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CHAPTER I
INTRODUCTION

Puerto Rico is the most eastward of the four major
islands known as the Great Antilles.

The Island's development during the last decade or
two is a remarkable story of economic progress. Starting as
a low income sugar economy, Puerto Rico has undergone a
rapid process of industrialization which has led to an
average annual increase of the Island's net income by
per cent during the last ten years.1 The ensuing increase
in the standard of living, rising wages and change in out-
look, have brought about a modernization of agriculture.

In spite of industrialization, agriculture remains to this
date the largest employer of labor and it is still the
second most important branch of the economy.

A little more than 100 miles long and 35 miles wide,
Puerto Rico has an area of 3 435 square miles and a popula-
tion of 2.3 million inhabitants. About 56 per cent of the
population lives in rural areas.

The Island's physical features are characterized by

a coastal plain which almost completely encircles a central

1 acts and Figures on Puerto Rico's Agriculture, 1963.
Special Publication No. 8, Commonwealth of Puerto Rico,
Bureau of Agricultural Statistics, 1963, P. VI.



east-west mountain range. These mountains rise gradually
from the wide northern coast, but drop steeply to the
narrower south coast. Most of the rivers have their source
high in the mountains. Most of the rivers, especially the
larger ones, flow northward into the Atlantic Ocean, while
the rivers in the south are smaller and usually dry part of
the year. None is navigable.

Puerto Rico lies in the path of the trade winds which
blow steadily from the northeast and ensure a mild climate
throughout the year. The daily and seasonal temperature
variations are minimal; thus the average mean temperature
for San Juan varies only from 74.4°F in January and February,
to 80.9°F in August and September. At Carite Tunnel, a
typical mountain station, the range is from 69.1°F in Janu-
ary to 6.2°F in August. The combined action of the trade
winds and the east-west mountain range, which stands in
their path, causes wide variations in rainfall; 59 to 73
inches along the northern coast, 66 to 159 inches in the
mountainous interior and well under 60 inches along most
parts of the southern coast. There is no clearly marked
dry season. However, in the north, the months February to
May, and in the south, December to May, are normally periods
of light showers only, while the largest precipitation
usually occurs from August to November. Irrigation is

practiced on the south coast and the northwest corner of the



Island.2

A little over half the land is suitable for cultiva-~

tion. There are about 534,000 cuerdas (one cuerdas

approximately one acre) with slopes of 15 per cent or less,
and around 600,000 cuerdas with slopes ranging from 16 to
45 per cent. The other half of the land includes soils
which, because of steepness and low fertility, are not
suitable for clean cultivated crops. Large areas require
conservation measures.5

Puerto Rico has an unusual variety of soils. There
are 115 soil series and 352 soil types and soil phases.

The most productive of these are on the coastal plains,
where sugar cane growing and dairying predominate.

Puerto Rico's total land area is only about 2,191,000
acres (2,256,000 cuerdas) and over 70 per cent of this area
is hilly and mountainous.' The total agricultural land
amounts to 1,936,370 cuerdas. The Bureau estimates that
about 745,000 cuerdas are cropland, around 794,000 cuerdas
are pasture and range, and nearly 300,000 cuerdas are forest

5

and woodland.

°Tpid., p. vii.

SIbid., p. viii.

4Hanson Earl Parker, Puerto Rico: Ally for Progress,
D. Van Nostrand Company, Inc., New York, 1 sy P 47.

S5Facts and Figures of Puerto Rico, op. cit., p. viii.
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The variety of climatic and topographical conditions
lead to the production of a large number of different crops.
Traditionally, sugar cane, coffee and tobacco form the main-
stay of Puerto Rico's agriculture.

Farm mechanization in Puerto Rico has increased
rapidly during the last years. Evidence of this is that
the number of tractors used in the last decade increased
from 1,912 in 1952 to 3,973 in 1962. Around 80 per cent of
these tractors are on sugar cane farms. Also there is a
notable increase in equipment for the pick up and carrying
of sugar cane. In 1962 there were 295 sugar cane carrier
machines. In 1962, 39 per cent of the sugar cane harvest-
ing was done by machine loaders.

Cultivation machinery is also used in coffee produc-
tion. There is a great increase in dairy cattle mechaniza-
tion. During 1956 to 960, 263 new first class dairies
were established. In 960 there were 652 first class
dairies on the island. In 1962 there were 1,023 milking
mac‘m.nes.'7

Three factors affect agricultural education programs

Negron Pedro Ramos, Importanica Economica y Social
De LA Mecanizacion Agricola en Puerto Rico. Revista de
Agricultura de Puerto Rico, Vol. XLVIII, Julio-Diciembre,
1961, Num. 2.

’Ibid., p. 7.



in the island. Guillermo Irizarry, in a study he carried
out on the island, found that 24 per cent of the island's
farmers do not have formal education and that 85 per cent
have less than seventh grade; that 40 per cent of the
farmers are 55 years old or more; and 65 per cent have had

o
20 years of farm working experience.

QJ. L. Descartes, Perspectivas De La Agricultura
Puertorriquena Para El 1975. Revista Del Cafe. Enero,
1965, p. 16.



CHAPTER IT
THE PROBLEM AND DEFINITIONS OF TERMS USED

The development of farm mechanization throughout the
island of Puerto Rico during the last ten years has greatly
increased the need for more effective extension programs in
farm machinery management. The trend towards larger, faster
and more productive tools has resulted in equipment capable
of doing high speed and efficient work over many additional
acres. As in industry, farmers are finding it more profit-
able to reduce rising labor costs by further replacing hand
labor with systems of suitable machines.

Problems facing farmers and their extension advisors
are also increasing because of these changes. Some of these

problems are: (1) Few Available Operators have the intelli-

gence, skill, and enthusiasm to put these more complicated

machines to their most efficient use. (2) Higher Costs of

Both Machines and Labor in the face of lower unit profits

from agricultural products, making imperative more effici-
ent operation as well as wise selection of equipment. (3)

Heavier Use and Higher Operating Speeds demand greater

attention to proper service and maintenance. Excessive
repair and breakdown during critical crop periods contribute
considerably to higher operating costs. (4) Changing Pro-

duction Practices and rapidly increasing numbers of




specialized equipment demand better trained and equipped
dealer organizations to more adequately service their sales

territories. (5) The Larger Amount of Used Equipment being

acquired by small farmers is seldom accompanied by the
necessary manuals or information on its operation and care.

(6) More Machinery Research is Needed on developing or

adapting special equipment and techniques to further reduce

production costs. (7) Young People's Interest in mechanized

and automatic systems of farming needs strengthening by more
effective training in the basic principles of machinery

management. (8) Unskilled Labor required in the new urban

industries (especially construction) has shifted from agri-

cultural employment.
I. THE PROBLEM

Statement of the problem. It was the purpose of
this study (1) to develop an Extension Plan of Work for
agricultural mechanization in Puerto Rico, using the Kansas
Extension Agricultural Mechanization Plan of Work as a

guide.

Importance of the study. Since Kansas is an Agri-

cultural State, many techniques designed for Kansas may be

used to aid in the attainment of these goals.



II. DEFINITION OF TER S USED
Extension. It is an informal educational system.9

Farm mechanization. It embraces every form of farm
10

equipment from the simplest to the most complex.

Method demonstration. It is a public showing that

emphasizes the silent merits, utilities, efficiency of an
article or product. A method is an orderly procedure or
process, regular way or manner of doing anything. The
method demonstration involves showing and telling simul-
taneously~--visual and verbal explanation of a process or
fact or idea. The plan of presentation for a demonstration
is divided into three parts: introduction, presentation and

summary.ll

Result demonstration. It is a demonstration con-

ducted by the farmer or other person under the supervision
of the extension worker to prove that the extension recom-

mended practice will work locally. It involves careful

9Building a Strong Extension System, International
Cooperation Administration, Washington, D. C., p. 5.

lOA. M. Acock, Progress and Economic Problems in
Farm Mechanization, p. ©.

Nyeredith Wilson and Gladys Gallup, Extension
Teaching Methods. Washington: U. S. Dept. of Agric.
Extension Circular 495, 1955, p. 3%6.
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planning, a substantial period of time, adequate records and
comparison of results. It is designed to teach others in

addition to the person who conducts the demonstration.1p

Short courses, schools and workshops. These methods

are considered more suitable to teaching adults than youth.
In a workshop people meet in small groups to work together
on problems of their own choosing, under the guidance of a
well-qualified staff of consultants. A workshop is composed
of three sessions: (1) planning in which participants are
involved; (2) a working session of problems; and (3) sum-
marizing and evaluating. The significance of this method

is that the individual solves his own problems. This method
is used to (1) identify a problem from a situation; (2) to
find a solution to a problem; (3) to promote individual
participation; and (4) to promote the personal growth of

the individual through democratic discussion and cooperative
participation.™ Schools are designed to give the partici-
pants knowledge, attitudes and skills in some particular
subject matter. The teacher plans and conducts the learn-
ing experiences.

Short courses are a method of intensive training in

12Lincoln David Kelsey, Cooperative Extension Work
(New York: Comstock Publishing Associates, 1963), p. 594.

31pida., p. 425.
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some specific area. A short course may vary in length from
one day to two weeks. It is limited to a particular group
and is a means for keeping up to date in technical subject

matter.l4

Tours and field days. Methods for providing learn-

ing experiences such as tours and field days are effective
in gaining understanding of what is to be learned; they
dramatize the significance of what is being learned, and
expand experience of the learner by providing an opportunity

15

to see and hear what another has accomplished.

Meetings. Ixtension meetings are generally educa-
tional in nature. They are intended to bring about change:
change in attitudes, change in values or change in prac-
tices. Factors to be considered in planning meetings are
size of audience, character of audience, facilities avail-
able, time and audience comfort. For a meeting they may
have a speaker, a speaker and panel, a speaker and open
discussion, a forum or symposium, a forum and open dis-
cussion panel discussion, or even Jjust open discussion with

a chairman present.16

]AH. S. Sanders, and others, The Cooperative Exten-
sion Service (New York: Prentice-Hall, 1966), p. 1l15.

 oMeredith Wilson and Gladys Gallup, op. cit., p. 52.

]6Lincoln David Kelsey, op. cit., p. 405.
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Visit. They can be of different kinds, according to

their objectives or planned purpose:

l. The get-acquainted visit--this face-to-face
conversation explores both the personal and
material situation.

2. The technical visit which tries to find visit:
a. The correct answer to a specific problem.

b. Facts related to a situation where the
answer must be a Jjudgment, as in the analy-
sis of an entire enterprise.

3. The organizational visit which adapts and
enlarges the existing communication channels
for extending information in the community.

4. The inter-neighbor visit which is the essential
by-product of all other educational activities.
This is the route by which the community teaches

itself.Ll?

Office calls. They are visits in person by an in-

dividual seeking agricultural information, the result of
which some definite assistance or information is given.
The office call is a time consuming, but highly effective

means for contacting people on an individual basis. Some

17H. S. Sanders and others, op. cit., p. 115.
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essentials for promoting better office calls are: (a)
comfortable chairs for visitors; (b) office cooling equip-
ment and ventilation; (c) private office for agents and
secretaries; and (d) correct lighting, adequate furnishing

and equipment.18

Telephone calls. They are an important means of

person-to-person communication linking the Extension agents
and the people in the county. It facilitates the use of
19

other teaching activities.

Mail reqguests. They are personal requests for

information on a particular topic to an agent by mail that
offer effective personal contact teaching opportunities.
All letters should merit the 4-S formula of honor: short-

ness, simplicity, strength and 31ncer1ty.2o

Contest. It is competition between individuals or
groups for achievement of specified standards of performance

to obtain recognition or reward.21

Achievement day. It is a significant annual

1®Meredith Wilson and Gladys Gallup, op. cit., p. 36.
194, S. sanders and others, op. cit., p. 24.
201pig.

Q-lLincoln David Kelsey, op. c¢it., p. 402.
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extension event. The purposes are to give special recogni-
tion to volunteer local leaders, to focus attention on pro-
gram accomplishments, to provide leadership experiences,

and to acquaint more people with the Extension contributions.



CHAPTER III
REVIEW OF LITERATURE IN FARM MECHANIZATION

According to Raney and Butler, farm machinery is an
extremely diverse family of equipment. Its members range
from peg-tooth harrows to cotton pickers, from walking
tools to mobile power plants, and from mowers to self-
propelled threshing machines; so the family is as broad as
the total range of tasks to be performed in agriculture in
any climate or nation of the world.22

Another definition for farm mechanization is pointed
out by Acock. He states that "Mechanization" embraces
every form of farm equipment from the simplest to the most
complex. He adds that the tractor has been used as the
symbol of power-operated equipment in general.25

McColly defines agricultural mechanization as the
art of equipping agriculture with mechanical implements for

increasing the efficiency of the enterprise.24

??R. R. Raney and D. K. Butler, "Criteria for the
Design and Development of Farm Equipment," Agricultural
Engineering, March, 1959, p. 137.

25A. M. Acock, Progress and Economic Problems in
Farm Mechanization, p. ©

24H. F. McColly, Agricultural Mechanization in East
Asia, Vol. 46, Agriculture Engineering, January, 19 5,

p. 26.
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I. LITERATURE ON AGRICULTURAL MECHANIZATION
IN DIFFERENT COUNTRIES

Agricultural Mechanization in North America

North America is usually regarded as the outstanding
example of progress in modern farm mechanization. With
some 17 per cent of the world's available land, the region
has over 70 per cent of the world's tractors. In addition
to equipment for land preparation, seeding, etc., large
numbers of complex machines are used for such agricultural
operations as harvesting wheat and corn, haymaking, and the

preparation and handling of livestock feedstuffs.Z?

U. S. A. and U. S. S. R. Farm Mechanization

Krebs states that the living standard of a nation is
directly dependent on the productive capacity of its
far ers.26
During the past century startling changes have taken
place in the development and use of farm machinery and
power equipment on farms in the U. S. According to Krebs,

these developments are divided into three periods: (1) the

human or hand power age; (2) the animal power era; and (3)

25A. M. Acock, op. cit., p. 6.

Alfred H. Krebs, The Mechanical Age in Farming
(Illinois: Interstate Printers and Publishers, Inc., 1964),
p. 201.
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the mechanical power era that is the one with which this
study is concerned.27

Some of the developments of the mechanical power era
in the U. S. A. include the tractor which has been made
lighter in weight with more "pay load", ease of operation,
and general usefulness. Small, medium-size, and large
tractors have been developed for varying conditions on
farms. ©Special implements have been designed for use with
tractors. In recent years, rubber tires have become stan-
dard on tractors and on many other types of farm machinery.

With the coming of trucks and tractors to farms,
horses decreased rapidly in number. In recent years there
were nearly 5 million tractors on farms in the United
States; many farms are entirely without horses, at least
for draft purposes.

One of the most spectacular developments of modern
times is the application of the airplane to farming.
Although its use is still limited, its possibilities have
been demonstrated on such widely diverse jobs as spraying
and dusting crops to control insects and diseases, broad-
casting grass and legume seed, seeding rice and some other
grains, broad-casting fertilizers, and spreading chemicals

to kill weeds and brush on range land. In 1955, for various

271pid., p. 202.



operations, several thousand airplanes were used for one-
sixth of the crop acres in the United States.28
An interesting comparison between the U. S. A. and
U. 5. S. R. farm mechanization was given by Butler in an
article in the Agricultural Engineering Journal. He
brought out that Soviet agriculture has one worker for about
each 15 acres of cropland, compared to one worker for each
60 acres of cropland in the U. S. The much greater farm
mechanization in the U. S. is the dominant factor in the
difference of average manpower in the two countries.29
Farm mechanization research in the U. S. S. R. is
entirely carried out by government organizations.ao The
training of engineers for agriculture is receiving great
emphasis on the Soviet because of the urgent need for in-
creasing agricultural efficiency and expansion into new
areas. T

Estimates indicate that there are about one million

tractors, almost 100 per cent diesel, in use on farms in

281pid., p. 204.

29D. Karl Butler, "U. S. A. and U. S. S. R. Farm
Mechanization - A Comparison," Agric. Engineering Journal,
November, 960, p. 760.

3OM. Walter Carleton, "Farm Mechanization in the
Soviet," Agricultural Engineering, March, 1959, p. 134.

5l1pid., p. 135.
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the U. S. S. R. today. Over half are crawlers, the most
common crawler being equipped with an engine of slightly
over 50 horsepower. Plans call for the per cent of wheel
tractors to be increased in the future. Tractors presently
being manufactured appear to be rugged, heavy-duty units
built according to the Soviet's own engineering design.

Table I and Table II are inventories of selected farm
equipment for the years 1957 and 1958. Both show a compari-
son between U. S. A. and U. S. S. R. farm equipment.33

Mechanization in Underdeveloped Countries

Rapid farm mechanization in underdeveloped countries

54 The main

is dangerous according to Nervik and Hoghjoo.
dangers of rapid mechanization are: (1) the prevailing
social system may be upset, and many farmers may be forced
to leave the land before other sectors of the economy are
ready to absorb them, and (2) investments may be wasteful

because the machinery is inefficiently used or even ruined

because of lack of skill or because of organizational

521piq.

Karl Butler, "U. S. A. and U. S. 8. R. Farm
Mechanization - A Comparison," Agric. Engineering Journal,
November, 960, p. 760.

34O. Nervik and E. Hoghjoo, Mechanization in Under-
developed Countries, Taps Journal Farm Economics, 43,
663-6, August, 1961, p. ©03.




difficulties.>”

TABLE I
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SELECTED FARM EQUIPMENT INVENTORY

Approx. USSR

USDA estimate

for USA
end of 1958 July 1, 1958
Tractors 1,000, 0002 4,500,000
(about 52 per (79 per cent
crawlers) wheel type)
Trucks on farms 660, OOO 3,030,000
Grain combines 500, 000" 1,050,000
Corn pickers and
corn forage
harvesters 170,000 750,000
Field forage
harvesters -— 260,000
Sugar beet
harvesters 30,000 ¢
Cotton pickers 26,000 20, 100
Cotton strippers — 23, 900
Balers 2,000d 600,000
Mowers 299,000 1,615,000 (pto)
805,000
(ground driven)
Rakes 78, 000 1,400,000
Plows 718, OOO 2,990,000
Planting drills 829, 000° 1,535,000
Corn and cotton
planters a 2,248, OOO
Cultivators 616,000 5 000, 000°
Manure spreaders nil 1,540,000

8official figure, but data from various sources
indicatg that about 600,000 would be more accurate.

Official figure, but checking indicates 318,000

would be more accurate.

CBecause of so few producers in the USA, actual

figures are not available.

dEnd of 1955.

551bid., p. 663.

€End of 1956.
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TABLE II
SELECTED FARM EQUIPMENT PRODUCTION (1957)

USSR USA
Trucks 126,000 1,083,670
Tractors 145,000 233,000
(actual numbers* (about 50 per cent
at capacity) of capacity)
Combines 131,000 44,700
Co pickers and corn
forage harvesters 51,000 40,000
(both) (pickers)
18,300
(harvesters)
Sugar beet harvesters 8,600 1,600
Mowers 46,000 86,200
Plows 128,000 147,400
Planting drills 278,000 26,100
Cultivators 208,000 102,500

*In terms of 15 hp, they produced 204,000.

To avoid these difficulties Nervik and Hoghjoo
stated that the most useful way to discuss farm mechaniza-
tion is to start with the farm's income and the reasons it

56 They pointed out three main reasons for the

is so low.
low income: (1) unsatisfactory land tenure relationship;
(2) too small units; and (3) inefficient methods of
productlon.57
To answer, "What benefits do the farmers get from
mechanization?" Nervik and Hoghjoo pointed to two common

forms of mechanized operations--tractor plowing and

361014, >71pid.
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58

combining. Tractor plowing reduces the time spent in
plowing and may enable the farmer to farm more land, either
irrigated or dry land. Tractors may further add to the
land resources when there is land available which can be
plowed by tractor but not by oxen plows. The tractor, by
plowing deeper, usually will also increase yields.

Combining may provide improved recovery of grains,
as well as reduce the harvest time from 2-3 months to 1-2
weeks, thus greatly reducing risk of losses through spoil-
age and through weather hazards.

When mechanization is introduced in an under-
developed country, Nervik and Hoghjoo pointed out that
efforts should be made to provide repair shops, spare parts
and fuel. Even more important is the providing of good

39

training programs for tractor drivers and mechanics.

II. LITERATURE ON BUYING AND SELECTION OF
FARM EQUIPMENT

Raney and Butler suggest three viewpoints from which

any farm machine may be considered: (a) machine perform-

ance, (b) economics and (c) personal human satisfaction. O

581piq.

591pid., p. 666.
40
p. 137.

D. Russell Raney and Karl Butler, op. cit.,
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The function of any piece of farm equipment is to perform
some agricultural task, especially one concerned with the
bhandling or processing of such materials as soils, chemi-
cals, seeds and crops.q'1

Any part in any piece of farm equipment may be
classified in at least one of five functional systems:
(1) a material processing system, (2) a power transmission
system, (3) a structural system, (4) a control system, and
(5) a protection system.q'p

Raney and Butler suggest that the agricultural
systems of all farm equipment are composed of one or more
of the following eight general classes of processing

units:43

( ) cutters, (b) conveyors, (c) separators, (d)
reducers (in the sense of particle size reduction), (e)
compressors, (f) quantifiers, (g) binders, and (h)
containers.

Protection systems are of two kinds: those which
protect the machine, and those which protect human beings
against bodily injury in the operation of the machine.44

According to Raney and Butler, three considerations
which enter into any personal relationship with a machine

45

are comfort, convenience, and safety.

4lrpig. 427114, 431piaq.

1piq. 451pi4.
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Hull states seven basic management practices that
offer cost-saving possibilities for machinery ownership.
(1) Reduce the number of field operations. Example: In
corn production, cut tillage--with wheel-track planting.
(2) Develop and use power and laborsaving tractor-
implement tool combinations. Example: Trail the corn
planter behind the disk-harrow. (3) Increase the annual
hours or acres of use for tractors or implements. Example:
Self-propelled combine with both small grain and corn heads
for all harvesting. (4) Reduce capital invested by buying
and using "used" implements, a good idea for new or begin-
ning farmers. (5) Either perform or hire custom work or
rent machines on a short-time or seasonal basis when owner-
ship is not possible or practical. (6) Use full-service
leasing arrangements for both field and farmstead machines
where investments are large and maintenance is a problem.
(7) Arrange joint ownership with a neighbor or a member of
the family. However, this method is least desirable, as
neither partner ever seems to accept responsibility for
maintenance.46

Larson listed three points to consider when buying

farm machinery.47 (1) The best size for any farm machine

46Dale D. Hull, Successful Farming, January 1964, p. 83.

47H. L. Larson, "Be a Smart Buyer," Successful Farm-
ing, January, 1964, p. 72.
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is the one which gives the farmer the greatest return over
the cost of buying, operating, and maintaining it--not the
size that may appear to give minimum total cost or maximum
total return. (2) The capacity of a machine does not
increase in direct proportion to its size. In some cases
the farmer can gain more by streamlining his present
methods than by simply getting a bigger machine. (3)

"Timeliness" can often be the deciding factor whether a

farmer should trade for a bigger and better model. This
is especially true for machines with seasonal use, such
as a combine or planter. If the machine is too large, as
is often the case, the farmer is overmechanized and cost
per acre is too high. If it is too small, the farmer is
paying heavily for time and crop losses.

According to Larson, Fairbanks and Fenton the fac-
tors that affect the cost of using farm machinery may be
grouped under two headings:

I. Factors related to machine ownership

A. Original cost
B. Service life (depreciation)
C. Interest on the investment

D. Miscellaneous items: taxes, insurance,

48;. H. Larson, G. E. Fairbanks, and F. C. Fenton,
What It Costs to Use Farm Machinery, Agricultural Experi-
ment Station, KSU, 1960, Bull. 417, p. 9.
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shelter, etc.
II. Factors related to machine operation
A. Fuel, oil, and lubrication
B. Repairs
C. Labor
D. Number of days used per year

Larson, Fairbanks and Fenton also point out that the
service life of a machine depends on (1) amount of annual
use, (2) nature of use, and (3) care and maintenance.49

Depreciation is by far the largest cost-of-ownership
item. Once the expected service life of a machine has been
determined, it is necessary to select one of several methods
to calculate annual depreciation. According to Larson,
Fairbanks and Fenton the methods commonly used are: (1)
straight-line, (2) declining balance, and (3) sum of the
digits.

The following equation was developed by Larson and
others to find the value in percentage of initial cost at
the end of a given year for any desired estimated life and
rate of depreciation:51

V= (1-R)
L

*1pid., p. 11. O1pig., p. 12.
2L1pid., p. 13.
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where

V = value in percentage of initial cost at end of

year in question
C = initial investment (100%)
R = ratio of depreciation rate used to straight-
line method rate (R cannot exceed 2)

L = estimated service life in years

X = year in question

Two basic reasons to replace machines according to
Larson and others are when they cease to function, or when
they do not provide service as economically as a
replacement.52

Hull suggested four considerations when making
decisions on ownership vs. custom work: (1) Annual fixed
expenses--those incurred even though the machine never
turns a wheel. (2) Operating cost per-acre or per-hour.
(3) Prices charged by custom operators. (4) Factors that
might change a decision to own, hire, or lease based on
cost.””

Hull suggests the following form for comparing farm

equipment cost relations.54

521pid., p. 4h.

5%Dale D. Hull, "How Much Machinery Do I Need?",
Successful Farming, January, 1964, p. 82.




OWNERSHIP VS. CUSTOM WORK

Ownership data;

(a) Original cost of implement (include attachments)....... cesssennceses $ 1,000.00
(b) Estimate value at trade~in or resale ce.eeeseececess ceereessesecnees B 200.00
(c) Estimate useful life in years (10-yr. life is considered average) .. 8
(d) Estimate annual use in hoOurs OI ACIES PET YJEAT ceeevcccsscossoscasses /5 acres

Annual or fixed costs

Depreciation = QOriginal cost (a) - trade-in (b) = $1,000.00 -~ § 200.00 = § 100.00
Estimated useful 1life (c) 8 years
Interest on
Average = Original cost + trade-in x 6% = $1,000.00 + $ 200.00 x 0.06 = § %6.00
Insurance,
Taxes and = Original cost x 2 1/4% = $1,000.00 x 0.0225 = § 22.50
Housing -
Operating or variable costs
Repairs = Original cost x % rate table = § 1,000.00 x %% = § 20.00
Tractor use = Hours x rate table = hours/year x $ = §
Fuel, o0il, = Belt HP x price fuel/gal. x 0.1 x hours = yrs. of use
Lubricants
(for auxiliary
power units) = HP x $0. x 0.1 x hrs./year = $
Supplies (include wire, twine, chemicals, etc.) Actual costs = §
Labor = Going local rate x hours machine used/year = § X
hrs./yr. = §
Total annual cost of owning and operating implement ...c.ccecceene ceeaas i) $188.50
Cost of use per hour or per acre = Total annual costs = $188.50 = $ 2.51/acre

Hours or acres/year (4d) 75 Hr. or A/yr.
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The annual repair costs in percentage of new cost are
shown in Table III. Table IV shows the hourly cost of

tractors according to size.55

TABLE III
ANNUAL REPAIR COSTS IN % OF NEW COST

Baler
S. P. combine with corn head
Pull-type combine
Grain drill
Disk-harrow
Hay conditioner
Mowers
Plows
Wagon-~trailer
--self unload

N

£ P ~JWWW HW\UI\W
oOUVIOoOUVIO OO Q

TABLE IV

Hourly costs*

Tractor Fuel

See used Tractor Fuel Tr?ggir*
3-plow gasoline $1.10 $0.50 $1.60
4-plow gasoline 1.30 0.60 1.90
4-plow diesel 1.40 0.45 1.85
5-plow gasoline 1.40 0.70 2.10
5-plow diesel 1.50 0.55 2.05

*Based on 600 hours of use per year.

221pid.
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Larson states three basis for decision on the right
purchase of a sizeable machinery investment: (1) good per-
formance records, (2) careful analysis, and (3) best
prlce.56

Hull pointed out some indirect financial factors to
be considered before the final decision is made when buying
farm machinery: (1) Capital position--Can the farmer's
money bring a higher return invested in fertilizer, feed
and insecticides: (2) Timeliness--Can the farmer get the
service of the custom operator or rental machine when he
needs it? This is especially vital in planting and har-
vesting operations. (3) Labor--How much is it worth? This
is an especially big point in farmstead equipment where the
labor-saving is an every-day proposition.57

The farmer can buy a tractor, can lease it, or have
custom work done. Keast pointed out six things that agree-
ments for long-term leasing should include. (1) A portion
of the lease payment is set aside as equity due the leaser.
(2) The leaser gets title to the equipment after he has
paid a certain amount of rental. (3) The lease payments

are much greater than normal for the equipment that is

leased (indicating that the leaser is paying for more than

L. Larson, op. cit., p. 72.
57Dale D. Hull, op. cit., p. 83.
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the mere use of the equipment). (4) Some of the payment
is designated as interest, or is easily recognized as
interest. (5) The agreement gives the farmer an option to
buy the equipment at a price clearly less than the market
value. (6) The rental payment, plus the option price, are
about equal to the normal sale price. At the end of the
regular lease period, the leaser is permitted to use the
equipment for a small sum.

Short-term leases based on an hourly, daily, weekly
or a monthly rate will seldom ever cause any trouble. The
farmer can deduct the full amount as an expense.58

O'Brien states six points that he believed a mach-
inery lease should include in order to work out best. (1)
Repairs are to be made by the owner at the end of the year.
(2) There should be no purchase option because that would
make the machine a capital asset. A straight fixed cost
per year--as nearly the same cost per year as possible.

(3) An individual contract on each item with a year-by-
year renewal clause works best. If there is a machine
that is not needed for the coming year, return it and get

it off the list. (4) The lease is less complicated if the
lessor pays all but the liability insurance. (5) A

D. Keast, "Buy, Lease or Have it Done?"
Machinery Tax Management, Farm Journal, V. 88, 22
February, 1964, p. 221.
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reasonable one-year lease works out to about 20% of the
negotiated sale price. (6) Machinery should be the best
obtainable for the jobs it will do.”?

According to Larson, rental of farm machinery is
gaining in popularity. It eliminates the initial invest-
ment. The farmer pays a per cent of the machine's
delivered price, depending on the length of time used.60

The selection of a dealer to buy from is important.

Successful Farming, January, 1964 gives six points con-

cerning the dealer's place of business which should be
considered: (1) a suitable building to house service
operation, warehousing, stock parts, and display equipment;
(2) a "trade-in" lot which is well located; (3) a service
shop which is well equipped with specialized repair and
service tools; (4) employees who are competent, friendly,
and interested in the work they are doing; (5) facilities
for assembling and checking equipment before delivery; and
(6) a visible supply of parts on hand for prompt repair

6l

service.

Farmers, on occasion, need to replace farm machinery,

Donald O'Brien, "It Pays Us to Lease Machinery,"
Farm Journal 87, A-5 December, 1963, p. 5.

H. L. Larson, op. cit., p. 72.

61G. H. Seferovich, "How to Choose a Service Dealer,"”
Successful Farming, 62, January, 1964, p. 66.
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especially tractors. Reece recommends knowing how much
power the new tractor has and what it will offer that the
0ld one will not.

Larson, Fairbanks and Fenton worked out an align-
ment chart to show effective capacity of farm machinery.65

Estimating the amount of annual use required of a
machine involves the effective capacity of the machine and
the rate of performance required. Alignment charts have
been prepared to substitute for the mathematical calcula-
tions needed to determine optimum annual use.

An alignment chart graphically solves mathematical
equations by using a straight-edge with it.

Figure 1 is an alignment chart to determine the
effective capacity of farm machines. The chart accounts
for (a) width of swath in feet, (b) speed of travel in
miles per hour, and (c¢) lost time in performing the opera-
tion, in percentages.

The percentage of time lost is due to factors such
as lubrication, adding fuel, making adjustments, loading

speed, fertilizer, etc., unloading harvested products, idle

62Floyd N. Reece, "Machinery Maintenance Loses
Dollars," Successful Farming, January, 1964, p. 53.

. Larson, G. E. Fairbanks, and F. C. Fepton,
What It Costs To Use Farm Machinery, Bull. 4}7. Agrl-
cultural Experiment Station, Kansas State University, 960,

p. 33.
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Fig. 1 ~—Alignment chart to show effective capacity of farm machines.
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travel such as to the field, turning at ends, etc., clogging,
and breakdowns. The percentage of lost time is difficult
to evaluate. Naturally it varies under different field
operations. If lost time for a particular machine is not
known, a value of 17.5 per cent is generally used. This
figure should be adjusted up or down to suit local condi-
tions for a given operation.

The alignment chart in Fig.l graphically solves the

equation, A = WS (100- ), where A is the effective machine

25

capacity in acres per hour, W is the width of machine swath

in feet, S is the ground speed in miles per hour, and P is
the lost time in per cent of total time.

As an example, using the alignment chart in Fig. 1
assume a l2-foot self-propelled combine, with ground speed
of 3.0 mph with lost time of 25 per cent. How to find the
effective capacity of the machine in acres per hour: the
key in the upper left-hand corner of the alignment chart
shows that a line should be drawn from the 25 per cent
point on the P scale to the 12-foot point on the W scale
with the aid of a straight-edge. The point on the blank
or pivot line where the line from the P to crosses is
marked. Next, put the straight-edge on a line from the
point just located on the pivot line to the "3.0" on the
S scale. The line just established intersects the A scale

at about 3.3. This is the capacity in acres per hour for
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a l2-foot self-propelled combine when operated at 3.0 mph

and with a 25 per cent loss of time.

In using the chart it is not necessary to draw lines,

only mark the point where a line crosses the pivot line.
A straight-edge can be used to establish the second line.
Both lines will always pass through a common point on the
pivot line. This keeps the chart from becoming cluttered
with lines, so it can be used indefinitely.

Once the point of the pivot line has been established
with a line from the P scale to the scale, a new effec-
tive machine capacity can be determined easily for any
ground speed. Simply use a straight-edge to establish a
new line from the point on the pivot line through the
desired mph on the S scale. For example, if ground speed
for a combine were 4 mph, the effective capacity shown on
the A scale would be 4.4 acres per hour.

Larson and others also worked out an alignment chart
to determine the number of acres the machine can effec-
tively cover per year. The number of acres a machine can
cover in a year depends on hours per day, days per year,
and the effective capacity of the machine in acres per

‘nour.6l+

To illustrate the use of the alignment chart in

®41pid., p. 35.
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Fig. 2 , assume that effective capacity of a 1l4-foot self-
propelled combine is 3.85 acres per hour, with 8 hours a
day and 10 days a year available. To find the number of
acres the machine can cover per year, connect the point at
8 on the H scale with the point at 10 on the D scale which
locates a point on the pivot line. Then with a straight-
edge establish a second line through this point and the
point at %.85 on the R scale. This shows 320 on the A
scale. That is the number of acres the machine could be
expected to cover effectively per year.

Figure 2 also can be used to determine the capacity
required of a machine in acres per hour to cover a certain
number of acres per year. For example, if 500 acres are
to be covered per year in the ten 8-hour days, find the
point on the pivot line as before. Then establish a line
through this point and the point at 500 on the A scale.
Since the line thus established does not even cross the R
(or acres per hour) scale, more than 4-acres-per-hour
capacity would be required to cover 500 acres in the time
available. Using two machines to cut 250 acres each, one
can go from the point on the pivot line through the 250-
acre point on the A scale. That shows on the R scale about
3.08 acres per hour, a reasonable expected capacity for a
l4-foot machine. So a second machine could be purchased

or hired to get the job done in the time allotted.



Fig. 2 —Alignment chart to how required rate of performance for
farm machines.
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Little is known about how many hours per day are
available for the various operations of farm equipment.
During the 1952 wheat harvest in Kansas, combines could be
operated practically day and night, but wheat usually gets
tough in the evening and may not be ready to combine until
8 a.m. or later the next day. The number of hours avail-
able per day is likely to vary from year to year and in
different geographical locations.

The machine capacity, time available, and number of
acres to be covered must correlate for an operation to be
successful.

Larson and others prepared a table and a figure to
show the relationship between annual cost and average cost
to date for a group of seven tractors for a period of ten
years.66

Table V and Figure 3 show the relationship between
annual cost and average cost to date for a group of seven
tractors for a period of ten years. Not included in the

analysis were fuel, oil, lubrication, daily service, and

. Larson, G. E. Fairbanks, and F. C. Fenton,
What It Costs To Use Farm Machinery, Bull. 417? Agricul-
tural Experiment Station, Kansas State University, 960,

Pp. 32-34.

H. Larson, G. E. Fairbanks, and F. C. Fenton,
What It Costs To Use Farm Machinery, Bull. 417, Agricul-
tural Experiment Station, Kansas State University, 960,
pPp. 45-46.







