintOA' is determined by such factors as

farm size, farm type, technological innovations, available
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substitutes for tractor power and the physical environment.

It now becomes important to determine those factors aid-

ing the farm operator in deciding the most efficient level of em-

ployment of his tractor power within the constraints established

above. These factors include tractor age, physical condition of

the tractor, number and size of tractors on each farm, and type

of work suited to each tractor on the farm.

Other economic considerations will influence the farm

operator's decisions concerning the most efficient employment

of his tractor power. Many of these economicconsi

derations will be discussed and illustrated in this study.

A Comparison of the Level of Employment of Various Sizes
and Types of Tractors on Marion County Farms

This section is devoted to a comparison of the employment

levels for various sizes and types of tractors. The level of em-

ployment of a particular tractor was measured by the hours of use

per horsepower (MDHP).

A preliminary analysis of the information jn this study in-

dicates that tractors o a given type and M.TJHP are used more

hours than tractors of the same type but with less MDHP. How-

ever, the relationship between a given size and type tractor and

hours of use per horsepower illustrated in Figure 4 indjcates that
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hours of use per horsepower decreases as tractor size (MDHP)

increases. Thus, each horsepower on a relatively small size

tractor is used a greater number of hours than a horsepower on a

tractor of more MDHP. Also, between 25 and 50 MDHP, a horse-

power for a given size diesel crawler tractor was used more

hours than a horsepower for a similar size gasoline wheel tractor.

Hours of Use per
Hor sepower

Gas wheel

30 Diesel crawler

0 10 20 30 40 50 60
Tractor Size (MDHP)

Figure 4. Relationship between tractor size and hours of
use per horsepower for gasoline wheel and diesel
crawler tractors

The above discussion indicates the level of employment in-

creases as similar type tractors decrease in size or MDHP. Also,

between 25 and 50 MDHP a diesel crawler of a given size had a

higher level of employment than a gasoline wheel tractor of equal

size.
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CHAPTER IV

THE COST ANALYSIS

In this study costs were separated into fixed and operating

costs. Fixed costs include depreciation, insurance, taxes, hous-

ing, and interest on investment. On an annual basis, fixed costs

remain constant whether a tractor is used a thousand hours or

stands idle. Operating costs (often called variable costs) include

fuel, repairs, oil and grease, and service labor. Operating costs

increase with the amount of tractor use. They represent the value

of resources used up as the production process is carried on with-

in a given time period.

It should be recognized that it is arbitrary to include all

depreciation under fixed costs. For instance, many research

workers place a portion of depreciation under operating costs

because part of the tractor is used up when used by the farm op-

erator. The remainder of depreciation is obsolescence. Obso-

lescence refers to a period of time in which technical innovations

cause the displacement of certain tractor parts or the whole trac-

tor by technically more efficient parts even though the tractor

may not have been used by the farmer. Only that portion of annual

depreciation defined as obsolescence is a fixed cost. However, it
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is quite impossible to distinguish between that portion of deprecia-

tion which is "fixed' and that portion which is "operating". It was

therefore decided to define all depreciation as a fixed cost.

Repairs is another example of a cost item with some char-

acteristics of both fixed and operating costs. Actually, a portion

of tractor repairs is a function of hours of use (operating cost)

and the remainder of repairs is a function of time (fixed cost). In

this study, the item of repairs is classified arbitrarily as an op-

crating cost. Repair costs include only the "normal" seasonal

repairs incurred by a tractor. The cost of a major repair such

as an overhaul was not included under the item of repairs in those

cases where the length of a tractors life was greatly affected but

rather included as an investment item to be depreciated.

There is a rather unique distinction between annual fixed

and operating costs, and hourly fixed and operating costs. Annual

fixed costs remain constant regardless of the number of hours a

tractor is used while annual operating costs increase with tractor

use. However, hourly fixed costs decrease with tractor use and

hourly operating costs remain relatively constant as the tractor is

used an increasing number of hours. Thus, the cost of those items

defined as fixed costs will decrease with hours of tractor use when

computed on an hourly basis. Similarily, the cost of those items

defined as operating costs are relatively constant when computed
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on an hourly basis.

For example, the annual tax on a certain size tractor is 20

dollars per year and is a fixed cost. If the tax is computed on an

hourly basis, the cost per hour will decrease as the tractor is used

an increasing number of hours.

The cost of fuel is an operating cost and on an annual basis

increases as the tractor is used an increasing number of hours.

On an hourly basis, fuel costs remain relatively constant whether

a tractor is used 100 hours or 500 hours.

The Importance of Various Items of Cost

The purpose of this section is to measure on an hourly

basis the importance of various items of cost in the operation of a

farm tractor. The computing method used to measure the im-

portance of each cost item was to divide the average annual cost

of a particular item by the average annual hours of tractor use.

The quotient represents the average annual hourly cost associated

with a particular item of cost. The next step was to divide the

average annual hourly cost associated with a particular item of

cost by the average annual hourly cost of operating a tractor and

multiply by 100. Table 7 lists the average annual cost for various

items of cost such as depreciation, taxes, etc. It also lists the



Table 7. Average farm expenditure on various sizes and types of tractors* (13, p. 25)
Tractor Size, Fuel, and Kind

Under 11 11-20 21-30 31-40 Over 40

Gas Diesel Gas Diesel Diesel Gas Diesel
ITEM Gas Wheel Crawler Crawler Wheel Wheel Crawler Wheel Crawler

No. of tractors 22 108 123 15 17 125 10 41 24 10

Av. horsepowerMDHP 9 17.18 24.99 25.73 25.12 36.01 36.70 33.80 45.75 51.60
Age of tractor 10 11.5 8.2 16. 1 14.7 7.2 6.5 10.5 5. 8 6.5
Average value $603 656 906. 1014. 1447. 2127. 2293. 1998. 4370.
Seasons use-hour 219.3 375.9 508.9 320.0 497.2 540. 3 683.6 606. 3 492. 2 699.0
Gallons fuel per hour .96 1.39 1,86 2.34 1.98 2.42 2.04 2.15 3.12 3.05
Annual Fixed Costs (Dollars Per Tractor)

Depreciation 67.64 81.26 141.79 144.83 117.02 189.05 219.66 246.07 225.12 367.98
Insurance 1.24 .61 .87 2.01 1.82 1.84 7.58 3.27 2.08 4.05
Taxes .59 .63 1.21 1.11 1.59 2.53 2.37 4.08 3.59 7.39
Interest on mv. 35.97 47.25 54. 64 61. 17 62. 84 86. 19 127.55 157. 44 119.97 262.42

Housing 7.05 8.31 10.31 6.92 7.03 10.80 10.61 7.72 12.35 11.69

TOTAL 112.49 138.07 208.81 216.05 190.31 290.40 367.77 418.57 363.12 653.53

Annual Operating Costs
Repairs 22. 19 24. 32 39. 55 57. 47 87. 75 33.91 98. 90 104. 27 48. 46 174. 80

Fuel 42.93 109.05 185.82 148.25 154.96 261.73 211.14 212.64 298.07 312.62

Service labor 8.71 14.52 19.18 14.75 31.77 23.23 25.74 39.69 17.05 31.19

Grease and oil 6.98 12. 38 16. 87 16. 19 28.98 21. 96 26. 81 40. 11 18. 59 60.97

TOTAL 80.81 160.28 261.43 236.65 303.46 340.84 362.59 396.70 382.17 579.58

Annual Total Cost 193.30 298. 35 470.24 452.70 493.77 631.24 730.36 815, 27 745.29 1233. 11

* The average hourly rates of fuel consumption calculated for the gasoline wheel groups are approximately equivalent to those given in a
recent publication.



average seasonal hours of tractor use for various tractor groups.

The computing method is illustrated by dividing the annual cost of

depreciation in Table 7, column one ($ 67. 64) by the average an-

nual hours of use (219. 3). The quotient ($. 308) is presented in

Table 8. In order to measure the relative importance of deprecia-

tion, the hourly cost in Table 8 is divided by the total cost per

hour (0. 88) and multiplied by 100. This procedure is repeated

for each hourly cost item and the actual percentages for each item

are presented in Table 9.

Fuel

Fuel was the most important item of cost in the majority

of tractor groups. It was the largest item of cost in every gaso-

line tractor group with the exception of under 11 MDHP. Fuel

costs fluctuated from 22. 5 to 41 percent of the total hourly cost

of operating various sizes and types of tractors. It made up one-

half to three-fourths of the hourly operating cost. Fuel costs

were computed on the basis of the actual prices paid by the far-

mer.Y The average price of gasoline paid by the farmer was

19. 9 cents per gallon with the price paid fluctuating from 18 to

U In most instances of gasoline burning tractors this means
that the price charged for gasoline was the net price after
the gasoline refund was received.



Table 8. Average farm expenditure on various sizes and types of tractors

Tractor Size, Fuel, and Kind
Underli 11-20 21-30 31-40 Over4O

Gas Diesel Gas Diesel Diesel Gas Diesel
ITEM Gas Wheel Crawler Crawler Wheel Wheel Crawler Wheel Crawler

Fixed Cost per Hour
Depre ciation
Insurance
Taxes
mt. on Investment
Housing

TOTAL

Operating Cost per Hour
Repairs
Fuel
Service labor
Grease and oil

TOTAL

Total Cost per Hour

Dollars
.31 .22 .28 .45 .24 .35 .32 .40 .46 .53
.01 1/ 1/ .01 1/ 1.! .01 .01 1/ .01
.1.! 1/ 1/ 1/ .01 1/ .01 .01 . 01

.16 .13 .11 .19 .13 .16 .19 .26 .24 .37

.03 .02 .02 .02 .01 .02 .02 .01 .03 .02

.51 .37 .41 .67 .38 .54 .54 .69 .74 .94

.10 .07 .08 .18 .18 .06 .14 .17 .10 .25

.20 .29 .36 .46 .31 .49 .31 .35 .60 .45

.04 .04 .04 .05 .06 .04 .04 .06 .04 .04

.03 .03 .03 .05 .06 .04 .04 .07 .04 .09

.37 .43 .51 .74 .61 63 .53 .65 .78 .83

.88 .79 .92 1.41 .99 1.17 1.07 1.34 1.51 1.77

Less than one-half cent per hour. For this reason the total cost figs do not always represent the si of the individual fixed costs
indicated.



Table 9. Fixed and operating costs expressed as a percentage of total cost and classified by size and type of tractor.

Tractor Size, Fuel, and Kind
Under 11 11-20 21-30 31-40 Over 40

Gas Diesel Gas Diesel Diesel Gas Diesel
ITEM Gas Wheel Crawler Crawler Wheel Wheel Crawler Wheel Crawler

Fixed:
Depreciation 35.0 27.0 30.0 32.0 23.5 30.0 30.0 30.0 30.0 30.0
Insurance 0.5 1/ 1/ 1/ 1/ 1/ 1.0 1/ 1/
Taxes 1/ 1/ 1/ 1/ 1/ 1/ 1/ 0.5 0.5 0.5
Interest 18.5 16.0 12.0 14.0 13.0 13.5 17.0 19.0 16.0 21.0
Housing 4.0 3.0 2.0 2.0 1.5 1.5 1.5 1.5 2.0 1.0

TotalFixed 58.0 46.0 44.0 48.0 39.0 46.0 50.0 51.0 49.0 53.0

Operating:
Repairs 11.5 8.0 8.0 12.5 18.0 5.0 13.5 13.0 6.5 14.0
Fuel 22.5 37.0 39.5 33.0 31.0 41.5 29.0 26.0 40.0 25.5
Service labor 4.5 5.0 5.0 3.0 6.0 4.0 3.5 5.0 2.0 2.5
Greaseandoil 3.5 4.0 3.5 3.5 6.0 3.5 4.0 5.0 2.5 5.0

Total Operating 42.0 54.0 56.0 52.0 61.0 54.0 50.0 49.0 51.0 47.0

GRAND TOTAL 100 100 100 100 100 100 100 100 100 100

U Less than one-half percent. For this reason the total fixed cost figies do not always represent the sum of the individual fixed costs indicated.

C
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26 cents. The average price of diesel fuel paid by the farmer was

15. 7 cents with the price paid fluctuating from 14 to 19 cents per

gallon.

The above information indicates that fuel is a highly impor-

tant item of cost. Assuming a tractor of given size and type per-

forms the same type of work over its entire life and assuming

normal repairs and adjustments, about the only way the farm op-

erator can reduce his cost of fuel is to seek a fuel dealer who of-

fers his product of a given quantity and quality at a lower price

than any other dealer in the immediate geographical area.

For example, the average fuel consumption per hour for a

31-40 MDHP gasoline wheel tractor is 2.42 gallons (Table 7). If

farmer A purchases the fuel at 18 cents per gallon and farmer B

at 26 cents per gallon, assuming each farmer operates his gaso-

line wheel tractor of 3 1-40 MDHP 300 hours annually under similar

field conditions, farmer A will reduce his annual fuel bill by

$58. 00, or approximately 30 percent compared to farmer B.

Depreciation

Depreciation was the most important item of cost in four

of the ten tractor groups. It was the largest item of cost in three

of the four diesel size groups and also in the under 11 MDHP
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gasoline wheel size group. The relative importance of deprecia.-

tion was quite stable throughout the range of size groups, fluctuat-

ing from 23. 5 to 35 percent of the total hourly cost with deprecia

tion in six tractor groups listed at 30 percent. Depreciation made

up one-half to two-thirds of the fixed hourly cost of operating van-

ous sizes and types of tractors. Depreciation and fuel combined

accounted for one-half to three-fourths of the total hourly cost.

The straight line method was used to calculate depreciation (12,

p. 235-236).

Interest on Investment

Interest on investment was the third largest item of cost,

fluctuating from 12 to 21 percent of the total hourly cost of operat-

ing various sizes and types of tractors. It accounted for 26 to 40

percent of fixed hourly costs. Interest was calculated on the basis

of six percent of present value. Depreciation and interest on in-

vestment accounted for over 90 percent of the fixed hourly cost.

Fuel, depreciation, and interest on investment accounted for two-

thirds to three-fourths of total hourly cost.
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Repairs

Repairs was the fourth most important item of cost, mak-

ing up 5 to 18 percent of the total hourly cost. Repair costs in-

dude the cost of repair parts and labor required to do the work.

Farm labor used for repairs was valued at farm wage rates. Re-

pairs accounted for 10 to 30 percent of operating costs. Fuel and

repairs accounted for 80 to 90 percent of operating costs.

Service Labor, Grease and Oil

Service labor, grease and oil accounted for 4. 5 to 12 per-

cent of total hourly costs. Service labor was valued at existing

farm wage rates. These items made up 15 to 39 percent of opera-

ting costs.

Housing, Taxes, and Insurance

Housing accounted for one to four percent while taxes and

insurance made up less than one percent of the total hourly cost

of operating various sizes and types of tractors. These three

items together averaged 2. 9 percent of the total cost per hour of

use when considering all tractors in the cost analysis. This can

be compared with an average of two percent used in a recent study

(23, p. 2). These three items accounted for three to seven percent
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of fixed costs. The cost of housing was based on estimates of the

Department of Agricultural Engineering, Oregon State Univer sity

(12, p. 237). The tax estimates placed on tractors is explained

by the reference given in the previous sentence.

Operating costs in the majority of size groups made up

over 50 percent of the total hourly cost. Figures 5 and 6 illustrate

the importance of the cost items for 31-40 MDPH gasoline wheel

and diesel crawler tractors.

Determinates of Hourly Tractor Costs

The purpose of this section is to discover if certain factors

influence the cost of operating various sizes and types of tractors.

A multiple regression experiment was performed on the 11-20,

21-30, and 31-40 MDHP gasoline wheel tractor groups and the 31-

40 MDHP diesel crawler tractor group. These four tractor groups

were selected because they represent the largest samples (41 to

125) of the ten groups in this study. The design of experiment

was response surface with three independent variables raised to

the second power. The dependent variable Y is total cost per

hour and the independent variables are hours of

2 2y = B0-B1X1-B2X2+B3X3-B4X1X2 + B5X1X3 + B6X2X3+ B7X1+B8X2

+ B X + Error
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Operating costs 54% Fixed costs - 46%

& _iiL

Depreciation - 30%

Interest on
Investment - 13. 5%

'Housing 1.5%
Insurance & Taxes - 1%

Figure 5. The relative importance of various items of hourly
cost for a 31-41 MDHP gasoline wheel tractor
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Figure 6. The relative importance of various items of hourly cost
for a 31-40 MDHP diesel crawler tractor
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tractor use tractor age (X2), total MDHP per farm crop

acre (X3), hours of tractor use with tractor age (X1X2), hours of

tractor use with total MDHP per farm crop acre (X1X3), tractor

age with total MDHP per farm crop acre (X2X3), hours of tractor

use squared (X), tractor age squared (X), and total MDHP per

farm crop acre squared (X).

There were nine hypotheses tested at the five percent

level of significance for each of the four tractor groups. These

hypotheses are listed below:

A. Hours of tractor use has no influence of cost per hour.

B. Tractor age has no influence on cost per hour.

C. Total MDHP per farm crop acre has no influence on

cost per hour.

D. Hours of tractor use with tractor age has no influence

on cost per hour.

E. Hours of tractor use with total MDHP per farm crop

acre has no influence on cost per hour.

F. Tractor age with total MDHP per farm crop acre has

no influence on cost per hour.

G. Hours of tractor use squared has no influence on cost

per hour.

H. Tractor age squared has no influence on cost per hour.



I. Total MDHP per farm crop acre squared has no influ-

ence on cost per hour.

It may be of interest to briefly explain hypotheses D and

E. Hypothesis D states that cost per hour will remain relatively

constant for a certain size tractor one, two, five, ten, or 20

years old used a given seasonal hours. For example, the hourly

cost of a one, two, five, ten, or 20 year old 21-30 MDHP gasoline

wheel tractor may be $1.50 at 200 seasonal hours of use, $1. 20

at 400 seasonal hours of use, and $1.00 at 600 seasonal hours of

use.

Hypothesis E states that cost per hour will remain rela-

tively constant regardless of the relationship between total MDHP

per farm crop acre and seasonal hours of tractor use. It should

be expected that on farms with small quantities of MDHP per farm

crop acre (less than 0. 6) a farmer will use each tractor more

seasonal hours compared with similar size tractors on farms

with large quantities of MDHP per farm crop acre (over 1.5). If

the previously mentioned relationship exists it seems likely that

the hypothesis should be rejected that cost per hour is not influ-

enced by hours of tractor use with total MDHP per farm crop acre.!

U The results of the statistical experiments show that MDHP
per farm crop acre with hours of seasonal tractor use has
no influence on cost per hour. It was believed this factor
influenced cost per hour because on farms with large
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The results of the statistical experiments for the three

gasoline wheel groups indicate that hours of tractor use influences

the hourly cost of operating a gasoline wheel tractor. Cost per

hour decreases with increasing amounts of seasonal tractor use.

Tractor age influences the cost per hour of operating an 11-20

and a 3 1-40 MDHP gasoline wheel tractor. Cost per hour de-

creases with increasing tractor age. Hours of use squared influ-.

ences the hourly cost of operating the 11-20, the 21-30, and the

31-40 MDHP gasoline wheel tractor while tractor age squared in-

fluences the cost of the two larger gasoline wheel groups. Finally,

MDHP per farm crop acre and hours of use with tractor age in-

fluences the cost of operating a 31-40 MDHP gasoline wheel trac-

tor. Cost per hour increases with increasing MDHP per farm

crop acre while cost per hour decreases with increases in tractor

age or hours of use when considering the relationship between

quantities of MDHP per farm crop acre (over 1. 5) cost per hour
should be relatively high compared with farms with small quanti-
ties of MDHP per farm crop acre (less than 0. 6). The difference
in hourly costs being due to the farmer using each tractor of si-
milar size more seasonal hours on farms with less than 0. 6
MDHP per farm crop acre than on farms with more than 1.5
MDHP per farm crop acre. However, further analysis deter-
mined that tractors of a given size were not used more seasonal
hours on farms with less than 0. 6 MDHP per farm crop acre
compared with farms of more than 1. 5 MDHP per farm crop acre.
Thus, cost per hour was not influenced by MDHP per farm crop
acre with seasonal tractor use because no relationship existed
between MDHP per farm crop acre and seasonal tractor use.



tractor age and hours of tractor use.

The results of the fourth experiment (with the 31-40 MDHP

diesel crawler group) indicate that hours of tractor use is the only

factor influencing the hourly cost of operating this size and type of

tractor. Cost per hour decreases with increasing seasonal trac-

tor use.

An examination of each coefficient of determination reveals

that a fairly large portion of the variation in cost per hour was not

explained by any of the independent variables listed in the regres-

sion model. It is quite probable that the chief reason why more of

the variation in tractor costs was not explained is because the

study covered one year only. Therefore certain costs during the

year of study could have been related more to tractor useage in

previous years than to the year in question. Furthermore, the

squared independent variables were of no practical meaning.

(Probably the model selected should have been one that did not

call for the squaring of any independent variables.

In general, the previous experiments are unanimous in

showing cost per hour decreasing with increasing seasonal tractor

use. Aside from the study here reported, it is quite possible

that cost per hour decreases with increasing tractor age for all

tractor groups. Though two experiments did not show tractor
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Table 10. The influence of certain independent variables on total
tractor costs as measured by the F test

Tractor Group 11-20 21-30 31-40 31-40

Independent Variable Gasoline Wheel Diesel Crawler

Hoursofuse 31.211* 66.064* 29.024* 9.879*

Tractor age 29.279* 0.020 8. 101* 2.739

MDHP/crop acre 0. 127 0.517 4. 516* 0. 108

Hours of use with age 0. 517 0. 006 15. 444* 0. 055

Hours of use with 0. 306 1. 556 1.097 0. 358

MDHP/crop acre
Age with MDHP/crop 0.912 0.323 1.139 1.041

acre
Hours of use squared 25.948* 13. 105* 6.007* 0.038
Age squared 3.943 24.157* 29. 128* 3.773
MDHP/crop acre 0. 349 0. 596 2. 621 2. 141

squared

Critical Region F > 3.9499 F > 3.932 F > 3.9269 F > 4. 1623

(15, p. 521) 1 &9Sdf 1 &ll3df 1 & 115 df 1 & 3ldf

Correlation Coefficient 0. 739 0. 726 0. 724 0. 626

Coefficient of Deter- 0. 545 0. 528 0. 523 0. 391

mination R2

Significant at the five percent level

age to be a significant influence on hourly cost, all experiments

may have been unanimous in confirming the influence of tractor

age on hourly cost (cost per hour decreasing with increasing trac-

tor age) if information had been collected in the survey concerning

when the tractor was last overhauled and how many hours the

tractor had been used prior to the last overhaul.
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There is reason to believe hours of tractor use with trac-

tor age has a more significant influence on cost per hour than in-

dicated by the four statistical experiments. For example, three

of four experiments indicated no significant difference in cost per

hour for a given size tractor one, two, etc. , years old used a

given seasonal hours. However, there may be a significant dif-

ference in the cost per hour for given size tractors less than five

or six years old compared with similar size tractors five or six

years old and over used equivalent seasonal hours. This and

many of the previously discussed hypotheses will be further ex-

amined and quantitatively measured in the following sections.

The Influence of Tractor Age and Hours of Use
on Repair Costs

The purpose of this section is to discuss the influence of

tractor age and hours of tractor use on hourly repair costs.

Theoretically, it seems justifiable to conclude that tractor age

and hours of tractor use influence annual repair costs. Annual

repair costs increase as the tractor becomes older or is used a

greater number of hours. The question is whether or not repair

costs per hour of use increase with-age or hours of use.

Regression experiments using repair costs per hour (Y)

as the dependent variable and tractor age (X1), hours of tractor
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use (X2), tractor age with hours of tractor use (X1X2), tractor

age squared (X), and hours of tractor use squared (Xi) as the

independent variables were performed on the 31-40 MDHP diesel

crawler and 11-20 MDHP gasoline wheel tractors. The regres-

sion equations took the form of

Y = B0+B1X1 +B2X2+B3X1X2+BX+B5X + Error.

The results indicate for these two groups that none of the inde-

pendent variables influence repair costs per hour of use when

tested at the five percent level of significance.

Table 11. The influence of certain independent variables on
repair costs as measured by the F test

Tractor Group 11-20 31-40

Independent Variables Gasoline Wheel Diesel Crawler

Tractor age 0. 013 0. 239
Hours of use 0. 877 0. 079
Hours of use with age 0. 010 0. 098
Tractor age squared 2. 471 0. 039
Hours of use squared 0. 079 0. 092

Critical Region F> 3. 9445 F>4. 1278
(15, p. 521) 1 & lOZdf 1 & 35df

Correlation coefficient Negligible Negligible
Coefficient R of Deter-

mination 0. 0319 0. 01475



Why did the conclusions drawn from the statistical experi-

ments conflict with the theoretical conclusion? The statistical

experiment failed to substantiate the theoretical conclusion that

age and hours of use would be positively correlated with repair

costs per hour of use because of several possible reasons. One

reason could be that the information collected in the survey was

incomplete and lacked enough detailed information to achieve the

objective for which the statistical experiment was designed. An-

other reason is that the results obtained in the experiments could

have been predetermined by the manner in which the survey data

were obtained. The farmer was asked for the usual1 cost of re-

pairs. Therefore it could be expected that in many instances the

repair item on the field schedule would be in no way related to

the age of the tractor or the hours of use in the year under consi-

deration. Another reason could be that the wrong group of trac-

tors were tested by the statistical experiment. That is to say that

within some other group of tractors there might have been a de-

finite relationship between repair costs per hour of use and the

independent variables of age and/or hours of use.

As a matter of fact, when analyzing the 3 1-40 MDHP gaso-

line wheel group of tractors, it was found that for the older ma-

chines (Six years old and over) used 500 hours or more annually,

average repair costs increased with hours of use (Table 17).



45

Fixed Costs

Table 12 presents fixed costs per hour of use. Its pur-

pose is to help the farm operator in calculating total hourly trac-

tor costs. These fixed costs should be typical for each type and

size of tractor in the similar farming areas of the Willamette

Valley. However, operating costs are subjecttore-

latively wide variations from farm to farm compared with fixed

costs. Thus, the farm operator only has to calculate operating

costs per hour of use and add them to the appropriate fixed costs

shown below to determine total hourly costs. In this manner, the

farm operator can compare his total hourly costs with the corre-

sponding total hourly costs in the study to determine whether or

not he is operating his tractors as efficiently as the average.

Table 12. Estimated fixed costs per hour in the operation of
various sizes and types of tractors for annual uses
from 100 to 1000 hours

Hours per Year 100 200 300 400 500 600 700 800 900 1000

Dollarsper Hour

Gas Wheel
Under 11 1.01 0.54 0.31 0.19 1/ jj 1/ 1/ 1/ 1/
11-20 1.06 0.79 0.57 0.38 0.28 0.18 0.18 0.17 0.17 0. 17
21-30 1/ 0.93 0.76 0.61 0.48 0.37 0.30 0.24 0.21 0.19
31-40 1/ 0.95 0.82 0.71 0.61 0.53 0.47 0.42 0.39 0.37
Over 40 1/ 1. 28 1.08 0.90 0. 75 0. 62 0. 54 0. 48 0.44 0. 43

Diesel Crawler
21-30 1/ 0.61 0.53 0.46 0.40 0,35 0.31 1/ !/ 1/
31-40 1/ 1.54 1.29 1.17 0.88 0.73 0.60 0.51 0.45 0.41
Over40 1/ 1/ 1/ 1/ 1.71 1.13 0.79 0.60 0.46 0.33

Gas Crawler
21-30 1.29 1.22 0.77 0.57 1/ 1! 1/ 1/ 1/ 1/

There was insufficient information available to determine the cost per hour.



To illustrate, farmer A with a 21-30 MDHP gasoline wheel

tractor might wish to compare his actual cost per hour with the

average results of the same type tractor in the study. Let us as-

sume he operates his tractor 600 seasonal hours. The farm op-

erator only has to calculate his own operating costs per hour, add

them to the fixed costs per hour (37 cents) in Table 12 and corn-

pare the total with the average total cost per hour (88 cents as

shown in Table 14) in this study to determine the relative efficiency

of operating his tractor.

Operating Costs

Operating costs increase with tractor size for both gaso-

line wheel and diesel crawler tractors. In comparing a particular

tractor size, operating costs are greater for a diesel than a gaso-

line tractor. However, f repairs are excluded as an operating

cost, the hourly operating cost of a given size gasoline tractor is

greater than the same size diesel tractor (4). For a given trac-

tor size, repair costs are greater for the crawler than the wheel

tractor. Fuel costs are greater for a given size gasoline tractor

than the same size diesel tractor (4). Also, fuel costs increase

with tractor size for both gasoline and diesel tractors. Hourly

oil, grease, and labor service costs are greater for a given size
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diesel than a similar size gasoline tractor (4).

Table 13. Operating costs (oil, grease, service labor, repairs,
and fuel) for various sizes and types of tractors per
hour of use

Oil- Service Total
1

Size and Type Grease Labor Total Repairs Fuel Operating

Gas Wheel Cents per Hour

Under 11 3.2 4.0 7.2 10.1 19.6 36.9
11-20 3.3 3.9 7.2 6.5 29.0 42.7
21-30 3.3 3.8 7.1 7.8 36.5 51.4
31-40 4.1 4.3 8.4 6.3 48.4 63.1
over 40 3. 8 3. 5 7. 3 9. 8 60. 5 77. 6

Diesel Crawler
21-30 5.8 6.4 12.2 17.6 31.2 61.0
31-40 6.6 6.5 13. 1 17.2 35. 1 65. 4
over 40 8.7 4.5 13.2 25.0 44.7 82.9

Gas Crawler
21-30 5.1 4.6 9.7 18.0 46.3 74.0

Diesel Wheel
31-40 3.9 3.7 7.6 14. 5 30.9 53.0

U The average net price of gasoline fuel was 19.9 cents per gallon. The average net price
of diesel fuel was 15. 7 cents per gallon.

Therefore it can be said in summary that as far as operat-

ing costs per hour of use are concerned, with respect to a parti-

cular size tractor, gasoline wheel tractors are higher than diesel

crawler tractors in fuel expense but diesel crawler tractors are

higher than gasoline wheel tractors in the other items of operating

expense (repairs, oil and grease, service labor). As stated pre-

viously the total operating costs per hour of use on similar sized

tractors are higher for the diesel crawler than for the gasoline

wheel tractors.



A discussion of total costs per hour of use, including corn-

parisons between gasoline wheel and diesel crawler tractors, is

to be found in the next section.

Total Costs

It was previously determined that seasonal hours of use is

an important factor influencing the cost of operating a tractor.

The objectives of the following discussion are (1) to calculate the

cost per hour of use for various sizes and types of tractors, (2)

to determine certain cost advantages associated with various sizes

and types of tractors, and (3) to compare the hourly cost of operat-

ing similar sizes of gasoline wheel and diesel crawler tractors.

Gasoline Wheel

Table 14 presents the total cost per hour of operating van-

ous sizes of gasoline wheel tractors for annual uses from 100 to

1000 hours. This information is illustrated in Figure 7. Cost

per hour decreases as the tractor is used an increasing number

of hours during the year. Also, for a given seasonal hours of

use, cost per hour increases with tractor size, Thus, a cost

curve representing a relatively large tractor (31-40 MDHP) lies

above all cost curves representing relatively smaller tractors.
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Table 14. Estimated total cost per hour in the operation of
various sizes of gasoline wheel tractors for annual
uses from 100 to 1000 hours

Hours per year 100 200 300 400 500 600 700 800 900 1000

Size Group Dollars per Hour

Under 11 1.38 0.91 0.68 0.55 1/ 1/ 1/ 1/ 1/ 1/

11-20 1. 49 1. 22 1.00 0.81 0.66 0. 61 0.61 0.60 0.60 0. 60

21-30 1/ 1.44 1.27 1.12 0.99 0.88 0.81 0.75 0.72 0.70

31-40 1/ 1,57 1.44 1.33 1.23 1.15 1.09 1.04 1.01 0.99

Over4O 1/ 2.06 1.86 1.68 1.53 1.41 1.32 1.26 1.22 1.21

There was insufficient information available to determine the cost per hour.

It is of interest to note that the slope of the cost curve for

each of the different size groups is quite similar.
The relative position of the curve representing
the under eleven MDHP tractors in relation to
the others in Figure 7 suggests that for annual
work up to 400 hours per year there is no reason to use a

larger tractor than the under 11 MDHP if this size tractor will

pull the load. In other words, under these conditions the use of

the small tractor may result in relatively lower tractor costs.

Diesel Crawler

Table 15 presents the total cost per hour of operating

various sizes of diesel crawler tractors for annual uses from 200
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to 1000 hou.rs. This information is illustrated in Figure 8. Cost

per hour decreases as the tractor is used an increasing number of

Table 15. Estimated total cost per hour in the operation of
various sizes of diesel crawler tractors for annual
uses from ZOO to 1000 hours

Hours peryar 100 200 300 400500600700 800900 1000

Size Grou,2 - Dolim ,per Hour

21-30 1/ 1.22 1.14 1.07 1.01 0.96 0.92 1/ 1/ 1/

31-40 1/ 2.19 1.94 1.72 1.53 1.38 1.25 1.16 1. 10 1.06

over40 ,,/ 1/ 1/ 1/ 2.54 1.96 1.62 143 1.29 1,16

.1! There was insufficient information available to determine the cost per hour.

hours during the year. Also, for a given seasonal hours of use,

cost per hour increases with tractor size. Thus, a cost curve

representing a relatively large tractor (31-40 MDHP) lies above

all cost curves representing smaller tractors. These conclusions

are similar to the remarks made concerning gasoline wheel trac-

tor s.

The slope of the cost curve for the Z13O MIJHP diesel

crawler tractor decreases at a relatively gradual rate compared

with the other two cost curves. Thus, compared with the other

diesel crawler tractor size groups, there is a relatively gradual

decrease in the hourly cost of operating a Z1-3O MDHP diesel

crawler tractor as annual hours of use increases from ZOO to

1000 hours. Assuming a farm operator has a 2.1-30 MDHP and
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either a 31-40 MDHP or an over 40 MDHP diesel crawler on his

farm, it may usually be to his advantage to use the smaller trac-

tor if it can handle the job, both from the standpoint of the load

and the time loss due to breakdowns. He should use the larger

tractor when the smaller one will not pull the load satisfactorily

and when rush work demands the use of a larger tractor.

The cost curve for the over 40 MDHP tractor indicates

total hourly costs decrease more rapidly up to 1000 hours of use

compared with the cost curve for any other tractor group in this

study. Along with the relative position of the over 40 MDHP

diesel crawler cost curve compared with the other seven cost

curves, this suggests that a farmer needs to have something like

1000 hours of heavy work annually to justify the ownership of a

tractor of this size and type. With less than this amount of heavy

annual work the cost per hour would seem to be prohibitive.

Gasoline Wheel vs Diesel Crawler

The purpose of this section is to compare the total hourly

cost of operating various sizes of gasoline wheel and diesel crawler

tractors. It will determine certain cost advantages for various

types of tractors where each is equally adopted to do the work.

Figure 9 illustrates the relationship of the per hour cost

for over 40 MDHP gasoline wheel and diesel crawler tractors used
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Figure 9. Relationship of the total cost per hour for over 40
MDHP gas wheel and diesel crawler tractors for
annual uses from 200 to 1,000 hours

from ZOO to 1000 annual hours.

In the over 40 MDHP size group total cost per hour is

greater for a diesel crawler operated less than 945 seasonal hours

compared with a gasoline wheel operated the same number of sea-

sonal hours. From 945 to at least 1000 seasonal hours, total

hourly cost is greater for a gasoline wheel than a diesel crawler.

Total costs appear to be less by owning and operating the gasoline wheel

provided it is used fewer than 945 seasonal hours. Otherwise,

total hourly cost may be less by owning and operating the diesel

crawler.
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A comparison of the per hour costs for 31-40 MDHP gaso-

line wheel and diesel crawler tractors shows that it may be to the

farmerts advantage to own and operate the gasoline wheel tractor

(Figure 10). Similar to the relationship between the over 40

MDHP gasoline wheel and diesel crawler tractors, the difference

in cost per hour between 31-40 MDHP diesel crawler and gasoline

wheel tractors diminishes as seasonal hours of tractor use in-

creases. For example, at 200 seasonal hours of use the diesel

crawler costs 62 cents per hour more than the gasoline wheel

tractor. However, at 1000 seasonal hours of use the diesel crawl-

er costs only seven cents per hour more than the gasoline wheel.

Thus, it is possible that if there is approximately 1300 to 1500

seasonal hours of heavy tractor work on a farm, the 31-40 MDHP

diesel crawler may cost no more than the gasoline wheel tractor.

Assuming there is 1300 to 1500 hours of heavy annual tractor

work available on a farm for a 31-40 MDHP tractor of either type,

the decision as to which tractor to own and operate will depend

upon how adaptable and physically efficient each tractor type is in

performing the various kinds of heavy work usually found on a

farm.

The results obtained from comparing the total hourly cost

of operating 21-30 MDHP gasoline wheel and diesel crawler
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tractors tends to contradict the findings of the 31-40 and over 40

MDHP tractor groups. For example, total cost per hour in the

21-30 MDHP size group is greater for a gasoline wheel tractor

operated less than approximately 450 seasonal hours compared

with a diesel crawler tractor operated the same number of sea-

sonal hours. From 450 to 1000 seasonal hours, however, total

hourly cost is greater for a diesel crawler than a gasoline wheel

tractor. This suggests that there maybe a cost advantage in owning

and operating a 21-30 MDHP diesel crawler tractor provided it is

used fewer than approximately 450 seasonal hours. Otherwise,

with 450 or more annual hours of use, the cost advantage appears

to be with the gasoline wheel tractor.

As previously stated the findings of the 21-30 MDHP size

group contradicts the conclusions of the 31-40 and the over 40

MDHP size groups up to 450 annual hours. In the 3 1-40 and over

40 MDHP size groups the gasoline wheel tractor has the cost ad-

vantage unless operated a great number of seasonal hours while

in the 21-30 MDHP size group the diesel crawler has the cost ad-

vantage unless operated more than approximately 450 seasonal

hours.

This contradictionmaybe explained by the disparity in the

average age for the 21-30 MDHP gasoline wheel and diesel crawler
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tractors. The diesel crawlers are on the average 79 percent older

than the gasoline wheel tractors. It is also true that the 31-40

and the over 40 MDHP diesel crawler tractors are somewhat older,

on the average 46 and 12 percent respectively, than the gasoline

wheel tractor groups. These differences in age, however, are

not nearly so extreme as in the 21-30 MDHP size group.
Cost per hour
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Figure 10. Relationship of the total cost per hour for the
21-30 and the 31-40 MDHP gasoline wheel and
diesel crawler tractors for annual uses from
200 to 1,000 hours

!71n an attempt to see what the results might be in the 31-40
MDHP size group when comparing costs of relatively old diesel
crawlers with younger gasoline wheel tractors, an examination
was made of the cost of all the diesel crawlers in this group
(average age 10. 5 years) with a hand picked group of younger
gasoline wheel tractors in the 31-40 MDHP size group. In this
comparison the diesel crawlers were at least 75 percent older
than the gasoline wheel group, and the cost advantage was
found to be with the diesel crawler tractors if used less than
approximately 250 annual hours.



In the 21-30 MDHP size group, if the comparison between

the gasoline wheel and diesel crawler tractor groups could have

been made in a situation where the diesel crawler group on the

average was only 46 percent older than the gasoline wheel tractor

group, it is quite likely that the cost advantage would have been

associated with the gasoline wheel tractors unless operated a re-

latively great number of seasonal hours.

In general, for similar tractor sizes a farm operator might

wish to operate a gasoline wheel tractor rather than a diesel crawl-

er unless the tractor is used a relatively large number of hours
1/(something like 1000 hours) during the year. There was one

exception found with regard to this conclusion. This study sug-

gests that if a relatively old diesel crawler is compared with a

relatively new similar size gasoline wheel tractor and the differ-

ence in age between the two tractors is more than approximately

75 percent, the cost advantage may be associated with the rela-

tively old diesel crawler provided it is used not more than a few

hundred hours (400-500) during the year. This exception again

emphasizes the advantage of using older tractors to relieve peak

loads that newer tractors can not handle.

1/ .This statement is confirmed by Ralph Lunde, Agricultural
Engineer, Oregon State University. He says that with diesel
wheel tractors coming into use it is possible that this may be
changed to some extent.
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A more complete discussion based upon tractor age will

be found in the following section. However, it will emphasize

the relationship between total cost per hour and tractor age for

only gasoline wheel tractors.

The Total Hourly Cost Curve and Tractor Ae

Every total hourly cost curve in this study up to this point

represents cost per hour decreasing with increasing amounts of

annual tractor use. However, there may be circumstances under

which cost per hour increases with tractor use. Does a relatively

old tractor after being used a given number of seasonal hours re-

sult in increasing rather than decreasing total hourly costs?

Tractor groups with over 100 observations per group were tested

under the previously stated conditions. These groups included

11-20, 21-30, and 31-40 MDHP gasoline wheel tractors.

Although not here shown, the shape of the 11-20 and 21-

30 MDHP gasoline wheel cost curves indicate, regardless of trac-

tor age, that total hourly cost decreases as the tractor is used an

increasing number of seasonal hours. On the other hand, the

slope of the 31-40 MDHP gasoline wheel cost curve (Figure 11)

indicates for tractors six years old or over (manufactured before

1953), total hourly cost decreases with increasing amounts of



tractor use but after approximately 650 seasonal hours of use total

hourly cost increases with additional amounts of seasonal tractor

use.
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Figure 11. The influence of tractor age on total cost per
hour for 31-40 MDHP gasoline wheel tractors
for annual uses from 200 to 900 hours

Thus, this sample indicates that the population of 31-40 MDHP

gasoline wheel tractors six years old or over may have a U shaped

total and operating hourly cost curve. If this conclusion is true,

the farm operator may reduce total hourly costs per farm by sub-

stituting a relatively new 31-40 MDHP gasoline wheel tractor for

a similar size and type tractor six years old or over when the

older tractor is expected to be used more than approximately 870

seasonal hours.
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Since fixed costs on a per hour basis will always decrease

as the tractor is used an increasing number of hours, the U shaped

cost curve can only be explained by one or more of the items clas-

sified under operating costs. It was found in the 31-40 MDHP

gasoline wheel tractor group, the group with the greatest number

of observations in the study, that hourly repair costs determine

the shape of the total cost curve after the tractor has been used

500-600 seasonal hours (Table 16).1

Table 16. Estimated hourly repair costs for a 3 1-40 MDHP
gasoline wheel tractor six years old and over for
annual uses from 500 to 1000 hours

Hours of Use 500 600 800 1000

Tractor Size and Type Cents per Hour

31-40 Gasoline Wheel 2.3 6.5 10.0 14.5

Tractor age has another influence on the total hourly cost

curve. As indicated in Figure 11, the total hourly cost of operat-

ing a relatively new 3 1-40 MDHP gasoline wheel tractor (less

than six years old) is greater compared with an older tractor of

similar MDHP for equivalent annual uses up to at least 800 sea-

sonal hours.

The hourly cost of fuel, service labor, and grease and oil was
not influenced by tractors six years or older used more than
500 seasonal hours.
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In the case of the 11-20 and also the 21-30 MDHP gasoline

wheel tractors this situation of the older ones being less costly

per hour than the newer ones, was true up to and including approxi-

mately 1000 hours which was as high as the data went. For ex-

ample, 11-20, 21-30, and 31-40 MDHP gasoline wheel tractors

less than six years old operated 500 hours per year cost respec-

tively $0. 10, $0. 25, and $0. 35 per hour more than similar sizes

of gasoline wheel tractors six years old and over (2, p. 10-13).

This may explain why many farmers either keep a tractor over a

10 or 15 year period or purchase a relatively old tractor. Gener-

ally, a relatively old tractor is used only during periods when a

great deal of tractor work must be done within a relatively short

period of time.

The reason why a gasoline wheel tractor six years old and

over usually costs less per hour compared with a gasoline wheel

tractor less than six years old and of similar size, is because of

the influence of fixed costs. The fixed hourly cost of operating a

gasoline wheel tractor less than six years old is greater than that

for a gasoline wheel tractor six years old and over and of similar

size, especially during the first two or three hundred hours of

seasonal use (Figure 12). Since depreciation was calculated by the

straight line method, it seems reasonable to believe that
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depreciation will not explain any portion of the difference in fixed

hourly costs between a gasoline wheel tractor less than six years

old and a relatively older gasoline wheel tractor of similar MDHP

used equivalent annual hours. However, the original price

paid by the farmer has tended to increase from year to year for

a given size and type tractor purchased during the year manufac-

tured (21, p. 470). Also, a greater proportion of gasoline wheel

tractors six years old and over were purchased second-hand corn-

pared with gasoline wheel tractors less than six years old (Table

22, Appendix E). Thus, annual depreciation has a tendency to be

relatively lower for a gasoline wheel tractor six years old and

over compared with a gasoline wheel tractor less than six years

old. It follows that depreciation per hour is a relatively important

item explaining the difference in fixed hourly costs between gaso-

line wheel tractors less than six years old and similar MDHP

gasoline wheel tractors used equal annual hours but six years old

and over.

Two gasoline wheel tractors with equal life expectancies but
varying in age will have equal hourly depreciation costs when
depreciation is calculated by the straight line method and the
original price paid for one tractor is equal to the purchase
price for the other tractor.
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Figure 12. The influence of tractor age on fixed cost per
hour for a 31-40 gas wheel tractor for annual
uses from 200 to 1000 hours

On the other hand, operating costs per hour are greater

for the gasoline wheel tractor six years old or over compared

64

with a similar MDHP gasoline wheel tractor less than six years

old (Table 17). This is especially true in the large (3 1-40) gaso-

line wheel size group. Fuel is a relatively important item de-

monstrating the difference in hourly operating costs between a

gasoline wheel tractor six years old or over and a similar size

gasoline wheel tractor less than six years old. Fuel consumption

per hour helps to explain why hourly fuel costs are an important
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item when attempting to show why there is a difference in hourly

operating costs between a gasoline wheel tractor six years old or

over compared with a similar MDHP gasoline wheel tractor lees

than six years old. Fuel consumption per hour, on the average,

increases (.6 to . 8 ga1lons/hour) during the first two or three

years of life and then remains relatively constant for a given size

Table 17. The influence of age on the estimated hourly operating
cost of an 11-20, 21-30, and 31-AU MDHP gasoline
wheel tractor

Tractor Size MDHP 11-20 21-30 .31-40

Tractor Age Cents per Ho u.r

Less than six years
old 42. 0 54. 2 58. 7

Six years old and over 43. 7 54 8 65. 9

gasoline wheel tractor (Figure 13). The shape of each curve prob-

ably reflects the practice of overhauling gasoline wheel tractors

after several years of use in order to keep fuel costs as low as

possible. Of course, there were exceptions to the trend indicated

in Figure 13, For example, there were some gasoline wheel

tractors in the 21-30 MDHP group and five to fifteen years old

where fuel consumption fluctuated from one to three gallons per

hour.
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Figure 13. The influence of tractor age on fuel consump-
tion for various sizes of gasoline wheel trac-
tor s

Finally, the net influence of fixed and operating costs on

total hourly costs can be determined from the information in this

study, Let us compare similar sizes of gasoline wheel tractors

operated equivalent seasonal hours. In general, when the hourly

costs were compared between similar size tractors less than six

years old and those six years old and over, it was found that the

increased fixed costs of the younger tractors was more than the

increased operating costs of the older tractors. Thus, the re-

latively new tractor costs more per hour to own and operate than

the tractor six years old and over even though operating costs

per hour are greater for the relatively old tractor compared with
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the tractor less than six years old.

Why doe snTt the farm operator in the light of the previous

discussion replace a gasoline wheel tractor less than six years

old with a similar MDHP gasoline wheel tractor six years old or

over? There are several reasons why this is not a common prac-

tice.

A. Operating (out of pocket expenses) costs increase with

tractor age.

B. Loss of time due to breakdowns tends to increase with

tractor age.

Ownership Costs vs Custom Hiring

There are occasions when the farm operator considers

custom hiring a tractor and operator instead of relying upon his

own tractor power. At least two conditions giv. rise to custom

hiring. First, the farm operator may have a limited supply of

time available for operating his tractor power in relation to the

tractor work needed on the farm. Second, the farm operator may

wish to avoid the investment associated with a particular tractor

However, with regard to the 31-40 MDHP gasoline wheel trac-
tor, the cost of owning and operating a relatively old tractor
is more than that for a tractor less than six years old where
each one is operated more than approximately 850 seasonal
hours as shown in Figure 11.



size and type. This is especially important where (1) there is

not much work for the tractor because it is suited for doing effi-

ciently only certain types of jobs, and (2) the return associated

with some other investment on the farm (fertilizer, irrigation

water and pipe etc. ) would be greater than investing an equivalent

amount of funds in the tractor.

Let us assume that the farm operator is considering hiring

custom work. Let us also assume that the farm operator can get

the custom work done when he needs it. From the 'cost per hour"

standpoint he should hire custom work if the hourly cost of owning

a given size tractor is greater than the custom rate for which he

could obtain a similar size and type tractor (Figure 14).

The custom rates are represented by points A, B, C, and

D. In general, there are two types of custom rates. These include

rates of a commercial custom service and those of farm operators.

The custom rates used in this study represent those of a farm op-

erator. It is hoped that these custom rates are typical or average

for the study area. However, it should be recognized that indivi-

dual farm operator's custom rates will fluctuate considerably

from those here assumed.

To the left of the line ABCD the hourly cost of owning and

operating a particular size of gasoline wheel tractor is higher than



the custom rates. The farm operator will reduce tractor costs by

hiring the work done rather than operate a self owned tractor. To

be specific, if the farm operator has less than approximately 88

seasonal hours of use for an 11-20 MDHP gasoline wheel tractor

and the custom rate is $3. 00 per hour, costs will be reduced by

custom hiring instead of operating the self owned tractor. Figure

14 can also be interpreted to mean that to the left of ABCD and

over the long run a farm operator should custom hire rather than

own the tractor. If the farmer expects less than approximately 88

seasonal hours of use each year for an 11-20 MDHP gasoline wheel

tractor during all or a major portion of the tractors life, it may

reduce costs to sell it and depend upon custom hiring to do the

work associated with the 11-20 MDHP gasoline wheel tractor.

This decision will depend partly upon how accessible custom hired

tractor power is to the farmer and the rapidity of response to the

farmers request for custom hired tractor power especially during

the harvest period.

To the right of AIBCD the decision to own or custom hire

will depend upon opportunity costs (16, p. 17). That is the farmer

realizes a certain return on investment associated with an 11-20

MDHP gasoline wheel tractor. On the other hand, if the invest-

ment in an 11-20 MDHP gasoline wheel tractor could earn a return
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Figure 14. The relationship between ownership costs and custom hiring for various sizes of
gasoline wheel tractors (6-9)

The cost curves include a $1. 25 per hour charge for operators time. In the absence of adequate
local figures, the custom rates (A, B, C, and D) here assumed were calculated using a number of
sources. For the seasonal hours of use corresponding to the dotted lines, there was insufficient
information available to determine the cost per hour curves. This portion of each curve was
estimated as explained in Table 23, Appendix E.
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in some other farm investment but the farmer chooses to invest

in the tractor, there is an opportunity cost because the farmer

gives up some returns associated with the highest paying alterna-

tive investment, However, if a farmer depends too much upon

custom. hiring, he may lose a portion of his crop due to the custom

work being unavailable when needed. Thus, to the right of ABCD

the decision to custom hire or use a self owned tractor will vary

with the unique conditions of each farm.

Figure 14 can be put to practical use by the farm operator

if he replaces the ?rABCD rates used in this study with the parti-

cular rates which he must pay for custom work.

1! This analysis assumes that the farm operators time saved by
custom hiring has an alternative use.
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CHAPTER V

THE COST ANALYSIS, PART II

The cost analysis in the previous chapter was based on

the hourly cost of operating various sizes and types of tractors.

The information presented in Chapter IV gave an incomplete

analysis of the cost advantages of various sizes and types of trac-

tors. It was therefore impossible to develop a complete discus-

sian based on methods of reducing tractor costs.

In order to reveal the cost advantages of various tractor

sizes and types, the cost analysis was modified to take into ac-

count the cost of a drawbar horsepower hour (hereafter referred

to as a DHP hour) of tractor work (20, p. 13). A DHP hour is a

yardstick for measuring the amount of work done by a tractor.

For example, it is presumed that a DHP hour of work done by a

60 MDHP tractor is equivalent to a DHP hour of work done by a

relatively smaller tractor. It follows that DHP hours represents

the quantity of work done by a tractor. Thus, this study assumes

that equivalent DHP hours (MDHP multiplied by hours of tractor

use) of work done by different tractor sizes represent equal quanti-

ties of tractor work. For example, a 20 MDHP tractor used 400

seasonal hours does the work equivalent of a 40 MDHP tractor
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used 200 seasonal hours.

The following presentation compares the cost of a unit of

tractor work (a DHP hour) when various sizes and types of trac-

tars are used for different seasonal amounts of tractor work.

This information can be used to determine the quantity of work

that a farm operator should assign to various sizes and types of

tractors in order to minimize or reduce the cost of tractor op-

erations.

Several factors may prohibit the farm operator from cap-

turing all the cost advantages associated with a particular size

and type of tractor. As stated in previous chapters, these factors

include such things as the suitability of a particular tractor to per-

form certain kinds of farm work, restrictions with regards to the

time available for doing a particular job, and the available supply

of seasonal tractor operator's time. These factors may force the

farm operator to use a tractor for more or less seasonal hours

than is consistent with minimizing costs.

Table 24 in Appendix E presents the cost per DHP hour of

operating various sizes of gasoline wheel and diesel crawler trac-

tars for annual uses from 100 to 1000 hours. In each case cost

per DHP hour decreases as the tractor is used an increasing num-

ber of hours during the year. If this information were presented



in the form of cost curves, in every case the cost curves would

show smaller tractors lying above the cost curves representing

relatively larger similar type tractors. This table has limited

usefulness because the information regarding each size and type

of tractor must be considered by itself. Cost comparisons should

not be made between various sizes and types of tractors. This

table, however, does present a straight forward picture of the

probable cost per DHP hour for different sizes of tractors working

from 100 to 1000 hours annually.

Since cost per DHP hour is less for operating a large trac-

tor a given amount of seasonal hours compared with a relatively

smaller similar type tractor, one might conclude that a farmer

should own and operate only relatively large tractors. However,

several other considerations should be taken into account before

substituting a large tractor for a relatively smaller tractor.

The first consideration involves the amount of tractor

power required to pull a given load. For example, there would

be no need for a large tractor with its higher hourly costs for

equivalent hours of use if all loads in the farm operation could be

pulled with a medium or small tractor. On the other hand, there

are instances when a small or medium size tractor can not pull

the load.
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The time lost in breakdowns is another factor influencing

the size of tractor to use on a farm. Assume farmer A accom-

pushes all the tractor work on his farm with one large tractor.

Farmer B accomplishes the same amount of tractor work as farm-

er A but with three medium size tractors. If the large tractor

breaks down, especially during a critical period in the farm op-

eration, the time lost in making repairs may cause farmer A to

loose a portion of his crop. However, if a machine breaks down

under the same circumstances on farmer B's farm, he still has

two additional machines doing the work. Time lcst due to repairs

may warrant several medium or small tractors instead of one

large tractor.

The cost and quantity of seasonal farm labor available for

operating the tractor power on a farm will influence the size of

tractor used by the farmer. The farmer should calculate the

amount of family labor and any available non-family seasonal

farm labor that could be used in operating the tractor power. If

the total seasonal farm labor supply devoted to operating the trac-

tor power is limited in relation to the tractor work that must be

performed, a relatively large tractor may need to be substituted

for the tractor size which the farmer planned to use. There prob-

ably will be no need to substitute a large tractor for one or two
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relatively smaller tractors if the seasonal farm labor supply is

not limited in relation to the amount of tractor work that must be

performed on the farm. The farm operator will only have to con-

sider (1) the ability of a particular tractor size to pull a given

load, and (Z) the time lost due to breakdowns.

Keeping in mind the relationship of tractor size to cost

per hour and cost per DHP hour, when there is enough heavy work

for a large tractor it should be used iistead of a relatively smaller

tractor because each horsepower hour costs less with the big trac-

tor even though each hour of use for the big tractor costs more

than an hour of use for the smaller one. A smaller tractor should

be used when there is not much tractor work to do and the various

loads can be pulled with a small tractor. The following three sec.-

tions will discuss these points in detail.

Gasoline Wheel Tractors

Figure 15 illustrates the cost per DHP hour for various

sizes of gasoline wheel tractors doing various amounts of sea-

sonal work. Each curve compares the cost per DHP hour of op.-

erating a particular size group of gasoline wheel tractors doing

various amounts of seasonal work. For example, cost per DHP

hour is lower for a 11-20 MDHP than a 21-30 MDHP gasoline
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wheel when each tractor performs equal amounts of annual work.

The minimum cost distribution of seasonal tractor work

for each gasoline wheel tractor can be determined from Figure

15. As previously stated, if there is not very much work, the

under 11 MDHP tractor will minimize costs per DHP hour. Below

1550 DHP hours (A), this size gasoline., wheel tractor will minimize

costs compared with the 11-20 MDHP gasoline wheel group used

an equal number of DHP hours.Y This represents less than ap-

proximately 172 seasonal hours of use. Between 1550 and approxi-

mately 7000 DHP hours (AB), the cost of operating a 11-20 MDHP

gasoline wheel tractor is considerably lower than the cost of op-

erating an under 11 MDHP and also considerably less than a 21-

30 MDHP gasoline wheel tractor. However, between 7000 and

16, 250 DHP hours (BC), the cost of operating the 21-30 MDHP

gasoline wheel tractor is less than three-tenths of a cent per DHP

hour greater than that for the minimum cost 11-20 MDHP group.

Thus, costs will be minimized by operating the 11-20 MDHP gaso-

line wheel tractor 90 to a least 412 seasonal hours (1550 to at

least 7000 DHP hours). However, using the 11-20 MDHP gasoline

wheel tractor 413 to approximately 950 seasonal hours (7000 to

VIt is believed that this size gasoline wheel tractor would mini-
mize costs if information were available for the other gasoline
wheel size groups.
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approximately 16, 250 DHP hours) may not result in a very im-

portant cost advantage compared with operating the 21-30 MDHP

gasoline wheel tractor the seasonal hours of use corresponding to

between 7000 and 16, 250 DHP hours of work. For more than

16, 250 DHP hours of tractor work, either the 31-40 MDHP or the

over 40 MDHP gasoline wheel tractor will minimize costs com-

pared with any other gasoline wheel group where information is

available. Thus, costs will be minimized by operating the 3 1-40

MDHP gasoline wheel tractor more than 455 seasonal hours (over

16, 250 DHP hours) or the over 40 MDHP gasoline wheel tractor

more than 355 seasonal hours (over 16, 250 DHP hours).

There are numerous situations where costs will not be

minimized because (1) there is not enough work for a particular

size and type of tractor, and (2) the farmer may not own a size

and type tractor than minimizes costs. However, there is still

the opportunity to reduce tractor costs. For example, assume a

farmer has only a 31-40 MDHP and an over 40 MDHP gasoline

wheel tractor and 14, 000 DHP hours of seasonal tractor work on

his farm. Costs will be reduced if the 31-40 MDHP gasoline wheel

tractor is used for as much of this work as possible.

The results of this study show that for equivalent amounts

of work the medium size (21-30 MDHP) gasoline wheel tractor is



intermediate in cost, certainly between "B" and "Cu in Figure 15.

Since the 21-30 MDHP tractor costs less per DHP hour between

"B" and "C" than either of the larger tractors the farmer who

owns a 21-30 MDHP gasoline wheel tractor and a relatively larger

gasoline wheel tractor will reduce costs by using the 21-30 MDHP

tractor as much as possible. There are several other factors that

encourage the use of this size gasoline wheel tractor. Relatively

smaller gasoline wheel tractors may not be able to pull certain

implements in the farm operation. There may not be enough sea-

sonal farm labor available for operating a small tractor (less

than 21 MDHP) in relation to the total tractor work needed in the

farm operation. The medium size gasoline wheel tractor may be

able to satisfy these restrictions. Thus, the role of the medium

size gasoline wheel tractor in the farm operation is probably as

important as any other gasoline wheel tractor.

Diesel Crawler Tractors

Figure 16 illustrates the cost per DHP hour for various

sizes of diesel crawler tractors doing various amounts of seasonal

work. Each curve compares the cost per DHP hour of operating

a particular size group of diesel crawler tractors doing various

amounts of seasonal work. For example, cost per DHP hour is
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lower for a 31-40 MDHP than for an over 40 MDHP diesel crawler

when each tractor performs equal amounts of work.

The minimum cost distribution of seasonal tractor work

for each diesel crawler can be determined from Figure 16. For

example, below 15, 500 DHP hours (A), it would appear that the

21-30 MDHP diesel crawler tractor will minimize costs compared

with any other size diesel crawler tractor used an equal number

of DHP hours. This amounts to using this size diesel crawler

less than 620 seasonal hours. Beyond 15, 500 DHP hours it would

appear that the 31-40 MDHP diesel crawler tractor will minimize

costs compared with any other size diesel crawler tractor. This

amounts to using this size diesel crawler at least 456 seasonal

hours. The greatest costs, based upon the information at hand,

seem to be associated with the over 40 MDHP diesel crawler trac-

tor compared with other sizes of diesel crawler tractors worked

equivalent DHP hours.

Gasoline Wheel vs Diesel Crawler

The discussion up to this point has determined the mini-

mum cost distribution of seasonal tractor work for various sizes

of (1) gasoline wheel tractors, and (2) diesel crawler tractors.

The next step is to determine the minimum cost distribution of



tractor work when comparing gasoline wheel with diesel crawler

tractors. Since over 20 percent of the farmers in the cost analy-

sis owned and operated both types of tractors, it seems justifiable

to compare costs for gasoline wheel and diesel crawler tractors

from the standpoint of equivalent amounts of annual work.

Figure 17 illustrates the minimum cost distribution of

seasonal tractor work when comparing both types of tractors.

The dotted line defines the conditions for minimizing tractor costs.

These conditions include:

A. Operating anunder 11 MDHPgasoline wheel tractor

where the work load is less than 1550 DHP hours

(less than 172 seasonal hours).

B. Operating an 11-20 MDHP gasoline wheel tractor be-

tween 1550 and 7500 DHP hours (91 to 441 seasonal

hour s).

C. Operating a 21-30 MDHP diesel crawler tractor be-

tween 7500 and 10, 000 DHP hours (300 to 400 seasonal

hours).

D. Operating an 11-20 MDHP gasoline wheel tractor be-

tween 10, 000 and approximately 16, 250 DHP hours

(588 to 955 seasonal hours).
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E. Operating the 31-40 or the over 40 MDHP gasoline

wheel tractor where the work load is more than

approximately 16, 250 DHP hours (more than 451 and

353 seasonal hours respectively).

It should be noted that the 11-20 MDHP gasoline wheel

tractor minimizes costs at work loads AB and CD in Figure 17.

Also, costs are minimized by distributing the seasonal work load

among only five tractor groups. There is only one diesel crawler

tractor group (21-30 MDHP) that minimizes costs for a particular

seasonal work load. It was explained in the previous chapter that

the average difference in age between the two groups was so great

(the diesel crawler group was on the average 79 percent older

than the gasoline wheel group) that the diesel crawler tended to

cost less to operate than the gasoline wheel tractor when each

tractor worked less than 450 hours annually. However, it was

also shown in the previous chapter that if the average difference

in age between the two groups was not great (the diesel crawler

group was on the average not more than 46 percent older than the

gasoline wheel group), the gasoline wheel tractor tended to cost

less to operate than the diesel crawler unless used approximately

1000 or more seasonal hours. Therefore, it appears that under

those circumstances where the difference in age is not great



between a 21-30 MDHP gasoline wheel and diesel crawler tractor,

costs may be minimized by operating this size gasoline wheel ra-

ther than the diesel crawler tractor BC DHP hours (Figure 17).

Furthermore, because of the lower costs that would be as-

sociated with the gasoline wheel tractor compared with the diesel

crawler, the distance between points "B" and C" would increase

compared with the case shown in Figure 17. Probably, the only

important influence on the minimum cost conditions shown in

Figure 1 7 would be to eliminate some or all of the minimum cost

relationship between segment CD and the 11-20 MDHP gasoline

wheel tractor. Since there is only four tenths of a cent per DHP

hour difference between points "C" and "D", it seems likely that

when a 21-30 MDHP diesel crawler tractor is less than 46 percent

older than a similar size gasoline wheel tractor, costs usually

may be minimized for BD DHP hours of seasonal work by operating

a 21-30 MDHP gasoline wheel tractor.

Total Cost and the Tractor ODerator

Chapter 5 has up to this point failed to take into account

the cost of the tractor operator's time. The tractor operators

time, technically speaking, usually should be thought of as a cost

to the farmer. The farmer should add this cost to the cost



associated with the tractor in order to arrive at a total tractor

cost figure. Would the additional cost of the tractor operator's

time alter the conclusions drawn from Figure 15, 1 6, and 1 7 ?

The answer depends on which of the following assumptions most

closely describes actual farm practice.

Assumption I

The price paid the tractor operator is constant regardless

of the tractor size operated. For example, whether a 10 or 40

MDHP tractor is operated, the price paid the tractor operator is

equal to say $1. 25 per hour.

If this assumption accurately describes actual farm prac-

tice, the conclusions drawn from Figures 15, 16, and 17 will be

altered to a considerable degree. The cost advantage will shift

towards larger tractors regardless of the amount of DHP hours

of annual tractor work. For example, the over 40 MDHP diesel

crawler will have lower costs than the 31-40 MDHP diesel crawler

when both tractors do a great deal of annual work (say 30, 000

DHP hours).

Assumption II

The price paid the tractor operator increases in proportion

to the increase in productivity of a given size tractor compared



with a relatively smaller tractor. For example, if the price paid

the tractor operator is $1. 00 per hour when operating the small

tractor and if the larger tractor does 20 percent more work on an

hourly basis, the tractor operator will receive $1. 20 per hour

when operating the larger tractor.

In this case the conclusions drawn from Figure 15, 16,

and 17 will remain unchanged.

Assumption III

The price paid the tractor operator increases with the size

of the tractor but is less than in proportion to the increase in

productivity of the relatively larger tractor compared with the

small tractor, For example, if the price paid the tractor opera-

tor is $1. 00 per hour when operating the small tractor and the

relatively larger tractor does 20 percent more work on an hourly

basis, the tractor operator will receive anywhere from $1. 01 to

$1. 19 per hour when operating the relatively larger tractor.

Assumption III will modify the conclusions drawn from

Figures 15, 16, and 17 depending on what proportion of the in-

creased productivity is paid to the tractor operator in the form of

higher hourly wages. Compared with Figures 15, 16, and 17, the

cost advantage will tend to shift towards the relatively larger



tractor regardless of the amount of annual DHP hours of annual

work.

It is believed that assumptions II and III are least likely to

describe actual farm practice. Assumption II seems most likely

to occur only where the bargaining power of the tractor operator

is greater than that of the farmer. This would probably only hap-

pen where farm labor is union organized. Assumption III also

does not seem likely to conform to actual farm practice at least

in the study area because of the physical characteristics of the

Willamette Valley. This area has farily level farm land. Gen-

erally, where there are steep slopes, the tractor operator must

possess special skills in handling increasing sizes of tractors.

In the Willamette Valley it is believed that these special skills

are not required.

The first assumption seems most likely to describe actual

farm practice in the Willamette Valley. Thus, the farmer should

keep in mind that the conclusions drawn from Figures 15, 16, and

17 will tend to be altered when the operator's time is considered

a cost.



The Influence of Varying Amounts of Available Tractor
Operator's Time on Tractor Costs

Tractor costs are influenced by many factors. It was pre-

viously shown how costs were influenced for a particular tractor

when relating tractor size and type to DHP hours of annual tractor

work. A third factor will now be introduced into the discussion.

What influence if any will a limited supply of tractor operator's

time have on tractor costs when relating various sizes of gasoline

wheel tractors to a given amount of DHP hours of annual work?

The horizontal scale in Figure 18 measures the available

supply of operator's time per farm and the verticle scale cost

per DHP hour. The level of the curve represents a particular

amount of seasonal tractor work (8000 DHP hours) that must be

done on a farm. The curve also includes various sizes of gaso-

line wheel tractors that might be found in. the Willarnette Vailey

Let's assume farmers A, B, and C, each have 8000 DHP

hours of annual tractor work to perform on their farms. Let's

also assume for simplicity that each farmer has three gasoline

wheel tractors (42, 35, 16 MDHP) and that each of these tractors

is physically adapted to do the various types of work found on their

farms. The only limitation preventing each farmer from selecting

the tractor least costly to operate is the available supply of tractor
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operator's time per farm. For example, farmer A has 200 hours

in which to do 8000 DHP hours of tractor work. Thus, he must

select the 42 MDHP gasoline wheel tractor that costs 5. 2 cents

per DHP hour. Farmer B has, on the other hand, 400 hours in

which to do 8000 DHP hours of tractor work. He may select

either the 42, or the 35 MDHP gasoline wheel tractor. If he se-

lects the 35 MDHP gasoline wheel, tractor costs will be reduced

by eight-tenths of a cent per DHP hour. Farmer C has 500 hours

in which to do 8000 DHP hours of tractor work. He has the choice

of selecting the 42, the 35, or the 16 MDHP gasoline wheel trac-

tor. Compared with farmer B tractor costs will be reduced an

additional four-tenths of a cent per DHP hour if farmer C selects

the 16 MDHP gasoline wheel tractor.

The example demonstrates the influence of an increasing

supply of operator's time on tractor costs when considering farms

with small or moderate amounts (not to exceed 16000 DHP hours)

of annual tractor work. Tractor costs will in some instances de-

crease for a given amount of annual tractor work as additional

amounts of tractor operator's time are attracted to the farm be-.

cause these additional amounts of time may present an opportunity

for the farmer to choose from among several different tractor

sizes that are on his farm. Assuming there is a small or moderate
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amount of tractor work to do on the farm and each tractor would

work the same amount of DHP hours, the small tractor will usu-

ally reduce costs compared with the larger more costly tractor

that would have to be used if additional amounts of operator's

time had not been purchased by the farm operator.

On the other hand, as was previously shown, where there

is a great deal of work to do on a farm (in excess of 16000 DHP

hours), the large tractor (over 30 MDHP) has a cost advantage

over a relatively smaller tractor when both tractors do equal

amounts of work. Thus, under these circumstances, the farm

operator will usually be unable to lower tractor costs by increas-

ing the supply of his tractor operator's time. If he purchases ad-

ditional units of operator's time in order to use a relatively small

tractor, costs for a given amount of work will tend either to in-.

crease or remain relatively constant.

Usually the only way the farmer can increase his supply of

tractor operators time is to attract an additional supply from

other sources. However, those owning the additional supply of

tractor operator's time would have to be paid an amount equal to

what they could earn in their highest paid alternative farm employ-

ment. Assuming a farmer has two tractors of different size,

should he operate his large tractor with the available supply of



operator's time or operate the smaller tractor by hiring an addi-

tional amount of operator's time? This will depend upon the fol-

lowing consideration:

The cost of attracting the additional operator's

time should be compared with the- difference in

machine cost between operating a tractor with

the available supply of operator's time and the

machine cost associated with operating the re-

latively smaller tractor.

It will pay the farmer to purchase additional time if the cost of

attracting the additional operator's time is less than the difference

in machine cost between operating a tractor with the available sup-

ply of operator's time and the machine cost associated with operat-

ing the relatively smaller tractor.

The available supply of tractor operator's time per farm

was considered a limiting factor only on a yearly basis. However,

many farmers have on a weekly or monthly basis a limited supply

of operator's time in relation to the amount of tractor work that

must be done during that particular time period. The decision

as to what size tractor to operate will still depend on how much

the farmer expects to use each tractor during the entire year ra-

ther than during each particular week or month in question.



Cost Advantages of Increasing Crop Acreage as Related to Various
Sizes of Gasoline Wheel Tractors

This discussion will be concerned with cost advantages of

crop acreage as re1.a.ted to various sizes of gasoline wheel trac-

tors. The method of analysis will be to apply additional units of

a variable factor (crop acreage) to the fixed factor (a given size

of gasoline wheel tractor) in order to determine cost advantages

of increasing crop acreage.

Assuming the farm operator does not change his type of

farming, he has the opportunity to realize cost advantages of in-

creasing crop acreage as related to a given size of gasoline wheel

tractor because of the following three premisses:

A. All increases in crop acreage are accompanied by

increasing acreage per horsepower (Figure 2).

B. All increases in seasonal hours of use for a given

tractor size are accompanied by decreases in cost

per hour and per DHP hour (Figures 7, 8, 15, and 16).

C. Some increases in crop acreage are accompanied by

increases in seasonal hours of use for a given tractor

size.

The following conclusion can be derived from the previ.ous pre-

misses. Cost per hour or per DHP hour will decrease in at
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least some instances when the farm operator spreads his horse-

power over an increasing crop acreage because in farming more

land he will undoubtedly use his tractor an increasing number of

seasonal hours. Thus, in some cases, there are certain cost

advantages associated with increasing crop acreage.

The complete deducti.ve process is illustrated as follows:

(3, p. 133-Z34)

A. Some increases in seasonal hours of use for a given

tractor size are accompanied by increases in crop

acreage. (Converse of premise C).

B. All increases in crop acreage are accompanied by

increasing acreage per horsepower. (Premise A)

C. Therefore some increases in seasonal hours of use

for a given tractor size are accompanied by increasing

acreage per horsepower. (Conclusion)

D. Therefore some increases in acreage per horsepower

are accompanied by increases in seasonal hours of

use for a given tractor size. (Converse of the

conclusion)

E. All increases in seasonal hours of use for a given

tractor size are accompanied by decreases in cost

per hour or per DHP hour. (Premise B)
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F. Therefore some increases in acreage per horsepower

are accompanied by decreases in cost per hour or per

DHP hour. (Conclusion)

It was determined in Chapter Z that the greatest increase in

acreage per horsepower occurred when a small farm (less than 50

crop acres) expands to a medium size farm (50 to 449 crop acres)

compared with a medium size farm expanding to a large farm

(over 449 crop acres). Thus, while it may cost less per DHP

hour or per hour to operate a given size gasoline wheel tractor

on a large farm compared with a relatively smaller farm, the

greatest reduction in cost per DHP hour or per hour occurs when

a small farm expands to a medium size farm. The following ex-

planation may help in understanding this conclusion.

Assume a small farm uses a tractor 500 seasonal hours.

The farmer leases enough additional crop land to become a me-

dium size farm. The farm operator will tend to spread each

horsepower over more acres than when his farm was small in

size. This, in some cases, will cause the farmer to use his

tractor more than 500 seasonal hours. The following year he

expands from a medium to a large size farm. The farm operator

will tend to spread each horsepower over more acres than when

his farm was of medium crop acreage. However, the increase in



acres per horsepower is less when the farmer expands from a

medium to a large farm compared with a small to medium size

expansion. In those cases where an increase in crop acreage per

horsepower is accompanied by an increase in seasonal hours of

use, the increase in seasonal hours of use for a given tractor size

should usually be greater in the small to medium farm expansion

compared with the medium to large farm expansion.

Table 18 presents certain cost advantages associated with

increasing crop acreage. With regard to tractors under 21 MDHP

or between 31-40 MDHP, the largest reduction in cost per hour,

or per DHP hour occurs when the farm expands to a medium crop

acreage rather than when the farm expands from a medium to a

large crop acreage.

For 21-30 MDPH tractors there appears to be no cost ad-

vantage associated with a particular size farm. Cost per hour

and per DHP hour remains relatively constant regardless of crop

acreage.

Finally, for the over 40 MDHP tractor, cost per hour and

per DHP hour does not decrease until the farm expands from a

medium to a large crop acreage. There is no decrease in per

unit costs when the farm expands from a small to a medium crop

acreage. This emphasizes the cost advantage of large (over 40



Table 18. Average annual cost per hour and per DHP hour in the operation of various sizes of

gasoline wheel tractors, by crop acreage
Cropland per Farm

Less than 50-249 250-449 450-750

ITEM 50 acres acres acres acres

Under 11 MDHP No. of Tractors 13. 6. 2. 1.

Average crop acreage/farm 30. 3 140. 3 303. 5 492. 0

Total MDHP per farm 38. 8 76.0 105. 5 170.0

Crop acreage per MDHP 0. 8 1.8 2.9 2.9

Average seasonal use (hours) 183. 76 214. 33 325. 0 500. 0

Average cost per tractor $184. 83 $165.43 $241.00 $375.00

Cost per hour (dollars) $1. 01 $0. 77 $0. 74 $0. 75

Cost per DHP hour (Cents) 11.2 8.6 8.2 8.3
11-2OMDHPNo. of Tractors 32. 62. 13. 1.

Average crop acreage/farm 30. 9 108. 5 333. 4 530. 0

Total MDHP per farm 32.7 55. 5 70. 2 146.0

Crop acreage per MDHP 0.9 2.0 4. 7 3. 7

Average seasonal use (hours) 309.00 404. 00 398.00 500. 00

Average cost per tractor $246. 36 $309. 14 $377. 40 $265. 00

Cost per hour (dollars) $0.80 $0.77 $0.95 $0.53

CostperDHPhour(cents) 4.7 4.5 5.5 2.8
21-30 MDHP No. of Tractors 20. 76. 20. 7.

Average crop acreage/farm 32.0 124.0 328. 6 530. 1

TotalMDHPperfarm 36.4 51.7 78.3 126.0

Crop acreage per MDHP 0.9 2. 4 4. 2 4.2
Average seasonal use (hours) 388.90 533. 33 509.95 542. 85

Average cost per tractor $379.68 $551. 15 $498. 14 $526. 43

Cost per hour (dollars) $0.98 $1.03 $0.98 $0.97

Cost per DHP hour(cents) 3.9 4.1 3.9 3.9

31-40 MDHP No. of Tractors 11. 86. 18. 10

Average crop acreage/farm 33. 5 114. 5 318. 2 543. 1

TotalMDHPperfarm 51.8 59.8 75.9 125.7
Crop acreage per MDHP 0. 6 1.9 4. 2 4. 3

Average seasonal use (hours) 415.00 514.00 638.00 773.00
Average cost per tractor $509.91 $599.91 $713.48 $862.38

Cost per hour (dollars) $1.23 $1. 17 $1. 12 $1. 12

Cost per DHP hour (cents) 3.4 3.2 3. 1 3. 1

Over 40 MDHP No. of Tractors 1. 12. 7. 4.

Average crop acreage/farm 46. 0 144. 7 326. 1 576. 3

TotalMDHPperfarm 52.0 67.6 88.1 130.3

Crop acreage per MDHP 0.9 2. 1 3. 7 4. 4

Average seasonal use (hours) 250.00 405. 25 471. 43 850.00
Average cost per tractor $342. 50 $638. 70 $753. 28 $1100. 50

Cost per hour (dollars) $1. 37 $1.58 $1.60 $1. 29

CostperDHPhour(cents) 3.0 3.5 3.5 2.8
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MDHP) tractors on large farms compared with small or medium

farms operating similar size and type tractors.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

Sum mary

The purpose of this thesis was to analyze the costs of op-

erating various sizes and types of tractors with the hope that re-

suits would, (1) provide tractor cost information needed by farm

management workers in budget analyses, and (2) help the farmer

reduce his costs of production and thereby improve his net income

position. This study uncovered certain cost advantages and dis-

advantages associated with various sizes and types of tractors.

Two methods were used to achieve these objectives. First,

cost per hour was related to seasonal hours of tractor use.

Second, cost per drawbar horsepower (DHP) hour was related to

DHP hours of tractor work. Each method, although helpful, had

certain disadvantages.

Data for this project were taken from a 1958 Marion

County farm economic survey concerning physical and economic

soil productivities. The random point system was used to select

the sample. Farm boundaries were located and addresses ob-

tamed from records in the Marion County Agricultural
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Stabilization and Conservation Office. This study included 535

tractors but four were excluded from the present analysis because

they were comparatively small garden type tractors. The data

extracted from the original survey included information on farm

types and crop acreages as well as cost and noncost data on farm

tractors.

All tractors in this study were separated into categories

based upon size, fuel, and kind. Of all possible combinations,

only those tractor groups with ten or more observations were Se-

lected for cost analysis (Table 3).

This study is more useful if one understands the environ-

ment in which the original investigation was conducted. The farms

in this study were diversified and grew at least one grain and one

forage crop, along with a seed, vegetable, tree fruit, s mall

f r u i t, s p e c i a 1 t y crop, or some combination of the five lat-

ter crops. There was no information available concerning live-

stock enterprises and their products. Crop acreage ranged from

5 to 743 crop acres with an average of 148 crop acres per farm.

It was determined that when a farmer increases his crop acreage

from a small to a medium, then to a large crop acreage, the far-

mer tends to spread each horsepower over more acreage though

at a diminishing rate. This gives rise to certain cost advantages
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as related to increasing crop acreage and possibly farm type.

From a physical point of view, as long as the average

product of the variable factor (hours of tractor use) increases,

the farmer should continue to add additional hours of tractor

time to his farm. This determines the minimum level of trac-

tor employment on a farm. Important factors determining the

maximum limit in the use of tractor power are farm size, farm

type, technological innovations, available substitutes for trac-

tor power, and the physical environment. The maximum limit

in the use of tractor power corresponds to the highest point on

the total product curve or where marginal physical product

reaches zero. Those factors which determine the level of trac-

tor employment within the minimum-maximum boundaries are

tractor age, physical condition of the tractor, number and size

of tractors on the farm, type of work suited to the tractor,

and their economic implications.

This study indicated that hours of use per horsepower

decreases with increasing tractor size. Though larger tractors

were used more hours than smaller tractors, each horsepower

on a relatively small tractor was used a greater number of hours

than a horsepower on a large tractor. Finally, for a given trac-

tor size, a horsepower on a diesel crawler was used more hours
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compared with a horsepower on a gasoline wheel tractor.

The first step in the cost analysis was to determine the

relative importance of various items of cost for each of the ten

tractor groups. Fuel was the most important item of cost in the

majority of tractor groups. Depreciation was the most important

item of cost in the remaining tractor groups. Other items of

cost in order of diminishing relative importance were interest

on investment, repairs, service labor and grease and oil, hous-

ing, taxes, and insurance. In general, operating costs made up

over 50 percent of total hourly costs.

It was shown that several factors influenced the cost of

operating various sizes and types of tractors. Cost per hour de-

creased as the tractor was used more hours during the year.

Cost per hour also decreased as the tractor became older. As a

special case of this age influence it was found that cost per hour

for a given seasonal hour of use was greater for a particular

tractor size less than six years old compared with a similar size

tractor six years old or over.

In general, this study failed to indicate that hourly repair

costs were influenced by tractor age or hours of use. However,

this failure was at least partly due to imperfections in the ques-

tionnaire and the interviewer.
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A comparison of operating costs for similar sizes of

gasoline wheel and diesel crawler tractors indicated that gaso

line wheel tractors were higher in fuel expense but diesel craw1

er tractors were higher in the other items of operating expense

(repairs, oil and grease, service labor). Total operating costs

per hour of use for similar tractor sizes were higher for the

diesel crawler than for the gasoline wheel tractors.

An analysis of the total hourly cost curve indicates that

for a given seasonal hours of use, the cost advantage was with

the relatively small tractor compared with a relatively larger

tractor. Thus, when comparing tractors of various sizes, it

will usually be to the farmer's advantage to use the smallest

tractor that can handle the job, both from the standpoint of the

load and the time loss due to breakdowns. A relatively larger

tractor should be used only when the smaller tractor will not pull

the load satisfactorily and when rush work demands the use of

another tractor. In general, the cost of operating an over 40

MDHP diesel crawler was prohibitive unless the farmer had

something like 1000 hours of heavy work annually.

On the basis of this study, when comparing similar sizes

of gasoline wheel and diesel crawler tractors, costs would usu-

ally be reduced by operating the gasoline wheel tractor rather
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than the diesel crawler unless the tractor were used a relatively

large number of hours (something like 1000 hours) during the

year. Again based on this study, the one exception to this situa-

tion was when a relatively old diesel crawler was compared with

a relatively new similar size gasoline wheel tractor and the dif-

ference in age between the two tractors was more than approxi

mately 75 percent. In this case, the cost advantage was with the

relatively old diesel crawler provided it was used not more than

400 to 500 seasonal hours.

As mentioned previously this study showed the influence

of increasing tractor age on total hourly costs to be downward.

However, there seemed to be one exception. It was demon-

strated that for 31-40 MDHP gasoline wheel tractors six years

old and over, the total hourly cost curve was U shaped. Hourly

repair costs caused total hourly costs to increase after approxi-

mately 500 to 600 hours of use. However, similar experiments

on the 11-20 and 21-30 MDHP gasoline wheel groups failed to

indicate U shaped hourly cost curves for tractors six years old

and over.

The total hourly cost of operating a gasoline wheel trac-

tor six years old and over was usually less when compared with

a similar size gasoline wheel tractor less than six years old
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operated an equivalent number of seasonal hours. For a given

seasonal hours of use, fixed hourly costs were greater for those

tractors less than six years old compared with similar tractor

sizes six years old and over. One explanation for this was that

the price paid for a new tractor of a given size and type has

tended to increase in recent years. Also, a greater proportion

of the gasoline wheel tractors six years old and over were pur-

chased second-hand compared with gasoline wheel tractors less

than six years old. Thus, the original price paid for a given

size and type tractor six years old and over would be relatively

lower compared with the original price paid for a similar size

and type tractor less than six years old. Therefore, annual de-

preciation (a fixed cost) had a tendency to be relatively lower

for a gasoline wheel tractor six years old and over compared with

a gasoline wheel tractor less than six years old.

On the other hand, operating costs per hour were greater

for the gasoline wheel tractor six years old or over compared

with a similar size gasoline wheel tractor less than six years

old. Fuel costs helped explain why operating costs per hour

were greater for relatively old gasoline wheel tractors compared

with newer similar size gasoline wheel tractors. Fuel consump-

tion per hour seemed to be of special importance in explaining



the difference in operating costs per hour due to tractor age.

Fuel consumption per hour, on the average, increased (0. 6 to

0. 8 gallons per hour) during the first two or three years of life

and then remained relatively constant for a given size gasoline

wheel tractor.

In general, when the hourly costs were compared between

similar size tractors less than six years old and those six years

old and over, it was found that the increased fixed costs of the

younger tractors was more than the increased operating costs of

the older tractors. This statement assumes each tractor was

used an equal number of hours during the year. However, the

farmer will usually prefer the relatively new tractor instead of

the one six years old and over because (1) operating or out of

pocket expenses increase with tractor age, and (2) loss of time

due to breakdowns tends to increase with tractor age.

Assuming the farm operator is considering hiring custom

work and he can get the custom work done when he needs it, he

should hire custom work if the hourly cost of owning a given trac-

tor is greater than the custom rate for which he could obtain a

similar size and type tractor (Figure 15). This figure can be put

to practical use by the farm operator if he replaces the ?ABCDI?

rates used in this study with the particular rates which he must
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pay for custom work.

An analysis of the information relating cost per DHP hour

to DHP hours of seasonal tractor work revealed numerous cost

advantages for various sizes and types of tractors. A comparison

of all gasoline wheel tractors showed that costs were minimized

by distributing the work load in the following manner:

A. Operate an under 11 MDHP tractor where the work

load is less than 1550 DHP hours (less than approxi-

mately 172 seasonal hours).

6. Operate an 11-20 MDHP tractor with 1550 to 16, 250

DHP hours (90 to 946 seasonal hours).

C. Operate a 31-40 MDHP tractor with more than 16, 250

DHP hours (over 455 seasonal hours).

D. Operate an over 40 MDHP tractor with more than

16, 250 DHP hours (over 355 seasonal hours).

A comparison of all diesel crawler tractors showed that

costs were minimized by distributing the work load in the follow-

ing manner:

A. Operate a 21-30 MDHP tractor where the work load is

less than 15, 500 DHP hours (less than 620 seasonal

hour s).
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B. Operate a 31-40 MDHP tractor with more than 15,500

DHP hours (more than 456 seasonal hours).

A comparison of all gasoline wheel and diesel crawler

tractors showed that costs were minimized by distributing the

work load in the following manner:

A. Operate an under 11 MDHP gasoline wheel tractor

where the work load is less than 1550 DHP hours

(less than 172 seasonal hours).

B. Operate an 11-20 MDHP gasoline wheel tractor be-

tween 1550 and 7500 DHP hours (91 to 441 seasonal

hour s).

C. Operate a 21-30 MDHP diesel crawler tractor be-

tween 7500 and 10, 000 DHP hours (300 to 400 sea-

sonal hours).

D. Operate an 11-20 MDHP gasoline wheel tractor be-

tween 10, 000 and approximately 16, 250 DHP hours

(588 to 955 seasonal hours).

E. Operate the 3 1-40 or the over 40 MDHP gasoline

wheel tractor where the work load is more than ap-

proximately 16, 250 DHP hours (more than 451 and

353 seasonal hours respectively).
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It also appears that under those circumstances where a 21-30

MDHP diesel crawler tractor was not more than 46 percent older

than a similar size gasoline wheel tractor, costs were minimized

by operating the gasoline wheel tractor. Furthermore, under

these circumstances, costs were usually minimized by substitut-

ing the 21-30 MDHP gasoline wheel tractor for the 11-20 MDFIP

gasoline wheel tractor between 10, 000 and 16, 250 DHP hours of

tractor work.

Many farmers operate tractors other than those sizes

and types which minimize costs for a given amount of DHP hours

of work. In general, the various cost curves in Figures 16 and

17 also emphasize how a farmer can lower costs through redistri-

buting work loads among his particular sizes and types of tractors

even though he may not have a tractor that minimizes cost for a

particular work load.

Generally, with regard to economic efficiency, the farmer,

when he considers the purchase of a tractor, will have a rather

wide choice of alternative tractor sizes and types (11-30 gasoline

wheel an 21-30 diesel crawler) from which to select when consi-

dering using one of these tractors approximately 7000 to 16, 000

annual DHP hours. It would appear that factors other than ma-

chine cost will dictate which size and type tractor to use under
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these circumstances.

The tractor operator's time, technically speaking, usu-

ally should be considered a cost to the farmer. This cost should

be added to the cost of the tractor in order to derive a total cost

figure. This additional cost may or may not alter the conclusions

concerning distributing the tractor work among various tractor

sizes and types. It will depend on which of the three assumptions

(p. 87-89) is deemed most consistent with actual farm practice.

There were many farms where the available seasonal sup-

ply of tractor operator's time was limited in relation to the amount

of work to be done by particular sizes and types of tractors. When

a farmer purchases an additional amount of operator's time, he

may have the opportunity to reduce tractor costs by using a rela-

tively smaller tractor compared with the tractor size expected

to be used with his limited time. Assuming each tractor would

do equal amounts of annual work, this particular opportunity will

exist only where there is not too much annual tractor work to be

done. On the other hand, where a tractor does a great deal of

annual work, in excess of 16, 000 DI-IP hours, purchasing an addi-

tional amount of time will usually not result in lower tractor

costs because the big tractor will have lower costs per DPH hour

than the relatively smaller tractor.
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Usually the only way the farmer can increase his supply

of tractor operator's time is to purchase an additional supply

from other sources. He should embark upon this policy only if

the machine cost of operating a tractor with the available supply

of operator's time minus the machine cost associated with oper-

ating the relatively smaller tractor is greater than the cost of at-

tracting the additional operator's time.

For a given tractor size, there were certain cost advan-

tages associated with increasing crop acreage. These cost ad-

vantages were present because usually when a farmer spreads

a horsepower over more acres, without changing his type of

farming, he will use his tractor an increasing number of sea-

sonal hours which results in lower costs per hour and per DHP

hour.

In general, the greatest reduction in the cost of operating

an under 11, an 11-20, or a 31-40 MDHP gasoline wheel tractor

was when the farm expanded from less than 50 crop acres to be-

tween 50 and 449 crop acres rather than when the farm expanded

from between 50 and 449 crop acres to over 450 crop acres. The

greatest cost reduction for the over 40 MDHP gasoline wheel

tractor was when the farm expanded from between 50 and 449

crop acres to over 450 crop acres. This emphasizes the cost
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advantage C: large (over 40 MDHP) tractors on large farms corn-

pared with small or medium size farms operating similar tractor

sizes

Conclusions

Certain limitations are evident in most cost studies. This

thesis is no exception. First, the reader should be warned con-

cerning the limited number of tractors in certain size groups. It

should be noted in Table 3 that the under 11 gas wheel, 21-30

diesel crawler, and over 40 diesel crawler tractor groups have

relatively small sample sizes compared with the other gasoline

wheel and diesel crawler groups. Therefore, conclusions related

to these tractor groups should be considered more in the nature

of tentative than positive conclusions.

Before leaving this topic, it may be of interest to compare

the sample sizes of wheel and crawler tractors with their respec-

tive populations. The tractor populations on all farms in the

Willamette Valley consisted of 21, 967 wheel and 4, 848 crawler

tractors (24, p. 164-167). There was unfortunately no

The population figures represent 1959 and not the year of the
study, 1958. It is believed, however, that the wheel and
crawler tractor populations for 1959 are not significantly dif-
ferent from the 1958 populations.
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breakdown by size or fuel type. The wheel and crawler tractor

populations refer to the nine Willamette Valley Counties of

Benton, Clackamas, Lane, Linn, Marion, Multnomah, Polk,

Washington, and Yamhill. The wheel and crawler samples in

this study were 1. 9 and 1. 7 percent of their respecti.ve popula-

tions.

If population is defined only in terms of wheel and crawler

tractors found on commercial farms, the relative size of each

sample will be increased. This modification of the term popula-

tion is appropriate because the information in the original farm

survey was collected only from commercial farms. The number

of tractors on commercial farms was 18, 300 (24, p. 156-159).

This is only 50 percent of the tractors found on all farms in the

Willamette Valley. The actual relative sample size for the wheel

and crawler groups ranged from 1. 9 and 1. 7 percent, respec-

tively, when all farms are considered to somewhere in the proxi-

mity of four percent of their populations when only commercial

farms are considered.

Though certain samples sizes are as much as twelve

times as large as other samples, this should not be used exclu-

sively as the criterion for determining the accuracy of the con-

clusions. Rather, the sample sizes also should be considered
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In relatlon to their populations. Those sample sizes of 10 or 15

observations may have a greater degree of accuracy than appears

evident at first glance.

A second limitation involves the shape of the cost curve

in tractor cost studies. It appears that a U shaped average cost

curve will most likely appear in research studies only under very

special conditions.

1. When a statistically significant positive relationship

exists between the hours of tractor use, on the one

hand, and the rate of fuel consumption and/or physi-

cal repairs on the other.

This statement assumes factor prices will remain constant.

Furthermore, the rising average variable cost curve would have

to more than offset the falling average fixed cost curve. The

final assumption is that the farm operator does not overhaul his

tractor to the extent that this relationship (1) is destroyed.

2. When a time period of appropriate length is select-

ed.

A relatively short period (one year) as in this thesis would tend

to cover up' a U shaped average cost curve. A study involving

the same tractors two or more consecutive years would more

likely present an opportunity to discover a U shaped average
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cost curve if it existed.

If a preponderance of the qualifying assumptions under

item (1) and (2) could be met in a tractor cost study, it would

then seem likely that research methods would yield LI shaped

average cost curves for various tractor sizes. It also appears

a priori that the farmer's decision to overhaul the tractor after

two, three or four years of use is the single most important fac-

tor inhibiting increasing average costs after so many hours of

tractor use. It was therefore not surprising that this thesis un-

covered only one U shaped average cost curve and that pertained

to relatively large gasoline wheel tractors six years old and over.

The relationship between per hour costs and hours of sea-

sonal use is a method commonly used by research workers to

determine cost advantages and disadvantages of various sizes

and types of tractors. However, this method in the author's

opinion did not adequately reveal cost advantages and disadvan-

tages of operating various sizes and types of tractors. Specifi-

cally, it did not measure the amount of work done by a tractor.

Since the amount of work done by a 40 MDHP tractor in one hour

is usually greater than a 20 MDHP tractor, the analysis was

converted to cost per DHP hour. Also, seasonal hours of tractor

use was converted to DHP hours of seasonal work. It should be
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recognized that a given size tractor used one hour will not neces-

sarily accomplish what might be considered a "typical" hour's

work for that particular tractor size. A tractor is seldom loaded

to capacity. It may do less than a "typical" hour's work when

traveling at a given speed without a load or with a light load and

do more than a "typical" hour's work when pulling a heavy load

at the same or relatively higher speeds. However, it would be

difficult under field conditions to determine the speed and load

pulled each time the farmer used his tractor. Furthermore,

this information was not available. This study assumed that

though a given size tractor working one hour sometimes did more

and other times less than a "typical" hour's work, it usually ac-

complished a "typical" hour's work for that size tractor.

Can the results of this study be used by the farmer to re-

duce tractor costs? In order to accomplish this task, the results

of the study should be able to answer the following questions.

What factors influence tractor costs? How much does each fac-

tor influence tractor costs? What distribution of tractor work

gives cost advantages for a given tractor size and type compared

with other tractor sizes and types? These requirements are de-

fined and measured in Chapters 4 and 5.

This study showed that under particular physical
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conditions (usually defined in terms of DHP hours) on Willamette

Valley farms economic reasons can be found for using each size

group of gasoline wheel and diesel crawler tractors. It is believed

that as the farm operator becomes increasingly aware of the rela-

tion ship between tractor costs (per DHP hour) and annual amounts

of tractor work for various sizes and types of tractors, the farm

operator will increase the economic efficiency of his farm operation.

It should also be recognized that the findings of this study are

most applicable only to similar types of farming areas in the

Willamette Valley.

Finally, one important way the farmer with more than one

tractor can be sure of operating his tractor power with a relatively

high degree of cost efficiency. He should plan the work for each

tractor on the farm. By planning is meant the total seasonal work

load is estimated and distributed among each tractor before the

seasonal work actually begins so costs will be minimized or at

least reduced for a given work load compared with previous exper-

ience. Though a relatively high degree of cost efficiency is possible

without planning, it is likely to be the result of an 'accident' and a

"rare accident" at that.



1 20

BIBLIOGRAPHY

1. Bickley, Dan W. Farm machinery costs-owning-operating-
decision making. Clemson, August 1962. 26 p. (South
Carolina. Agricultural Experiment Station. AE 227)

2. Capstick, Daniel F. Cost of operating farm tractors in
Eastern Arkansas. Fayetteville, March 1962. 26 p.
(Arkansas. Agricultural Experiment Station. Bulletin
652)

3. Copi, Irving M. Introduction to logic. 2d ed, New York,
Macmillan, 1961. 512 p.

4. Day, C. L. and M. M. Jones. Farm tractor costs. Columbia,
October 1955. 8 p. (Missouri. Agricultural Experiment
Station. Bulletin 662)

5. Diefenbach, D. M. and R. B Gray. The development of the
tractor. In: U. S. Dept. of Agriculture Yearbook, 1960.
p. 25-45.

6. Doanes Service. Agricultural Digest. 25(6-5):372. 2. 1962.

7. Farm Service Dept. Custom rates. Ithaca, New York,
Cornell University, 1959.

8. Farm Service Dept. Custom rates. Ames, Iowa, Iowa State
University, 1959. 2 p.

9. Farm Service Dept. Rates for labor and equipment. Corvallis,
Oregon, Oregon State College, 1959. 7 p.

10. Heady, Earl 0. Extent and conditions of agricultural mech-
anization in the United States. In: Mechanization in
agriculture. Chicago, Quadrangle Books Inc., 1960.
p. 63-97.

11. Hoover, Leo M. Farm machinery-to buy or not to buy.
Manhattan, March 1956. 16 p. (Kansas. Agricultural
Experiment Station. Bulletin 379)



121

12. James. Sydney Carter. Techniques for characterizing
Oregon soils for agricultural purposes in terms of
physical and economic productivities. Ph. D. thesis.
Corvallis, Oregon State University, 1961. 297 numb.
leaves.

13. Larson, G, H., G. E. Fairbanks, and F. C, Fenton.
What it costs to use farm machinery. Manhattan, April
1960. 48 p. (Kansas. Agricultural Experiment Station.
Bulletin 41 7)

14. Leftwich, Richard H. The price system and resource allo-
cation. Rev. ed. New York, Holt, Rinehart and Winston,
1960. 381 p.

15. Li, Jerome C. R. Introduction to statistical inference.
Ann Arbor, Michigan, Edwards Brothers Inc. , 1957.
553 p.

16. Loftsgard, Laurel D., Dale 0. Anderson and Marvin T.
Nordbo. Owning and operating costs for farm machinery.
Fargo, September 1961. 24 p. (North Dakota. Agricul-
tural Experiment Station. Bulletin 436)

17. Long, Kenneth K. (ed) 1960 Farm equipment red book.
44th ed. Kansas City, Missouri, Technical Publications
Inc. 1960. B-304p.

18. Nordbo, Marvin T., LeRoy Schaffner and Sigurd Stangeland.
Decision making processes in farm machinery selections.
Fargo, June 1957. 25 p. (North Dakota. Agricultural
Experiment Station. Bulletin 410)

19. Starbird, Irving R. and James Vermeer. Tractors and pre-
harvest equipment, delta area, Mississippi-costs of
owning and operating, by size of farm, 1957. Washington
D C , December 1961. 49 p. (U.S Dept. of Agricul-.
ture. Farm Economics Division. Economic Research
Service. Agricultural Economic Report No. 2)

20. Stippler, H. H. and J. W. Martin. Tractor power on ir-
rigated farms in Southern Idaho. Moscow, 1951. 116 p.
(Idaho. U. S Dept. of Agriculture in Cooperation with
the University of Idaho Agricultural Experiment Station.
FM 81)



122

21. U, S. Dept. of Agriculture. Agriculture statistics 1958.
1959. 619 p.

22. U. S. Dept. of Agriculture. Changes in farm production
and efficiency. September 1962. 54 p. (Statistical
BUetin 233)

23, U. S. Dept. of Agriculture. Cost of owning and operating
farm machinery. Portland, November 16, 1961. 4 p.
(Oregon. Soil Conservation Service. Engineering and
Watershed Planning Unit)

24. U. S. Dept. of Commerce. U. S. census of agriculture,
1959. Oregon counties. 1961. 227 p.



APPENDICES



APPENDIX A - The IBM Tractor Code Card
Item ColumnrCode - ---------

1 1 1/ Year of record - the year to which survey data pertain
2 2 II State
3 3 / / Areas within states
4 78-80 /j_j / Schedule number
5 7 I_i Type of farm - irrigated, dry, or mixed (irrigated and dry)
6 8 / / Tractor number ......................................
7 9 L / Kind of tractor - wheel, crawler, garden
8 10 / / Type of fuel used gasoline, diesel, Butane, Propane
9 11-13 /JJ / Maximum drawbar horsepower, corrected, Nebraska Test (whole numbers)

10 14-17 / / / / / Hours this tractor was used in year of survey
11 18-19 /J/ Year this tractor was purchased by operator . . -

12 20-21 /_j./ Year this tractor was first sold as new (usually the year manufactured)
13 22-23 /_J_/ Manufacturer .

14 24-27 /JJj / original cost to present owner (to nearest $10)
15 28-31 /j_/j / Present value - value to farmer (to nearest $10)
16 32-34 /J.J_ / Total cropland acres on farm
17 35-37 /jj / Number tractors on farm
18 38-40 /Jj / Total drawbar HP -- All tractors . .

19 41-43 /jJ / Total repairs per hr. , year of survey (nearest 1 cent)
20 44-46 /J_j / Fuel cost per hour (to nearest 1 cent) Net cost
21 47-49 /JJ / Depreciation per hour (to nearest 1 cent)
22 50-51 / / Cost of service labo'- per hour of use (to nearest 1 cent)
23 52-54 i..JL/ Interest on investment per hour (to nearest 1 cent)
24 55-56 /1/ Fuel used per hour (to nearest 1/10 gallon)
25 57-58 /J/ Type of farm (extensive, intensive, mixed)
26 59-61 /Lj/ Total cost per hour (to nearest 1 cent) gas figures at net price ..
27 62-63 /J/ Service labor per hour (to nearest 1/100 hour .. ...............................
28 64-65 /j/ Cost of grease and oil per hr. (to nearest 1 cent) ................................
29 66-67 // Taxes per hour (nearest 1 cent)

N



Item
o.numbe

Column ___tQfl2Sjfl___________
30 68-69 // Insurance per hour (nearest 1 cent)
31 70-71 I_LI i-lousing per hour (nearest 1 cent)
34 72-73 I_LI Price of fuel (cents per gallon) Net price ..................................
35 74-75 /J_/ MD HP hours of tractor use per farm

.....................................
36 76-77 I_LI Present value of all tractors on each farm (value to farmer to nearest $10)

....................4 78-80 / / / / Schedule number ..............................................



Item & CcIunr C-:d

1

2 2 1

2

3

4
5

3 3

1

2
3

4 - 78-80

5 7

6 - 8

7 9

8 - 10

9 - 11-13

1

2

3

1

2
3

1

2
3

4
5

6

1 25

Code and Instruction

Record last digit of year to which data
apply, e.g., 1959, Code "9.

Arizona 6 Oregcn
California 7 Utah
Hawaii 8 Washington
Idaho 9 Wyoming
New Mexico

Each state to provide its own code for
areas within state:
Willamette Valley

Record number

Irrigated farms; not more than 20%
tillable in dryland crops.
Dry farms; not more than 10% of till-
able in irrigated crops.
Mixed, irrigated, and dry.

Tractor number.

Wheel tractor
Crawler
Garden

Gasoline
Diesel
Butane
Pr opane
Ethyl fuel
Tractor fuel & Dist. & Stove 011

Information from the 1960 Farm Equip-
ment Red Book (page B-158), and from
Ralph Lunde, 8-18-60, ... "Rated
drawbar horsepower is 75% of 100%
maximum drawbar horsepower, cor-

U
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irem & Co]um Code Code and Instruction
Therefore, the "Rated Drawbar Horse-
power" as shown in the (Sidney James)
Marion County Study must be divided
by 75 and multiplied by 100. This will
give the "maximum horsepower cor-
rected" figure we need.

10 14-17 Total hours this tractor was used in year
of survey.

11 - 18-19 Year this tractor was purchased by opera-
tor

12 20-21 Year this tractor was first sold as new
(usually the year manufactured)

13 - 22-23 1 Allis Chalmers 9 I. H. C.
2 Case 10 Massey Harris
3 Caterpillar 11 Minneapolis Moline
4 Cockshutt 12 Oliver
5 Co-op 13 Willys Jeep
6 Deere 14 All other field-
7 Ford type tractors
8 Ferguson 20)

21) Garden-type trac-
tors, Hawaii only.
etc.

14 - 24-27 Original cost to present owner (to nearest
$10)

15 28-3 1 Present value - value to farmer (to near-
est $10)

16 - 32-34 Total cropland Acres on farm.

17 - 35-37 Number tractors on farm.

18 38-40 Total drawbar HP--All tractors.

19 41-43 Farm labor used for repair valued at
farm wage rates. (Consider that during
growing season this labor may be valued
at a premium, but in off-season its op-
portunity cost may be low.)
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terr) Ccrnn Cde Code and Instruction

20 44-46 Fuel cost per hour (to nearest 1 cent)

47-49 Depreciation per hour (to nearest 1 cent)

22 - 50-31 At farm wage rates.

23 - 52-54 Interest on investment per hour (to near-
est 1 cent)

24 55-56 Fuel used per hour (to nearest 1/10
gallon)

25 - 57-58 Farm types
01 Extensive farm
02 Intensive farm
03 Mixed farm

26 59-61 Total cost per hour (to nearest 1 cent)

27 - 62-63 Service labor per hour (to nearest 1/100
hour)

28 - 64-65 Cost of grease and oil per hour (to near-
est 1 cent)

29 66-67 Taxes per hour (nearest 1 cent)

30 68-69 Insurance per hour (nearest 1 cent)

31 70-71 Housing per hour (nearest 1 cent)

34 - 7 2-73 Price of fuel (cents per gallon) Net
price.

35 - 74-75 HP hrs. of use per farm. Let numbers
00 to 92 represent each 1000 units of
item 34. Let 93 to 97 represent special
values.



(tern . C Code Code and Instruction

00 Oto999
01 1000 to 1999

92
93
94
95
96
97

36 - 76-77

00
01

89
90
91
92
93
94
95
96

4 - 78-80

128

92, 000 to 92, 999
103, 000 to 103, 999
115,000 to 115,999
117, 000 to 117, 999
141,000 to 141,999
181, 000 to 181, 999

Present value to nearest $10. Let num-
bers 00 to 89 represent each 10 units of
item 35. Let 90 to 96 represent special
values.
0001 to 0009
0010 to 0019

0890 to 0899
1030 to 1039
1060 to 1069
1150 to 1159
1190 to 1199
0940 to 0949
1230 to 1239
1440 to 1449

Actual schedule number
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APPENDIX B

P}mvacal Characteristics of Marion County Tractors

Noting has been said concerning the manufacturers re-

presented in this study. In relating a particular group of tractois

to a manufacturers label 55 percent of the under 11 MDHP gaso

line wheel tractors were manufactured by International Harvester

Company. The remainder were Allis Chalmers. The majority

of tractors in the 11-20, 21-30, and 31-40 MDHP gasoline wheel

groups were manufactured by International Harvester, Ford,

and John Deere. Thirty-eight percent of the over 40 MDHP

gasoline wheel tractors were International Harvester tractors.

The remaining tractors in this group represented five additional

manufacturers. Over 80 percent of the diesel crawler tractors

were manufactured by Caterpillar.

A complete list of the various makes of tractors included

in this study is as follows: Allis Chalmers, Case, Caterpillar,

Cockshutt, Deere, Ford, Ferguson, I. H. C. , Massey Harris,

Minneapolis Moline, and Oliver.
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Table 19 Fa C ze related to total MDHP per farm and crop
acres eer horseoower

Average Average

Farm Size Number of Toai Crop Crop Acres Total MDHP Crop Acres

0-24 19 320 16.8 553 29.1 0.58

25-49 39 1,476 37.8 1,445 37.1 1.02

50-74 44 2,804 63.7 1,790 40.7 1.57

75-99 31 2,691 86.8 1,303 42.0 2.06

100-124 22 2,397 108.9 1,200 54.5 2.00

125-149 24 3,294 137.2 1,438 59.9 2.29

150-174 12 1,957 163.1 846 70.5 2.31

175-199 17 3,167 186.3 1,085 63.8 2.92

200-224 7 1,458 208.3 408 58.1 3.57

225-249 10 2,331 233.1 642 64.2 3.63

250-274 6 1,592 265.3 460 76.7 3.46

275-299 6 1,731 288.5 389 64.8 4.45

300-324 8 2,502 312.8 659 82.4 3.80

325-349 8 2,689 336. 1 354 44.2 7.60

350-374 3 1,084 361.3 223 74.3 4.86

375-399 - --- --- --- ---

400-424 4 1,660 415.0 328 82.0 5.06

425-449 2 893 446.5 194 97.0 4.60

450-474 - --- --- --- --- -- -

475-499 6 2,923 487.2 695 11S.8 4.21

500-750 6 3,721 620.2 786 131 4.73

TOTAL 274 40,690 148.5 14,798 54.0 2.75
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APPE Hours of Use Per Horsepower for Various

Sizas of Gasoline Wheel and Diesel Crawler
I rc.cors

Table 20. Goaoiine wheel tractors
Hours of

Tractor Nunicer of Hours Hours of Use Use Per
Size Tractors of Use Per Tractor Horsepower

9 22 4,824 219.27 24.4
11 5 1,680 336.00 30.5
12 2 1,080 540,00 45.0
13 2 560 280.00 21.5
15 3 850 283,33 18. 9
16 8 2,901 362.62 22.7
17 52 19, 875 382. 21 22. 5
19 27 10, 700 396.30 20. 9
20 9 2,901 322.33 16. 1
21 19 8,964 471. 79 22.5
23 25 13, 970 558. 80 24.3
24 3 2,450 816.67 34.0
25 32 15,840 495.00 19.8
27 22 10,260 466.36 17.3
28 4 2,200 550.00 19.6
29 18 7,908 439. 33 15. 1
31 4 2,100 525.00 16.9
32 20 10,560 528,00 16.5
33 9 4, 197 466.33 14. 1
35 34 19,043 560.08 16.0
36 7 3,425 489. 29 13. 6
37 12 5,634 469.50 12.7
39 6 2,700 450.00 11.5
40 33 19, 984 605. 58 15. 1
41 3 875 291. 67 7. 1
43 4 1, 700 425. 00 9. 9
44 8 4,300 537. 50 12. 2
45 1 600 600. 00 13. 3
48 4 2,150 537.50 11.2
49 1 500 500.00 10.2
55 3 1, 688 562. 67 10. 2



Ds c1.\v1er tractors

Hours of
Nurn:er of Hours Hours of Use Use Per
Tractors of Use Per Tractor Horsepower

16 8,202 512.62 20.5
1 250 250. 00 9. 3
1 1,000 1,000.00 32.2

25 14,560 582.40 18.2
4 2,050 512.50 15.5
1 500 500.00 14. 3
2 1,600 800.00 22.2
2 1,050 525,00 13.5
4 2,500 625,00 15.6
1 1,000 1,000.00 24.4
4 3,440 860.00 19.1
2 800 400. 00 7. 7
3 1,750 583.33 9.0



APPENDIX E

Tractor Costs and Related Data

Tab'e 22. Gasoline wheel tractors bought second-hand, by
tractor size and age

Total Number Percent
Tractor Present Number of bought 1/ bought

Size Age Tractors Second-hand--- Second-hand

6 years old 77 33 43
and over

Less than 6 31 10 32
years old

11-20 108 43 40

6 years old 74 33 45
and over

Less than 6 49 9 18
years old

21-30 123 42 34

6 years old 55 19 35
and over

Less than 6 70 7 10
years old

31-40 125 26 21

6 years old 206 85 41
and over

Less than 6 150 26 17
years old

11-40 356 111 31

Excludes the year manufactured
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Table 23. A method of estimating ownership costs for gasoline
whee. tractors operated 50 to 125 seasonal hours

Hourly Hourly Operator's TotJ
Tr.Tctor Size Anzwal Fixed Hours of Fixed Operating Labor Hourly

and Type Costs per Tractor Use Costs Cost: per hoer Cost

11-20 MDHP $138.07 50 $2.76 $0.43 $1.25 $4.44
75 $1.84 $3.52

21-30 MDHP $208. 81 50 $4. 18 $5. 94
75 $2. 78 $4. 54

100 $2.09 $0.51 $1. 25 $3. 85
125 $1.67 $3.43

31-40 MDHP $290.40 50 $5. 81 $7. 69
75 $3. 87 $5. 75

100 $2.90 $0.63 $1.25 $4.78
125 $2.32 $4.20

Over 40 $363. 12 50 $7. 26 $9. 29
MDHP 75 $4. 83 $6. 86

100 $3.63 $0.78 $1.25 $5.66
125 $2.90 $4. 93



Table 24. Estimated cost per DHP hours in the operation of various sizes i"actors for animal uses from 100 to 1000 hours

Hours of Use 100 200 300 400 500 600 700 800 900 1000

-------------------Cents
Gasoline W1'eel

Under 11 16.0 10.0 7.4 6.2 --- --- ---

11-20 7.6 5.5 4.8 4.4 3.9 3.6 3.4 3.3 3.2 3.2
21-30 --- 5.5 4.3 3.8 3.6 3.4 3.3 3.0 2.8 2.6
31-40 --- 4.8 3.9 3.4 3.0 2.8 2.6 2.5 2.5 2.5
over40 --- 4.7 3.7 3,0 2.7 2.6 2.5 2.5 2.4 2.4

Diesel Crawler
21-30 --- 5. 5 4. 1 3.6 3.6 3. 5 3.5 ---
31-40 --- --- 5.2 4.8 4.2 3.6 3.2 3.2 3.1 2.9
over 40 --- --- --- --- 4.0 3.5 3.2 3.0 3.0 2.9

Table 25. Estimated cost per DHP hours in the operation of various sizes of tractors from 1000 to 34. 000 DHP hours

DHP hours(thousands) 1 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

---------------------------Cents
Gasoline Wheel

Under 11 14.8 9.0 5.8
11-20 17.0 7,2 5.2 4.4 4.0 3.6 3.4 3.2 3.2 3.2
21-30 6.3 4.9 4.1 3.7 3.5 3.4 3.3 3.2 3.0
31-40 ------------ 4.4 4.0 3.8 3.5 3.3 3.0 2.9 2.8 2.7 2.6 2.5 2.5 2.5
over 40 ------------ 5.2 4.5 4.0 3.6 3.3 3.0 2.9 2.8 2.7 2.6 2.5 2.5 2.5

Diesel Crawler
21-30 --------- 4.8 3.9 3.6 3.6 3.5 3.5 3.5
31-40 ------------ 5.2 4.8 4.2 3.8 3.4 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.6
over 40 ------------------------------------ 4.2 3.9 3.7 3.5 3.4 3.3




