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ABSTRACT

DEVELOPMENT OF A FIELD MACHINERY SELECTION MODEL

BY

Francis J. Welak

Michigan's Saginaw Valley Farmers face problems of non-increasing

navy bean yields and soil erosion. Many solutions have been proposed

1 to these problems. A.need exists for analysis of management strategies

in production agriculture. A thorough analysis will hasten the

adoption of socially and individually attractive production practices.

A major component of the farm is the maehinery complement require-

ment. A computer model was developed which selects field machinery

capable of satisfying the requirement. The model considers seven crops:

alfalfa, corn, navy beans, oats, soybeans, sugar beets, and wheat.

Labor supply can vary between 1 and 2 full time operators. Machineryh

technology includes self-propelled combines and fourdwheel drive I

tillage tractors. ri

Model input includes: farm size, crap rotation, field operation 7

date constraints, labor supply, and available workday data. The

number and size of machines to complete all field work within prescribed

date constraints is determined. The average annual cost of individual

machines and total complement is determined. Average annual cost
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includes aspects of: depreciation, interest, repairs, shelter,

insurance, and fuel use.

The deterministic model uses standard engineering techniques to

match machine productivity to available time. Available time is a

function of available workday data, workday length, and labor supply.

Machine productivity depends upon: assumed available machine sizes,

allowable operating speeds, implement draft, and machine efficiencies.

The model increments machine complement productivity. For each

productivity step a weekly work schedule is developed. The smallest

machinery complement which produces a satisfactory work schedule is

selected as the required machinery set.

Once a complete weekly work schedule is developed a second

machinery complement is determined by oversizing the combine if

possible. The harvester oversizing may allow more time for fall tillage

to take place and thus allow a relatively smaller tractor—implement

set to be chosen. The tractor-implement combination is resized. The

O smallest total cost determines which of the two developed machinery

? ,

1

sets is designated as the required machinery set.

The model is unique in its measure of the risk associated with

lgselected machinery complements. Using actual yearly available workday

data, the model selects a machinery set for each year of data. The

selected machinery sets are ranked on a cost per hectare basis. Risk

issues can be addressed by analyzing the relative rankings of the

selected machinery complements.

The model can, if desired, consider one available workday data

set. Results show the use of one available workday data set, a
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statistical grouping of several yearly data sets, to be inferior in its

measure of risk when compared to generation of machinery sets for each

year of actual data.

Model results show rotations containing alfalfa and/or sugar beets

to exhibit the highest machinery costs. A whole farm analysis of crop

rotation shows the C-NB-NB-BT (corn-navy bean-navy bean—sugar beet)

rotation to have the highest net return to land, for considered

rotations.

Model results were sensitive to several model parameters and

inputs. The deletion of fall cornstalk disking reduced required

machinery cost $60.00 per hectare on a 162 hectare O/ArA-AeC-C-NB-C

(oats/a1falfa-alfalfa-alfalfa-corn-corn-navy bean-corn) farm. Two

extra spring field cultivations increased machinery cost $46.00 per

hectare on a 162 hectare C-C-NB-W (corn-corn-navy bean-wheat) farm.

Varying the available workday data set resulted in a $60.00 per hectare

difference between data set extremes on a 162 hectare NB-C-SB

(navy bean—corn-soybean) farm.

Approved by:

jor Pro essor
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1. INTRODUCTION

1.1 Problem

The Saginaw Valley is one of Michigan's most productive agri-

cultural regions. But several agronomic problems have surfaced in the

area. Navy bean yields have remained fairly constant in spite of

introduction of superior navy bean varieties and continued yield

increases of competing crops. In addition, environmentalists report

declining water quality for Saginaw Bay and the surrounding lakes and

streams. This decline is due partly to agricultural non-point source

pollution. Finally, improved cultural practices are needed as energy

supplies dwindle.

Many solutions to these problems have been prOposed, including

the use of different crop rotations and alternate tillage practices.

1.2 Conceptual Paradigm

The ability to advise farm operators in management activities

lies with the advisor's skill in synthesizing the impact of proposed

actions on farm operation. Farm operators will be more receptive to

new ideas when accompanied by a thorough analysis of their impact on

farm operation.



Beneficial solutions may be offset by their unfavorable impact on

other farm areas. A new crop rotation could improve yields, but may

require increased labor, machinery, and management skills. An

alternate tillage practice designed to reduce soil and nutrient

erosion could alter the material flow of the farm.

Any farm management solution requires analysis within the entire

farm framework. To do this, it helps to think of the farm as a

system comprised of interacting components. Each component can then

be studied individually. The researcher should focus on one area.

When sufficiently understood the component can be listed in an

inventory for use in future whole farm analysis.

The systems approach requires expertise in several areas.

Agronomic issues require input from crop and soil scientists. The

physical relationship between machinery, energy, and labor necessitates

agricultural engineering skills. Agricultural economists are needed

to analyze price and risk issues. A group of members from the above

fields has been formed at Michigan State University.

Crop rotation impact on farm operation was studied by the

Michigan State University group. The objective of the investigators

was to assess the component's inventory and develop a framework for

presenting results to the farm community.

1.3 Machinery as a Subsystem

Field machinery, as a major component of the farm system, is

selected to meet a set of interacting constraints, including:

1) weather conditions; 2) labor supply; 3) productive land area;



4) soil type; 5) available machinery; 6) crops to be grown; and

7) field operations. This dissertation focuses on the analysis and

development of a field machinery system.

To analyze the impact of crop rotation on a particular farm,

necessary field machinery and its cost must be determined. Further

analysis can be undertaken for various management strategies. The

absolute level of machinery cost is useful to show the farmer model

results are "in the ballpark". A

Naturally, differences will occur between the farmer's machinery

complement and that generated in the model. These arise because

management alternatives differ with each operation.

When probable differences in actual and generated machinery

complements are rationalized, the difference in generated machinery

complements can be studied. All generated complements are based on

the same assumptions. A percentage difference in machinery cost for

two generated systems can provide information to the farm operator

after his specific management practices are accounted for.

In summary, the generated machinery Complement must closely

resemble actual machinery complements to give the farm operator

confidence in further analysis. More importantly, accurate relation-

ships between generated machinery complements must be established

before the relative merits of different management strategies can be

assessed.



1.4 Previous Investigation

Several approaches to machinery requirements and associated costs

have been employed: 1) enterprise budgets and custom hire rates;

2) whole farm, profit maximizing linear programming models; 3) cost

minimization models which seek a least cost machinery complement for

a given management structure; and 4) heuristic models for selecting

multiple enterprise machinery sets. The enterprise budget and custom

hire approach is limited by failure to adequately_address the inter-

action of labor supply, timeliness, weather patterns, operations

schedule, and crop rotation.

Models which seek to maximize returns are generally linear

programming models (International Harvester ProeAg, 1977). Models in

this category account for the interaction of timeliness, labor

constraints, crop rotation, and weather patterns.

Linear programming models are useful for organizing the enter-

prise mix to maximize returns given a current machinery complement.

.—.____“~—‘_.‘

~--, i,-

The models point out where bottlenecks occur in the present machinery

complement and how much should be spent to alleviate them. Linear

programming models are less effective for application to search

strategies. Use of these models for machinery selection requires .

considerable user input and this is unacceptable for this current

multidisciplinary study.

Models which seek minimum cost machinery sets for a given farm

organization employ various selection criteria. Singh (1978)

reviewed models in this category.



The economic minimization models select a minimum cost machinery

set for a given farm size and crop rotation. The objective function

includes machinery cost, labor cost, and timeliness cost terms. These

models account for field operation schedules and weather conditions.

Only a limited number of crop enterprises can be considered using cost

minimization models. Current models of this type consider one or two

crops at most. It is the author's opinion that expansion of cost

minimization models to include the seven major crop enterprises of the

Saginaw valley would not be feasible for an easily understood multi-

disciplinary model.

The heuristic machinery models developed at Michigan State

university view timeliness as a constraint, rather than a penalty.

This results in a less complicated model structure. Field operations&

I

must be completed within specific calendar periods. Thus, machine 11

productivity is matched to available time during scheduled calendar

periods such that all operations are completed.

The Singh (1978) machinery selection model was recently tested

in the Saginaw Valley region by this author. The following problems

were noted during its application and operation:

1) The number of crop enterprises considered required expansion

to include sugar beets.

2) The unlimited labor supply assumption produced results

unacceptable to Saginaw Valley farmers in light of their

relatively limited and more discrete labor supply.

3) Model technology did not include 4-wheel drive tractors. A

separate type of tractor, an alfalfa harvest tractor, was not

well received by farm operators.



4) Initial results indicated a potential problem in the accounting

for available workday data. (This problem is not limited to

the Singh (1978) model, but is relevant to most machinery

models developed to date.)

5) The model reflected soil and available workday conditions of

central lower Michigan. The soil and workday parameters would

need adjustment for studies of the Saginaw Valley. This

represents a problem in application only.

1.5 Problem Statement

The problems associated with the Singh (1978) model were great

enough to warrant development of a new model. The objectives associ-

ated with the new model were to:

1) Develop a multidisciplinary farm decision framework machinery '3

selection model. V

2) Develop a machinery selection model for both physical and

economic prediction purposes. The model should consider

operator labor constraints and the seven major Saginaw Valley

field crops.

3) Compare model operation using actual workday_data and employ-

ing chance-constraint techniques outlined in previous

machinery selection models.

4) Develop a method of validating machinery and available workday

generator parameters.

Machinery involved in crop transport, drying and/or processing is

not considered by the model.



The new model boundaries include:

1) A 80 to 400 hectare farm size.

2) A 1 to 2 full time operator range.

3) Fine-textured lake plain soils of the Saginaw Valley.

4) Cash crop enterprises only.

5) Maximum of 1 combine, 1 tillage tractor, and 1 utility //

tractor.

6) Self-propelled combines and the availability of 4dwheel drive J

tillage tractors.

The objective of this dissertation is to develop a machinery

selection model. The model must be designed such that nonengineers

will be comfortable with its use and results. The developed model

will be used by extension and research faculty for analysis purposes.

The developed model may also play a role in classroom instruction.

The model is outlined in Chapter 2. Input data and methodology

to determine their validity are presented in Chapter 3. Chapter 4

compares the use of the actual to probabilistic workday data. The

crop rotation impact on machinery requirements and on the entire farm

are presented in Chapter 5. A program listing, input data structure,

and example output is contained in Appendicies ArE.



2. FIELD MACHINERY SELECTION MODEL

The machinery selection model developed at Michigan State

University served as a starting point for developing the new machinery

selection model. It is useful to review the heuristic model of Singh

(1978) and contrast the new model with it. As stated previously, the

Singh (1978) model matches machine productivity to available time. The

smallest set of machinery, which enables required time to be less than

or equal to available time, is selected as the required machinery

complement. An iterative search technique is employed. The search

proceeds in five steps: 1) combine sizing, 2) tillage tractor

selection, 3) utility tractor selection, 4) alfalfa harvest tractor

selection, and 5) tractor-drawn implement sizing.

The selected machinery complement is qualified with a design

probability. This is the percentage of years for which the selected

machinery complement could complete all field operations within the

user specified field operation date constraints.

The design probability is determined by the available workday

data set. This is a statistical grouping of many individual yearly

workday records and is used as an indicator of the weather, soil, and

crop condition impact on scheduling field work. The workday data of

Singh (1978) are assigned a probability level. A workday data set at

the 80 percent level implies that the weekly available field work time

described there in would occur or be exceeded 8 out of 10 years. The



machinery set developed for the 80 percent workday data set would, in

theory, have a design probability of 80 percent.

Singh (1978) calculated a single machinery complement for a

single workday data set. Correlations exist between the weekly values

of available workdays. Singh (1978) attempted to capture the cor-

relations by combining weekly means and standard deviations of

available workdays over an operation's scheduled period and using areas

under the normal curve to arrive at weekly available workday values.

The new model uses actual yearly workday records. Each year of

data is used to develop a machinery complement. The collection of

yearly machinery complements is inspected to arrive at any user

specified design probability. This method of selecting the design

probability is the major difference between the new model and that of

Singh (1978).

Another change concerns the labor supply assumptions. Singh

(1978) assumes an unlimited labor supply. This does not offer an

accurate portrayal of management options available to Saginaw Valley

farmers. The assumption is probably more realistic for large acreage

farms where labor hire decisions may be more routine. A.wide range of

farm sizes can be considered simply by allowing selection of multiple

machinery units.

The new model is developed for a limited labor supply. The

maximum number of combines, tillage tractors, and utility tractors

allowed is one each. Because of operation assignment to the combines

and tractors, labor supply is restricted to a maximum of two operators.

Seldom does a week occur when all three power units can be utilized. V1

u

When this does happen, one man can generally do all work assigned to
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the combine and utility tractor. Because the labor supply is

restricted the current model considers only a limited farm size.

Heuristic models cannot be judged absolutely correct or incorrect.

The drawback associated with farm size restrictions due to the limited

labor supply assumption is offset by superior accounting of labor and

machinery interaction and the closer approximation of the real world

decision making process. Hopefully, problems associated with the

limited labor supply assumption can be resolved with future reSearch.

The search procedure is modified in the new model. The Singh

(1978) iterative search considers combines, tillage, utility, and

alfalfa harvest tractors, in order. The implied field operation

priority is the same as the order of power unit consideration. Within

each power unit category, field operation priority is assigned by

operation ending date constraints. A priority scheduling of this type

is possible because no competition occurs between power units for

drivers.

The new search procedure allocates machine productivity to

available work time and operator time for each week during the year.

Competition of power units for labor must be considered. In a limited

labor mode the model cannot simply schedule tillage tractor operations

and then utility tractor operations. The tillage tractor could

utilize all available labor leaving the utility tractor unable to

accomplish any work during the week.

The new iterative search is a two-step process. Combine size and

sugar beet harvest capacity are determined first. Tractor size is

determined second. Harvest operations receive priority during this
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process. Conceivably, all operator time in a week could be allocated

to harvest operations.

Only two categories of tractors, tillage and utility, are

considered. For tractor operations priority is based on ending date

constraints only. In each week the model attempts to accomplish the

maximum work for the priority operation regardless of which tractor

does the field work. The work accomplished for lower priority oper-

ations must account for the tractor and labor assignments of operations

already scheduled during the week.

The new model incorporates several other changes. It has the

capacity to consider 4dwhee1 drive tillage tractors. Oats and sugar

beets were added to the existing alfalfa, corn, navy bean, soybean,

and wheat crops list. The model output can be given in English or SI

units. An attempt is made to select two satisfactory machinery

complements for a given year. The lower cost complement is selected

as the required machinery complement.

In summary, for each year of available workday data a machinery

complement is selected. The selection occurs in two steps. Combine

and sugar beet harvest operations are considered first. Harvest

capacity is increased stepwise until all operations are completed within

their specified date constraints. Tractor sizes are selected after

harvest capacity is selected. Tractor power level is increased step-

wise until all field operations are completed within specified date

constraints.

A weekly scheduling process determines the appropriateness of each

step in harvest capacity and tractor size. If an operationis unfinished

in the last week to schedule it, the current size is judged too small
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and the next step in size is considered. If work is completed or no

date constraint occurs in a week, scheduling continues to the next week.

Once a combine and tractor size are selected to satisfy the weekly

work schedule, the model is used to select implement size. Fuel use

and cost of the selected machinery complement are predicted. If

possible, a second machinery complement based on an oversized combine

is determined. The oversized combine should complete its assigned

operation sooner and therefore, allow more time for fall tillage.

Increased time for fall tillage would enable use of a smaller tractor.

The less expensive of the two possible machinery complements is

designated the required machinery complement for the year. The

required machinery complements for each year of workday data are

ranked according to cost per hectare. A detailed presentation of the

model follows.

2.1 FMSM Program

The field Machinery Selection Model (FMSM) of Figure 2.1 directs

model information flow. Model input includes 28 years of weekly work-

day data. For each year, workday data were collected in four cat-

egories: 1) corn harvest; 2) alfalfa harvest; 3) tillage; and

4) combine operations (Section 3.2).

Farm input data subject to analysis include: 1) crop rotation;

2) farm size; 3) percentage of farm assigned to each crop; 4) labor

supply; 5) alfalfa yield; and 6) operation date constraints. Model

operation parameters and print control variables are listed at the end

of the farm data input file. (Appendix B).
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The model can generate four output levels. These vary from

summary statistics to detailed weekly work schedules and machinery

sizing information.

A machinery set is generated using available workday data for one

year. Because 28 years of available workday data exist, the model will

generate 28 machinery sets for the input farm. Each machinery set

reflects the unique workday availabilities of the year for which it

was developed. The 28 selected machinery sets are used to calculate

individual design probabilities.

The model can be run for less than 28 years of workday data. It

is envisioned that 28-year runs have summary outputs only. Detailed

output could be obtained for selected years if further analysis of a

28-year run is desired. A detailed output for only 1 year out of a

possible 28 will lessen computing expense.

NYR and END variables control the number of years analyzed.

Combine, sugar beet harvester, and tractor size.are set at the start

of each year. The arbitrarily chosen base settings are 2-row, level

1 (0.81 ha/h, 2 A/h) and 60 PTOkW (80 PTOHP), respectively.

The model operates in three major parts. A TIME routine is used

to calculate available time for field operations. Using another

routine, PWRSIZE, power and capacity needs are determined. A SIZING

routine is then used to obtain the tractor-drawn machine size, fuel

use and cost factors.

The FMSM program contains two sizing aspects. When a complete

schedule cannot be found by PWRSIZE, FMSM.attempts to utilize possible

harvester-tractor’trade-offs. Insufficient harvester capacity or
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inadequate tractor size for a given harvest capacity results in an

incomplete schedule.

Generation of the first machinery set for each year may involve

selection of combine and sugar beet harvest capacities greater than

the minimum capacities required. When an incomplete schedule is

detected an attempt is made to resize the harvest capacities. If

inadequate harvester capacity is the cause of the incomplete schedule,

the model moves on to the sizing of implements and the incomplete

schedule is noted in the output file. If the incomplete schedule

is due to insufficient tractor size, the over-sizing of harvest

capacity may free up time for fall tillage and allow adequate tractor

selection.

After SIZING is called, an attempt is made to generate a second

machinery set. Sugar beet harvest capacity is held constant. Combine

size is increased and a new tractor-implement set is selected. The

year end results could show 0, l or 2 satisfactory machinery sets.

The least expensive machinery set is chosen.

Sugar beet harvest capacity is held constant for the second

machinery set for several reasons. Larger combine and sugar beet

harvest capacities may entail increases in truck size or number.

The model does not include economic aspects of transport vehicles.

The higher cost of the larger combine is included in the economic

choice of machinery sets for the year. Although increased sugar

beet harvest capacity will not necessarily require larger machinery,

higher equipment operation speeds may be needed. In this case, little

or no economic penalty is assigned to a system with an oversized
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beet harvest capacity; therefore, an oversized sugar beet harvest

capacity is not considered when selecting the second machinery set.

The model ranks the generated machinery sets based on average

annual cost per hectare. The yearly cost and summary statistics of

each machine set are recorded. The machine set corresponding to any

design probability can be obtained directly from.the machinery set

rankings.

' 2.2 Subroutine TIME

The TIME subroutine (Figure 2.2) calculates the weekly hours

available for each operation. For weeks when an operation cannot be

scheduled because of time constraints, the available hours are set to

0.0. The available operation hours for a scheduled week depend on

workday length (hr/day), work week length (days), and the weekly work-

day data (percent of week available for work).

Harvest operations are considered first for each week. Tillage

operations are scheduled once available harvester time is exhausted

or harvest operations are completed. A problem in model operation may

occur when a scheduled tillage or planting operation overlaps a harvest

operation assigned a lower priority (later ending date constraint).

The problem relates to input data priority. By scheduling harvest

operations first, the model implicitly gives priority to harvesting

over tillage or planting, regardless of ending date constraint. The

model will assign available time to harvest operations in the beginning

of each week. As a result, the remaining time may be 0.0. Since
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a tractor cannot accomplish any work when there is no time, the model

generates an incomplete schedule.

This problem occurs twice in the current field operation schedules

for rotations containing wheat and sugar beets (see Table 3.10). It

could occur whenever a tillage or planting operation overlaps harvest-

ing in the fall and the harvest operation has a lower priority (later

ending date constraint).

Because the problem solution would involve major rewriting of

the machinery selection model, a simplifying assumption was made.

Sugar beet harvest beginning date must be delayed 1.5 weeks when wheat

is in the rotation (Christenson, 1979). One week of this delay can be

accounted for by changing the starting date for sugar beet harvest.

The rest of the 1.5 week delay is made up by reducing available sugar

beet harvest hours by one-half in their first scheduled week. Wheat

can then be planted for one-half of the week in question.

Cases may exist where wheat planting is completed before sugar

beet harvesting begins. Generally, the weekly scheduling process

would schedule some activity in this time slot. However, it is

possible that half of the first sugar beet harvest week may go unused.

Any herbicide applied to crops after planting is considered a

pre-emergence spray. Spraying must occur within several days of

planting. Hours available for spraying always equal or exceed those

available for planting since they were generated using a less

restrictive C3 value (Tulu moisture criteria, Section 3.2).

The available spraying hours in a week are adjusted to reflect

the necessity of waiting until the crop is planted and the deadline

of spraying before emergence. The adjustment incorporates the
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difference in planting and spraying hours. The available spraying

hours in week I are one-half the difference in spraying and planting

hours in weeks I and 1+1. Thus, time available is that which occurs

after planting is finished in week I and before it is scheduled in

week I+1 for each week I spraying is scheduled.

Available alfalfa harvest time during the week of May 22 is

reduced by one-half. The reduction simulates the desired May 25

starting date for harvesting (Helsel, 1979), since the model will

schedule only one-half the maximum time available during May 22.

2.3 Power Unit Sizing

An iterative search procedure is used to determine power unit

sizes. The model cannot consider multiple numbers of any individual

power unit type, therefore power units are limited to a maximum of 1 7‘

combine, 1 tillage tractor and 1 utility tractor.

The search begins with a 2-row combine and 60 PTOkW (80 PTOHP)

tillage tractor. A 2-row combine is the smallest size considered in

the model. The 60 PTOkW tractor is used as a starting point only,

since the model will select a tractor smaller than 60 PTOkW if J

necessary.

Power unit size is increased until all date constraints are met.

If the maximum combine size of 8-rows or tillage tractor size of 201

PTOkW (270 PTOHP) is exceeded, selection stops and the inability to v//

complete all operations is noted in the output file. The maximum

power unit sizes were felt to be the maximum sizes generally found
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in the Saginaw Valley. The maximum values can be changed to reflect

the views of the person using the model.

Figure 2.3 is a flow chart for determining power unit size.

Harvest operations, except alfalfa, are considered first. Current

combine capacity is determined using the CAPCITY subroutine. Sub-

routine CMBSCHD is used to calculate the amount of work accomplished

per week. The CMBSCHD algorithm.is also used to select the sugar

beet harvest capacity.

A harvest schedule completion check follows. If any harvest

operation is not completed by its end date, the schedule is incomplete

and thus a larger combine is needed. When all harvest operations can

be finished the schedule is complete. Tractor sizing begins when the

harvest schedule is complete.

First, energy requirements (kW—h/ha, HP-hr/A) for tractor-

powered operations are determined using the ENERGY subroutine. The

base power sizing increment is 30 kilowatts (40 HP). The utility

tractor size is the minimum of current tillage tractor size or the

maximum available utility tractor size of 104 PTOkW (140 PTOHP).

The utility tractor size assumption is made for several reasons.

The 104 PTOkW level is close to the breakpoint PTOkW of two- and four-

wheel drive tractors (Implement and Tractor Red Book, 1979). Most

tractors above this level are 4-wheel drive. It is assumed only a

twoewheel drive unit can perform the row crop operations assigned

to the utility tractor. Current ground speed assumptions prevent

further power increases past the 104 PTOkW utility tractor level from

increasing field capacity.
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Figure 2.3. Flow diagram for subroutine PWRSIZE.
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A trade-off between tillage and utility tractor size may exist.

The optimum size relationship between the two may depend on farm size,

available labor, crops grown, yearly weather patterns, field operations

needed for each crop rotation, and possibly other factors. The

experimentation required to determine the quantitative effects of

these factors was not undertaken.

A quick check of utility tractor maximum size was made.

Maximum utility tractor sizes ranging from 52 PTOkW (70 PTOHP) to

112 PTOkW (150 PTOHP) were analyzed for a 162 hectare corn-navy bean

farm. Table 2.1 gives results for four design probabilities on the

example farm.

The results show an equal or smaller cost when the maximum

utility tractor size is increased from 75 PTOkW. At the 25-year

completion level, the 52 to 75 PTOkW utility tractors were unable to

complete all field work. It appears, based upon Table 2.1 results,

that oversizing the utility tractor has less effect on system cost

than undersizing.

Equating utility tractor size to tillage tractor size could, in

some cases, oversize the utility tractor and its associated equipment.

But this effect is cancelled somewhat by the lower purchase price

assigned to the utility tractor due to its increased age. For all

the above reasons utility tractor size is equated to tillage tractor

size until it's maximum productivity level of 104 PTOkW is reached.

The capacity of each tractorepowered operation is determined by

CAPCITY. A weekly schedule is assigned using the WRKSCHD subroutine.

Tractor power is increased by the initial 30 PTOkW increment until a
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satisfactory schedule is developed. The power increment is then reset

until the lowest satisfactory tractor size to the nearest 0.75 kilo-

watt is found. Weekly field operation schedules can be printed in

the output file if desired.

2.4 Subroutine CAPCITY

The CAPCITY subroutine (Figure 2.4) is used to determine effective

field capacity (EFC) fer various field operations. Field operation,

implement required, and power source must be determined for each

component in the figure. QEE£E_E;3,118t8 the power source assignment

for implements. Fer example, the moldboard plow is powered by the

tillage tractor.

The EFC of sugar beet toppers and lifters can be calculated using

the CMBSCHD subroutine. Then CAPCITY can be used to check the

required utility and tillage tractor kilowatt levels against current

levels. To find the required kilowatts the equations and parameters

of section 3.1.1 are employed. If necessary, tractor kilowatt levels

are increased and the routine is rerun from the beginning.

Based on data statements, model input also includes the capacities

of the four navy bean combine sizes. The EFC of corn, wheat, soybean,

and oat harvest can be calculated using Equation 3.2. Speed, width,

and field efficiency of eagh crop are fixed for combine size; thus,
M *"""'

839.18 fixed for crop and combine size.
- ~——.——--- —.._ r...-_—¢

By incorporating yield, cutting, and machine capacity data,

baler EFC can be determined. The yields for first, second, and third
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9 @1333

[DO LOOP for array containing field operationsLE:___N

  

 

 

 

[Field operation - element I of array]

     
 

 

 

 

 

 

 

 

 

 

 

  

 

    

 

   

 

 
 

 

 

 

ugar beet Yes ec. kW kW Yes

harvest level sufficien ,

No No (D

adjust kW (9

EFC fixed for crop] I

and combine size I

Yes EFC calculated for a

Mg/hr capacity basi

[EFC calculated for full utilization of kg]

Cultivato EFC adjusted for planter size

or NH3 applicator Yes and speed constraints

Operation

Yes 5,

EFC adjusted for size

and speed constraints

No

Yes 8%;

0 N0 Row planter Yes ‘ Determine size needed]__9Q)

operation to match chosen EFC
 

EFC = Effective field capacity

kW - Tractor size (kilowatt)

Figure 2.4. Flow diagram for subroutine CAPCITY.
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Table 2.2 Operation Assignment to Power Source.

 

Power Unit

 

Tillage Utility

,Qperation/Implement Tractor Tractor Combine

Moldboard plow

Moldboard plow & leveler

Disk harrow*

Disk**

Chisel plow

Field cultivator 1**

Field cultivator 2"

Sugar beet topper

Sugar beet lifter

No-till planter

NH3 applicator

Grain drill

Row cultivator

Rotary hoe *

Mower-conditioner

Row planter

Baler

Rotary cutter

Fertilizer spreader

Rake*

Sprayer

Windrower

Navy bean puller

Corn head

Wheat harvest

Soybean harvest

Navy bean harvest

Oat harvest

>
4
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x

>
4

N
N
N
N
N

 

* ,

May be assigned to tillage tractor on two-operator farms.

**

Similar implements may have different draft force requirements due

to different operating depths.
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cuttings are assumed to be 50, 30, and 20 percent of the total

alfalfa yield, respectively. Oats and/or wheat straw yield is

assumed to be 3.4 Mg/ha (1.5 T/A). The EFC is simply the baler

capacity (Mg/hr) divided by crop yield (Mg/ha).

For non-harvest operations, EFC is first calculated to fully

utilize all tractor power. The EFC is then adjusted, if necessary, to

fit in the range of allowable EFC for a particular implement. The

allowable EFC range is determined by the maximum and minimum EFC

boundaries. Maximum and minimum EFC are calculated using fastest

and slowest ground speed and largest and smallest machine widths in

Equation 3.2. If EFC is out of range on the high side, EFC is equated

to the maximum allowable. If EFC is out of range on the low side,

tractor power levels are adjusted to the required horsepower for the

minimum EFC.

The EFC of cultivators and ammonia applicators is constrained not

only by speed limits but also by planter size. Presumably, cultivator

and ammonia applicator sizes match planter size exactly. The ammonia

applicator is generally used only after planting. Use of the ammonia

applicator for plow down or disk incorporation would not be possible

unless model parameters were changed to analyze machinery designed

specifically for that purpose.

2.5 Subroutine CMBSCHD

The CMBSCHD subroutine is used to determine the capacity of all

harvest operations except alfalfa (Figure 2.5). Completion of all

combine operations can be checked using the counter N mechanism. When
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Yes

     

  

N>No. Combine

operation

Sugar beets

in rotation

 

  REHR-AREA(N) IEFC

 

Date constraint

violation

 
 

[REHR-REHR—THOURS (I .111] B
 

 

AReset Thours array to

reflect only the scheduled

hours for her fat  

 

 

 

AREA(N) 8 Land area assigned to Nth combine operation

JC - Completeness of work schedule (JO-1 satisfactory schedule,

JC=2 unsatisfactory schedule)

K - Counter of beet harvest capacity

N - Counter for combine operations

REHR = Required hours for completion of Nth combine operation

THOURS(I,N) - Maximum available hours in week I for operation N

Figure 2.5. Flow diagram for subroutine CMBSCHD.
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Beet harvest Yes

complet-

No

Determine available harvest hours

‘Schedule available time

Beet harvest Yes
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0

 

     Date constraint

violation

1‘"

No

No arm in

rotation

Yes

 

 

 

 

  
   

     

N0 an corn be

scheduled

Yes

Determine available harvest hoursf

Schedule available time

 

  

Yes |:te constraint

violation 
 

 
 

Figure 2.5. (continued).
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all combine operations are completed, the subroutine sizes the beet

harvester or proceeds directly to the summary section. To determine

the required field time for the Nth combine operation, the land area

to harvest is divided by current combine capacity. The calendar date

is incremented in 1 week units. During each week the required field

time will be reduced by the available hours in the week. If at the

end of the week required hours are still positive, the date constraint

is checked. If the ending date constraint is not violated the next

week is considered. An ending date constraint violation implies a

larger combine is needed. When required harvest hours become negative,

the operation is completed and operation N+1 is considered.

The user-specified date constraints for sugar beet harvest may

give it priority over corn harvest. Available work time previously

allocated to corn harvest may now be given to sugar beet harvest.

Two machines, a topper and a lifter are required for sugar beet

harvest. The potential harvest capacity is determined by machine size

and labor supply. The machinery size which enables two-man operations

to harvest at 1 megagram per hour would allow a one-man operation to

harvest at one-half megagram per hour. The single operator must divide

time equally between topping and lifting, thus reducing the capacity

attainable for a given size of machinery.

With this model, sugar beet harvest capacity is based on the

lifting operation only. Available work hours are adjusted to reflect

the labor supply constraint on capacity as follows:
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BTHR - THOURS (1+PCTHRD), (2.1)

2

where:

BTHR - weekly available sugar beet lifting hours

THOURS - weekly available hours for both topping and lifting

PCTHRD - extra labor available over the onedman minimum

(0.0 to 1.0 operators)

On a two-man farm (PCTHRD - 1.0) hours for lifting would equal

the maximum available. On a one-man farm.(PCTHRD . 0.0), one-half

the maximum time would be available for lifting. -After sugar beet

harvest capacity is determined, time spent topping is equated to time

spent lifting to facilitate full labor accounting.

The available hours adjustment simplifies the model since only

one operation is considered. The adjustment also ensures the correct

allocation of labor and available work time to both sugar beet harvest

operations, since the amount of sugar beets harvested equals the

amount topped.

Part A in Figure 2.5 can be summarized as follows: Sugar beet

harvest is given priority in each week. Any time remaining in each

week is allocated to corn combining for farms with corn in rotations.

When all time in a week is allocated, the next week is considered

until operations are completed. If a date constraint for corn or

sugar beets is violated, larger sugar beet harvest capacity is

selected.

This procedure does not investigate possible tradeoffs between

sugar beet and corn harvest capacity. The smallest possible sugar

beet harvest capacity is selected for the current combine size.
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When a satisfactory harvest set is determined, available harvest

hours are adjusted. The available hours array for harvest is equated

to the exact time needed in each week for each harvest operation.

Unfinished operations in their last scheduled week indicate an

unsatisfactory power level. If the unfinished operation is not

alfalfa harvest, a return to PWRSIZE with JC=2 is made.

The model considers one size each of a baler, rake, and mower—

conditioner. If alfalfa harvest cannot be completed within its date

constraints, the integer multiple of required extra alfalfa harvest

machinery is determined. The labor required to operate the extra

machinery units is not included in model results. When the extra

alfalfa harvest machinery sets are determined, weekly scheduling

continues.

2.6 Subroutine WRKSCHD

The WRKSCHD subroutine (Figure 2.6) develops a weekly work

schedule based on the tractor power level supplied to it by the

PWRSIZE subroutine (Section 2.3). Field work is scheduled week-by-

week until all operations are finished or a date constraint is violated.

The main information WRKSCHD supplies to PWRSIZE is the status of the

developed work schedule, either satisfactory or unsatisfactory.

An unsatisfactory work schedule indicates to the PWRSIZE sub-

routine that the tractor power level is too small. A satisfactory

work schedule implies that the current tractor power level supplied by

the PWRSIZE subroutine is adequate. WRKSCHD does not evaluate the

possibility of a smaller tractor power level also being adequate.
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Figure 2.6. Flow diagram for subroutine WRKSCHD.

  



r1DO LOOP for operations Select other equal priority operations

I scheduled in week(I) WMAX=THOURS(I,IO)*(1+PCTHRD)

I 17’ TRMAX=THOURS(I,IO)

|[ACRET(IO)=ACRET(IO)+ACREW(IO)] CALL PREVOP
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[:}"‘9[From week(I) operations, find priority operation]

 

  

 

 

      

    

 

RMAX=MAX((WMAX—TOTHRS),0.0)

CALL ALCATE
 

  

No

    
  

praying before

olanting

 

Area planted must equal

area sprayed

[JC=1, Determine extra alfalfa I 1) SMTR1=EXTRA TIME

 

harvest machinery sets required 2) SMLTM=unscheduled time

3) Reduce area planted
      

 
 "““E‘E @e—J

ACRET(IO) - Total area finished for operation IO

ACREW(IO) - Area of operation finished in week(I)

BIGTM = Allocated tillage tractor time

COBHR = Time allocated to combine

ICOUNT - Loop counter

JC = Schedule completion indicator (JC=1, satisfactory schedule;

JC=2, unsatisfactory schedule)

PCTHRD = Level of labor available from second worker (0.0 - 1.0)

RMAX = Remaining time in week, accounting for time previously allocated

SACRE(IO) - Maximum area to schedule for operation I0

SMLTM - Allocated utility tractor time

SMTRl = Extra spraying time allocated to utility tractor

THOURS(I,IO) - Available hours for operation IO in week(I)

TOTHRS - Sum of labor time assigned to all power units

TRMAX - Maximum time for any power unit in week(I)

WMAX - Maximum hours available in week

Figure 2.6. (continued).
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PWRSIZE, through an iterative process, supplies WRKSCHD with tractor

power levels until the smallest tractor power level is found.

At the beginning of week I, a set of operations which can be

completed during the week is developed. Weekly indicators of allocated

time are set to 0.0 (Figure 2.6).

If the set of operations considered in week I contains combining

or sugar beet harvest, labor and land area associated with them must

be determined. Since combining and sugar beet harvest scheduling

occurs previously (Subroutine CMBSCHD), available hours for these

operations are the exact amount needed in each week. Weekly land area

harvested for these crops is simply the EFC times the available hours.

Power unit time is the available time.

The area worked each week is constrained by the area available.

For example, the area planted in a week can be less than or equal to

the area prepared for planting. For the second through Nth operations

of a crop, the available land is that area finished for the preceeding

operation.

The available land for the first crop operation must come from

the harvested land area of the preceeding crop. PREVOP determines the

available area. WRKSCHD updates information used in PREVOP. After

the first crop operation is scheduled in WRKSCHD, the harvested area

it used is made unavailable for further use by any other crop.

The first operations for two or more crops may compete for a

parcel of harvested ground. An example rotation is 0/ArAeArC-C-NB-C.

After corn is harvested, the first operation for navy beans (NB) or

corn (C) may be scheduled on the harvested land. The model matches

supply (harvested ground) to demand (first crop operation). Priority
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is based on ending date constraint. Once a supply is used to satisfy

a demand, it cannot be used to satisfy any other demand.

When the first operation for a crop can be scheduled WRKSCHD

attempts to find harvested land which is used only for the crop in

question. If no exclusive supplier of land is found or more land area

is required, harvested land is matched to demand on a "first come,

first serve" basis in accordance with the demand operations ending

date constraint. 4

After supply and demand accounting, or for the first pass in the

week I (ICOUNT-0, Figure 2.6), WRKSCHD searches the workable operations

set for week I. The highest priority operation is selected. Priority

is based on ending date constraint. If the priority operation has

already been scheduled in week I, or if the operation is completed,

the next highest priority operation is selected.

A subset of priority operations is then developed. Operations

with the same ending date constraint and for the same crop as the

above priority operation are included in the subset. An operation

assigned to a different workday data set is not included in the subset.

Subset operations are flagged such that they are considered only once

in the current week.

The weekly maximum hours available are multiplied by the available

labor supply. The maximum time a single tractor can use is the time

available for the operations subset. PREVOP is called to determine

the area which can be scheduled.

If land area is available, the remaining time is adjusted by the

time already allocated in the week. ALCATE determines the land
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area worked in the week and assigns the remaining time to the subset

field operations.

When the last operation of the subset is planting, a check is

made to see if the following operation is spraying. Hectares planted

in a week must equal the hectares sprayed in the week. Spraying

belongs to a different workday data set than planting; thus, it has

a lower priority than planting.

Spraying workday availability is based on a 63 value of 1.00

(Section 3.2). Spraying hours will always equal or exceed planting

hours (C3-0'980: Section 3.2). Area sprayed in the week is equated

to area planted by first assigning the extra available spraying time.

If the extra spraying hours are insufficient to complete spraying,

any unused hours for planting are scheduled. Finally, if necessary,

area of planted ground is reduced to allow more time for spraying.

When all operations for the week are considered or time is

expired, end-of-week accounting occurs. The operations set for week I

is inspected. Land area of each operation is totaled. If week I

is the last week for scheduling the operation, a completion check is

made.

2.7 Subroutine PREVOP

The PREVOP subroutine (Figure 2.7) determines which land areas

can be scheduled at the beginning of the week. An operations subset

from WRKSCHD is considered. All subset operations are for one crop

(WRKSCHD). Once available land area for the first operation is

determined, remaining subset operation areas can be identified.
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Subtract harvested land ‘ LEss-Difference in scheduled area]
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m

LESS - Land area that can be scheduled for operation in the beginning

of each week

Figure 2.7. Flow diagram for subroutine PREVOP.
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The first farm operation can be scheduled in any quantity within

its assigned area. The first crop operation is constrained by the

harvested land area available. The land area available for second

or later crop operations depends on the previous operation.

2.8 Subroutine ALCATE

The purpose Of the ALCATE subroutine (Figure 2.8) is to assign

tractor and labor time to field work and maximize hectares completed

within constraints. ALCATE is called by WRKSCHD for subsets of

operations with equal ending dates for one crop. The subsets may

contain one or more field operations. Each Operation is identified

with a land area that could be scheduled in the beginning of the week.

The initial queue is calculated using the PREVOP subroutine.

When the subset contains two or more operations the last Operation

is assumed to have the highest priority. As much of the last Operation

as possible will be scheduled first. It is possible with this

assumption to plant previously tilled ground before all remaining

tillage is completed. Delaying some tillage to allow early planting

is believed to be a realistic farming practice. Often, with the

exception of spring planting, the set contains only one field Opera-

tion, and this assumption has little bearing on farm work assignment.

The land area available for the final operation is scheduled

first if time permits. When all available land for the final operation

is scheduled, the next-to-last Operation is considered. Tasks

scheduled for the hectares of the next-to-last Operation could be

simultaneously completed with the final operation Of the subset. Thus,
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Figure 2.8. Flow diagram for subroutine ALCATE.
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the last two Operations are then considered one and as available time

permits the hectares will be scheduled equally between the two. The

allocation is expanded to include the final three operations and so on

until all work Operations in the subset are completed or available time

is exhausted.

On farms with more than one Operator, drivers may compete for

power units. In cases of fixed tractor assignment, all available labor

may not be used. As an example, the utility tractor cannot be used

for plowing nor can the tillage tractor be used for row cultivation.

Thus, a tractor Operator may be idle because the model does not allow

his tractor to switch from plowing to cultivation or vice versa. An

exception is on farms where more than one man is available to harvest

alfalfa. Once the combined capacity of the alfalfa harvest system is

determined, mowing-conditioning and raking operations are assigned to

the tillage tractor while baling is assigned to the utility tractor.

In some situations, an unusually large tractor may be designated

for cutting or raking hay. On an actual farm, an older tractor would

likely be assigned this task; since the model considers only two

tractor sizes, this is not reflected in the output. From the stand-

point of machinery requirements, the absence of an older tractor for

cutting or raking would be the only model error. Tillage and utility

tractor sizes would not be affected since a rake does not determine

tractor size directly, but only consumes Operator time.

Tillage tractor fuel use and expected life may be affected

slightly. The addition of an older tractor would not affect average

cost significantly; thus, it is reasonable to assume that the tillage

tractor can perform cutting and raking tasks.
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2.9 Subroutine SIZING

Some sizing occurs before the SIZING subroutine is called. Row

crop planter size is determined in the CAPCITY subroutine. Combine

size is selected in the CMBSCHD subroutine. The SIZING subroutine

(Figure 2.9) finalizes the selection of width and speed for the

remaining machinery. The EFC of each operation is known (see CAPCITY,

Section 2.4). Mbdel input also includes allowable operating speeds

(see Section 3.1.1). Equation 3.2 is used to relate EFC to implement

speed and width.

Each field Operation is analyzed separately. Cultivators and

ammonia applicator sizes are adjusted to correspond with planter size.

The width of land into one windrow of the baler will depend on the

crop grown or the alfalfa cutting. The navy bean combine must operate

on a windrow that will facilitate bean puller and planter size

matching. Combine speed and width for Operations other than navy bean

harvest are specified in the input data.

The remaining implements are incremented through available sizes.

The speed is calculated using methods outlined in Section 3.1.1. The

minimum machine size that will produce an allowable Operating speed

is selected. The tendency is to select operating speeds relatively

close to the maximum allowable. For each operation, the annual

implement use hours and fuel usage are determined. A bean puller

must be selected for navy bean harvest. However, the puller is not

scheduled for weekly use like other operations because combine

operations are scheduled before tractors are considered. Instead,

land area combined is considered pulled the same day. Labor and fuel
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Figure 2.9. Flow diagram for subroutine SIZING.
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use for navy bean pulling is considered in the summary. Planter width

and combine capacity are used to arrive at a correct puller width.

Given appropriate field patterns 4, 6, 8, and 12-row windrows are

possible.

2.10 Subroutine FUEL

Diesel fuel usage can be calculated using the FUEL subroutine

(Figure 2.10). FUEL is called by SIZING for each crop operation. The

formula outlined in the ASAE YEARBOOK (1978) is used to calculate the

fuel consumption of tractor-powered Operations.

Fueleff-2.64*RAT + 3.91 - 0.20 *(738*RAT +1173)15 (2.2)

Where: Fueleff - Fuel efficiency (L/kWhr)

Rat - Ratio of equivalent PTO power required to maximum

available PTO power

Fuel consumption should be reported in litres per hectare units. The

required conversion is:

Fueluse - Fueleff * EN/EFC

Where: Fueluse - Diesel fuel usage (L/ha)

EN - Required power for operation (PTOkW)

EFC - Effective field capacity (ha/hr)

The use of these equations was spot-checked against data in the

literature (White, 1974). Medal results were average to slightly

higher than average. Implement drafts are higher than average for

Saginaw valley soils, thus a higher than average fuel use is expected.
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Figure 2.10. Flow diagram for subroutine FUEL.
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Combine Operation fuel usage is constant for each crop harvested.

The usage figures taken from Singh (1978) are given in Table 2.3. The

fuel subroutine also totals fuel usage for field Operations and for all

farm operations.

Table 2.3 Fuel USe Of Combine Operations

 

 

Operation Fuel USe,L/ha (gal/acre)

Corn harvest 15.0 (1.6)

Wheat harvest . 13.6 (1.5)

Oat harvest 13.6 (1.5)

Soybean harvest 10.3 (1.1)

Navy bean harvest 13.6 (1.5)

 

2.11 Subroutine COST

The average yearly cost per hectare is computed for each selected

machinery set. Depreciation, interest, repairs, insurance, shelter,

and fuel cost are determined. Machinery cost is based on an 8-year

service life for equipment. Techniques outlined by Bowers (1975) are

used to calculate machinery cost. Depreciation based on a 10 percent

salvage value is determined using a straight line formula. Average

interest is found by multiplying the interest rate by one-half the sum

Of purchase and salvage prices. (A machine with a service life shorter

than 8 years should be adjusted for purchase price, such that interest

will be calculated for the 8-year period.) The interest rate used for

this study was 0.13 (Black, 1979).
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Repairs are calculated on an annual use basis. The average

repair cost per machine per year is the purchase price multiplied by

the total repairs factor over the service life of the machine and

prorated to the annual machine usage.

Insurance and shelter costs are fixed percentages of the purchase

price. (Insurance cost must be adjusted, if machine life is less than

8 years, to a 8-year basis). Shelter costs are calculated only on the

initial price because a replacement machine would occupy the same

shelter space as did the worn-out machine.

An algorithm for machinery cost calculation is presented in

Figure 2.11. The routine contains a list of machines and widths

required to complete all field Operations. The annual use of each

machine is assigned to the appropriate power source.

Some field Operations use the same machine but operate at

dissimilar drafts, and thus require different sizes for the same

implement (see Table 2.2). An attempt is made to adjust speed and

width for the heavy draft Operation using the COST subroutine. The

purpose of the adjustment is to equate machine size to that of the

lighter draft Operation without violating speed constraints.

The resizing technique will depend on the way machine sizes were

initially chosen. Implement sizes are selected based on the minimum

width that will satisfy the speed constraints of the machine (Section

2.9). Machine speeds tend toward the upper speed limit since that

speed will allow the smallest implement width. A larger machine

operated at a slower speed (but still within the prescribed speed range)

could be chosen, but a smaller machine at a higher speed could never

be used in the resizing procedure.
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‘Determine hours Of use for combine, I

tilla tractor and utility tractor

     

  

Operation using

same machine at

different drafts

 

 
 

Calculate speed of heavy draft Operation

using width of light draft operation
 

   
Yes Speed
 

 

constraint

violated

  

  

 

 

   
F§L_______{Only one machine is required

v ,
 

iDetermine tillage tractor drive wheel number

Calculate costs including: depreciation, interest,

insurance, repairs, shelter and fuel

Sum costs for machines and farm

 

mm

Figure 2.11. Flow diagram.for subroutine COST.
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If width is increased for the heavy draft operation machine, speed

is necessarily lowered. If the width can be made equal to that of the

lighter draft operation without violating speed constraints, then only

one machine Of the larger size will be required. If speed constraints

are violated, two units of the same implement must be included in the

cost computations.

Once the final list of machines and sizes is formulated, the

purchase price of each machine is found from the data (Section 3.1.2).

Costs are calculated as outlined previously. The results are recorded

for the second through fourth output levels (Section 2.1).

2.12 Madel.Hierarchy

The model hierarchy is presented in Figure 2.12. The model

begins by determining available worktime in TIME. Power unit size is

determined in PWRSIZE.

PWRSIZE first determines harvester requirements by incrementing

harvester size. Capacity of each increment is calculated in CAPCITY.

Available time is matched to machine capacity in CMBSCHD.

The second task of PWRSIZE is to determine tractor power levels.

ENERGY is called to determine the kW-h/ha levels of each tractor-

powered field Operation. The EFC for each tractor size increment is

calculated. WRRSCHD matches available tractor time to EFC. PREVOP

tells WRKSCHD how much work can be scheduled in the beginning of each

week. ALCATE calculates field work completed and time used.



   

   
PWRSIZE |_SIZING |

   

 

 
 

  

 

       
 

 

  

1 l’ 2 1 2

1 3

ENERGY WRKSCHD | COST

1 2

PREVOP ALCATE

Figure 2.12. Field machinery selection model hierarchy.
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Finally, FMSM.calls SIZING to match implement speed and width to

calculated EFC. Fuel use for each field Operation is calculated in

FUEL. The average annual cost of individual and total implements is

calculated in the COST subroutine.



3. MODEL PARAMETER AND INPUT DEVELOPMENT

Parameter and input data fall into one of three categories:

1) machinery related; 2) available time related; and 3) farm identi-

fication. Machinery data determine the productivity of each step in

machinery size during the selection process. These data are also used

to size tractor-drawn implements and to compute costs. Available time

data defines the portion of each week which can be scheduled for field

operations. Farm data pertain to Operation scheduling dates and work-

day length constraints.

Collection Of input data can be accomplished by searching the

literature or making field Observations. Both sources are utilized in

this study. The data collected become model input. Results using the

collected data must be verified.

Validation is an important and time consuming process. The

validation of the data used in the current study was accomplished by

utilizing a "backwards" approach. In reality the validation is

carried out first. MOdel parameters are then adjusted such that model

results match those found in the validation. In developing the model

parameters published reports were used as bench marks whenever

possible. The "backwards" approach is useful because it forces the

researcher to get first-hand field experience and it serves as a

valuable tool in presenting model results. Listing validation results

will quickly demonstrate to the audience the physical relationships Of

the model. Since all model results will be based on the relations

listed, a degree of confidence is immediately given to the model

results.

52
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The "backwards" approach is used to determine the machinery

draft-speeddwidth relations and the available workday parameters. Data

collection is outlined in the following sections.

3.1 Machinery Parameters

Required machinery parameters of the newly developed model

include:

a) draft

b) field efficiency

c) tractive efficiency

d) allowable operating speeds

e) theoretical harvest capacities

f) reliability

3) sizes available and list prices

h) service life and repair data

The collection of machinery data is discussed in two parts:

1) productivity parameters, and 2) parameters for determining machinery

set fixed and variable costs.

3.1.1 Machine Productivity Parameters'

Productivity data are required by two model equations developed

from the ASAE YEARBOOK (1978):

PTOkW 3 D * S * W * RE.

LF * TE * CONV * CI (3.1)

EFC = S * W * Eff (3.2)

OZ
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where:

PTOkW - Tractor power takeoff power (kW)

D - Implement draft (N/m)

8 - Implement speed (kmdh)

W - Implement width (m0

LF - Tractor load factor (decimal)

TE - Tractive efficiency (decimal)

CONV - Tractor PTO to axle power ratio (decimal)

Cl - Dimensionality constant (Cl - 3600)

EFC . Effective field capacity (ha/h)

Eff - Field efficiency (decimal)

C2 - Dimensionality constant (C2 - 10)

RE - Implement reliability (decimal)

Equation 3.1 provides a means of matching reported data to actual

field conditions. A method to determine the data validity for

Saginaw Valley conditions follows.

Table 3.1 lists the probable base point match of tractor power to

implement speed and width. Data in Table 3.1 are synthesized from

published reports (Benson, 1978); spot checks Of Saginaw Valley farms;

and conversations with tractor dealers, extension agents, and farm

industry groups. variables in Equation 3.1 are selected to meet the

performance figures of Table 3.1.

When data are substituted from Table 3.1 into Equation 3.1, five

unknowns remain. Load factor (LP) is the tractor design loading rate.

It reduces tractor wear while providing extra power for difficult field

conditions briefly encountered. LF is designated 0.80 (White, 1977).
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Table 3.1. Base Point Match of Tractor Power Level to Implement Speed

and Width.

Tractor Implement Implement

Size Width ,Speed

Implement PTOkW PTOHP 111 ft km/h mph

Mo1dboard plow 97.0 130.0 2.0 6.7 6.4 4.0

Disk corn stalksk./ 97.0 130.0 7.3 24.0 7.2 4.5

Disk barrow ‘ 97.0 130.0 6.3 20.7 6.4 4.0

Chisel plow /' 97.0 130.0 3.2 10.4 6.4 4.0

Field cultivate! 97.0 130.0 5.9+. 19.4+ 8.9 5.5

Sugar beet topper“ 82.0 110.0 4.0+’ 4.0+ 8.1 5.0

Sugar beet lifter/ 97.0 130.0 4.0... 4.0... 8.1 5.0

Row planter / 75.0 100.0 12.0+ 12.0+ 7.2 4.5

Ammonia applicator” 75.0 100.0 12.0+ 12.0+ 7.0 4.3

Row cultivator 2‘ 75.0 100.0 12.0+_ 12.0... 7.4 4.6

Rotary hoe 75.0 100.0 12.0 12.0 10.1 6.3

~rGrain drill" 44.0 59.0 3.7 12.0 9.7 6.0

Rotary cutter 47.0 63.0 3.7 12.0 9.7 6.0

Fertilizer spreadeTI' 58.0 78.0 18.3 60.0 8.1 5.0

Sprayer: 22.0 30.0 9.1. 30.0 8.1 5.0

Navy bean puller/ +’ +

windrower 46.0 62.0 6.0 6.0 8.1 5.0

MOwer-conditioner 47.0 63.0 3.7 12.0 9.7 6.0

Rake 16.0 21.0 3.7 12.0 8.1 5.0

Baler 49.0 66.0 5.4* 6.0* ** *

 

+Width in rows (0.76 m, 30 in.)

*Width in Mg/hr (T/hr)

**

Ground speed is not a direct factor in power requirement
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The PTO to axle power conversion (CONV) is 0.96 (ASAE YEARBOOR, 1978).

For the sake of simplicity, reliability (RE) is assumed to be 1.0 for

all machines considered. The remaining unknowns are draft (D) and

tractive efficiency (TE).

Domier and Friesen (1969) report a slight tractive efficiency

advantage for four-wheel drive tractors in tests on a clay stubble

field. Osborne (1971) reported little difference between tractors when

operated on firm soil, but a greater advantage for four—wheel drive

tractors when operated in soft soil. Dwyer and Pearson (1976) reported

a 142 advantage for four-wheel drive tractors over a range of surface

conditions.

For simplicity of model operation, let us assume that tractive

efficiencies are constant between two- and fourdwheel drive units.

Plowing requires more energy than other field operations and thus is a

major factor in tillage tractor selection. Tractive efficiency is

nearly equal for two- and four-wheel drive tractors when operated on

firm soil, thus specification of different tractive efficiencies

become less important when sizing tractor power levels.

Equation 3.1 cannot be solved until one of the remaining unknown

variables, tractive efficiency or draft, is specified. Tractive

efficiencies were selected to match reported data (Bowers, 1975, and

White, 1977). Any error present in the tractive efficiency values

(Table 3.2) will be Offset when draft is calculated.

Substitution of power speed, and width data from Table 3.1;

tractive efficiency data from Table 3.2; and the LF, RE and CONV

parameters from above; into equation 3.1 results in one equation with

one unknown. The unknown, draft, can be solved for each field
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Table 3.2. Assumed Draft and Tractive Efficiencies.

Draft Tractive Efficiency

Implement N/m lb/ft Z

MOldboard plow 16,272 1,115 80

Moldboard plow/leveler 17,513 1,200 80

Disk harrow 4,962 340 75

Disk 3,794 2601 75

Chisel plow 10,508 720 80

Field cultivator 1 3,794 260 75

Field cultivator 2 3,036 208 60

Sugar beet topper 5,284* 1,188* 75

Sugar beet lifter 6,245* 1,404* 75

No-till planter 2,402* 540* 72

Ammonia applicator 1,779* 400* 72

Grain drill 2,481 170 72

Row cultivator 1,668: 375 72

Rotary hoe 1,223 275* 72

MOwer-conditioner 2,919 200 80

Row planter 1,713* 385* 72

Baler 5.5+ 6.7+ 80

Rotary cutter 2,919 200 80

Fertilizer spreader 876 60 80

Rake 1,168 80 80

Sprayer 584 40 72

Navy bean puller/windrower 2,113* ' 475* 80

 

*Draft per row (0.76 m, 30 in.)

+Drawbar kW/Mg (hp/T of alfalfa)
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operation. The calculated drafts are listed in Table 3.2. The drafts

resemble data reported by White (1977) except that: l) moldboard plow

draft is slightly higher; 2) calculated sugar beet topping draft is

higher; and 3) sugar beet lifting draft is lower.

The draft discrepency of moldboard plowing may only be a function

of soil type. White (1977) lists plowing drafts for sandy, loam, and

clay loam soils. The soil associated with the calculated draft may

contain more clay than the clay loam White (1977) lists.

Discrepancy in sugar beet lifting draft may be a function of soil

moisture content. A.wetter soil tends to cling to the sugar beet root,

increasing the work expended to uproot the plant and the weight of

material lifted.

No justification could be found for the higher sugar beet topping

draft. It is speculated that plant moisture differences may be a

cause. The draft figures reported in the validation were assumed in

the current model.

Table 3.3 outlines field efficiency and speed data (White, 1978).

Operating speed ranges were adjusted to allow full use of tillage

tractor horsepower. The drawbar power requirements of a given machine

operated at its fastest speed overlap those of the next larger machine

operated at its slowest speed. This adjustment eliminates the

possibility of a tractor, at a given power level, to be too small for a

particular size machine operating at its slowest speed and yet over-

powered for the next smaller size machine operating at its fastest

speed.

Harvest capacities cannot be determined entirely using machine

productivity data. Material handling capability may play a larger



59

Table 3.3. Assumed Implement Operating Speeds and Field Efficiencies

 

Operatingspeed, km/h (mph) Field Efficiency
  

 

Implement Minimum Maximum 1

Moldboard plow 5.5 (3.4) 7.2 (4.5) 80

Moldboard plow/leveler 5.5 (3.4) 7.2 (4.5) 80

Disk harrow 4.8 (3.0) 8.1 (5.0) 80

Disk 4.8 (3.0) 8.1 (5.0) 85

Chisel plow 6.4 (4.0) 9.7 (6.0) 85

Field cultivator 1 6.4 (4.0) 9.7 (6.0) 85

Field cultivator 2 6.4 (4.0) 9.7 (6.0) 85

Sugar beet topper 3.2 (2.0) 8.9 (5.5) 70

Sugar beet lifter 3.2 (2.0) 8.9 (5.5). 70

No-till planter 4.8 (3.0) 9.7 (6.0) 55

Ammonia applicator 4.8 (3.0) 9.7 (6.0) 65

Grain drill 4.0 (2.5) 9.7 (6.0) 70

Row cultivator 4.0 (2.5) 8.1 (5.0) 80

Rotary hoe 8.1 (5.0) 6.1 (10.0) 80

Mbwer-conditioner 4.8 (3.0) 9.7 (6.0) 75

Row planter 4.8 (3.0) 9.7 (6.0) 55

Baler 4.0 (2.5) 8.1 (5.0) 60

Rotary cutter 4.8 (3.0) 9.7 (6.0) 70

Fertilizer spreader 3.2 (2.0) 8.1 (5.0) 70

Rake 6.4 (4.0) 8.1 (5.0) 80

Sprayer 3.2 (2.0) 8.1 (5.0) 65

Navy bean puller/

windrower 3.2 (2.0) 8.1 (5.0) 80
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role than harvester capacity. The current machinery model does not

account for movement of harvested material. However, limiting effects

of material handling are partially incorporated by assuming discreet

step sizes in harvest capacity.

Harvest capacities are listed in Table 3.4. Presumably, the crop

is loaded into transport vehicles in the field.

Combine capacities for corn, navy beans, soybeans, and wheat were

obtained (Singh, 1978). It is assumed that oat harvest capacity will

likely equal wheat harvest capacity. Wheat and oat plants have

relatively similar characteristics although lodging would be a larger

problem for oats.

Five sugar beet harvest capacities were developed with help from

a sugar beet industry official (Brimhall, 1979). The capacities range

between 0.8 to 1.9 hectares per hour for a two-operator farm. A 1.9

hectare per hour capacity would require a four-row lifter operating

at 8.9 kilometer per hour.

Alfalfa baler capacity is approximately 5.4 Mg/h (Rider, 1976).

Table 3.4 lists mower-conditioner, raking, and baling operations for

a 4.5 megagram per hectare crap. The alfalfa harvest system capacity

(cut, rake, bale) is also given.

3.1.2 Machinery Economic Data

Service life and repair data are obtained from.Bowers (1975) and

listed in Table 3.5. Available machinery sizes are from the National

Farm and Power Equipment Dealer's Association (Fall 1979) and the

Deere and Company Agricultural Sales Manual (1979).
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Table 3.4. Assumed Harvest Capacities, Field Efficiencies, and Speed

 

 

Crop Harvester Speed, Field Efficiency, Field Capacity,

Size km/h (mph) Z ha/hr (A/hr)

Corn 2-row 5.3 (3.3) 70 0.6 1.4

4-row 4.8 (3.0) 65 1.0 2.4

6-row 4.5 (2.8) 63 1.3 3.2

8-row 4.5 (2.8) 60 1.6 4.0

Wheat 2-row 4.5 (2.8) 75 1.0 2.5

4-row 4.8 (3.0) 75 1.5 3.6

6-row 5.6 (3.5) 75 1.7 4.1

8-row 5.6 (3.5) 70 1.9 4.8

Oats 2-row 4.5 (2.8) 75 1.0 2.5

4-row 4.8 (3.0) 75 1.5 3.6

6-row 5.6 (3.5) 75' 1.7 4.1

8-row 5.6 (3.5) 70 1.9 4.8

Soybeans 2-row 4.0 (2.5) 70 0.8 2.1

4-row 4.5 (2.8) 70 1.3 3.1

6-row 5.3 (3.3) 70 1.5 3.6

8-row 5.3 (3.3) 65 1.7 4.1

Navy beans 2-row 8.0 (5.0) 70 1.7 4.3

4-row 8.0 (5.0) 67 2.1 5.3

6-row 8.0 (5.0) 65 2.5 6.3

8-row 8.0 (5.0) 63 3.1 7.7

Sugar beets 1* * * 70 0.8 2.0

2 * * 70 1.1 2.8

3 * * 70 1.4 3.5»

4 * * 70 1.7 4.3

5 * * 70 1.9 4.7

Alfalfa ** ** ** ** 0.6 1.5

 

*

Sugar beet harvest capacity is set at 5 levels. Speed ranges between

3.2 to 8.9 km/h (2.0 to 5.5 mph) depending upon harvester width.

**

Alfalfa harvest consists of mower-condition, rake, and bale operations.

Capacity listed is for a 3.7 m (12 ft) swath, 5.4 Mg/hr baler, and

4.5 Mg/ha crop. Speed and efficiency values are in Table 3.3.
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Table 3.5. Assumed Repair and Service Life Data

 

 

Total Repairs Service Life

Implement Z of Purchase Price hrs

Moldboard plow 80.0 2,000

Disk 65.0 2,000

Chisel plow 65.0 2,000

Field cultivator 65.0 2,000

Sugar beet topper 60.0 2,000

Sugar beet lifter 80.0 2,000

No-till planter 75.0 1,000

Ammonia applicator 75.0 2,000

Grain drill 75.0 1,000

Row cultivator 65.0 2,000

Rotary hoe 65.0 2,000

Mower-conditioner 180.0 1,000

Row planter 75.0 1,000

Baler 80.0 2,000

Rotary cutter 60.0 2,000

Spin spreader 75.0 1,200

Rake 75.0 2,000

Sprayer 75.0 1,200

Navy bean puller 75.0 2,000

Corn head 33.0 2,000

Grain platform 33.0 2,000

Windrow pickup/platform 33.0 2,000

Combine 33.0 2,000

2-wheel drive tillage tractor 90.0 10,000

2-wheel drive utility tractor 90.0 4,800

4-wheel drive tillage tractor 90.0 10,000
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Tractor and combine prices were obtained from the National Farm

and Power Equipment Dealer's Association (Fall 1979). Prices were

adjusted to August 15, 1979, levels using information compiled by the

Statistical Reporting Service (1979).

Prices per PTOkW were determined for three tractor categories:

four—wheel drive tillage; two~wheel drive tillage; and two-wheel drive

utility. A linear regression of paired data (i.e., tractor size, PTOkW

and price) was used. Where tractors were rated in drawbar or engine

kilowatt, power takeoff kilowatt levels were calculated using data

from the ASAE YEARBOOK (1978). Utility tractors were determined to be

4 years old (Singh, 1978). Utility tractor purchase price is assumed

to be 48 percent of the new price (Hunt, 1977). The developed

equations are:

Two-wheel drive purchase price . 302.51 * PTOkW: r28 0.94

Four-wheel drive purchase price - 346.49 * PTOkW: r2- 0.85

Where r2 - coefficient of determination

Combine prices were ranked from lowest to highest. The lowest

and highest cost machines were $22,175 and $66,283, respectively.

The price list was divided into four categories: $20,000; $30,000;

$40,000 and $50,000 and above. The number of machines in each category

were 5, 7, 7, and 6 respectively. The average price of each category

was used as the purchase price for 2, 4, 6, and 8-row capacity machines,

respectively.

Corn head prices were average for all manufactures (National

Farm Power and Equipment Dealer's Association, Fall 1979). Prices of

grain and pickup platforms and for tillage and planting equipment were

obtained from Deere and Company (1979). Bean puller, bean windrower,
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ammonia applicator, and fertilizer spreader prices were obtained in

dealer interviews and from previous studies (Benson, 1978 and Singh,

1978). Prices and sizes of equipment are given in Table 3.6.

3.2 Available Workdays

The literature reports two categories of workday data: 1) observed

date for a location and year (e.g., Link, 1968), and 2) generated data

using weather and soil parameter inputs (e.g., Kish and Privette, 1974).

Singh (1978) reviewed the literature in this area.

No observed workday records exist for the Saginaw valley, thus a

workday generator (Tulu, 1973) is used in the present study. The work-

day simulator predicts daily work, nOdwork day sequences for tillage,

crop maintenance, and corn combining operations. WOrkday sequences for

harvest of crops other than corn are not explicitly developed in the

simulation, thus a new method is developed to generate harvest workday

sequences. The generation of harvest workday sequences will be

discussed later in this section.

The Tulu (1973) simulation is based on soil moisture budgets. His

model includes five weather and two soil parameters. The weather data

are: 1) maximum daily temperature (OF); 2) minimum daily temperature

(OF); 3) daily precipitation (hundredths of an inch); 4) daily open

pan evaporation (hundredths of an inch); and 5) snow condition

(0 8 no snow, 1 8 snow). The soil parameters are water-holding

capacity (in./ft.) and a soil moisture level criterion.
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The soil moisture criterion describes the available water in a

soil layer as a percentage of the maximum available water in the

layer. Maximum available moisture is defined as field capacity minus

wilting point. Tulu (1973) divided the soil profile into three layers.

The first layer occupies the 0.0-to 1.2-inch region. Second and third

layers are at the 1.2-to 3.0-and 3.0-to 6.0-inch depths, respectively.

Each layer is assigned a moisture criterion (Ci) - The top two layers

are assigned a value of 0.985 (Cl - C - 0.985). The third layer
2

criterion will depend on soil type, drainage conditions, and field

operation performed (Tulu, et al., 1974). A brief summary of the Tulu

model follows .

Heat units are accumulated from.the beginning of the year to

determine the date of soil thaw. At spring thaw, the soil presumably

is at the saturation point. The date of spring thaw triggers the

moisture budget. If, on any day, the budget indicates a moisture level

lower than the criterion set for each level, then a workday is said to

have occurred. Conversly, if the budget indicates a higher moisture

level than the criterion for at least one level, then a nondworkday is

recorded. The model continues in this fashion until the soil freezes

in the fall. The model results produce a daily workday record for the

tillage, crop maintenance, and corn harvest operation categories.

Tulu (1973) ran the model for northern Indiana where actual work—

day data existed on three farms for 1 year each. The model gave good

results for spring tillage and fall corn harvest using the C3 values of

0.985 and 1.0, respectively. No validation was undertaken for fall

tillage operations.
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A technique to determine workday availability for harvest of all

crops was needed. Two conditions must exist before harvest can begin:

1) the ability to adequately propel a harvester across the field, and

2) crop moisture should be at an acceptable level.

Von Bargen (1966) describes an open haying day as a day for which

hay-harvesting operations can take place. Three factors: rainfall on

the date, percentage of possible sunshine on the date, and rainfall on

the previous date, determine whether an open haying date occurs.

Using the Tulu (1973) model and the idea of an open haying day

(Von Bargen, 1966) a procedure was developed to predict workday

sequences for soybean, navy bean, wheat, oat and alfalfa harvest.

Tulu (1973) model results for C - 1.00 predict the ability to propel

3

a machine over a field. With the help of extension agronomists

(Helsel, 1979) rainfall levels conducive to harvest were hypothesized.

It is hypothesized harvest workdays can be predicted using Tulu

(1973) model results and rainfall data. A summary of the hypothesized

procedure follows. An alfalfa harvest workday would occur on any day

that: 1) is part of a 3-day workday sequence for C - 1.00; 2) it does

3

not rain; and 3) less than 0.20 inch rain was recorded for the other

days in the C - 1.0 workday sequence.

3

A harvest day for soybeans, navy beans, wheat and oat harvest

is established provided: 1) there is no rain that day; 2) less than

0.20 inch rain was recorded the previous day; and 3) it is a workday

according to the data generated using C3 = 1.0.

The number and distribution of harvest workdays for sugar beets

are equated to the usable days available for tillage during the same
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period. This assumption was drawn after conversations with several

Michigan sugar beet farmers.

It is hoped that the hypothesized method of determining harvest

workdays will be investigated in future studies.

As previously mentioned, the Tulu (1973) model was validated for

Nbrthern Indiana. A new validation was needed for the Saginaw valley

area. The validation would confirm the correctness of the C value

3

selected. The selection of the C parameter for the Saginaw valley

3

and the validation were carried out hand in hand.

While farmers and extension personnel cannot produce workday

records, they can identify a reasonable machinery complement for a

given area. This is the key point to this validation procedure.

Using a water—holding capacity of 1.9 inches per foot (Meints,

1979), several work/no-work day tillage sequences are generated for

different C3 values. The Bad Axe weather station provided weather data

for the years 1949 to 1977. Open pan evaporation for these years was

obtained from the East Lansing station.

Actual data for each of the 28 years are used as input by the

machinery selection model (Chapter 2). The model selects the machinery

complement which accomplishes all work in each of the 28 years for the

given farm and operation date constraints. The selected machinery sets

are ranked from highest to lowest for cost per hectare.

A 162 hectare C-NB farm.was selected for study. The operations

schedule for the farm is presented in Table 3.7. Four machinery

sequences were developed for 03 parameters of 0.970, 0.975, 0.980, and

0.985. Harvest workdays as developed previously are identical for all

comparisons. Results are given in Table 3.8.
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Table 3.7. Operations Schedule for a C-NB Farmf

Starting Finishing Field Work

Operation Crop Date Date hrs/day

**

Harvest Navy beans 8/28 10/01 6

Harvest Corn 10/09 11/12 10

Disking Navy beans 10/09 11/26 12

Fertilizer

spreading Corn 8/28 11/26 12

Moldboard

plowing Corn 8/28 5/14 12

Field Cultivation 1 Corn 4/24 5/14 12

Planting Corn 4/24 5/14 12

Spraying Corn 4/24 5/14 12

Moldboard plowing Navy beans 10/09 6/18 12

Disk harrowing Navy beans 4/10 6/18 12

Field cultivation 1 Navy beans 5/15 6/18 12

Field cultivation 2 Navy beans 5/22 6/18 12

Planting Navy beans 5/22 6/18 12

Cultivation Corn 5/29 6/18 12

NH3 application Corn 5/29 6/18 12

Cultivation Navy beans 6/19 7/09 12

 

*

162 hectare, 1-operator

**

Mbnth/day
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The appropriate moisture criterion for tillage is selected by

identifying the sequence of machine sets most likely to appear for the

given farm and study area. The C3 parameter of 0.980 was selected

because it generated the sequence of machinery sets most likely to

be found on the example farm as judged by extension specialists at

Michigan State university. The selection criterion was based on the

relative ranking of machinery set costs for the four C3 parameters and

personal observations of farms.

3.3 Farm Identification

Data concerning the farm pertain to crop rotation, length of

workday, and scheduled field operations. Crop rotations with alfalfa,

corn, navy beans, oats, soybeans, sugar beets, and wheat are common.

Probable workday lengths for field operations are given in Table

3.9. Field operation sequence and scheduled periods are obtained from

Christenson et al. (1980) and reported in Table 3.10.



74

Table 3.9. Estimated WOrkday Lengths

 

 

Operation Field Werk, hr/day

Corn harvest 10.0

Soybean harvest 8.0 ’

Alfalfa harvest 9.0

Navy bean harvest 6.0/

Wheat harvest 8.0

Oat harvest 7.0

Sugar beet harvest 11.0 ’

Tillage 12.0
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4. ANALYSIS OF DESIGN PROBABILITY CALCULATION METHODS

Selected machinery complements must be qualified with a design

probability. The design probability indicates the number of years out

of 10 for which the selected machinery set could complete all field

work. A design probability of 0.70 would indicate that for 7 out of 10

years, the selected machinery complement would complete all field work

for the given farm, within the specified date constraints.

The design probability allows unbiased comparison of machinery

requirements for different rotations. An unequal design probability

would undersize one machinery set relative to the other, without

accounting for lower productivity of the smaller set. Equal design

probabilities assure that the selected machinery sets are equal in

productive ability.

The best way to determine the design level is to develop machinery

complements for each year's weather data. This is the same procedure

used to determine the workday simulator parameters. From an economic

standpoint, inspection of Table 3.8 shows that a 78 PTOkW tractor and

a 4-row combine would complete all field work on the C-NB farm 23

years out of the sampled 28, for C3-0.980.

The physical design probability may not be that machinery

complement corresponding to cost number 23. The twenty-third largest

tillage tractor is 87 PTOkW. The twenty-third largest combine is

4—rows. Because the model investigates combine-tractor trade-offs

(Section 2.1), a 4-row combine and less than 87 PTOkW tractor may have

been adequate in year 19 but may have cost more than set No. 19 in

Table 3.8.
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The physical design probability must account for tractor size,

combine size, and sugar beet and alfalfa harvest capacity requirements.

Because the model prints only the lowest cost machinery set for each

year and not all satisfactory machine sets, the economic design

probability is used in the following discussion.

The development of machinery sets for each year of available work-

day data, while giving good results, has a drawback. Analysis of labor

vs. machinery, and number of operations vs. machinery requirements,

would necessitate generation of many yearly machinery complements for

the same farm.

Attempts have been made to statistically group workday data.

Burrows and Siemens (1974) determined the 80 percent level of time

available in each work period; these data are then used in their

machinery model. Tulu (1973) developed a unique distribution to

describe generated workday data. Using this distribution function, he

inputted the probability of workdays in each period for his machinery

model.

Singh (1978) considered weekly workday data to be normally

distributed and independent from week to week. By grouping weekly

means and standard deviations together over an operation's scheduled

period, and using areas under the normal curve, a percentage of time

available for work on the given operation can be found. The weekly

number of hours available is a proportion of weekly mean to the sum

of means over the period.

For each method reviewed, the choice of a probability level for

each period translates to an equal design probability level for the

machinery set chosen. Fulton et a1. (1976) point out that a probability
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level assigned to periods does not necessarily imply that the given

probability level will be correct for the entire season. Correlations

may exist between periods during a season.

The computational advantages of using statistically grouped data

are great enough that an unbiased estimation technique was sought. For

comparison, model performance using actual data is determined first.

Three 162 hectare farms, C-NB, C-NB-W-BT, and C-NB-NB-BT were selected V/

for study. Operations scheduled for the farms are shown in Tables 3.7,

4.1 and 4.2. Machinery complements for the three farms were developed

for the 28 years of daily workday data.

Cost per hectare for generated machinery sets are given in Table

4.3. The machinery set cost figure is used as an indication of the

machinery set field capacity. Field capacity is a function of tractor;

implement, combine, alfalfa baler, and sugar beet harvester size.

An analysis utilizing the physical capacity of each implement using 28

machinery sets would be unwieldy. Using the machinery complement cost

simplifies the analysis procedure, while still giving the reader a

feel for the relative field capacities involved.

A C-NB farm (Table 4.3) would require a machinery set costing

248 $/ha to complete all field work within specified data constraints

25 out of 28 years. For three of the 28 years no machinery set could

be found to complete the field work within the specified data

constraints. The inability to complete the field work for the 3 years

out of 28 may be due to the 1 man labor supply, maximum tractor size

of 201 PTOkW or maximum combine size of 8 rows (Section 2.3).

Analysis of crop rotation is made by inspecting machinery set cost

for a single ranking and for the highest rank obtainable. A probability
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Table 4.1. Operations Schedule for a C—NBAWaBT Farm+

Starting Finishing Field Work

Operation Crop Date Date hrs/day

*

Harvest Wheat 7/17 8/06 8

Harvest Navy beans 8/28 10/01 6

Fertilize Wheat 8/28 10/08 12

a/g5Disk harrow Wheat 8/28 10/08 12

Field cult. Wheat 9/25 10/08 12

Plant Wheat‘ 9/25 10/08 12

Topping Sugar beets 10/02 11/12 11

Lifting Sugar beets 10/02 11/12 11

Harvest Corn 10/09 11/12 10

Fertilize Sugar beets 8/28 11/26 12

Flow Sugar beets 8/28 11/26 12

Disk Navy beans 10/09 11/26 12

Fertilize Corn 9/25 11/26 12

Fertilize Wheat 3/20 4/23 12

Spray Wheat 5/01 5/07 12

Field cult. 1 Sugar beets 4/10 5/14 12

Field cult. 2 Sugar beets 4/10 5/14 12

Plant Sugar beets 4/10 5/14 12

Spray Sugar beets 4/10 5/14 12

Plow Corn 9/25 5/14 12

Field cult. Corn 4/24 5/14 12

Plant Corn 4/24 5/14 12

Spray Corn 4/24 5/14 12

Plow Navy beans 10/09 6/18 12

Disk harrow Navy beans 4/10 6/18 12

Field cult. Navy beans 5/15 6/18 12

Field cult. 2 Navy beans 5/22 6/18 12

Plant Navy beans 5/22 6/18 12

Cultivate Sugar beets 5/22 6/18 12

NH3 applic. Corn 5/29 6/18 12

Cultivate Corn 5/29 6/18 12

NH3 applic. Sugar beets 6/05 6/25 12

Cultivate Sugar beets 6/12 7/02 12

Cultivate Navy beans 6/19 7/09 12

 

+162 hectare, l-operator

*

Mbnth/day



 

 

Table 4.2. Operations Schedule for a C-NB-NB-BT Farmf

Starting Finishing Field WOrk

Operation Crop Date Date hrs/day

Harvest Navy beans 8/28 10/01 6

Topping Sugar beets 9/25 11/12 11

Lifting Sugar beets 9/25 11/12 11

Harvest Corn 10/09 11/12 10

Fertilize Sugar beets 8/28 11/26 12

Flow Sugar beets 8/28 11/26 12

Disk Navy beans 1 10/09 11/26 12

Fertilize Corn 9/25 11/26 12

Field cult. 1 Sugar beets 4/10 5/14 12

Field cult. 2 Sugar beets 4/10 5/14 12

Plant Sugar beets 4/10 5/14 12

Spray Sugar beets 4/10 5/14 12

Plow Corn 9/25 5/14 12

Field cult. 1 Corn 4/24 5/14 12

Plant Corn 4/24 5/14 12

Spray Corn 4/24 5/14 12

Plow Navy beans 2 8/28 6/18 12

Disk harrow Navy beans 2 4/10 6/18 12

Field cult. 1 Navy beans 2 5/15 6/18 12

Field cult. 2 Navy beans 2 5/22 6/18 12

Plant Navy beans 2 5/22 6/18 12

Flow Navy beans 1 10/09 6/18 12

Disk harrow Navy beans 1 4/10 6/18 12

Field cult. 1 Navy beans 1 5/15 6/18 12

Field cult. 2 Navy beans 1 5/22 6/18 12

Plant Navy beans 1 5/22 6/18 12

Cultivate Sugar beets 5/22 6/18 12

NH3 applic. Corn 5/29 6/18 12

Cultivate Corn 5/29 6/18 12

NH3 applic. Sugar beets 6/05 6/25 12

Cultivate Sugar beets 6/12 7/02 12

Cultivate Navy beans 1 6/19 7/09 12

Cultivate Navy beans 2 6/19 7/09 12

 

+162 hectare, l—operator

*

Month/day
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Table 4.3. Required Machinery Complement Cost for Twenty Eight Years

of Available Workday Data

 

Machinery complement cost. $/ha

 

 

Ranking+ c-un C-NB-W-BT C-NB-NB-BT

28 * * *

2 7 * * *

26 * * 319

25 248 * 282

24 241 , * 277

23 219 326 243

22 216 299 232

21 215 284 231

20 214 264 231

19 205 257 229

18 192 252 228

17 187 251 220

16 184 251 216

15 184 236 198

14 170 227 197

13 166 218 197

12 164 207 196

11 164 206 196

10 164 205 196

9 164 201 195

8 164 190 184

7 162 190 184

6 150 190 184

5 150 190 184

4 150 190 184

3 150 190 184

2 150 190 184

1 150 190 184

 

+Ranking is based on cost per hectare

*Unable to select a machinery complement capable of completing all

field operations within specified date constraints

**l62 hectare, one-operator



82

of 0.69 corresponding to the 20th year out of 28 (20/28+1-0.69,

Thom 1966) would require machinery sets with costs of 214, 264 and

231 $/ha for C—NB, C-NB-W-BT, and C-NB-NB-BT farms respectively.

Model performance using the Singh (1978) method of available time

determination is compared to performance using actual data. Weekly

means and standard deviations were calculated from.the daily workday

records. The means and standard deviations were combined over each

field operation's scheduled calendar period. using area under the

normal curve and an 80 percent level (i.e., for 8 out of 10 years at

least the calculated amount or more worktime occurs), the total time

for each field operation was determined. Weekly available time is the

ratio of weekly mean to total of means over the scheduled period.

Available hours were inputted to the machinery model. Cost per

hectare for the selected machinery sets are given in Table 4.4 under

the normal distribution heading. The table ranks the cost per hectare

in terms of the Table 4.3 results using actual yearly data. Note the

unequal nature of the rankings. Using the Singh (1978) method an

equal 0.80 design probability level is assumed for each of the three

farms. Comparison to Table 4.3 results show the design probabilities

are actually 0.62, 0.52 and 0.59 for the C-NB, C-NBAW-BT, and C-NB-NB-BT

farms respectively.

The normal distribution method of Singh (1978) overstates the

design probability for the three example farms. Further, the normal

distribution method misleads one to believe the three farms have an

equal design probability when in reality these design probabilities

vary. Using the normal distribution would bias results in favor of the



83

Table 4.4. Model Results for Assumed Available Workday Data

Distributions and Probability Distributions"

 

Farm size-162 hectares, one operator labor supply
 

 

 

WOrkday _ _ _ _ _

probability C NB + C NB W BT + C-NB NB BT +

level $/ha rank $lha rank $/ha rank

Normal Distribution

0.800 192 18 242 15 221 17

Beta Distribution

0.525 185 16 276 20 235 22

0.550 203 18 308 22 253 23

0.575 215 21 344 23 285 25

0.600 219 23 341 23 315 25

 

*

Field operations for each crop are given in Tables 3.7, 4.1, 4.2.

+Rank is in relation to Table 4.3 results, No. out of 28.

C-NB-W-BT rotation since its machinery set costs ranking (actual design

probability) indicates a performance rating lower than the C-NB or

C-NB-NB-BT farms for the same normal curve parameters.

Because of the shortcomings associated with the normal distri-

bution method a second probability distribution was tested. The

weekly mean and standard deviations for workday data were fit to the

beta distribution parameters k and k2 (Naylor et al., 1966). Areas

1

under the beta curve were calculated using the MDBETI subroutine of

the International Mathematical and Statistical Library (1979).

The 80 percent design level was sought. Specifying the 80 percent

workday probability level for each week's data is more restrictive than

specifying that level for an operation's scheduled period. The beta

distribution technique was used in a trial and error setting to



discover a beta percentage level for individual weeks which would

develop an 80 percent design probability for the entire farm.

The selection of beta parameters first focused on harvest

operations to be followed by tillage and planting operations. From

inspection of the actual available harvest workday data, the minimum

hours available 8 out of 10 years were selected (Table 4.5). An

iterative search yielded the weekly beta parameters which recreate the

actual data of Table 4.5.

After the weekly harvest time was found, noneharvest operation

time availability was determined. Since non-harvest operations can

occur over relatively long periods of time and since various non-

harvest field operations compete for the same time, the procedure used

for selection of harvest beta parameters is not applicable to finding

non-harvest beta parameters.

Through trial and error four weekly beta percentages were

selected to be presented in this section. The beta percentages are

52.5, 55.0, 57.5 and 60.0. A beta percentage of 55.0 denotes the

value of the random variable which occurs or is exceeded 55 percent of

the time.

It was desired to select the weekly beta percentage such that the

chosen machinery set exhibited an 80 percent design probability.

Failing the first test it was hoped that the design probability would

be equal among example farms, when comparison was made to design

probabilities generated by selection of machinery sets for each of the

28 years of available workday data.

The work time available for harvest was combined with each non-

harvest available workday data set. The combined time set was
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Harvest Beginning Ending Work Hours Total Hours

Operation Date Date Per Day in Period

Navy beans 8/28* 10/01 6.0 82.3

Soybeans 9/25 10/22 8.0 75.4

Wheat 7/14 8/06 8.0 61.7

Oats 7/24 8/13 7.0 60.0

Sugar beets 9/25 11/12 11.0 132.0

Corn 10/09 11/12 10.0 162.9

Alfalfa first 5/22+ 6/11 9.0 88. 7

Alfalfa second 7/10 7/23 9.0 54.0

Alfalfa third 8/21 9/03 9.0 61.8

 

*

Month/day

+Usable hours during week 5/22 are reduced by one-half to approximate

a starting date of 5/25.

at

8 out of 10 years at least the listed harvest hours would occur,

based upon the 28 year available workday data set developed in

Section 3.2.

processed as input for the machinery model. Results appear in

Table 4.4 under the beta distribution heading.

It is hypothesized that a beta percentage can be found to

recreate any design probability. The 52.5 to 60.0 beta percentage

range produced actual design probabilities of 0.55 to 0.79 for the

C-NB farm. A beta percentage of 52.5 recreates the 55 percent design

level for a C-NB farm. However, the 52.5 percent beta level does not

produce equal design probabilities for all farms in Table 4.4.

Thus the beta distribution technique can be used, in all likely-

hood, to find an 80 percent design probability for a particular farm.

The beta percentages selected for a particular crop rotation could not

be used to analyze other crop rotations, since the results in
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Table 4.4 show unequal design probabilities between crop rotations for

any given beta percentage level.

One final test of the beta and normal distribution methods was

made. Since the beta and normal distribution methods could be used to

find a particular design probability on a single given crop rotation,

they were tested for the case where the field operation schedule was

modified. Deletion of one operation was arbitrarily selected for the

test .

The results shown for the three farms listed in Tables 3.7, 4.1,

and 4.2 were adjusted by deleting fall disking. Model results for

actual data use are given in Table 4.6, probability distributions are

presented in Table 4.7.

The deletion of fall corn stalk disking lowered the machinery set

cost associated with a given design probability Table 4.6 vs. Table 4.3.

Focusing on the 0.69 design probability (rank-20), cost reductions were

48, 5, and 11 $/ha for the C-NB, C-NBeW-BT, and C-NB-NB-BT farms

respectively. The reduction in cost is expected as the workload is

reduced on the farm.

Inspection of Tables 4.7 and 4.4 show the model results for both

normal and beta distribution methods to have changed. The beta

distribution method utilizing a 52.5 percentage yielded a C-NB farm

with a rank of 16. Deletion of fall disking changed the rank on the

C-NB farm to 19 for the same 52.5 beta percentage. As in the previous

discussion a given probability level generated unequal design prob-

abilities between the example farms. Thus, work with statistically
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Table 4.6. Required Machinery Complement Cost for Twenty Eight Years

of Available Werkday Data++

 

Machinery complement cost, $/ha
 

 

mum? on ommar 04mmar

28 * * *

27 233 * *

26 224 * 317

25 210 * 262

24 202 * 241

23 193 289 235

22 186 280 226

21 167 259 223

20 166 259 220

19 164 246 200

18 164 242 199

17 163 240 196

16 162 231 195

15 162 217 195

14 161 208 195

13 161 206 195

12 160 205 195

11 160 204 194

10 160 189 194

9 149 189 183

8 149 189 183

7 149 189 183

6 149 189 183

5 149 189 183

4 149 189 183

3 149 189 183

2 149 189 183

1 149 189 183

 

+Ranking is based on cost per hectare of each machinery complement.

*Unable to select a machinery complement capable of completing

all field operations within specified date constraints.

++162 hectare, one-operator farm, and deletion of corn stalk

disking operation.
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Table 4.7. Model Results for Assumed Available Workday Data

Distributions and Probability Distributions Under a

Modified Operations Schedule

 

 

 

Workda Farm size-162 hectare, one operator labor supply

y C-NB C-NB-W-BT C-NB-NB-BT
probability + + +

level $/ha rank $/ha rank $/ha rank

 

Normal Distribution

0.800 167 21 231 16 201 19

Beta Distribution

0.525 165 19 257 19 221 20

0.550 184 21 290 23 ' 242 24

0.575 190 22 323 23 266 25

0.600 193 23 316 23 298 25

 

*

Field Operations are given in Tables 3.7, 4.1, 4.2, except fall

disking of corn stalks is excluded.

+Rank is in relation to Table 4.6 results, No. out of 28.

grouped data was halted. Design probabilities are found by generating

machinery sets for each year and selecting the appropriate set from the

ranking.

In summary, design probabilities must be determined by using

actual yearly data in the machinery model. Statistically grouped data,

for normal and beta distributions, were unsatisfactory for use in

design probability determinations. Comparison of machinery sets using

statistically grouped data may lead to biased conclusions because

machine set productivity may not be equal between complements.



5. RESULTS

Results for farm size, labor supply, and.design probability are

discussed. A sensitivity analysis of machinery cost and fuel use is

provided. Results for net return to land, including crop receipts,

operating costs, machinery and labor costs are also provided.

5.1 Net Returns to Land

Sixteen crop rotations are considered for analysis. For each

rotation, 28 machinery complements corresponding to each year of workday

data were developed. For illustrative purposes the machinery set with

the 20th highest cost (0.69 design probability) was used in the

comparison. Equally valid net return to land comparisons could be

made for design probabilities other than 0.69. Labor supply was

restricted to one full-time operator. Farm size was set at 162

hectares.

Machinery expenditure is only one aspect of the farm's total cost.

The gross income, operating expenses, crap hauling and drying costs,

and labor expenses must be known. Expected-yield relationships among

crops for the Saginaw Valley region are shown in Table 5.1 (Christenson

et al., 1980). Crop prices, seed, fertilizer, herbicides, insecti-

cides, crop hauling and drying, and labor costs are obtained from

Christenson et al. (1980). Crop prices are listed in Table 5.2.

Table 5.3 summarizes income and expenses for each farm. Substan-

tial variations in net returns per hectare to land exist. The
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Table 5.2. Estimated Crop Prices

 

 

Crop Price, $

Corn 0.09/kg

Navy beans 0.44/kg

Soybeans 0.23/kg

Sugar beets 25.90/Mg

Wheat 0.12/kg

Oats 0.10/kg

Alfalfa 60.63/Mg

 

Source: Christenson et al. (1980)
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O/ArArArArArC-C-C rotation produces a negative net return, -$7.88 per

hectare. The C-NB-NB-BT rotation offers the highest net return at

$239.87 per hectare. Of the top 10 rotations, 8 contain sugar beets.

Forty percent of the Saginaw valley farms surveyed in 1974 had contin-

uously, either 3 years of navy beans or navy beans and beets

(Christenson at al., 1980). The C-NB-NB-BT rotation, which fits this

category provides the highest net return to land.

Rotations containing only navy beans, corn, soybeans, and.wheat

generally produced average net returns. Rotations containing more

than 1 year of alfalfa were usually the poorest performers.

The net returns exhibit a $247.75 per hectare range between

C-NB-NB-BT and O/ArArArArArC-C-C rotations. The gross return differ-

ences between the two farms account for $158.15. Hauling, drying, and

input costs account for a difference of $11.54 in net returns;

machinery expenditure account for another $78.06 of the net return

difference.

When conducting a crop rotation analysis the reliability of the

rotation must be addressed. The probability of a crop failure may be

higher for navy beans than for soybeans. Weather influences not only

the machinery complement required but also crop yield. The risk

issues involved in determining the gross income and cost figures other

than machinery cost are beyond the scope of this dissertation. The

reader should consult Hoskin (1981) for further details on risk issues

of crop rotations.

V
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5.2 Crop Rotation Impact on Machinery Requirements v/

A more detailed look at machinery costs for the 16 rotations

follows. Machinery expenditures are ranked from highest to lowest in

Table 5.4. The highest cost machinery set is for C-SB-BT farm at

$338.11 per hectare. The high cost for the C-SB—BT farm is due

partly to the fall harvest competition. All three crops must be

harvested between September 25th and Nbvember 13th. The sugar beet

ground must be plowed in the fall (Table 3.10) and plowing can not

begin until soybeans are harvested.

The O/ArA-ArC-C-SB-C and C-C-NB-BT farms have similar machinery

costs. The rotations involving alfalfa have relatively high machinery

costs for several reasons. The mower-conditioner, rake, and baler

are specialized equipment not needed for farms where alfalfa is not

included in rotation. The alfalfa rotations need the special equip-

ment plus combine, tillage and utility tractors, etc. Alfalfa

harvest is in direct conflict with soybean and navy bean planting,

cultivation, and ammonia application. With only one operator, large

machinery is needed to accomplish the large work load that falls

between May 22 to June 12 -- the scheduled time for alfalfa harvest.

Sugar beets also require specialized equipment, e.g. beet topper

and lifter; therefore, their costs are relatively high. Sugar beet

ground must be plowed in the fall and a large tractor may be needed for

the task. The sugar beet lifter is a heavy draft implement and tends

to require a large tractor.

The remaining machinery costs can be rationalized by the demand

for time by field operations. The C-SB and C-NB farms differ in cost
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because the harvest date is earlier and the planting date is later for

the navy beans on the C-NB farm. Harvest begins a month earlier for

navy beans, thus bean harvest competition with corn is less and more

time is available for fall tillage. The later planting date for navy

beans increases the time for spring tillage.

Machinery costs for the NB-C-SB farm are less than for either

C-SB or C-NB farms because of the advantage of the earlier harvest and

later planting dates for navy beans, and in any week the required work

is less, so the work load is more evenly distributed. On equal-sized

farms less work is required during corn planting on the NB-C-SB farm

than on a C-NB or C-SB farm because corn acreages are larger on those

farms.

5.3 Labor Supply, Farm Size, and Design Probability Analysis

Labor supply, farm size, and design probability analyses are

outlined in Tables 5.5 through 5.8. Three farm sizes (182, 283, and

404 hectare), three labor supplies (1.0, 1.5, and 2.0), and four design

probability levels are studied. Design probability ranges between

0.48 and 0.79.

Table 5.5 gives results for the 0.79 design probability. A

satisfactory machine set was selected for fewer than one-third of the

farm size/labor supply combinations. While one could expect a

machinery set for a one-operator, 162 hectare farm to be satisfactory

for a two-man, 283 hectare farm, this is not always the case

(Table 5.5). Often the extra labor may not be fully utilized because

constraints exist on operation assignment to tractors.
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Smaller tractor power levels than currently exhibited in 1.5 or

2.0 operator farms may result if the extra labor could be fully

utilized each week. Smaller power units are associated with lower

cost. However, the decreased cost would be somewhat offset by the

multiple units of implements required to fully occupy the second

laborer. Since the model cannot be used to analyze implement assign-

ment to more than one power unit, this area was not investigated.

Results for the 0.69 design probability show a higher rate of

satisfactory machinery complement selection than at the 0.79 level

(Table 5.6). The 0.10 drop in design probability caused a $93.00 per

hectare drop in machinery system cost for a 162 hectare, one-man

O/A-A-NB-BT farm.

The results for the 162 hectare, one-man farm.at 0.69 design

probability are identical to those in Section 5.1. The additional

labor supply results in a machinery cost per hectare reduction for

the 162 hectare C-NB farm. Employing an additional half-time worker

would reduce the machinery cost per hectare by $44.00. Adding a

second half-time worker reduces machinery cost by only $8.00.

The $44.00 per hectare cost reduction translates to a total

reduction of $7,128.00 for the farm. The extra labor could be paid up

to $7,128.00 per year and the net returns to land would exceed that on

a one-man farm. The labor—machinery trade-off at a 0.69 design

probability ranged from a low of $31.00 per hectare for a 162 hectare

NB-CPSB farm to $81.00 per hectare for a 162 hectare C-SB-BT farm.

The cost reduction of $81.00 per hectare translates to a $13,122.00

total annual reduction for the farm or $122.00 more than that estimated

for the family labor cost (see Table 5.3).
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Other cost comparisons are possible using data from Table 5.6.

The machinery set cost reduction for a move from a 162 hectare, one-

operator to a 283 hectare, two-operator O/ArArA-C-C-SB-C farm is

$119.00 per hectare.

Tables 5.7 and 5.8 show results for the 0.59 and 0.48 design

probability levels, respectively. Even at the 0.48 design probability,

all of the work would not be completed on many of the 404 hectare

farms. As design probability increases, so do machine costs (see

Table 5.5 through 5.8). A 162 hectare, one-operator O/ArArNB—BT

rotation ranges from $236.00 to $391.00 per hectare for the 0.48 to

0.79 design probabilities, respectively. Similar ranges exist for the

other 15 crop rotations. The cost of different design probabilities

point out the flexibility a farmer has when investigating machinery

vs. timeliness costs.

Looking at machinery set costs for different design probabilities

allows one to see how costly a relative change would be from a

machinery standpoint. If a decision is made that 69 percent of the

years all_fieldfltasks_should_be completed within certain time periods,

a quick check can be made to see what impact a 79 or 59 percent level

might make.

The technique in reality is allowing the investigator to put a

machinery cost figure alongside different risk levels of field work

completion. For a more complete discussion of risk issues including

yield and price issues the reader is referred to Hoskin (1981).
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5.4 Sensitivity Analysis

Tables 5.9 through 5.12 list eight sensitivity tests under four

design probabilities. For illustrative purposes and because the

results are similar for all cases, the discussion will focus on the

0.69 design probability (Table 5.10).

Sensitivity analysis allows the farmer to investigate individual

machinery system questions. Model output is studied for a single

given change in input value or model parameter. The farmer, by

looking at a single management option for his operation, can see the

relative impact the alternative makes on the entire system.

The first test was to limit planter size to an 8-row maximum.

The results of this test (run No. 2) show a system cost reduction for

O/ArA-ArC-C-NB-C and a cost increase for C-C-NB-W, C-NB-W-BT, and

C—SB-BT farms. Two factors, the reduced cost of the 8-row planter and

the increased tillage capacity needed to offset the loss in planting

capacity, are responsible for the cost differences.

The results indicate that the NB-C-SB farm.machinery set

described in run number 1 used an 8-row planter since its cost is

exactly equal to the machinery set described in run number 2. For

the cases where total cost decreased, the additional expense associated

with the increased tillage capacity was more than offset by the reduced

expense of the lowered planting capacity. Conversely for the cases

where machinery set cost increased, the additional expense associated

with increased tillage capacity was more than the reduction in expense

due to reduced planting capacity.
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Model run No. 3 is for an extension of all spring planting dates

by one week. Comparison to the base run shows a range in cost

decreases from $5.00 per hectare for C-NB-WeBT to $59.00 per hectare

for O/AeArArC-C-NB-C rotations.

The large cost decrease for the O/ArArArC-C-NB-C farm is due to

the reduced competition between alfalfa harvest and navy bean planting.

The expanded spring planting period had a relatively smaller impact

on crop rotations whose planting is spread more uniformly throughout

the year. One could expect the expanded spring planting periods to

have a greater impact as farm size is increased.

For the O/ArArArC-C-NB-C rotation the cost of the yield reduction

for the delayed planting on the whole farm must be less than $59.00

per hectare to make the expanded planting period profitable. Only

the portion of the crop planted in the extra week would be included in

the timeliness penalty. In reality a yield reduction greater than

$59/hectare would be acceptable for the crap planted in the extra

week since the portion of the crOp planted within the original date

constraints would have no relative yield reduction.

Fall disking of corn stalks is excluded in model run No. 4. Cost

differences ranged from $5.00 to $60.00 per hectare for the C-NB‘W-BT

and O/ArA-A-C-C-NB-C rotations, respectively.

Three factors account for the cost decreases associated with the

elimination of fall disking. Fewer field operations mean less tractor

power is needed on the farm as a whole. Removal of a fall tillage

operation allows more fall plowing to take place. As more plowing is

accomplished in the fall, less tillage tractor power is needed since

the workload is spread more evenly throughout the year. Finally,

V}
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the elimination of fall disking could free up enough labor time such

that a smaller combine, operated for a longer period, might be

feasible. It is not known whether disking corn stalks will effect

yields of the following crops. using 46 centimeter plow bottoms or

keeping a 40-centimeter plow adjusted such that fall disking is not

required could return as much as $60.00 per hectare for the

O/AeArArC-C-NB-C rotation.

One and two extra spring field cultivations for each crop are

considered in model run No's. 5 and 6, respectively. The cost

increase ranged from $2.00 per hectare for the O/AeAeAeC-C-NB-C farm

to $22.00 per hectare for the C-NBeW-BT farm in run No. 5. Cost

increases for two extra field cultivations ranged between $4.00 per

hectare for the O/ArArAeC-C-NB-C farm to $46.00 per hectare for the

C-C-NB-W rotation.

Several items account for cost increases associated with extra

field cultivations. The crop rotation in question plays a significant

role. Wheat and alfalfa require no spring field cultivations. Crops

with relatively early planting dates (i.e. corn, sugar beets, and oats)

find less good weather per week for planting than crops with later

planting dates (i.e. navy beans and soybeans). Finally, the ability

to shift plowing to the fall is a factor. As tractor size is increased

not only will the field cultivation capacity increase but the time

available might also rise. The extra time would occur because the

increased tractor size allowed more fall plowing, thus freeing up

previously allocated time in the spring for field cultivation.

The results for model run No's. 7 through 9 are not applicable

to the farmers case directly. The tests are designed to analyze



110

different available workday data sets. The person putting the model

into practice is cautioned to study the results to get a feel for the

impact available workday data sets have on model performance.

The base run is for C3 (Tulu moisture criterion) - 0.980. Cost

reductions for the less restrictive C3 value of 0.985 ranged from

$18.00 per hectare for NB-C-SB to $69.00 per hectare for the

O/ArArArC-C-NB-C rotation. At the more restrictive C3 values of

0.970 and 0.975, cost increases ranged from $21.00 to $60.00 per

hectare for NB-C-SB in tests 7 and 8. For the case of C3 - 0.970 no

satisfactory machinery set could be found on any farm except for the

NB-C-SB rotation.

The results point out the care which must be taken when selecting

the available workday data set. The requirement of available workday

data validation is obvious after looking at the results.

5.5 Fuel use

Diesel fuel usage is calculated for each selected machinery set

(Table 5.14). Inspection of the C-C-NB-BT farm (Table 5.13) shows

fuel use varies for each of the 23 selected machinery sets.

One could expect machinery sets in Table 5.13 to consume equal

fuel amounts, since each accomplishes the same work. However, fuel

use per hectare generally increases with tractor size. Minimum fuel

use occurs with a tractor loading rate of 0.82 (Equation 2.2). As

tractor size increases, loading rate decreases because of the speed

constraints for many implements. When the loading rate moves away

from 0.82, fuel efficiency decreases.
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Table 5.14. Average Diesel Fuel Use of Field Operations+

 

Crap Rotation Diesel Fuel Use, L/ha

 

C-NB-NB-BT

C-NB-BT

C-NB‘W—BT

O/ArArNB-BT

C-C-NB-BT

NB-C-SB

C-SB-BT

C-NB

O-NB-BT

C-SB-W-BT

c-ss

boom

O/A-A-ArC-C-NB-C

c-c-ss

O/ArArA-C-C-SB-C

O/APAPAPAPAPC-C‘C

88.0

90.9

78.3

83.8

88.7

77.1

88.7

80.8

87.7

77.1

70.2

70.2

75.9

76.4

73.9

72.4

 

+162 hectare, l-operator farms. Does not include transport.
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To eliminate variability between individual machinery sets, fuel

use was averaged over all satisfactory machinery sets_fgrfleaghd’ V//

rotatign: Fuel consumption results are shown in Table 5.14.
Ki...

Rotations described in Table 5.14 are listed in the same order as the

net returns to land analysis offered in Table 5.3.

It was noted previously that crop rotations with sugar beets have

the highest net returns to land; they also use the most diesel fuel.

Usage ranges between 70.2 liters and 90.9 liters for C-C-NBAW and

C-NB-BT farms, respectively. The 20.7 liter difference is significant

from a physical standpoint. The economic significance of this

difference decreases when the cost of the 20.7 liters (20.7 liters X

0.20 $/liter - $4.14) is compared to the net returns differential of

$140.65 per hectare between the two farms (Table 5.3).

Only diesel fuel usage is analyzed. Direct energy for fertilizer,

crop transport, insecticides, herbicides, and crop drying is not

included in the research study. A complete energy analysis would also

require measures of indirect energy use for each rotation.

Fuel use sensitivity is investigated in Table 5.15. The same

model runs are used as in Section 5.4. In general only slight

variations occurred between runs. The major changes occurred when

the amount of field work changed.

The most significant changes occurred for model run No's. 4

through 6. Run No. 4 (deletion of fall corn stalk disking) caused a

slight reduction in fuel use. One or two extra field cultivations

added enough work to make a noticeable difference in fuel use per

hectare.
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For all other model runs the fuel use variations are due to the

loading rate of the tractors as discussed previously in this section.

The amount of field work accomplished for sensitivity tests 2,3,7,8,

and 9 does not vary and thus the fuel use does not vary except due to

the tractor loading rate influence.



6. SUMMARY AND RECOMMENDATIONS FOR FUTURE WORK

The following conclusions are made:

1) The machinery selection model is useful in a farm decision

framework because:

a) The model predicts the number and size of the machinery

required for a given enterprise organization.

b) The model provides an estimate of annual machinery cost.

c) The model points out relative differences in management

strategies. While an absolute answer from a model is

always open to debate, the relative difference between

management strategies is believed accurate.

d) Model logic is simple; therefore, it has relatively

more value in an interdisciplinary study. The straight

forward logic is also easily understood by audiences

unfamiliar with computer modeling.

e) The model can easily be part of an experimental design.

Alternative management strategies can be studied by

operating the model for each alternative and analyzing

the output.

f) Tillage methods employed in the current model can be

easily modified.

g) Custom hire of non-harvest field operations can be

simulated by excluding the operation in the input data

list.

116



117

2) The results show:

a)

b)

e)

d)

Actual workday data use is superior to probabilistic

workday data use. Probabilistic workday data cannot

capture the correlations between calendar periods in a

single year. use of actual workday data does not pose

a computing expense problem when only yearly sumary

statistics are printed in the output file.

Crop rotation has a significant impact on machinery

complement requirements. The results show a $247.75 per

hectare difference between the extreme machinery comple-

ment costs for C-NB-NB-BT and O/ArArArArArC-C-C farms

(Table 5.3).

Crop rotation affects field machine fuel usage. The

difference between the C-NB-BT and C—C-NBAW farms was

20.7 liters per hectare (Table 5.14). The fuel use

figure, while being significant physically, accounts for

only 3 percent of the net returns differential between

the same rotation (fuel cost - 0.20 $/L, net returns

differential - $140.65/ha (Table 5.3)). Field machinery

fuel usage is generally highest in crop rotations

containing sugar beets.

The number of tillage operations effects both fuel use

and machinery complement size requirements. This result

could easily be presented to farm operators in a farmer

workshop setting. The addition of two extra spring field



e)

f)
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cultivations would necessitate their being worth $46.00

per hectare in increased yields for a 162 hectare, one-

operator C-C-NB4W farm (Table 5.10).

IModel results can be sensitive to specification of

field operation date constraints. An expansion of spring

planting period by one week decreased cost significantly.

The increased planting periods reduced machinery cost

$59.00 per hectare for a O/ArArArC-C-NB-C farm (Table

5.10).

The model results were sensitive to changes in available

workday generator parameters. A $60.00 per hectare

difference was found for the extreme workday data

generator parameters on a NB-C-SB farm (Table 5.10). This

result points out the necessity of collecting available

workday data in the field for validation purposes.

3) The "backwards" approach to parameter validation (Chapter

4)

5)

3.1.1) is a quick and effective method.

The model and use of the "backwards" approach should be

useful to check current data bases.

The model results should be helpful to farm operators. In

particular the model addresses: machinery cOst associated

with design probabilities; choice of date constraints;

impact of enterprise mix; and effect of tillage equipment

and practice.

Research should proceed in the following areas:

1) Set up stations to check the workday generator parameters.



2)

3)

4)

5)

6)

7)
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Include a crop transport, drying and storage component in

the model.

Combine and fourdwheel drive tractor selection parameters

may need more study. Combine technology is dynamic; capacity

rates may be different from those currently predicted. The

literature points out a tractive efficiency advantage for

fourdwheel drive tractors; this may require incorporation

into the present model.

The model should be modified to allow excess labor to do the

same field work as the primary labor (i.e. both operators

could row cultivate or disk at the same time). At present

the fixed tractor assignment to operations could lower

productivity by idling one tractor and laborer in multi-

operator farms.

Using an experimental design procedure, an investigation

should be made to determine the optimum planting and harvest

periods. The effect and cost of timeliness could be a study

itself.

The model should be expanded to include labor supplies

greater than two operators. This change would involve use

of multiple combines; tillage and utility tractors. The

change would allow consideration of larger hectare production

units.

The model, as part of a whole farm analysis, should be

presented to farm operators in a workshop setting.
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APPENDIX A

FIELD MAmINERY SELECTION MODEL FORTRAN LISTING
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Table A.l Input Data Format

 

 

Line

Number Variable Format

1 RA1,RA2 2A10

2 ISIU, TACRE I1,F10.2

3-1+ I,ACRE(I) IZ,F10.2

1+1~m+ I,J,ORDER(I,J) 212,F10.2

nfld PCTHRD,ALFYLD 2F10.2

m+2-n+ ISTART,IEND,IOPER,ICROP,IEND2 ZIS,ZI3,IS

n NPRINT,NFF,IBEGIN,IFINSH,ICMPLT,IZCOMB, _

IZBEET,TRHPBIG 713,F10.2

Tape 1* T,B,A,C F8.4

 

+Last line of data must equal zero to signal the end of section.

*Available workday data. Data is read from Tape 1 input file.

T: Z of week available for tillage, planting or sugar beet harvest

B: Z of week available for combine operations except corn harvest

A: Z of week available for alfalfa harvest operations

C: 2 of week available for corn harvest, fertilization and spraying

Farm input data.

RA1,RA2: Crop rotation name

ISIU: Unit Indicator (O-English, l-SI)

TACRE: Total crop area considered

I,ACRE(I): Percentage of total area in each crop I (see BLKDATA

subroutine)

I,J,ORDER(I,J): Supply—Demand matrix for harvested ground (see

section 2.6, BLKDATA subroutine, and Figure A.1)

PCTHRD: Percentage of extra laborer available

ALFYLD: Alfalfa yield (t/acre or Mg/ha)

ISTART: Starting date of field operation (month/day)

IEND: Ending date of field operation (month/day)

IOPER: Field operation number (see BLKDATA subroutine)

ICROP: Crop number (see BLKDATA subroutine)

IENDZ: Date for which field work must be halted in the fall

NPRINT: Output print control variable (l—summary statistics, 2-#1

plus, machinery set and cost tables; 3-#2 plus, weekly work

schedule; 4-#3 plus, combine and tractor sizing information

NFF: Output print control variable (0-28 year run, selecting 0-2

machinery sets; l-less than 28 year run, selecting 0-2 machinery

sets; 2-less than 28 year run, testing a specific machinery set

IBEGIN:

IFINSH:

ICMPLT:

IZCOMB:

IZBEET:

TRHPBIG:

Starting year of weather data to be considered by model

Ending year of weather data to be considered by model

O-selection of machinery set, l-testing of specific machinery

set

Combine size (rows)

Sugar beet harvest capacity (level 1-5, see Table 3.4)

Tillage tractor power level
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Figure A.1 Supply (harvested crop land) - Demand (first field

operation) Matrix+

 

Supply(i)
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Corn 1

 

Corn 2

 

Wheat 1

 

Wheat 2

 

Oats l

 

Oats 2

 

Navy beans 1

 

Navy beans 2

 

Sugar beets l

 

10 Sugar beets 2

 

11 Soybeans 1

 

12 Soybeans 2

 

13 Alfalfa 1

 

14 Alfalfa 2         
 

+Used to determine values for data variable ORDER(I,J), see Table A.l

I-Supply number (1-7), J-Demand number (1—14), ORDER(I,J) = value in

matrix cell (1,1), (0.0-1.0).

of the total crop acres.

value in each cell represents a percent
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APPENDIX C
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APPENDIX D

MODEL OUTPUT FOR A C-NB FARM; USING 28 YEARS OF AVAILABLE

WORKDAY DATA, SUMMARY STATISTICS ONLY
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APPENDIX E

MODEL OUTPUT FOR A C-NB FARM; USING THE NINTH YEAR OF

AVAILABLE WORKDAY DATA, COMPLETE SET OF STATISTICS
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TILLAS
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CORY

NAVY 5N8

.EFK

CROP

171

UORK SCHEDULE

E TRACTOR KTLOUATT= 7003 SECOND TRACTOR K1LOUATT= 7803

OF 828 COHEINEz 10.3 TILLAGC TRACTOR: 2507 UTILITY TRACTOR: 701

OPERATION HECTAREUK HECTARETOT TIPE HLCTARES’HR “AXIHUH HOURS

5 PC(Up HEAD 2109 2109 10029 2012 10029

FEET SPPOR 21.9 21.9 2.12 10030 61.71

"E PLOU 21.9 2109 25066 085 61.71

0‘ 904 COUBINE= 27.8 T1LLAGE TRACTOR: 28.2 UTTLITY TRACTOR: 5.7

OPERATION HECTAREUK HECTARETOT TIHE HECTARCS/HR "AXIHUV HOURS

5 PCRUP UEAO 59.1 8009 27.81 20 2 27.81

gERT SPROR 59.1 90.9 507. 10.30 61.71

‘5 PLOU 2‘00 “508 28017 .85 61071

CF 911 COVBINE: 0.0 TILLAGC TRACTOR: 0.0 UT1L1TY TRACTOR: 0.0

OF 918 COHBINE: 0.0 TILLAGE TRACTOR: 1003 UTILITY TRACTOR: 0.0

O’ERATION PECTAREUK HECTARETOT TIHE HECTARES/HR ”AXIFJM HOJRS

“a PLOU .. 5406 10029 .55 100 2

0‘ 925 COUOINE= 0.0 TILLAGE TRACTOR: 30.9 UTIL1TY TRACTOR: 0.0

OPERATION HECTAREUK HECTARETOT TIME HECTAPCS’HR ‘AYIUJV HOURS

H3 PLO“ 26.3 3009 30.9. .85 61.71

OF 1002 COMBINE: 0.0 TILLAGC TRACTOR: 0.0 UTILITY TRACTOR: 0.0

OF 1009 COVBINE= 6000 TILLAGC TRACTOR: 1200 UT1L1TY TRACTOR: 0.0

OPERATION HECTAREUK HECTARETOT TIHF HECTARES/HR NAKI'UH HOURS

CORN HEAD 57.A 570. 60000 096 60.00

1 019K 0306 43.6 12000 306‘ 72.00

3‘ 1016 COHBINE: 2A06 TILLAGE TRACTOR: 0.0 UTILITY TRACTOR: 0.0

OPERATION HECTAREUK HECTARETOT T1": HECTARCS’HR ‘AX1'UF HOURS

CORN HEAD 2305 8009 2A061 096 29061

Or 1023 CO"8INE= 0.0 TILLAGE TRACTOR: 000 UTILITY TRACTOR: 000

OF 1030 COH31NE= 0.0 TILLAGE TRACTOR: 0.0 UTILITY TRACTOR: 0.0

0’ 1106 COYBINE= 0.0 TILLAGE TRACTOR: 10.3 UTILTTY TRACTOR: 0.0

OPERATION HECTAREUK HLCTARETOT TIEE HECTAPES’HP WAXIHUF ”9025

1 OISK 37.3 ”009 10025 3.6 19.20

1 P5 OLOU .0 00 .04 .85 10029

Or 1113 COMBINE: 000 TILLAGL TRACTOR: 000 UTILITY TRACTOR: 0.0

Of 1120 COPBI~E= 0.0 TILLAGE TRACTOR: 0.0 UTILTTY TRACTO°= 0.0

0‘ .10 CO”PI~C= 0.0 TILLAGC TRACTOR: 30.9 UTILITY TRACTOR: 0.0

OPERAT1ON HECTARFUK HECTARCTOT T1HE HECTARES’HF MAXIVUF HOOPS

1 H3 PLOH 19.8 A1908 23028 .35 .0.86

1 015K HRRU 19.8 1°08 7055 2.62 30.96

OF A17 COMBINE: 0.0 TILLAGE TRACTOR: 30.9 UTILITY TRACTOR: 0.0

OPERATION HECTARFUK HECTARETOT T1": HECTARCS’HF "AXIMUN HOURS
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CROP

CROP

NAVY BN5

1 ”3 PLOH 19.3

1 015‘ HRRU 1908

Of 42A COMBINE“ 0.0

OPFRATIO" HECTARCUK

FLO CULT 1 57.5

PLANTCR 57.5

SDRAYER 57.5

OF 501 COMBINE: 0.0

OPERATION HECTAREbK

FLO CULT I 23.5

PLANTEp 23.5

$°RAYFR 23.5

1 “3 PLOd 35.0

I DISK HRPU 3500

OF 508 COMBINE: 0.0

OPERATION HECTAREUK

1 "3 PLOH 6.3

1 DISK HRRU 603

OF 515 COHBIWC= 0.0

OPERATION HECTAREUK

1 FLO CULT 1 80.9

"F 522 COM3INE: 0.0

OPERATION HECTASFUK

1 FLO CULT 2

1 PLANTCR 80.9

OF 529 COMBINE: 0.0

OPERATION HECTAREUK

RCH CULT 80.

NH3 APPLIC 80.9

OF 605 COMBINE: 0.0

or 612 CSFBINE: 0.0

OF 619 CCVBINE: 0.0

OPERATION HECTAREJK

1 R00 CULT 8 .

OF 626 COVBINC= 000

OF 703 COMBINE: 0.0

172

39.7 23.29 85

39.7 7.57 2.62

TILLAGC TRACTOR: 15.3 UTILITY

HECTARCTOT TIME HECTARES/HR

57. 15.80 3.64

57. 15.06 3.81

57.5 12.01 “.78

TILLAGC TRACTOR: 60.9 UTILITY

HECTARETOT TIME HECTARCS/HR

50.9 6046 3. 69

00.9 6.16 3.91

"009 “.91 9.78

7A.7 “1.11 .85

74. 13.37 2062

TILLAGF TRACTOR: 9.7 UTILITY

HECTARETOT ;IHE HECTARES/HR

80.9 035 .85

30.9 2.39 2.62

TILLAGL TRACTOR: 22.3 UTILITY

HECTARETOT TIRE HECTARES/HR

00.9 22025 3.60

TILLAGE TRACTOR: 22.3 UTILITY

HLCTARETOT TIRE HECTARES/HR

30. 22 .25 3.69

30.3 21.22 3.81

TILLAGC TRACTOR: 0.0 UTILITY

HECTARETOT TIHC HECTARES/HR

80.9 10.21 5.70

80.9 10.65 A034

TILLAGC TRACTOR: 000 UTILITY

TILLAGC TRACTOR: 0.0 UTILITY

TILLAGC TRACTOR: 0.0 UTILITY

HECTARETOT TIHL HECTARESIHR

80.9 10.21 5. 0

TILLAGE TRACTOR= 0.0 UTILITY

TILLAGE TRACTOR: 0.0 UTILITY

30 .86

30 .95

TRACTOR: 27.1

RAXIHUH HOURS

30.8%

B

29O
M

(
7
‘
0

TRACTOR: 11.1

HAXIHU" HOURS

N
N
N
N
N

N
I
V
I
'
U
A
)
”

0

0

0

0

0 0
0
0
°
C

TRACTOR: 0.0

MAXIPUM HOURS

61.71

61.71

TRACTOR: 0.0

MAXIMUM Hnuns

61.71

TiACTOR: 21.2

«AXIrUM HOURS

7 .

72.00

TRACTOR: 32.9

naxtzuv HOURS

1.1‘

41.1‘

TRACTOR: 0.0

TRACTOR: 0.0

TRACTOR: 1A.2

"AYIHU" HOURS

41.14

TRACTOR: 0.0

TRACTOR: 0.0
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TRACTOR KILCUATT: 78.3

"SIRE: 60.0
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UORK SCHEDULE

TILLAGE TRACT3R= 30.8

HECTARETOT TIME HECTARES/HR

26.2 10.29 2 55

26.2 2.55

26.2 50.80

TILLAGE TRACTOR:

TIFE

2%.46

.3

56.0 3‘09

HECTARETOT

80.9

30.9

TILLAGE TRACTOR:

TILLASE TRACTDR: 10.3

TIHE HECTARES/HR

10.29 .85

HECTARETOT

64.7

TILLAGE TRACTOR:

HECTARSTOT TIME

80. 19.03

TILLAGE TRACTOR:

TILLAGE TRACTO

HECTARETOT T

76.5 60

«3.6 12

TILLAGE TRACTOR=

HECTARETOT TIME

3009 30.9

TILLAGE TRACTOR:

TILLAGE TRACTOR:

TILLAGE TRACTOR:

HECTARETOT TIME

8009 10.25

TILLAGE TRACTOR:

TILLAGE TRACTOR:

TILLAGE TRACTOR: 30.9

HECTARETOT TIHE HECTARES/HR

19.8 23.28 .85

19.8 7.58

TILLAGE TRACTOR:

TIMEHECTARETOT

HECTARES/HR

2 55

HECTARES/HR

.85

HECTARES/HR

1.27

HECTARES/HR

1.27

HECTARESIHR

3.60

0.0 UTILITY

HECTARES/HR

SECOND TRACTOR KILOUATT: 79.3

UTILITY TRACTOR: 2.5

MAXIFUPZHCURS

7

7@
O
h
fi

h
a
v
o
c

h
u
n
g

TRACTOR: 5.3

NAXI'UF HOURS

2).“6

61.71

61.71

TRACTOR: 0.0

TRACTOR: 0.0

MAXIHuM HCURS

10.29

TRACTOR: 0.0

‘AXIHUH HOURS

61.71

TRACTCR: 0.0

TRACTCR: 0.0

RAXIFUP HCURS

60.00

72.00

TRACTOR: 0.0

MAXIMUM HOURS

3.§9

TRACTOR: 0.0

TRACTOR: 0.0

TRACTOR: 0.0

HAXIMUM HOURS

10.29

10.29

TRACTOR: 0.0

TRACTOR: 0.0

TRACTOR: 0.0

RAXIFU“ HOJRS

30 6

30.86

TRACTOR: 0.0

RAXIHUH HOURS
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HECTAREUK
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39. 7 2

39. 7

TILLAGE TRACTOR: 15.8

HECTARETOT TIRE

. 1.80

7. 1 .06

57.5 12.01

TILLAGE TRACTOR: 60.9

HECTARETOT TIME

80. 5.06

80. 9 6.16

00.9 9.91

79.7 91.11

79.7 13.37

TILLAGE TRACTOR:

HECTARETOT TIME

80.9 7.35

60.9 2.39

TILLAGE TRACTOR: 22.3

HECTARETOT $1";

8009 2 02-.

3.29

7.57

085

2.62

UTILITY

HECTARES/HR

3 4

3.81

~.78

UTILITY

HCCEARES/HR

3.81

“.78

.85

2.62

9. 7 UTILITY

HECTARgS/HR

2.62

UTILITY

HECTARLS’HR

3.6“

TILLAGE TRACTOR: 22.3 UTILITY

HEchRETOT TIH

TILLAGE TRACTOR:

HECTARETOT TIRE

80.14.21

80.9 13.65

TILLAGE TRACTOR:

TILLAGE TRACTDR:

TILLAGE TRACTOR:

HECTARETOT TIHE

80.9 14.21

TILLAGL TRACTOR:

TILLAGE TRACTOR:

HECTARES/HR

3. 64

3.81

0.0 UTILITY

HECTARES/HR

5. 70

4.32

0.0 UTILITY

0.0 UTILITY

0.0 UTILITY

HECTARES/HR

5.70

0.0 UTILITY

000 UTILITY

30.86

30.85

TRACTOR: 27.1

"AXIHUP HOURS
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