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SUMMARY AND CONCLUSION

Farm machinery represents a large and growing item of investment and expense on
most farms. The average replacement cost for farm machinery on Indiana Farm
Account Cooperators' farms in 1966 was approximately $40,000. Average annual
power and machinery costs were $9602 (Table 2).

It is important to make the most of every dollar spent for equipment. High profit
operators usually save several hundred dollars on power and equipment compared to
low profit operators with the same size business. Although it is important to keep
costs down, it is far more important to keep output high by getting the job done right,
on time, and in big volume (Page 1).

annual use, obsolescence, and the financial position of the operator. O ‘mo arms

machinery cannot be used to full capacity. Depreciation, interest, ta/.)/( d insur-
TZ?

The optimum time to trade farm equipment is largely determined by the a;rn{%j;é%
s

ance costs decline slightly more rapidly than repair costs increase. simeans that
strictly from a cost standpoint, small savings can be made by kee/pi é\ qﬁapment until
it is worn out. After an initial rapid decline in annual machinery \co\st@urmg the first
few years of equipment life, the annual cost of owning a machine éh\n/ges only slightly
from year to year. Thus, if obsolescence or tax saving indicat early trade or if
capital shortage or limited use indicates a late trade, either%\be justified (Page 17).
)
Big equipment is necessary to be competitive. Since the/fe is\ generally a time limita-
tion on when most farm operations can be performed, la\ige §ized equipment is neces-
sary to achieve maximum yield and output. From & éosr\\vlewpomt because labor
charges constitute a large proportion of total per ac\Q& CQ ts, bigger machinery which
can accomplish a job in a shorter time period /aiso“l}as ‘Tower total per acre costs
when labor costs are high (Page 19). o))

Rules of thumb can be helpful in estlmatm)g,i}xed and variable costs, what to buy
and when to trade (Page 10).
& \§ ) ‘

To be most competitive, farmers mu/éf\s\aghe largest equipment available to them

on a practical basis (Page 20). RN
8 4\\
\ \\ ) /}
%i\\\\f -/
= N
[ ( O\
& ‘\f;% ‘
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SOME ECONOMIC CONSIDERATIONS
IN FARM MACHINERY

.................................................

N. S. Hadley, Stanley D. Parsons and D. Howard Doster Y
Agricultural Economists

There are two ways in which the farmer can increase his returns. He can increase
per unit profit, or he can increase volume or both. On the output side, holding costs
down is important, but getting the job done right, on time and in big volume is far more
important. When comparing high and low profit farmers, differences in lab _power
and machinery costs may be several hundred dollars, but the difference in-ou hﬁjvnay be
several thousand dollars. This is clearly borne out by the figures in Table 1, which
shows the difference in power and machinery costs and labor income for- ig mers who
participate in the Indiana Farm Accounts program conducted by Purdue/ U}?Ilversny

\\ —/
(N
Table 1. Variation in labor power and machinery and labor mcg/ é>0\n account keepers'
{ \\ N\
farms in Central Indiana in 1963. N N
Labor\Po\w;awi/
Power & Mach. & Mach OCDst/
Size and Profit Cost/PMWU &/ RMWIJ Labor Income
Small Most Profitable $ 9.86 \\ $/22 71 8, 441
Small Least Profitable 11.83 ~35.66 1,610
Medium Most Profitable 13.36 /f‘/»‘ 28.79 12,033
Medium Least Profitable 38 2617 232
Large Most Profitable 12. 58,‘//7 25.91 19, 890
Large Least Profitable 13.62 . ) 26.60 1,234

a/ PMWU = Productive man work unit ggﬁ%munt of work accomplished by one man in a
10-hour day).

Capital invested in farm ;abh gery constitute s about one-third of the total non-land
investment on Indiana farms. // T}bl\e? shows that the amount of capital invested in machin-
ery is large and is increasi

QN

Since machinery re nts a major and growing investment, obviously it is impor-

tant that the farmer \\a’g?gio evaluate whether he has the optimum investment in machin-

ery. N

1/ Assisted by Samuel D. Parsons, Extension Agricultural Engineer.
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Table 2. Indiana farm account cooperators machinery investment per farm and average
annual power and machinery cost per farm.

1950-54 1955-58 - 1959-63 1963 1966

Investment a/
$7, 336 $9, 036 $10,916 $12, 094 $17,098

Power & Machinery Cost
3,877 5,043 6,073 6,570 9,602

a/ These are depreciated figures and represent about 40 percent of replacement cost.

Since almost without exception, farmers are faced with limited resoura%é\i{the
form of land, labor and capital, it is important to realize that resources aleE‘ &?U?o one
enterprise cannot be allocated to another. In order to maximize total pro i j:\any re-
source allocation to one enterprise must be considered in the light of hQﬂf&E&CtS other

enterprises.

( A

\\ / ) )
_//'f;;\x\:?/
This is achieved by allocating costs to inputs for which more t eﬁ\@e enterprise
competes. For example, the farmer with limited spring labor r@i{\st\dgg;ide whether he
will use spring labor to produce corn or to farrow more sows.QL return from an ex-
tra hour of labor in corn production is $12 (assuming additiop{l\@g is available for corn)
each hour he spends on hogs is worth $12 in "opportunity cost .\,,//This is because if he
had spent that hour in producing corn, he would have madé/a return of $12. Similarly a
farmer who invests $20, 000 in a new combine is faced wit}l\\the//‘é‘llternative opportunity
of making a 4 percent return if he had invested the mqr{(—fjf\ﬁn{itﬁe savings bank. So part
of the "cost" of the new combine is the interest th ,,mdr\{gy,,ybuld have earned elsewhere.
By using the idea of "opportunity costs'" in ente?g/ése\k\ud‘gets, farmers can cross check
the effectiveness of their overall farm plans. )

||
\\\/ /‘ /"

The purpose of this publication is to p;q{s;ide tools which a farmer might use in se-

lecting that set of machinery which will enable him to maximize profits.
\;:/ /

The machinery costs and other fig@]%&/ ed are averages which have been collect-
ed from various sources. They demonfsfcr\@r\e the principles involved and show the differ-
ences that exist between various mqql‘ﬁﬁq%&“éizes. Whenever possible, farmers should
use their own data instead of the/fi s shown here. These analytical procedures are

with them. // /
& . ‘\f;;// )
COST s\\\\\;
VA

This method invoh\fe%@ comparison of the costs, including the opportunity cost of
capital and labor, for various machinery systems which can be used to get a specific
job or series of related jobs done at least cost without a sacrifice in output. The total
cost involved may be divided into (1) the fixed costs and (2) variable costs. Fixed costs
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are the ownership or overhead costs and are the costs incurred whether the machinery
is used or not. Depreciation, interest on capital invested, repairs, taxes, insurance
and shelter are considered to be fixed costs. Repairs are associated with amount of
use, but because they tend to come in quantity, they are sometimes considered as
fixed costs. Operating or variable costs include fuel, lubricants, operator's labor
and sometimes repairs.

ANNUAL OVERHEAD COSTS (Fixed or Use Costs) - the D-I-R-T-I-S

D - Depreciation

This is the term used for allocating the original cost of the input item (tractor,
disc, et cetera) over the useful life of the item. Whereas certain inputs are consumed
in a production process (fuel is burned and seeds only sprout once) other inS:J%%y\e only
partially used up. Thus for example, a tractor may be used over severaL{ a%lj{ corn
production. To determine the cost of each corn crop only a portion of tk@\\tqttgl ractor
cost should be charged to each crop. The proportion of the original c% allocated
in any one year is largely a matter of judgment. For cost accounting pu p/(g/ées, depre-

ciation may be regarded as the loss in market value of the maching." madining values
of various types of equipment are listed in Table 3. &f‘*\
NN

N
Table 3. Remaining value of farm machinery as percent of/dih\gvj,ce. a/

Beginning Combines, //7 }d?ége
of Wheel corn heads, \_harvesters, All
Year tractors windrowers //7\\* balers others

1 100.0 100.0 100.0
2 63.0 52.2 55.3
3 58.8 46.4 49.5
4 54.8 41.2 44.3
5 51.1 36.7 39.7
6 47.7 32.6 35.5
7 44.5 29.0 31.8
8 41.5 25.8 28.4
9 38.8 22.9 25.4

10 36.2 20.4 22.8

11 33.7 18.1 20.4

12 31.5 16.1 18.2

D)

a/ Source: Wendell Bower \“lcﬁs//t”/é of Owning and Operating Farm Machinery, " Univer-
sity of Illinois A- En %Farmers who pay less than list price should reduce
first year value accordi ).

Example: What would th maining value of a $4, 700 wheel tractor be when itis 5 years old?

At the end of 5 years or the beginning of the 6th year the table shows the remaining
value to be 47.7 percent of its initial list price, or $2,242. One year later (beginning
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Table 4. Depreciation schedules approved by the Internal Revenue Service per $1000
of list price for all machines.

Depreciation per year per $1000 of new cost :
Sum of Years b/

Year Straight Line (10%) Declining Balance (20%) &/ Digits
1 $ 90 $200.00 $163.64
2 90 160.00 147.27
3 90 128.00 130.91
4 90 102. 40 114.54
5 90 81.92 98.18
6 90 65.53 81.82
7 90 52.43 65. 46
8 90 41.94 49.09
9 90 33.55 —82.73
10 90 26.84 ( sl;s.sé
Total 900 892.61 \Qoo.oo
Salvage value 100 107.39 // // ~ 100.00
$1000 $1000. 00 ~Z_/$1000.00

a/ The depreciation rate is calculated as 20 percent of the Value‘/c;:t‘t@@ginning of the
year. For tax purposes, the rate may not be greater than t i e\thérate which
would be used under the straight line method. Q

b/ With this system the numerator represents the useful re in\m life of the machine
and the denominator represents the sum of the numbel;//czﬁ g:js of life (1+2+3----10)

or 10 second year 9, et cetera. L N
55 55 N
) ‘\\\\\ ))

of the 7th year) the remaining value is 44.5 per

tfo\fsM, 00, or $2,091. Depreciation
for the 6th year would be $2,242 - $2,091, or )]

./
Loss in market value or depreciation (?;Agt, results from age (obsolescence) and

wear. A machine becomes obsolete when a/mew machine will do the job better or at less
cost or both. Associated with wear is thi ’n\teaﬁs“ed risk of poor performance and break-
downs. Thus, factors which affect the &ﬁ;\gof depreciation are: the expected useful
life of the equipment, the amount of use, the kind of use, the care and skill of the opera-
tor, the shelter, the original qualitg@’f‘t?efhiachine, the timeliness and quality of repairs,
and above all, obsolescence. < \\\\\: &

There are several methqés/ féoﬁxputing depreciation, and the methods vary de-
pending upon the purpose. QDiffeyéy depreciation schedules are used to allocate costs,

and such allocations diff c cﬁhé to the circumstances. Examples are presented in
Table 4.

For tax purposes, ethods most commonly used by accountants are those ap-
proved by the Internal Revenue Service. These are straight line, declining balance and
sum of the years digits methods (Table 4).
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A comparison of the three methods shown in Table 4 is shown below:

Assume a $6000 tractor with a 10 percent salvage value and an expected life of
10 years.

Straight line: $ 90 X 6000 = $540 per year
$1000
Declining balance: °
First year $ 200 X 6000 = $1200
$1000
Second year $ 160 X 6000= 960

$1000
Third year §$ 128 X 6000= 768

$1000 &
Et cetera N

Sum of the years' digits: \

Firstyear §$ 163.64 X 6000 - 981.84 H//’/ .
1000 )

Second year $ 147.27 X 6000 - 883.62 "N
1000 /\\

The method selected for cost estimation will depend upé%\ﬁ%t egree of accuracy
required and the ease of computation. Since most machinety suffers a high loss in
market value in its early years of use, machinery kept fg‘t%’é/iew years should be
charged accordingly. The declining trade-in value (Tabl@@)/fs most accurate for this
purpose. However, the average per annum cost for "'Ck&' ery kept until worn out will
be about the same no matter which method of depreciation is used. For example, under
the straight line method, the amount of depreci 10{\%:\ihé//ﬁrst year is $90 per $1, 000
value, while under the declining balance met d it is \ \;200. Yet over the whole life the
average annual cost is $90 for the straight line ndgi/g ). 26 for the declining balance

method. The actual loss in value is not affected b e method of depreciation used

for tax purposes. Vit
o N))
I - Interest on capital invested &&‘/
Al
\\

The money invested in farm mac in\gy cannot be used for other purposes, thus an
interest charge should be made agé{nst\farm machinery whether the money is borrowed
or not. The interest rate used égéhd;sff{pon the alternative uses for which the money
could be used. If so much m%le\i@j/aﬂable that surplus money is kept in a checking
account that draws no interest, @eﬁxate would be zero. If money is kept in the savings
bank and earns 4 perce 3 \"é§g,//the rate should be 4 percent. It is also quite
possible that money is in 121%upply and is borrowed at 7 percent in which case the
rate must be 7 percent.




R - Repairs

These are discussed in the variable cost section.
T - Taxes

Taxes vary from area to area, but in Indiana the cost is 1/3 of the value reported
on the federal income tax depreciation schedule times the tax rate. If the tax rate is
$4.50, the cost of taxes is 1.5 percent of undepreciated value. If the rate is $6.00, then
the cost of taxes is 2 percent of real value.

I - Insurance

An average premium for farm machinery is about one-half of one perc

f
current value. N
\k

f)

/N

S - Shelter ///7
A housing charge should be made whether the machinery is hotrs%kor/not If
machinery is not housed, depreciation and maintenance costs w11}/u ually be higher.

Housing costs usually average about 1.0 percent of current valux\\

\
VARIABLE OR OPERATING COSTS \ )’

These are the costs which vary in proportion wit théanjbunt of use of machinery.
The main variable costs are repairs, fuel, oil and greas\ﬁnd labor.
/
Fuel, maintenance and labor costs are r tlvél\v constant throughout the life of
the machine on a per hour basis. Repair costs.on the ‘other hand tend to increase as
the machinery gets older.

Y~

)

For convenience and simplicity, A%e assumed that fuel, oil and grease costs
are the same for all machinery sizes, an hat fuel costs are about 80 percent of fuel,
oil and grease cost. Although largef rﬁ&chmexy has a higher fuel consumption per hour,
this is approximately offset by eﬁQhogrs of use, so that over a fixed acreage, the
differences in fuel consumptlon eglaglble Table 5 shows the approximate hourly
fuel requirement for d1fferent }e t\ractors For more detailed calculations, see
Table 6. < - /

Fuel, oil and grease

Repair costs

These costs do not ur continuously but occur sporadically, as for example,
when major overhauls are required or tires need replacing. Repair costs also vary ac-
cording to the initial quality of the machine, the amount and type of use, the skill of the

operator, shelter and maintenance practices and how repairs are made.
\
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Table 5. Gasoline consumption for farm tractors, average gallons per hour for tractors
of specified sizes.

Tractor size

moldboard plows © Gallons per hour
2-3 2.2
3 2.3
3-4 2.8
4 3.4
4-5 4.0
5-6 4.8

Source: Robert C. Suter and J. Weismiller, "The Costs of Operating Farm Tractors, "
Unpublished Paper, Purdue University, p. 16.

)

NN
Table 6. Multipliers for fuel, oil and lubricating costs. a/ b/ A( k
Fuel Consumption Fuel oil ;ﬁ?ﬂ Lub. Cost
Equipment Gas Dsl. LPG  Gas’/ Dsl. LPG
Two-wheel drive tractors /,‘i’k/“\\Q/
’ . (N
Self-propelled combines <\\\\\\/
Self-propelled swathers N NN
Hay balers with engine .69 .44 .76 \\v\‘ 9 .91 .87
Forage harvester with engine /,,,\ )
Trucks and pickups @ Q\/
7
Four-wheel drive tractors ’_//'5—?\\\ -~
Self-propelled forage harvesters .46 3100 ))s3 .53 .36 .61
Crawler tractors 4 ﬁ\,\ 7
Feed truck with power box .36 .25 ;‘/,f‘ .42 .41 .29 .48

a/ Source: Wendell Bowers, "Costs of Owning and Operating Farm Machinery, " Uni-
versity of Illinois A-Eng. 867. /7~ A

b/ These values are 15 percent larger th \H\ﬂ}/é‘ fuel consumption multiplier. This
allows for 15 percent of the fuel cps cover the cost of lubricants and filters.
Multiply these rates by the fuel pﬁ:ﬁ&e and the equipment list price divided by $1, 000
to obtain fuel and lubricant co/s;fi@bl\kars per hour. Fuel price is the actual cost
per gallon after tax refunds @a‘m\gall/ )rebates.

LN
Example: What would be they/a@%feri?a\/fuel consumption and operating costs for the
$4, 700 tractor if it burns\/ga‘SQ; i 9/ with a net cost of 18¢ per gallon?

c

Qrb\agé fuel consumption is .69 X $4,700 or .69 x 4.7 = 3.21

S EEIAAA
1,000

Cost per hour - The CSS%ar hour for fuel oil, grease, filters would be .79 X $4, 700

or .79 X 4.7 X .18 = $.67 an hour. 1, 000

Fuel consumption - Th%}
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Because of the large number of factors which affect the repair cost of farm ma-
chinery, estimates of repair costs also show a wide variation.

The figures in Table 7 show how repair costs increase with the use of the machin-
ery. Note that repair costs start earlier and increase more rapidly for field equipment
and combines than for tractors.

Labor costs
Labor costs are difficult to determine because they vary according to the skill of
the operator, the time at which labor is available and alternative uses for the labor,

both farm and non-farm.

What is labor worth? If it is hired labor, it can be valued at what it cost
Wages of hired workers may vary widely depending on the skill of the operatorsgﬁ%\ﬁhe\

time of the year. \

If it is family labor with little or no alternative use, it may be value@ \/\@ry
low figure or it may be highly skilled and very valuable. ))

A L

If it is the operator's labor, it almost surely will be valued at/rts\\&tumty
cost. (How much can it be made to earn?) \

Because hired labor is not unlimited, can be discharged i esir , and there are
nearly always alternative uses for both hired and family labO)z/ f/tunlty cost should

always be considered in evaluating any kind of labor.

ESTIMATING ACRES PER HCUR

Operating (variable) costs vary with the amous t\gf }lée. Unit costs of production
are influenced by the amount of use over which fixed costs can be spread. To use both
fixed and variable costs, it is necessary to measure the amount of use. A reasonably
accurate way to calculate acres per hour tg us‘é\\is §I};own below:

Speed (MPH) X width of 1mplement (fég\)s\\y:res per hour

10
\
This equation is arrived at asgfg\k&ﬂs“

1 acre equals 43, 560 s uare/ 1;\ An implement 10 feet wide must travel 4356
feet to cover an acre. If the imple en/ﬁ/c travels 1 MPH (5280 feet), it will cover an acre
in 4356 or .825 hours. R

5280

No field machine opera at 100 percent efficiency, or to say it differently, no
machine will operate 100 percent of the time it is in the field at its rated speed and



Table 7. Accumulated repair cost per $1000 of list price.

a)i) Mowers, tillage equipment, ii) forage harvesters, balers and general machinery

Accumulated
use (hours) 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Accumulated
repairs ﬁ (%) 1) 52 127 215 313 418 530 647 770 897 1029 1165 1304
/ ii) 27 72 126 189 258 333 413 498 587 681 778 878
4/ /b ) Combmes, self-propelled windrowers, ii) planters, seeders, sprayers

Accumulated \

use (hours) / /I@Q\ 1200 300 400 500 600 700 800 900 1000 1100 1200
C 7, ))

Accumulated > ‘\\ // S O

repairs ($) 1) // ) 31 46 63 82 122 167 215
ii) 19 7 97 186 129 177 228 283 341 402 466 533 600
c) Wheel tractors\ = //\ ,

Accumulated 2/

use (hours) 500 1000 1500 ) (ﬁ/ ) ) 3000 4000 5000 6000 7000 8000 10, 000 12,000

Accumulated \\ O//

repairs ($) 10 29 53 82 15 323 424 535 653 913 1200

Source: Adapted from " Cost of Owning and Operating Farm MachinéO )/V nilell Bowers, Univ. of Illinois, A-Eng. 867.

\‘J
/‘

///%
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Table 8. Hours per acre rule of thumb examples.

Operation Speed x width Acres/hour Hours/acre
(1) Chop stalks (2 row) 3.5 MPH x 6.7 ft. = 2.345 .43
(2) Plow (5 bottom) 4 MPH 206.7 ft. = 2.68 .37
(3) Disc (13 foot) 5 MPH le13 ft. = 6.5 .15
(4) Plant (4 row) 5 MPH i(013.3 ft. = 6.65 .15
(5) Cultivate (4 row) 3 MPH l)(013.3 ft. = 4.0 .25
10 Total 5 different oper.. 1.35
N

effective width. A field efficiency of 82.5 percent is reasonable for mostq\@opera—
tions and some others. So, if it is assumed that field efficiency is 82/51; rc\nt then

the above equation is correct. \ )
—/

To find the number of hours required per acre divide the ae;e\ hour into 1.
>

Examples are shown in Table 8. \
\\

)~
TOTAL COSTS /- 7\
O

N,

The previously outlined principles enable the espr \tmnA/)f total costs, or per
hour or per acre costs of owning and operating farm m\ch nery to be calculated. In
general, the procedure is to calculate the fixed stsénd f@ add the variable costs.

The following are two methods of calcula in f1>;" d costs. The first method is

a simple rule of thumb which permits rapid calculation of constant average annual
costs over the life of the machinery. The sgcbnd method enables the computation of
annual costs which decrease as the ma@une{x gé}s older, that is an approximation of the

real life situation. @\
A\\ :

RULE OF THUMB METHOD \\ )
~/

This method enables the alc ion of the average annual cost of a machine as a
percentage of its original gostk /F  example, for a machine costing $1, 000 with an ex-
pected useful life of 10y ar nd, vﬁdere the interest rate is 6 percent of remaining val-
ue, the tax rate is 1.5 pe %remammg value, the insurance is 0.5 percent of re-
maining value, shelter is 1/percent of remaining value and the annual depreciation rate
by the straight line me is 10 percent. The interest, taxes, insurance and shelter
(ITIS) charge totals to 9 percent of remaining value (6 +1.5+ 0.5+ 1 =9). However,
the ITIS charge should be converted to a percentage of original value. In the first year
the ITIS charge is 9 percent of $1, 000, in the second year it is 9 percent of $900 and so
on, so that in the tenth year it is 9 percent of $100. For a machine which is kept for the
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whole of its expected life, this is an average of 9 percent of half its original value.
Therefore, 9 percent of $500 = $45. Expressed as a percentage of original value, this

is .5 x 9 percent of $1,000 or 4.5 percent of original value (4.5 percent x $1, 000 = $45).
Therefore, the average annual total fixed cost percentage multiplier is 10 percent for de-
preciation and 4.5 percent for ITIS or 14.5 percent for DITIS.

For a machine kept for less than its expected life, the depreciation rate is calcu-
lated as shown above, but the average ITIS charge must necessarily be greater. So for
a machine with an expected life of 10 years which is kept for only 5 years, the rate
would be calculated on the value midway between the original and remaining value at
time of sale. Therefore, if the purchase price of a machine represents 100 percent and
it is to be sold in 5 years with a remaining value of 50 percent, the average value would
be 75 percent. The average annual charge then would be 75 percent of 9 percent = 6.75
percent. Adding the 10 percent depreciation charge yields a 16.75 percent %@ixed

cost multiplier. //§ )

VN

X
The magnitude of the fixed cost multiplier will vary acc@m individual circum-
stances. Length of life, year of sale, interest rate, tax ra{%\,\:a\r};Vso forth all affect the
magnitude of the multiplier. For example, consider thrgjéféeg 5 of equipment each cost-
\ ) \‘
/ /

ing $1, 000: \\ )
Example (1) Expected life 20 years, depreciation rat%S percent, interest rate 4 percent
and taxes 1/3 of $4.50. /7\\ N

Example (2) Expected life 5 years, depreciatio - 0 per cent and interest rate 8 per-

cent and taxes 1/3 of $4.50.

T

\\ Case 1 Case 2
Depreciation \ 5.00 20.00
Interest 49, — N 2.00 8% ) 4.00
Taxes 1.5% 1)) .75 1.5% . .75

T s 2

Insurance 0. 5%_ ' .25 0.5% f .25
Shelter | S1%0 // ) 50 | 1% .50
% Annual use cost 8.50 25.50

Example (3) Expected life/10 years, depreciation rate 10 percent, interest rate 6 percent,
taxes 1.5 percent, ins ce 0.5 percent, shelter 1 percent - sold at the end of the 4th
year.
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Depreciation 10

Beginning value $1000
Ending value 600
Average value 800 (80% of new cost)

ITIS Rate 9% 1/x 80% New Cost = 7.2 ITI Multiplier
Annual Use Cost rate 17.2

1/ ITIS rate =6+ 1.5+ 0.5+ 1 =9 percent.

The calculated average annual fixed cost multiplier and the calculated variable
costs of repairs and labor, which are a function of the number of hours of uge\,xare
added to give the total cost in the manner described in the following exampl )

Example: Assume that the total and per acre costs are to be calcuétai\*e\d for a given
series of operations such as soil preparation, planting and cultlvatlng// tp% interest
rate is 6 percent, taxes 1.5 percent, insurance 0.5 percent and shelti :r/ percent of the
remaining value, the ITIS charges are 4.5 percent of the original \f/a]@e 6 +1.5+0.5
+ 1 x .5 = 4.5) for machinery kept its expected life. Assume als/ i:k@t ﬁe machinery
which is required has length of life and price as shown in T able“k\w\l?ch this data, it
is possible to calculate the annual fixed cost of the set of macﬁ@requlred.

/\ ) >
7\ /)
7 N/

. / -
Table 9. Annual fixed cost of different equipment using &ule@f thumb method.

(1) (2) (3)/"\(*4—/ (5) (6)
Expected Depreciationa ITI F1xed Price Fixed Cost
Life rate (%) / R&r%\ ' Cost (%) Per Annum

(years) (%) (R ($

~ /) 2+3+4 4x5=6

Machinery B / 100
Tractor 10 10 (4.5 14.5 7,000  1,015.00
Plow 6 16.6" /4.5 20.9 1,500 313.50
Disc 8 12.5(/ \ 4.5 17.0 1,000 170.00
Cultivator 8 12.5 4.5 17.0 700 119.00
Planter 4 25,00 4.5 20.5 1,200  354.00
Stalk Chopper 8 12,5 ) 4.5 17.0 1,000 170.00
/QQ%\;// 12,400  2,141.50

(( /'\\‘
a/ Depreciation rate is¢, ‘\fi;// 100

%{E}&é“{/ﬂfe in years. *
) 2N

>
AN
* If depreciation is calculated from remaining value as shown in Table 3, take loss in
value divided by years of use. Example: Tractor beginning of 6th year - value 47.7
percent; loss of value 100 - 47.7 =52.3 + 5 = 10.46 average annual depreciation.
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Table 10. Repair costs for different equipment and various acreages.

Machinery
Total Total
Tractor Plow Disc Cultivator Planter Stalk operating repair
chopper time cost/yr.

Price ($) 7000 1500 1000 700 1200 1000
Years Life 10 6 8 8 4 8
Hours per

acre &/ 1.35 .37 .15 .25 .15 .43
Acres operated &

NN
100 acres \k
Hours 135 37 15 25 15 43 /\35
Repairs &/ § 32 $14 § 3 $ 5 $ 3 $13 (( /1 $ 70
// ’j\ :? !
200 acres /JJ\ N
Hours 270 74 30 50 30 /86\\\ 270
Repairs /'  § 91 $37 $ 8 $ 12 $ 7 \\ / $187
L \YJ

Hours 405 111 45 75 45" 129 405
Repairs b/ $162 $ 61 $ 14 $ 20 $13. /% 55 $325

a/ From examples given in section entitled "Hours per Acre Rule of Thumb."

b/ Repairs are based on average rates of repair P \g Lks/ted in Table 7.
a tractor used 405 hours per year for ten ye
ten years.
tractor.

‘The average repair cost is $1617 + 10 $162 per year.

/7

can be estimated as shown in Table 10 Q

For example,
s will be used slightly over 4000 hours in
The total repair bill will be $231 p ., $10 0 of list price or $1617 for a $7000

shows the total annual and total per acre

Having calculated the hours of use per \y\M f/ r each piece of equipment the repair cost

costs.
‘ ‘\ \\\
/
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It is quite apparent from Table 11, that the per acre costs decrease markedly as
the same machinery is used to operate more acres. Fixed cost of machinery is the
same regardless of whether 1 acre or 300 acres are operated, thus by operating a great-
er acreage, the fixed costs per acre decrease. Therefore, the greater the number of
acres operated with a given set of machinery, the lower the per acre cost.

In Figure 1, the decrease in fixed costs per acre with increasing amounts of
annual use is demonstrated for a 6-bottom tractor and corn planter.

, As.the number of acres tilled increases, so the savings associated with increased
acreage decrease. For example, increasing the acreage tilled with this tractor from
200 to 300 acres decreases fixed cost per acre from $7.80 to $5.20 - a saving of $2.60.
Increasing the acreage tilled from 300 to 400 acres reduces fixed costs by $1.30 and
tilling 500 rather than 400 acres reduces fixed cost only $0.80 per acre.

Although least cost can be achieved by using large expensive equ1pme;ft \épéc:lty,
it is often economic to own such equipment when it can be used only to one rth to one-
half of capacity. Percentage-wise the difference between $0.80 and $2 @0 r@cre is
great but compared to the total cost or total value of an acre of corn it| g 1te small.

(N
AL
Table 11. Total annual costs and per acre costs for conventlonabgo\x\growmg equip-
ment on various acreages. QN

Acres . )]’ .

Item Unit . . 100 7 A\—Zoo 300
. ] |

Fixed costs &/ $ 2140.50 - 2140.50 2140.50
Repairs &/ $ 70.00 ) 187.00 325.00
Fuel, oil, grease &/ $ 6.00 "  232.00 348.00
Labor $2/hour /z%(o .&‘)\‘ 540.00 810.00
Total Costs $ %Q/ 3099.50 3623.50
Per acre costs $ 25 7/ : 15.50 12.08
a/ SeeTable 9. b/ See Table 10. ¢/ See Table 6.

& \ / )
K>\§>

Table 12. Examples of rules of thumb i:b\eqref fixed costs of common field equipment.

Hours Fixé Repair Total DIRTIS
Machine annual use %F rate cost Rounded
Tractor 338 / M 5 4.6 20.1 20
Plow Y 5.4 26.3 25
Disc \ 17 0 1.1 18.1 20
Cultivator // N 17.0 1.8 18.8 20
Planter 29.5 1.1 31.3 30
Stalk Chopper 108 \w 17.0 4.2 21.2 20
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Figure 1. Approximate relationship of per acre fixed cost to amount of annual use
for a 6 - plow tractor.
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Personal rules of thumb

Personal rules of thumb can be developed by using the procedures shown in Tables
9 and 10. By combining the fixed cost figures from Table 9 with the appropriate re-
pair cost figures of Table 10, a total machinery cost figure can be derived. This figure
does not include the direct operating costs of fuel, oil, grease and labor, which are
strictly variable.

Using figures from Table 12, it is easy to calculate the total ownership costs
(D-I-R-T-I-S) of farm machinery. Example:

Annual Fixed Cost - (D-I-R-T-I-S)

$9000 tractor at 20 percent = $1800 &
$2000 plow at 25 percent = 500 Vs O
$2000 planter at 30 percent = 600 N\/\k

Y
For many decisions, these simple estimates can be quite useful. 1{19 mportant
however, that each person develop a set of guides for his own set of m;cu\nstejﬁces

N
REMAINING VALUE METHOD \\\\/

Although the rule of thumb method is useful for making qu %l&>;ﬂt/cu1at1on of approxi-
mate ownership costs, ($6, 000 tractor x 20 percent = $1200 ﬁer yﬁ&f) it should be re-
membered that the actual ownership costs change as the ma ery gets older. The de-
cline in fixed costs is often more rapid than the 1ncrease/m f\épalr costs and that is why
on farms where machines get minimum use, the ownersi\Qp cost of older machinery is

lower. / \\ —

The first task in this method is the calculatio \b\f\;ﬁé depreciation rate using the
remaining value method (Table 3). ’

7

Next estimate the other fixed costs,Qg i&x‘gg‘ple; interest at 6 percent, taxes at
1.5 percent, insurance at 0.5 percent, an@;K}(qf at 1 percent. It should be remember-
ed that these ITIS charges also vary acco to’individual circumstances. These ITIS
rates may be added to give a constant p;/er entage ITIS fixed cost multiplier (for example,
9 percent = 6 + 1.5+ .5 + 1) which is then g&ultlphed by the value remaining at the begin-
ning of the year or the end of the p %le)y{aar to yield the actual annual ITIS charges.
The depreciation cost plus the ITIS /co?& r the same year gives the annual fixed cost
for that year. The sum of the annuz/r /costs to date divided by the number of years to

date gives the average annu% I\ex\{c st.

An example of thlme/%dQ estimating fixed costs is presented in Table 13,
\ \
Using the fixed cost flgh.?es from Table 13 and assuming that the variable costs
are to be calculated for a tractor used for 500 hours a year with a labor cost of $2 per
hour, the total costs are calculated as shown in Table 14.
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Table 13. Tractor fixed cost figures per $1000 value for 10 years.

Ave. annual

End ' Ave. annual cost to date
of Remaining Depreciation  ITIS Annual cost to date per as a % of list
year value (% 9%) cost $1000 list price price (rounded)
0 1000 --- --- --- --- --
1 630 370 90.00 $460.00 $460.00 46
2 588 42 56.70 98.70 279.35 28
3 548 40 52.92 92.92 217.20 22
4 511 37 49.32 86.32 176.98 ‘ 18
5 477 34 45.99 79.99 163.58 .16
6 445 32 42.93 74.93 148.81 15
7 415 30 40.05 70.05 137.56 14

8 388 27 37.35 64.35 128.41 . 7
9 362 26 34.62 60.92 120.91 //\]\
10 337 25 32.58  57.58 114.58 1l
/ N

As discussed in the next section, the decreasing annual total (;e t ﬂ?lod is useful
for evaluating when equipment should be traded, and at what cost. ‘®

- By using remaining value figures shown in Table 3 (or si <k%ata) and repair costs
comparable to those shown in Table 7, cost figures similar t?\ag shown in Table 14.

can be calculated for most common pieces of equipment for\a\ nOrmal annual use rate.

/7
TRADING MA CHINERY )

From a machine cost viewpoint, if ma
and on time, it should be used as long as the o
faster than the variable costs are increasing.
/ v
When variable repair costs are%cfc{a\sn)fg faster than fixed costs are decreasing,
the total costs increase. ‘ m

inery Ls getting the job done satisfactorily
\rh\e/z{ or fixed costs are decreasing

During the first year or two,@e@aﬁon interest, taxes and insurance, (DITIS)
are high but repair costs are low 1achinery gets older, DITIS charges decline, but
repair costs go up. For any p%ée ecfulpment the objective is to find the point at which
the combination of these cost/s/ is Iéast

o> )

&h 'glc/ﬁ improvement however, the operator is often faced
ment which although not worn out, is less efficient
than new equipment ble 14, it can be seen that the cost of trading a few years
earlier than anticipate not excessive. For example, if the question is to trade when
the tractor is 7 years old rather than 10 years old, the additional per annum cost would
be $128.95 (1184.32 - 1055.37). This extra cost may amount to less than fifty cents

per acre.

With continuous t
with the dilemma of havi




Table 14. Annual average machinery and labor costs per 500 hours annual use per $1000 list cost.

Per

$1000 list price

Example:

$7200 Gas Tractor

Fixed Costs: Variable: Total Mach. Costs Machine Cost: Total Cost:
Ave. Ave. Ave. Ave.
End annual Repairs ‘annual annual Operating annual
of Annual to date Costs &/ Annual to date Annual to date Cost &/ Annual to date
year () (% (%) (%) ($) (%) (%) (%) (9) ($)
1 6€/W ;160 10 470 470.00 3384 S/ 3384 1520 4904 4904
NV
2 98. //279\ 35 19 117.70  293.85 847.44 2115.72 1520 2367.44 3635.72
@\
3 92.9 ‘z@ ﬁf 24 116.92  234.87 | 841.82 1691.06 1520 2361.82 3211.81
4 86.32 184(41 115.32 204.99 830.30 1475.93 1520 2350.30 2995.89
(L / />\> &
5) 77.99 163. 19 /3% \ 111.99 186.37 806.33 1341.86 1520 2326.33 2861.98
™
6 74.93 148.48 / 173.48 784.29 1249.05 1520 2304.29 2769.03
7 70.05 137.28 40. /110 58 164.49 795.96 1184.32 1520 2315.96 2704.30
8 64.35 128.16 40.50 \94%;?\\157.03 754.92 1130.61 1520 2274.92 2650.63
9 60.92 120.76 46.00 106. %1 //;él\% 763.20 1089.79 1520 2283.20 2609.80
10 57.58 114.44 46.00 103.58 {46 5/3/ 745.77 1055.37 1520 2265.77 2575.40
a/ Repair costs are taken from Table 6. The repair cost fm{ Lt{onal 500 hours of use is calculated to give an in-
creasing repair cost over time. If the tractor was only use 10 s a year the repair cost would be $2 per year
per $1000 list for the first five years and $3.75 per $1000 for t e ﬁvé years, giving a total of $29 per $1000 list
for a total of 1000 hours of use.
b/ Operating fuel costs calculated as in Table 6 (.79 x 7.2 x .18 = $1. 04\Eou costs $2 per hour. Total opera-
ting costs per hour = $3.04. }f
c/  $470 $117. 70
—  —=——x $7200 = 4; ———— = - 34
$1000 x $ $338 51000 x $7200 = $847.44; et cetera.

_8'[_
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When compared to the increased potential and reduced risk of break-down time
with new equipment, or when new efficiencies are considered, the cost of early trading
may be justified.

The question of when to trade is really one of judgment and is one which must be
made by each operator according to his own circumstances. Thus when the operator de-
cides that the cost of trading (calculated as shown above) is less than losses that he will
incur through machine break-down or due to obsolescence (a new machine would do a
better job), he should trade. He might decide that new machinery would give him more
leisure time or more satisfaction, and he would be prepared to pay more for such satis-
faction.

Operators with different sized operations and different financial situations might
view the question of trading in a different light. The large operator, with e to lose
from breakdown time in critical periods, might wish to trade in the third o':%%@?year
by which time he has gained a substantial amount of the economies (relati ‘el?\s\ ble
average annual cost). The intermediate size operator, on the other hand ight prefer
to keep his machinery longer, till it has reached the lowest average aﬁlgﬁost This
man might decide to trade earlier if he has had a good year and w1she gavke the tax
advantage of machinery purchases. The small operator with 11m1néd inces and sur-
plus labor might find that it is to his advantage to purchase used/e ment, repair it,

and run it till the end of its useful life. \
AN

HOW BIG SHOULD EQUIPMENT BE? Ve / ~ //
\ )

Since maximum corn yields can only be achieved b \1aﬁt1ng within about 20 days
in the spring (approximately May 1 till May 20 in Ce& ndlana) and weather and soil
conditions are usually suitable for planting duri about half this period, the max-
imum hours of use of a corn planter would be bout (D hours. As shown in Figure 1,
most of the efficiencies associated with volume usé are achieved with about 300 to
400 acres for a tractor.

7
(( <\
Since operating costs and labor che rgégymist be added to fixed costs, a fairly

large decrease in fixed costs has only @K‘b&t‘iv’ely minor effect on total cost.

Most of the efficiencies of tra//cto\xn be gained with 500 to 600 hours use per
year, but often their acquisition ca;%be )L}Stlfled with only 100 to 200 hours of use.

Since different sets of r’y(/atchﬁrepy obviously have different total costs, the question
which may be asked is, "what's ? of machinery is best?"

ortant than cost, this question must be answered in the
ery must be big enough to get the job done correctly, on

Because output is m
context of total profi
time, and in large volu

The day of cheap labor is over in agriculture. Unskilled, incompetent labor has
little place in modern farming. This means that wages of hired workers must be com-
petitive with nonfarm wages and that earning opportunities of operators must, over time,
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be competitive with earnings in other businesses. To be competitive, farmers must use
the biggest equipment available to them on a practical basis. The question is not how big
should equipment be, but rather how much land must I have to justify the use of big
equipment?

Figures 2 and 3 show the per acre costs for various sized machinery systems,
when labor costs $2 per hour and $5 per hour, respectively. When labor is charged at
$2 per hour (Figure 2) there is little difference in per acre costs between the various
sizes of equipment and different tillage systems. When labor is charged at five dollars
per hour (Figure 3) it is apparent that lower per acre costs are achieved by the use of
bigger machinery even with volume as small as 100 acres. Although effect on yield is
very important, no effort is made here to compare the output of different systems. It
should be noted though that the bush-hog system of reduced tillage is the least cost sys-
tem. Conclusive evidence on the crop yields achieved with this system is not avail -
able, but since it does offer such a low cost alternative, its development shou&l}se-

ly watched. N‘// k
Size of machinery VY, /\\/
‘l “\V// ) )
. </
In selecting the optimum size of equipment to be used, the follo@h@%oﬁsiderations
should be kept in mind: ~
A~ R
L

N )

(1) The smallest equipment that will do the job usually cos%s«% than bigger
equipment but because of the importance of volume and timelims\.ii may not be the most
profitable. = =/

(2) The number of hours available in which field vy/grk%an//ée done in a timely
fashion are quite limited, and most of the economies as| ”ocﬁ'gé;d with volume of use can
be gained when machinery is used at much less tha 1&Ll<ezipééity. Therefore, it is often
practical to use big expensive equipment at less ;\ﬁl flhl“ papacity rather than use small
equipment. N
Y

(3) Trends toward larger farms and specialization are making bigger machines
more practical. The three- and four—bo@{nlf{gsﬁre in the process of becoming obso-
lete. Bigger equipment will be necessaryfi; 15%0?/{11 agriculture is to earn as much as

might be earned from non-farm jobs in t}:ﬁé\fut .
SN

(4) Big operators do not fear fi)f(éd &SSjts because they can be spread over many

units. Small operators do not feagvg\eﬁ\ﬁbge/ costs because they do not have to be multi-

plied by many units. Big operator Q}/Stand high depreciation but fear repair costs,

but for small operators the rxeveglg/ré"g";é\true. (See Figure 3.)
< N /]

N
(5) The question is r&s\}m ch "What size equipment fits my farm?" but "How
can I gain the efficienci cg/ ig equipment?"
N4

NN
Large operators, with strong finances and in high tax brackets tend to buy new
and trade frequently.

Medium size operators tend to buy new equipment and use it several years.



Figure 2. Average per acre costs for labor ($2/hour), machinery and equipment for specified systems of corn
production over various acreages. &
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Figure 3. Average per acre costs for labor ($5/hour), machinery and equipment for specified systems of corn

production over various acreages. &
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Small operators tend to buy used equipment and finish wearing it out.

Still smaller operators use custom work.

CUSTOM HIRING

This may be considered as an alternative method of gaining the use of big equip-
ment. In this case, the direct costs are readily available and may be compared with the
costs of owning machinery. However, particularly in the case of custom hiring, the
question should be asked as to whether the conditions of timeliness and thoroughness
would be met. Would yield expectations be as great as they would if the operator did the
job himself?

SELECTION OF A MACHINERY SYSTEM //\k\

When selecting a machinery system, the farmer should considg:f e than the
cost of getting the job done. He should take into account the method| Qﬁ/ péeration and
consider timeliness which would enable him to maximize output. AN —

S
Timeliness ( \\

It is a well-known fact that an optimum period of the yea 1sts during which corn
should be planted. Corn planted either before or after thl%te will be lower yielding.

A similar relationship exists during the harvesting proc/ ess when field losses tend to in-
crease as the season progresses. Table 15 shows the ¢ /of timeliness of planting on
yield for two corn hybrids, and Table 16 shows how ﬁétd 1osses change with length of
the harvest period. For the farmer who is sel ctl@a ,/achmery system, such timeli-
ness factors should be taken into account. NN

Table 15. Yields for two corn hybrids plgn{ﬁd at different times in Central Indiana. &/

Week Beginning Unito, ) Hybrid A Hybrid B
April 19 Bu./Acté 102 124
April 26 Bu./ ms\ 122 147
May 3 Bu. Aci‘q 149 129
May 10 gi\ x9 151 117
May 17 \re 140 112
May 24 ‘// Bu. /Acre 124 111

a/ Source: J. A. Gro %% D. Thesis, Purdue University
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Table 16. Percent field losses with combine at various lengths of harvest and beginning
moisture contents. &/

No. days Moisture at beginning of harvest
of harvest 30% 28% 26% 24% 22% 20%

Percent loss

10 3.0 2.6 2.6 2.7 3.2 4.6
20 2.8 2.8 3.0 3.4 4.0 5.4
30 3.2 3.3 3.6 4.1 4.8 6.6
40 3.8 3.9 4.4 5.0 5.8 7.8
a/ Underlined figures indicate the moisture content at the beginning of har //s:t nj

field losses will be at a minimum. For example, with a 10-day harzstl eriod,
field losses will be 2.6 percent if harvesting commences when moisture content is
\\/ ) )

26 - 28 percent. o~ x/
g -

N
In the preceding pages, various aspects of costs have be a@‘;ﬁrzed. These con-
cepts are important tools to use when budgeting alternative‘,ﬁra{c nery systems. While
it is convenient and useful to emphasize cost relationships,' it\gl}b?uld be remembered
that the ultimate criteria for decision-making is profit (ﬁm{@ y and/or pleasure).
Therefore, any comparisons of alternative systems/risp‘d@‘ c/@hsider differences in re-
turns as well as differences in costs. *\\7/

7
o 9
N/
>
/\K
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