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Abstract:

The problem of this research is found in the area of minimizing the power and machine cost of
accomplishing given tasks on dryland crop farms in the spring wheat area of Montana. Solution of the
problem requires estimates of (1) rates at which the tasks are accomplished, as well as costs of the
machines, and their use in various combinations and (2) the effect of alternatives in such
combinations,on the operation of the farm as a whole.

Machinery combinations selected for the analysis are the types and sizes of equipment most widely
used for the planting, fallow, and harvesting operations. The performance rates of 4-plow and 5-plow
machinery combinations are related to small (550 acres), medium (.944 acres), and large (2,344 acres)
farms to determine the ability of the machinery combinations to meet the timeliness of. operation
limits. The alternatives tested are: (1) 4-plow and 5-plow gasoline tractors with given machinery
combinations, (2) 4-plow and 5-plow diesel tractors with given combinations, arid (3) ownership of (a)
12-foot, (b) 14-foot, arid (c) 16-fpot self-propelled combines or custom hiring in the harvesting
operation.

The second and1 third summerfallow operations were found most demanding of power and machinery
for timely operations. The optimum power and machinery were found to be: (1) for the small farm, the
4-plow gasoline combination; (2) for the medium farm, the 5-plow gasoline combination; and (3) for
the large farm, two 5-plow gasoline combinations. However, total costs per acre differed little between
these optima and the next alternatives. It was found to be cheaper to hire the harvesting done, for 285
acres or less per year, at a custom rate of $3.25. For larger acreages, ownership and use of a 14-foot
self-propelled combine would give a lower total harvest cost per acre.
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ABSTRACT

The problem of this research is found in the area of minimizing the
power and machine cost of accomplishing given tasks on dryland crop farms
in the spring wheat area of Montana. Solution of the problem requires
estimates of (1) rates at which the tasks are accomplished, as well as
costs of the machines and their use in various combinations-and (2) the
effect of alternatives in such combinations.on the operation of the farm
as a whole., ' ; '

Machinery combinations selected for the analysis'are the types ‘and
sizes of equipment most widely used for the planting, fallow,. and harvest-
. ing operations. The performance rates of 4~plow and 5-plow machinery com-
binations are related to small (550 acres), medium (944 acres), and large
(2,344 acres) farms to determine the ability of the. machinery- combinations
to meet the timeliness of operation limits. The alternatives tested are:
(1) 4-plow and 5-plow gascline tractors with ‘given machinery combinations,
(2) 4-plow and 5-plow diesel tractors with given combinations, and (3) own-
ership of (a) 12-foot, (b} 14-foot, and (c) 16-foot self-propelled com-
bines or custom hiring in the harvesting operation. '

The second and third summerfallow operations were found most demand-
ing of power and machinery for timely operations. Thé optimum power and
machinery were found to be: (1) for the small farm, the 4-plow gasoline
combinations (2) for the medium farm, the 5~plow gasoline combinationj.and
(3) for the large farm, two 5-plow gasoline combinations. However, total
costs per acre differed little between these optima and the next alterna-
tives. It was found to be cheaper to hire the harvesting done, for 285
acres or less per year, at a custom rate of $3.25. For larger acreages,
ownership and use of a 14-foot self-propelled combine would give a lower
total harvest cost per acre.
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.PART I.
THE PROBLEM
Economic Problem of Farmer:

The rapid.shift from animal to mechanical power between 1919 and the
present date constitutes one of the most imbortant changes in the history
of Amggican agriculture. Improvements in.the design and censtruction of
both tractors and aukiliary equipment enabled farmers, rélatively unskilled
at mechanical work, to operate. power equipment.. The increased use of'
farm equipment by farmers enabled them to do all jobs faster and.many
Jjobs better.i/' | |

This ability to accomplish the' farming operations in a more expe-
ditious manner is ﬁade to order for the drylaﬁd whéat areas with which this
. problem deals. In dryland areas whereuget produhfion per acre is compara-
tively low; farm operators éié‘forced to choose between a lower standard
of livihg or an increa;e in acfeage. As the cultivated acreage increases
it becomes necessary for farmers to use pbwer equipment and machinery to.
cover the required acres. In the case of dryland operations, power eqﬁip-
ment and.machinery ére also substituted for scarce and expensivé-labor.

The increased-use of machinery in the farming operation presents a
problem_to‘dryiand farmers, As-the amount of machinery and power equipment
increaées, the pereentage of inQestment tied up in farm machinery and the
cash costs, relativé to total costs incurred by the farm:operator,
increased. This particular faqtor is instrumental as the basis for the

problem related to economic choices in power equipment and machine use.

1/ E. G. Fenton and G. E. Fairbanks, The Cost of Using Farm Machinery,
Kangsas State College Engineering Station, Bulletin No. 74 (1954), pP. 7.
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Althéugh labor costs decreasq; fiked costs and variable costs ‘as-
sociated with machine investment and use increése. Cash transactiohs
have becpme a larger part'of the farm business.due to the necessity. of
purchasing equipment, fuel, oil, and items of repair to éa:ry:on“the
farming operation.

l Farmers are faced with the problem of obtaining an optimum coﬁbinaﬂion
of power equipmeﬁt and machinery relative to the acreage of the farm. This
entails minimizing costs subject t§ timeliness requirements of operation.
The farm operator is concerned with obtaining a‘machinery combination
which will (1) minimize costs of éiven jobs and (2) maximize‘the returns

from his farming operation as a whole.

. Input-Output Relationships:
| Béfore going into the various choices;avaalable to the farmer with
which he can meet the various necessary criteria commensurate with an
optimum machinery combination, let us go into some of the basic economic
relations involved in maximizing of returns and minimizing of costs.

As a beginning, let us assume the farmer is motivated tq so use his
resources as to maximize net income. I.e., the present study is concerned
with resource use which is "economically rational.” Assuming that a farm
operator uses certain given techniques in applyiﬁg é variable factor Xy

with a specific amount of fixed factor X5+ As each increment of the.

variable imput Xy is added, the.amount 6f product. Y; (TPP) increases first
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at an iIncreasing rate, and, as further additions of the variable input are

added, at a decreasing rate, leading finally to a maximum in TPP.2/

From this total physical product relationship two other relationships
can be derived. They are the average physical product (APPyl) and the
marginal physical product (MPPyl)e The average physical product is ob-

tained by dividing the TPP by the number of inputs of the variable input

X1 needed to produce this level of TPP. Since the TPP curve represents

first increasing and then decreasing returns the APP curve will rise and

thendecline. The marginal physical product curve indicates the rate of

change (with respect to X1) of the TPP curve or the increment to the total
physical product with the addition of each unit of input (AYZa X1). As

a result, it can be noted that when TPP curve is at a maximum the MPP

is at zero. Previously MPP is a maximum when TPP commences to increase

at a decreasing rate.

—» MPP

Figure 1. Input Variable Factor

2/
-/ George F. Stigler, The Theory of Competitve Price. (New York, 1942),
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Using these physical input—outpﬁt relationships we can now proceed
toward attaining~the.primary goal of farm management which is the maximi~
zation of net farm income. If the product is soid in a market which.gives
a price which is a. constant with respeét to quantity sold, sucha maximum
will be achieved if two basic conditions are met: (1) that the level of
production be exteh&ed to the point where the marginal cost of output
is equal to the MVP of the output; and (2) that givenlevels of production
be attained at a minimum cost.

To determine at what level of production the marginal cost of output
is equal to the price of the output, value relationships must be used. The
physical production functign can be converted to value terms when it is
multiplied by the price of the product. Wﬁen thig is accomplished, total
physical product becomes total value of prodU9t, average éhysicai product
becomes average value of product, and marginal physical product becomes
marginal value of product.

The farmer is assumed also to purchase variable inputs in a competi=~
tive market which makes the cost of each unit of input identical regardless
of the number of inputs used. This makes the addition to total cost
(marginal cost df input) équal to the price of the input.
| To maximize the income nét of the cost of X; in this enterprise, the
farm operator will'increase his use of the factor of pioduction uﬁtil the
marginal value of its product equals its price. Iﬁputs will be added until
increments to total.cost by the addition of an additional unit of input will

equal the increments to tétal revenie by this .same unit of Input.. Therefore



the point where income will be maximized will be at the point where PX1-
MCX1 = MVPX1, as indicated in Figure 2 at A".

Although this illustration deals only with one variable factor of pro-
duction, the same criterion can be used to determine other economic optima.
That is, output is increased until the marginal cost of the productive

factors is equal to the marginal value of their respective products.

Timeliness of Operation;

Certain time limits are imposed on the different farming operations
by climatic conditions. Such factors as length of growing season, time
and amount of precipitation during growing season, and temperature varia-
tions during growing season determine optimum time periods for particular
farming operations. Furthermore, the use of particular varieties of farm
crops coupled with the afore-mentioned climatic factors provide additional
limits on the timeliness requirements of operation.

In tests conducted at the Northwestern Montana Agricultural Branch

Station over a three-year period, oat yields were reduced 33 bushels per
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acre when planted May 15, instead'of:May 5. Further t;s%s-revealed that
barley yields were reduced 10;15 bﬁshels per acre for évery five days®
delay-in planting after May 5 and yields in Pilot Wheat were reduced: by
four bushels per acre when planting was aélgyed from May 5 to May l5.§/

These tests indicate that ﬁimeliness:ofvdgéiation”can be ‘an -important
factor in the final yields obtained and ;hat the farmer requires equipment
with adequate capacity to prevent excessive losses through reduced yields.
The Adgge, "A machine in time may save nine}' explains wh?'some farmers own
the”amount of expensive‘equipment that they do. Farm operators who have
their farms fully equipped with adequate machinery in good condition, have
a great advantage in doing jobs during the most productivg time interval.

To increase yields through timeliness of opérationyis jds£-part of the
-problem involved in this particuiar aspect of maximiziné net farm income.
The farmer has another facet to the problem: What are phe‘adggd costs
involve@ in increasing yield?' Eventually, additiénal;eguipment‘cosf;"
involved in attaining greater yields become'unpibfi%able.

T6 determine what the optim&& combination Bf equipmeht wiil 5;:We first
assume that 'the size of the farm is fixed and that the farm operatofshasT |
available the required resources to purchase and operate an optimum co;bingi
tion of equipment. It then becomes a matter of weiéhing_the aaaitional

costs involved in the required change in the éduipment combination,

3/ Unpublished Experimental Station data, Northwestern Montana Branch
Station, Creston, Montana.
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to bring about an increased yield égainst‘the additional returns to
income from the increased yield (assuming a constant price for the product
produced). s

This concept can be applied more specifically t§ dryland conditions
in'Montaha to determine what time limits must be met by the dryland Spriﬁg
wheat farmer, |

Under dryland conditions in Montana the actual profitable working
time on'crops is limited to about 85 days per season. If we assume that
dryland farms operate on thekﬁéis.of_an alternate cropiand fallow system
and that average weather condtions exist, the time.limits in actual working

days for the most effective results are as follqws:ﬁ/

Planting 15 to 18 days
Fallowing - First Operation _ 20 to 25 days
Second w ' 10 days

Third o 10 days

Fourth e 10 days

~ Harvesting , 15 days
 TOTAL 80 to 88 days

The determination of what is an optimum combin§tion with respect to
time limits involves the determination of whgt operétion is the limiting
factor.

As an illustratioén. We might use the operation of'planiing. The paﬁer
. units and size_of equipment required to accomplish the seeding operation
in 15 days might be considerably larger (special emphasis placed on the

power unit) than what is required for the other farming operations. .This

ﬁ/ E. A.. Starch, Farm Orgénization as Affected by Mechanization, Montana™
Agricultural Experiment Station Bulletin No. 278 (May 1933), p. 29.
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presenfs a problem of evalyating the gain in terms of yields and income
of the faster seeding operation-against_tne a&ditional cost, if any, of
owning and operatlng a larger equipment comblnatlon than is necessary to

perform the rema1n1ng field operatlons.

-..Respurce Substitution4§/

‘The second aspect of maximizing net farm income-is one of resource
substitution in attainrng a gi&en-level of production at a minimum cost. -
Assuming that the amount of product to be produced is glven, the
farmer isg concerned with how variable factors of production can be combined
to produce a given amount of product at a minimum cost. Assume that two

.variable factors of producticn (Xl and X2) substitute for each other-inl
the production of the given :level df‘output; In ofher words, various com-
binations of the two inputs may Be used to produce a given anount of
product, ‘ |
The.various conbinations.of X, and X, wnich will prodnce'YO amount
_ of product is indicated By "ise=-product curve” YO', Therefore the_SIOpe
of the iso-product curve Y, represents the "marginal rate of resource
substitution.”
To determine,minimum costs, value concepts must again be used. If
the total outla& KTO) available is‘giren-for thelpurchase of incuts and

the total outlay available forj the purchase of inputs is used entirely

74 For a more coﬁplete discussion of resource substitution and cost
minimization, see Earl O. Heady, Economics of Agricultural Productlon
and Resource Use, (New York, 1952) chapters 5 and 6.




-9 - ..

~ for xl, the amount of X1 which can be purchased is indicatedwby.lg, in
' : v PX

~ Figure 3. The poimt_g%m_can be determined .in an identical manner By

, : 2 :
using all available outlay for the purchase 6f X5. The points %%1 and
%%1 are joined by an "iso-cost® curve whose coordinates represent all
2 o

possible combinations of the two inputs_which can be purchased with -
the total outlay TO. The slope of this iso-cost cufye (for purely
competitive resourcérmarkets) is expressed as the ratio (PXI/PXQ).

the_optimum position or minimum éos£ combinétion is obtained where
the slope of the iso-product curve is equal to the slope of the iso-cost
curve (AX,/aX; = PXl/PXZ); This;ig indicated by point B in Figure 3
which deﬁoteé fhe‘uselsf OC amount of Xl and OA amount of Xpe

~

Types of Equipment Costsg

It is essential at this time, before going info the problem of
cost minimiz#tion and the study of the various choices available to the
farmer to minimize'costs,'to classify and identify thé various costs in- -
volved. '

Machinery costs can be divided into two hajor classes: ﬁ(l) fixed
or overhead éosts and (2) variable or operating:costs. The overheéd costs
are depreciation due £o obsolescence, interest on investment, taxes, insur-
' ance, and housing. These are-also terméd fixed costs, but this classifi-
‘caiion is relaéi&e; A machine decreasés in vélue both from obsolescence
and from use. Dépréciation from obsdleécence takes place whether fhe

piece of equipment is in operation“or mot, but the decrease in value

aside from obsolescence is more rapid when 4t is in use. 'Variable or
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Figure 3. Cost Minimization

operating costs change in approximate proportion to the amount power
equipment and machinery is used, and cease when equipment stops operating.
This class of costs includes fuel, oil, grease, repairs, and labor.

The characteristics of the different costs are as follows

1. Depreciation (defined as the initial cost spread over
the years of service. The loss in value and service
capacity resulting from natural wear in use, obsolescence,
accidental damage, rust, corrosion, and weathering.) is
partly fixed and partly variable and varies with the life
of the machine.

2. Since money used to buy a machine cannot be used
for other purposes such as the purchase of land,
livestock, or other enterprises, interest on in-
vestment should be charged for money invested ih
equipment. The interest on investment will be
greater in the early life of a machine because an
amount in total value is written off each year in
the form of depreciation.

3. The repair cost, while not the largest of machine
costs, is an important item of expense. It is a
cash and labor cost for which the owner is liable at
any time during the machine®s life. The satisfactory
performance of the machine depends to a considerable
degree on proper and systematic repairing.

A/ F. C. Fenton and G. E. Fairbanks, CE. cit., p. 27
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4. The cost of fuel and.oil is a major item in the
operating.expense of tractors and combines, . For
tractors, the cost of fuel over the life of the
-tractor will usually exceed the initial cost of
the tractor. In addition, many farm machines are
operated with a tractor or auxiliary engine and the
cost of the fuel should be included in the total
machine costs. Lubrication is a minor item .of
‘expense.

5. Invariably, one or more men are ieqdired to operate
most farm machines and any calculations of the cost
of operating farm machines should include the labor
costs.:

6. -Finaliy, such expenses as taxes, insurance, housing,
- should be included.in the total operating expenses of-
farm machinery.

Discontinuous or Indivisible Factors:Z/,_m

The—férggoing.discussioq of cost minimization involves.sub-
stitution decisions. when resource units are .infinitely divisible. ..(See.
Figﬁre S)I‘Many'items which appear discontinuous can be broken down into
continuous inbuts'if'the services 8/ of the resource rather than- the
- resource are considered, ﬁséentiélly only the pure flow services, those
services which are given off wﬁether the machine is used or not, can be
considered as indivisible. Stock services, those services which are
given off only with use, can be considered as divisible over time.
Current costs due to obsolescence do not lend themselves to divisibility,
while stock services become divisible by varying the amount of machine

used in different periods.

7/ For a complete discussion, see Earl O. Heady, Economics of Agricultural
Production and Resource Use, op. cit., pp. 150-153.

8/ The elements embodied in a resource which may or may not become an inte-
grated part of the product, but will produce a product or aid in thg

production of a product.
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Aithough the farm Operatof cannot substitute one-half of a pldw or'
tractof in his machinery combination, he does have choices to eliminate
some of the indivisibiiity. Choices are available in the acqu;sition of
" machines whlch embody dlfferent amounts - of serv1ces by buylng those of
different 51zes? types and by h1r1ng_part of the machiné services or |
varying the amount of labor. |

If machine inputs are considefed'in the broader sense oflmachiﬁe
services —/ it is possible’ to eliminate the dlscontlnulty of machlne
. inputs. Instead of. con51dering machine services -as dlscrete inputs, the
discrete cases can be broken down by varying the sizes, types, Qualify,‘
and amount of hired machine services used in the‘prodﬁction of a éiven
product. A continuous substilﬁtion_rate of machine services for,anétﬁer
factor of proéuctioﬁ can be obtained b&‘substituting the elements of
production obtained from machine inputs‘raéherAthan fhe machine‘inputs'
themselves; | |

However, numerous situations exist where individual techniques or
a limiting quahtity of factor make it possible for machinelservices to
substitute in the production of a given.product ;nly in discrete quantities.

Suppose one tractor and oné man can farm 450 acres of spring wheat
and the same tractor with two men can farm 750 acres of wheat. Two

tractors with one man will not increase output because one man can

f/ The elements embodied in machine inputs whlch will produce a product
or aid in the production of a product.
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operate only one tractor at a time. On the other hand, two tractors
and two men could possibly farm 900 acres. The factor~factor relation-

ships involvea are illustrated in Figure 4.

5 Z -4 I, I,
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Figure 4. Resource Subétitution with One Indivigibie Factor

4

The vertical scale indicates machine inputs which can be added only
in- indivisible units of one. The horizontal séale indicates labor inputs
which can be broken down into small fractions. The amount of - labor
required to qperate the smallest machine input is forty units. An output
of 5,000 bushels of wheat cén be produced by one mabhine and forty units of
labor. Additional'machiqeuinputs do not add to the output if ;abo; is
held c0ﬂsfént as indicgtéd by iso-product curve ZQ and as explained
previousiy. Output oflwheat can be incre;sed 5,000 bushels by using 55
more units of labor as indicated ?y}the line QSl. Output agaiATEQn'be
increased to 15,000 bushels by usgiftig- an additional 65 units of labor
_(movgment from Sl to 82). The movement ‘along Q83 being of the factor-

product nature since machine inputs are fixed and labor is variable.

+
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Machine inputs can be substituted for ‘labor in,ppgdgging the same
amount of product as indicated by movement along iso;product gﬁrves;
:Iislﬁ 1282, and 1353° lFo? instance, in theﬁprodggtion'of‘IS,OOO bushels
of wheat (isb-produét curve 12822'the same amouht of product can be
produced by additiona; machine inputs. With one unit of machine inputs!.
l70.(poinf E) uﬁits‘of labor are required, but if'anbther machine wunit
is added oﬁly 125,(point.Dj units of labor are required. A third addition
of machine input would'on19 substit&te for éOrunits of labor, A fourth
"unit of machine input will hof'sﬁbgtitute for labor and has a marginal
product'greater than zero only if labor is added as a complementary
factor. The marginal rates of substitution.of-the second, third, and
fourth machine inﬁuts for labor in the production of 15,000 bushels of
wheat are thirty-four, twenty and zero.

In the production of a given amount of product as.indicated by .iso-
product curve ISy (figuie 4) when will the farmer $ubstitute inpufs of
machine services for labor? |

A shift to the use of machine inputs instead of .l1abor will occur
when the substitution ratio between machine services and labor is greéter
than the price ratios .of the;two factors., If the substitution rétio of
the two factors is ome unit of machiné'input-for thirty four units of
labor (line Segment.de Figure 4), a shift will occur when the:price ratio
becomes less than the substitution ratio. .The solution can be stated in
another Qay by saying, the slope of the igb-cost curve is greater than
the slope of the iso-product curve (line de Figure 4) machine input§‘will

be substituted for.labor.
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Alternatives to Ownership and Use:

Essentially two other economic alternatives or choices exist whereby
a dryland crop farmer can reduce costs pertaining to power equipment and
machine use. Alternatives are available in the substitution (I) of custom-
hiring of equipment services for actual ownership and (2) used for new
machinery iIn the power equipment and machinery combination.

In the consideration of owning or hiring machinery, the machines
which are most desirable to own are those which (I) obtain a low unit
machine cost through high annual use and (2) have a low initial invest-

menif. 10/

Machinery and equipment which are used most are the ones a farmer can
best afford to own. A substantial amount of machine costs are iIn the form
of fixed costs. As the annual use increases, the annual cost per unit of
output produced from their use declines if the requirements of timeliness

are met. On an acre basis, the fixed costs decline iIn the manner indicated

in Figure 5 with an increase in annual use when variable costs remain

100 200 300 400 500 100 200 300 400 500 600
Acres Per Year Acres Per Year
Figure 5. Fixed Costs Figure 6. Total Costs

10/ Earl 0. Heady and Harold R. Jensen, Farm Management Economics. (New
York, 1954), p. 394.
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relatively constant per acre. Thenfore, total costs per acre are reduced
. aé annual use increases (see Figure 6).

[}

_ The- amount of initial 1nvestment required to purchase a machine shpuld
be«con51dered in making a choice between ownecshlp or the hiring.of machine
services. The per acre cost of owning a machine of low initial 1nvesiment -
is nuch less than one with‘e high initial ‘investment due to .the relation-
ship of fixed costs to the amount of use. . (As 1llustrated in Figure 5. )

Add1t1onal factors to consider, which favor the hiring of custom
operators are: (1) a reduced capital investment in equipmentj (2) free-
dom from such problems as servicing, reconditioning, and storaoe of ‘ |
equipment; (3) necessity of obtaining required finencing for equipment;
and (4) the ability to oroduce crops that require equipment which farm '
operators cannot afford to own. |

The hiring of custom'operators is not always the best decision and
the preceding factors in favor of custom hiring should be weighed against
factors whiich are unfavorable to dustom hiring. The factors unfavorable
to custom hiring are:s (1) not having equipment at the most oppoftune
times (2) disadoancages of an operator of a-small farm bargaining witnl
a custom:operator; and (3) the additional cash costs of hiring custom

. operators. | |

The relationship between costs and. annual machine use as it is associ-
ated with the hirino of machine services is illustrated in Figure 7,

It would be profitable for the farme% to hire a custom operator if
the annual rate of use 1é such that the'cost of owning and operating

machinery'is higher than the custom rates per acre. When the annual use
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of the machine is large enough the cost of ownership will fall below the
custom rate and it would be more profitable to own the item of machinery.
The point at which it would be more profitable to shift from custom

hiring to ownership, as annual use increases, is indicated by point B

in Figure 7.

S 9
b
Custom
8 mRates
000000 OOO
0.00 0000 0
BHcnco 1IN<Or”00 O

Acres

Figure 7. Relationship of Costs to Custom Hiring.

To the left of B the total cost per acre of owning a machine is
greater than the custom rates charged. To the right of B the per acre
costs of ownership drop below the prevailing custom rate making It more
profitable to own rather than hire machine services.

Whether it is most profitable to own or hire machinery also hinges on
the returns that can be obtained iIn investments other than power equip-
ment and machinery. Even though investment in equipment would be more
profitable than hiring custom operators, the percent of return could be
less than the percent of return in some other alternative. If capital is

scarce and higher returns can be obtained in another investment (such as

livestock, Tertilizer, etc.) greater profits are obtained by the hiring

of machinery services.

117 1bid., p. 394.
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Ahotﬁer economic alternative availsble to the farmer is the sﬁbstitution
of new or used machinery in the machinery combination.

The substitution of used machinery for new machiﬁery in the machinery
comﬁination hingéslupon a number of factors. Ihe most important is the
ability of the used machine in performlng the required farmlng operatlon.
It is quite 1mperat1ve that the machine perform the requ1red operations
in. a manner commensurate'wlth accepted standards and costs. A used item
of equipment would bring excessive losses ,and costs ﬁo the owners by
heavy breakage and uncé?tainfy 6f performance; Excessive repair costs
would incréase the farm operator“s cash costs and lésses in yields would
occur through uncertﬁinty'of operafioﬁ.

The purchase of a new or used machine buys a gi&en amount of‘machihe
, services. New machines tie up more capital and thus create a higher
cost to the farmer than used machinery. As a result, the use of new or
used machinery is based primarily on the amount of capital available and
the opportunity rate of return in alternative investments. Consequently,
it pays a farmer to bﬁy used machines with services equal to those of a
new machine when (1) the present cost of a used machine and (2) the future
cost of used gachines discounted at the opportunity rate of iéturn to the
present are less than the present cost of a new hachine.ig/

Suppose a farmer with limited fﬁnds has a chéice of-buying a new
tractor for $3,800 or a used one for $2,400. The new tractor has an esti;

" mated life of 12 years with an annual depreciation of $316. The used one is

12/ Ibid. p. 39%.

_L:*.
o)
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expected to last another six years, with an annual depreciation of $400.
If the two tractors have no significant difference on the quality and
quantity of production, which investment would be the most lucrative for
the farmer? Will the new tractor which costs $1, 90@ more but has an
annual cost of $84 less be a better purchase than the used machine
which has to be replaced in six years? To purchase the used tractor
would mean that $1,900 is available for investment in another alterna-
tive. . Hence, returns on these investments may more than offset the. hlgher
annual costs on the used power unit, whereby, the real cost of investing -
in the new machine is the opportunity cost. !

A choice exists between investing $3,800 in a new tractor with the
equivalent of 12 years' service and $2,400 in a used Qower unit and an
additional $2,400 six years hence to obtain a service life equivalent
to that of a new tractor. 1If the farmer can earn ten percent by investing
his capltal in some other way (such as ‘livestock, fertlllzer, etc.), what
amount invested today will grow into $2,400 in six Years to replace the
used tractor?

To calculate .the present value ofntbe cost; an equation used by:Heady
andqensen is appropriate. The equation can-be statea as PV.= —?Eéﬁ?;)n;
PV refers to the present value of the future amount, q is the future amount,

r is interest rate and n refers to the number of years into the future with

which we are concerned. ——/

5

-E/,Ibid_.., pe 87.
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"Substituting in the equation we get:

- 2,400 = 2,400 = $1,354
P (1.10)6 1,7715 $1,3

To provide 12 years of tractor sérvice from uséd machines $2,400 is
invested now in a tractor plus $1,354 invested elséWhere at lQ percent
to provide for a second tractor at the end of six years or $3,754,

This amount is $46'léss than the Sé,soo"bresen% cost of the new.
tractor. Accordingly, when returns in élternative'investmehts are 10 -
pércenf, the used tractor is the least costly.’

Also consideration should be given to a farmer with ample capital
who has a choice ‘between buying a new tractor or‘a used tractor, Because
he has an adequate supply of funds, he has 1nvested in his farm bu51ness
until no alternatlves for high returns are available. -

Assuming the same choice js available between a $3,800 new {ractor
and the $2,400 used tractér, what would be éhe most profitable alternative?
If capital can be invested in some other“alternative for only 5 percent how
.much must belinvested to purchase a second used fractor at tﬁe end of sii

years?

Substituting again in the equation PV 5Lv=1§F:7;7n we obtain:

2,400 _ 2,400 _
(1.06Y6 ~ 1,340 - $1,791

PV -
To provide 12 years of tractor sérvice from used machines,'$1,79l is
invested elsewhere at 5 percent to provide for a second tractor at the

~end of six years of $4,191.
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This amount is $391 more than $3,800 present cost of the new tractor.
Accordingly, when returns in alternative investments are 5 percent, the

new tractor is fhe least costly.

Limitatien of Problem:

In this problem an_important‘group of cost relationships associated
‘with powef equipment aqg machine use are not considered. Due to tﬁe un-
availability of empigiéal dafa, it was impossible to .test' the economic
alternatives rélated to the use of various sizes of machines with a
given size of tracéor, Machinery inventorigs; taken from the 'sample of
farms used in this study, revealed a great deal of uniformity in the size
of equipment used with a given size of tractor.

The two basic.sizes of tractors found were- the 4-plow and. the S5-plow.
With each size of tractor, the size of equipment used was very uniform,
Cases are few where machinery normally.used with 4-plow tractor is used
with 5-plow tractor 6r machinery normally used with 5-plow tractor is used .
with the 4-plow tractor. . |

THis uniforhity in machinery combinations made it impogéible to .ob~
téin accurate performance rates and fuel consumption rates on tractors
' used with various sizes of farm equipmeht.

Primarily, econﬁmic alternatives considered are limited to those asso-
ciated with the use of a tractor with a givepn size of machinery. The same
“ size of machinery cémbination‘is studied relative to different sizes of

- farms, and cost relationships are determined on this basis. 1In addition,

the most popular sizes of harvesting equipﬁent are related to given
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acreages to determine the total, fixed, and variable costs relative.to

different amounts of annual use.

Problem Statement:
In considering that a large percentage of the costs relative to total
costs in a dryland farmidg.ppgrafion are éssociated with farm machinery,
the economic alternatives available to dryland farmgrs,in power equipment
and machine use are very important. These alternatives will be important
considerations for a farmer attempfing to maximize net farm income,

To maintain net farm income, dryland farmers are concerned with
machinery combinations which will reduce losses from climatic conditions
by meeting timeliness of operation reduirements. Maghinery. combinations
must_have an adequate daily capacity to perform the various field.opera-
tions within time restraints to prevent excessive losses in yields and
~income, - '

This study also deals with the problem.of factor-factor substitution
in the production of a given product, whereby the substitution ratio be--
tween machine services and. labor are equated to the price ratios, in-
versely, of the two‘factors. Assuming that the amount of product is
given, the farmer is concerned how variable factors of production can be
combined to produce-a given.amount of product at a minimum cost.

The problem also hinges upon the alternatives.to ownership and-uée
associated with the substitution (1) of different sizes of equipment, (2)
used for new machinery, and (3) custom hiring for actual owneréhip in the
machingry combination. From these subsfituti@n-alternétives, relationships
of fixed costs to variable costs are determined felaiive to different

amounts of use.



_ S

X . ' . - 23 -
; ' METHOD |

Budget Analyéls:

Y
‘ l

The budget analysis will be.used to study the economic alterna-

s

tiye in power equ1pment and machine use availabe to the farm operator.

The primsry purpose of the budget is.to compare the cost relationships
between different sizes of machinery combinations and custom-hiting.and
OWnership of machinery. The budget can be used as a descriptive device
iﬂ terms of which to synthesize an average or representative situationfor'
an analytical technique for cqmparing returns from alternatives associw

ated with a given farm.

Use of Synthetic Modeh

Synthetic models are used to permlt freedom in comblnlng proudction
resourtes and practices so that managerial ability and efficiency are simi-
lar_for all farms ;ncluded in the aversge° The mqqels are used to fix
many of the variables folind under.actual conditions in otder.to determine
the influence of the variablejfactors under study.

The budéetary technique begins with a.given situation in the form of a
synthetic model.. Changes are introduced and the results are measured in

terms of changes in ‘expenses. Ipn this way the impact of alternatives in

power equipment and machine ﬁse on the total farm business ‘can be sstimated.,

Short-Cut Budgets 3

Use of the budget techniﬁue is $0 time-consuming that only a few of

'

the more important variables can be tested. To increase the number of
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variables which-can be tests, "short-cut® budgets are used.  An analysis
will be made by partial budgets to estimaféuqbst changes to that part

of the farm business di:eétly concerned.



: PART 1I
DATA
AREA |

The study concérns type-of-farming areas I1I'and IV in northeastern
Montana, approximaiely‘l75'miles from~nbrth:to SOuth:and-SOimiles frcm '
east to west.

| The tcpography is characteristic of a glaciated greas high plateaus -
with more or less gravelly and eroded slopes, terminal moraines, valley
benches, and breaks along the larger streams. The average elevation is
approximately 2,500 feet, varying from less than 1,900 feet along the
Missoﬁri and Yellowstone ﬁiver to approximately 3,100 feer on the higher
plateaus. |

Average annual precipitation is fourteen inches. Precipitation dur-
ing growing season (April to September) is ten inches., Tne average nnmber ,
of days without a killing frost is 120 days.l/

The area was originally a ranching area, but.with'the coming of the
railroads, became predominately a dryland farming area. " Good years and
betier prices in the period 1922-25 set the stage for a shift fo mechan-
ized farming. With the introduction of satisfactory power equipment,
fewer and larger farms developed, the number of horses declined, and the
acreage in cash crops increased. So also did the out~of-pocket expense

in grain production.g/

_l/Climate and Man, Yearbook of Agriculture, U. S. Dept. of Agriculture,
(Washington, D. C.: U. S. Government Printing Office, 1941), p. 964.

2/Marion Clawson, M. H. Saunderson, Neil W. Johnson, Farm Adjustments in
Montana, Study of Area 1V: Its Past, Present, and Future, Bul. 337,
Montana State College, Agr. Exp. Station,. ‘Bozeman, Montana, January,
1940, p. 10, .
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~ Area III is'bordered onwthe'northhbylthe Missouri River and,on the
“east by the State*of North Dakotao It includes the entire area'of ﬁich;
-land,. Dawson, and W1baux counties and. parts of. McCone, Pralrle, Rosebud
Custer, and Fallon countleso The area is predomlnately a lowagrade dryland'
farmlng and ranchlng area,-b1sected by the Lower Yellowstone 1xrigation -
project. Alfalfa, sugar beets,- and feed grains are grown in ‘the ;rr;gated
arels. Dryland graln productlon contlnues es-a~major enterpr;se=over'“l
much of the area‘ | |

Area IV is bordered -on the north by . ‘Canada. -gnd “on’ the east by Norfh
‘Dakota. It 1ncludes the countles of Sherldan, Roosevelt, and Danlels,
ano also the eastern portion of Valley county:. Area IV is one of the two
.major wheat producing areas of Montana, 'Soils are good, but a great Varia; '
bility exists in Qheat yieldse' | |

Area IV is cheracterlzed b& high density of-wheat'production; rela;-
tively good quality soils, and'intermixfure of soil tybee. Axea III dif-
fers from Area IV in that the former has a much lower percentage of good
farming soils. Cash grain farms are the most,numeroos type of -farming ‘
operation in both areas. - But ranches are more numerous and imoorfant’

in Area IITI than in Area IVoé/

‘THE PRIMARY DATA
The primary data used in the study were obtained from'twb.sgrveys,
The first was of farmers selected in type of farming Areas III'and'IV;.

The second was of machinery dealers-serving'these farmers, Thirty~five

Qj-Ibidog po 5""80.
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farm oberators Were interviewed in communities madé up of specialized dry-
land spring wheat farms. The survéy was designed to discover‘ecdndmic al-
ternéﬁives in power equipment and machine use on dryland crop farms in
northeastern Montana. The sample‘was drawp from ASC farm lists according
to size, in acres, to get a representative number §f farms in thé small,
medium‘and large acreage classification of farms. |

These data were used to compute typical performance rateg, fﬁelléqn—
_ sumpfion-rates, together with labor, lubrication, and repair costs per-
taihing to various sizes and types of power equipment énd machinery used -
in a spring wheat farming 6peration. The information obtained.from tﬁis
sample of dryland'farms also made it possible to determine the seduence
of farming operations, typical enterprise organizééion; the availabjility
‘of labor, and -the typical maphihery inventory. Nine implehent dealers were
selected in a non-random sample, They were found in seven different towns
and represented five different makes of'fa;m equipment. The dealers were
chosen to be répresentative §f the trading area in which thé intefviewed
farmers purchased their equipment. |

The informétion acquired froﬁ dealers made it possible to ébtain
averages with respect to prices charged for various types and sizés-of
farm equipment.. Furthermore; data were acquired for cémputing the average
length of life of machines, values allowed on trade-ins, and the types‘aﬂd
size of predominate equipment being purchased by farm operators.

The sample data are characterized by two shortcomings: (1) faulty
memory of'farmers.interviewed in the sample and (2) small size of sample

in'view of large variations found in observed items.

/
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" The information was gathered in the early summer of 1955 for the 1954
production period. Therefore, many of the -cost estimates given are not
wholly accufate. Such items as repair costs for individual items of equip-
ment are not accurately separated out of the total repair costs, Farmers.v
are unable to essociate certain'minor repair costs specificially fo a -
particular item of machinery. However, for such estimates as tﬁe perform—.
ence rates associated with various fieldAoperations, the change is not
significant from year to yeaf and the estimatee are cpneideied to be
reasenably accurate,

Due to the fact that a few farmers were interviewed over-a large area, '
a large deviation in one case, because of upusual conditions,-can'strongly '
affect the computed efatistics. For many sizes of equipment, only a few
cases exist within the sample and a marked variatijon of one case relative
to the others would give a large standard error in the relevant statlstlc.
However, the major 1tems of equipment used in dryland farming opera-
- tions are relatively uniform as to size and capacity in performihg field
operations, This uniformity among major items of equipment made it pos=
sible to obtain a large number of cases from the sample for computing ac~-

curate performance rates, fuel consumption rates, and costs per acre,

THE FARM ORGANIZATION.

The selection of sizes of farh eizee used in the budget analysis were
selected at modal and mean values of a‘frequencyldistributiop of sizes
measured in acres.

To obtain a more representatlve frequency distribution, the orlglnal

sample of thirty-five farms taken in the universe was supplemented by
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another sample of forty-two fafms. Originally, thié second sample was
used by the Production Economics Research Branch, Agricultural Research
Service, U, S. Department of Agriculture in a diverted wheat acres study.
The random sample waé.faken'fo determine the changes brought about by
acreage allotments in the dryland spring wheat area of northeastern
Montana. The supplemental ‘sample was drawn from the same geographical
area and represented farms with the same charécteristics-in respect to
kinds of crops grown and types of farming operations.

.The eighty-seven farms were arrayed by crop acres in class intervals
of two hundred acres until the farms reached an aéreage of 1,600 acfes of
cropland., In thg upper ranges of the series the size of the classes are
.increased to reduce the number of classes and iﬁcrease the usefulnesé and -
significance of the classes.(see Figure 11). This frequency distribution
shows some tendency to be bi—mﬁdal at the 2,000-- 2,999 acre classifica~
tion. The largest number of farms fell in the 400 - 599 acre .group with
a mode value of 550 acres. The mean of ‘the distribution was 944 acres.

The second mode fell in the 2,000'- 2,999 acre class at 2,344 acres.

In the budget analysis, the 550 acre‘farm‘Was‘designated as the small
farm, the mean farm (944 acres) as the medium farm, and the 2,344 acre
farm as the large farm to be used in testing out economic alternatives in

power equipment and machine use.

Enterprise Organization:

The cropping‘systém used in this study is limited to a two-year spring.
wheat and summerfallow rotation. Table I indicates: the acres of cropland

and summerfallow found on the 550, 944, and 2,344 acre farms used in the
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Figure 11. Frequency Distribution by Acres of Cropland for a Sample of
87 Spring Wheat Farms.

budget analysis. The wheat-summerfallow rotation is the type of rotation
predominately used in the spring wheat area of northeastern Montana. Var-
iations occur, but are essentially based on this type of crop rotation.
In a few instances a three-year rotation is practiced on a small
part of the farm, but these instances are restricted to a few small farms
and farms with large numbers of livestock with respect to crop acres.
Livestock numbers are few. They do not have a marked effect on the
basic machinery combination used in the dryland crop rotation. If large

numbers of livestock are present, the machinery combination used in crop
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TABLE I.  CROP ORGANIZATION OF 950, 944, AND 2,344 ACRE FARMS USED 1IN
‘ THE BUDGET ANALYSIS,

.Size of Farm Crop Fallow
Small ' ' _
(550 acres) 275 275
-Medium
(944 acres) 472 472
Large

(2,344 acres) 1,172 1,172

opérations is supplemented by another-coﬁpohent.of equipment used iﬁ.the
livestock enterprlse. A smaller tractor with the related ‘haying and forage
handling equ1pment is usually present 1n the machlnery inventory. Purther—
more, if 11vestock are present in small numbe;, they do not have a signi-
ficant effect on decisions pertaining to péwer equipment and machinery. The h
basic cash grain crop stiil remains the influential factor .in farm machinery
decisions, | |

To eiiminate‘all forms of iivesfock from the farm organization and to
limit the cropping system to a whéat—summerfallow rotation does not give a
completely typical: farm (ee Appendix..I), buf it does serve as a simpler
way of obtaining the desired results. Eséeﬁtially the other production
alternatives available to a dryland farmer are feed and 611 crops such as
barley and flax.. But these crops require about the samé-type of equipmenf
fqr\plaﬂﬂmg, tillage,“and.harvesting. The 6qsts, performance rates, and
power requirementS'féi all practical purposes remain the same and do not
glter farm machinery decisions., |

With present wheat acreagé regulafions the diylahd farm operator is . -

using the -wheat-fallow rotation in a-more rigid manner than in'previous
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years, If the wheat allotment is inadequaté9 barley is added as an enter-

prise alternative with a goal of planting at least half of the crop acres.

Reso@rcesz'
| Labor

'.The supply of labor found on these dryland cfop farms is'ré@étively
stab;é._ The majority of the labor supply is in.the.fdrm,of family labor
provided by the farm operator and is”;vailable the year around. Sample
data show that, fo? farms within thé AOQ - 599 ﬁnd 800 - 999 acie classi- -
. fications, the farm operators providé 30 days of avéilable labor e&ch'month 3
over the entire year° In the 2 000 - 3,000 acre cla551ficat10n, the amount
of available laber provided by farm operat@rs 1ncreases during the months
of March through October. On the larger farms the sample of farmers indi-
cate that a portion of the farm operators go'to the éify to live during
the monfhs‘of October through February. In addition, the larger farms are
‘characterlzed by having two men who act as co-managers, often fathers and :
sons or brothers are associated together and actively provide labor for
the various farming operatiohs,

Table II indicates the average number of days of labor available per.
faimiin thé specified acreage classifications wherein the £50, 944, and
2,344 acre farms lie. |

The peak months for hiring labor on farms in 400 - 599 acre classifi-
cétion:aré Abril through May and the'middlé of July to the middle of August.
On niedium farms (800 - 999 acres), the peak‘occuwéin the months of April,
May,:and August. Finally, fér farms falling within 2,000 to 2,999 acres,

the amount of labor hired is quite uniform from April through September.
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TABLE II. AVAILABLE LABOR SUPPLY OF LABOR PER FARM PROVIDED BY THE FARM
‘ FAMILY.
véiZeéiH - — Averaqe Number of Daxs of Avallable Labor ger MonthAt

 Juhe July Aug. Sept

400 ~599 30 30 30 30 30 30 30 30 30 30 30 30
800-~'999 30 30 30 30 30 80 30 30 30 30 30 30

25000-2,999 80 30 - 45 45 45 45 45 45 45 30 30 30

. . Maghinery ‘

All méqhihervﬂiisted_ih Tables III and.IV are typical combinations of
machinery found in the sample data which would correspond as closely as
possible to the 550, 944, and 25344 acre }éris The sample data were
arrayed for farms in the 400 - 599 acre group to deterﬁine a typical
machinery combination for the 550.acre farms FErom this array, the modal
size of each particular type of farm machihéry was détermined as a part
of the typical machinéry cotibination: The modél size for each type of
machine and the average number of the modal size of machine fost fre=
qﬁéntly used in planting, tiliage, and harVestlng on the safipleé farms was
considered as part of the typical machinery combinatich, Thesd figdal
§izés from each aoreage group, by types for a given farmihg operation,
make up the typieal ﬁachihéfy combinatiofis |

Thé same ﬁiédédurévWéé’UQéd for farms within the 800 = 999 acre
group to determlne the typical comblnatlon for the 944 acre farim; and

for thé farms wlthln the 2,000 - 2,999 acré group; t6 provide the modal

sizes for the 2,844 asre farm.



TABLE III. TYPICAL MACHINERY COMBINATIONS FOUND ON FARMS CLASSIFIED
‘ WITHIN 400 - 599 ACRE GROUP AND THE 800 - 999 ACRE GROUP.
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400 - 599 acres

800 ~ 999 acres

Implement Size Implement Size

Tractor ) Tractor

(gasoline) 5 plow (diesel) 5 plow
Tractor _ Tractor

(gasoline 2 plow (gasoline) 4 plow
Drill (press) 12 foot Drill (press) 12 foot
Duckfoot . Duckfoot

(cultivator) 12 foot (cultivator) 12 foot
. Oneway disc . 8 foot Oneway disc 10 foot
Tandem disc 10 foot Tandem disc - 10 foot
Plow 3-14% bottoms Plow 4-14% bottoms
Toolbar 12 foot Toolbar 12 foot
Combine Combine

(self-propelled) 14 foot - (self-propelled) 14 foot
Mower : 7 foot Rodweeder 12 foot -
Hay rake - 12 foot Mower 7 foot
Grain auger 27 foot ) Hay rake - 12 foot

Grain auger 27 foot

A cqmpar%sop\éf_ghe tYpicgi machinery combinations found upon the
small and médium sized fafm indicate a great deal of uniformity in.types
of equipment used. Excluding differences in siée, the medium-sized farm
has a 12-foot rodweeder and a 5-plow diesel tractor im the machinery in=-
?éntofy which are not found on the small farm. Withkrespect to size, the
second tractor on the small farm is a ‘2«=plow in comparison to a 4-plow
on the medium sized farm. Ihe oneway disc and the plow are larger on the
mediumfsized farm, |

A substantial difference exists in ‘the machinery inventories between
the large farm‘and the medium farm, The lafge farm tends to have two

items of equipment where the medium size farm has one or one item of

equipment which is larger in size.
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TABLE IV. "TYPICAL MACHINERY COMBINATIONS FOUND UPON FARMS CLASSIFIED
WITHIN THE 2,000 - 2,999 ACRE. GROUP.

2,000 - 2,999 acres

. No. :
Implement ‘ ...per Size
Farm

Tractor (diesel) 2 5 plow
Drill (press) 2 12 foot
Oneway disc 1 16 foot
Tandem disc 1 10 foot
"Plow 1 5-44" bottoms
Toolbar : 1 13 foot
Combine (self-propelled) 2 14 foot
Rodweeder 2 12 foot -
Mower 1 ~ 7 foot
Hay rake ) 1 12 foot
Grain auger ’ 1 27 foot

Practices:

Field Ogefations

The field operations can be divided into three groﬁps: (1) ﬁlanting,
(2) summerfallowing, and (3) harvesting. Planting and harvesting are
essentially one~time operations while summerfallowing, on the average
requires tillage at least three times during the growing season.

Plantiﬁg\is u;ually accomplished by pulling several implements in
tandem behind a tractor. The two most widely used implements are the duzk—
foot or toolbar cultivator and a press drill. Other‘combinations used are
the tandem disc and drill, the 6neway diéc and drill, and the rodweeder.
and drill. ’

The tillage implements (discs, rodweeders, and cultivators) are pulled

in front of the drill to destroy any small weeds and prepare the seedbed
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for planting. The type of tillage implement used depends upon the condi-
tion of the seedbed, whether it is free of trash, and the size of_the weeds
.at the time of planting. Discs are used priﬁarily if the ground is trashy
or the weeds are relatively large. |

A variety of tillage implements are available to perform the summer-
fallow operations on a dryland crop farm. The selection depends upon the
moisture conditions, lst, 2nd, or 3rd sumherfallow operations, amount of
trash, and type of soil. _

In the first summerfallow operation of the year, the oneway disc is
used most extensively. Except for unusual situations, this implement has
replaced the moldboard plow in the initial summerfallowing operatioﬁ of
the year. However, recent developments in sub-surface tillage equipment
has detracted from the importance of tﬁe oneway disc.

The remaining summerfallow operations can be accomplished by a number
of tillage implements. Bﬁt the duckfoot and toolbar cﬁltivators are still
the most widely used type of tillage equipment.

Where condifioh@‘aré'favorable the rodweeder is considered as a
desirablé type of tillage implement. The rodweeder has an advantage over
other implements because of its light draft and iow operating costs per
acre. The fact that fhe rodweeder does have a light draft makes it pos-
sible for tractors to travel at higher speeds or pull a éreater width of
implemént_thereby covering a larger number of acres in a day relative to
other types of tillage implements.

The actual harvesting operation is perforined by self-propelled com-

bines. Information obtained from farmers and implement dealers indicated

R
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that relatively few pull-typé combines are in use and few are being sold

to farmers by implement dealers.

Efficient Combination of Land and Equ'g ment

The best combination of land and equipment for a dryland unlt is
condltloned largely by 1nvestment in equ1pment ahd the time llmlt for field
operatlons° The startlng p01nt from which this combination could be de-
termined is the ndmber of days allowed by climatic conditions for the

various }ield operations. . The loss in income through reduced yields makes
it unprofltable to extend the performance of a field operation beyond
certain time llmlts,- The\number of acres to be covered divided by the
number of days in whlohhthe job should be done, giVes the daily capacity
_which is required of tne machinery.

* However, in this study, the problem was approached by taking the esti-
mated daily capacity of machinery and dividing it into the number of acres
to determine if a particular size of machine meets the timeliness of opera-
tion requirements. The average performance rate estimates used were farmer
estimates obtaimed from empirical data. These estimates are used to fit
an equipment'combination to the 550, 944, and 2,344 acre farms.

The time limits for performing the various field operations under

Montana dryland conditions are as follows:

Approximate

. . Calendar Dates
Planting 15 days April 10-30
Fallowing

First operation 26 days May 1-30

Second operation 10 days June 15-30

Third. operation 10 days August 1-15
Harvesting _15 days Aug. 15-Sept. B

Total .75 days
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. These time limits. are. actual working dayé<of.fen'hours.pe;'day. nIt‘ié-
assumed that losses in time.due to rain or other factors can be made up
by longer shifts.and hight.wofk. |
The normal séeding date; in the area'sti;dieds is April 15. Planting
must be accomplished within fifteen days from this data.to avoid losses
'in yields., Immediately after planting, the firsf summerfallow operation
must be performed, This would specify the last week of May as. the time
of completing the first summerfallow operation,',THe reﬁaining two summer-
fallow operations must be.performed;quickly,uat.iniervals-of.appr9§imately
thirty days. Harvesting normally begins between August 15 and 26.

) Critical periods in performing the field opefations occur in May and:
Aﬁgﬁst. As June is characterized by Beavy precipitétion, the planting and
first summerfallow oberation must be accomplished Hefore'the‘first week .of
June to avoid delays due to weather conditions. If summerfallow operations
are required at approximately thiity-day intervals, a critical period will
develop in August. The third summerfallow operationh will be required by
the first of August and it must be completed'befbre harvésting starts on

August 15.

POWNER AND MACHINE EXPENSES

Variable Costs:

Variable costs make up a ;arge percentage of the costs of using power
equipment and machinery. The relative proportion of the total costs which
are variable are dependent upon the amount of annual use. Basicglly, for
a.given'size of farm implement, variable costs%increase relative-to fiked

costs as the annual use increases.
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Labor is an important factor in the determination of alternatives
finally used in an equipmeqt combination. If the supply of labor is ample
and the cost per acre is low, the farm operator can best afford to invest
in smaller implements and equipment. Smaller sizes of equipment do not
have as large a fixed cost per acre and labor can be substityted for capi-
tal investment by using the machinery a larger number of days on.a given
acreage. Also, if the amount of capital is limited and the labor supply
is ample, the supply of iabor-can be utilized as a substitute for a limited
supply of investable qapi‘_cal° .

On the other hand, iflthe labor supply is limited and its being fully
used, additioﬁal‘work can be accomplished by investment in equipment with
a larger capacity. If ample capital is available and the annual use of
equipment is high, the capital investments in machinery can reduce costs
by substituting them for the variable costs of labor.

In this study labor was priced at one dollar per hour for non-harvest
operations. To determine the costs per acre of. labor, the hourly rate was
divided by the average acres per hour of different sizes and types of im-
plements. This procedure gave a per acre cost ofllabor for each field
opération; Hourly wage rates in the harvestihg operation were set at the
higher'rate of two dollars an hour. The higher rate was considered neces-~
sary by farm operators t& obtain the skill and dependability required in
combine operatérs°

Fuel, oil, and repair césts are'éomputed averages obtained from‘pr%m—

ary data. Empirical data obtained from sample schedules were arrayed
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according to different types and gizes of equipment. From this array,
average per acre costs for fuel, oiI; and iepairs were computed ( see
Table V).

To obtain more representative average costs for the operation of
individual items of farm equiﬁment, data from the spriné wheat area were
supplemented by similar data from the winter wheat area o'f_central‘Montana°
The Produgtion Economics Research Branch,.Ag;igultural Research Serﬁige,

U, S. Department of AgriCUlturé cénducted a similar study in the winter
wheat area. The same sghedule was used and the sample of farmers performed
the same type of field operations: Also the type and sizes of power
equipment and machinery were similar. The primary difference between

~ the two sample éréas was the type of wheat grown. HoweQer, the performance
rates of the size and type of implements used in this study Were'comparab_léo
Although the growing of winter wheat made it necessary fo pe;form various
farming operations at different times of the year, the data ﬁsed‘supple—
mented the data obtained from the spring wheat area;"The‘piaﬁting of
winter wheat in the fall and the har&esting of winter wheaf in the summer
does not detract from the value of cost figures for specific-items of

farm machinery for purposes of th'is'study°

Fixed Costs: !
The next group of costs to consider are the fixed costs (depreciation,

interest on investment, taxes, and insurance). These remain constant re-

gardless- 6f the amount of use.



TABIE V. COSTS PER ACRE OF VARIOUS TILIAGE OPERATIONS BY IMPLEMENT SIZES WITH GAS AND DIESEL
TRACTORS AND SELF-PROPELLED COMBINES.

Aver, Aver. Aver, Fuel 0il Mach., Trac. ‘Labor
Item : A, A. Fuel Per A, Cost Rep. Rep. Per A, Totals
) Covered Per Hr. Per Hr, Per A, Per A, Per A. o '
: gals, cents cents: cents cents cents cents
Oneway ' “ ’ ‘
8t (gas) 477 2.9 2.3 18.0 1.8 28 10.8 3L.5 67.9
. (diesel) W17 . 2.9 2.3 U1 1.8 2,8 10.8 3Lh.5 6l..0
10t (gas) 528 3.8 3. 18,1  1.h 3.6 7.9 26.3 57.3
T 727 (diesel) 528 3.8 2.5 11.8 1.3 3.6 ° 7.9 2643 50.9
Duckfoot .
12t (gas) 787 b7 2. 11.2 1.3 6.1 7.7 - 21,2 13.8
(diesel) 787 o7 2.6 - 9. 1.0 6,1 Te7 2L 2 Ll
lL]_' (gaS) 971 5.6 20 89h— 101 500 6.6 1709 39.0
' “(diesel) 971 5.6 2.25 6.8 .8 5.0 6.6 17,9 37.1
Rodweeder - ‘ ' - 1
12t (gas) 60 . 5.1 2,0 9,0  1.03 h.8 5.1 19.6 39.53 E
- (diesel) 460 5.1 246 "7.06 1,03 4.8 5.1 -19.6 39,7 ;
2t (gas) 692  10.2 3.2 762 o6 h.8 3.2 9.8 25,6
- (diesel) 692  710,2 3.2 5.7 o5 h.8 - 2.8 9.8 23.6
Drill & Duckfoot _ . .
10t (gas) -22, 3.2 2,5 17.9 1.6 8.3 7.1 31.2 6645
(diesel) 22k 362 © 2.7 13.3 L.42 8.3 7 5,0 31.2 59,2
12' (gas) 559 Ll-02 3.1 l?eh— 1.3 8.7 7.2 5308 580}4
(diesel) - 559 ly.2 2.6 11,1 1.2 8,7 6.1 23,8 50,9
Drill & Rodweeder . - : : g
12t (gas) 235 3.L 2.6 17.6 1,0 Tolt Bl 29,4 60,8
Self=prope 1led Combine
o 357 349 3627 - 184 1.5 L6, 52, 117.9
Ut L27 Lol - 32 16, 1.k 25.5 )16, 88.9
161 S 532 li.8

.2 19.2 1.1 32,1 - L1, 93.L
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The interest rate chargeable to machinery investment is more or less
an arbitrary figure. The economically relevant interest rate would reflect
the opportunity césts of alternative investments for the operator. For"
purposes of this stu&y the approximate current interest rate of six
pefcent‘was used for computing intéreéf on investment costs. An additional
two percent was added for tax and insurance costs.

The total cost of interest on investment, taxes, and insurance was
calculated by taking eight percent times one-half of the original value.
These costs are shown in Table VI,

TABLE VI. ESTIMATED LIFE, ORIGINAL PRICE, AND INTEREST, TAX, AND INSURANCE
COSTS ON SELECTED ITEMS OF FARM MACHINERY.

Estimated Original Interest, tax,
Item Size Life in Price -and insurahce
' Years (dollars) costs per year _
Tractor 4-Plow 13 - 3,082 $123.28
(gas) ,
Tractor 4-Plow’ 13 3,874 . 157.84
(diesel) Coe
Tractor 5-Plow 13 3,744 149,76
(gas)
Tractor 5-Plow 13 4,819 192.72
(diesel) :

Drill 10 foot 10 761 30.48
Drill 12 foot 9 823 32.96
Oneway 8 foot - 7 752 30.08
Oneway 10 foot 7 836 33.44 .
Duckfoot 12 foot 15 ' 575 . 22,96
Duckfoot 14 foot 15 . 692 27.68
Rodweeder 12 foot 15 428 17.12
Combine

(self-propelled) 12 foot 12 5,044 201.76
Combine- ' -

(self-propelled) 14 foot 12 5,558 222,32
" Combine -

(self-propelled) 16 foot 12 6,273 250.88
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Deg;ecietion: : |
h Calculating dépreciation costs presents a problemiin determining what
losses in value are due to use and what losses are aue to obsolescence,
Any method of calculating depreciation expense is subject to inaccuracy.:
No one can estimate exactly the length of life of a machine or its avail-
able stock of services° The development of new technology in machines
hes a different effect in altering mechine values for different farm opera-
tors. New technical improvements may make an item of agricuitural equip-
ment obsolete for one farmer, but another might not consider the machine
as being obsolete. Also the annual use of a'machine might be so high that
it is worn out in a relatively'ehort time. Considering that a machine has
a certain stock of_services when purchased, high annual ‘use will deplete
these services in a short time. The machine might be of little value be-
cause of the large percentage of services already dsed; yet its loss of
value through time and obsolescence is insignificant.

Depreciation charges ma? be calculated on three valuation bases:
original, reproduction, or replacement costs. ~

Original cost is used'most widely‘as a valuation base because of its
eimplioity° However, with the market price fluctuetions of recent years,
considerable support has been generated‘for the use of reproauction cost
(the cost of the machine.today)° To allow for future price changes the
replacement cost is used as the base. | |

Severa; difficulties arise in using the reproduction and replacement

costs. Thelreplacement method assumes that future prices can be predicted.
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The reproduction method assumes that a satisfactory index is available fo}
calculating present prices of all machines.%/ |

Origihal 1954 purchase prices, obtained from dealers, were used as
a basis for calculating depréciation costs. These current costs for new
machinery were used instead of either reproduction or replacement costs td
simplify the actual cajculations. Use of reproduction costs would not al-
ter the results substaﬁtially from those found with the current purchase
price and the use of replacement-costs, with the necessity of predicting
future replacement costs, might nof give a more.relevant figure.

Since depreciation costs are due to bpth obsolescence and actual use,
it is economically preferable to use a method of caltulation which takes
both of these factors into account. Such a method would fix obsolescence
depreciation at some constant amount per yesr, whether or not g&maghine:
is used. ‘On the other hand depreciation associated with use ﬁould_Vary
as use varies.é/ |

Basically, fixed depreciation costs are due to obsolescence or time.
Any item of equipment has an estimated life with respect to timef At the
end of this estimatéa life, the machine should be valueless because of
obsolescence. As a result, the depreciation cost subject to time can be

detefmined by dividing the original cost by the estimated length of life.

—/R. Ge Murphy and R. C. Suter, Methods of Calculatlnq Degrec1atlgg of

Statlon, April, 1950, p. 6.

—/brlln J. Scoville, Fixed and Varlable Machine Depreciation, Agrlcultura
Economics Research, July, 1949, pp. 10-15,
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This gives a depreciation expense which is equally allocated over the
estimated years of life.

Variable depreciation costs are due to the amount of use. The basis
for calculating the variable depreciation costs is the amount of use or
services in terms of acres or hours purchased with the machine. The de-
preciation cost subject to use is the original cost divided by the total
services in acres or hours. This gives the cost per unit of use. When
this figure is multiplied by the number of units of use (hours or acres),
the annual cost of depreciation is obtained.

The final depreciation cost and how it is obtained can be illustrated

more fully by the use of the following diagram. (Figure 12)

HE
90

Figure 12. Fixed and Variable Depreciation
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Line AC indicates the depreciation costs based on time and obsolescence
with an énnual depreciation cost of AF. This cost is the same inh any given
yeéar during the estimated life of the machine provided it remains idle or
is used a very limited amount. FE is the émpunt of services in hours pur-
chased with the machine and FG gives the amount 6f depreciation costs com-
mensurate with different amounts of use. -In.determining depreciation costs,
either the cost due to obsoléscence or the cost due.to wear is used, depend-
iﬁg on which is.higher in a diven yéar° If a machine is utilized FD amount
of hours or less, the depreciation is AF dollars. When the annual use is
larger thén{FD, the depreciatioh cost is determined according to the amount‘
of use.

In calculéﬁing the depreciation costs (Table VII) several simple formu-
las are used which will more clearly illustrate the method used.

In calculating depreciation costs for tractoré, the following formulas

were usedi

Annual depreciation due-to obsolescence =

Estimated 1ife in years -

Depreciation Gost per unit of use = %§%%%ﬁ%%ag%ﬁ%gzzﬁgﬁ%%;§§%¥§agg

Primary data indicate that the average scrap value of tractors was
forty dollars. This figure was used in computing the d;preciation costs
for tractors. This scrap value is based upon the price paid for scrab o
metal; but cases may exist where “individuals can obtain more for a com-
pletely worn out tractor. If this is the case, these special instances

should be taken into consideration when computing depreciation costs.
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TABLE VII. DEPRECIATION COSTS DUE.TO TIME AND .USE..

. R Annual Depre01at10n Hrs. g A, of Whlch
Item Size. Dgp;eg;at;gn Costs per - use ig am
7 ‘Costs due to Unit of use Effective
i Obsolescence (A, & Hrs,) _Determinant
Tractor ‘?—plgw $234.00 .29 per/hour 807 hours
..... e (gas
Tractor 4-plow- 298,00 . 366 814 @
(diesel) R :
Tractor S5-plow 285,00 .35 : 814 »
: . {gas)
Tractor - B-plow 371.00 o45 g24. *
(diesel). .. '
Drill 10 foot 76.10 .22 per/acre - 346:-acres
Drill 12 foot . 91.40° 216 371 g
Oneway 8 foot 107.42 e22 ‘488 U
Oneway . 10 foot 110.42 .19 581 ¥
Duckfoot 12 foot 38,30 045 851 v
Duckfoot . 14 foot 46,10 .046 1,002 w
Rodweeder 12 foot 2B.53  ',062 ' 412 ¥
Combine 12 foot 407.83  1.09 374
(self-prop. )
Combine 14 foot 450.66 1,08 417 v
(self-prop.)
Combine 16 foot 510.25 l.11 460 ¥

(self-prop.)

In calculating depreciation costs for combines, the scrap value was
increased. It was assumed that combines do not depre01ate to zero value.

A scrap value of $l50—/ was used in calculating depre01at10n,

Computational formulas are as follows:

: U ;. ‘ +_ original cost - $150°
Annual depreciation due to obsolescence = estimated 1ife in years

original cost — $1H0 ) _
estimated life in acrés of usé

Depreciation cost per unit of use~=

In the calculations for other items of equipment, scrap value was not

considered because of the lack of accurate information as to what-these

6/ Roy E, Huffman, Production Costs on Selected Dryland Grain Farms,
_ Montana Agr. Exp. Station, Clrcular 52; Sept., 1949, p. 4.
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values may be. The depreciation‘cpsts for the other implements were com-—

puted with the following formulas:

s gs = original cost .
Annual depreciation due to obsolescence cstimated life in years

Depreciation cost per unit of use = original cost o
estimated life 1l acres OT use

Hours weré used in calculating depreciation costs pertaining to trac-
tors because the aéres covered vary:s with different: implements. If the
size of implements are related.to'the power units to efficiently Qse the
available power, machines with large power requirements may not cover a
large number of acres but still cause the séme wear and tear on the tractor.

Wear in other implements can be considered as uniform wfthﬂeach acre
of use, Each implement performs. a field operation over and over in approxi-
mately the samémﬁannef, thereby, producing 1;ttle varigbility in wear between

each acre of use,

THE ALTERNATIVES IN POWER AND MACHINERY
Suitable Machinery Combinations:

The machinery combiﬁations ﬁsed in this study comprise the most widely
.used sizes and types suitable for use with a given sized tractor. The
types of machinery used are the modal types déte£mined from empirical data
which are the most widely' used in performing the usual field operatibns.

To. simpiify this‘study, tractor sizesfaré restricted to those in
most coﬁmon use and the associated field équipment are restricted to an
dbsolute minimum necessary to perform the required field operations. The
essential ‘equipment is. indicated in Table VIII.

Sizes of field equipment used with the 4-plow and 5-plow tractors in

performing the planting and tillage operations are those recommended by
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. implement deaiers for dryland conditions.’ (See_Table VIII). The duckfoot
and drill are pulled in tandem in the planting operation. The oneway is
used for the first summerfallow operation and the duckfoot cultivator.

for each remaining fallow operation. A duckfoot which is wider -than the
drill was used in thg machinery combination to more fully utilize the
available tractor power. The width of thé duckfoot is reduced by the
removal of shovels when used in-conjunction with a drill during the. seed-
ing operation. When used alohe in the summerfallow?ng@npé&amioﬁgm%Heja-

)

duckfoot: is used.at 4ts. full:width.

TABLE VIII, REQUIRED MACHINERY ASSOCIATED WITH 4-PLOW AND 5-PLOW TRACIORS
FOR USE ON MONTANA DRYLAND SPRING WHEAT FARMS.

4-Plow Combinations  5-Plow Combinations

1

. . 4-Plow Tractor " bB-Plow Tractor
8' Oneway 10" Oneway
1e' Drill 12* Drill .
12" Duckfoot 14*' Duckfoot

‘Timeliness of Operation
For each size of farm. a time scheduie.was-set up to show the daily
capacity. for each iﬁplement or combination of impléments, the-days re- .
quired to perfofm‘each field 6peration; and the annual acreage covered
in each operation.
The capacity of each size of implemént used‘is an average taken from
the estimated performance rates given by the sample of farmers used in

this study. Performance rates aré computed on the basis. of average acres
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per hour. Assuming a ten-day operation, the daily rate is ten times the

- hourly rate.

TABLE IX. AVERAGE RATES PER HOUR The average acres per hour of the
OF TILLAGE IMPLEMENTS.
e S el e D - various tillage implements are an
Implement . Size Ave. Acres average rate of performance when
Per/hr.
used with the recommended size of
Oneway 87 2.9
' . L tractor (Table IX).
. Oneway 10° 3.8 |
‘ D Assuming a ten-hour day of op-
Drill & . ’
Duckfoot - 10! 3.2 : eration and a crop rotation which
Duckfoot 12¢ 4,2 is half wheat and half fallow, the
Duckfoot 12 a7 - followmg (Tables X, XI, and xn)
Duckfoot 140 5.6 * indicate how the two sizes of

machinery combinations meet timeliness limits with respect to‘different
sizes oftfarms. On the 944 acre farm, the 4;p;ow combination just fails
t§ meet the timeliness criteria for the secoﬁd.and tﬁi;dyduekfoot.opera-
tions. The coverage of the'required fallow acreage by.the.4-pLOW‘tractér
and the 12-foot duckfoot fails to meet the time requirements by three
hours. Although the summerfallow bperation is not considered as critical
as the planting and harvestihg'operations in the ;eduction of yields, it
does pose as a'limiting.factor in respect to timeliness of operation. At
this time a decision is required to determine whetﬁér the inability to
perform a field.operatidn within certain time limits is imbortapt enough
to substitute a larger méchine or change thezmethod of a fielé operation
which would require another fype of tillage implement,'preferabIQ one

with a larger daily capdcity and the same or lower per acre costs.

"'l
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TABLE X, TIME SCHEDULE FOR 550 ACRE FARM, SHOWING DAILY CAPACITY FOR THE
DISTINCT FIELD OPERATIONS, THE DAYS REQUIRED, AND ACRES COVERED!

4-Plow Combination .. 5-Plow Combination

Optimum Time Acres Number Acres- Acres Number Acres

Allowance and pér of Covered per of Covered
Operation - day __.days Annually day days Annually .

Planting ’ '

(15-18 days) 32 8.6 276 42 6.6 275

1st Summerfallowing

(20-25 days) 29 9.5 275 38 7.3 275

2nd Summerfalloewing :

(10 days) 47 5.8 275 56 4.9 275

3rd Summerfallowing o

(10 days) 47 5.8 275 56 449 275

Total days 29,7 23,7

- Total hours ) 297 237

TABLE XI. TIME SCHEDULE FOR 944 ACRE FARM, SHOWING DAILY 'CAPACITY FOR THE
' DISTINCT FIELD OPERATIOQONS, THE DAYS REQUIRED, AND ACRES.COVERED.

o . 4-Plow Combination _ _5-Plow.Combination
Optimum Time Acres Number Acres A¢res  Number Acres
Allowance and . per of Covered per of Covered

Operation . day days Annually day davys Annually
Planting
(15-18 days) 32  14.8 472 42 11.3 472
1st Summerfallowing 7
(20-25 days) 29 16.2 472 38 12.4 472
2nd Summerfallowing '
(10 days) 47 10.3 472 - 56 8.5 472
3rd Summerfallowing )
(10 days) 47 10.3 472 56 8.5 472
Total days - — 5&.6 » - 40.7

Total hours 516 407
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Since one machinery combination would not meet the timeliness of
operation requirements, it became necessary to use tﬁo combinations of
equipment on the large farm. Two 5—plow combinations were used. It
was evident that 4-plow combinations would not be adequate to perform
field operatioﬁs within designated time spaﬁ;. If the 2,344 acres are

TABLE XII, TIME SCHEDULE FOR 2,344 ACRE FARM, SHOWING DAILY CAPACITY FOR
THE DISTINCT FIELD OPERATIONS, THE DAYS REQUIRED, AND ACRES

COVERED.,
B o TugoB-PLow: Combinationn- One 5-Plow Combination
Optimum Time . Acres Number Acres Acres Number Acres
- Allowance and ~ per of Covered per of Covered
QOperation day days Annually day days Annually
Planting 7 , )
(15-18 days) : 84 13.9 1,172° 42 13.9 586
lst Summerfallowﬁng
(20~25 days) 76 15.4 1,172 38 15.4 586
2nd Summerfallowing T AL T o 1 ’
(10 days) . 112 10.4 1,172 56 10.4 586
3rd Summerfallowing o
(10 days) 112 10.4 1,172 56 10.4 586
Total days 50 ‘ 50
Toal hours , 500 (1,000 man hours) 500

‘divided into halves the number of acres are indicated which need to be
covered in each summerféllowland_plghting operation. It is quickly eviw
dent that the 1,172 acre co&erége-required for each field operation is an
impossible task for one combination. Furtherhofe, two 4-plow gbmbinations
used simultaneously on 1,172 acres wili nét’cover the required acres as

Ay

quickly as necéssary. The 944 acre farm illustrated that the 4-plow
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combination did not meet timeliness of operation criteria when only a
472 acre coverage was required for each field operation. On the larger’
farm, -each combination must cover 586 acres per field operation. As a
result, the 4-blow combination'was considered as inadequate and it was
not considered as arialterriative on .the. 2,344 .acre.farm,

At the 586 acre level, as indicated by Table XII, the secénd and
third summerfallow operation become the limiting operatibns for the 5~
plow combination. At this acreage level these field operétions require
four hours more than the allocated time to perform the summerfallow opera-
tion. The 1,172 acre dryland crop farm or something slightly smallef es~ .
‘tablishes the upper limit with respect to acres of cropland where the 5-
plow combination could be used and still remain within iimeliness of

operation limits.

Gasoline Tractors With Given Machinery:

' As the previously presented material indicates, machinery combina-
tions must fit certain -timeliness of operation criteria. But within these
criteria, alternatives exist in terms of size and type of machines. The
relationships between fixed and variable costs, associated with variations
in the amount of use, are analyzed to determine when a shift should take
place in the.size of impléments or the size.of machinery combinations,

In comparing the machinery combinations wholly in terms of cost per
acré of cropland, the timeliness of operation limits loses a great deal
of significance. It becomes apparent that a lower cost per acre of opera-

ting the 3-plow combination relative to the 4—p16w combination is attained
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before the 4-plow combination reaches its time limits of operation. The
results given in Figure 13 indicate that timeliness of operation is rela-
tively unimportant in a choice between different sizes of machinery com-

binations. If the farm operator is not restricted by other factors, in

5-plow

Acres

Figure 13. Total Cost per Acre of 4-Plow and 5-Plow Machinery Combina-
tions Within Range of Timeliness of Operation.

preventing a shift, it would be beneficial from the standpoint of minimizing
costs to shift to a larger combination. The 4-plow combination will meet
the timeliness of operation limits on a dryland wheat farm with as much as

940 crop acres. However, the total cost per acre is less with the 5-plow
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combination thah with the 4-ploﬁ combination When the sizé of the farm"
reaches approximately 700 acres.
Costs for the Small Farm

In determining what the optimum combination would be for the 550 acre
farm, the difference in the cost per acre was the final criterion, within
the time limits specified for the various operations. 'Aé both combina-
‘tions easily mef the timeliness of operation requirements neither combina-
tion was ruled out upon these grounds. It was necessary to base the
decision on thé relationships of fixed and variable‘céﬁts associated with
.fhe’two sizes of machinery combinations. These costs, brought about by
a designated amount of use on a given acreage, determined which combina-
tion would have the lower total cost per‘écre;

Table XIII indicates the qagnitude of the fixed and variable costs
associated with the machinefy combination in performing the required fié@d
operatioﬁs. Depreciationy interest on investment, taxes, and insurance
costs aloné wifh the variabie costs associated with machiner} combinations
. using gasoline ﬁower are shown for the 550 acre farm. “

On an average total cost per acre basis,; the 4-plow combination is
four cents cheaper to own and operate. The diffeglnce in total cost be-
tween the two sizes of machinery combinations is not likely to be signifi-
cant. A choice between the two sizes would probabl& take place on somé

other grounds.

The total fixed costs per acre of the 4-plow COmbination aré $1.20
in comparison t6 $1.43 for the 5-plow combination. Variable costs fof.ﬁhe
4-plow combination are $1:15 per acre while the 5-plow combination has an

average variable cost of $ .97.



- 59 -

TABLE XIII. COSTS OF OPERATING 4-PLOW AND 5-PLOW MACHINERY COMBINATIONS
| USING GASOLINE POWER ON THE 550 ACRE FARM.

Machine Total Depre- Interest, Field . Acres Variable
Item Annual ciation Taxes, & Operation Covered Costs
Use Insurance

(4-Plow Combination)

Tractor
(gasoline :
4-plow) 297 hrs. $234.00 $123.28  Planting 275 $182,87
10* Drill 275 A. 76.10 30.48 Onewaying 275 = 186,72
12' Duckfoot 825 A, 38.30 22.96 Duckfooting 550 261.25
8! Oneway 275 A. 107.40 30.08 L
Totals $455,80 - $206,.80 Tot. Var. Costs =~ $630.84
Total Fixed Costs $662.60
Total Costs : $1,293.44
Average Total Gost per Acre ' $2,35

(5-Plow Combination)

Tractor

(gasoline

5-plow) 237 hrs. $285.00 $149.76 Planting 275 $161.15
12' Drill 275 A. 91.40 .32.96 Onewaying 275 - 157.57
14" Duckfoot 825 A. 46.10 27.68 Duckfooting 550 214.50
10 Oneway 275 A. 119,40 33.44 . :

Totals: $541.90 $243.84 Tot. Var. Costs $533,.22

Total Fixed Costs $785.74 '

Total Costs ' $1,318.96

Average Total Cost per Acre A $2.39

- : o Substituting Capital for Labor

The choice bétween-the two machiner& combinétions may very well be -
made on the availability of labor and capital. If the supply of labor were
critical or the price of labor were high, sixty ﬁours of labo; could be
saved by using the 5-plow combination. If the amount of capital is limited
the farm operator can substitute the use of labor for capital in perform-

ing the various farm operations.
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On the 550 acre farm where choices of mgchinery are between a 4-
plow_combination and the 5-plow combination and the charge for labor is
one dollar per hdur, it is advantageous to substitute.labor for machine
services.
In substituting a 5-plow machine?y coﬁbination for a 4-plow machinery

A .
. combination on a 550 acre farm, what must the price of. labor be before a

shift will minimize costs?

The cost of machine services for the 4-plow combination (total maéhiﬁe
costs less labor costs) is $996.16, while the cost of machine services for
the 5-plow combination is $1,081.54 (Table XIV). The 4-plow combination

TABLE XIV. COSTS RELATED TO 4—?LOW AND 3-PLOW MACHINERY COMBINATIONS USING
GASOLINE TRACTORS LESS, LABOR COSTS ON THE 550.ACRE FARM.

Type of Costs __4-Plow 5-Plow

Depreciation, interest, 7 :
taxes, and insurance . . $662.60 $785.74

Variable costs less labor
costs associated withs ’ -
Planting . 97.07 94,05

Onewaying . 9l1l.84 82,25
Duckfooting _ 144.65 116,50

Totals - .. $996.16  $1,081.54

reduces costs of m@ghine services by $85.38 in re;gtidn to a six day (60
hour) reductioh in the amount of labor by using the_B-plow combiﬁation (see
Table X). As a result, one hou& of labor substitutes for $1.42 of machine
services and tﬁe price of labor must be higher than $1.42 ber hour before
costs are minimized by substituting the.5-plow combination for the 4-plow

.combination.
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However, this analysis is readily applicable ohly to cases where
labor is hired. 1In instances where labor is provided by the family no
out—of—pocket expenses are involvéd and no set rate can be placed on
-family labor. Instead of considering family labor at any specific rate
its cost is the opportunity costs to the operator and his family in some

other job.

Costs_for the Medium Farms

ﬂsing the same type of anélysis, the total, fixed, and variable cosﬁ{
relationships can be determined for the 944 acre farm. In analyzing the
two sizes of machinery combinations, the same type of field operations
are uéed apd the variable. costs per acre are identical to those of the
550 acre farms; Except for the larger size of farm, all conditions remain
the same as those- found on the smaller farm. |

When the 4-plow and 5-plow machinery combinations are used §n the 944
acre farm, the S5-plow combinatien is the least costly to oewn andmopefateo
Total per acre costs associated with owning and operating the 4-plow com~
bination are $1.91 per acre. The average total costs of the S-plow combina-
tion are $1.82 per acre (Table XV).

The total fixed.costs per acre.of the 4-plow combination are $ .76,
compared with $ o85 for the 5-plow co_mbination° Variable costs of the 4-
plow combination are‘$l°l5 per acre. The 5-plow combination has a variable
cost of $ .97 per acre.

On the 944 acre farm, the substitution of capital fo:‘labor definitely

reduces the costs associated with power equipment and machine use. The
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use of the 5-plow cembination would entail a saving of 9 cents per acre
of cropland over the cost of using the 4-plow combinatien.

TABLE XV. COSTS OF OPERATING 4-PLOW AND 5-PLOW MACHINERY COMBINATION WIEH
' GASOLINE POWER ON 944 ACRE FARM.

Machine Total Depre-~ Interest, Field Acres Variable

Item - Annual ciation Taxes, &  Operation Covered Costs
Use Insurance

(4-Plow Combination)

Tractor
(gasoline (
4-plow) 516 hrs. $234.00 $123.28 Planting 472 $313.88
10* Drill .- 472 A. 76.10 30.48 Onewaying 472 320.49
12" Duckfoot 1416 A. 38.30 22.96 Duckfooting 944 448,40
8' Oneway 472 A. 107.40 30.08 Var. deprs.costs- 53.15
Totals $455 .80 $206.80 Tot. Var. Cpsts  $1,135.92
Total Fixed.Costs $662.60- ‘ . :
Total Costs $1,798.52
Average Total Cost per Acre $1.91

(5-Plow Combination)

Tractor
(gasoline ‘
5-plow) 407 hrs. $285.00  $149.76 - Planting 472 $276.59
12* Drill 472 A, 91.40 32,96 Onewaying 472 270.46
14% Duckfoot 1416 A, 46.10 27.68  Duckfooting 944 368,16
10* Oneway 472 A. 119.40 33.44 Var. depr. costs 19,04
Totals R $541.90.  $243.84 Tot. Var. Qosts $934.25
Total Fixed Costs $785.74
Total Costs $1,719.99
Average Total Cost per Acre ) $1.82

The total coét of'the machine sérvices for the 4—blow combination, less
labor costs, is $1,288.30. The cost of machine services for the S5-plow com-
bination, less labor costs, is $1,311.69 (Table xvi). The 4—plow,combina—h
tion reduces the coéts of machine services by $23.39, while the usé of

the 5-plow combination reduces the amount of labor by 109 Hours (Table XI).
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As a result, $ .22 of machine services substitute for one hour of labor.
With this type of reiationship, the cost of labor must be,fess than $ .22
per hour. Until the price of labor becomes this low, costs will not be
minimized by substituting labor for machine services in the farming opera-
tion.

TABLE XVI. COSTS RELATED TO.4-PLOW AND 5-PLOW MACHINERY.COMBINATIONS .
' USING GASOLINE TRACTORS LESS LABOR COSTS ON THE 944 ACRE FARM.

___Type of Gosts 4-Plow_. : _5-Plow

Depreciation, interest,
taxes, and insurance $ 715.76.. $ 804.77

Variable costé less
labor costs associated

withs
Planting 166,62 161.42
Onewaying 157.65 146.32
Duckfooting 348.27 : 199.18

TO'talS ) $l’288930 ’ . - : $l,311069

Rodweeder Alternative
Assuming that soil conditions are favorable, use of a rodweeder pre-

sents an important alternatiye ih machine use. Due to its light draft,
costs and running_time are reduced. The faster performance rate and
light draft reduce the variable operating costs, making it possible to
reduce the total costs per acre of tillage operations.

- The medium size farm can be used as an illustration of how time
limits for operations can Be ﬁet by the introduction of another implement
in the machinery combinétion. The use of a 4-plow macHineff'combination
failed to meet the time limits of operation in the second and third summer-

.fallow operation. The duckfoot did not have the necessary capacity to
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till the required acfes in ten days. Substitution of a rodweeder in the
machinery combination decreased the time required to perform each.summer—
fallow operation by one day. Where the duckfoot required 10,3 days te
cultivate 472 acres, the rodweeder accomplished the task in 9.25 days.

Table XVII shows the per éére cost of summerfallowing by using the
duckfoot or rodweeder. The $ .66 per acre cost of rodweeding is consider-
ably less thanAthe $ .72 per acre cost of duékfooting fallow.

TABLE XVII. AN ANALYSIS OF COSTS PER ACRE OF RODWEEDING AND DUCKFOOTING
OPERATIONS ON THE 944 ACRE FARM,

Costs Rodweeding Duckfooting

Tractor

Depreciation/acre % a2 $ .12

Interest/acre 065 065
Machinery

Depreciation/acre 2062 .04

Interest/acre .02 .024
Operatin§ Costs

Fuel/acre .09 . 0112

0il/acre .01 .013

Machinery repair/acre .048 .061

‘Tractor repair/acre . .051 077 -

Labor/acre - 2196 2212
.Total Cost per Acre o $ 662 $ 724

However, this comparison is limited only to the second and third
summerfallow-operations. It does not take into donsideration the fact
that the fixed costs asspciated with machine use are increased by having
both a duckfoot and a rodweeder in the machinery combination. In con-

sidering the total costs of owning and operating the machinery combination
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the inclusion of a rodweeder will reduce the variabla operating costs of
the second and thirdsymmerfallow operations, but tctal fixed costs will

be increased for the entire combination.

Costs: for the Large Farm

The 2,344 acre farm provides a flnal cost analysis of a machinery
comblnatlon, using gasoline power, relative to a givem acreage of cropland.
On this size of farm, the 4-plow combination no longer meets the timeli-
ness of operation limits. As a result, the 4-plow combination was ruled
out as inadequate on the large farm and only the 5-plow ccmbination-is
used in the cost analysis.,

Two 5-plow combinations are used simultanebusly to provide the large
daily acreage capacity required'to perform the various field eperations
within required time limits. .One S-plow combination was inadequate. Table
XII 'indicates that even the two 5-plow combinations, used simultaneously,
failed by a small.mafgin'to meet timeliness of operation limits in the
secocd and third summerfallow operationspz/ '

Although the S5-plow combination was not comparEd-with almachinery
combination ef another size, it did provide a basis for a morg complete
,ielationship of fixed and variable costs in respect to a greater amount
..of annual use. 1In addltlon, the timeliness of operation llmlts are esta-
blished for the 5-plow combination..

To determine the cost of ownership and operation of one S-plow com~

bination on a 2,344 acre farm, it was necessary to divide the work load

: —/ In specific cases this pressure of timeliness of operation could pos—
sibly be eased by the use of diesel power.
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equally between the two machinery combinations. This means that one .5-
plow combination must provide one half of the machine.services. in. each.
field operation. Each ﬁachinery’combination must provide the power and
machinery requirements for planting one half (586 acres) of the 1,172

acres planted each spring. The 1,172 acres covered ‘in. each summerfallow

operation is divided in a similar manner.

The costs shown in Table XVIII are determined on the basis of two 5-
plow combinations performing the field operations simultaneously on 2,344
acres of croplands Half of the field operations are performed by one 5-

plow combination which would be eqaivalent to one machinery combination

TABLE XVIII. COST OF OPERATING ONE 5-PLOW COMBINATION ON A 2,344 ACRE

FARM.
Machine , Total Depre- Interest - Field  Acres  Variable
Item -Annual ciation Taxes, & Operation Covered - Costs
Use Insurance

Tractor _

(gasoline ‘ ' ‘

5-plow) 500 hrs,.$285.00 $149.76 Planting 586 "$ 343.40
12% Drill 586 A. 91.40 32,96 Onewaying 586 335.78
14* Duckfoot 1758 A. 46.10 27.68 Duckfooting 1172 454,74
10" Oneway 586 A. 110,42 33s44  Var. depr. costs 37.97

Totals $532.92  $243.84 . Total var. costs $1,171.89

Total Fixed Costs $776.76 '

Total Costs : $1;948,.65

Average Total Cost per Acre ’ A $1.66

on a 1,172 acre farm. The cost figures shown in Table XVIII are those for
one machinéry combination. To obtain the total machine costs for the
2,344 acre farm, the figures should be doubled.

The average total cost per acre of a 5-plow combination, used on

1,172 acres; is $1.66. Average fixéd costs are $ .66 per acre; the aver-

agé variable costs are $1.00 per acre,
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Most Profitablngasoline Combination

The cost relationships obtained from varying the acreage with’ respect
to a given size of machinery combination substantuates the following points
which should be éonsideéred in determining-what machine to buy: (1) the
difference in the first cost of “the large and small machines, (2) the
annual'use to be maée of the machine, (3) the amount of labor saved by the
large machine, and (4) the relative values of capital and on the farmgg/

Differences in first costs are significant. A higher first cost means
a higher fixed cost. If the difference in the first cost of the larger
machine is a great deal more than the first coest of the smallér machine,
the higher fixed costs of the ‘larger machine will not be offset by the
labor and other variable cos%s saved in using the larger‘maéhine,

This same comparison is used in comparing-the 4-plow and 5-plow
machinery combination. The original cost of the 5—ploW combinatidn was
$6,095, while the cost of the 4-plow combination was $5,243. The effect
these first costs had on fixed costs is illustrated in Figure 14. The
avérage fixed costs per acre for the 5-plow combination used on 550 acres
of cropland are $1.43.per acre, whilé the average fixed costs for the 4~
plow-combination are $1.20 per acre. .

As the annual use of the machinery combinations increases, the higher
total fixed costs of the larger machinery combination are spread over
more and more units of use in terms of acres and the differences between '
the average total fixed costs per acre of the larger machine and’ the smaller
machine decreases. Figure i4 illustrates the convergencé of the;averagem

total fixed cost curves of the 4-plow andusrplow~machihery combinations.

8/ Heady ana'Jenseﬁ, op. cit., p. 379.
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4 -plow
5-plow
5-plow
4-plow
550 600 800 944 1,000 1,172 2,000

Acres of Cropland
Figure 14. Average Total and Fixed Costs per Acre for 4-Plow and 5-Plow
Machinery Combination

The amount of annual use is an important determinant of the profita-
bility of a small or large machine. In Figure 14 the average total cost
curves indicate the effect of annual use relative to the 4-plow and 5-
plow machinery combinations. At approximately 600 acres the average total
cost per acre of the 5-plow combination becomes less than the average

total cost of the 4-plow combination.



- 69 -

As the average variable costs per acre remains the same with increased
use (variable depreciation costs excluded), the decllne in avérage total
costs per acre is due to the decline in average fixed costs per acre
-relative to inqreased‘annual use., Howevér, the increase in variable.de-:'
preciation costs (Tablé XIX)'pe; acre are more tﬁan.offset by the decrease
"in fixed costs. J'

 TABLE XIX. AVERAGE VARIABLE DEPRECIATION. GOST PER ACRE WITHIN RANGE OF.
C ' TIMELINESS OF OPERATION.

Size of . :
Machinery N Acres of Cropland
Combination 500 944 _ 1,167

4-plow 0 $.056
S-plow _0 02 $.032

Diesel Tractors and Given Machinery:

Tﬂe utilization of .diesel power in'the farming operation is another
alternative available to the dryiand farmer. Diesel powér affécts tractor
costs in two wayss (1) it reduces the variable costs and (2) ‘increases
the fixéd costé. Variable costs afg reduced by the utilizétion of a lower-
priced fuel, while fixed costS'increase'because of a higher origihal cost.

Profitability of using diesel tractors depends upon the extent that .
reduced fuel costs will offset the added fixed costs. If'a rise in the
cost of the diesel tractor increases the fixed costs by a largé amount, it
may be impossible for the reduced fuel costs to offset these higher fExed
costs. | |

Hence, gasoline tractors provide a more economicél source of power

on small aéreages. As the annual use of tractors is increased the higher
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total fixed costs on the diesel tractor are spread over more and more
units of service and the differences in costs between the gasoline and
diesel power units .are lessened.

To determine the advantageé or disadvantages of using diesel power,
diesel tractors of the same size ére.substituted ip the macHinery com-
‘binations.in place of gasoline -tractors, The performance rates for
various field operations are assumed identicai to those of the gasoline
tractor. All equipment used with the diesel tractor are the same as those
used with gasoline tractors'of‘the.same size. Each size of farm is taken
individually and the 4-plow and 5—pldw aiesel‘trgctor with its given
machinery are related to the given acreage;

Time;iness of operation limits are used in the same manner in analy-
zing diesel power, as they were used with respect to gasoline power. The
4-plow combination is not considéred'on the large farm because of limits
in timeliness of operation and 944 acres of cropland established the '
timeliness of operation limit f6r the 4;plow machinery combination.

In determiﬁ}ng how th; use of diesel power compares with gasoline
power, the two sizes of diesel tractors with a given complement of field
equipment is analyzed first on the 550 acre farm. The total, fixed, and
variable costs are determined foiieach size of power equipment and macﬁinery

combination.

Costs for the Small Farm
Table XX indicates the magnitude of the total, fixed, and variable
costs of the 4-plow and 5-plow machinery combinations in performing the

required field operations on a 550 acre farm.
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TABLE XX.. COSTS OF OPERATING 4-PLOW AND 5-PLOW MACHINERY COMBINATIONS
WITH DIESEL TRACTORS ON THE 550 ACRE FARM.

.Total .Interest, :
Machine Annual Depre- Taxes, & - Field Acres Variable

Item ' .""Use ciation Insurance Operation Covered Costs
et o . Tt : PO

(4-Plow Combination)

Tractor

(diesel - , , ; '

4-plow) 297 hrs. $298.00 $157.84 - Planting 275  $169.68
10' drill 275 A. - 76.10 30.48 Onewaying 275 176.00
12' duckfoot 825 A. 38,30 22.96 Duckfooting 550 244,20

8' oneway 275 A. 107.40 30.08 - , ~ ,

Totals o $519.80 $241,36 Total Variable Costs $589.88
Total Fixed Costs ' 761.16 R St
Total Costs - $1,351.04
Average Total Cost per Acre ' 2,45
(5-Plow Combination)
Tractor. .

(diesel

“B-plow) 237 hrs. $371.00° $192.72 . Planting 275 $139.98
12' drill 275 A. 91.40 32.96 Onewaying 275 139.98
14' duckfoot 825 Awur + 46.10 '~ 27.68 Duckfooting 550 213.40
10' "oneway 275 A. 119.40 33.44- Total Variable
Totals i $627.90 $286.80 Costs $493,.36
Total Fixed Costs $914.70° ) .
Total Costs ’ $1,408.06
Average Total Cost per Acre 2,56

In comparing the average total costs per acre the 4-plowvmachinery
combination using diesel poﬁer"is ;ore economical to own and 6perate thaq
the 5-plow combination. The average total cost per acre for the 4-plow
combination is $2.45, wﬁile the average total costs pér acre of.the 5-plow
combination are $2.56. Averaée total fixed costs for the 4—élow combination
are $1.38 in comparison to $1.66 for the S-plow combination. Average total

variable costs are $1.07 for the 4-plow combination while the average

total variable costs for the 54piow combination are $.90.
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The usé of the 4-plow combination decreases per acre costs-by eleven
cents and.a choice between the two sizes of combinations would favor thé
larger combination. The higher fixed costs involved in the use of the
.1arger combination are 6ffset by thé decréaseé in variable costs.

In the previous comparison of -machinery combinations using gasoline
power on the 550 acre farm the 4-plow combination was judged the most
economical to own and opérate. The aVeiage total cost per acre of-$2035
was less than the average total cost of the 5-plow combination. On this
basis of determining the optimum machinery combination, how does the 4-
plow gasoliné combination compare with the 4-plow diesel combination
on the 550 acre farm?

In comparihg the average .total cost per acre the $2.45 cost per acre
of the 4-plow diesel is 10 cents moré per acre than the 4-plow gasoline
combination. The spread of‘the per acre costs of two combinatiohs'giVes

the 4-plow gasoline combination only a slight profit advantages.

Costs for the Medium Farms

A similar comparison is possible on the 944 acre farm. The 4-plow
and 5-plow machinery combinations using diesel power are compared on the
larger acreage to détérmine the various cost rglat;onships.and-the?most
profitable combination of power equipment and‘mééhinery@'

When the 4-plow and 5-plow diesel combinations are used on the "944
acre farm on the 5-plow combination is thé most pfofitable to own and opér-
ate. Total costs per acre a§SOCiated with owning and operating the 4-plow
combination are $1.94. The average total Cosfs per acre of the 5-plow com-

bination are $1.87 (Table XXI).
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TABLE XXI, COSTS OF OPERATING 4-PLOW AND 5-PLOW MACHINERY COMBINATIONS
) WITH DIESEL TRACTORS ON 944 ACRE FARMS.

Total Interest, - ‘
" Machine Annual Depre- Taxes, & Field Acres ~ Variable
Item -__Use ciation Insurance Operation Covered Costs
(4-Plow Combination)
Tractor
(diesel - )
4-plow) 516 hrs. $298.00 $157.84 Planting 472 $291.22
10* Drill 472 A. 76.10 30.48 Onewaying 472 302.08
12' Duckfoot 1416 A. 38,30 22.96 Duckfooting 944:  419,14.
8" Oneway 472 A. 107.40 30,08 Var. depreciation _ 53,15
Totals - $519.80 $241.36 Total Variable : _
Total Fixed Costs $761.16 Costs ©7 $1,065.59
Total Costs : $1,826,75
Average Total Cost per Acre ‘ $1.94
(5-Plow Combination)
Tractor
(diesel
5«plow) 407 hrs. $371.00 $192.72 Planting 472  $240.25
12% Drill 472 A, 91.40 32.97 Onewaying 472 240.25
14* Duckfoot 1416 A, 46,10 27.68 Duckfooting 944 366,27
10% Oneway 472 A, 119.40 33.44 Var. depreciation 19,04
Totals $627.90  $286.80 Total Variable ‘
Total Fixed Costs $914,70 Costs $865,81
Total Costs $1,780.51
Average Total Cost per Acre $1.87

The total fixed costs per acre of the 4-plow combination are $ .81,

compared with $ .97 for the 5—plow combination. Variable costs of the 4-

plow combination are $1.12 per acre while the S-plow combination has a

variable cost of $ .92 per acre.

Costs for the Large Farms

On the 2,344 acre farm the 4-plow combination was not considered as

.an alternative.

The analysis of gasoline tractors indicated the 4-plow
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combination did not meet timeliness of operation requirements on the
'2,344 aére farm. Two 5-plow combinations are again usedcsimuttéheouslyg
on 2,344 acres of cropland to perform the field operations. Half of the
field operations are performed by one 5-plow combination which is equiva-
" ‘lent to one machinery combination -being used on 1,172 acres. The l,i72
acres of crogland is the acreage base for testing the 5-plow diesel powered
combination on the large farm.

The calculated total costs in Table XXII are determined on the basis
of i,l72 acres of cropland. These cbsts,‘plus_a similar amount from
another 5-plow machinery combination,\determine the  total power équip-
ment anq machinery costs for the 2,344 acre farm.

TABLE XXII. COST OF OPERATING ONE 5-PLOW MACHINERY COMBINATION WITH DIESEL
POWER UNIT ON A 2,344 ACRE FARM

. Total Interest, '
Machine - Annual Depre- Taxes, & = Field Acres Variable
Item: Use ciation Insurance _Operation Covered Costs
Tractor
(diesel . _
5-plow) 900 hrs. $371.00 $192.72  Planting 586  $298.27
12® Drill 586 ‘A. 91.40 32.96 Onewaying 586 298,27
14* Duckfoot 1758 A, 46,10 27.68 Duckfooting 1172 434,82
10® Oneway 586 A. 110.42 33.44 Var. depr. costs 37.97
Totals $618,92 = $286.80 Total Variable _
Total Fixed Costs $905,72 Costs $1,069.35
Total Costs $1,975,.05.

Average Total Cost per Acre . - $1.68

The average total costs per acre of a 5-plow combination with diesel
power used on 1,172 acres are $1.68. Average total fixed costs are § 77

per acre and the average variable costs are $ .91 per acre.
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Optimum Combinations

The fixed and variab;e cost relationships associated with the use of
diesel power in the machinery combination are important in deﬁ%;mining
which size of machinery combination is the most profitables The fixed
cost relationships with respect to first costs of equipment and amount of
annual use are especially significant.

Diesel tractors are characterized by high first costs and‘high fixéd
costs. The first costs of diesel tractors are considerably higher than
gasoline tractors of similar,horsepowei. . Table VI indicates that a 4~
plow gasoline tractor .can be puréhased for $3,082 while the 4-plow diesel
tractor -has an initial cést of $3,874., |

The magnitude of the increase. in fixed costs resulting from the sub-
stitution of a diesel tractor for a gasoline tractor in a machinery com-
bination is indicated by Figure 15. The fixed costs (depreciation, intérest,
on investmenf,,taxes, and insurance) are higher, throuéhout the range of
timeliness of operation, for the diesel tracter in relation to a gasoline
tractor of similar size., This would indicate that the amount of annual
use within-timelingss limits is insuffiéient for the fixed costs of the
diesel tractor to.drop below those of a gasoline tractor.

Whén machinery combinations of ‘the same size using gasoline and
diesel power are compared, it becomés‘evident that the high fixed costs
are not offsgt withiﬁ the range of timeliness of operatien by savings in

lower fuel costs.g/ As Figure 15 illustrates, the total cost per acre of

2/ Assuming the performance.rates obtained from the use. of diesel power
are ldentical to those obtained from the-use of gasoline power for a
similar tractor.
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the combinations using diesel power do not become less than the costs of
combinations using gasoline power. The total cost per acre of the 4-plow
diesel combination is always above the total Eost per acre-of the 4-plow .
‘gasoline combination, within the. limits of timeliness of operation. Simi-'
larly the total costs.of the S5-plow diesel combination remain. greater
than thé fbtél.costs of 5-plow gasoline combination within the range of
timeliness of operation.

Using total cost per acre as the baéic criferion of choice, the total
cost relationships in Eigure 15‘ipdicate the optimum maphingry combinatiogg
relative to varying amounts of annual use. The total costs pér acre igéi-
cated iq Figure 15 show that the 4-plow gasoline combination is the most
profifable to use until écres of croplahd reach approximately:700 acres,
Beyond 700 acres the 5-plow gasoline combination becomes the rmost pro-
‘fitable to own and .operate. At .no-time within the acreage 1imitatiqg‘ﬁni
.posed by timeliness . of operation do the diesel .powered cohbinations be- _
come the most ecénomical combination of power equipment and machinery.

Within the range of acres of cropland, shown in Figure 15, the
machinery combination with the lowest average total costs per acre is con-
sidered as the optimum combination. These cost relationships are limited
to the acreage range imposed by time limits of operation.  As the machin-
ery combinations do ngt have sufficient capacity to perform field opera-
tions beyond this range of acres of cropland, costs associated with power
equipment and machine use become irrelevant to the problem.
| The lower terminals of the cost curves in Figure 15 indicate thé

timeliness of operation limits for a given size of machinery combination.
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Figure 15. Average Total and Fixed Costs per Acre for 4-Plow and 5-Plow
Machinery Combination Using Gasoline and Diesel Power.

The 4-plow combinations reached the limits with respect to timeliness of
operation on 944 acres of cropland. The 5-plow combination no longer per-

formed all of the field operations within set time limits at 1,172 acres.
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’These time limits served as the primary criteria in determining what size
-of machinery to use. Choices within the range of t1mel1ness of operation
are made on the lowest total cost per acre.
However, choices of optimum machinery combinations are limited to the
discrete'acreages of 550, 944, and 2,344.. It is for these sizes of‘farmeg
used in this analysis that an optimum combination of power equipment and

related field implements for planting and.fillage are determined, .

Summary of Combination Cooioes:

Begioning with the 550 acre farm,the combination of'equipment-which
will minimize costs and perform field operation‘within timeliness of
opelation limits is the.4;plow gasoline combination. As. Table XIII shows
the average total cost per acre of operatlng the 4-plow combinatlon is
$2.35 ‘“while the cost of owning and operating the next best alternative
(5-plow gasoline combination) is $2.39 per acre.
| On the 944 acre farm the 5-plow gasollne‘combinaiion has the lowest
per acre costs at $l,82 per acre,'eee Table XV, while the 5-plow diesel
combination, which is the next best alternative has a per acre cost of
$l.87° Finally, the most economical combination to use on the 2,344 acre !
farm is the 5-plow gasoline combination., The S-plow gasoline combination
has a total cost per acre of. $l 66 compared to a total cost of $l 68 for
the S5-plow diesel combination,

. The foregoing figures illustrate that the toﬁal costs per acre between
the optimum combinatloh and the next best alternative for a given acreage
are not large. ,The savings in actual dollars afe small and a change in

the price of such items as fuel, labor, and repair parts could affect the
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choice of an optimum macﬁinery combination, If the costs of speéific
items such as.labor or gasblineIincrease,,theumachinéiy combinations
which use these high cost items in the greatest amount will be placed at
a relative disad&antage comparable to combinations which do not use these

items in such abundance,

The choice between the 4-p19w gasoline combination and the 5-plow
gaséline combination on the 550 acre farm could be affected by the cost
of labor (see pages 59 and 60). If the supply.of labor is limited,
raising the cost of labor to $1.42 per hour, the 5-plow gasoline combiﬁé—
tion will become the'most préfitable te own and operate. When the price
of labor becomes $1.42 per hour it is profitable te substitute capital
for labor in the machinery combiﬂation°

The choices available in tractors and their related tillage and plant-
ing equipment on the 944 -and 2,344 acre farms are between the 5-plow géso—
line cqmbination and the 5-plow diesel combination. In both cases the
gasoline powered combination has lower costs per acre. The.higher fixed
costs due to the higher first costs of the diesel tractor are not offset
by the reduction of variable costs. As Figure 15 %llustrates, the 5-plow
diésel.combination-reaches the limits of timeliness of operation before
the costs associated with operation and ownership fall bglow those of the
S-plow gasoline combination.

Due to the narrow spread in total costs between the two machinery
combinations, the final choicé as to which type of power to use may hinge
on the relative prices of gasoline and diesel.fuel.

Figure 16, illustrates the break-even prices of gasoline and diesel

fuel for 5-plew gasoline and 5-plow diesel combinations, used on a 2,344
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acre farm. In performing the required field operations on this size of

farm with diesel and gasoline power, one gallon of gasoline substitutes

for .9 gallon of diesel fuel. Line OB in Figure 16 gives the rate of

substitution of gasoline for diesel fuel. The X axis gives the price of

gasoline, while the Y axis indicates the required break-even price of

diesel fuel.

PRICE OF GASOLINE
Figure 16. Break-even Prices of Gas and Diesel Fuel

The break-even price iIs the necessary purchase price for diesel fuel

where diesel fuel can be substituted for gasoline and the cost of using

diesel or gasoline power breaks even. If the price of diesel fuel is

higher than the break-even price, gasoline will provide the most economical
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form of power. A price for diesel fuel lower than the break-even price
will make diesel power the most economical.

In this stﬁdy, gasoline power proved to be the most economical. How-
ever, individual cases are possible whe?e the reverse situation could -
occur. The relative pricés of diésel fuel and gasoline ‘could change. An
increase in the price of gasoline or a decrease in- the price of diesel
fuel—~/ would affect the total cost per acre and brlng about a shift to
the use of diesei power, Situations are also'possible'where gasoline
substitutes for diesel fuel in a different ratio. If the rate of substi-
tution of diesel fuel foi.éagq;ine should become less than .9 gallohs . to
one, a reduction in power cgsts‘which would be more favorable to the.use
of diesel power would .occur.

Another one of the more important factors to consider in the selec-
tion of a diesel or gasoline power unit-on a large acreage is the dif-
ferences in performance provided by the two types of power in accomplish-
- ing the various farming operations.,’ Hence, in considering the uée of
diesel power, the greater cost per acre may be offset by-bette;wpe;fgr-.
mance in the Qarious.farming:operations which in turn will increase the
final yield, If the .assumption -is-made that-yields are increased by the

better performance 6f diesel power, a choice of the type of power to use

rests upon a comparison of..the.additional cost -of owning and operatlng a

diesel power unit-and the- addltlonal returns through 1ncreased yields,
Under these condltlons, the use of diesel power must increase yields

to an extent where the additional cost of using this ‘type of power is off-

ﬂset‘by“the'larger returns"brought about by ihcreased yields. If the

10/ In this study the price of diesel fuel used is $ .17 and the price of
gasoline is $ .22 per gallon.
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'increased returns do not offset increased costs, gasoline power would remain
the most economical source of power to use.

Due to a lack of reliable information, this study does not attempt to
evaluate the cost of using diesel or gasoline power relétive to the respec-
tiye yields obtained. However, if accurate information is available on
the change in yields due to the use of a. particular machinery combination,
the increase in yields necessary to compensate for the ihcrease in costs
of using a particular combination can be calculated,

The folloﬁing equations provide a méthod of determining which type
of power to use with specific farm implements which will bring about the
greatest return to net farm income. The equation Ry = dq Py ~ Cg is used
to determine the returns from the use of diesel power'in a machinery com-
bination and Rg = Qg Pw - Cg is used to determine the returns from the
use of gasoline power in a similar machinery pombination° Rd and Rg refer
to the monetary returns of using either type of power in the machinery
combinations Q and Qg are the yields in bpshels; Pw is the price of wheat
or some other grainj and Cd and Cgvare the cpsts associated with the usé
of each type of power unit. | |

Solﬁing for Qg - Qg by substituting in the équation

Qq = Qg = Ry — Ry + Cy - C
P

w

the amount of increase in yield necessary with the use of diesel power
to obtain a break-even point can be determined. The increase” in yield
through the use of .diesel power must be equal to or greater than this

amount to make the use of diesel power the more advantageous to use.
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Combines:

Harvesting represents one of the major jobs in dryland cropyprodugtion
and it is characterized by the use of expensive equipment. The high initial
costs of self-propelled combines represent approximately one~half of total
investment in farm equipment. Using 1954 prices, the purchase price of a
14 foot self-propelled combine was $5,558 compared to $5,170 to purchase
the 4-plow gasoline combination required to perform the planting and till-
age. operations. In this example, the combine investmént represented 51.8

percent of the total machinery investment.,

Timeliness qf Operation

To determiné which size.of combine would be the most profitable to
own, the most Widély:ﬁsed t;pes énd sizes of combines*found in the samplé
area were tested on the 550, 944,-and“2,344 acre farms. Survey‘ﬁata ob~
tained*“from the sample area indicated tﬁat the-most popular sizes of com-
bines used are the-l2—f06t, l4-feot,.and lé-fdot self-propelled  combines.
As pull-type combines, found in use, are limited in numbers, the alterna-
tives in the harvesting operatiqh'are limited . to the l2—foot; l14~foot, and
1l6~foot sizes of self-propelled combines.

The three sizes of self-propelled combines are relatéd to the‘given'
acreages to determine if each size could perform the harvesting operation
within the time allowed. The harVesting operation must be completed within
15 days afte; the .crop .is ready for harvest, to prevent excessive losses
in yields. Combines ére considered adéquate in size if harvesting 'is

accomplished within 15 days.
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Iable XXIII indicates the acres per day that' each size of comblne can
harvest and the number of days required to perform the harvesting operatlon
on the 550, 944, and 2,344 acre farms. Each met the fifteen days time limit

of operation on the three given sizes of farms.,
}

TABLE XXIII. TIMELINESS OF OPERATION FOR SELF-PROPELLED COMBINES WITHIA
TIME LIMIT OF 15 DAYS ON THE 550, 944, AND 2,344 ACRE FARMS.

(Two combines)

Size 550 Acre Farm 944 Acre Farm 2,344 Acre Farm
‘ Acres No. .. Acres Acres: No. Acres Acres No, Acres
per of ' .Covered per. of Covered per of Covered

Day_Days Annually Day Days Annually Day Days Annually

12° 39  7.05 275 39 12.1 472 39 15 586
14 . 44 6,25 275 44 10.7 472 44 13,3 586

16° 48 5.7 275 48 9.8 472 48 12,2 586

The acreage on the 2,344 acre farm was so great that two combines
 were required to accomplish the harvesting operation. The number of acres
to be harvested annually is 1,172. These acres were divided equally be-
tween the. combines. As a result, each combine is required to harvest 586
acres during a given year.

Most Profitable Size

The most profitable size of combine to own and operate was determined
by comparing the,per acre costs of, the combiﬁéé when the combines are used
on a given acreage. The tables that ‘follow 1nd1cate the varlous costs for.
the 12', 14', and 16' combines on 550, 944, and 2, 344 acre farms,

Comparison of the average total costs found in Tables XXIV, XXV, and

XXVI, show that the 14! self—propelled combine minimizes costs on all
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three sizes of farms. The average fotal cost per acre of $3.34 for the
14 combine is four cents less than the total cost per acre of the 12°
size oﬁ the 550 acre farm. The average total cost per.acre is thirteen
cents less than the 16° sizg on the 944 acre farm and twelve cents less
than the 16° size on the 2,344 acre farm.

TABLE XXIV. FIXED, VARIABLE, AND TOTAL COSTS OF A TWELVE-FOOT SELF-
PROPELLED COMBINE USED ON 550, 944, AND 2,344 ACRE FARMS.

Size of Farm

280 944 . 2.344

. Acres of Annual. iUse - : 275 472 586
Fixed depreciation $407.83 $407.83 $407.83
Interest, taxes & insurance 201.76 - 201.76 201,76
Total fixed costs’ 609.59 609.59 609,59
Average fixed costs - 2,22 1.29 1.04
Variable depreciatiom _ : 106.82 228,90
Variable operating costs 324,22 556.49 688,54
Total variable costs 324,22 663,31 917,44
Average variable costs 1.18 . 1.40 1.57
Total costs 933.81 1,272,90 1,527.03

Average total costs 3,38 . 2,68 2,61

TABLE XXV. FIXED, VARIABLE, AND TOTAL COSTS OF A FOURTEEN-FOOT SELF-
PRQPELLED COMBINE USED ON 550, 944, AND 2,344 ACRE FARMS,

Size of Farm -

550 944 2,344
. Acres of Annua¥f Use 275 472 586

Fixed depreciation ) $450.66 $450.66 $450.66
Interest, taxes & insurance 222,32 222.32 - 222.32
Total fixed costs 672.98 672.98 672.98
Average fixed costs 2:44 1.42 . 1.15
Variable depreciation : 59.40 180,36
Variable operating costs 244,48 419,60 519,17
Total variable costs 244,48 479.00 © 699,53
Average variable costs .88 1.02 1.20
Total costs 917.46 1,151.98 1,372.51

Average total costs : 3.34, 2:44 _2.35
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TABLE XXVI. FIXED, VARIABLE AND TOTAL COSTS OF A SIXTEEN-FOOT SELF-
PROPELLED COMBINE USED ON 550, 944, AND 2,344 ACRE FARMS.

Size of Farm

550 944 2,344
Acres of Annual Use 275 275 586
Fixed depreciation $510.25 $510.25 $510.25
Interest, taxes & insurance 250.88 250.88 250.88
Total fixed costs 761.13 761.13 761.13
Average fixed costs 2.76 1.62 1.30
Variable depreciation 59.40 180.36
Variable operating costs 256.85 440.85 545 .46
Total variable costs 256.85 454 .17 683.10
Average variable costs A -96 1.17
Total costs 1,017.98 1,215-.30 1,444 .23
Average total costs 3.70 2.57 2.47

Figure 17 illustrates that the total costs of the 16" combine drop
below those of 12" size at approximately 400 acres, bu® at no time within
the range of timeliness of operation does the cost become less than the
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Figure 17. Total Costs per Acre for 12°, 14", and 16" Self-Propelled
Combines in Relation to Acres Harvested.
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14' combine. At'§60 acres, when the 14" combine reaches a m%ﬁimum in acres
which a combine of this size can harvest within the allowed time limit of
fifteen days, its costs are substantialiy lower than the 16' combine. ‘As
a result, the 14! qélf—propelled combine can be considered as the most
profitable machine to perform the harve;ting operation under the given

conditions on the 550, 944, and 2,344 acre farms.

Custom Hire

Hiring of machine services in the dryland farming area of northeastern
Montana is primarily limited to the combining'qperation, Other machines
are owned independently. Few cases were found of machine services hi;ed
to perform planting and tillage.operations. As a result, the testing of
alternatives . in custom hiring of machine services are limited to those
* associated with combines.

It might be.supposed thét the combine service could be hired economi-
cally because of the low annuél use of combines on many farms‘and.théir
large investment. If ‘the acreage of a farm is small, the combine wil be
u§ed only a short time each year and higﬁ costs will result. Whether or
not it is profitable to hire combining services depends upon the relation-
ship between costs of owning and using.machines and the cost of hiring of
services performed. |

The current rate ($3.25 per acre) of hiring combiﬁing services in
: northeastefn Montana is shown in Figure 17 by the line AB. The inter—~
sections of AB with the total cost curves of the 12', 14°, and 16* combines

provide "break-e#en“'points between owning and hiring. Point C indicates
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the acreage at which the cost of hiring is equal to the cost of owning and
operating a 14" self-propelled combine. Similarly D aﬁd E show, respec;
tively, the acreageé at which the cost of‘hiring c6mbine services is
equal to the cost of owning thé 12' and 16* self-propelled combine. If
the number of acres harvested annually is less than those indicated by
points G, D, and E, it would be more profitable to hire combining services
thén to dwn the resbective sizes of self-propelled combines.

Assuming that the costs involved in owning and operating combines are
the same as those used in this study and'fhat the cost of hiring is also
identical, the dryland farmer would find it unprofitable to own a self-
propelled cdmbine if the approximate annual use is less than 285 acres.

If the annual use of a combine is less than 285 acies, the total cost per
acre of owning and.operatingla combine is greater than the current hiring

rate of $3.25.



PART III
CONCLUSIONS_
TRACTOR 'POWER AND NON-HARVEST MACHINERY
The attempt hereih has been to.determine an ;ptimum machinery com-
bination;for use on drylama crop farms, Choices of machinery combinations
-are assumed to be based on two e?iterig: '(1) the per acre costs involved
in the use of a pérticular machine and (2) the ability of a machine to
perform all field work within time limits imposed by qlimatic factoz‘-s°
Qn.the basis of these criteria, the optimum combinétions of non-
hanvest machinery.for sizes of farms tested ére as followss
(1). 550 acre farm--4-plow gasoline combination |
(2) 944 acre farm--5-plow gasoline combination
(3) 2344 acre_fafm——tWo 5-plow gasoline combinations
The second and third summerfallow operations are the limitimg opera-
tions to consider in proViding adequate services within time liﬁits-imposed
by climatic factors; Gonsidering the second and third fallow operatiéns
as the limiting operafions, the 4-plow combination will provide gdequafe
- Mmachine services for 930 acres of croplénd. The 5-plow combination Would
provide serXvices for 1,172 acres of crb;zland° '
The analysis reveals that total costs per acre of owning and operating
a large 5fplow'gasoline combination becomes less than the total costs of
the smaller 4-plow gasoliﬁe combination before eithér machinery combination
reaches its time limit of operation. The 4-plow gasoline combination will

perform the required field operations within the time limits of operations



- g0 -
on a farm as large as 930 acres. But the total cost per acre of the S—Plow
gasoline combination becomes les§ than the 4-plow gasoline combination at
approximately 650 acres of cropland.

On the other hand, a comparison of the 4-plow aiesel combination and
the 5=plow diesel combination reveals that the S-plow diesel combination
is more economical to own and operate than the 4-plow diesel combination
over the entire rangé of farms tested.

The differences in total costs per acre for the optimum machinery com-
binations and the neXt best alternatives are relatively small:

(1) 550 acre farm --4-plow gasoline combination-—two cen£s less per

acre than the 5-plow gasoline combination,

(2) 944 acre farm--5-plow gasoline combination--five cents less per

acre than the 5-plow diesel combinatioen,

(3) 2344 acre férm——5-plow gasoline combination-~two cents less per

acre than the 5-plow diesel cé@binatione

.éasoline tractors proved to be the‘most economical source of power
on all three sizes of dryland crop férms° At no time did the reduced

costs of using diesel fuel offset the higher fixed costs o6f owning and

operating diesel power units.

HARVEST MACHINERY
Two alternatives are availagle for the &ryland farm operator to reduce
the costs of the harvesting operation. _(1}:If the annual crop acres to
be harvested falls below 285 acres, the total cbstjpf owning and operating'

a self-prapelled combine is greater than the current rate of custom hire



- 9] -

($3.25 per ‘acre), custom hiring would be the most profitable, (2) An

increase in the amount of harvestable acres beyond 285 acres makes the

l4-foot self-propelled combine the most profitable alternative. At no
time, over the range of farms tested, did the costs of either the.l2éfoot
or the 16-foot sélf-propelled combine fall below the total cost per acre

of the 14=foot self-propelled combine.

LIMITATIONS OF THIS STUDY

The equipment alternafives considered are limited to (1) 4-plow and
5-plow gasoline tractors with given machinery combinations, (2) 4-plow
and B5-plow diesel tractors with given machinery combinations and (3) owner=-
ship of (a) 12-foot, (b) l4-foot, or (c) 16-foot self-propelled combines
oFf custom hiring in the harvesting opération.

The budget analysis technique limits the number of hypotheses which
can be tested because it is so time consuming. Oniy the more important
hypotheses can be tested. But’"relativé importance” itself implies hypo=
theses.

To keep the study from bécoming too unwieldly, the testing of machine
alternatives are limited to 550, 944, 2344 acre farms. . Cropping practices
are limited to a wheat-fallow rotation. Only the major farming operations

are considered,

SUGGESTED AREAS OF FURTHER RESEAHCH
The present study is limited to the spring wheat area of northeastern
Montana. Additional research is necessary in such areas as the winter

wheat area of central Montana to detérmine whether the similarities and
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differences yield different results in choosing among alternatives of
power equipment and machine usé°

Further research is also necessary in respect to various cropping
practiceé; A'wide area of study concerns the alternatives found oﬁ farms
where cropping practices are not limited to a wheat-fallow roi':étion°
Numerous drylénd farms include a livestock enterprise. Others use a
lérge percentage of the cropland for barley, flax, or oat production.
Further information is necessary to determine what amount of livestock
is necessary on a dryland crop farm to make it profitable to add a separate
machinery combination for use with the livestock enterprise. A related
problem involves the limitations of adapting crop4ofganized power
and machinery to the requirements of a livestock enterprisé.

Custom hiring is demonstrated here to provide an important alterna=
tive in power equipment and machine use. Casual observation‘suggests
that aside from the combining Operétion, few such services are available
for hire. More research is required to determine what conditions are
necessary to increase the supply of these services. Assuming that suffi-
cient custom services are availéble, the possibility exists that small
farm operators can reduce costs by hiring madﬁnelservicee for all major
field operations. |

As this study indicated, accurate estimates of performance rates
and fuel consumption rates are not available from the sampled area to
determine the significance of varying the size of the machinery combina-
tion with & given tractor. Further research should be conducted to
measure how supplies of labor and capital available to the farm operator
can be more fully utilized by Qa:ying fﬁe sizgg of- equipment with a given

power unit.
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APPENDIX I

Iypical Crop Organization Obtained From Sample

Data for 550, 9Lk, and 2,34l Acre Farms.

2,3l acre farm

Type of 550 acre farm 9ll; acre farm
Crop % of KotoaT % of Actual % of Aotual
Total Acres .Total Acres Total Acres
Acres Acres . Acres '
Spr. lheat 37 203.5 L2 396.5 41,0 961.0
Barley 7 38.5 L 37.7 6.0 10,6
Oats 5 27.5 5 L7.0 2.0 16,9
Flax I 37.7 1.6 37.5
Fallow L3 236.5 39 368.5 6.8  1,097.0
Corn L 22,0 3 28.3 2.0 L6.9
Hay I 22.0 3 28.3 .6 Ul
Total 550.0 100 100.0  2,3Lh.0

100

oLkL.0
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APPENDIX IT

UNITER:.STATES DEPARTMENT OF AGRICULTURE

AGRIGULTURAL RESEARCH SERVICE Record No.
Production Economics Research Branch Enumerator
Date

in cooperation with

THE MONTANA AGRICULTURAL EXPERIMENT STATION
DEPARTMENT OF AGRICULTURAL ECONOMICS AND RURAL SOCIOLOGY

Wheat Adjustment Studies ~- land use, livestock enterprises, equipment,
inventories and use, field operations and performance rates, farm labor,

and operating costs. - ,

Name . ~ Year started as operator
Address ' County
Distance to grain delivery point _ Do you live on farm year-round?

1. Size and tenure of farm in 195L

Type _ Owned 1§ Rented Total

. Cropland

Native grass (including former crop-
land seeded to permanent pasture)

Other (waste, roads, farmstead, etc,)

TOTAL

Rental arrangement ~ income-sharing

expense-sharing:




Additions to farm land, 1950-1955,

Year

Total acres

Year

Total acres

Subtractions from farm land, 1950-1955.

Year

Total acres

Year

Total acres

- 97 - No.
crop other rent bought .
.crop other - rent bought .
crop other . Sold rented out
crop other . Sold rented out

2. Land use, production and disposition of crops, 195}
, ' Har- _ Disposition
Use (Flambed]  sted [Held Unit| . FTO" [TEmT oo Som ] TLonted
acres ) jduction 1955
, , acres: ) . )
Cropland
Spring wheat
on fallow
on stubble
after row crop
Winter wheat 1/ 2/
on fallow
on stubble
Barley .
Oats
Idle XX XK | xx XX XX ixx Ixx | xx
Fallow XX xx | xx XX bodl Fodll B3l BE=S
Hay . XX -
Pasture ‘ XX xx | AUM XX XX
new planting 3 : XX
TOTAL CROPLAND XX | XX XX XL IXX XX | XX
Mative Grass . '
Hay . XX FX XX
Pasture XX , - xx [AUM o XX XX
1/Planted for habvest in 1953. .2/Planted for harvest in 1955, 3/Planted
—-in 195}, brakk e =

et if plant

with crop listed elsewhere,
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What use was made of abandohed wheat acreage? (Account for differences
between "planted acres" and "harvested acres").

Amount or proportion of land normally fallowed (w/o acreage allotments)

3. Livestock enterprises, 195l

Begin ~ | No. Bought Home Sales End
Class No. 1/1/5L{born|{No, | @ | Value|used &|Wo. | Ave. |No. 1/1/55
' ' died weight

Have you increased your livestock in the past 3 years? How much?
Do your livestock make full use of your pasture land? (If no, why not; 5___-




i, Machinery, equipment, and improvements

_99_

No.

Item

(make ,model, size )

€8
195)

r

Fuel Use !

Kind:

Tractors

Combines

Trucks

Other powered

equipnent

Field implements

How often is olil changed or added?

Qil changed|0il added

Machine When

Amount | When| Aot

E

Haying & divesto

Condi~| Repair

c Fencing (kind)| Length
equipment tion fostl95)
Mower : .
.Rake

Mydraulic TiTs

Major BB,

Grain Storage

Capacity

Other equipment

Liﬁestock

- Size
Grain elevator shelter
Fuel storage |
.. Shop
Water supply Other
WG:LIS' . /
. Reservolrs oy
-~ Other i . o Yy,
A/ Insert "U" in this column if machine bought used. o7 ey,
2/ For tractors, use other than field use, g ey,
' . /I,’
I4 “/] ,

173698
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Are these facilities adequate for present livestock enterprises? For
more livestock, and if so, how much more? Water supply - ’

Fences

Sheds and barns

5. Changes in power (and equipment)
Have you changed to-a.larger (or smaller) model tractor for your major
power unit during the past 10 years? (State 3~plow to L~plow, lL-plow to

S~plow, etc,) . When? :
' - Why?

What new equipment items;did you buy to use with ib?

What did you do with the old equipment?

Do you need any other new equipment items for LhHLs tractor? (List and
explain)- '

1

When do you expect to get them?

Have you added or reduced one or more tractors in the past 10 yéars?
Why? :

Did you add (or reduce) equipment also? (If so, what items?jﬁl

TF added, do you heed any ToTe equipment for this (these) tractor (s)?

(List .and explain) . .

_When do you expsect to get it?

Tf equipment reduced, what did you do Wilh 1t7
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6., Machinery repair practices, usual practices--(on farm, or commercial
shop?)

Kind of Tractdr Combine Truck.. JAutanobile
Job Farm|Shop]Farm|Shop| Farm|Shop | Farm Shop|Farm{Shop| Farm|Shop

Motor
overhaul
Major ‘ : :
repair 1/ ' : ,
Reline
brakes
Overhaul
ighition
Tire chang

Hydraulic
system - oo b oxx ] x| xx o xx | oxx
overhaul i ‘

Lubricatio
C X% | xx | i x|

Change oil

Weld broke

parts : . :

1/ Transmigsion or differential repair; truck, car, or tractor clutch
replacement; repair or replace combine cyclihdef; etc.

7. Machinery depreciation and replacement

When and why do you trade in the following items of equipment (high
maintenance costs; obsolete; needing equipment such as lights, hydraulic
pumps, PTO, etc.; fully depreciated; dealer makes attractive offer; etc.)

Tractors

Combine

Truck

Automobile

Piow
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Oneway

Toolbar . )

Rod weeder

Grain drill

8. Tield operations 1954 (1/)

Machine|Tractor]|Acres| Amount done 1 FueliMen
kind &| wused | per }Acres|Times|Total. pery in
size -2 hour | donejover |acres|hour|crew

Operation
Kind

P,

Summer fallow

=

Small grains
_Preparation for

_planting - fallow

- sﬁubble

Planting ~ -fallow

~ stubblevr

fSpraying

Harvest.

Hauling grain - : } mpg

Tillage after harvest]

Other crops

1/ Operations with machines in tandem combine on‘dpe line or bracket.,

2/ If more than one size of tractor on this farm, show which one usually
= used. .
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What are your normal summer fallow operations? (Sequence and timing of
operations and times over.) -

What recent changes have you made in your field operations? Have any of
these been caused by acreage restrictions?
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Farm labor .

Family labor
1954

L Opgra%o?_"

~Wite

',SonéDaughter Age

Son-Daughter Age

Son-Daughter Age

Worked

2/

Avail,

Y

Kind of
work

Availd

Worked

Kind,of
work

Avail,

1/

Worked

2/

Kind of
work

Avail,

1/

Worked |Kind of”

g/ . work

AV‘a-il °

1/

Worked

2/

Kind of
work

January

Febrqary

March

Apriir

Uay

Jure

July

- 70T -

Mygust

September

October

November

December

1/ Préportion of month available for full time work,) These méy be listed as number of days, or, exsept
) in case of operator, as average hours per day.

2/ Proportion of availsble time worked.

No,

e ——y



No.
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Hired labor- R .
Kind & Dates_hired Time Kind of work Wage Cost
- Number ' | from To worked | . done. rate
Month .
Day
10. Custom work (include exchange) 195l
0 44 Equipment and Crew Work done | Cost or income
peravton | ‘power furnished | furnished | Kmount|Unit|Por uniilTolal
Your farm
For others |
11. Miscellaneous expenses, 195) .
. Rate of Total Unit Total
Item and kind use . used cost cost .

Seed bought

Seed treatment

Weed spray

Fertillzer

Insecticides

Misc. supplies (crop)

Feed bought

Livestock supp

lies
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Item .1 Cost Tten Cost Ttem ] Cost

Insurance , Truck - Farm taxes

crop [(1) license - real estate

building insurance | personal property

ligbility (2) license '

insurance
{3) license

. : . insurance _ d
Auvtomobile make & model miles driven - percent farm use

' _ 1954
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APPENDIX III-
: FarmHMachinerﬁ”SurVey

Name of Firm

Address -

Person Interviewed . o Position .

Datg

Strictly Confidential

1. What is size of area ‘served by agency?

2, What percent of farmers in this area use your make as a major line~of.

+  equipment

Power Units

3. New'traqtof-sales in 1954 .

a. " units

"Cash Sales Time Sales

Model . §- "Stripped" | % of [ % of %with “ T % of | % with

.. Price .| Totall] Total..] Trade-in.'| Total.. “Trade-in
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_ b. Equipment with new tractors

Total

Usual Equipment| (Price & &)

| Tractor | I ] , Tractox}
Model Hydraulic | Starter j§ Lights PTO- Price

d.:Farm4Characteristics of tractor buyers.,

Tractor Model & . Acrés{of

Cropland -

Acres in Crops

Cereal - Férage

‘Combinations
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RN Repai;, Debréciatioﬁ & Irade—iﬁ'for Most Popular Model

a. Depreciation

a) Used as a main.poﬁer unit’ ~ years
b) Used as é‘second't;actor - years
: c)ﬂInfh;urs'df'éotal ﬁse _ hours
| -2) Marketrdepreciatiénv(%_of 6riginal-value)

a) In lst year

. 2nd year

3rd year .

4th year

Sth year

10th year .

b) What is the scrap value?_

~

- -be Repair
1) Time preceding first overhaul - , YIS

hrs.

2) Time intervening until 2nd overhaul YTS.
) . ‘ - . ) . — hrSo
3) Repair<otﬁer_than.overhaul

‘a) Expense per yearin year 1 s #_
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(cont,)
a) Expense per year in year 3 : #
5
7 s
'lO 3

b) Proportion of farmers who do their own repair other than

'overhaul %

5: Trade-In for Most Popular Models.

ae .
Size of Type |
Tractor of Age of |. % of Value Size

" § Fuel [ Trade-in Total - Allowed Traded

. Used - Trade-In For
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b. Why did farmers trade?

Reason

%

Total

of

Iillage Implements

a. Sales, Trade=In, Repairs, Depreciation on Most Popular Models

H

Tractor | Make anﬁ' Size Tears of _Why Cash | Time" e
Size |} Model of | and | Price Servicelmplement|. Sales = '|Sales
[(3-4 plow)] Tillage Amount] , before was % % withl % %
-{Implements| Sold Mech Hydrd being | Replaced|Total| Trade[lotallvith
' Replaced in Trade
] L in
| One Way
Toolbar
Duckfoot
Drill

Plow
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- Tillage Implements

| (cont.)

a. Sales, Trade-In, Repairs, Depreciation on Most Popular Models

Tractor Méke and | Size ears off Why Cash . Time
'Size Model of | and Price [Service [Implement| Sales |' Sales
(3-4 plow) Tillage |Amoun before was % |%withl % T %

' Tmplementg Sold echﬁydro being ReplacedTotalTradeTotal‘with‘
o Replaced in | [Trade
- in
(4-5 Plow)
[One Way
[Toolbar
Duckfoot

Drill

Plow
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b, Market depreciation (% of original value)

In 2ndzyear.

C. Proportion of farmers who do their own repair work?

3rd yeér

5th year

10th year

Harvesting Equipment

1. New Combine Sales in 1954

ae units
pModel % of | Cash Sales Time Sales Pick up | Acres
R Size|Price| Total Attachment | harvested
Sales{% of[% of % of | % of % Sold [Price| per year
- Total [Trade-in| with (Straight-

Total |Trade-in

combining)




"2,
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Trade-in for Most Popular Models '
Make | Size| % of | Age of . Reasons for| Value % Traded for |
& Model & Total] Trade-in| Trade-in (Allowed | of _
Type Total | Model |Size
3. Market Depreciation (% Oriéinal Value).
Self-Propelled Pull-type
In l;f year
2nd -year
3rd year
4th year

5th year
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4, Normal_Life'of Combine

Size | Self-Propelled Pull-Type
, . Yrs, Acres Yrs, Acres
10 ft,
12 ft,
14 ft,
16 ft.

5. Proportion of farmers who do own repair work,

6. Characteristics of Swather Sales and Use.

a. Sales

 Make & ' Size Price

Model ' ,

Pra=a

b. Percent of farmers owning swathers

c. Percent used on more than one farm

d. Avég Life of Swathers, Acres or hrs.
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