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CHAPTER I

INTRODUCT ION

The problems of farn managers are everlasting, They are constantly
in the process of exanining alternative nmethods of production and alter-
native combinations of resources in an attenpt to attain a higher and
nore stable income,

For this farm planning, a vast anount of physical data on the cost
and returns of alternative plans is needed, It is important that the
physical data be as accurate as possible, because the farm plan is no
better than the . information upon which it is based,

Technological progress has been very rapid in agriculture and thus
it is important to keep up with changes that are taking place, It is
necessary that labor, power and machinery requirenents are adjusted to
the progressive development in agriculture, Power and machinery costs
represent a large part of the total costs of producing amall grains
and intertilled crops; jherefore, the farm manager is very much inter-
ested in his mach:lnery,/ his power needs and their most economical

management and use,

4, Statement of the Problem
A serious problem in farm planning is the lack of information
on labor, power and machinery required for different farming enter-
prises, and combinations of enterprises, in central South Dakota,
A certain ninimm of. power, machinery and labor is necessary for
guccessful farm operation, Before this minimum can be determined,



there are a number of problems which the farm manager must consider,

l, What are the power needs and what type of equipment is neces-
sary to go with these power needs? Power resources are in a continual
process of being adapted to changes in equipment, To scome extent this
process is a two-way adjustment, The existing source of power influ-
ences the choice and selection of new equipment; and in the same way,
the present line of equipment influences the selection of the power.

2, How does the labor supply fit in with the machinery and
pover being used? If there is a shortage of labor, labor saving
machinery may be necessary; but if there is an abundance of labor, the
investment in machinery may be smaller,

3. What portion of the farm operations should be custom hired?

4. What are the conditions of soil, nature of topography, and
size of fields? These factors will be important in influencing the
choice of power and equipment,

5¢ What are the h}terests and capabilities of the farm manager,
hinself?

6e How much capital does the farmer have available?

These problems make it desirable to provide information which will
help determine the best use of labor, power and machinery necessary
for different farming enterprises and also, to provide a basis for

determining costs of operation,

B, DPurpose of Study
The purpose of this study is to determine labor, power and

machinery rates of performance for different farming operations in

N



central South Dakota, for both dryland and irrigated conditions,

The operations on which information will be presented will be those
that are most typical of this area, These operations will include such
field operations a® are necessary for producing and harvesting small
grain, corn and hay in both dryland and irrigated areas, The individual
operations will be dealt with later in the study,

Since the costs for these different operations vary from year to
year, and vary between farms, depending on size and organiantion, they
are presented in physical terms rather than in monetary terms, When
presented in this manner, the specific costs for a particular farm can
be determined by attaching current price_s to the physical quantities,

C. Procedure Used in This Study

In setting up the procedure for this study, it was decided that
rates of performance for different machines would be calculated, using
an equation developed by‘ Burdick. _J_./ In order to use this equation, it
was necessary to conduct a time study to secure data for the equation,
This survey was made in 1951, The information on sizes and types of
machines was teken from an unpublished study made in the Oahe area in
1950 by the Agricultural Economics Department and Experiment Station
at South Dakota State College,

Explanation of Burdick!s Equation.-wDurdick!s equation and his

#&/ R, T, Burdick, A New Technigue for Field Crop Labor Analysis
Colorado Agriculturel Experiment Station, Tech, Dul 33,n Jéune 1949.




In this equation, T is the hours per acre per operation
for once over; S is the speed of travel in miles per hour;
W is the effective width of the machine in feet; L is the
length of the field in rods; N is the time required for
turning at ends of a field expressed in fractions of a mi-
nute; and A is the over-all service and rest allowance
expressed as a decimal,

8.25

In the equation, the first term, SW , gives the hours
required to cover one acre when no allowance is made for
turns or any delay, The process for development of this
tern was as follows: an acre of ground covers 43,560 square
feet, a machine, 1 foot wide, would go 8,25 miles to cover
1 acre, With a speed of 1 mile per hour, it would also take
8.25 hours to cover the acre. This may be considered as the
base or starting point, It is apparent that a machine 2
feet wide, other things being equal, wouid cover the acre
in half the time or 4,125 hours, It is also apparent that
a speed of 2 miles per hour would cut the time in half, The
hours for one=foot machines at 1 mile per hour, if divided
by the product of speed and width, will give the hours for
any combination of speed and width, Hence, the first term
of the equation gives the straight time to which rmst be
added the necessary time for turns and other items which
delay the work,

16 SN

The second term, 3L , gives the added time involved
in turning around at the end of the field, This was se=-
cured as follows: ¢ field 80 rods long was used as a base
for this calculatibn, The one~foot machine is going 8,25
mniles in an 80 rod field and will turn 33 times in covering
an acre, which will require 33 minutes or 0,55 hour when
turns require 1 minute each, This is 6 and 2/3 per cent
of the 8,25 hours required for straight work at a one-mile
speed, Dut 6 and 2/3 per cent is the same as 1/15, It is
apparent that a field 40 rods long would require twice the
time for turns, compared to the 80 rod field, If a turn
is made in 1/2 mimite, this would be one~half the time for
one minute turns. Speed works in an opposite manner, With
a 2 mile speed and no change in the stime per turn, the time
per acre for turns will be twice as large a percentage with
the 1 mile speed, Dringing all of the items together this
term reads:

80 SN which reduces to 16 SN



It is necessary to add the whole sumber 1 in the paren-
thesis so that the straight time can be multiplied by a rate
which will include itself, plus the added time for turns,

The third term in the equation introduces the service
allowance which is an ovewr=-all factor of safety, added to
the combined time for straight wori, plus time for turns,
A, covars all other items not otherwide identified, 2gain,
the whole number is added to permit direct multiplication
in the equation,

Method Used and Dete Obtained in the 1951 Survey,-—=The data pre-

sented is based on a survey made in the summer of 1951, The survey con=-
slsted of contacting farmers and timing the different field operations
for a period of one hour,

The sohedules for this survey were teken in the sub-areas of the
proposed Oshe irrigation area which was being considered for irrigatién
in 1950, The sub~ereas in central South Dakota are as follows:

Huron = Redfield area
lMiller - Vayland area
Redfield - Mellette area
Huron - Woonsocket area
Faulkton = Cresbard area
These areas are shown on the map (Figure 1),

The method used in selecting the farmers to be contacted was to send
the person taking the schedules into one of the five areas to time any
operations which were being carried on there, If he was seeking infor-
nation on cultivating, for exsmple, he would drive along the road and
whenever he came to someone cultivating -corn, he would stop and time
his operation, The same procedure was used for other operations, This

procedure for picking the farms seemed better than determining the farms
to be contacted before going out in the fleld, because there was no way



of knowing definitely when these farmers would be performing the dif-
ferent operations,

Two hundred five schedules were taken in this area of central South
Dakota in 1951, With the aid of a stop watch, information was obtained
on (1) rate of speed, (2) time lost per hour because of breakdowns and
other atops, (3) time lost turning on ends, and (4) time for servicing
before daily work was started. After the operations had been timed,
the farmer was interviewed to obtain information on the size of the
implement, the size of the tractor, and the operating gear of the
tractor, This information wae obtained for the following operations:
ploving, harrowing, cultivating, mowing, swathing and combining. The
information presented on other operations is based on data obtained on
those mentioned above (for sample copy of schedule, refer to appendix), -

Information Obtained from 1950 Cshe Survey,—The data presented in
this study on typical machines, and sequence and mmber of operations,
were taken from an unpublished study made in the Cahe area in 1950 by
the Agricultural Eonna‘ﬁa.hapartment s South Dakota Agrieultural Experi-
ment Station, The information in the 1950 study was obfained by inter-
viewing individual farmers in areas selected by & randam method in the
proposed Oehe irrigation area (see Figure 1),

Sources of Irrigation Date.=——Information on irrigation was also

calculated by using Burdickts equation, ' The data for the equation were
besed, in part, on the 1951 survey in central South Dakota, and also, on
previous studies on irrigation in other states, Sizes and types of
machines used, and the number of times over for different operations,
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Figure 1. Areas in the Proposed Oehe Irrigation Area in Which the Labor,
Power and Machinery Performance Surveys Were Made in

1950 and 1951



were based on studies of irrigation practices male in central Nebrasla
and the Lower Yellowstone in 1950, by the DAE in cooperation with South
Dakota and North Daketa Agricultural Experiment Stations, Standards set
up by the Bureau of Reclamation, for irrigation in the Cahe area, were
also used, in some cases,

Sources of Data on Haying Operations,—No data on haying were
securad in the 1951 survey. The data used in developing the require-

ments for haying were based entirely on previous studies made in other

states,



CHAPTER I1I

REVIEW. OF LITERATURE

The purpose of this chapter is to review, critically, available
labor, power and machinery input-output data suitable for South Dekota;
thus, making it clear why this study was needed and what it contributes
to the field of input data,

There have been no recent studies published showing labor, power end
machinery rates of performance for different farming operations in central
South Dakota, The most recent surveys are those used in this particular
study,

There are four main methods that can be used in making studies of
this nature, They may be classified as followss: experimental studies,
studies based on farm records, studies based on interviews with the
farmer and studies based on the timing of operations,

Most of the studies that have been made in other states were made
by the interview method,"c in which the farmers estimated the time required
for various operations.‘ Others were based on records that had been kept
by farmers over a period of years, Studies based on timing of different
operations have been less frequent,

Studies that have been made in South Dakota will be considered first
and then studies that have been made in other states will follow,

Hampson and Christopherson made a study of tractor and horse power
in Potter County, South Dakota in 1930, _1./ The purpose of this study
was to make information available which would aid farmers in deciding

1/ C. M, Hampson and Paul Christopherson, Tractor and Horse Power in
the Wheat Area of South Dakota, South Dakota State College Agricultursl
Experiment Station Circular 6 o BAE, USDA, Cooperating, 1932,




under what circumstances it was more economical to use tractor or horpes
or a combination of both,

The information for the study was obtained from daily records kept
by farm operators, with the assistance of a regular field agent at
regular monthly intervals,

Much of the data preseénted in this study are out of date at the
present time bescause of the changes that have taken place in tractor
power, and the fact that horses are no longer used enough to be of any
importance,

This being the only study of its kind published for South Dakota
since 1930, it is desirable thet data of this nature be brought up to
date. This study, however, will not be concerned with the advantages of
horse power and tractor power; it will be concerned with the efficient
use of tractor power, labor and machinery,

Miller, Quentin and George presented a study on the cost of opera-
ting machinery on Nebraska farms, 2/ This survey was made in Cass,
Cheyenne, Kearney, lancester, Scotts Bluff and Washington counties
during the sumer of 1947,

The information and data, in this study, were acquired by inter-
viewing farm operators. The rates of performance were obtained by
dividing the average number of acres of anmnal use reported by the
operators, by the average hours they spend doing the work, It would
be very difficult for farmers to give an acourate estimate of this
nature unless they were diligently keeping a record of the time required

:27 Frank Miller, et al,, Cost of %eratgg Machinery on Nebraska Farms,
Nebraska Agricultural Experimenf Station Bulletin 391, 1948,
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for the various operations,

An equation for calculating rates of performance was used in this
study, but in most instances, the rate of performance obtained from the
data reported by farm operators was somewhat higher than the rate calcu=-
lated by formula, It was thought that this difference was due to the
fact that in the calculated values, no allowance was made for time lost
in stops for greasing, for adjusting the machine and for turning on ends,
The speed at which the machine was drawn was assumed; it was not actual
speed,

Another study that should be mentioned is one conducted by Burdick,
whereby, he introduces a new technique of field crop labor analysis, 2/

This study was a shift from analysis of historical crop data to a
more theoretical general purpose analysis, The reason for the shift
arose from the fact that historical data caused one to look backward
in all matters of analysis, while the actual conditions under which crops
are produced are changing, requiring a constant looking ahead and fore-
casting of the effects of proposad changes, The time required to secure
field data, to analyze them, and to put them in useful condition meant
that a new practice was being tried by the time one had knowledge from
the analysis of the old.

This study tends to emphasize the theoretical aspects of farm
management., The theory of farm management may be likened to the theory
of the firm, in that individual decisions are made by owner operators,
Theory here refers to what should happen under the assumed conditions

in the absence of unexpected obstacles,

37/ Burdick, op. cit,



The chief problem here was to find some method of analyzing farm
operations before they were performed, instead of waiting until the work
was done, and securing a record of actual hours,

In deweloping the analysis, there were a number of factors that
received a great deal of attention., They were as follows:

1, Iength of field.
2. Width of machine,
3. Speed of travel,
4. Time required for turms,
5. Soil and weather conditions,
6., Possibility of combining operations,
7. Service time required,
8, Unexpected breakage and delays.

After a study of these factors was made, it was found that many of
them could be measured, The equation used in measuring these factors
was discussed and explained in Chapter I,

The factors mentioned here will vary depending upon the type of
equipment used, and the operator will also cause variations, But these
variations, if measured, can be used in making the calculations,

A certain amount of historical data was necessary for developing
the equation and some historical data will be necessary in applying this
to future studies; but, if the values of these factors are known, it
will speed up the operation considerably, and will meke it easier to
keep up with technologicel changes in agriculture,

There are a number of reasons why Burdick'!s results, as distinct
from his method, cannot be applied to central South Dakbta, Farming
conditions vary considerably even within a «tate; and therefore, con=

ditions between states are almost certain to be different, There are



differences in climate which will affect the growing season; there will
be differences in soil, topogrerhy, and size of field which will vary
the needs for the type of equipment used; the types of crops grown will
vary from one area to the next, The customs of the community will have
an effect upon the type of farming enterprise that is established, 4ll
of these factors point toward the fact that wherever possible, data
that are used in helping farm managers make decisions, should be based
on conditions which are similar to the conditions that exist in the
arsa in which they live,

For these reasons, a random sample survey was taken in 1950 to
obtain information on typical machines, sequence and number of operationms,
and rates of performance, 4/ This information was obtained by inter-
viewing individual farmers, The answers to the questions used in the
survey were based on farmers! estimates,

In this survey the data gathered on typical machines, and sequence
and number of operations were assumed to be accurates but the informgtion
on rates of performance did not appear to be satisfactory, In some
cases, the performance of small machines was greater than the larger
machines, These inconsistencies can be seen in Table 1,

L/ Oahe Survey, 1950, unpublished data in the Agricultural Ecenomics
ment, South Dakota Agricultural Experiment Station,
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Table 1, Rates of Performance by Sizes and Types of Implement In Central
South Dakcta, 1950

Average Average
Number Acres Acres Per
Tractor of Per Hour
Kind Size Horse Power Cages Hour Per ft, of Implement

Plow 2=141 1/-20 16 1,01 oldy
2=16" 1420 13 1,40 53
3= 40 14=20 37 1.39 40
3“':'-4-" 21-& 19 1029 037
3-16n 21-29 7 1,63 AN
yRIVAL 21-29 6 1563 o35

Disec ot 14-20 6 2.58 «287
10t 14-20 19 3.52 352

121 14~20 6 3.88 o324

151 14=20 13 5.03 0336
Harrow 201! 14-20 1 6.62 o33
251 1420 35 7.81 30
30! 1/-20 12 13.70 o4b

Source: Oahe Survey, 1950, unpublished data in Agricultural Lconémics
Department, South Dakota Agricultural Experiment Station,

For example, for plowing operations, the average acres plqwed per
hour with a 2-16" plow using a 14-20 horse power tractor was 1,40, com=
pared to an average of 1,29 with a 3-14" plow using 21-29 horse power
tractor. For discing operations, the acreage per hour for a 9! dise
vas half that of a 15! even though the size of tractor used for both
sizes of implements was the same, Likeuise, for the harrowing opera-
tions, the acreage per hour for a 20! harrow was less than one half
that of a 30' when the same size tractor was used on both implenents,

This inconsistency can be seen more clearly when the acres per
hour, per foot=width of implement are compared for the various sizes
of implements, When a tractor of a given horse power is used on

various sizes of machines, one would expect the acreage per hour, per

Y
SCUTH DAKOTA STATE COLLEGE LIBRAR
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foot=width of implement, to decrease as the size of the implement is
increased, This would occur since larger machines would normally de=-
crease the speed of the tractor, The rates of performance as estimated
by farmers in the sample, in many cases, show a greester acreage per
foot width of implement for the larger machines than for the smaller
machines, It is difficult to explain why these inconsistencies should
exist, One possible explanation is that it is difficult to estimate
rates of performances, especially in cash grain areas where fields are
large, Other explanations might be that suitable gear rates were not
available where smaller implements were used or that some farmers dis-
liked higher speeds for certain operations,

The information on rates of performance obtained in the 1950 survey
was considered unsatisfactory for use in farm planning, As a result, a
different approach was used in 1951, The method used in 1951 was dis-
cussed in detail in Chapter I,

The data, on rates of performance obtained by these two different
methods, differ considerably with resnect to variability in hours per
acre for a particular operation, The estimates obtained in 1950 ine
dicate a great variation in hours required per acre, whil» the calcu=
lated rates of performances derived from data obtained in the 1951
survey show little differences among farmers in hours required per
acre, For example, in Table 2, the standard deviation for the cata
obtained through estimates is compared to standard deviation for

calculated data.
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Table 2, Comparison of Variability of Estimated and Calculated Time
Requirements for Plowing

Number Mean 4 1S, D,
Method of Standard One Two Three
Used Cases a/ Mean Deviation S, D, S. D,'s S. D.'s
Estimated 99 .727 ° 201 . 526-0%8 032 5"1.13 01\24""10330

_a_/ Thirty-three cases were not all obtained on the 3=14" plow, but since
no association existed between speed and time lost, and size of im-
plement, these data on speed and time lost for the other sizes of
plows were applied to the width of 3=14",

Normally, it is not expected that the hours required per acre would
vary to any great extent for different fermers in the same area unless
there was a great variation in speed,

The data obtained on speed in 1951, with the aid of a stop watch,
shows the tractor speed for different cperators to be quite uniform,
This suggests that the variability of the estimated data, obtained in
1950, is due to errors in estimating rather than in differences in rates
of performance,

Since the data on rates of performance, obtained through estimates,
appear inaccurate, the rates of performance presented in this study will
be calculated, wherever possible, using date obtained in 1951 on speed

and time lost,



CHAPTER III
LABOR, PONER, AND MACHINERY RATES
OF FERFORMANCE FOR SELECTED DRYLAND OPERATIONS

The purpose of this chapter is to present, in considerable detail,
the estimates made regarding labor, power and machinery for selected
dryland operations,

In presenting these estimates it will be convenient to divide the
data into three partss (1) the factors affecting rates of performance;
(2) the calculations that were mede in determining rates of performance;
(3) a presentation of the total requirements per acre for small grains,

corn, and hay,

A, Factors Affecting Rates of Performance

There are many factors which influence rates of performance., Some
of these factors are: size of field; size of machine and power; time lost
turning on ends; time lost because of breakdowns and ‘other delays; and
the rate of speed tro.veled.‘/ When the size of the machine and the tractor
were held constant, it was found that speed and size of field were 1I:he
two most influential factors, As the length of the field decreased, the
rates of performance decreased rapidly. The rate of speed was probably
the most important factor in influencing rates of performance,

Rate of Speed.-=According to information obtained in the study of
1951 where field operations were timed, it was found that the speeds
ranged from 3 miles per hour to 4.5 miles per hour depending on the type

of tractor being used and the field operation being performed, Infor-
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mation on the Nebraska Tractor Tests shows the speed for the rated load
for different makes of tractors varying from three to five miles per
hour. 3/ However, for the tractor most common in the area studied, the
speed for the rated load is approximately four miles per hour,

The survey on speed indicates that when the tractor is operating at
the rated load, the rate of travel on the actual field operation is
similar to the speed found in the Nebraska Tractor Test,

There is a slight increase in speed for some field operations which
require considerably less power than the power required for the rated
load. On the other hand, the speed decreases for some operations which
have other limitations on speed besides power; for example, the first
cultivation of corn,

The speeds that were obtained for the different field operations in
the 1951 survey are shown in Table 3,

Time Lost Per Hour,—It was found that for most field operations the

time lost per hour was aboui five minutes, There was some variation here,
but it was so small that it was considered insignificant; and therefore,
was assumed to be 5 minutes, There were, however, operations in which
more time was lost per hour., They were operations such as combining,
plenting corn, drilling grein, and picking corn. These operations re-
quired more time because it was necessary to make more stops for such
things as putting seed in the drill and corn in the planter, Speed waa
a limiting factor in all of these operations,
The time lost per hour for different operations is shown in Table 3,.
Sizes and Types of Machines.—Before rates of performance ean be

17‘?55 Nebraska Tractor Tests and Supplement, Nebraska Agricultural
Experiment Station Bulletin 397, Jamary 1950,
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calculated, it is necessary to know something about the sizes and types
of machines and power used in the area, The sizes of the most common
tractors and implements on farms in central South Dakota were used,
This information was obtained from the random sample survey taken in
1950, 2/

Table 3, Rates of Speed and Time Lost for Operations Timed, by Use of
Stop Watch, Central South Dakota, 1951

Total Average Rate Average Time Lost

Operation Ceses of Speed Per Hour-Minutes 1/
PlOWing 33 4e0 48
Harrowing 6 be5 447
Cultivating

1lst time 42 305 505

2nd time 51 440 5¢3

3rd time 10 4e5 5.0
Swathing Grain 21 Le5 4e5
Combining (self prop.) 38 3.5 10,2
Mowing 4 be5 4e6

__I7 For the calculations made in tablas, all figures on average time lost

Per hour were rounded off at 5,0 minutes, except for combining, and
the average time lost here per hour was rounded off at 10,0 minutes,

The sizes of the most common tractors and implements on farms in
central South Dakota are shown in Table 4,

A range in sige was reported for most implements, but, as shown in
the table, there is a tendency for one or two sizes to predominate, For
example, nearly one-half of the plows in the area were 3-14"; one~fourth
were 2-14"; and all other sizes combined accounted for only one=fourth,

Data were also gathered regarding the size tractor used on tillage

2/ Oehe Survey, 1950, op, cit,
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implements of various sizes, This information is presented in Table 5,

The information indicates the power and machinery preference in the
central South Dakota area, Conditions of soil and topography influence
the power requirements a great deal, In this area tractors ranging
from 16-22 drawbar horsepower, which are commonly referred to as 2-plow
tractors in the Corn Belt, are used more frequently on 3 bottom plows
than are the larger tractors, It was also shown that the smaller
tractors were used on the large discs and harrows which usually require
larger tractors,

The most common tractor size in this area falls in the 16~22 draw-
ber horsepower range, This particular size tractor is the most common
on all sizes of farms, (See table 6,) From the evidence presented, it
appears that when acreage increases the size of tractor does not neces-
sarily increase, but another tractor of the same size is added,

Effective Width,—~~There are a muber of operations where the entire

width of the machine is not/used at 2ll times, This may vary depending
on the operator, but it is a factor that must be considered when figuring
rates of performance, For such operations as discing, harrowing, dril-
ling, swathing, raking and mowing there will be some overlasp, This will
not be true for row crops; because, due to the nature of the operation,
the entire width of the machine will be used and no overlap will be
possible,

In making the calculations on rates of performance, the effective
wldths of these machines where overlap exists were considered to be 95
per -cent of the actuel width of the machine,
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Table 4, Percentage Distribution of Tractors and Implements on Sample
Farms - Oshe Area (1950), 1/

Kind and Size Kind and Size

of Tractor or Farms of Farms
Implement Reporting Implement Reportin
' Per cent Per ceu
Tractor DBHP Corn Planter
Less than 16 14 2 Row 68
16=22 65 4 Row 28
Over 22 21 Others 4
Total 100 Total 100
Plow Corn Cultivator
2=140 24 2 Row 92
2=16" 16 Others 8
3=14" 49 Total 100
Others 1
Total 100 Corn Pickers
1 Row 73
Disc (single) 2 Féw 27
10¢ 42 Total 100
151 32
Others 26 Mower
Total 100 51 11
61 26
Harrow 7 63
201 27 Total 100
251 40
30t 21 Swather
Others 12 12 60
Total 100 151 VA
Others 26
Drill Total 100
108 27
11t 95 Combine
121 18 51 29
14t 16 6! 41
Others 4 12! 20
Total 100 Others 10
Total 100

Source: Oahe Survey, 1950, unpublished data in the Agricultural Economics
Department, South Dakota Agricultural Experiment Station,

1/ Where implements of a particular size did not constStute at least 10
per cent of all sizes, these implements were included in the "others"
category,



Table 5, Percentage Distribution of Size of Tractor Used on Tillage
Implements of Various Sizes on Sample Farms

3ze of Tractor Used

Type and Size Total Less than 16=22 Over 22
of Implement Cases 16 _DBHP DBHP DBHP Total
per cent per cent per cent per cent
Plow
2=14" 18 6 83 n 100
2=15" 13 23 ™ -— 100
3al4h 56 2 60 38 100
Disc
10t 18 — 88 12 100
151 21 5 57 38 100
Harrow
20! 17 6 82 12 100
251 54 6 63 n 100
30t 27 4 37 59 100

Source: Oghe Survey, 1950, unpublished data in the Agricultural Econcmies
Depertment, South Dakota Agricultural Experiment Station,

Table 6. Percentage Distribution of Number and Size of Tractor per

_ Farm, by Number of ‘cres in Cropland
Mumber and Size of Acres of Cro

Tractors per Farm Less than 250 A 250 to 500 A r 500 A
per cent per ocent per cent.
Percentage of farms with
one tractor 92 60 6
Percentage of farms with
two tractors 8 40 9
Total 100 100 100
Percentage of farms with:
One tractor of less than 16 DBHP 8 7 -
One troctor with 16-22 DBHP 80 40 6
One tractor with more than 22 DBHP 4 13 -
Two tractors, both less than 22
DBHP 8 31 56
Two tractors, one less than 22 and
one over 22 DBMP 6 25
Two tractors, both over 22 DBHP 3 13
Total 100 100 100

Scurce: OUahe ourvey, iﬂg, unpublished data in the Agricultural Economics
Department, South Dalota Agricultural Experdment Station,
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Length of Field,-~Information was not obtained on the typical lengths
of fields in this area., It is known that as the length of field decreases,
the rates of performance become less because of the time lost turning on
ends, The time required to cover an acre of land, increases as the fields
become smaller, assuming all other conditions affecting rates of perfor-
mance are the same,

In this study, for purposes of calculating rates of performance for
dryland conditions, all fields were assumed to be 80 rods long,

The differences in rates of performance resulting from fields of

different lengths are shown in Table 7.

Table 7, Comparison of Rates of Performance for Different Length Fields

Implement Length Field 1 Lo:zs Hours
Kind Size in Rods Speed Per Hour Per Acre 1/
Plow 3=14" 160 4,0 5 67
Plow =14 80 4.0 5 70
Plow 3=140 40 ~ 440 5 76
Plow 3=14" 20 40 ? 87

17720 seconds allowed for turning on ends, These are calculated rates
using Burdick!s formula and data from the 1951 survey,

Fuel Consumption Rates,--The estimated fuel consumption was based on

the Nebreska Tractor Tests of 1950, It was assumed that the tractors
were not quite as efficient on the farm as they were when the experts
were handling them in the Nebraska Tractor Tests, To allow for faulty
adjustment and normel wear, 10 per cent was added to the Nebraska
Tractor Test requirements in ealculating these fuel consumption rates,



The fuel consumption of the tractors varied with drawbar horsepower
ratings. Therefore, the average fuel consumption for tractors in the
16-22 drawbar horsepower range was used.

The fuel consumption for engines on combines and balers was, in most
cases, comparable to tractor engines; therefore, the Nebraska Tractor
Tests fuel consumption rates were also used for these engines,

Another factor which entered into the calculation of fuel consumption
was the load each operation placed upon the tractor. The fuel consumption
in the Nebraska Tractor Test was based on full load, Some operations,
such as plowing and discing, may place full load upon the tractor used;
and others, such as mowing, may place only 10 per cent of full load on
the tractor,

As fuel requirements are based on the load placed on the tractor, it
was necessary to find some basis for determining the percentage of full
load placed upon the tractor by different field operations, H, P. Bateman,
in a study in Illinois, found a relationship between fuel consumption and
load placed on the traetor, 3/ His findings are as follows:

Gallons Fuel as a
Per Cent of Fuel Per Per Cent of
Pl Load Hour Full load
Tandem Disc~Plowing 100 2.85
Plowing 80 2,50 87
Harrow 50 2.16 75
Drill 40 1,92 67
Cultivator 2-row 30 1.85 64
Cultivator 2nd & 3rd 20 1.72 .60
Mowing 10 1.34 WA
Corn Picking 40 1,96 .68

3/ W, P. Bateman, Effect of Full Load on chine Operating Feconomies
Agricultural Engineering, 2: 111-11%, prﬂ&-rl L3e -Repsidae Bocunias.



The information in this table was used in estimating the fuel con-
sumption presented in Tables 8 and 9, The percentage changes were applied
to the full load requirements given in the Nebraska Tractor Tests to de-
termine the fuel requirements for different operations,

B, Calcylations of Rates of Performanoce
Using the information which has been presented above on factors

influencing rates of performance, the next step was to calculate the
rates of performance. In calculating the rates of performance, there
were two size groupings of tractors used. The most popular size, as
shown in Table 4, was 16=22 drawbar horsepower (DBHP), This grouping was
used in the calculations shown in Table 8, Another grouping, 23-27 DBHP,
was also used to take care of the tractors not* included in the first
grouping, These calculations are shown in Table 9,

C. [Total Requirements Per Acre for Small Grain,
Corn and Hay -

For purposes of budgeting it was felt that it would be more conveni-
ent if the total labor and fuel requirements per acre were presented for
small grains, corn and hay,

In setting up the labor and fuel requirements on a per acre basis,
it was necessary to kmow the number of times each operation was performed
for individual crops, This information was taken from the 1950 survey,

Small Grain.=—The operations for all small grains were somevhat

similars therefore, no breakdowns were made for oats, barley, wheat, etc.
The calculations made represent requirements for small grain crops under
different conditions,
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Table 8, Estimated Rate of Performance and Fuel Consumption for
Drylend Field Operations With Tractors Renging From 16-22
.3n Drawbar Horsepower for Central South Dakota

Minutes  Tractor Gallons Gallons
Implement Lost Hours Per Fuel Fuel

Kind Size Speed Per Hour Acre 1/  Per Hour g[ Per Acre
Plow 3 4,0 5 70 2.1 ¥.50
Plow 2-16" 4,0 5 1,00 2.0 2,00
Plow 2=1L" 4,0 5 1,10 1.9 2.09
Disc (single; 10t 4,0 5 024, 1.7 o1
Dise (single 12t 4,0 5 o2l Sy .36
Dise (single) 15t 4.0 5 017 1.8 oJ1
Harrow 201 L5 5 <10 Al 17
Harrow 25' 4.5 5 008 1.7 014
Harrow 30' 405 5 .07 1.8 013
Drill 10t 4.0 10 27 1,5 40
Drill 11t 4,0 10 JA 1.5 36
Drill 121 4,0 10 23 1.5 34
Corn Planter 2 row 4.0 15 43 1.5 65
Corn Planter 4 row 4,0 15 21 a8 31
Cultivator 2 row

1st time 305 5 .38 1.5 058

2nd time 4.0 5 o34 1.5 52

3rd time 4e5 5 .31 Vab 4T
Corn Picker lrow 3.0 15 1,2 1.5 1.80
Corn Picker 2row 3,0 15 55 1.5 33
Cambine 6' 12 ﬁ. 2.5 10 .39 3-0 1020

swath,

Swather 10t 4.5 5 24 1.4 3
Swather 121 bLebd 5 «20 1.4 28
Swather 15t 4.5 5 .16 1.4 422
Mower 61 4e5 5 Al 150 ol
Mower 7' 445 5 035 1.0 035
1/ 20 seconds allowed for turning on ends, lLength of fileld - 80 rods,

2/ Fuel requirements based on Nebraske Tractor Tests plus 10% for
faulty adjustuents and normsl wear,



Table 9, Estimated Rate of Performance and Fuel Consumption for
Dryland Fleld Operations With Tractors Ranging From 23-27

in Drawbar Horsepower for Centxal South Daleota

Mimites Tractor Gallons Gallons
Tmplement Lost Horrs Per Fuel Fuel

Kind Size Speed Per Hour Acre 1/ Per Hour 2/ Per Acre
Plow 314" 4,0 5 <70 2.5 1.75
Disc (singleg 10t 4.0 5 024 2.2 53
Disc (single 12 4,0 5 021 2.2 g
Disc (single) 151 4.0 5 <17 2.3 «39
Harrow 20t Le5 5 10 2.0 «20
Harrow 25' 4.5 5 .08 2.0 .17
Harrow 30" 4,5 5 07 2,0 o4
Drill 10t 4,0 10 27 1,8 49
Drill 11 4.0 10 024, 1.8 43
Drill 12! 4.0 10 «23 1.8 41
Corn Planter 2 row 4,0 15 43 1.8 .78
Corn Planter 4 row 4.0 15 21 1.8 38
Cultivator 2 row

1st time 305 5 .38 108 069

2nd time 4.0 5 34 1.8 62

3rd time 4'5 5 ;31 1.8 056
Corn Picker lrow 3,0 15 1,2 1.8 2.0
Corn Picker 2row 3,0 15 55 1.8 1,0
Combine 12! self 30 5 10 .22 307 082

prop,

Swather 10 4.5 5 24 1,6 38
Swather 12' 4.5 5 «20 1.6 32
Swather 15' 4. 5 5 .16 1'6 026
Mower 6' LS 5 Al 1.3 53
Mower 7V 45 5 o35 1.3 46

1/ 20 seconds allowed for turning on ends, Length of field = 80 rods,
2/ Fuel requirements based on Nebraska Tractor Tests plus 10% for
faulty adjustments and normal wear,
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According to data gathered there seemed to be a sizeable amount of
both spring and fall plowing in central South Dakota. Thus, calculations
were made for small grain on both spring and fall plowing, Also, calcu-
lations were made for small grains following corn, It required more
labor and fuel to raise small greins on fall plowing than either spring
plowing or corn ground, These differences are shown in Tables 10, 13,
12, 15, 16 and 17,

Corn,--Similar caloulations were made for corn. It was found that
the tractor hours and man hours per acre were larger here on fall plowing
because of the increased number of operations necessary in preparing the
seed bed.

The labor and fuel requirements for corn are given in Tables 13 and
1/, for tractors in the 16-22 DBHP range, and Pables 18 ard 19 for the
tractors in the 23-27 DBHP range.

Haying,-=Labor and power requireiments were set up for three dif-
ferent methods of hayimg. These methods are as follows: putting up hay
with a one-man pick-up baler; putting up hay with a field chopper with a
pick-up attachment; putting up loose hay with a buck stacker. The field
chopper was assumed to be run from the power take-off on the tractor,

No information was secured in the 1951 survey on haying operations,
The data presented are based on information obtained from studies in
other states, The data presented on balers and field choppers are based
on information presented in two Nebraska studies and one conducted in
Minnesota, 4/ The data presented on putting up loose hay with a buck
stacker are based on a time study conducted in Michigan in 1947, 5/

77 Trank Miller, et al., op. cit.

B, R, Bookhout, aymaking Job Anal Analysis, Journal of Farm Eoonomics,
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Table 10, ILabor and Fuel Requirements for Small Grain Following Corn
in Central South Dakota

(Tractor Size, 16=-22 Drawbar Horsepower)
Total Tot

Implemente Times Tractor Hrs, Gallons Fuel Man 4rs,

Kind Size Over Per Acre Per Acre Per Acre
Disc (single) 12¢ 2 42 o172 A
Harrow 251 1 .08 VA 09
Drill 12! 1 23 o34 o2
Swathing 12 1 +20 «28 21
Combine 6! 121 svath 1 39 1,20 k5
Totals 1.32 2.68 1.43

Source: Table 8,

Teble 11, Labor and Fuel Requirements for Small Grain on Fall Fjowing
in Central South Dakota

{Tractor Size, 16-~22 Drawbar Horsepower)
Total Tot Tot

Inplements Times Tractor Hrs. Gallons Fuel Man Hrs,

Sige Over Per Acre Per Acre Per Acre
Plow 2-16" i 4 1,00 2,00 1,05
Disc (single) 121 1 .21 .36 .22
Harrow 251 1 .08 14 09
Drill 12! 1 023 o34 o2
Swathing 12! 1 +20 28 .21
Combine 6! 12t swath g 39 1.20 A
Totals 2.1 432 2426

Source: Table 8,
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Table 12, Labor, Fuel Requirements for Small Grain on Spring Plowing

in Central South Dakota

(Tractor Size, 16~22 Drawbar Horsepower)

Total Total Total
Implement Times Tractor Hrs, Gallons Fuel Man Hrs,
Kind Size Over Per Acre Per Acre Per Acre
Plow 2=-16" i 1.00 1,80 1,00
Harrow 251 2 16 «28 #18
Drill 12t - | 023 o34 024,
Swathing 121 1 «20 028 021
Cambine 6t 12t swath 1 39 1,20 o5
Totals 1.88 3.90 2,08
Source: Table 8,
Table 13, Labor, Fuel Requirements for Corn on Spring Plowing
in Central South Dakota
(Tractor Size, 16-22 Drawbar Horsepower) e
Total Total Total
Implement Times Practor Hrs, Gallons Fuel Ian-Hrs,
Kind Size Over Per Acre Per Acre Per Acre
Plow 2-16" 1l 1,00 2,00 1,05
Harrow 25t 2 16 «28 .18
Corn Planter 2 row 1 43 65 45
Cultivator 2 row
1st time 1 38 58 40
2nd tine 1 034 052 036
3rd time 1 031 047 032
Corn Picker 2 rov 1 55 .83 63
Totals 3 017 5033 3 039

Source: Table O,



Table 14, Labor and Puel Requirements for Corn on Fall Plowing
in Central South Dakota

(Tractor Size, 16~22 Drawbar Horsepower)

30

Total Total Total
Implenent Times Tractor Hrs, Gallons Fuel lian Hrs,
Kind Size Over Per Acre Per Acre Per Acre
Plow 2=16" 1l 1,00 2,00 1,05
Disc (single) 12t ! 021 «36 o2
Harrow 251 3 0214- 042 027
Corn Planter 2 row 1 W43 65 WA
Cultivator 2 row
lst time 1l 38 58 <40
2nd time 1l 34 52 36
3rd time 1l 31 &1 32
Corn Picker 2 row 1 55 83 63
Totals 3 .46 5083 3 070

Source : Table 8.

Table 15, Labor and Fuel Requirements for Small Grain on Fall Plowing

in Central South Dakota
(Tractor Size, 23-27 Drawbar Horsepower)

Total Total Total

Implement Times Tractor Hrs, Gallons Fuel lan Hrs,

Kind Size Over Per Acre Per Acre Per Acre
Plow 3=14" l .70 1.75 .80
Disc (single) 151 1 A7 .39 A8
Harrow 30t 1 .07 VA .08
Drill 121 1 23 Al o2
Swathing 12! 1 «20 «32 il
Combine 12! self prop, 1 22 82 025
Totals 1.59 3.83 1.76

Souree: Table 9,
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Table 16, Labor and Fuel Requirements for Small Grain on Spring Plowing
in Central South Dakota
(Tractor Size, 23-27 Drawbar Horsepower

Tota otal Total

Implement Times Tractor Hrs, Gallons—Fuel Man Hrs,

Kind Size Over Per Acre Per Acre Per Acre
Plow 3141 1 .70 1,75 .80
Harrow 30¢ 2 VA «28 o16
Drill 12t 1 «23 YAl o2
Swathing 120 1 «20 32 A
Combine 12! self prop. | 022 .82 oD
Totals 1.49 3.58 1.66

Source : Table 9.

Table 17, Labor and Fuel Requirements for Small Grain Following Corn
in Central South Dakota

(Tractor Size, 23-27 Drawbar Horsepower)
Tot Total Tot

Implement Times Tractor Hrs., Gallons Fuel lMan Hrs,

Kind Size Over Per Acre Per Acre Per Acre
Disc 150 2 o34 .78 36
Harrow 30! ] 07 14 .08
Drill 12t 1 o23 Al o2
Swathing 12 1 «20 32 o2l
Combine 12! self prop, 1l 22 82 25
Totals 1,06 247 1.14

Source: Table 9,
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Table 18, Labor and Fuel Requirements for Corn on Spring Plowing
in Central South Dekota
(Tractor Size, 23-27 Drawbar Horsepower)

Total Total Total

Implement Times Tractor Hrs, Gallons Fuel HMamirs,

Kind Size Over Per Acre Per Acre Per Acre
Plow 3=14" 1 .70 1,75 «80
Harrow 30¢ 2 4 «28 16
Corn Planter 2 row p 043 .78 ohb

Cultivator 2 row

1st time 1l 38 69 &40
2nd time 1 o34 062 36
Corn Picker 2 row 2 55 1,00 «63
Totals 2.85 5.68 3 .12

Source: Table 9,

Table 19, Labor and Fuel Requirements for Corn on Fall Plowing
in Central South Dakota

{Tractor Size, 23- awbar Horsepower
~ To Total Tot
Implement Times Tractor Hrs, Gallons Fuel Man Hrs,
Eind Size Over Per Acre Per Acre Per Acre
Plow 3=141 1 o710 I 80
Dise (single) 15¢ i 17 <39 J18
Harrow 30t 3 o2l 42 024
Corn Planter 2 row 1 43 <78 kb
Cultivator 2 row
1st time 1l 38 69 40
2nd time i o34 62 .36
3rd time 1 31 <56 )
Corn Picker 2 row 1 «55 1,00 .63

Totals 3.09 6.21 3.38

Source : Table 9.



Some data were also taken from a study conducted by the U.S,D,A. pub-
lished in 1951, 6/ These studies are referred to in the footnotes for
Table 20,

It was found that the labor and fuel requirements were highest for
baling and lowest for the field chopper, with the requirements for put=
ting up loose hay with the buck stacker being less than the baler and
more than the field chopper,

In most cases it will not pay the individual farmer to invest in a
field chopper or baler because his hay acreage is not large enough, When
this is the case, custom hired machines may be the solution, if machines
for hire are available., The availability of the field chopper or baler
for custom hire will affect the farmert!s choice,

The choice between a baler and a chopper will depend, in part, on
the supply of the labor and what the farmer intends to do with the hay,
For emample, if the hay must be handled a great deal and it is going to
be sold, the farmer will probably prefer a baler, The method used may
also be influenced by storage facilities, quality of hay and climatio
conditions, Finally, it will be influenced by the likes and dislikes
of the individual farmer,

The buck stacker requires the smallest investment of the three
methods and that is probably one of the big advantages, if the former
wants to put up loose hay and own his own haying equipment., As mentioned,
all three methods have their advantages and disadvantages.

The estimated labor and fuel requirements for moving hay from
windrow to storage are shown in Table 20, These calculations are baged
&/ R. E. Varx and James A Birkhead, Hay Harvesting Methods and Costs,

United States Department of Agriculture Circular 868, June 1951,




on yields in tons of hay per acre, per cutting,

It is assumed that it will take about the same amount of time to
mow and rake the hay regardless of yield, However, the speed of travel
for the baler, field chopper and buck stacker will be slower with the
heavier yield, As the yield decreases, the man hours and tractor hours
per acre harvested also decrease; but the man hours and tractor hours
per ton of hay harvested increase, The reason for this is that more
acres will have to be covered for each ton of hay hafvested.

In figuring the difference in man hours per tdn and man hours per
acre for different yields, it was assumed that for each ton per acre
decrease in yield, the man hours per acre were cut by 25 per cent, The
tractor hours per acre were assumed to be cut by 10 per cent for each
ton per acre decrease in yield, This decrease in tractor labor was
smaller than for man labor because the same amount of ground had to be
covered even though the yield was less; the only difference here being
the increase in speed of travel as yield decreased, The fuel require=-
ments were based on fuel requirements given in Table 8,

Studies have shown that the amount of time required for harvesting
hay will vary a great deal, depending upon how the work is organized
or planned., The organization of the work is generally agreed to be a
more important factor than the kind of machines used, 7/

_77 L. S, Hardin, There 1s a Best Way for You to Handle Forage, Country
Gentleman, July 1952,
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Table 20, Estimated Power and Labor Requirements Per Cutting for Moving
Hay from Windrow to Storage Using 16-22 Drawbar Horsepcwer

Iractors - -

Man hatt Tractor Tractor Gals, Gals,

Yield Howurs Hours Hours Hours PFuel Fuel
Size in Per Per Per Per Per Per
Implement Crew Tons __ Acre Ton Acre Ton __ Acre Ton
Buck Stacker 1/ 3 3 45 1.5 1.5 50 2,3 .8
Baler Pick-up 2/ 3 3 57 19 1.6 53 4.8 1.6
Field Chopper 2/ 3 3 40 1,3 14 45 3.5 1
Buck Stacker 3 2 34 1.7 1.4 70 21 1,0
Baler Pick-up 3 2 4.3 2.1 1.5 15 L 2.2
Field Chopper 3 2 3.0 WL L3 b5 2.3 136
Buck Stacker 3 1 2.6 2,6 1.3 1,3 2,0 2,0
Baler Pick-up 3 1l 3.2 3.2 1.4 1,4 42 4.2
Field Chopper 3 1 2.3 2.3 1.2 1.2 3.0 3.0
Buck Stacker 3 /2 2.0 40 1.2 2.4 1.8 4.8
Beler Pick-up 3 1/2 2.4 48 1.3 2,6 3.8 7.8
Field Chopper 3 /2 1.7 84 _ 1A 22 2.8 6,0

I/ Derived from U.S.D.A Circular 848 and Haymaling Job Analysis, Journal

of Farm Economics, 29, August 1947,

2/ Derived from U,S,D,A. Techaical Bulletin 1037 and Nebraska Agricul-
tural Experiment Station Bulletin 391,



CHAPTER IV
LABCR, POWER AND NACHINERY RATES OF FERFORMANCE
FOR SELZCTED OFERATIONS UNDER IRRIGATION

The purpose of this chapter is to present information on rates of
performance for certain field operations on irrigated land,

Much of the area studied in central South Dakota under dryland cone
ditions is being considered for irrigation, It is importaont that an
attempt be made at estimating some of the rates of performance that would
exist under these conditions in the Oahe area, These physical data are
presented so that they might be used as a guide in budgeting and plan-
ning farm costs for irrigation in the areas in which it has been proposed.

The information presented in this chapter is based on the time study
survey made in 1951, Also, information has been taken from other studies
made in irrigated areas considered to be similar to that of the Oche area
in soil, climate and rainfall,

A, Factors Bringing About Differences in Rates
of Performance on Dryland and Irrigated Land

There are a number of factors which bring about differences in rates
of performance on dryland and irrigated land, Some of these factors are
as follows: (1) machinery and implements used under irrigation are, in
most cases, smaller than those used on dryland operations; (2) fields
under irrigation are usually much smaller than fields on dryland farming;
(3) number of operations necessary for producing comparable crops on
dryland and irrigated land are greater under irrigation; (4) irrigating

the land itself requires a large mmber of man-hours per acre,
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Thus, it will be shown that the above conditions have a great deal

of influence on rates of performance and labor requirements,

B, (Calculation of Ra%es of Performance for Irrigation

The calculations on rates of performance were made for fields of
three different lengths., These field lengths were based on standards set
up by the Bureau of Reclamation, The size of implements used in the cal-
culations were based in part on an unpublished study of the Lower Yellow-
stone conducted by the North Dakota State Agricultural College in cooper-—
ation with the BAE, 1/ Machine sizes were also selected on the basis of
standards set up by the Bureau of Reclamation for the Oahe erea,

The speed of travel used in calculating rates of performance under
irrigated conditions is the same as that used for dryland operations,
Implements of comparable size will require less power on dryland than on
irrigated land. Therefore, if the same equipment was used on irrigated
landé as on dryland, the speed of travel would be decreased, But, since
smaller equipment is being used on irrigated farms, the same rate of
speed was assumed to be used as on dryland,

The tine lost per hour is assumed to be the same as on dryland
operations, The time required for turning on ends was increased from
20 to 40 seconds, Burdickt!s equation was used in making the calculations,
(This equation was explained in Chapter 1.)

The results of the calculations of rates of performance are given in
Tables 21, 22, and 23,

I/ Unpublished study on Management Practices and Yields in Lower Yellow=

stone, North Dakota Agricultural Experiment Station, Kgricultural
Economics Department, in cooperation with the BAE.
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Table 21, Rate of Performance and Fuel Consumption for Operation on

Irrigated Land - Field Length 30 Rods
Minutes Gallons Gallons

Implement Lost Hours Fuel Fuel
Kind Size 2/ Speed Per Hour Per Acre l/ Per Hour Per Acre
Flow P25 V/ R W) 5 1,22 1.9 %)
Disce=Tandenm 8t 40 5 bl 2,0 88
Harrow 158 be5 5 «22 g5 «33
Cultivator 2 row
1st time 3.5 5 53 1.4 o714
2nd time 4,0 5 50 1.4 <70
3rd time o5 5 45 1.4 63
Drill 8! 4.0 10 o49 1.5 A
Corn Planter 2 row 4.0 15 <58 L5 87
Side Delivery gt 4e5 5 40 ) J40
Mower " 405 5 047 1.0 047
Swather 8t 4e5 5 40 1.4 56
Combine 6! (8! swath) 2.5 10 .66 3.0 1,98
Combine Straight 6! 3.0 10 . o658 3.0 1,95
Corn Picker 1l row 3.0 15 1,41 1,8 2,54
Corn Picker 2 row 3.0 15 61 1,8 92
Field Chopper 1 row 3.0 15 1.41 1.8 . 2454
Potato Planter 2 row 2.5 30 <96 2.0 1,88
Cultivator 2 row
lst time 3,0 5 61 1.9 1.28
2nd time 3.5 5 53 1.9 98
Other 4e0 ) «50 1.9 92
Sprayer 6 row 40 b 19 1.3 «25
Stalk Cutter 2 row 8.5 5 53 1.9 .98
Leveler 81 3.5 5 &5 1.7 .o
Potato Digger 1 row 2,5 .10 1.50 2.2 3.2
Potato Digger 2 row 2.5 10 75 2.5 1,88
Beet Planter 4 row 25 15 «80 3,3 1,07
Ditcher 4 row 460 5 «50 1.9 <92
Beet Cultivator 4 row
lst time 2.5 5 69 1,9 1,32
2nd time 3.0 5 61 1,9 1,17
Cther 3.5 5 053 1.9 1002
Beet Harvester 1 row 3,0 15 2,74 1.9 5626
Beet Harvester 2 row 3,0 15 1.1 2,2 3,05

7 42 seconds allowed for “turning on ends, ~ Drawbar horsepower of tractor,
1 -22.

2/ Rows for sugar beets are 20 inches apart, Potatoes, same as for corn,

Source

1, The Economics of Sugar Beet Mechanization, Colorado Agricultural Ex-
periment Station Bulletin 411-A, April 1950,

2, Crop Labor Requirements and Seasonal Distribution-OCahe Area, Repay-
ment Unit, Economics and Repayment Section, Bureau of Reclamation,
April 19510

3. Input and Output Data for Principle Crops on Selected Irrigated Soils,
Iri-County and Platte Valley Ares, Central Nebraska, South Dalota
Experiment StatIon (mimeographed preliminary), April 1951,




Table 22, Rate of Performance and Fuel Consumption for Operation on
Irrigated land - Field Length 21 Rods

Minutes Gallors Gallons
Implement Lost Hours Fuel el
Size %{ Speed Per Hour Per Acre 1/ Per Ilour Per Acre
Plow 2-14" 4s0 5 1,40 ) 2,06
Disc=Tandem 8t 4,0 5 49 2,0 .98
Harrow 15¢ 4.5 5 024 105 036
Cultivator 2 Tow
ist time 3.5 5 " 61 1.4 85
2nd time 4.0 5 57 1, «80
3rd time L5 5 52 1.4 o3
Drin 8' 400 10 055 105 083
Corn Planter 2 row 440 15 065 1.5 .98
Side Delivery a1 Le5 5 b 1.0 Jb
Mower 7" 4.5 5 053 100 ’ 053
Swather 8t 45 5 obb 1.4 64
Combine 6' (8! swath) 2,5 10 72 3.0 2,16
Comxbine Straight 6! 3.0 10 <70 3,0 2.10
Corn Picker 1 row 3.0 15 1,56 1.8 2,80
Corn Picker 2 row 3,0 15 065 1.8 .98
Field Chopper 1 row’ 3,0 15 1,56 1,8 2,80
Potato Planter 2 row 2.5 30 1,05 2,0 2,06
Cultivator 2 row
1st time 3.0 5 - 468 1.9 1,26
2nd time 345 5 61 1.9 1,13
Other 4.0 5 o 57 1.9 1,05
Sprayer 6 row 4.0 15 22 1.3 29
Stalk Cutter 2 row ¥e5 5 -+61 1.9 1.13
Leveler gt 3e5 5 50 €7 26
Potato Digger 1 row 2,5 10 1,67 2.2 3.61
Potato Digger 2 row 2.5 10 82 2.5 2,05
Beet Planter L row 2.5 15 .88 9 1,18
Ditcher 4 Tow 4,0 5 257 1,9 1,05
Beet Cultivator 4 row
1st time 2.5 5 ’76 139 1046
2nd time 3.0 5 b68 109 1031
Other 3.5 5 ’61 1.9 1017
Beet Harvester 1 row 3.0 15 3.04 1.9 5,84
Beet Harvester 2 row 3,0 15 156 2.2 3.37

1/7%0 seconds allowed for turning on ends, Drawbar horsepower of tractor,
1622,
2/ Rows for sugar beets are 20 inches apart. Potatoes, same as for corn,
ource:
1, The Econonics of ar Beet Mechanization, Colorado Agricultural Exe=

periment Station Bulletin 411-A, April 1950,
2, Crop Labi’erments and Seasonal Distribution—Oshe Area, Repay-
- ment Economics and Repayment Section, Bureau of Reclamation,
April 1951,
3. TI:;igt and Output Data for Principle Crops on Selected Irrigated Soils,
=C

Tr{-County and Flatte Valley Area, Central Nebraska, South Dekota
Experiment Station (mimeographed preliminary), April 1951,
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Table 23, Rate of Performance and Fuel Consumption for Operation on
Irrigated Land - Field length 14 Rods

Minutes Gallons Gellons
Inplement Lost Hours Fuel Fuel

Kind S:I.zg‘z/ Speed Fer Hour Per Acre él‘/ Per Howr Per Acre
Plow 2-11 440 5 1,86 1.9 Jel
Disc~Tandem 8t 4.0 5 52 2.0 1,04
Harrow 151 4.5 5 028 1.5 042
Cultivator 2 row

1st time 3.5 5 o712 1,4 1,01

2nd time 4,0 5 68 1.4 95

3rd time Le5 5 63 1.4 «88
Drill 81 4.0 10 66 1.5 9
Corn Planter 2 row 4,0 15 .78 X5 1,17
Side Delivery 8 L5 5 «56 1.0 056
Mover vd 45 5 65 1.0 065
Swather 8 Le5 5 96 1.4 .78
Combine 6! (8! swath) 2,5 10 77 3.0 2,31
Combine Straight 6! 3.0 10 76 3.0 2,28
Corn Picker 1l row 3.0 15 1,82 1.8 3.28
Corn Picker 2 row 3.0 15 75 1.8 1.12
Field Chopper 1l row 3.0 15 1.82 1.8 3,28
Potato Planter 2 row 2.5 30 1520 2.0 2,35
Cultivator 2 row

1lst time 3.0 5 .78 1.9 10“

2nd time 3¢5 5 072 1.9 1,33

Other 4.0 5 .68 1.9 1026
Sprayer 6 row 4,0 15 26 158 35
Staik Cutter 2 row 3.5 5 .72 1.9 1033
Levelar 81 3.5 5 60 1,7 1,03
Posato Digger 1 row 2,5 10 1,92 2,2 4el5
Potato Digger 2 row 2.5 10 94 2.5 2.35
Beet Planter L row 2.5 15 1,00 1.3 1,30
Ditcher L rovw 4,0 5 .68 1,9 1,26
Best Cultivator 4 row

1st time 2.5 5 .87 1.9 1,67

2nd time 3.0 5 78 1,9 1,50

Other 3.5 5 .73 1.9 1,40
Beet Harvester 1 row 3.0 15 3454 1.9 6.80
Beet Harvester 2 row 3,0 15 1.82 2,2 3:93

3/ 40 seconds allowed for tuming on ends, Drawbar horsepower of tractor,
T 16-22,

2/ Rows for sugar beets are 20 inches apart, Potatoes, same as for corn,

ource:

1, The Economics of Sugar Beet Mechanization, Colorado Agricultural Ex-
periment Station Bulletin 411-A, April 1950,

2, Crop lLabor Reguirements and Seasonal Distribution-Cahe Area, Repay-
ment Unit, Economics and Repayment §ec€Ion, Bureau of Reclamation,
April 1951

3. Input and Output Dete for Principle Crops on Selected Irrigated Soils,
Iri-County and Platte Valley Area, Central Nebraska, South Daliota
Experiment Station (mimeographed preliminary), April 1951,




C. Total Requirements Per Acre for Small Grair, Cornm,
Potatoes and Sugsr Beets

In setting up the total lebor and fuel requirements, it was neces-
sary to make a decision on what crops might be raised under irrigation
in the Oahe area, The main crops chosen were small grain, corn, patatoes,
hay and sugar beets, These are considered the most important, although
it is likely that other crops will be raised.

The next step was to determine the number of operations necessary
for producing and harvesting the crop; and also, the rumber of times
each operation must be performed,

The necessary operations and number of times each operation was per=
formed were based on the Yellowstone study, referred to earlier in the
chapter, This study was used because this area compares favorably with
conditions that exist in the Cahe area in regard to soil and rainfall,
The labor and fuel requirements for different operations were taken from
the rates of performance given in Tables 21, 22 and 23.

The total requirements per acre were set up on the basis of three
different field lengths, These field lengths are the same as those that
were used in calculating rates of performance. This was done in order
to show differences in labor and fuel requirements for different length
fields and also because it was assumed that these lengths would be
typical of fields set up on the Oahe area,

Small Grain,—Some small grains are grown by nearly all farmers in

irrigated areas., Therefore, they are en important crop under irrigation,

Operations for raising cats, barley and wheat are all somewhat simi~



lar and therefore, they were all put together under the heading of small
grains, Generally, the operations for preparing the land are plowing,
discing, harrowing and seeding with a grain drill, Irrigated land also
requires such operations as leveling, corrugating and irrigating, which
make the labor requirements considerably higher for irrigated land than
dryland, In comparing the labor requirements for producing small grain
on irrigated land and on dryland, it is found that it requires three
times as many man hours to produce an acre of small grain under irrigation
as it does to produce an acre of small grain on dryland, The estimated
requirements for producing small grain under irrigation are found in
Table 24,

Corn,--Corn is a popular crop in irrigated arees, but not as widely
grown as small grains, It would be considered a very important crop in
the Oahe area. The operations for producing corn on dryland and irri-
gated land are somewhat similar except that the operations, in most cases,
are more intense under irrigation, Also, we have to include such opera-
tions as leveling, ditching and irrigating, In comparing the labor
requirements for producing corn on irrigated land and on dryland, we find
that it requires almost three times as many man hours on irrigated land
as on dryland, The estimated requirements for producing corn under
irrigation are found in Table 25.

Sugar Beeta.--Sugar beets are one of the most important sources of
cash income in irrigated areas.

Plowing is usually the first operation in preparing the land for
sugar beets, but sometimes plowing is preceded by discing, Following the



Table 24, Estimated Labor and Fuel Requirements for Small Grain in Areas Selected for Irrigation
= in Cahe in 1950 oy
Tength of field Length of field Iength of tield
___39 zods 21 rods_ 14 rois
Total Total Total Total Total Total Total Total Total
Tractor Gallons Man Tractor Gallons Man Tractor Gallons Man
Hours Fuel Hours Hours Fuel Hours Hours Fuel Hours
Implement Times Per Per Per Per Per Per Per Per Per
Kind Size Over Acre Acre Acrel/ Acre Acre Acre )/ Acre Acre Acre 1/
Plow 2=14n 1 LR 2,m 1,28 1,40 2,66 1,47 1.66 3.15 1,74
Disc-Tandem 8t 1 .104 ° 86 .46 049 .98 .51 . 51 1l .04 e 54
Harrow g/ 15' 2 .1&1& 066 046 048 072 050 056 984 n58
Leveler gt 2 1054 094 1.00 lo% lo% 1.20 2¢% 1&?.6
Drill 8 ! 1 04—9 074 » 52 [y 55 083 ° 58 .66 099 .69
Irrigate 3/ 2 — == 2,60 —_  — 2,60 iy ake 2,60
Clean Ditches 3/ — — Q0 — - .10 — —  I0
Swather 8 J 1l 040 e 56 ° 58 010»6 064 \48 §56 or/ 8 ® 59
Combine 6 1 66 1,98 .76 72  2.16 87 otF 2,31 .81
Total Lo55 8,66 17,70 5,10 9,05 8.17 5,92 10,47 8.41

1/ Man hours for hauling not included,

2/'Labor and fuel requirements for corrugating, same as that for harrow or cultivator of the same

size,

2/ Labor requirements for irrigation and cleaning ditches were taken from an unpublished study on-

Management Practices and Yields in Iower Yellowstone, made by the North Dakota /gricultural

College in cooperation with the BAE,

%



Table 25, Estimated Labor and Fuel Requirements for Corn in Areas Selected for Irrigation in Oahe

in 1950
Tength of field Tength of field Length of field
30 rods 21 rods 14 rods

Total Total Total Total Total Total Total Total Total
Tractor Gallons Man Tractor Gallons Man Tractor Gallons Man
Hours Fuel Hours Hours TFuel Hours Hours TFuel Hours

Implement Times Per Per Per Per Per Per Per Per T
Kind Size Over Acre Acre Acre _I!._/ Acre Acre Acre l/ Acre Acre Acre ;L
Plow 2-14" 1l 10& 2032 1028 1040 2066 10107 1066 3 .15 1.74
Disc-Tandem gt 2 .88 1,76 92 98 1,96 1,03 1,04 2,08 1.09
Harrow 15+ 3 «58 .88 62 64 .96 68 olth 1,12 78
Ieveler gt 1 045 077 ° 52 e 55 .83 o58 .66 099 069
Planter 2 row 1 ° 58 087 061 '65 098 Q68 .78 1 .17 .82
Cultivator 2row 4 1,90 2.79 2,00 2,22 3,16 2,33 2,66 3,72 2.19
Irrigate 2/ A —_— = 427 —_—  — 4,27 — — 427
Clean Ditches 2/ 1 —_ — 0 —_ — .10 -—_ — o
Picker 2 row il 061 092 070 065 098 .75 -75 1012 ° 86
Field ch r lrow 1 1.4l 2,54 1,62 1,56 2,80 1,79 1,82 3,28 2.07
Sprmr 2 2 row 1 045 063 047 . 52 073 55 .63 ° 83 .66

Total 8.08 13.39 13.11 9.17 15,06 14,23 10,74 17.51 15.87

1/ Man hours for hauling not included.
2/ Labor requirements for irrlgatlon and cleaning ditches were taken from an unpublished study on

Management Practices and Yields in Lower Yellowstone made by the North Dakota Agricultural
College, in cooperation with the BAE,
3/ Spraying for corn borers is figured at the same rate as the third cultivation,
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plowing, the land is usually worked down with discs and harrows, ILeveling
is another operation that is necessary, There is also a great amount of
hand labor connected with raising the sugar beets, such as irrigating,
hoeing and thinning, In some areas the mechanical thinner is being used,
but, as yet, a greater percentage of the thinning is done by hand,

The harvesting of sugar beets has become largely mechanized, This
mechanization of sugar beet harvest has cut down considerably the hand
labor and the amount of man hours required to produce an acre of sugar
beets,

The estimated labor requirements for the production of sugar beets
in the Oahe area are given in Table 26,

Potatoes,.~=The prepaoration of the land for potatoes does not differ
greatly from that of sugar beets. liost of the operations are the same
except that thinning is not required in the production of the potatoes,
and this cuts down the amount of labor necessary, In general, the total
labor requirements per acre for potatoes are considerably less than that
for sugar beets, The estimated labor and fuel requirements for pro-
ducing an acre of potatoes are given in Table 27,

Nothing has been said about labor and fuel requirements for alfalfa,
The requirements for harvesting alfslfa were calculated and they may be
found by referring to Table 20, The preharvest operations and require-
ments are similar to those for small grain under irrigation except when
seeded iIn small grein, When seeded in small grain, very little labor is
required in addition to that applied to the small grain,

A1l of the labor and fuel requirements have been calculated for the



Table 26, Estimated Iabor and Fuel Requirements for Sugar Beets in Areas Selected for Irrigation
in QCahe in 1950

Length of field Length of field Length of field
30 rods 21 rods 14 rods

Total Total Total Total Total Total Total Total Total
Tractor Gallons Man Tractor Gallons Man Tractor Gallons Man

Hours Fuel Hours Hours TFuel Hours Hours Fuel Hours
Implement Times Per Per Per Per Per Per Per Per Per
Kind Size Over Acre Acre Acre 1/ Acre Acre Acre 1/ Acre Acre Acre 1/
Plow 214" 1 1,22 2,32 1,28 1,40 2,66 1,47 1,66 3315 A1
Disc-Tandem gr 2 .88 1,76 92 98 1,96 1.03 1,04 2,08 1.74
Harrow 15 ' 3 066 .% ‘69 .72 1 " 08 078 084 1 .26 .88
Leveler gt 2 90 1,54 095 1.00 1,72 1,05 1.20 2,06 1,26
Planter 4L row 1 .80 1,07 84 88 1,18 <92 1,00 1,30 1,05
Cultivator Lrow 4 236 Le53 2447 2,66 5.11 2.79 3ol 55 3RT
Thin by hand 2/ 1 =vmm -— 50 -— —— 5000 — S— 5900
Ditcher 2/ 1 — —_— &7 —_— — AT _— — AT
Hoe by hend 2/ —_—  — 1.35 -—  — 7,35 —_—  —  7.35
Pull tcp and load 2/ 1  3.70 — 4.48 400 —— 4,98 445 — 5.4
Irrigate 3/ 5 — — 17,00 —_ — 7,00 -~— — 7,00
Totel 10,52 12,21 31.45 11,64 13.71 32.8, 13.30 15,82 34.54

17 Yian hours for hauling not included,

g/ Labor roquirements for thiiming, ditching, hoeing, and harvesting were taken from Crop
Production Practices in Great Plains, U.S.D.A., BAE, Vashington, D. C., 1953,

3/ Labor rejuirenents faken from an unpublished study on Management Practices and Yields in Lower
Yenousmne, made by the North Dakota Agricultural College in cooperation with the BAE,




Table 27, Estimated Labor and Fuel Requirements for Potatoes in Areas Selected for Irrigation in

_____Oahe in 1950
Length of field Length of field Length of field
30 rods 21 rods 14 reds

Total Total Total Total Total Total  Total Total Total

Tractor Gallons Man Tractor Gallons Man Tractor Gallons i{an

Hours Fuel Hours Hours Fuel Hours Hours Fuel Hours

Implement Times Per Per Per Per Per Per Per Per Per
Kind Size Over MAcre Acre Acre 1/ Acre Acre Acre 1}/ Acre Acre Acre 1/

Plov 214" 1 1,22 2,32 1,28 140 2.66 1,47 Y6 iS5 1.4

Disc~Tandem 8t 2 88 1,76 69 98 1,96 1,03 1,04 2,08 1,09

Harrow 15¢ 3 66 <39 47 72 1,08 78 84 1,26 88

Leveler 8t l .45 o717 095 .50 . 86 ° 52 .60 1.03 .63

Planter 2row 1 JS6 1.8 1,00 1,056 2.6 1.10 1,20 2,35 1.26

Cultivator 2row 3 1,64 3.03 1.68 1.86 3.4 192 218 L.03  2.25

Sprayer 6 row 3 _p57 .75 60 066 pm 7 ;‘69 «78 1,05 8l

Ditcher 2/ 1 —_ — 47 —_ — _ — 47

Irrigate 3/ 4 — — 5,60 — -—  5.60 —  — 5,50

RDtOfBeater 2 row 1l 53 098 55 061 1,}-3 064 o712 1.33 1937

Potato Digger 1 row 1 1.50 3024 1058 1067 3*61 1075 1092 4.15 2.&

Total 8.41 15.72 14.8, 9.45 17.67 15,97 10.94 18,12

20,43

1/ Man hours for hauling not included, -

_2/ Labor requirements for ditching were taken from Crop Production Practices in Great Plains,
U.S.D.A,, BAE, Washington, D, C,, 1953,

3/ labor requirements taken from an unpublished study on Management Practices and Yields in Lower
Yellowstone, made by the North Dakota Agricultural College in cooperation with the BAE,

i
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CHAPTER V

SUHAART

The basic yroblem which brought about this study was the lack of
information necessary for determining the most economical use of labor,
pover and machinery in central South Dakota,

The purpose of this study was to determine labor, power and ma=-
chinery rates of performance for different farming operations, These
rates of performance can be used as a basis for determining costs.

The data presented here were based on a survey made in 1951, In
making the survey, farmers were contacted and different field operations
were timed for a period of one hour, Two hundrgd five schedules were
taken in the proposed Oahe irrigation area of 1950, The data were tabu-
lated, and an equation developed by Burdick was used in calculating the
rates of performance for different machines on different farming opera=~
tions, This was done on both dryland and irrigated land, These rates
of performance were used in figuring labor, power and fuel requirements
for small grain and row crops on a per acre basis,

In reviewing the literature, it was found that studies for deter-
mining rates of performance had been made in other states, but there
was a lack of information for South Dekota, Different methods were
used in making these studies with the interview method, based on farm
records and farmers! estimates, being the most frequent, The study
mede in 1950 in the Oahe area was considered inadequate for determining

rates of performance because of the many inconsistencies. The method

used in this study is believed to be superior to farmers'! estimates



i
important operations except hauling the produce at harvest time, This
was not done because of the variations that exist because of yields,
distance hauled, method used in heuling, etc, There is no information
available and a study has not been made on the time requirements for

this operation,
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such as those secured in the 1950 survey,. The inconsistencies that de-
veloped, as to rates of performance, in the 1950 study were eliminated.

Whea the size of tractor and machine was held constant, it was
found thatl speed and size of field were the two most influential factors
in determining rates of performance, As the length of the field de-
creased, rates of performance decreased, The rate of speed was the most
important factor in influencing rates of performance,

In comparing requirements for raising comparable crops on dryland
and irrigated land, it was found that it takes about three times as many
man hours to produce the crop under irrigation as it does to produce it
on dryland,

As technological changes take place in agriculture, there will be
adjustments necessary in the data presented. Since the data are ell

presented in physical terms, current prices can be used in evaluating

costs,
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6.
7
8.
9.
10,

11,

12,

13,

S5
TIME REQUIRED FOR FIELD WORK

Area South Dekota State College

Dute Agricultural Experiment S*tation

Operator Project Nos, 198 and 179r-798

Address A Supplement 5
6/21/51

Kind of field operation

Tractor: Make Model Year Mfg, __

Operating gear: 1 2 3 4 5
Throttled down: Yes // No // Comment

Estimated time required to service tractor:
Mcrning
koon
Night
Tocal

Width of implement

Length of field (rds) Quality of answer

Length of field as measured by car (mi) . -

Time required to travel length of field

Time reguired to turn at each end

Time lost in field during one hour
What csused the lost time?

S

Are there eny peculiarities in regard to soil, topography, shape of field
or condition of machine which would cause the time requirement on this
field tc vary from a normal requirement (comment)

Interviewed before or after checking

Signature
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