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SUMMARY 

1. A survey was made on 66 Linn County, Missouri farms in 1931 .I cov-
ering the 1930 farm business) to determine the power, labor, and machmery 
costs of crop production; and to determine the var ia tions in these costs and 
th e causes for the variations. 

2. The average annual cost of horse labor in 1930 was $67.31 for an 
average of 750 hours work. . 

3. The average hourly cost of horse labor in 1930 was 9 cents and vaned 
from 20.3 cents to 5.4 cents. 

4. Feed constituted about two-thirds of the cost of hors e labor. 
5. Thirty per cent of the farms studied used both horse and tractor 

power. 
6. The average hourly cost of general purpose two-plow tractors in 1930 

was 57 cents. These tractors did an average of 436 hours of work per year. 
7. Tractors operated less than 340 hours in general had overhea d costs 

greater than operating costs. 
8. The depreciation rate on tractors varied from 8 to 21 %, depending on 

the amount of annual use. 
9. Total repairs throughout the life of a tractor averaged 24 <;'10 of the 

first cost. 
10. The average hourly cost of horse labor on the horse powered farms 

was 13% higher than on the horse-and-tractor powered farms. 
11. Horse and tractor power was complimentary and not competitive . 
12. On the average each tractor replaced four horses. 
13. The average yearly cost of farm machines was 13.4 per cent of their 

cost new. If interest is not considered this cost is reduced to 10.4 per cent . 
14. The maximum use of field machines on these farms was from 12 to 

30 days per year. 
15. The depreciation rates on machines , which were used a very limited 

amount per year, which had few moving parts, and which were constructed 
mainly or iron and steel, did not vary significantly with the amount of use 
per year. 

16. The average depreciation rate on farm machines was 4.8%. 
17. Machines used the maximum amounts per year had the lowest daily 

cost. 
18. At the time of this survey machinery was not being replac ed as fast 

as would ordinarily have been customary. 
19. A group of farms using tractor power for all operations in producing 

corn, except planting and a part of the cultivations, required approximately 
one-half the number of man hours per acre as those farms using single-bot
tom plows and one-row cultivators. 

20. Power, labor, and machine costs per acre for producing oats were 
46% higher, 'Nhere the oats Wf're drilled than where sown broadcast; how
ever, the yields when drilled were enough higher to give equal bushel costs. 

21. Power, labor and machine costs per acre for producing wheat were 
71 % higher on those farms where the ground was plowed than on those farms 
where the wheat was drilled in disked corn stalk land. 

22. Power, labor, and machine costs amounted to 340/0 of the value of 
crops produced on these farms . 

23. 'The horse-and-tractor powered farms were 61 % larger than the 
horse powered farms. 

24. The crop index was 100 on both horse powered farms and horse
and-tractor powered farms. 

25. The larger farms in general made more efficient use of power labor 
and machinery than the smaller farms. ' , 

26. For the type of agriculture and the equipment used on these farms 
8~ adjusted crop acres per farm (approximately 115 crop acres) will give a~ 
hIgh a return per man as a greater number of acres. 

27. For the type of equipment used on these farms, four or five avail
able hors.e~power ~er man. (five or six horses per farm' of 115 crop acres) 
seem suffICIent to gIve maxImum returns per man. 



Power, Labor and Machine Costs in 
Crop Production 

Linn County, Missouri, 1930 

DWIGHT D. SMITH and MACK M. JONES 

INTRODUCTION 

This bulletin pres·ents the results .of cost studies made with 
the following objects: 

1. To determine the power, labor, and machine 
costs .of producing common farm crops. 

2. To determine how and why these items of cost 
vary. 

3. To determine how these causes of variation in cost 
factors may be used in the selection of the most economical 
amounts of power, labor, and machinery fo-r a given set 
of conditions. 
Data for this study were secured from a survey of 66 Linn 

County farms in 1931. (The records were for the 1930 farm op
erations and business.) These farms were selected to give a varia
tion in size and in production practices. 

Linn County was selected as typical .of a large farming area 
located in the north central part of Missouri. The topography is 
rulling prairie with timber along the creeks. Drainage is by Locust 
and Yellow Creeks, which are tributaries of the Grand River. In 
the northern part of the county the soil is generally Shelby loam, 
and in the southern part Grundy silt l.oam. There is some Wabash 
silt ~oam in the creek bottoms; however, the percentage of this soil 
in the area is rather small. Erosion is a problem on a large part 
of the crop land. 

The crops raised in Linn County are corn, grass, soybeans, 
oats, wheat, and mixed hay. The largest part 0.£ these crops is 
marketed through livestock. The principal livestock enterprises 
are beef cattle and hogs, with sheep, poultry, and dairy cattle sec
ondary. 

These farms varied in size from 60 to 600 acres. Small power 
and machine units were found in use on farms of all sizes. The 
larger power and machine units were found on the medium to large 
farms. 
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PART r. POWER COSTS 

Horse Costs.-The average cost of horse labor for the 388 work 
horses on these farms was 9.0 cents per hour or $67.31 per horse 
per year. The average annual number of hours of work per horse 
was 750. The items included in these costs are, in the order of 
decreasing magnitude, feed, depreciation, chore labor while work
ing, harness, housing, interest, taxes, and insurance. Other items 
not taken into direct account are veterinary fees, bedding, and 
chore labor when not working. These items are difficult to evaluate, 
are small in the aggregate, and for the purpose of this study are 
considered equal in value to the manure produced. The distribu
tion of costs is presented in Figure 1 and Table 1. 

fEED COSl PER HORSE 
I'&RYEP-R 

0&.0 "7- ~44.42 

(1'130 PftIG~ 

Fig. I.-Yearly horse costs. The total average 
cost was $67.31 per horse for an average of 750 
hours of work each per year. 

TABLE I.-YEARLY aoasE COSTS 

Item 

Allleed _____________________ _ 
Deprecia tion ____ :... ___ _______ _ 
Interest, Insurance and Taxes._ 
Chore Labor (Working only} ___ _ 
Harness _______________ _____ _ 
Housing. __________________ ._ 

Cost 

$44.42 
6.96 
5.56 
4.73 
3.33 
2.31 

.----
Percent 

66.0 
10.3 

8.3 
7.0 
5 . 0 
3.4 

TOTAL_ _ _________ _ ___ __ ___ _$67.31 100 % 

Variation in Horse Costs.-One of the greatest caus·es of va
riation in the cost of horse labor was the amount of work done by 
the horses annually. The cost varied from an average of 20.3 

cents per hour f.or a group which worked an average of 299 hours 
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annually, to an average of 5.4 cents per hour for a group that work
ed an average of 1600 hours annually . The reason for this great 
difference in cost per hour is the fact that it costs a certain min
imum to keep a horse regardless of the amount of work he does. 
The yearly horse cost varied from an average of $59.03 for the 

group that worked an average of 299 hours per year to an average 
of $86.23 for the group that worked an average of 1600 hours per 
y ear. (See Figures 2, 3a, 3b and Table 2.) 

Other factors of horse cost that varied with us·e, were feed and 
chore labor while working. Chore la~or costs varied directly with 
use. Some of the farms that used their horses less than average 
had high feed costs; however, the general trend was toward in
creased feed costs with increased use. This is shown in Table 2. 

Those farms using their horses the smaller amounts per year 
generally had horses of below average value, and a small number 

.:r 

. .. i " 

Fig. 2.-Effect of annual use upon the hourly cost of horse labor. 

TABLE 2.-VARIATION OF FEED COSTS AND TOTAL HORSE LABOR COSTS WITH AMOUNT OF 

WQRK DONE 

Average Avg. Yrly. Avg. Total Avg. Hrly 
GroJ Hours No. of Farms Hours of Feed Co.t Cost per Year Cost of 

Work:e per Year in Group Use per Year per Horse per Hors e Horse Labor 

200- 350 3 299 $41.02 $59.03 $0 . 203 
351- 500 11 466 46.74 67 . 25 .145 
501- 650 13 566 45.04 63.76 . 114 
651- 800 15 711 41.63 64 .00 .090 
801- 950 11 893 43 . 23 69 . 75 .079 
951-1100 6 1035 48.40 74.75 .073 

1101-1250 4 1144 44 . 27 73.20 ,064 
1251-1400 0 - --- 49:77 - ---- :054-1401-1700 3 1600 86.23 
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of crop acres per horse. This group not only included small, but 
also large farms. In a few cases, tractors had been purchased 
without a reduction in the number of work stock or a sufficient 
increase in crop acres. 

I 1 

f., 

crt 

, i-: .. 

. r 

The tractors on these farms were doing the 

+ ,-
-I _~ ,. ,.. ~ 

-r -

, '" . 

Fig. 3a.-Effect of annual use upon the yearly cost of horse 
labor; 66 Linn County, Missouri farms, 1930. 

Fig. 3b.-Effect of annual use upon the various items of yearly 
horse labor costs. 

bulk of the cr..op work while the horses grazed in the pastures, re
sulting in a small number of hours of horse labor per year and, con
sequently, high hourly costs. This condition, however, ,is an ex
ception as the average cost per hour of horse labor all·' the horse-



RESEARCH BULLETIN 197 9 

;md-tractor farms was 8.S cents against an average of 9.4 cents per 
hour of horse labor on the horse farms. 

Items of Horse Oost.-F eed Costs include all grains, hays, 
roughages and pastures consumed in 1930. It was impossible to 
determine with any accuracy the amount !of feed consumed by the 
horses alone. As the total amount fed to all classes of livestock 
and the total number of animal units were known, it was possible 
to determine the feed cost per animal unit for each farm. Then as 
a horse is considered equal to half an animal unit, the feed o,ost per 
horse for the year could be determined. The average values used 
in computing these feed costs ore shown in Table 3. They are the 
farm prices prevailing in Linn County in 1930. These values va
ried somewhat from farm to farm. 

TABLE 3 . -AvERAGE PRICES USED IN COMPUTING FEED COSTS 

Grains Price per Bu. Hay Price per Ton 

Corn $0.85 Timothy $8.18 
Wheat 1.10 Mixed 8.24 
Oats .47 Soybean 10.37 

Pasture $2.82 per acre 

Annual feed costs per horse varied on the individual farms from 
$23.27 to $76.10. The average annual feed cost was $44..12 per 
horse. The lower feed costs were generally associated with the 
lower valued horses and, also, those which were worked the lesser 
amounts per year. The relationship of feed costs to work done by 
the horses is sbjown in Table 2, and Figure 3b. 

The average anintwl deprecia,tion charged in these studies was 
approximately $7.00 per horse. Depreciation on work stock is a 
charge which cannot be escaped. A few farmers may make it a 
practice to use only young horses andi sell them before they de
preciate in value. In such a case the depreciation is not' avoided, 
but simply transferred from the seller tlO the buyer. Since most 
buyers are farmers, the depreciation is not removed from the farm. 
Horses wear out and die and must be replaced. In some cost stud
ies a direct charge for depreciation is not made. This procedure is 
all right when the cost of raising colts is added tOo the expense of 
keeping the workstock, and when enough colts are raised to replace 
the old horses as they wear out and die. 

On the farms included in this study not enough colts were 
raised for replacement of workstock. During the year there were 
eleven colts born on seven of the farms, or for the group of farms 
as a w40le, one colt to 35 work horses-hardly half enough to main
tain the workstock without outside purchases. The cost of raising 
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and feedin cr these colts was not included ,in the cost of workstock, 
b 

and colts when broke to work, were charged to the workstock in-
ventory at market prices. 

Age, Yrs. 

1 
2 
3 
4 
5 
6 

TAB;LE 4.-VARIATION OF HORSE VALUE WITH ACE 

(Missouri Agricultural Experiment Station Bulletin 152) 

Value Age. Yrs. 

II 72 7 
113 8 
129 9 
154 10 
165 11 
15 3 12 

" 

I 

-+- , -t. 

Value 

$144 

:+ 
, 1+:: 'tt;: 

H 

I J 4 
141 
141 
123 
95 

Fig. 4.-Effect of age upon the relative value of horses. Values are 
expressed in per cent of maximum value. Points were compute<l: from 
data of Table 4, lYIissouri Agricultural Experiment Station Bulletin 152. 

An attempt was made to determine the average annual de
preciation on horses by the difference in inventory values at the 
beginning and end of the year. This proved unsatisfactory. Four 
farmers by the inventory method had an average depreciat~on of 
$16.00 per horse on seven horses; four had an average appreciation 
of $4.20 each on fifteen horses. Seven horses at an average value 
of $50.00 each, died during the work season. Five records showed 
old horses kept that did 1,0 work. A method other than a diff'er
ence in inventory values was, therefore, used. 

Data on the variation of the value of horses with age is given in 
Bulletin No. 152 of the Missouri Agricultural Experiment Station, 
and is reproduced here in Table 4, and in figure 4. The variation 



RESEARCH BULLETIN 197 11 

in horse values on the Linn County farms is shown in Table 5. It 
will be noted from Table 5 that the mean value of the horses 
($70.05) is above the modal value. From this it may be assumed 
that the average age of these horses is somewhat past one-half the 
averaO'e life of a horse. If we assume that the average age of these 

'" horses is nine years, we may c-::lmpute their average value at four 
years from their present value of $70.05 and the ratio of values at 
ages four and nine from data given in Table 4. The value at four 
years of age thus computed is $76.50. Assuming that this amount 
is depreciated over a useful work life of eleven years (from ages 
4 to 15 years), the average annual depreciation is $6.96 or {or all 
practical purposes $7.00. This assumes an annual depreciation rate 
of 9 per cent, which is in line with that used in various other horse 
cost studies. * 

TABLE 5.-VARIATION OF HORSE VALUES 

No. Horoes 
Group in Group Average Val ue -------

0-$30 30 $20.13 
31- 60 201 45.75 
61- 90 49 79.16 
91-120 46 100.87 

121-150 50 129.70 
151-180 2 162.50 
181-210 8 200.00 
211-240 2 240 .00 

TOTAL 388 70.05 

Chore labor while worhng. Each farmer gave his estimate of 
the average daily time he put in taking care of his horses when 
working. From this and the cnop record sheets the total :J.mount 
of time spent on horse chores was determined. The average time 
required per year was 23.7 hours per horse or a total of $4.7:3 at 
20 cents per hour. 

Iiarness costs aveli aged $3.33 per horse per year. The usual 
items-depreciation, interest, insurance, taxes and repairs, were in
cluded in harness costs. Depreciation was determine(] by taking 
the difference between present value and the first cost and divid
~ng by the age in years. The average yearly repair costs were esti
mated by the farmer. Interest was figured at 6% of the present value 
and insurance and taxes were estimated at 2% of the present value. 

Rousing. The housing or barn charge for horses averaged 
$2.31 per horse per year. From a building survey made the pre
vious year, the annual barn cost had been determined. The yearly 
barn cost was pro-rated, the amount charged to the horses bearing 

'U" S .. Depar.tment of Agric.ulture Farmers' Bulletin No. 1298; 
Illmols AgrIcultural ExperIment Station Bulletin 231. 
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the same relation to the total barn expense, as the stall space used 
by the horses bears to the total cubical space in the barn. The 
yearly cost of the space occupied in the barn by horse feed was 
added to the value of the feed and, therefore, was not included in 
the horse housing cost. 

Intere,st, Ins1trance. and Taxes. Interest was figured at 6 per 
cent of the present value of the horses. Insurance and taxes were 
figured together at 2 per cent. On this basis, the average interest, 
insurance, and tax charge was $5.56 per horse per year. 

Tractor Power Costs.-Twenty-one of the 66 farms used trac
tors, half of which were old discontinued models, (old style Ford
sons, Moline Universals. and Samsons.) The cost ,;of work done 
by the tractors was calculated, and the results grouped according 
to size and type of tractors. The average costs are presented in 
Table 6. It will be noted that for the old model two-plow tractors 
the average cpst was 71 cents per hour; for the general purpose 
two-plow tractors, 57 cents ; and for the three-plow tractors, 74 
cents. 

No.in 
Gr.oup Group 

11 Old Model'" 2-plow 
8 Gen. Purpose 2-plow 
2 3-plow 

TABLE 6.-TRACTOR COSTS 

(Linn County Farms) 

Total Avg. Hrs. 
Age, E,t. Life, Used per 
Yrs. Yrs. Yr. 

8.3 11.3 258 
2.0 12.4 436 
4.5 12.0 374 

*Fordsons, Moline Universals, and Samsons. 

Cost per Hou r of Use 
-

Over- O~erat-
head Ing Total 

.39 .32 . 71 

.33 . 24 .57 

.41 .33 . 74 

TAgLE 7.-EsTIMATED T W O-PLOW TRACTOR COSTS BASED ON RECORDS OF 120 TRACTORS 
IN MISSOURI 

Hrs . of Use Avg. Est. Deprecia- i Repair Cost Overhead Operating Total Cost 
per Year Life, Yrs. tion Rate per Hr. Cost per Hr. Cost per Hr. per Hr. 

200 11.6 8.6 I $ .085 $.524 $.365 $.889 
400 ID.2 9 . 8 .050 . 293 . 330 .623 
600 9.0 11.1 i . 038 . 214 . 318 

, 
. 532 

800 7.9 12.6 .032 . 176 . 312 .488 
1000 7.0 14.3 ! .029 .155 .309 .464 
1200 6.1 16.4 .027 . 142 .307 .449 
1400 5.4 18.6 ; .026 . 134 . 306 .440 
1600 4.7 21.1 i .025 . 127 . 305 . 432 

First cost of tractor, $850; Fuel, IDc per gallon; Oil, 70c per gallon ; and Grease, 15c per pound. 

Variation in Tractor Power Costs.-The cost of tractor pow
er per hour varies quite widely and depends largely upon the 
amount of work done by the tractor annually. Based upon the 
twenty-one Linn County records. (as summarized in Table 6), and 
upon records of ninety-nine other Missouri tractors obtained in 
1929, the effect of the amount of work done annually by the trac
tor, upon the various items of tractor cost is shown in Table 7 and 
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Figure 5. It will be noted that the total cost per hour for a two-
. plow tractor varies from 89 cents for a tractor working only 200 
hours (20 days) per year, to 49 cents for a tractor working 800 
hours, and to 43 cents for a tractor working 1600 hours. These 
figures indicate that for reasonably low costs, there should be from 
600 to 800 hours of work for the tractor annually. 

I . '. 

~It -Jt 

-: tl -' ':11' ,t , 
0.+ ... + r- -i -t 

i~f f fHt-+HtJ-t- , r 

. -t-t-t+ -- ' 1+ 

,it mr~iH~J 'T - :i: . I:j:;:~f-~l - Ii ~r 

++- j-f 1+1_ - _ ~ J§1 - Ff -
--dtl tl:t ci"l::t±t: ,t± rt: ::t- . , !:J::tl± :t ItJI:t t l ,:[, - ___ I:t 

fig. 5.-Effect of annual usc upon the various items of two-plow tractor costs, and upon 
the expected life and the depreciation rate. 

Another very important factor affecting the cost per hour of 
work done with a tractor is the estimated life from which the de
preciation rate is determined. It will be noted from Table 6, that 
the average expected life of the general purpose two-plow tractors 
was 12.4 years. The range in expected life was from 7 to 15 years, 
depending largely upon the amount the tractor was used per year. 
In considering the average age of these tractors some question may 
be raised as to the accuracy of estimates of. the ,expected life when 
the tractors had been in use such a short time. However, the old 
model tractors had 8.3 years of service and were estimated to last 
three additional years, which is very near the expected life for the 
new models. Despite the fact that the old models were not in use 
as much as the new models, the estimates of life for the new models 
are not out of line when the improvement in design is considered. 

Items of Tractor -Cost.-Items of tractor costs were divided 
into two main groups: (1) overhead cost, consisting of deprecia-
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tion, interest, insurance, taxes, and housing; and (2) operating cost, 
consisting of fuel, oil, grease, repairs, and chore labor (greasing, 

fueling, etc.) 
Dcpreciaiion on the tractors of this study WflS determined by 

dividing the first cost by the estimated life in years. This is known 
as the straight line method of figuring depreciation and assumes an 
equal depreciation charge for each year throughout the life of the 
tractor. The actual depreciation varies from this, being greatpr the 
first few years and less in the later life of the tractor. Also, the 
total actual life cannot be accurately determined until th e tractor 
is worn out . Reasonably, accurate estimates may be obtained, 
however, if sufficient records are secured for tractors that have 
been in operation for several years. 

The item of depreciation makes up the bulk of the overhead 
cost. For tractors operated less than 840 hours, on the average, 
the depreciation is sufficient to cause the ovel'head cost to be great
er than the operating cost. Thi s is shown in Fignre 5 and TabYe 7. 

The annual depreciation on many farm machines is commonly 
figured at a constant rate, regardless of the amount llsed per year. 
(See section on Machinery Costs, pages 18 to an, for further dis
cussion.) Although this method gives reasonably satisfactory re
sults for many farm machines, it is not sa ti sfactory for estimating 
depreciation on tractors, due to the wide variation in the amOll1lt 
of use the tractors receive. 

For the 120 tractors studied the depreciation rate (the recipro
cal of the expected life) increased considerably as the hours of 
annual use increased, but not at a constant rate. See Fignre cj and 
Table 7. The average annual depreciation r ate was about 8% for 
those tractors averaging ]00 hours of use annually, and increased 
to about 21 % for those averaging 1600 hours of u se. 

Interest, Insurance and Taxes. Annual interest was figured at 
6% and annual insurance and taxes at 2% of half the first cost (ap
proximately the average value) of the tractors. This was clone in 
order to give an average yearly charge for these items on any par
ticular tractor. In actual practice, these items would be a maxi
mum the first year and decrease as the value of the tractor de
creases. 

Housing. In another phase 'of the survey on these farms, data 
were secured by which the annual costs of all buildino's were de-

l:> 

termined. The average annual cost of the building in which a 
tractor was hOtlsed was, therefore, known; and from the space re
served for it, the yearly shelter charge was determined. Fourteen 
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of the 21 Linn County tractors were sheltered at an average annual 
oost of $2.G4. 

Fuel, Oit and Grease. These costs were determined by multiply
ing the actmt! amounts used by the average prices paid' throughout 
the year. Gasoline cost on the average, 11 cents per gallon; kero
sene 8 cents per gallon; oil 70 cents per gallon; and grease 15 cents 
per pound. 

Repair Costs. The annual repair costs for the 21 Linn County 
tractors were figured by dividing the total costs of repairs (repair parts 
and expert labor) to the date of the survey, by the age of the trac
tors. The figure thus obtained' may be considered a close approxi
mation of the average annual repair costs, except in the case of the 
newer tractors that had not had many repairs. However, the new
er tractors are obviously considerably improved mechanically, and 
it is doubtful if repairs for them will average as much as that on the 
older tractors that are nearly worn out. 

From a study of data on farm power costs. collected by the 
Missouri Agricultural Experiment Station and the U. S. Depart
ment of Agriculture in 1929., it appears that for a group of tractors 
there is not much relation betvveen the number of days they are used 
per year and their annual repair cost. Those tractors used much had 
in the main, very little if any more repairs than those which were 
used little. There was a much greater relation between the age of the 
tractors and the annual repair costs. Although this relationship 
probably holds true for a large group of traC"4ors, it probably would 
not be accurate in estimating the cost of repairs on any given trac
tor, tOo assume that the annual repair cost would not vary with the 
amount it is used per year. The assumption that the total life re
pair costs for tractors of the sam e size will be constant would seem 
to be more nearly correct than the assumption that the annual re
pair costs will be constant regardless of the amount used annually. 

From a study of the repair costs of the two-plow tractors in
cluded; in this study, it was estimated that the repairs for the trac
tors throughout their life would total 24% of their purchase price. 
The yearly repair charge used in Table 7 and Figure 5, was deter
mined by dividing 24% of the first cost by the expected life in years. 
This method gives an average yearly repair cost which is propor
tional to the expected life, and also to the amount of annual 'else. 

Chore Labor. The Jabor of greasing, fueling and getting the trac
tor ready for work averaged 30 minutes per day, and was charged 
at the rate of 20 cents per h,our, or 10 cents per day. 
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Comparison of Power Costs.-A study of the power costs on 
the Linn County farms, indicate that whether horses or tractors 
furnish the cheapest power depends upon the conditions on the in
dividual farms. The most important factor affecting power costs, 
both tractor and horse, is the managerial ability)of the farmer. The 
farmer through his cropping system and equipment has control over 
his peak power load' and the size of his power unit (size of the trac
tor, or number of horses.) In other w,ords, the farmer controls the 
amount of work his power unit has to do in taking care of his crops. 
By distributing the peak power load a smaller unit may be used 
which will result in increased use and hence lower unit power costs. 
In E'(Ome cases power costs were higher than necessary because a 
tractor had been purchased without significant reduction in horse 
expense; in other cases too many horses were kept even though 
no tractor had been purchased. On some farms where the amount 
of work for the tractor was limited, the owner had managed ~o do 
some custom work with the tractor and thus proportionally reduce 
the tractor overhead cost charged to his own farm work. An aver
age of 14.2% of the work done by the tractors, was custom work. 

TABLE S.-COMPARISON' OF POWER COSTS PER ADJUSTED CROP ACRE AND ACRES PER IV!AN 
FOR H,)RSE FARMS AND HORSE;-AND-TRACT:)R FARMS 

No. Adjusted Crop Power Cost per Adiusted 
Farms Acres Crop Acre 

in ------------------
Kind of Power Group Total Per Man. Horse Tractor Hired Total ------------------

Horse ________________________ 47 64.9 42.7 $4.l3 1I.53 $4.66 
Horse and Tractor_ .... ___ ________ 19 104.2 62.1 2.49 $1.27 .30 4.06 
Two Tractors and One Team ____ 1 177.0 141. 7 .39 1.42 .34 2.15 
Lowest Horse Costs ____________ 5 82.0 52.0 2.79 .22 3.01 

The horse-and-tractor farms in this study kept an average of 5.78 
horses. Had they only used horses for power, and used them at the same 
rate as the horse farms (that is, the same number of horses per hun
dred adjusted crop acres), they would have used 9.78. Thus, it 
may be said that the tractors, on the average, replaced 4 horses. 
The average annual cost of 4 horses '.on the farms was $272.00 or 
$55.00 more than $217.00, the average annual cost of the tractors. 

The horse farms had an average man equivalent of 1.52, or 
42.7 adjusted crop acres per mz.n. Had the horse-and-tractor farms 
used man labor at the same rate, they would have required a man 
equivalent of 2.44. Their actual man equivalent was 1.68, or 45% less 
labor for the same number of adjusted crop acres. 

T.he farms which used tractors were somewhat larger than 
those that used only horses for power, the adjusted crop acres on 
the horse farms being 64.9 and on the horse-and-tractor farms, 104.2. 
See Table 8. It will. be noted, also, from Table 8, that the five 
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horse farms having the lowest power costs, have costs very materially 
below the average, $3.01 per adjusted crop acre, against $4.06 on the 
horse-and-tractor farms, and against $4.66 on the horse farms. Table 
9, gives additional comparisons between farms which used only horses 
and those which used both horses and tractors. 

An important fact,apparent from a study of these records, is 
that horses and tractors do not compete with each other as a form 
of farm power, but are complementary. The tractors were used 
most in peak load periods. They were worked long hours to com
plete necessary operations that had' to be done in a limited timie 
and when to do the work with horses altogether would have re
quired a considerable increase in the number of worl(stock kept, 
with: resultant high unit costs. Horses were used more efficiently 
on the horse-and-tractor farms than on the horse tarms, as is 
shown in lines 17 and 18 of Table 9. That is, on the horse-and
tractor farms th e horses were worked an average of 864 hours each 
annually, at a cost of 8.3 cents per hour against an average of 704 
hour each annually and a cost of D.4 cents per hour on the horse 
farms. 

TABLE 9.-COMPARISON OF HORSE FARMS AND HORSE-AND-TRACTOR FARMS 

1. Man equ,ivalenL ____________________ ________ _ 
2. Horses per farm _____________ ____ ____________ _ 
3. Total acres per farm _____ ___ _______ ___ _______ _ 
4. Crop aCres per farm _____ ____________________ _ 
5. Cultivated crop acres per f~rm ____ ___ _________ _ 
6. Adju,sted crop acres l per farm ___________ ___ ___ _ 
7. Crop acres per man. _________________ ________ _ 
8. Curtivated crop acrcs per man ________________ _ 
9. Adjusted crop acrest pe,r man .. ________________ _ 

10. Adjusted crop acres l per horse ____ ___________ _ _ 
11. Total animal units per farm _____ ___ __________ _ 
12. Productive animal units per farm ______________ _ 
13. Crop aCres per animal uniL __________________ _ 
14. Total acres per animal uniL ____ ________ ______ _ 
15. Crop aCres per productive animal uniL ___ _____ _ 
16. Total aCres per productive animal uniL _____ ___ _ 
17. Cost of horse labor per hour __________________ _ 
18. Annual hours of horse labor per horse __________ _ 
19. Man hours per adjusted crop acre~ ____________ _ 
20. Crop Index ____________ __ _______ _______ ____ _ _ 

Horse Farms 

1. 52 
6.03 

216.5 
11 3.7 
73.7 
64.9 
74.9 
48.4 
42.7 
10.8 
29.8 
26.7 
38.1 
72.7 
42.6 
81.0 
9.4c 

704 
13 . 5 

100.0 

lAc res adjusted to equiva.lent number of acres of corn all horse labor basis. 
2Acres a.djusted to equivalent number of acres of corn on man labor basis. 

Horse-and-Tractor 
Farms 

1.68 
5.78 

286 .0 
168.0 
132.3 
104 .2 
100.0 
78.8 
62.1 
18.0 
34.1 
31.0 
49.2 
83.8 
54.2 
92.2 

8.3c 
864 

11. 7 
100.0 
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PART II. MACHINERY COSTS 

Annual Cost of Machines.-The yearly machine cost on these 
Linn County farms averaged $120.70 per farm. This figure in
cludes the cost of all machines used for field work, and for general 
work about the farm. It includes also the cost of any custom work 
done with the machines. The items incltided in the total cost of 
these machines are depreciation, interest, insurance, taxes, repairs, 
and housing. These items were determined in the same manner 
as for trador costs. (See pages 12 to 16). The inventory value of 
the machinery on these farms averaged $388 per farm. 

T,\BLE lO.-SERVICE AND COST DATA FOR MACHINES* IN LINN COUNTY 

Est. Yearly Days 
Avg. Total Cost in Used 

No. in Age Life, Dep. First Yearly Yearly % of Per 
Machine Size Group Years Years Rate Cost Repairs Cost 1st Cost Year -----------------------Mowers ______ _____ _ 5 ft. 36 5.5 20.9 4.9 jlM.58 $1.77 $8.88 13.7 8.5 Mowers ____________ 6 ft. 19 10.1 19.1 5.2 68.73 1.74 9.86 B.3 6.4 Sulky rake _________ 10 ft. 16 17.8 25.7 3.9 25.60 .20 3.17 12 ... 5.2 Sulky rake _________ 12 ft. 5 19.8 27.0 3.7 30.40 .01 2.69 8.9 3.2 Sweep rake _________ 2-wheel 29 11.1 18.7 5.3 36.65 1.11 6.34 17.3. 6.7 Stacker ____________ Over-shot 18 18.0 24.4 4.1 44.05 1.14 7.54 17.1 7.0 Hay loadeL ________ 3 18.0 25.0 4.0 90.00 1.14 14.46 16.1 6.0 

Walking plows ______ 12 in. 11 19.8 32 . 1 3.1 13.36 . 36 1.58 11.8 1.9 
Walking plows ______ 14 in. 11 19.2 26.8 3.7 16.82 .94 3.17 18 .8 3.7 
Walking plow'- _____ 16 in. 12 15.3 24.3 4.1 18.00 1. 78 3.89 21.5 6.1 Sulky plows ________ 16 in. 17 12.9 22.5 4.4 55.17 1.84 7.53 13.7 13.4 Gang plows _________ 2-12 in . 25 18.4 25.5 3.9 68.96 3.36 10.59 15.3 14.8 Gang plows _________ 2-14 in. 3 15.7 24.0 4.2 66.66 2 .63 9.20 13.8 10.0 Tractor plows _______ 2-12 in. 2 6.5 17.5 5.7 105 . 00 3.47 13.13 12.5 17.5 
Tractor plows ____ ___ 2-14 in. 4 7.5 14.3 7.0 112.75 3.30 14.47 12.8 9.8 
Tractor plows- ______ 3-14 in. ? 13 .5 19.0 5.3 200.0 4.58 23.99 12.0 9.0 
Spike tooth harrow __ 2-section 46 13 . 0 20.0 5.0 16.98 . 13 2.62 15.4 6.7 
Single disc harrow __ ~ 7 ft. 12 14.9 21.0 4.8 47.08 .84 5.56 11 .8 8.2 
Single disc harrow ___ 8 ft. 19 12.7 19.9 5.0 50.84 .49 6.61 13 .0 13 . 1 
Tandem disc harrow_ 7 ft. 7 6.4 18.0 5.6 113.57 1.07 13.37 11.8 10 . 9 
Tandem disc harrow_ 8 ft. 6 6.8 16.7 6.0 120.00 .26 15.47 12.9 10.3 Rollers _____________ 5 5.4 21.8 4.6 69.00 .10 7.29 10.6 3.2 Corn planter ________ 2-row 51 10.5 18.1 5.5 75.90 .79 9.28 12.2 5.2 
Corn cultivator ______ I-row 80 11 . 8 21.0 4.8 39 .68 1.17 5.71 14 .4 11. 9 
Corn cultivator ______ 2-row 7 10.0 20.0 5.0 87.85 1.28 11.34 12.9 12.1 
Corn cultivator ______ 2-row 

tractor 3 1.0 19.3 5.2 116.67 1.00 13 .62 11.7 13.7 Rotary hoe _________ 2-row 11 2.5 14.3 7.0 81.50 .28 10.40 12.7 7 . 2 Corn binder _________ I-row 8 14.3 19.4 5.2 161. 87 2.04 19.74 12.2 4.8 Silage cutter. __ ' _____ 4 13.5 21.5 4.7 442.50 3.87 43.23 9.8 4.3 
Endgate seeder ______ double 

throw 20 9.7 19.5 5.1 27.48 .04 3.32 12.1 1.4 Grain driIIs _________ IO-hole 2 17.0 24.0 4.2 96.50 1.00 13.16 13.6 9.0 Grain drillL ________ 12-hole 2 7.0 14 .0 7.1 159.00 .38 20.38 12.8 15 . 5 
Grain binders _______ 6 ft. 3 21.7 27.3 3.7 133.33 1.16 15.88 11.9 4.0 
Grain binders _______ 7 ft. 8 12.5 18.3 5.5 188.18 2.15 22 . 99 12.2 5.1 
Grain binders _______ 8 ft. 6 6.3 14.5 6.9 223.33 1.96 26.95 12.1 4.3 Wagon _____________ 85 17.3 28.2 3.5 71.29 1.28 7.91 11.1 43.6 
Manure spreader __ __ 33 11.8 21.1 4.7 124 . 84 .79 14.03 11.2 15 . 7 
Lime spreader ______ 11 4.5 16.6 6.0 57 . 00 .14 7.11 12.5 1.5 
Feed grinders _______ 6-in. buhr 2 16.0 23.5 4.3 27.50 1.00 3.46 12.6 5.0 
Feed grinders _______ 8-in. buhr 11 10.3 18.6 5.4 35.82 1.25 5.37 15.0 8.6 
Feed grinders _______ IO-in. bubr 5 6.8 20.8 4.8 49.00 .63 5.12 10.4 4.8 Gas engines _________ lY,-2 H. P. 20 11.1 17.0 5.9 54.00 . 37 6.24 11.6 14.4 
Cream separators ____ 37 8.5 16.0 6.3 83 . 40 .42 9.67 11.6 14.7 

Average. ____ . ______ 1l1.9 20.9 14.81--------~I--

*This table includes only the machines bought new by the present owners. 

The average yearly cost of all farm machines was 13.4% of 
their first cost. If the interest charge is omitted, the yearly cost 
of the farm machines is reduced to 10.4% of their first cost. The 
range in cost was f\:om 9 to 21 % (interest included) of their first 

Cost 
Per 
Day 

$1.05 
1.54-
.61 
.84-
.95 

1.08 
2.41 

.8 3 

.85 

.64-

.56 

.71 

.92 

.75 
1.48 
2.67 
.39 
.68 
.50 

1.23 
1.51 
2.28 
1.78 
.48 
.94-

.99 
1.44-
4.10 

10.05 

2.37 
1.46 
1. 31 
3.97 
4.47 
6.22 
.18 
.89 

4.74 
.69 
.62 

1.07 
.43 
.66 
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Fig. 6.- Effect of annual use upon the daily cost of hay machinery. 

+-

Fig. 7.-Effect of annual use upon the daily cost of corn machinery. 

,.. 

Fig. S.-Effect of annual use upon the daily cost of plows and harrows. 
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t-' + 
+-

Fig. 9.-Effect of annual use upon the daily cost of grain hinders, manure 
spreaders, enclgate seeders, a nd buhr mills. 

cost, depending on the type of machine and the amount used per 
year. Machines constructed la rgely of wood, such as s\veep rakes, 
and those having the greater number of moving parts, such as 
binders, had the higher costs. See Table 10. 

It was found that the yearly costs of machines of the same type 
and size did not vary greatly, while the daily cost did. AlI ma
chines of which there was a fair sized sample, were grouped accord
ing to the number of days used per year and the average use and 
the cost per day determined for each group. An analysis of these 
data showed that the largest. factor in machine costs Was deprecia
tion, which made the yost per day high for those machin es usecl a 
small amount per year. See Figures 6 to 9 inclusive, and Table 11. 

TABLE 11 -DAILY COST OF MACHINES* IN LINN COUNTY GROUPED ACCORDING TO D AYS USED PER YEAR 

Grou p I Group 2 Group 3 Group 4 
------------------------No. of Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Name of Mach ine Ma- 1st Days Cost Days Cost Da ys Cost Days I.Cost chin es Size Cost Used per Day Used per D a.y Used per Day Used per Day ------------------------Mowers _____ __ __ _ 36 5 ft. $64.58 4.6 $1. 79 6.6 $1.19 10.0 $.92 16.1 $.74 Stackers ______ __ __ 18 Over-shot 44.05 3.0 2. 92 6.6 1.08 10.7 . 73 Sweep rake _______ 29 2-wheel 36.65 3 .5 1. 98 8.0 .81 12. 8 . 52 Sulky rake ______ _ 16 10 ft. 25 .60 2. 8 1.12 6.3 .51 10.7 .37 Rotary hoe ___ ___ _ II 2 - TOW 81.50 4.0 2.56 6.4 1.65 8.0 1. 29 11.5 .94 Corn planter ___ __ _ 51 2-row 75.90 2.6 3.83 4.4 1.92 6 .0 1.66 8.9 1.13 Buhr miIL ____ ___ II 8 In. 35.82 2.0 2.25 9.0 .78 17.5 .38 Cultivator _______ 80 I-row 39.68 6 .4 .98 10 . 5 .5 2 14 .3 .38 18 . 7 . 37 Gang plow _______ 25 2-12 In. 68 .96 6.3 2.03 14.4 .64 21.0 . 54 Sulky plow _______ 17 16 In. 55.17 5 . 0 1.13 11.0 .74 17.6 .46 Disc harrow ___ ___ 18 8 ft. 50. 84 6.5 . 83 I!. 6 . 61 21. 8 .31 Spike tooth harrow 46 2-section 16.98 3.0 .53 7.3 .33 lO . 2 .23 Binders _______ ___ 8 7 ft. 188 .18 4.0 5.45 5 . 5 4.48 Endgate seeders ___ 20 27.48 1.0 3.24 2.0 1.94 4 . 0 .57 Manure spreader __ 33 124.84 6 . 5 2.28 11. 3 1.30 17 . 7 .84 29 .9 .56 Wagons _____ ___ - 85 71.29 20.8 .45 32.3 .23 49 .9 . 15 76.4 .12 

*ThlS table mcludes only the machines bought neW by the present owners. 
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Tables 10 and 11 and Figures G to 9 include data on only the ma
chines bought new by the present owners. The cost of service 
from machines houg'ht second hand varied widely from extremely 
low to, in a few cases, higher than the average cost ~or machines 
bought new. 

Depreciation Rates.-Depreciation rates on machinery vary 
,vith a number of factors, such as original quality, care during use 
and when idle, timeliness of repairs, obsolesence, and the am:ount 
used per year. All of these factors are difficult to evaluate except 
the amount of use. 

In Figure 5, the life of tractors is shown to vary with the 
amount of use per year. This curve was based on data secured 
from 120 Missouri tractor :pwners. A wide variation of use was 
found in this group. From this life-use data depreciation rates 
were calculated and plotted on semi-logarithmic paper against 
their corresponding values of use. This curve proved to be of the 
type Y = ae kx in which Y is the depreciation rate for x units of 
use per year, a and k are constants, and e is the base of the natural 
system of logarithms. This is the compound interest equation. It 
may be derived for the relationship between depreciation rates and 
use by starting with the hypothesis that each additional unit of 
machine use per year increases the yearly depreciation rate for that 
number of units of use per year by a constant percentage of the rate 
for the preceding number of units of use per year. 

Then if y = total depreciation rate 
a = depreciation rate for zero use or that due obsolesence 
k ::= per cent increase in depreciation rate per unit of use. 
y = a (for 0 use per year) 

and y = a + ka 
= a (1 + k) for one unit of use per year. 

and y .=--= a(l -+- k)X for x units of use per year. 
However, x must be in a measurable unit Df use and k the rate 

of increase in depreciation r~te for units of use of that particular 
size. This assumes the depreciation rate to ·increase in steps, the 
magnitude of which depends on the magnitude of the unit x. Ac
tually this rate should increas·e as a smooth curve instead of in 
steps. For it to do this let us divide x int;o n units of f::,. x duration. 

This gives us the formula 

Y ::= a (1 -+- ~)nx 
. n 

vVhere nx = the total number of infinitesimal units of use 
per year and !<. =per cent increase in depreciation 

n 

rate per unit of use f::,. x. 
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If n is infinitely large and the equation is written in the form 

Y = a[(I +~)~lkx then the factor (1 +~)£ i~ equal to e, 
the base of the natural system of logarithm. Substituting in e for 
its equivalent gives Y = aekx which is the equation that fits the de
preciation rate use curve for the 120 tractors studied. If it is de
sirable to know the life (L) for x units of use per year, Y = !rp and 

a = lf~ (Lo = life limited by obsolesence only.) 
Then 

L~ = l~~ ekx or L = Loe-kx 

When this equation ,vas applied to the depreciation data of 
other farm machines in this study, it was found to fit only slightly 
better than an equation of the type Y=a+kx. However, these 
machines were used only £r,om 1 to 30 days per year, while for trac
tors the use was from 20 to 160 days per year. For the part of the 
curves from 1 to 30 days both equations take practically the same 
path, that is Y = aekxis practically a straight line for values of x 
from 1 to 30. See Figures 10 and 11. 

" 'H-h " 

1; 
:t < ' ;+--

t. 

Fig. 1 D.-Effect of annual use upon the depreciation rate of corn 
binders. This diagram includes data from Table 2, Missouri Agricultural 
Experiment Station Bulletin No. 303. 

The lines of regression and c.oefficients of gross correlation 
between depreciation rate and use were determined for those farm 
machines having over 10 samples. Corn binders, mowers and en
silage cutters were the only machines having highly significant co
efficients of correlation. Com planters, one-row cultivators and sulky 
rakes had moderately significant coefficients of correlation and 



RESEARCH BULLETIN 197 23 

grain binders, sweep rakes and sulky plows had only slightly signifi
cant coefficients of correlation. The other machines studied didl 
not have even slightly significant coefficients of correlation. See 
Tables 12 and 13 and Figure 12·. The sample of some of these ma
chines, such as rotary hoes, buhr mdls, and hay stackers was too 
small to draw definite conclusions concerning the relationship' of 
depreciation rate and usc. 

., 

Fig. ll.-Effect of annual use upon the depreciation rate of corn planters. 

TABLE 12.-RELATIONSHIP OF DEPRECIA'rzON RATE TO USE 

Machine Size No. r 
--

Corn binder ___ ... _ 95* .518 
Mowers _________ 5 ft. 36 .512 
Ensilage etl tters _ 113* .372 
Sulky rake'- ____ 10 ft. 21 .486 
Corn planters ____ 51 .328 
Corn cultiva tors_ I-row 80 .218 
Grain binders ____ 7 & 8 ft. 95* .175 
Sulky plow ______ 16 in. 17 .314 
Sweep rake ______ 10 ft. 29 .250 

r is the coefficient of gross correlation 
Y is the total deprecia tion rate 

a k 
Range of x in 
days per year --

5.0 .45 1-24 
3.6 .22 4-20 
4 .9 .21 1-22 
2.9 .30 2-12 
4.8 .26 1-12 
3.9 .11 5-22 
6.3 .18 3-13 
3.8 .06 4-30 
5.4 . 17 2-J.! 

X is the number o f days the machine is used per year 
a and k are const'lnts in the equation Y = a + kX 
*Group includes data from other studies than Linn County . 

Significance 
of coefficient 

Highly 
Highly 
Highly 
Moderately 
Moderately 
Moderately 
Slightly 
Slightly 
Slightly 

TABLE 13.-MAClIINES NOT SnOWING A SIGNIFICANT RELATIONSHIP BETWEEN DEPRECIATION 
RATE AND USE 

Machine 

Hay stacker _________ ___ ___ _ 

~~~;ri:tn~~s~ ~======= == = = == = Gang pIOw8 _______________ _ 
Disc harrow _______________ _ 
Spike tooth harrow _________ _ 
Endgate see:ders ___________ _ 
Manure spreade:rs __________ _ 
Wagons _____ ___ ___________ _ 

Size 

2-row 
8 in. 
12 in. horse 
Single 8 ft. 
2-sec. 

Range of Use Mean Depre- Standard 
No. in Days dation Rate , % Deviation 

18 
11 
11 
30 
18 
47 
20 
33 
85 

2- 14 
4- 12 
1- 20 
3- 24 
4- 28 
2- 16 
1- 4 
5- 50 

10-154 

4.8 
7.3 
6.3 
4.4 
5.9 
5.9 
6.5 
5.1 
3.9 

=2.0 
=1.6 
=2.5 
=1.3 
=3.0 
=2.6 
=4.1 
=1.6 
=1.3 

The maximum use of the machines on these farms was only 
12 to 30 days per year. This fact alone will account to a great ex-
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tent for the non-significant relati,onships found in some cases be· 
tween depreciation rate and usc. The annual use which a machine 
receives, especially when it is as small as in the cases of some ma
chines in this study, affects the life of the machine less than such 
factors as the care it receives when in use and when idle, the time-

Fig. 12.-Effect of annual use upon the depreciation rates of the com· 
man farm machines 

liness of repairs, obsolescence, and the ratio of prices of farm com
modities to the prices of new machines. Improved features ,of de
sign and manufacture have so increased the durability of many of 
the newer machines that a small amount of annual llse has very 
little effect upon its ultimate total life. 

The Age of Machines in Use.-The average age of all machines 
bought new by their present owners was 11.9 years,-slightly more 
than half the expected life, which averaged 20.9 years. Several 
of the farmers stated that some of their machines were worn ,out 
and that if times were better these machines would be replaced by 
new ones. At it was, additional repairs were bought and the farm
er managed to get along. Undoubtedly the farmer's economic posi
tion affects the amount of his purchases, not only of luxuries, but of 
production machines. Sixty-five per cent of the machines listed 
had average ages greater than half the expected life; 26% had aver
age ages less than half the expected life, and the remainder (9 %) 
had averages ages equal to half the expected life. T'his probably 
indicates that, as a whole, machinery is not being replaced as rapidly 
as would ordinarily be customary. The average ages of some of 
the machinery compared tp the total expected life, also indicates a 
trend toward different sizes of implements, toward different kinds 
of implements or different methods of production. For example, 
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the average age of 5-f00t mowers is approximately one-quarter the 
total expected life, and the average age ,of 6-foot mowers is more 
than half the expected life. This doubtless indicates a shift from 
()-foot mowers to 5-foot mowers. Likewise, a study of average 
ages of the machines, indicates a trend toward sulky plows instead 
of gang plows; a trend towards 8-foot binders instead of 6-foot and 
7-foot binders; and a trend towards the use of tandem disc harrows 
and rotary hoes. 

Housing of Machinery.-The majority of the machinery used 
on these farms was housed. Machine sheds were COmll\On, but 
some machines were housed in the driveways o~ barns ~r cri'bs. 
The average yearly cost of shelter where machine sheds were used 
was 3 cents per square foot of floor area. From the data secured in this 
survey it was impossible to determine the effect of shelter up.on the 
cost of repairs or upon the length of life of the machinery. ' 

Estimating Machinery Costs.-The most important part of the 
estimation of machinery costs, is the determination of the proper 
rate of depreciation. The averag'e life of similar machines which 
have already been wiorn out can serve as a basis for the determina
tion of the rates of depreciation, although it must be remembered 
that many factors affect the life of a machine, and that new 
machines are generally much better designed and made, a1nd, 
therefore, may be reasonably expected to last longer than 
old machines under similar conditions. The care which a ma
chine receives when in use, and the protection it receives w'hen 
not in use, are very important factors affecting the life of a ma
chine. Also, a farmer on marginal or near margin'al land will in 
all probability use a , machine that is more nearly worn out than a 
farmer on high grade land. The ratio of prices of farm commodi
ties to the prices of new machines also undoubtedly affects the num
ber of years a machine is used. Furthermore, few machines are 
ever totally worn out, but are replaced when, in the judgment of 
the mvner, the purchase of new machines would prove more satis
factory or economical than the ,overhaul and repair of the old ones. 
The ease with which farm machines may be repaired and over
hauled when necessary, makes their actual life a very flexible pe
riod. 

For estimating purposes the yearly or daily cost of machinery 
expressed in percentage of the first cost may be more usable than 
if given in dollars and cents. The estimated yearly and daily costs 
of the common farm machines expressed in per cent of their first 
cost are shown in Tables 14a and 14b. 
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TABLE 14A.-EsTIMATED COST OF FARM MACHINES IN PER CENT OF FIRST COST 

(For machines whose yearly cost is affected by use) 

Ins., Hous- Re-
Machine Size 

Depre
ciation** 

Yearly Cost in % Daily Cost in % 
of First Cost*"* of First Cost** I Int .. 

Taxes jng pairs* 
-----1----------=---1·----1------1------
1\fower _______ 5 ft. 4.0 1.4 .6D 3.6+.22x 

Sulky rake ____ 10 ;to 4.0 3.5 .2D 2.9+.30x 

Sweep rake ____ 4.0 2.3 .6D 5.4+.17x 

Corn planter._ 4.0 1.4 .2D 4.8+. 26x 

Corn cultiY<lto r l-ro\';' +.0 2.0 .6D 3.9+.11x 

Corn bindeL __ -LO 1.3 .2D 5.0+.+5x 

Ensilage ell tter 4..0 .5 .4D 4.9+.2Ix 

Grain binder __ 7 & 8 ft. 4.0 1.8 .2D 6.3+.18x 

Walking plows 14 in. 4.0 2.0 1.5x 3.7 

Sulky plow,- __ 16 in. 4.0 1.5 .Z.5x 4.2 

Gang plows ___ 12 in. 4.0 IA . 33x 4.2 

Tractor plows _ 2-14 in . 4.0 1.3 .32x ' 7.0 

*D = Depreciation rate 
**x = Days used per year. 

Cy=11.2+ .35x 

=11.0 + .31x 

=14.8+ .27x 

=11.1+ .31 x 

=12.3+ .18x 

=11.5+ .56x 

=11.2+ .29x 

=13.4+ .22x 

9.7+1.5x 

9.7+ .25x 

9.6+ .33x 

=12.4+ .32x 

C~= .35+.!..!.:.3. 

.31+1 to 
x 

.27 +!i:J! 
x 

.31+!..!..:2 

.18+ 12'.3 
x 

.5G+!..!.:i. 
x 

. 29+!.!c2 
x 

.22+~ 
x 

= 1.5 +..2.:2 
x 

.25+..2.:2 
x 

.33+~ 
x 

. 32+!2.J 
x 

TABLE If B.-COST OF FARM MACHINES IN PER CENT OF FIRST COST 

(For machines whose ye::.rly cost is not affected by use) 

Machine Size 

Single disc harrow ____ 8 ft. 

Tandem disc harrow __ 7ft. 

Spike tooth harrow ___ 2-section 

Rotary hoes _________ 2-row 

Hay stackers ________ Overshot 

Seeders- ___________ . Endgate 

Buhr mills __________ 8 in. 

Gas engine __ ____ ____ 1;4-2 H. P. 

Wagons _____________ Grain box 

Manure spreader _____ 70 bu. 

Lime spreader _______ 7 ft. 

*D = Deprtcia tion ra teo 
**x = Days used per year. 

Int., 
Ins., 

Taxes 

4.0 

4.0 

+.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Housing Repairs* -
2.0 .1.0 

1.8 1.0 

1.2 .8 

1.4 .4 

2.7 2.6 

2.0 .2 

1.0 3 . 5 

.8 .7 

1.8 1.8 

1.8 .6 

2 .3 .3 

Yearly Daily 
Cost in COlit in 

Dcpre- % of First % of First 
ciation** Cost** Cost** 

4.8 Cy=11.8 Cn=!!.:..!! 
x 

5.6 =12.4 = !.3..:! 
x 

5.0 =11.0 =!.!.J.l 
x 

7.0 = 12. 8 =!.U 
x 

4.1 =13.4 =u..:..± 
x 

5 . 1 =11.3 =.!..!.:2 
x 

5.4 =13.9 =!l.:J 
x 

5.9 =11.4 =!..!..:.i 
x 

3 .5 = ILl =!..!..J 
x 

4.7 =11.1 =!.!..:.] 
x 

6.0 = 12.6 =11:2 
x 
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Items of Estimated Cost.-The depreciation cost expressed in 
percentage of the first cost is in reality the depreciation rate of a ma
chine, and therfore may be taken from the depreciation rates shown 
in Tables 12 and 13. The depreciation costs of Tables 14a and 14b 
were thus determined. 

Interest, insurance, and taxes are generally estimated at 8% of 
one-half the first cost. These items, then, may be estimated as 4% 
of the first COST. 

Yearly repairs were estimated for those machines whose depre
ciation rates did not vary with use (excepting plows) by expressing 
their yearly repair costs (a,s shown in Table 10) in percentage of their 
first cost. Repairs for plows are proportional to use as practically all 
repair costs come from share sharpening and replacement. Yearly 
plow repair costs were determin.ed by expressing their daily repair 
costs as shown in Table 10 in percentag"e of their first cost and multi
plying by (x) the days used per year. The average total life repairs 
for machines whose depreciation rates were affected by use, were 

computed from data in Table 10, and expressed in percentage of 
their first cost. This, divided by the average expected life would 
give the yearly repair cost, but as the depreciation rate is equal to 
the reciprocal of the average expected life, one may be substituted 
for the reciprocal of the other. The yearly repair cost may then be 
expressed as a decimal part of the depreciation rate and as the de
preciation rate varies with use, repairs are proportiorral to use and 
also to total life. 

Housing costs were determined by multiplying the floor area oc
cupied by the machines in storage by 3 cents per square foot and ex
pressing this in percentage of the first cost of the machines. 

The sum of these items of machi~1e cost expresses the yearly cost 
in per cent of the first, cost. The daily cost equation is secured by 
dividing the yearly cost equation by (x), the number of days used 
per year. Daily costs in per cent of the first cost of the machines for 
different amounts of use per year throughout the normal range of 
operation of the machines were calculated from the equations shown 
in Table 14a and 14b. These costs are tabulated in Table 15, and 
shown graphically in Figures 13 to 17 inclusive. 
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Fig. 13.-Effect of annual use UPOIl the computed daily cost of buhl 
mills, lime spreaders, small gas engines, manure spreaders, and wagons. 
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Fig. 14.-Effect of annnal use upon the computed daily cost of 
grain binders, endgate seeders. and harrows. 
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Fig. IS.-Effect of annual use upon the compnted daily cost of corn 
machinery. 
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Fig. 16.-Effect of annual Use upon the computed daily cost of hay 
machinery. 
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Fig. IS.-Effect of annual use upon the computed daily cost of corn 
machinery. 
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Fig. 16.-Effect of annual use upon the computed daily cost of hay 
machinery. 
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PART III. POWER, LABOR, AND MACHINE COSTS FOR 
THE VARIOUS CROPS 

The power, labor, and machine costs were computed for the va
rious crops on the farms included in this study. The records for the 
various crops wer,e then grouped according to he size of the machines 
and the kind and amount of power used. 

Corn.-The corn production records were divided into four 
groups: ( 1) Those using one-bottom p,1ows, either walking or riding; 
(2) those using two-bottom plows, but horse drawn; (3) those using 
tractor power for plowing and see.d bed preparation; (4) those using 
tractor power, for plowing, seed bed preparation, and cl1H,ivation. In 
group one, all cultivation was done by single row cultivators. In groups 
two and three, both single and double row cultivators were used as 
well as a few rotary hoes. In group four, all work except planting and 
a very small percentage of the cultivation was done by tractor 
power. 

The power, labor, and machine costs for producing corn for 
the four groups are shown in Table 16. It will be noted that as 
larger machines and more power are used the cost per acre goes 
down. The farms using the larger units of power and machinery 
also had larger crop acreages. It appears, then, that the larger 
sized farms tend to use more power and machinery' to a decided 
advantage. The tractor charge on the farms of group four is very 
low. T 'his was caused by a lower-than-average depreciation rate 
estimated by the tractor owners. However, if the tractor charge 
is increased to a rate that is average for tractors used similar 
amounts per year, the power cost fpr this group would be increased 
approximately 50 cents per acre, but would still be considerably lower 
than for the other groups. 

In group one, 11.8 man hours per acre were required, while in 
group four 6.1 man hours per acre were required ,-only 51.7% as 
much. In other \\1ords, with the equipment of group four, one 
man could handle approximately twice the number of acres he could 
with the equipment of group one. The reason for the low ma
chine cost of group four is that these farms have sufficient acreage 
to utilize the!ir machinery more fully, and hence have lower per
day costs. (See section on machine costs, pages 18 to 30.) 

Oats.-The power, labor, and machine costs for different meth- . 
ods of producing oats are shown in Table 17. Comparing man 
hours for groups one and two, shows a small saving for group two, 
probably due to a shorter peripd of time required for discing by the 



T ABLE 16 P - OW E R, L ABOR • . AND M A CHIN E C OST FOR D IFFERE NT M HO DS OF PRODUCI N G CORN ET 

Trac· Po\\re r Cost M a-

I Avg. Yield Man tor H,arse Per Acre Labor chine Total Tot .. l 
No. Acres in Bu. Hours Hours Hours ------ Cost Cost Cost Cost 
in of per per per per Trac- per per 

A~;e 
per 

Method of Production Group Corn Acre Acre Acre Acre Horse tor Acre Acre Bu. 
------------------------------

(I) 
Horse po wer used. I-b otto m 

$3.28 $2.36 $0. 90 $6 . 54 $0.18 plo ws & single ro\" culti- 18 32.4 36.9 11.8 30.5 
va t o rs ______ ________ ___ @.108 @ .20 

---------------------------------
(2) 

Horse power used. 2-bottom 
261 2.14 .80 6 . 23 .17 plows, single and dOll bIe- 53.2 36.1 10.7 32.7 3.29 

row cultivators ___ __ ____ 1 I @.11l @ .20 I ___ 
------------ --- ---------

(3) 
9.3 164 19.0 1.86 1.10 1. 86 . 86 5 . 68 .17 Tractor and horse powerl 16 65 0 32 8 

used to prepare seed bed @.098 @. 67l @ .20 
------

(4) I 
Tractor power used except 

1. 57 1. 22 .59 3.91 .09 ~~lt{'~~:ti~i;-g- _an~ _~~r_t_ ~! l 3 110 . 0 41. 71 6.1 3.90 4.8 . 53 
@.111 @ .402 @ .20 

All ha nd hUsking _________ [ 

T:\BLE 17 POWE R L"-BOR AND !VfACHI N E C OST FO R DIFFERENT M ETH ODS OF PRODUCI N G OATS -

I Trac- Power Cost Ma- Cus-
Avg. Yield M an tor Horse Per Acre Labor chine tom Total Total 

No. Acres in Bu. Hours Hours Hours ------ Cost Cost Cost Cost Cost 
Method of in of per per per per Trac- per per per per per 
Production Group Oats Acre Acre Acre Acre Horse tor Acre Acre Acre Acre Bu. 

--- .----------------------------------
(1) 

Horse power used; 24 14.5 37.2 7.3 13 . 9 $1.47 $1.46 $0.59 $1. 25 $4.77 $0.13 
sown broadcast ~_ @ .106 @ . 20 

------------------------------------
Horse 

( 2) 
and tractor 

power used; soWn 141 34.1 36.9 6.7 0.9 9.0 . 88 .56 1.34- .47 1.19 4.44 .12 
broadcast _______ @. O98 @ .62 @ .20 ------------------------------------

(3) 
Same as (1) except 4 13.6 60.6 10.5 23.8 1. 97 2.10 1.40 1.48 6 . 95 .12 

sown b)" drill ___ _ @ .u83 @ .20 ------------------------------------
Those 

(4) 
who hired 

some field work 13 15.0 34.8 7.4 12. 6 1.47 1.48 .27 1. 22 5 . 61 .16 
done _________ ___ , @ .1I2 @ .20 .1. 17 

"Cost of hlred field work. 

TABLE 18 -POWER LABOR AND 1-1ACHINE COST FOR DIFFERENT METHOD" OF PRODUCING SOYBEANS , Trac- Power Cost Ma- Cus-
Avg. Yield Man tor Horse Per Acre Labor chine tom Total Total 

No. Acres Tons Hours Hours Hours ------ Cos t Cost Cost Co.t Cost 
Method of in of So)"- per per per per Trac- per per per per per 

Production Group beans Acre Acre Acre Acre Horse tor Acre Acre Acre Acre Ton 
---------------------------------

Hauled 
(1) 

to barn; 17 11.9 1.63 19.2 34.1 $3.31 $.i.84 $0.88 $8.03 $4.93 
horse power used @.097 @ . 20 ------------------------------------

Hauled 
(2) 

to barn; 
horse and tractor 5 27.9 1. 55 IR . I 2.44 18 . 2 2.25 1.42 3.63 .88 8.17 5.27 
power used ______ @. I24 @. 58 1 @ .20 

---------------------------------
(3) 

Stacked in field;1 8 7.5 1.59 18.2 31.6 2.59 3.64 1.02 7.25 4.56 

'0'" 'OW" ",,' 1 ___ 
@.O82 @ .20 

-:11.53 

--- --- ---
(4) 

Stacked in field; 
horse and tractor 3 12.2 1.18 17.6 1.46 .60 2 . 44 .69 5.19 3.39 
power ;;:ed.._ ' __ 1 ___ @. O83 @.511 @ .20 ------

Bu / A Cost 

Threshed for seed; 3 8.7 21.7 18.5 38 . 9 3.85 
per Bl.l 

3.70 1. 28 4.08 12.91 .59 
horse pO',"er used @.099 @ .20 -------------------------------------

(6) 
Threshed for seed; 

horse and tractor 3 28.3 19.3 9.2 1.91 10.7 .74 1.00 1. 84 .82 2.97 7.37 .36 
power used ____ __ @)' 069 @.526 @ . 20 
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use of a tractor. The few farms that used drills had larger labor 
and power requirement due to drilling instead of broadcasting; 
however, their yields 'were enough higher to offset the additional 
cost. Probably not all but a good part of the increased yield may 
be attributed to the method of sowing the oats. 

Soybeans.-The power, labor, and machine cost of produc
ing soybeans by different methods is shown in Table 18. Again, 
those farms operated with horse and tractor power had larger acre
ages. Power costs are higher £or group two than for group one, 
but if the same rate had been charged for horse labor as in group 
one, the total power cost would have been less. A small saving was 
made on man labor, although the difference was not of great signifi
cance. A significant saving was shown in labor for group four 
over group three, due primarily to operating with larger units when 
preparing the seed bed. The machinery was more fully utilized on 
the farms of group fOUf, thus giving lower per-day machine cost 
for this group. A small saving in power costs is shown for group 
f,our over group three. F or the production of seed, lower costs for 
power, labor, and machinery were shown for the group using horse 
and tractor power. These savings were brought about by more 
fully utilizing their machinery, made possible by larger acreages, 
and using machinery of larger capacity powered by larger power 
units. The lower custom charge for gr,oup four over group three 
was on account of a lower yield and a lower threshing rate paid by 
one of the farmers. 

Whe.at.-The power, labor and machine cost of producing 
wheat by different methods is shown in Table 19. Very little dif
ference is shown in acre costs or bushel costs when the wheat was 
sown in disced corn stalks, regardless ,of whether horses only or 
both horses and tractors were used. It will be noted' that the acre
age is about equal for groups one and two. Considerably higher 
costs are found for wheat when the ground is plowed before p1ant
ing, as is shown by groups three and four. Significant savings are 
shpwn in labor for group four over group three due to the use of 
tractor power in plowing. Due to the small number of cases for 
each group very definite conclusions cannot be drawn. 

Hay.-The power, labor, and machine cost of producing hay 
by different methods, is shown in Table 20. A fair comparison of 
groups one and two can hardly be made, as the number of cases 
in group two is too small to give significant results. It would be 
logical to expect the labor to be decreased by the use of the loader, 
and the horse power increased instead of what the figures show. 
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TABLE 19 -POWER LABOR AND MACHINE COST FOR DIFFERENT METHODS OF PRODUCING WHEAT 

Trac- Power Cost Cus-
tor H orse Per Acre L;'lbor chine tom Total T ota I M,-

Avg. Yield Man 
No. Acres in Bu. Hours Hours Hours ------ Cost Cost Cost Cost Cost 

Method of In of per per per per Trac- ·l~;c IcC;,. per per per 

Production Group \Yheat Acre Acre Acre Acre Horse tor Acre Acre Bu. 
1------------------ - --------------

(I) 
Disked corn-stalks 

$1. 39 $1. 9+ $0 . 87 $1.20 $5.40 $0.2 and drilled; horse 6 15 .1 20.0 9.7 16 .0 
power used __ ____ @.O87 @ .20 

---------------------------------
(2J 

Same as (I) except I 
9.0 1. 30 10 .2 1.09 .62 1. 80 .63 . 96 5.10 

::;!,~;::~:'~~"-' ~~I @.107 @ .48 @ .20 
------------ - --------------

Ground plowed and 
3.66 3.18 .98 1.+1 9.23 drilled; horse 3 19.3 25.8 15.9 35.5 

power;:)ed ______ 

j 
__ I_ I 

___ @ 103 @ .20 ------------ ---
Same as (3) except 

horse and tractor 8 32.41 20.6 10.4 1.6 14.5 1. 57 .98 2.08 1 . 75 1. H 6 .62 
power used _____ I , @.108 @.61·; @ .W 

TABLE 20.-Po\VF.R, LABOR AND 1vfACHINE COST OF DIFFERENT METHODS OF PRODUCING T IMOTHY AND 
CLOVER HAY 

.2 

.3 

.3 

6 

2 

I 
A .... g. Yield Man Horse Power Labor Iv1nchinc Total Total 

IVfethod of No. in Acres Tons per Hours Hours Cost Cost Cost Cost Cost 
___ P_r_o_d_u_c_t_io_n __ I_G_ro_ll_p._ of Hay ~ per Acre per Acre per Acre per Acrt!. per Acre per Acre per Ton 

(1) I 
Pitched on '''agon 

by hand; unload- 1 

ed at mow byl 30 I 14.3 1.02 6.3 8.7 $0.96 $1.26 )\0.26 $2.48 
power __________ !-------- @ .11 @ .20 

(2) ! I Same as ( I) except, 4 15.8 1.38 7 .3 7.6 .76 1.46 .82 3 . 04 
hay loader used__ @ .100 @ .20 

,--------
(3) 

Stacked in field. 
S''''eep rake used; 10 15.7 
hand pitched ___ _ 

.90 4.9 4.8 .45 .98 
@ .094 @ .20 

.33 1. 76 

-------1------------------------------
(4) 

$2.43 

2.20 

1. 96 

Same as (3) except 27 56 .8 .80 4.8 6.0 .55 . 96 .40 1. 91 2.39 
stacker u'ed _____ 

1 

1 @ .092 @ .20 
(5) ---1---------------------

Baled in field; sw<eP
t
, 4 I 35.8 1.01 7.3 5.4 Mech .33 1.46 .52 3 .00 2.97 

rakes used_____ _ I' Horse .69 @ . 20 
1. 02 

Alfalfa Hay 

Handled the same l 
as group (lL-- __ . 

4 1 ----s.s-1--z:n--1l7.2126.51~!3A4I-I-. 1-2-1"'"6.9213':00 
, l @.0891@.20 

TABLE 21.-PO\\<°ER, LABOR, AND MACH INE COST FOR DIFFERENT METHODS OF PRODUCING TIMOTHY SEED 

I Avg.! Yield I Man 
Trac- Power Cost Ma- Cus~ 

tor Horse Per Acre Labor chine tom Tot.l Total 
No. Acres in Bu . Hours Hours Hours --- ---- Cost Cost Cost Cost Cost 

Method of I in of per per per per Trac- per per per per per 
Production Group Seed Acre Acre Acre Acre ~ tor Acre Acre Acre Acre Bu. 

(I) I 
---------------

Cut. with horses on 12 12.4 3.4 5.2 6.7 $0.74 $1.04 $U.55 $0.75 $3.08 $0.90 
bmder__________ @ . 11 @ .20 

(1) !----!---------------------
Cut. "'ith tractor on l 41 32.51 3.91 6.3 .64 4.4 .50 . 37 1.26 .18 . 64 2.95 . 76 

bmdeL _________ , @. 1l3 @.582 @ .20 

i 
I 
, 
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However, it may be explained by the greater yield for group two 
and a shorter distance of hauling. The increase in machine cost 
for group two would be expected. In comparing groups three and 
fGur, man labor appears to be reduced very little by the stacker, but 
the horse power is increased considerably. However, the intensity 
of the man labor was without doubt reduced a great deal. The in
crease in total cost per ton is due, primarily, to a decreased yield. 
With alfalfa the power, labor, and machine costs are approximate
ly three times as high as for timothy and clover, but the alfalfa was 
cut three times; therefore, when per ton costs are considered there 
is not so much difference. However, due to the small acreage and 
few cases, too much weight must not be placed on the alfalfa costs . 

Timothy Seed.-The power, labor, and machine cost of pro
ducing timothy seed by different methods is shown i;1 Table 21. 
No lahar was saved by the use of a tractor to pull the binder, as any 
saving by decrease in cutting time vvas offset by those farms that 
used one man on the binder and one man on the tractor instead of 
only one rna 11 for both. as vvas the case when the binder was pulled, 
hy horses. The lower machine cost for group tWD is caused by a 
greater use of the binder eJ11 the farms of group two than on the 
farms of group one. 

PART IV. FACTORS AFFECTING PRODUCTION COSTS 

The average yearly power, labor, and machine cost in the 
production of field crops on the Linn County farms was $733.00 or 
:14% of the value of the crops produced in HI:lO. p()\\'er costs 
amounted to 460/1" labor cost 42%, and machinery costs 12% of the 
$733.00. "VVhen considered in relation to the value of crops pro
duced, the power amounted to 16%, labor 14',);;, and machinery '10'0. 

Comparison of Costs on Horse and Tractor Farms.-The pow
er, labor, and machine cost of producing crops on the farms using 
enly horse pOVller was 35.7% of the value of the crops they pro
duced, while the power, labor, and machine cost on farms using 
tractor and horse power was 31.7% of the value of the crops they 
produced. The horse-and-tractor powered farms were consider
ably larger on the average than the horse powered farms, which un
doubtedly accounts for a large part of the difference in costs. The 
productivity of the two groups was the same, the crop ind'ex being 
100 for both groups. The horse-and-tractor powered farms had lower 
power, labor, and machine cost per adjusted crop acre. (Crop 
acres adjusted to an equivalent number of acres of corn on a horse 
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labor basis.) Most of the saving ,vas in power and labor with only 
a slight saving in machinery. From this, it appears that the larger 
farms are, in general, the ones that use tractors, and also the ones 
that have lower unit power, labor, and machine costs. The sav
ings in power costs were due to a coordinated use of both horses 
and tractors. Horses were used for the lighter, daily power 
requirements and tractors for the heavier operations and to 
absorb the peak pm,ver lo'ads. Labor was saved by the use of larg
er power units. That a significant saving in machine costs is 
not sho,vn for the tractor powered farms indicates that they had a 
larger investment in machinery. Due to their large acreages thes,e 
farms could make use of more machinery to give savings in power 
and labor, yet keep their machine cost per crop acre comparable 
with the smaller farms. (See Table 22.) 

TABLE 22.-COMPARISON' OF POWER, LABOR, AND !\iACHINE COSTS 

Horse-and-Tractor 
All Farms Horse Powered Farms Powered Farms 

Per cent of % of value Cost per % of value Cost per 
value of crops of crops adjusted of crops adjusted 

produced produced crop acre* produced crop acre* 

Power cost _________________ 16,0% 16,67% $4,66 14.4% $4.06 
Labor cosL ________________ 14.0 15.0 4.21 13 .3 3.75 
Machine cost 4.0 4.2 1. 18 4 .0 1. 12 
Total COSL ____ ============= 34.0 35.7 10.05 31.7 8.93 
Adjusted crop acres per farm* 76.2 64.9 104.2 
Crop in':lex _________________ 100 100. 100 

*Acres adjusted on basis of horse labor required in production of corn. 

Effect of the Size of Farms on the Power, Labor, and Machine 
Requirements.-Larger farms are generally conceded to have 
lower crop production costs. The section of this study on machin
e,'y costs (pages] 8 to ~10) shows how the daily cost of operating 
machinery was reduced by increased annual use. The same thing 
is shown regarding power costs, in the section on power costs 
(pages 6 to 17). Increasing tbe crop acres to give lower produc
tion costs, however, may easily be carried too far, resulting in a 
low crop index caused by the use of marginal land and less thor
ough methods of crop culture. Such a tendency was shown for 
the farms of this study. The farms were grouped according to their 
number of crop acres and the averag·e crop index, determined for 
each group. The average .crop indexes for the groups containing 
the smaller farms were approximately 100. Crop indexes of over 
100 were more common on the middle sized farms and of less than 
100 more common on the larger sized farms. See Figure Is and 
Table 23. 
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Fig. IS.-Relationship of crop acres per farm to crop index , power, labor, and machinery. 

TABLE 23.-VJ\RIATIDN IN POWER, LABOR, AND MACHINERY REQUIREMENTS WITH THE NUMBER OF 
CROP ACRES PER FARM 

No. of 10- Yearly 
G roup, Avera.ge Crop Acres Hou r Days Machine 

Crop Acres No. in Crop Acres Crop per Available of Labor per Cost per 
per Farmer Group per Farm Index: Horsepower Crop Acre Crop Acre 

0- 40 4 30.5 100 15.4 I. 35 Sl.10 
41- 80 IS 67.1 98 27.4 I. 27 .79 
81-120 18 97.0 101 32.4 I. 19 .60 

121-160 9 141. 2 112 43.4 I. 18 .81 
161-200 10 179.7 97 37.6 1.01 .57 
201-240 I 5 220.4 103 47 .8 .99 .65 
24J.;3120 5 296.0 90 53.0 .94 .44 

Crop acres per available horse power plotted against crop acres 
per farm showed an increase in power efficiency up to a little over 
] 00 crop acres. After 100 crop acres the curve showed a marked; 
tendency toward leveling off. The curve of man-days per crop acre 
plotted against crop acres per farm decreased with increased crop 
acres and at the larger number of crop acres shlowed a tendency 
t oward leveling off. However, the slope of the labor curve was 
much less than that of the power curve. Apparently there is a ten
dency on the smaller farms to use machi'nery and power to save 
labor at the expense of higher machine and power costs. Undoubt
edly a number of these small farms have enough power and ma
chinery to operate considerably larger farms. 

The growing season and the weather limit the number of days 
any machine may be used in crop production. This being true the 
number of crop acres that may be handled by a given set of equip
ment is limited. Yearly machine cost per crop acre (includes only 
cost of machines used on crops.) plotted against crop acres per 
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farm decreased sharply up to about 100 crop acres, where the cost 
jumped to almost its previous high mark. As the crop acres in
creased from this point, the yearly machine cost decreased until 
a little over 200 crop acres was r,eached, where the cost increased 
again almost to its previous high mark. As the crop acres increas
ed from this point, the machine cost per crop acre again decreased, 
reaching its former low value at about ;100 crop acres. See Figure 
1'8 and Table 23. 

From this it is not illogical to conclude that for the type of 
farming practiced and the equipment used on these farms that a lit
tle over 100 crop acres is the optimum acreage to be handled with 
one set of equipment. It must be remembered, that the general 
size of the machines on these farms was limited to 2-bottom gang 
plows, 2-section harrows, single disc harrows, and single row culti
vators. Sufficient 3-bottom plows, 2-row cultivators, rotary hoes, 
tandem discs and 3 or 4-section harrows were not used enough to 
greatly affect these figures . 

Analysis by Multiple Correlation.-Statistical methods were 
applied to this data to determine the relative importance of power, 
labor, and machinery in relation to the crop producing ability of a 
man. The crop producing ability of a man ,vas measured by divid
ing the total value of crops produced on the individ'ual farm (19(10 
production and price) by the man equivalent of that farm. This 
factor was considered to depend on power, machinery, labor, crop 
index, and acres, factors which can be measured. Power was meas
ured by the available' horse power per man, which was the number 
of work horses, plus the horse equivalent of the tractor if one was 
used, divided by the man equivalent of that farm. The yearly ma
chine cost per farm divided by the man equivalent of that farm 
was taken as the best available method of measuring the effect of 
machinery. Labor was measured by dividing the total labor for all 
crops (taken from the crop record sheet), by the man equivalent 
for that farm. The crop index for these farms was determined in 
the usual vvay. As the number of acres per farm affects the cost 
of production, and as the total value of crops is affected by the pro
portion of acre devoted to different crops, an adjusted-acres 
factor was used to measure size. The average acre values were de
termined for all crops. Corn was considered as unity and a factor 
Was determined for the other crops on this basis. Table 24 lists 
the data by which the adjusted acres per farm were determined. 

Significant relationships were found to exist between the de
pendent variable (the value of crops produced per man) and each 



RESEARCH BULLETIN 197 

TABLE 24.-VALUES USED IN DETERMINING CRO},) INDEX AND ADJUSTED ACRES PER FARM 

Crop 

Corn _____ ___ ___ - -- - ---
WheaL ______ . . . . . ... . 
Oats •... . . .. ... .. . . . .. 
Soybean seed •... .... .. 
Timothy sced _____ ____ _ 
Mixed Hay._ . .. . . . ... . 
Clover Hay . . . _ . . .... _. 
Timothy Hay ••... . . . .. 
Alfalfa Hay_ ... . ...... . 
Soybean Ha y . _ .. ... . . . 

Un it Value 

. 70 per bu. 

.80 per bu. 

.40 per bu. 
1. 25 per bu. 
3.00 per bu. 
7.00 per Ton 
7.50 per Ton 
6 . 50 per T on 

12.50 per T on 
7.00 per Ton 

Aver. Yield per Acre 

36.1 b u. 
20 . 4 bu. 
36.4 bu. 
19.8 bu. 
3.74bu. 

.90 Ton 

. 82 Ton 

.85 Ton 
2.26 Ton 
1.40Ton 

Acre Equivalent 

1.000 
.653 
.575 
.977 
.445 
.248 
.242 
.219 

1. 124 
.387 
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of the independent variables. Scatter diagrams (Figures 19 to 23, 
inc.) show definite trends towards increase in the value of crops 
produced per man with an increase in each of the independent vari
ables. The linear relationship assumed in determining the coef
ficient of gross correlation appears to fit the data very well for 
yearly machine costs per man, number of man-days per man spent 
on crops, and crop index. From an inspection of the scatter dia
gram, it is rather difficult t o say just what the nature of the rela
tionship is between available horse power per man and the value 
of crops produced per man (Fig. 20.). Although a significant lin
ear relationship is secured by the method of least squares, the scat
ter diagram suggests a possibility towards a leveling off of the 
curve of relationship for the larger values of available horse power 
per man. This tendency is shown much more definitely on the scat
ter diagram for total adjusted crop acres per farm. On this dia
gram the value of crops produced per man increases with increased 
number of adjusted acres until 80 adjusted acres are reached, after 
this point the trend neither increases nor decreases. However, this 
may be due to the influence of the eropindex factor , as it must be 
remembered that lower-than-average crop indexes were more com
mon on the large farms. This does not show in the simple cor
relation between adjusted acres and crop index, as the small farms 
had an average crop index of 100, the middle sized farms over 100, 
and the large farms less than 100. Thus practically !10 relation ship 
would be shown by the method of least squares. Also, the adjusted
crop-acres factor as here used is affected by the proportion of the 
farm acreage planted to the different crops. A middle sized farm 
which planted practically all of its crop acres to corn would have 
a high total adjusted-crop-acres factor, yet could have a low value 
of crops produced per man due to a low crop index, which is gen
erally common on farms planting a large percentage of their crop 
acreage to. corn. 
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Fig. 19.-Relationship of yearly machine cost per man to the value 
of crops produced per man. 

+. 

Fig. 20.-Relationship· of availahle horsepower per man to the value 
of crops produced per man. 

Fig. 21.-Relationship of man-days per man spent on crops to the 
value of crops produced per man_ 
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Fig. 22.-Relationship of crop index to value of crops produced 
per man. 
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Fig. 23.-Relationship of total adjusted crop acres per farm to 
value of crops produced per man. 
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The variables and their corresponding symbols as used in the 
gross and multiple correlations, and also the values of the coeffi
cients of gross correlation, are shown in Table 25. 

TABLE 25.-VALUES OF GROSS CORRELATION COEFFICIENTS 

Symbol Value Symbol Value 

r12 +.615 
rl3 +.486 r2 3 +.518 
rl, +.793 T:H +.438 
rl, +.376 r26 +.280 
rl• +.653 r" +.312 

Moderately significant value of r= .243 
Highly significant value of r = .293 
Xl =value of crops produced per man 
X2 =yearly machine cost per man 
Xa=available horse power per man 

Symbol Value Symbol 

r" +.441 r4S 
r" +.094 r .. 
roo +.233 roo 

Value 

+.194 
+.557 
-.0065 

X" = number of man~days per man spent on crops 
X6 =crop index 
XG=total adjusted crop acres per farm. (Crop acres adjusted on an equivalent corn value basis) 
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I t will be noted from Table 25 that the independent var;;) hIes 
are related to each other with varying degrees of significance. Pow
er, labor, and machinery are all positively related to each other. 
Their cc.efficients of gross correlations with each other a re all high
ly sio·nificant. It would seem that the amount of labor per man 

- b 

"'pent en crops would decrease with increased power and niachinery 
per man. That this did not happen may be explained by the posi
tive and highly significant relationships of labor and machinery 
per man with adjusted crop acres per farm. The larger farms used 
their machinery more efficiently by reason of their larger acreages 
and also used their labor more efficiently by reason of their 
increased amount of machinery. That the relationship of power 
with acres is only slightly significant would indicate a tendency to
ward inefficient use or surplus of power for the equipment avail
able on some of the smaller farms. The relationship of crop index 
and machinery is positive and moderately significant. The rela
tionships of power per man and total adjusted crop acres per farm 
with crop index were not significant. The relationship of labor per 
man spent on crops with crop index could he considered slightly 
significant. 

By use of the five independent variables (Xz, X,,, XI' Xu, and 
X 6 ) in a linear multiple correlation with Xl as the dependent vari
able, a multiple coefficient of R = .905 \vas obtained, giving a 56% 
reduction in the standard error of estimate over the standard de
viation. 

The different standard coefficients of regression were tested for 
;; ignificance* and all found. to be highly significant except the co
efficient for power. However, gross coefficients of correlation be
tween labor and other independent variables (Tahle 25) showed 
high degrees of relationship. Machinery was also highly related 
to power. Due to these inter-relationships of independent variables, 
a ITlultiple correlation was determined with labor omitted. This 
resulted in a somewhat lower coefficient of multiple correlation al
though all stand'ard regression coefficients were highly significant 
except power, which this time was moderately significant. How
ever, in this group two of the independent variables, power and 
machinery, were very closely related. 

Leaving out machinery and using power, crop index. and ad
justed acres as independent variables, the multiple coefficient of 
correlation was lowered only slightly and all standard coefficients 

*Tbe method used in determining significance was that used by Snedecor of Iowa State 
College, in Correlation a1ld Machine Calculation. ' 
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of regression were highly significant. However, by the use of 
only three independent variables, the standard estimate of error 
was increased considerably, thus increasing the range of probable 
variation in estimates from the estimating equation but securing 
more highly significant standard regression coefficients. These 
data are presented in Table 26. The estimating equations obtained 
for the three determinations are as follows: 

1. Xl = - $1364.41 + $4.71Xz+$24.46X3+$9.47X4+$9.58X5+$5.46X6 

2. Xl = -$1282.95+$5.80Xz+$57.73X3+$12.18X5+$8.85X6 
3. X l = -$1367.66+$93.69X3+$14.94X5+$9.81X6 
The relative importance of each of the independent variable.s in the 
three determinations is shown in Table 26, :in the column headed 
"% or weight of S." The combined weight of power, labor, and 
machinery in (1) is 57.1 %. However, due to the high relationship 
between labor and adjusted acres this value may be somewhat dis
torted. The relative importance of power and machinery is un
doubtedly more truly shown in (2) as 36.5%. 

It can be concluded from these correlation studies that power 
and machinery were very important in determining the crop pro
ducing ability of these men, but power and machinery had to be 
used a maximum amount (resulting in increased' man days per man) 
and on a maximum number of crop acres that were of high produc
tivity as measured by the crop index to secure maxim"tlm produc
tion per man. 

TABLE 26.-SYGNIFICANCE OF STANDARD REGRESSION COEFFICIENTS AND CORRELATIO N COEFFICIENTS 

(Value of Crops Produced per Man as the Dependent Variable) 

Simple Standard % or Multiple Standard 
I ndependent Va riables CorreIa tion Regression Weight Correlation Error of 

Coefficient Coefficient of fJ t Coefficient Estimate 

fJ 
r fJ =- R S., 

ufJ 

X, +.6J5 .218 16 . 9 3.15 
X, +.486 . 083 6.4 1. 23 
X, + . 793 .438 34.0 5.93 
X, + . 376 .225 17.5 4.08 

(1) X. +.653 . 325 25 . 2 4.83 . 905 $358 . 

Moderately significant .243 2. 000 .406 
H:ighly significan t . 293 2.660 .466 

X, +.615 . 270 21.1 3.14 
X, +.486 . 195 15 . 3 2 .42 
X, +.376 .285 22.3 3 .96 

(2) X. +.653 . 527 41.3 7.23 . 845 $446 . 

Moderately significant .243 2.000 .380 
Highly significant .293 2.660 .442 

X3 +.486 .317 25.3 4.14 
X, +.376 .351 28.0 4.71 

(3) X, +.p53 .585 46.7 7.66 . 812 $484 . 

Moderately significant . 243 I 2.000 .348 
Highly significant .293 2.660 .414 
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A man may produce a considerable amount of crops, yet prof
it little or none if his production costs are high. With this in mind, 
the power, labor and machinery costs of crop production were sub
tracted from the total value of crops produced per farm and this 

Fig. 24.-Relationship of yearly machine cost per man to 
value of crops produced per man above power, labor, and rna· 
chin e costs. 

Fig. 25 .-Relationship of available horsepower per man 
to value of crops produced per man above power, labor, and 
machine costs. 

divided by the man equivalent of that farm to get a new dependent 
variable. Using, then, the value of crops produced per man above 
power, labor, and machine costs as the dependent variable and the 
same factors for independent variables, gross and multi-
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pIe correlations and accompanying factors were determined as be
fore. Scatter diagrams of the new Xl with X2 , X 3 , X4 , X 5 , and Xs 
are shown in Figures 24 to 28, inclusive. 
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Fig. 26.-Relatiollsbip of man·days per man spent on orop, 
to value of crops produced per man above power, labor, and rna-
chine costs. 

Fig. 27.-Relationsbip of crop index to _ value of crops produced per 
man above power J labor, and machine costs. 

The gross coefficients of correlation between the dependent 
and all of the independent variables were as before, positive and 
highly significant. However, the gross coefficients of correla-
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tion of power, labor, and machinery with the dependent variable 
were somewhat smaller than before, while the crop index coeffi
cient was larger. The adjusted-acre coefficient was practically the 
same. They are shown with other factors in T 'able 27. 

Fig. 28 .-Relationship of total adjusted crop acres per f arm t o value 
of crops produced per man above power, labor, and machine costs. 

TABLE 27.-SIGNIFICAN CE OF STANDARD REGRESSION COEFFICIENTS AND MULTIPLE CORRELATION 
COEFFICIENTS 

(Value of Crops Produced per Man Above Power, Labor, and Machinery Costs as the Dependent 
Varia ble) 

Simple Standard % or Multiple Standard 
Independent Variable Corre lil tion Regression Weight Corrcla tion Error of 

Coefficient Coe.fficicnt of {J t Coefficient Estimate 

{J 
r {J =- R Sxl 

<T{J 

X. +.489 .075 6.0 . 837 
X 3 +.414 .102 8 . 3 1.180 
X . +,703 .339 27 . 5 3.58 
X. +.401 .307 25 .0 4.12 

( 1) X . +.642 .408 33.2 4.72 . 839 $378 . 

Moderately significant .243 2.000 .406 
Highly significant . 293 2 . 660 .466 

X, +.489 . 116 9 . 5 1.20 
X3 + .414 . 189 15 . 5 2 . 10 
X. +.401 . 354 29.0 4.40 

( 2) X. +.642 .564 46.0 6 .92 . 800 $412. --
Moderately significant . 243 2.000 . 380 
Highly significant ,293 2.660 .442 

X 3 +.414 .241 19.9 2.90 
X. + .401 .382 31.5 4 . 72 

(3) X . + .642 . 589 48.6 7.10 . 795 $413 . ---
Moderately significant .243 2.000 . 348 
Highly significant . 293 2.660 ,414 
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The multiple ~oefficients for the three determinatlOns (r, X, 
with X 2 , X", X.i , X 5 , Xs. 2, Xl with X2 , X g , X 5 , Xs. 3, X, with Xa 
Xs Xu) were about five per cent lower than with the value of the 
crops produced per man as the dependent variable. For No. 1 
determination. using five independent variables, all factors were 
highly significant except power and machinery. Power, labor, 
and machinery had less weight and adjusted acres and crop index; 
had more weight than when using the value of crop per man as thl' 
dependent variable. See Table 27. Leaving out labor for the No. 
2 determination, because of inter-relationship between it and the 
other independent variables, showed no decrease in weight for pow
er, but a decrease for machinery and increases in weight for crop 
index and adjusted acres. For No. 3 determination , using only 
power, crop index and adjusted acres for independent variables, the 
weight of power was slightly less than befor,e and the weight of crop 
index and adjusted acres slightly more. All of the stand'ard regres
sion coefficients \vere highly significant. The estimating equations 
for the three determinations are as follows: 

1. Xl= - S141O.72+S1.32X2+S24.81X3+S6.02X4+SlO.77X5+S5.63X6 
2. X1 =-$1359.51+$2.07X2+$46.06X3+$12.43X5+$4.79X6 
3. Xl =-$1388.90+$58.72X3+S13.40X5+$8.13X6 

The importance conclusions from this set of multiple correla
tions are: (1) that when value of crops produced per man above 
power, labor, and machine costs is considered. the crop index and 
adjusted acres are more important factors than when the gross 
value of crops produced per man are considered; (2) that increased 
amounts of power and machinery per man definitely increased the 
value of crops produced per man, and also the value of the crops 
produced per man above power, labor, and machine costs, but to a 
less significant extent.. This indicates that when profit is consider
ed, the amount of pow,er and machinery per man can not be in
creased indefinitely. Quite a number of these farms had machines 
which were not in use at the time of this survey and also some had 
more available horse power than their equipment or crop acreages 
wouldlnormally justify, although some farms could have profitably 
increased the power and machinery they used. 
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