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ABSTRACT
NAVY BEAN PRODUCTION SYSTEM
IN MICHIGAN
By

Ghassan Al Soboh

With the development of the new high-yielding upright
navy bean variety (Swan Valley), it was believed that its
productivity could be further improved by using different
production management systems. Two navy bean varieties,
Swan Valiey (upright) and Fleetwood (standard), were tested
to determine the yields and header losses under two
different row spacings (70 cm and 35 cm) and two harvesting

methods (conventional and direct).

A mixed-integer linear programming (MILP) model was
developed to come up with the appropriate decisions as to
which navy bean variety to plant (Swan Valley or
Fleetwood), planting system to follow (wide rows or narrow
rows), harvesting method to apply (direct or conventional)
and machinery set to use in the production.

This study also considered the impact of having two
mixed crop systems (navy bean-corn and navy bean-sugar
beet) on the farmer's profit in Michigan. Mixed-integer
linear programming models were developed to find the most

profitable crop to produce under the fluctuation of the



Ghassan Al Soboh

crops' market prices, the profit to be made under different
percentages of a mixed-crop system, and the machinery set
to contribute in each production system.

The model results indicated that the upright navy bean
variety, Swan Valley, planted in 70 cm rows spacing and
harvested directly was more profitable than corn. While

sugar beets were found to be the most profitable crop.
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1. INTRODUCTION

1.1 Basis of the Problem

For many years, dry edible beans have played a
significant role in people's diets, especially in
developing countries. Where the price of meat is

relatively high and people eat primarily food from cereal,

grain legumes, and root crops. Navy beans have occupied an

important part of Michigan's agriculture. During 1950-54
Michigan produced 22 percent of the U.S. dry beans. This
rose to over 40 percent between 1960-64, but has been
declining, and was 28 percent in 1976. It is, therefore,
important to maximize the crop productivity and minimize
the production costs in order to satisfy the increased
demand at an acceptable price level.

There are currently two navy been production systems
in use in Michigan. One is the conventional method which
involves planting the navy beans in wide rows (70 cm) and
makes use of a blade puller, windrower, and a combine with
a pickup header to accomplish the harvesting operation.
The second system is the direct harvesting method which

allows for planting the navy beans in either wide rows (70

cm) or narrow rows (less than 50 cm), and makes use of only

a combine with a pickup reel and a flexible floating



cutterbar to carry out the harvesting operation.

The direct harvesting method offers several potential
benefits to bean producers. With direct cutting, the
number of field operations would be reduced by the
elimination of pulling and windrowing. 1In addition, risk
of weather damage would be decreased since all unharvested
beans would be left standing rather than on the ground as
they are after pulling or windrowing. Furthermore, the
harvested beans would probably be of better quality because
of the reduced amount of soil and stones in the beans. The
direct harvesting method has slowly increased in popularity
among farmers. This can be attributed mainly to the
excessive losses caused by applying the direct harvesting
methods to the o0ld navy bean varieties. With the
development of the high yielding upright navy bean variety
(Swan Valley), it was believed that its productivity could
be further improved by using a different production
management system (Kelly et al, 1981).

With these considerations in mind, navy bean producers
are thus concerned with which navy bean variety to produce,
Swan Valley (upright) and Fleetwood (standard) planting
system to follow (wide rows or narrow rows) and harvesting

method to use (conventional or direct). In addition,



because of the fluctuation of the crop's market prices,
navy bean producers are also concerned about alternate crop
that can be planted with navy beans to reduce the market
risk using the same machinery set available for navy bean

production, with respect to crop rotation systems.



1.2 Literature Review

1.2-1 Harvesting Practice—Developments

During the period from 1947 to 1958 practically every

known method of bean harvesting operation had been tried in

Michigan. The various harvesting methods may be classified

as

1.

5.
6.

10.

follows:
Pulling by a blade type cutter usually in the form of
a cultivator attachment
Cutting with rotary crop cutter
Windrowing with a bean windrower or with a side
delivery rake
Bunching by moving segments of windrows into bunches
or by using a buncher attachment on a puller
Stacking either by hand or machine
Hauling to a thresher or to barn storage for winter
threshing
Stationary threshing
Threshing machine converted to a combined
harvester-thresher by the addition of a chassis and
pneumatic tires, auxiliary motor and special pickup
feeder
Use of a special bean combine
Small grain combine fitted with "bean attachment"”

equipment



McColly (1958) reported on research conducted in
Michigan which indicated that a blade-type bean harvesting
method tends to push dirt and stones into the windrow with
the beans. In direct combining tests, a combine with a
finger-type reel was more efficient than the standard
bat-type reel because the tines could be adjusted to
incline slightly upward as they lifted the bean plant
toward the cutterbar. This action saved many bean pods
from being severed by the sickle and decreases cutterbar
and shatter losses by 50 percent. The report also
indicated that in direct cutting of beans the rigid
cutterbar ran in the soil part of the time in order not to
cut an excessive number of low-hanging pods.

Gunkle and Anstee (1962) reported that the performance
of the direct-harvester, rubber-fingered belt attachment on
red kidney and white narrow beans was satisfactory.

Average losses with this rubber-fingered device on red
kidney beans ran 2.62 bushel per acre. Some difficulty was
encountered in using this unit on very low-growing beans.
Under these conditions there were considerable scatter
losses and plugging in the throat area. A special belt
puller attachment was also designed, constructed, and field
tested for the self-propelled combine. The initial results
indicated that losses were over double those resulting from

conventional harvesting. But after the attachment was



modified the losses reduced to an average 2.87 bushel per
acre. The double-belt puller was also tested and results
indicated that when operating in optimal conditions at a
speed of 1 to 2 miles per hour, the losses were slightly
leés than 1 bushel per acre.

Pickett (1971) conducted an experiment for evaluating
the performance of a floating cutterbar and pickup reel for
direct harvesting of edible beans. The report indicated
that a floating cutterbar followed the ground surface well
if the header height was properly set. The pickup reel did
not effectively convey the bean plants across the cutterbar
because of the short plant height and neither the reel
fingers nor the reel bats were close enough to each other
to effectively handle bean plants. Also header losses may
be reduced by modifying the reel or developing another
means of conveying.

Pickett (1972) conducted another experiment for
evaluating the row direct-cut header. The individual row
unit header consisted of the basic grain header plus four
modified bean buckets each having a reel. The results
indicated that the row unit header cut the beans within 2
inches of the ground with little loss when the header was
centered on ridged bean rows and the beans were standing
well. Increasing the reel index caused the plant to be hit

while being cut resulting in increased shattering losses.



Visual observations of the headers during operation and
samples of losses collected indicated that a higher
percentage of the loss from the row unit header was due to
beans still in pods rather than for the floating bar
header. Many of the pods lost by the row unit header were
still attached to the plant but some were attached and
laying on the ground.

Frushour and Johnson (1974) developed a new pull-type
combine suitable for harvesting either peanuts or edible
dry beans or both. This new machine reportedly offered
these advantages:

1. A capacity equal to or greater than that of the
self-propelled combine, especially in weedy or green
conditions

2. A quality of beans from this new design consistently
better than that from modified small grain combine

3. Much lower cost than a self-propelled combine of
equivalent capacity.

Quick and Buchele (1974) conducted an experiment on
soy beans to study the effect of using a combine with a
flexible cutter bar on the header losses. The report
indicated that totél header losses were reduced by 39.9
percent compared to a combine with a standard cutterbar.
Also they listed the advantages of using the floating

cutterbar attachment as follows:



1. A highly significant reduction in header losses

2. The ability to cut uniformly lower by accommodating to
ground irregularities

3. . Higher forward speed for the same header loss level

4. Some degree of rock protection for header

5. Smoother crop feeding under the platform auger.

According to Pickett (1975), in two years of tests
using the conventional harvesting method in Michigan,
gathering loss was approximately 10 percent when operating
at 2.5 to 3 miles per hour in standing beans. With the
direct harvest method using a combine with a floating
cutterbar under typical field conditions, the header loss
may be 15-25 perceht.

Kelly et al (1982) reported that four upright black
and navy bean varieties (Swan Valley, Fleetwood, Domino,
and T-39) were tested in two counties in Michigan during
the 1981 harvest season. The results in Saginaw county
indicated that the header losses via the direct harvest
method ranged from 17.3 percent (in T-39) to 41.3 percent
(in Fleetwood), while gathering losses ranged from 7.7
percent (in Fleetwood) to 16 percent (in Domino) via the
conventioal harvesting method. In Gratiot county, the
header losses were reported in the range of 6.7 percent (in
Swan Valley) to 11.4 (in Fleetwood) using the direct

harvesting method, while the gathering losses in the



conventional method ranged from 1.9 percent (in Swan
Valley) to 8.3 percent in (Domino).

Considering the effect of pod and grain moisture
content on threshing loss and damage of navy beans, McDow
(1949) reported a splitting effect on navy beans that may
have been caused by poor machine adjustment and/or low
grain moisture content. According to King and Riddles
(1962), damage to beans (and to other crops) could be
reduced by avoiding high cylinder speed even at fairly
low-moisture content. Hoki and Pickett (1973) reported the
damage to the seed coats only increased from 5 percent at
an impact velocity of 10.5 m.sec™! to over 60 percent
at a velocity of 17.78 m.sec™ 1, Narayan (1969)
reported optimum moisture content for minimum "checking" of
navy bean seed coats in the range of 13.4 to 15.6, and it
is usually stated that beans should be harvested when grain
mositure content is in the range of 15 to 20 percent.

Pickett (1973) reported that an increase in cylinder
speed resulted in decreased threshing loss and an increased
damage for each level of bean moisture content. Also the
report indicated that excellent conditions for harvest
include navy bean moisture between 17 and 20 percent and
pod moisture as low as possible, preferably below 12

percent.
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Singh and Linvill (1977) developed a model for the
rate of change of navy bean pod moisture content as related
to temperature change. Their analysis indicated that the
coefficients of the difference between pod and grain
moisture terms were not statistically different, but pod
moisture and temperature change coefficients were
significantly different.

The results obtained regarding the direct harvesting
method of navy beans indicated that some difficulty was
encountered in using the rubber-fingered belt attachment on
very low-growing beans. However, the double-belt puller
gave better results (Gunkle et al, 1962). The use of a
combine with a finger-type feed was found to be more
efficient than the standard type (McColly, 1958). However,
neither the reel fingers nor the reel bats were close
enough together to effectively handle bean plants (Pickett,
1971).

When considering cutterbar performance, the standard
cutterbar was found to run in the soil part of the time in
order not to cut an excessive number of low-hanging pods
(McColly, 1958). However, the flexible floating cutterbar
was found to follow the ground surface well if the header
height was properly set and to reduce header losses

compared to the standard cutterbar (Pickett, 1971, 1972).



1

The results about the reel index indicated that
increasing the reel index caused the plants to be hit while
being cut resulting in increased shattering losses
(Pickett, 1973). Increasing the cylinder speed resulted in
decreased threshing loss and increased damage for each
level of moisture content. Also excellent conditions for
harvest were reported as bean moisture of 17-20 percent
and pod moisture as low as possible (Pickett, 1973).

With the development of the new high yielding upright
navy bean variety (Swan Valley), that header losses were
less in Swan Valley compared to Fleetwood (standard navy).

These header losses were classified under four
categories:

1. Shatter losses: 1loose or free beans and beans in pod
detached from the plant.

2. Stalk losses: beans in pods attached to stalk pieces
which were cut but not collected.

3. Stubble losses: beans in pods attached to the free
standing stubble left by the machine.

4. Lodge losses: beans in pods attached to stalks or
branches abnormally longer than the stubble which

slipped under the cutter bar (Kelly et al, 1982).
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1.2-2 Machinery Selection Model Approaches

Machinery selection is an important part of machinery
maﬁagement. The complexity and the magnitude of the
machinery selection problem in the analysis of crop
production systems has led to numerous efforts to develop
analytical models as a decision aid. Link (1967) suggests
an "activity net work" technique to estimate net returns
and machine optimum size. In this approach, some factors
were ignored. The most important of these were system
effects and weather risk. All the machines on a farm are
interrelated through a set of operating procedures and
practices. Machines used for different crops may influence
on each other as, for example, hay-harvesting and
corn-cultivation machinery.

Hughes (1974) developed a simulation model for
selection of field machinery system and estimation of
system cost. Some problems were encountered in terms of
energy requirements, time required for field work, and
estimating the life of field machines.

Danok et al. (1978) developed an optimization model to
solve simultaneously for machinery selection, crop

production, and labor hiring for a state farm in Iraq. The
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cropping possibilities considered in the model were wheat,
flax, clover, safflower, cotton, and corn. The production
of each crop involved plowing, disking, planting,
irrigation, and harvesting operations.

Singh and Holtman (1979) developed a heuristic
algorithm to evaluate and compare selected crop production
systems over a range of farm sizes with respect to costs
and requirements for machinery, labor, and fossil fuels for
field work. The crop production systems considered
involved corn, soybeans, field beans, wheat, and alfalfa
using no till, chisel plow, or moldboard plow tillage
practice.

Krutz et al (1980) used a linear programming model
(i.e., the Purdue model B-93 and the International
Harvester pro-Ag program) to evaluate alternative farming
situations in order to provide general guidelines of
machinery selection for corn/soybeans crop production. The
report indicated that linear programming models can be
extremely useful tools to individual farm managers for
evaluating machinery-sizing decisions for a particular
situation. They can also be useful for conducting
quasi-research studies to determine equipment size,
capacity, and profit relationships of a more general

nature.
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Danok et al. (1980) used a mixed integer programming
technique for solving the problems of crop and machinery
choice. The model maximizes profit, which is cropping
profit less machinery cost, subject to the following:

1. Constraints on resources which link machinery and
cropping activities

2, Constraints that reflect mutual exclusivity of
machinery

3. Constraints which link machine set purchase and use

4. Coﬁstraints on other cropping resources

Whitson (1981) used a linear programming model to
maximize returns to the fixed resources of a farm given the
limitation of land; hours of available field time (weather
risk), machinery characteristics (size, kind, etc.).

Linear programming models have been applied as a
useful tool to maximize net profit or to minimize total
cost with respect to available resources. The linear
programming technique was used to select the best crop mix
with consideration of the machinery complement. An example
is the Purdue model by Krutz 1980. Mixed integer linear
programming models were applied where several alternate
machinery components were stored in data blocks, and the
model searched for the best set to match the best crop mix
(an example is Danok's model 1978). Heuristic models

assumed that field operations must be completed within
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specific calendar periods so that profit can be maximized.
The objectives of these models were to compare and select
crop production systems over a range of farm sizes with
respect to labor, machinery requirements, and fuel (an
example is the Singh model 1979 and Wolak, 1981).

It is obvious from the previous research work that
MILP model has been used successfully to evaluate
machinery-sizing decisions for a particular situation.
Therefore, it was adopted to solve navy bean, navy
bean-cofn and navy bean-sugar beet production system in
Michigan with respect to the following constraints:
1. Land size,
2. Available machinery,
3. Available time,
4. Power requirements,

so that profit can be maximized.

1.3 Objectives

The overall objective of this study was to evaluate
and compare two navy bean varieties in Michigan, Swan
Valley (upright) and Fleetwood (standard navy), applying
different management systems to maximize the net profit.
In order to meet the overall objective, the specific

objectives were as follows:
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1. To develop an MILP model which utilizes parameters
collected in the field and from pertinent literature
to select
a. The navy bean variety to be recommended (Swan
Valley or Fleetwood)

b. The type of planting system to follow (wide rows
Or narrow rows)

c. The kind of harvesting method to apply
(conventional or direct)

d. The machinery set to use in the selected navy bean

production system

2. To determine the net profit obtained from the selected
navy bean production system and analyze the
sensitivity of the optimal solution.

This study also considered the impact of having two
mixed crop production systems (navy bean-corn, and navy
bean-sugar beet) on the farmer's profit in Michigan. The
specific objectives were as follows:

3. To develop an MILP model in order to
a. Select the most economical crop to be produced in

each production system

b. Estimate the net profit that could be made under

different percentages of a mixed crop system

c. Select the types and sizes of farm machinery to

contribute to each production system.
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4, To analyze the sensitivity of the optimal solution in
the navy bean-corn and navy bean-sugar beet production

systems.



2. METHODOLOGY

2.1 A Mixed Integer Linear Programming Approach

(MILP)

General linear programming* involved selection of a
set of decision variables and their quantities that
maximize a linear objective function subject to a series of
linear restrictions and the requirement that the decision
variable cannot be negative. In other words, linear
programming models deal with the problems of allocating
limited resources among competing activities in the best
possible (i.e., optimal) way. The standard LP matrix model

can be presented as follows:

Activity Resource usage Amount of
Resource 1 2 « ¢« ¢« o N resource available
1 aj]  agg aip by
2 az) azz azn by
3
m ant1 2p2 Qmn by
Z/Unit Cq Cy Cn
Level X4 X9 Xn

sprederick S. Hillier and Gerald J. Lierman, Introduction
to operations research, Stanford University, 1980.

18
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where Xy = Level of activity j for j =1, 2, . . . n
Z = Overall measure of effectiveness
Cj = The increase in Z that would result from each
unit increase in Xj for 3y =1, 2. . . n)
bj = The amount of resource i available for
allocation (for i =1, 2 . . . n)
aj4= Amount of resource i consumed by jth unit
of activity
The mixed integer linear programming mode can be used
where some of the variables (say, 1 machine type in this
model) are restricted to integer values but the rest are
ordinary, continuous variables. 1In this case, this model

can be presented in algebraic terms as follows:
n

Max 2 = z Cij
i=1
subject to: n

z ainjspi for i

1, 2 . . . m)

i=1
and Xy integer for j =1, 2 . . . 1 (I<n)
X320 for j =1, 2 .. .n

A linear programming package designed by Hansh and
Black (1975) was used to solve the MILP models. This
package can handle modest- sized of linear programming wheni
the objective is maximized subject to series of

constraints.
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2.2 Model Assumptions

_ 2.2-1 Tillage system

Tillage practices continue to play an important role
in the seedbed preparation process. Traditionally, farmers
have practiced tillage operations in terms of standard
treatments for all fields regardless of the kind of soil,
amount of crop residues, or species and amounts of weeds.
Generally, there are two major tillages in use in Michigan:
primary tillage and secondary tillage.

Primary tillage involves complete treatment of the
surface soil to reduce soil strength, destroy weeds, cover '
plant material, and arrange aggregates. The moldboard plow
is the best suited to the more level fields, especially
those containing fine-textured soil. The chisel plow is
increasing in popularity in several parts of the state.
This implement is superior to the moldboard plow on sandy
soil and where there is a slope, because it leaves some
crop residue on the surface of the soil. Other advantages
of using the chisel plow are as follows:

1. Decreasing both wind and water erosion
2. Lower power requirements per unit width
3. Greater tillage width
Secondary tillage operations are intended to create

refined soil conditions following primary tillage. Disk
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harrows and field cultivators are common secondary tillage
tools used in early spring for leveling the soil surface.

Many factors affect the choice of a tillage system and
the type of tillage implements. 1In general most farmers
praétice primary tillage in fall using either a moldboard
or chisel plow. Other farmers practice the primary tillage
operation in spring because of inappropriate weather condi-
tions during fall. Secondary tillage in spring is done
with disk harrows or field cultivators. 1In this study
spring-primary tillage operation and fall-secondary tillage
were assumed to be involved in navy beans, navy bean-corn,
and navy bean-sugar beet production systems. Table 2-1
represents the major tillage systems applied for beans in
Michigan.

In the navy bean production model, moldboard and
chisel plows were assumed to be included in primary tillage
implements, and field cultivators as secondary tillage
implements.

In the navy bean-corn, and navy bean-sugar beet
models, moldboard or chisel plows were assumed to be
included as primary tillage implements depending upon the
type of tillage implement that would be chosen in the navy
bean production model. The reason for this assumption is
to make use of the same tillage tool for the navy bean,
navy bean-corn, and navy bean-sugar beet production

systems.
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TABLE 2-1

TIllage Systems for Navy Beans
Production in Michigan

System Tillage ' Time
No. Code

of Tillage

Fall

Spring

A L] L L] L] L) L] L] L] L] . o L]
1 B ® e o e o o o o o o o o

C ® o o o o o o o o o o o

A Smil L] L] L] L] L] Ll . L]

. No-till
. Primary-plant
. Primary-secondary-plant

. No-till

. Primary-plant
. Primary-secondary-plant

. Secondary-plant

. Secondary-plant

. Secondary-plant

2 B Subsoil « « ¢ « 4+ o o &

C Smil L ] . L] L] L] L] L] L]

A Primry e L] L] L] L] L] L] L] L] Plant
3 B Pri!‘aty L] L] L] L] [ ] L] L] L]

C Primary-secondary . . . . Plant

D Primary-secondary . . .

A Subsoil-primary . . . . . Plant
4 B Subsoil-primary . . . .

(o Subsoil-primary-secondary Plant

D

Subsoil-primary-secondary Secondary-plant

SOURCE: L.S. Robertson and R.D. Fraser, eds. Dry Bean
Production: Principles and Practices. Extension Bulletin 1251,
Cooperative Extension Service and Agricultural Experiment Station,

Michigan State University,
East Lansing, August 1978.
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2.2-2 Weed Control

The effect of weed competition on the growth of row
crops has been a serious problem in many areas. Yield is
usually reduced as a result of weeds sharing nutrients,
light, space, and water with row crops. In some crops, weed
growth may increase harvest losses and may also cause
problems when dry weedy material goes through the combine
into the grain. Therefore, weeds must be controlled to
increasé yields, and maximize economic returns by selecting
an appropriate weed control program that can fit the area
and the crop conditions.

Two weed control practices have been used to overcome
the weed competition. First is mechanical cultivation
which involves controlling weeds between rows after seeds
are planted or after plants have emerged. Second is the
use of herbicide which can contribute successfully if it is
applied beside the cultivation. In this case, weeds
between rows can be controlled mechanically while weeds
beside plants can be controlled chemically.

Currently, there are three methods for applying
herbicides. The first is the "preplant incorporated"
method (PPI). In this method the herbicide is incorporated
in the upper 5 to 7.5 cm of the top soil layer by using some

form of a harrow before planting.
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The second is the "preemergence" method. In this
method the herbicide is applied to soil surface when the
crop is planted. The herbicide finds its way, with the
help of timely rains to the zone of weed seed germination
(5 to 7.5 cm below the soil surface).

The third method is the "poétemergence' application.
In this case, herbicide is applied after the crop has
emerged from the soil.

In this navy bean production model, beans planted in
wide rows were assumed to be treated chemically and
mechanically to control weeds. Preplant herbicides were
assumed to be placed by harrows in the weed seed
germination zone to control weeds chemically, while
tractor-mounted cultivators were considered to be used for
controlling weeds mechanically.

In the narrow row system, beans were assumed to be
treated only chemically by the use of preplant and
preemergence herbicide applications.

It has been found that effective weed control in corn
production involves the use of herbicides beside mechanical
cultivation (Extension bulletin E-1429). Therefore, in the
navy bean-corn model, the existing weeds in the corn field,
were assumed to be treated by preemergence herbicide
applications and row cultivators, although some farmers
prefer to use only the chemical applicatiﬁn to control the

weed in the corn fields.
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Weed control in sugar beet fields is important because
weeds harbor insects and serve as alternative hosts for
many diseases and cyst nematodes. There are several
options open to the sugar beet grower for weed control. In
the;navy bean-sugar beet model, weeds in sugar beet fields
were assumed to be treated by postemergence herbicide
applciation, and by the use of row cultivators.

Tables 2-2, 2-3, 2-4 and 2-5 represent the rates and
the type of herbicides used for controlling weeds in navy
beans planted in wide and narrow rows, corn, and sugar beet

fields, respectively.
2.2-3 Fertilizer Applications

The amount of fertilizer needed for a crop is closely
related to the nutrients already in the soil. The best way
to determine the amount of nutrients available in the soil
is with a soil test. The values obtained from the soil
tests are correlated with the response by plants to applied
nutrients (Extension bulletin E-550). |

Although, different farms need different kinds and
rates of fertilizer, application number 1 in Table 2-6 was
used as a standard practice in the navy bean production
model. In the wide row system (70 cm row spacing) the
fertilizer was assumed to be placed 5 cm to the side of

seed rows and 5 cm below the seeds during the plantin§
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TABLE 2-2

Rates and Type of Herbicide used for
Controlling Weeds in Navy Bean
Fields Planted in Wide Rows

Weed Controlled Time Herbicide Name Kg/ha

Annual broad leaf EPTC (Eptam) 2.5
+
(Including night Preplant Chloramben (Amiben) 2.24
shade
+
and
Trifluralin (Treflan) 0.56
Annual grass) OR
Profluralin (Tolban) 0.84

SOURCE: Michael Barrett and William Meggitt, Weed Control for
Field Crops. Extension Bulletin E-434, Cooperative Extension Service,
Michigan State University, East Lansing, 1982.

*Eptam and Amiben can be mixed with either Treflan or Tolban.
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TABLE 2-3

Rates and Type of Herbicide Used for
Controlling Weeds in Navy Bean
Fields Planted in

Narrow Rows
Weed Controlled Time Herbicide Name Kg/ha
Annual broad leaf EPTC (Eptam) 2.5
+
(Including night Preplant Trifluralin (Treflan) 0.56
shade)
: +
and
Profluralin (Tolban) 0.84
Annual grass
Followed Chloramben (Amiben) 2.24
by OR
Dinoseb (Premerge) 5.0
Pre—- OR
emergence
Chloramben (Amiben) 1.12
+
Dinoseb (Premerge) 3.36

SOURCE: Michael Barrett and William Meggitt, Weed Control for
Field % Extension Bulletin E-434, Cooperative Extension Service,
Michigan State University, East Lansing, 1982.
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TABLE 2-4

Rates and Type of Herbicide Used for
Controlling Weed in Corn Fields

Weed Controlled Time Herbicide Name Kg/ha

Annual broad leaves, Pre- Atrazine 1.13
annual grasses (in- emergence

cluding panicum +

green foxtail,

giant foxtail Lasso 2.26
witchgrass and

crabgrass)

SOURCE: Michael Barrett and William Meggitt, Weed Control for
Field . Extension Bulletin E-434, Cooperative Extension Service,
Michigan State University, East Lansing, 1982,
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TABLE 2-5

Rates and Type of Herbicide Used for
Controlling Weed in Sugar Beet

Fields

Weed Controlled Time Herbicide Name Kg/ha
Annual broad leaves Desmedipham (Betanex) 0.56

Post- +

emergence
(Including smart- Phenmedipham (Betanal) 0.56
weed) |

+
Endothall (H 273) 0.56

SOURCE: Michael Barrett and William Meggitt, Weed Control for
Field Crops. Extension Bulletin E-434, Cooperative Extension Service,
Michigan State University, East Lansing, 1982.
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TABLE 2-6

Rates and Kinds of Fertilizers used for
Navy Beans, Corn, and Sugar Beet

Production
Appl. Fertilizer
No. Crop Name Rate (Kg/ha)
N 56
1* Navy
beans P20s 84
R0 112
Zn 3.36
Mn 9
N 150
2**  Corn P0g 70
K50 90
N 80
Kl ng:zs P20g 75
K0 150

*SOURCE: Crop and Soil Science Department, Michigan State Uni-
versity, East Lansing, Michigan.

**SOURCE: Farm Management, Department of Ag. Econamics,
Missouri.

***SOURCE: D.D. Warncke and D.R. Christensen, Fertilizer Recom-
mendations: Vegetable and Field Crops in Michigan. Extension Bul-
letin E-550. Cooperative Extension Service, Michigan State Univer-
sity, East Lansing, Michigan, December 1981.
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operation, while it was assumed to be broadcast prior to
planting time in the narrow row system (35 cm) using the
fertilizer spreader. These assumptions were made because
these practices were adopted during the experimental stages
in 1980, 1981, and 1982,

Fertilizer recommendations (N+P,0 + K;0) for corn
production fluctuated from place to place depending upon
the soil test and the yield goal. 1In Table 2-6 aplication
2 represents the amount of fertilizer considered in the
navy beén-corn model for corn production. This fertilizer
was considered to be banded by planters at planting time
(Extension bulletin E-1429)

In consideriné sugar beet production in Table 2-6,
application 3 was adopted to the navy bean-sugar beet model
for sugar beet production. This fertilizer was also as-
sumed to be applied by planters at planting time (Extension
bulletin E-1524).

2.2-4 Planting Systems

Optimum plant population is essential for high yields.
A very high population or seeding rate can result in
excessive plant competition for water and nutrients.
Below-optimum seeding rates can result in incomplete use of

water, nutrients, and light.



32

For many years, 70 cm (28 inch) row spacing has been
practiced for planting navy beans in Michigan because
farmers can take advantage of the same machinery set for
planting, spraying, and cultivating some other similar
crops such as corn, soybeans, and sugar beets. At this row
width and 5 cm spacing in the row, 45 kg of seeds are
required, giving density of about 250,000 plants per
hectare (100,000 plants per acre) if all seeds germinated.
Beans are normally planted between 5 to 7.5 cm deep in
moist soil depending upon the type of soil (Extension
bulletin E-1251).

Most farmers use the conventional harvesting method
(using a puller, windrower, and a combine with a pickup
header to harvest the 70 cm row spacing beans.

Recently, some new varieties have been developed which
can stand up better compared to the conventional varieties.
Therefore, there is a tendency toward planting beans in
narrow rows (50 cm or less) and applying the direct
harvesting method (using only a combine with a floating
cutterbar and a pickup reel) to harvest the crop. At 35 cm
(14 inches) row width about 67 kg of navy bean seeds are
required per hectare, giving densities of about 375,000

plants per hectare (150,000 plants per acre).
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In this particular study, two navy bean varieties
(Swan-Valley and Fleetwood) were considered in the model to
be planted in two-row spacing systems (70 cm and 35 cm) in
order to compare and select the more appropriate row
spacing system to practice.

Plant population has a significant effect on corn
yield. Although the optimum population will vary with
yield level, test results show 45,000 to 50,000 plants per
hectare at harvest to be an optimum population over a
rather wide yield range (Extension bulletin E-1429).

Row width is another production practice which affects
corn yield. Planting corn at 70 cm row spacing width with
a 14 kg seeding rate per hectare has given good results in
the experiments conducted in East Lansing experiment
station. It is recommended that corn seeds be planted 1.5
to 3 cm deep in cool soil, and between 3 to 6 cm deep
during late planting when the soil surface is more likely
to become dry (Extension bulletin E-1429).

Commercial sugar beet growers plant sugar beets at 15
to 20 cm spacing between seeds in the row. When growing
beets for the first time, it is recommended that a 5 to 7.5
cm spacing be used. Generally, row width is governed by
spacing used in other crops. 1In the sugar beet-navy bean
model, sugar beet seeds were assumed to be planted at a 70
cm spacing in 70 cm rows at a seeding rate of 1.13 kg per

hectare (Extension bulletin E-1524).
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2.2-5 System of Cropping

Cropping systems refers to the detailed organization,
method of operation and practices used in producing a
series of crops. A good cropping system would reduce soil
erosion to a practical minium, reduce the risk of an
explosion in an insect disease and weed population and
improve a crop productivity.

In this particular study, the effect of cropping
system on navy bean, corn, and sugar beet was not taken
into consideration assuming that the farmer would follow a
cropping system asbto maintain a good yield level. The
MILP models in this case reflect the cropping system in one
year as to compare among different crop production
possibilities and select the most appropriate production

system.
2.2-6 Insect and Disease Control
It has been noticed that the incidence and the

severity of a particular disease vary from year to year,

due to environmental and management practices. Several
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species of pests may also appear in large number during
some years causing damage to field crops. Therefore,
farmers have practiced different methods of disease and
pest control programs in order to protect the yield and the
quaiity of crops before the damage is done. The use of a
combination of methods which cause as little environmental
damage as possible in the process is the basis of all pest
and disease control programs (Extension bulletin E-1251).

Chemical application by sprayers is a common field
operation in crop production. The PTO-driven trailed
sprayers were considered to be involved in the navy beans,
navy bean-corn, and navy bean-sugar beet production systems
for applying chemicals during the insect and disease

control programs.
2.2-7 Harvesting Methods

Two navy bean harvesting methods have been practiced
in Michigan. One is the conventional method which makes
use of pullers, windrowers, and combines. With the
conventional harvesting method, beans are pulled by pullers
when seed moisture content drops to approximately 20
percent. Then these plants are windrowed with either
center delivery or side delivery windrowers. Collecting
and threshing operations are carried out using combines

with pickup attachments.
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The second method is that of direct harvesting which
makes use of combines with pickup reels and flexible
floating cutterbars to combine and thresh beans. Figures
2-1 and 2-2 represent the conventional harvest method
(puiling and windrowing operations), while Figure 2-3 shows
the direct harvesting method.

Both navy bean harvesting methods were tested during
1980, 1981 and 1982 harvesting seasons with two varieties
(Swan Valley and Fleetwood). The results of these
experiments were used in the navy bean model to study the
impact of different navy bean production systems on the
farmers' profits.

It has been found in the direct harvesting method that
the performance of a combine equipped with a flexible
floating cutterbar is better than a rigid cutterbar.
Therefore, two different sizes of self-propelled combines
equipped with different heads (pickup heads for harvesting
beans conventionally and pickup reels with flexible
floating cutterbar for harvesting beans directly) were
assumed to be involved in harvesting beans while the same
combines equipped with 4 or 6 rows were assumed to be used
in harvesting corn. The sizes of the combines were chosen
to suit the land size of 200 ha which was assumed in the

MILP model.
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There are several alternatives for harvesting sugar
beets in Michigan, the most common method is to use beet
toppers and beet lifters. Therefore, both types of
implements were considered in the navy beans-sugar beet

model to contribute in harvesting beets.
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Fig. 2-1. Pulling operation of navy bean (conventional
harvesting method).
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Fig. 2-2. Windrowing operation of navy bean (conven-
tional harvesting method).
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Fig. 2-3. Direct harvesting method of navy bean.



3. DATA COLLECTION

3.1 Navy Bean Production

There are.currently two navy bean planting systems in
use in Michigan; wide rows and narrow rows. In wide rows,
beans are usually planted in 70 cm row spacing and
harvested conventionally using a puller, windrower, and a
combine with a pickup header attachment, or harvested
directly using a combine with a flexible floating cutterbar
and finger-type reel. Beans planted in narrow rows (35 cm)
are usually harvested directly.

Thé data collected during the investigation about the
two navy bean planting systems included the following:

1. Although the rates and the kinds of fertilizers
fluctuate according to the type of soil, the rates of
fertilizers were assumed to be the same for both
planting systems (wide rows and narrow rows).

2. Interviews with farmers and county extension agents
revealed that farmers were using almost the same kinds
and application rates of insecticides and fungicides
for both planting systems.

3. According to the information collected from the
Michigan State University Crop and Soil Science
Department, the seeding rate for both navy bean

varieties (Swan Valley and Fleetwood) are the same

41
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under the same row spacing width.

Table 3-1 represents the navy bean production data
collected during the investigation.

| With the development of the high-yielding, upright
(Swan Valley) variety it was believed that its productivity
could be further improved by using a different
production-management system (Kelly et al, 1982). There-
fore, several experiments were conducted in Saginaw and
Gratiot Counties during the 1980-81 and 82 harvest seasons
to estimate the yields and header losses for Swan Valley
and Fleetwood applying different prodqction systems.

In 1980 and 81 experiments, Swan Valley and Fleetwood
were planted in 70 cm rows and harvested conventionally and
in 35 cm rows were harvested directly (Kelly et al, 1980,
1982). The yields and losses collected for both navy bean
varieties were collected and averaged. 1In the 1982
experiments, Swan Valley was planted in 70 cm row spacing
and directly harvested. The yield and the header losses
were recorded.

Because of insufficient data about the header losses
for Fleetwood planted in 70 cm and directly harvested, some
samples were taken from Fleetwood planted in 50 cm and
directly harvested to estimate the yield and the header
losses. The percentage of header losses in 50 cm rows was
taken as a base for estimating the approximate header

losses in 70 cm row spacing.
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TABLE 3-1
Summary of Navy Bean Production Data

Jd - —
Requirements Unit Swan Valley Fleetwood

——

70 cm rows 35 cm rows 70 cm rows 35;nrows

Seeding rate kg/ha 45.0 67.0 45.0 67.0
PFertilizer kg/ha 270.0 270.0 270.0 270.0
rate
Herbicide - kg/ha 5.3 10.6 5.3 10.6
rate
Seed price $/kg 0.88 0.88 0.88 0.88
Fertilizer $/xg 0.47 0.47 0.47 0.47
price
Herbicide $/kg 14,15 14.15 14.15 14.15
price
Pesticide $/kg 40.0 40.0 40.0 40.0
*Navy bean $/kg 0.44 0.44 0.44 0.44
price

SQURCE: Dr. Jim Kelly, Crop and Soil Science Department,
Michigan State University.

Personal commnication with extension agents and some local
dealers.

Michigan Statistical Abstract 1981. 16 ed. Detroit: Bureau of
Business Research, Wayne State University, April 1982
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Other sources of losses (threshing, straw walker, shoe
and leakage) were considered to be 4 percent from the total
yield for both varieties under both harvesting methods.

. The summary of the results are presented in Table 3-2.
It is obvious from the results that Swan Valley variety
planted in 70 cm and directly harvested gave the best
yield. This result can be attributed to the crop-lodging
problem in the narrow-row system during harvesting time
which caused excessive losses. In the conventional method,
the estimation of beans lost during pulling and windrowing
were inaccurate because some beans were buried during
pulling and windrowing. 1In the direct harvest method, the
header losses were counted under four categories; shatter

losses, stalk losses, stubble slooses and lodge losses.

3.2 Corn Production

Corn acreage and yield per hectare have both increased
substantially in Michigan over the past 15 years. Corn may
be grown in a wide range of soils from sands to clays to
mﬁck. However, without irrigation, highest yields are
optained on the finer-textured soils.

Date of planting trials at Michigan State University
have consistently shown a yield advantage for corn planted
in late April or early May over that planted later in May

or early June (Extension bulletin E-1429).
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TABLE 3-2

Summary of the Yields Conducted over a Three-Year
Period for Swan Valley and Fleetwood

Direct Harvest Conv. Harvest

Variety Unit 70 cm rows 35 cm rows 70 cm rows
Swan Valley kg/ha 2605 1808 1903
Fleetwood kg/ha 1660 1130 1788

SOURCES: Dr. Jim Kelly, Crop and Soil Science Department,
Michigan State University and personal data collection during the
1981 and 1982 harvest season.



46

Data collected during the investigation about corn

production indicated the following:

1.

Fertilizer recommendations (N + P,0g + K;0) for

~corn are made by a soil test laboratory taking into

consideration not only the soil test level but also the
yield goal and the kind of soil tested. 1In this
particular study, applying 150 kg of nitrogen (N), 70
kg phosphate (P;0g5), and 90 kg of potash (K30)

per hectare were assumed in the model. (See Table 2-6)

2, The'average corn yield per hectare was estimated over a
ten year period (72-8l1) from the Michigan Statistical
Abstract (1981).

3. The average corn price in the market was also estimated
over ten years period from the Michigan Statistical
Abstract (1981).

A summary of the corn production data is shown in

Table 3-3.

3.3 Sugar Beet Production

Sugar beets are usually grown in Michigan for sugar

production under contract with a sugar company. Beets can

be grown on mineral soils ranging from loamy sands to clays

and on organic soils.
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TABLE 3-3

Sumnary of Corn Production Data

Requirements Unit Value
Seeding rate kg/ha 14.0
Herbicide rate kg/ha 3.4
Fertilizer rate kg/ha -310.0
Seed price $/kg 0.18
Fertilizer price $/kg 0.33
Herbicide price $/kg 15.0
Insecticide + $/kg 40.0

Pungicide
Corn yield bu/ha 238.00
Corn price $/bu 2.37

P >

SOURCES: Michigan Statistical Abstract 1981. 16 ed.
Detroit Bureau of Business Research, Wayne State University,
April 1982, and pesonal communication with extension agents,
and some local dealers.
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Sugar beets should be planced as early as possible.

In the southern half of lower Michigan, April 15 to 20 is a

good starting period. Further north this date will usually

havé to be delayed somewhat (Extension bulletin E-1524).

Data collected during the investigation about sugar
beet production indicated the following:

1. Seeding rate per hectare may be varied from place to
place depending on seed size, row width and space in
rows.

2. The amount of fertilizer needed is best determined by a
soil test, but for this particular study, applying 90
kg of nitrogen (N), 85 kg of phosphate (P205). and
170 kg of potash (K,0) per hectare were taken into
consideration (see Table 2-6).

3. The average beet yield per hectare was estimated over a

five-year period (77-81) from the Michigan Statistical

Abstract (1981).

The average price of sugar beets was also estimated over a

five-year period (77-81) from the Michigan Statistical
Abstract (1981).
The summary of sugar beet production data are show in

Table 3-4.
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TABLE 3-4

Summary of Sugar Beet Production Data

Requirements Unit Value
Seeding rate  kg/ha 1.13
Fertilizer rate kg/ha 345.0
Herbicide rate kg/ha 1.7
Seed price $/kg 45.0
Fertilizer price $/kg 0.41
Herbicide price $/kg 20.0
Insecticide + $/kg 40.0

Fungicide
Sugar beet price $/tonne 30.0

Sugar beet yield tonne/ha 50.0

SQURCES: Michigan Statistical Abstract 1981. 16 ed.
Detroit Bureau of Business Research, Wayne State Univer-
sity, April 1982, and pesonal communication with extension
agents, and some local dealers.
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3.4 Field Machinery

In order to study a crop production system, it is
necessary to focus on field machinery as a major component
of a farm system. The selection of field machinery,
available in the market with their relevant prices, has to
meet a set of interacting constraints including the
following:

1. Crop to be grown

2. Field operations

3. Available machinery

4, Soil type (it was assumed to be medium textured soil)
5. Weather conditions

6. Production land area (it was assumed to be 200 ha)

7. Labor supply.

In this case, the mixed-integer linear programing
model can compare different machinery sets and select the
most economical one with respect to the existing
constraints.

The kinds and sizes of field machinery chosen to be
involved in navy beans, corn and sugar beet production are

shown in Table 3-5.



51

TABLE 3-5

Kinds and Sizes of Implements

Used in the Models

Implements Unit Marketed in Michigan
Tillage tractors kw 59.7 89.5 119.3
Utility tractor kw 37.3
Combines m 4.0 5.0 5.6
Windrowers m 2.8 4.2 5.6
Bean pullers m 2.8 4.2 5.6
Chisel plows m 2.4 3.1 3.4
Mold board plows m 2.0 2.4 2.8
Field cultivators m 3.8 4.7 5.6 6.6
Sprayers m 1.4 1.8 2.7
Row planters m 3.0 4.5 6.0
Row cultivators m 3.0 4.5 6.0
Beet toppers m 2.1 2.8
Beet lifters m 2.1 2.8
Fertilizer spreader m 3.0

SQURCES: Official Guide, Michigan Equipment Dealers
Association, Lansing, Michigan, 1982.

Dissertation for the degree of Ph.D., Michigan State

University, 1982,

Communication with dealers.

Hannibal A. Muhtar,
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3.5 Machinery Cost Model

3.5-1 Model Description

The machinery cost model by Rotz et al. (1982) was
used to calculate the cost of using the selected implements
for navy beans, corn and sugar beet production. This
program computes the total costs of owning and operating
farm machines, tractors and trucks. The model includes the
fixed costs of capital, interest, insurance, shelter,
repairs'and maintenance, and variable costs of fuel,
lubrication and labor. 1Inflation is modeled for all costs
with a separate rate used for machinery, fuel, and labor.
Income tax deductions are modeled to include depreciation,
interest, and operating cost along with an investment
credit of 10 percent of the initial machine cost. Tax
deductions are subtracted from the sum of all other costs
to give a total cost. All machines are considered to be
purchased with a loan and a 20 percent down payment. The
term of the loan is set at 5 years with an interest rate of
12 percent per year.

This model was adopted to calculate the machinery cost
because it deals with a cash flow method of analysis which
is better suited than the fixed/variable cost method to
model inflation's effect on costs since all costs are

modeled as they occur.
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In order to use the model it should be provided with
appropriate input data which varies depending upon the type
of machine to be analyzed. There are three major forms for
the data to model the costs of either a tractor, or farm
machinery. These data forms are listed below:

A. Tractor or self-propelled machine (type 2 or 3)

1. Machine code, name

2. New cost, age, power, annual use (hr), fuel type

3. (If used) purchase price, hours on machine
B. Implement (type 4 to 15)

1. Machine code, name

2, New cost,~age, annual use (hr), width, speed

3. (If used) purchase price, hours on machine.

See Appendix D for further information about the
model. The purchase prices of the selected implements are
shown in Table 3-6.

The final purchase price estimates of the implements
used in navy beans, corn, sugar beet production are shown

in Table 3-7.
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TABLE 3-6

Purchase Price of Selected Implements

(In Dollars Per Unit)

Implements Unit $/Unit
Tractor kw 224.0
Bean puller m 492.0
Chisel plow m 1,312.0
Moldboard plow m 2,707.0
Field cultivator m 656.0
Row planter m 1,969.0
Row cultivator m 984.0
Beet topper m 3,281.0
Beet lifter m 7,218.0
Sprayer m 2000.0 base price plus

66.0 per meter

SOURCES: Hannibal A. Muhtar, Dissertation for the degree
of Ph.D., Michigan State University, 1982.
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TABLE 3-7

In Navy Bean, Corn, Sugar Beet

Production
Imp lements Code Unit Slze Purchase P. §

Utltity trector T kw 37.3 8,355.00
Tl lage tractor Ty kw 59.7 13,375.00
Tillage tractor T3 kw 89.5 20,000.00
T1llage tractor Ty kw 119.3 26,723.00
S.P. Comblne Hy kw 108 59,090.00
S.P. Comblne Hy kw 167.7 71,330.00
S.P. Combine with Hy kw 108 64,090.00
plckup .H

S.P. Combine with Hy kw 167.7 76,330.00
pickup H

S.P. Combine with Hg kw 108 68,641.00
can H.

S.P. Combine with He kw 167.7 85,521.00
corn He.

Pul I-type windrower W m 2.8 4,500.00
Pul I-type windrower L) m 4.2 5,000.00
Pul I-type windrower Wy m 5.6 5,500.00
Bean pul ler B8, m 2.8 1,377.00
Bean pul ler B, m 4.2 2,065.00
Bean pul ler By m 5.6 2,755.00
Chise! plow Cq m 2.4 3,149.00
Chise! plow c, m 3.1 4,068.00
Chise! plow Cs m 3.4 4,461.00
Mol dboard plow M m 2.0 5,414.00
Mol dboard plow My m 2.4 6,497.00
Mol dboard plow My m 2.8 7,580.00
Fleld cultlvator Fy m 3.8 2,492.80
Fleld cultivator Fy m 4.7 3,083.20
Fleld cultlivator Fs m 5.6 3,673.60
Fleld cultivator Fa m 6.6 4,329.00
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TABLE 3-7 Contlinued

tmp lements Code Unit Size Purchase P. $§
Sprayer Sy m 1.4 2,092.00
Sprayer S, m 1.86 2,122.00
Sprayer S3 m 2.77 2,183.00
Row planter Ry m 3.0 5,907.00
Row planter Ry m 4.5 8,860.00
Row planter Rs m 6.0 11,814.00
Row cultivator vq m 3.0 2,952.00
Row cultivator vy m 4.5 4,428.00
Row cultivator Vg m 6.0 5,900.00
Fertlllzer spreader Zy m 3.0 5,000.00
Beet topper Py m 2.1 6,890.00
Beet topper Py m 2.8 9,187.00
Beet |lfter 4 m 2.1 15,158.00
Beet |1fter Ly m 2.8 20,210.00

SOURCE: Robert G. Whlte, Determining capacities of farm machines. E-1216.
Cooperative Extenslion Service, Michigan State Unlversity, East Lansing, April
1978.
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3.5-2 Model Results

The data required to execute the program were entered
in the computer to calculate the following parameters for a
ten year period:
1. Ownership cost
2. Repair and maintenance
3. Fuel
4. Total present value
5. Average annual cost

The calculation of labor cost was completed in the
mixed-integer linear programing models rather than in the
cost model. The reason for that is to allow the MILP
models to compute the labor cost only when machinery was
under field operation. 1In this case, more accurate results
can be obtained. In the MILP model the labor cost was
assumed to be 6.0 dollarc per hour. The summary of the

selected implement costs are presented in Table 3-8.

3.6 Power Requirements

Obtaining a satisfactory match between tractor
horsepower and implement size is an important phase of farm
machinery management. Implements too large for available
horsepower will cause tractor overloading, excessive tire

slippage, a higher incidence of tractor breakdowns, and
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TABLE 3-8

(For Ten Year Period)

Ownershlp Repalr & Total P. Average
tmp lements Code Cost Malntenance Fuel Value Annual Cost

Ut ity Trector Ty 8,050.0 10,555.0 40,453.0 59,058.0 6,575.0
TH lage tractor T2 12,887.0 16,896.0 64,747.0 94,530.0 10,523.0
Tillage tractor Ts 19,270.0 25,265.0 97,066.0 141,602.0 15,764.0
Tlilage tractor T4 25,789.0 33,814.0 129,598.0 189,202.0 21,063.0
S.P. Comblne Hy  55,924.0 19,001.0 15,930.0 90,855.0 10,115.0
S.P. Comb!ne Hy 67,508.0 22,937.0 24,735.0 115,180.0 12,822.0
S«.P. Combine with Hy 60,656.0 20,609.0 15,930.0 97,195.0 10,820.0
S?;?kgz'nblno with Hy 72,240.0 '24’5‘5.0 24,735.0 121,520.0 13,528.0
S':;‘.:k:;:mblne with Hs 64,963.0 44,191.0 23,426.0 132,580.0 14,760.0
S::cP’:nC:;lblno with Hg 80,939.0 55,058.0 36,375.0 172,373.0 19,190.0
corn H.
Pul 1-type windrower Wy 3,6M.7 2,502.0 0.0 6,174.0 686.0
Pull-type windrower W, 4,130.7 2,817.3 0.0 6,948.0 772.0
Pull-type windrower Wy  4,589.7 3,132.3 0.0 7,722.0 858.0
Bean pul ler B8, 1,264.0 1,276.0 0.0 2,540.0 283.0
Bean pul ler B, 1,89.0 1,130.0 0.0 3,026.0 337.0
Bean pul ler Bx 2,530.0 1,037.0 0.0 3,566.0 397.0
Chisel plow C, 2,891.0 1,244.0 0.0 4,136.0 460.0
Chisel plow 1%} 3,735.0 1,041.0 0.0 4,749.0 529.0
Chisel plow Cs 4,096.0 942.0 0.0 5,038.0 561.0
Moldboard plow M 4,971.0 5,604.0 0.0 10,575.0 1,177.0
Moldboard plow L] 5,965.0 5,306.0 0.0 11,271.0 1,255.0
Moldboard plow My 6,960.0 5,066.0 0.0 12,026.0 1,339.0
Fleld cultivator Fy 2,288.0 431.0 0.0 2,719.0 303.0
Fleld cultivator Fa 2,831.0 363.0 0.0 3,194.0 356.0
Fleld cultivator Fy 3,372.0 316.0 0.0 3,688.0 411.0
Fleld cultlivator Fa 3,973.0 279.0 0.0 4,253.0 474.0
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TABLE 3-8 ContlInued

Ownershlip Repair & Total P. Average
fmp lements Code Cost Maintenance Fuel Value Annual Cost
Sprayer S 1,920.0 1,920.0 0.0 3,398.0 378.0
Sprayer S, 1,948.0 1,566.0 0.0 3,515.0 391.0
Sprayer Sy 2,004.5 1,609.6 0.0 3,614.1 402.0
Row planter Ry 5,424.0 5,128.0 0.0 10,552.0 1,175.0
Row planter Ry 8,135.0 4,020.0 0.0 12,155.0 1,353.0
Row planter Ry 10,847.0 3,383.0 0.0 14,230.0 1,584.0
Row cultivator vq 2,710.0 1,620.0 0.0 4,330.0 482.0
Row cultivator /) 4,066.0 1,171.0 0.0 5,237.0 583.0
Row cultivator Vg 4,591.0 1,981.0 0.0 6,571.0 732.0
Fertillizer spreader 4,591.0 1,363.0 0.0 5,953.0 663.0
Beet topper Py 7,571.0 4,327.0 0.0 11,899.0 1,322.0
Beet topper Py 10,095.0 5,773.0 0.0 15,868.5 1,763.0
Beet |ifter Ly 16,657.0 9,569.0 0.0 26,226.0 2,914.0
Beet |l fter Ly 22,208.0 12,846.0 0.0 35,055.0 3,895.0
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unsatisfactory performance in general. Implements that are
too small will result in inefficient operation, low
production, and increased costs.

Due to the wide range of implements used in navy
beAn, corn, and sugar beet production, it is impossible to
match all implements perfectly to the tractor horsepower
available. Therefore, the objective is to match as
effectively as possible the tractor power available and the
power requirements of the majority of the "heavy draft"
machines.

The PTO power requirement for the selected implements
in medium-textured soil were calculated depending upon the
following parameters:

1. Type of soil

2. Implement width

3. Implement speed

4. Depth of plowing (for tillage implements)
5. Draft force per unit width kw/m

Table 3-9 represents the power requirement (kw/m) for
selected implements in medium textured soil. The final
results for the power requirements, for the implements
contributing in navy bean, corn, and sugar beet production
systems, in medium textured soil, are presented in Table

3-10. The machine capacities (ha/hr) for selected
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TABLE 3-9

Power Requirement for Implements
in Medium-Textured Soil

Implements PTO power kw/m
Bean puller 7.31
Windrower 4.00
Chisel plow 24.40
Moldboard plow 27.90
Row planter 8.8
Sprayer 3.6
Row cultivator 7.2
Beet topper 9.8
Beet lifter 39.1

Modified fram: Donnell Hunt, Farm Power and Machinery Man-
ement, Iowa State University Press, Ames, Iowa. . Hannibal
A. Muhtar, Dissertation for Degree of Ph.D., Michigan State
University, 1982,
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TABLE 3-10

Power Requirements for Selected Implements

In Medlum-Textured Soll and the

Relevant Tractor Slzes

fmp lements Code Slze PTO power Tractor Slze Code
(m) (kw) (kw)

Bean pul ler B, 2.8 20.46
Bean pul ler 8y 4.2 30.70
Bean pul ler Bs 5.6 40.93
Bean windrower W 2.8 11.20
Bean windrower Wy 4.2 16.80
Bean windrower W 5.6 22.40
Puller & windrower By + W, 2.8 31.66 37.3 T
Puller & windrower B, + W, 4.2 47.5 59.7 Ty
Puller & windrower Bs + W3 5.6 63.3 89.5 Ty
Chisel plow Cy 2.4 58.56 59.7 T,
Chisel plow C, 3.1 75.64 89.5 or 119.3 Tz, Ty
Chisel plow Cs 3.4 82.96 89.5 or 119.3 T3, T,
Moldboard plow M 2.0 55.8 59.7 Ty
Moldboard plow My 2.4 66.96 89.5 or 119.3 T3, T,
Moldboard plow My 2.8 78.12 89.5 or 119.3 T3, Ty
Fleld cultivator Fy 3.8 32.49 37.3 Ty
Fleld cultivator Fa 4.7 40.185 59.7 T,
Fleld cultivator Fy 5.6 47.88 59.7 T
Fleld cultivator Fq 6.6 56.43 59.7 T2
Sprayer S, 1.4 5.04 37.3 T
Sprayer S, 1.86 6.7 37.3 T
Sprayer Sy 2.77 10.0 37.3 T
Row planter Ry 3.0 26.40 37.3 T
Row planter Ry 4.5 39.60 59.70 T2
Row planter Ry 6.0 52.7 59.70 Ty
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TABLE 3-10 Cont!nued

fmp lements Code Slze PTO power Tractor Slze Code
(m) (kw) (kw)

Row cultivator vy 3.0 21.80 37.3 T
Row cultivator v, 4.5 32.40 37.3 T
Row cultivator V3 6.0 43.20 59.67 T2
Fertilizer spreader Z, 3.0 1.1 37.3 T
Beet topper P| 2.1 20.58 37.3 T,
Beet topper Py 2.8 27.44 37.3 T
Beet |ifter L 2.1 82.11 119.3 T4
Beet |lfter Ly 2.8 109.48 119.3 T,
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implements are shown in Table 3-11. Figures 3-1, 3-2 and
3-3 represent the possible ways of matching implements with
selected tractor sizes (37.34, 59.7, 89.5 and 119.3 kw).
For example, Tractor 1 (Ty) can match in the MILP model
witﬁ implements in one of twelve ways depending upon the

size of implement required to cover 200 ha of 1land.

3.7 Predicting the Number of Suitable

Days for Field Work

Timing field operations is an important part of
successful crop production. The effects of untimely
operations could influence management decisions involving
the selection of machinery and labor systems.

The variation in weather from year to year and its
resultant impact on the number of good days available for
soil preparation, planting, spraying, cultivation and
harvest has been a major uncertainty in making good
selection and choices. Therefore, the manager's ability to
make proper system selections and to schedule men and
machines depends to a high degree on his ability to predict
available working time in the field during any part of the

crop season.
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Implements Code Efficlency Width Speed Cepaclty
(m) (km/hr) (ha/hr)
S.P. Combine Hy ,Hg 65 4.0 4.8 1.25
S.P. Combine  Hy,Hg 65 5.0 4.8 1.56
*S.P. Comblne
with plckup Hy 65 5.6 6.0 2.18
*#4S.P. Comblne
with plckup Hy 65 7.0 6.0 2.73
B. wlndrower W 80 2.8 5.6 1.17
B. windrower “2 80 4.2 5.6 1.76
B. windrower Wy 80 5.6 5.6 2.35
Bean pul ler By 80 2.8 5.6 1.17
Bean pul ler By 80 4.2 5.6 1.76
Bean pul ler By 80 5.6 5.6 2.35
Chise! plow ¢ 85 2.4 7.2 1.468
Chisel plow C, 85 3.1 7.2 1.897
Chisel plow Cy 85 3.4 7.2 2.08
Moldboard plow M 80 2.0 7.2 1.15
Moldboard plow M, 80 2.4 7.2 1.38
Mol dboard plow My 80 2.8 7.2 1.61
Fleld cultivator F, 90 3.8 7.2 2.46
Fleld cultivator F, 90 4.7 7.2 3.00
Fleld cultivetor Fy 90 5.6 7.2 3.62
Fleld cultivator F, 90 6.6 7.2 4.62
Sprayer S 65 1.4 8.1 73
Sprayer 52 65 1.86 8.1 97
Sprayer Sy 65 2.77 8.1 1.45
Row planter Ry 60 3.0 8.1 1.45
Row planter Ry 60 4.5 8.1 2.18
Row planter Ry 60 6.0 8.1 2.91
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TABLE 3-11 Contlnued

Implements Code Efficlency Width Speed Capacity
% (m) (km/hr) (ha/hr)

Row cultlvator vy 85 3.0 4.8 1.22
Row cultlivator Vo 85 4.5 4.8 1.83
Row cultivator Vs 85 6.0 4.8 2.44
Fertlillizer spreader Z, 80 3.0 7.2 1.72
Beet topper Py 70 2.1 4.8 7
Beet topper P2 70 2.8 4.8 .94
Beet |lfter 4 70 2.1 4.8 o7
Beet 11fter L, 70 2.8 4.8 .94

SOURCE: Robert G. WHite, Determining Capaclties of Farm Machlines.
E-1216. Cooperative Extenslon Service, Michigan State Unlversity, East
Lansing. April 1978.

* SP Combine (Hy~4.0 m) was assumed to plckup & windrwo of navy bean
plants windrowed from 8 rows (5.6 m).

*%SP Combline (H4=5.0 m) was assumed to plck up a windrow of navy bean
plants windrowed from 10 rows (7.0 m).
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Bl,Wl : Bean puller 1, Windrower 1
Fl Field cultivator

§1,2,3 : Sprayer 1,2,3

Rl : Row planter 1

v1,2 : Row cultivator 1,2

zZ1 Fertilizer spreader
Pl,2 Beet topper 1,2

Fig. 1 Possible ways of matching tractor 1 (Tl) and selected
implements.
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B2, W2 : Puller 2, Windrower 2
Cl : Chisel plow 1
M1 : Moldboard plow 1
F2,3,4 : Field cultivator 2,3,4
R2,3 : Row planter 2,3
v3 : Row cultivator 3
Fig. 2 Possible ways of matching tractor 2 (T2) and selected

implements.
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B3, W3 : Puller 3, Windrower 3
c2 :+ Chisel plow 2

M2,3 : Moldboard plow 2,3
F3,4 : Field cultivator 3,4

Fig. 3 The possible ways of matching tractor 3 (T3) and selected
implements.
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Chisel plow 2,3
Moldboard plow 2,3
Beet lifter 1,2

The possible ways of matching tractor 4 (T4) and selected

implements.
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Rotz et al. (1982) developed an algorithm to provide
suitable days data for different locations in Michigan.

The results of this model has been found to have less than

15 percent error.

In this particular study, the predication of suitable
days for field work in Michigan conducted by Rotz et al.
(1982) was used in the MILP models to compute the number of
the ava#lable hours for field work in Saginaw. Table 3-12
represents the predicted portion of days for field work in
Saginaw at .8 probability level. (A probability level of
0.8 indicates that 8 years or more out of 10 the portion of
the days indicated will be suitable.) The number of hours
available for field work at 0.8 probability level for navy
beans, corn and sugar beets were calculated as follows:

1. The calendar days within which field operations can be
performed were organized depending upon the weather
history of Michigan and some recommendaitons from
specialists.

2. The actual number of days available for field work were
calculated by multiplying the available days for
executing each field operation by the corresponding

portion of days suitable for field work.
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TABLE 3-12

Predicted Portion of Days Suitable for
Field Work in Saginaw at a
0.8 Level of Probability

Period Portion of days

1- Nonharvest operations

April 20 - 30 .34
May 1-10 .66
May 11 -20 .62
May 21 - 31 A
June 1 -15 .66
June 16 - 30 .72
July 1-15 .80
July 16 - 31 .79
Agg. 1-15 .65
Aug. 16 - 31 A
Sept. 1 -15 .75
Sept. 16 - 30 .68
Oct. 1-15 .64
Oct. 16 - 31 .58
Nov. 1 -15 .42
Nov. 16 - 30 1N
2- Harvest operations
Sept. 1 -15 .53
Sept. 16 - 31 .45
Oct. 1-15 .49

SOURCE: C. Alan Rotz et al. "Prediction of suitable days
for field work."” Michigan State University, 1982,
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3. The actual number of hours available for field work
were then calculated by multiplying the number of
actual days available for field work by the
~corresponding number of hours per day within which each
field operation can be performed.

4. Each number of hours available for a field operation
was then compared with the recommended hours for a
machine to execute the field work. If the recommended
number of hours were less than the calculated hours,
the'recommended hours would be used in the MILP models;
otherwise the calculated number of hours would be taken
into consideration.

Table 3-13 summarizes the number of hours per day
within which field operations can be performed. The final
results of the calculated number of hour available for
field work at probability .8 for navy beans, corn, and
sugar beets are presented in Tables 3-14, 3-15 and 3-16
respectively. The estimated life of selected farm

machinery are listed in Table 3-17.
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TABLE 3-13

Number of Hours Assigned to Field Operation

Operation Number of Hours per Day
Fall plowing 12
Fertilizer application 12
Field cultivation 12
Plariting 12
Row cultivation 12
Spraying 12
Direct harvesting beans 8
Convent. harvesting beans 10
Corn harvesting 10
Sugar beet harvesting 12

SQURCE: Francis J. Wolak "Development of a field
machinery selection model."™ Dissertation for the degree of
Ph.D., Michigan State University 1981.
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TABLE 3-14

Calendar Days and Number of Available Hours
for Field Work at 0.8 Probability Level
for Bean Production

Operation Execution Date Number of Hours

Fall plowing 10/9 to 11/27 135.0
Fertilizer application 5/1 to 5/15 121.0
Spring cultivation 5/9 to 5/29 160.0
*Plantiné 5/30 to 6/19 154.0 (80.0)
Row cultivation 6/20 to 7/5 135.0
Spraying 6/20 to 7/5 135.0
Direct harvesting beans 9/5 to 10/10 153.0
Convent. harvesting beans 9/10 to 10/20 192.0

- Pulling and windrow 96.0

- Combining 96.0

SQURCE: Francis J. Wolak "Development of a field machinery
selection model."” Dissertation for the degree of Ph.D., Michigan
State University 1981,

*When average annual use exceeds the recommended number of
hours, machine will wear out before it becomes obsolete.
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TABLE 3-15

Calendar Days and Number of Available Hours
for Field Work at 0.8 Probability Level
for Corn Production

Operation Execution Date Number of Hours
Fall plowing 10/9 to 11/27 135.0
Fertilizer application 10/9 to 11/27 135.0
Spring cultivation 4/20 to 5/10 120.0
*Planting 4/24 to 5/10 160.0 (80.0)
Spraying 4/15 to 5/15 165.0
Row cultivation 6/1 to 6/18 144.0
Harvesting 10/10 to 11/12 153.0

SOURCE: Francis J. Wolak "Development of a field machinery
selection model."” Dissertation for the degree of Ph.D., Michigan
State University 1981,

*When average annual use exceeds the recommended number of
hours, machine will wear out before it becomes obsolete.
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TABLE 3-16

Calendar Days and Number of Available Hours
for Field Work at 0.8 Probability Level
for Sugar Beet Production

Operation Execution Date Number of Hours
Fall plowing 10/25 to 11/25 124.0
Spring cultivation 4/10 to 5/10 160.0
*Planting 4/15 to 5/15 *(80.0)
Sprayiﬁg 5/22 to 6/12 163.0
Row cultivation 5/22 to 6/12 163.0
Harvesting 10/1 to 11/13 230.0

.

SOURCE: Francis J. Wolak "Development of a field machinery
selection model."” Dissertation for the degree of Ph.D., Michigan
State University 1981.

*Recommended number of hours for using planter.
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TABLE 3-17

The Estimated Life of Machines

Machine Years Until Wear Out Hours per Year for
Obsolete Life Wear Out Life to
Hours Equal Obsolescence
Life*
Tractors
Wheel-type 10 1000 1000
Track-type 15 15000 1000
Tillage implements
Cultivators 12 2500 208
Moldboard plow 15 2500 167
Seeders
Grind drill 15 1200 80
Row crop planer 15 1200 80
Harvesting equipment
Combine, S.P. 10 2000 200
Sugar beet harvester 10 2500 250
Windrower 10 2500 250
Fertilizer equipment 8 1200 150

SOURCE: R.A. Keeper, R. Bainer and E.L. Eager, Principles of
farm machinery. AVI Publ. Co., Inc., Third Ed., 1978.

*When average annual use exceeds this number of hours, machine
will wear out before it becomes obsolete.



4 NAVY BEAN PRODUCTION MODEL

4.1 Model Formulation

The algorithm which follows was developed to evaluate
and compare navy bean production systems in Michigan
invblving conventional and direct harvest methods. A mixed
integer linear programming model was formulated with 44
columns (activities) and 38 rows (constraints) to select
the navy bean variety to recommend (Swan Valley or Fleet-
wood), the planting system to follow (wide rows or narrow
rows), the harvesting method to apply (direct or conven-
tional), and finally the number and type of farm machinery
to use so that the profit can be maximized. The following

equations overview the navy ean MILP model structure:

The objective function:

Max{mize 2 = - X4WDq = XyWDy - X3WC3 - X4SD1 - X55D2

- XgSC3 = X9Dq - XgEq = XgHy = Xq99T

- X117y = X12T3 = X43M1 = X94My3 = Xy5M3

- X16C1 - X99C2 - X18C3 - X192¢ - X3oF,

- X21F2 = X2F3 = Xp3F4 = Xp4Ry - X3s5R)
- X6R3 = X29Vy = XzgVa = X39V3 ~ X305
- X315 - X3253 - X33By - X34B; - X35B3
= X36W1 — X37W2 - X3gW3 = X3gH1 = XypoH2
- X4qH3 - Xg4oHy - XgqLla - X44SB
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where 2

where Xn :

WD1

WD2

WC3

SD1

SDj

SC3

T = O
- b
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The total net profit for the selected navy bean
production system.

Level of activity n for n =1 . . . 44 (column
number)

Insecticide and fungicide cost $/ha for
Fleetwood planted in 35 cm row spacing and
directly harvested

Insecticide and fungicide cost $/ha for
Fleetwood variety planted in 70 cm row spacing
and directly harvested

Insecticied and fungicide cost $/ha for
Fleetwood variety planted in 70 cm row spacing
and conventionally harvested

Insecticide and fungicide cost $/ha for Swan
Valley variety planted in 35 cm row spacing and
directly harvested

Insecticide and fungicide cost $/ha for Swan
Valley variety planted in 70 cm row spacing and
directly harvested

Insecticide and fungicide cost $/ha for Swan
valley variety planted in 70 cm row spacing and
conventionally harvested

The navy bean seed price $/kg

The fertilizer cost $/kg

The herbicides cost $/kg

3-1 represents the summary of navy bean produc-

tion data used in the navy bean MILP model.
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using

using

using

using

using

using

using

using

using

using

using

tractor m $/yr where
moldboard plow m $/yr where
chisel plow m $/yr where
the fertilizer spreader
field cultivator m $/yr

row plapter m $/yr where
row cultivator m $/yr where
sprayer m $/yr where

bean puller m $/yr where
windrower m $/yr where

harvester m $/yr where

Table 3-8 summarizes the total annual costs for each

implement used in the navy bean MILP model

La : The labor cost per hour $/hr

SB

The market sale price of navy beans $/kg.
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The objective function (net profit) was maximized
subject to a series of constraints illustrated by
relationships 4-1 through 4-38 where the equation numbers
represent the constraing number, and the subscripted X's
value show the columns (activity) number.

Land constraint:

X1aq9 + Xgap; + X3a3z + Xgay + Xgag + Xgag < bj (4-1)
where:
Xn ¢ Represents the level of activity n (land area)
which the computer is going to assign for the
selected navy bean variety where n=1, . . .6

(column's number)

ap ¢ Is a vector (value) of ones (under three systems
of Fleetwood variety and three systems of Swan
Valley variety see Appendix A-1 row 4)
where n = 1, . . . 6 (activity number)

by : Is the land area limitation (it was set to be 200

ha)

Yield constraint:

- Xq¥q - Xp¥p - X3Y¥3 - X4Yy - Xg¥5 - Xg¥g
+ Xg4Y44 < O (4-2)
where:

Xn ¢ Is the level of activity n (size of Land in ha)
where n = 1, . . .6

X44 ¢ Is the level of selling activity (the yield
going to be sold)

Yh ¢ Is the yield kg/ha (for the Fleetwood under three
systems and Swan Valley under three systems)
wheren=1, . . . 6

Y44 ¢ Is a vector of 1 under selling activity
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Seeding rate cqpstraint:
X1Seq + X4Seq4 - X9Se7 < 0 (4-3)
where:
X, ¢ Level of activity n (size of land in ha)
where n =1, 4, 7
Sen: The amount of seed required (kg/ha) for navy
beans planted in 35 cm row spacing where m = 1,4
Sey: Is a vector of -1 ( avalue of -1 under column

7, the seed price $/kg)

Seeding rate coqstgaint:
' XpSe; + X3Se3 + XgSeg + XgSeg - X9Seq < 0 (4-4)
where:
Xn ¢ Level of activity n (size of land in ha)
where n = 2, 3, 5, 6, 7
Sep: The amount of seed required (kg/ha) for beans
planted in 70 cm row spacing where m = 2, 3, 5, 6
Seq: Is a vector of -1 (a value of -1 under column 7,
the seed price $/kg)

Fertilizer rate constraint:

X1Feq + XyFep + X3Fe3 + X4Fey + XgFeg + XgFeg
- XgFeg < 0 (4-5)
where:
X, : Level of activity n (size of land)
where n =1, 2, 3, 4, 5, 6, 8
Fep: The amount of fertilizer required (kg/ha)
wherem =1, . . . 6
Feg: Is a vector of -1
Herbicide rate constraint:
X1Heq + XpHey + X3jHe3 + X4Heyq + XgHeg + XgHeg
- XgHeg < 0 (4-6)
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where:
X, ¢ Level of activity n (size of land in ha)
wheren=1, . . . 6
and 9 (column number)
He, : The amount of herbicides requied (kg/ha) where
m=1, . . . 6
Heg : Is a vector of -1 (a value of -1 under column 9

the herbicide price $/kg)
Plowing operation:
X1P01 + X2P02 + X3P03 + X4P04 + XSPOS + x6P06

- X13P0Oy3 -X14P014 - X15PO15 - X1gPO1g = X17PO¢y
- 318P°18 S_ 0 (4-7)
where:

Xn Level of activity n (number of tillage implements)

where n =1, . . . 6 and
13, . « .« 18 (column number)

PO, ¢ Is a vector of ones wherem =1, . . . 6

POy : Is a matris of the number of hectares that each
tillage implement can cover during the tillage
time where K = 13, . . . 18 (the number of
hectares that tillage implement k can cover
during tillage time was calculated by
multiplying the implement capacity ha/hr by the
number of hours available for field work.)

Applying fertilizer:
X1Fy + XgFgq = Xq9Fl4g9 < 0 (4-8)

where:
Xn ¢ Level of activity n (number of fertilizer
spreaders) where n = 1, 4, 19

(column number)
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fn ¢ Is a vector of ones where m = 1, 4 (for beans
planted in narrow rows)
fi19: The number of hectares that the fertilizer
spreader can cover during the application time.

Field cultivatiqgi

Xyha; + Xphap + Xjhaj + Xphay + Xghag + Xghag
- Xphazg - Xz1haz) - Xzzhaz; - Xy3hazy < 0 (4-9)
where:

X, ¢ Level of activity n (number of field cultivators)
where n=1, . . . 6 and 20, . . . 23

hap: Is a vector of ones wherem =1, . . . 6

hay: The number of hectares that field cultivator k
can cover during the field cultivation time,
where K = 20, 23

Planting operation:

X1PL) + X;PLy + X3PL3 + X4PLy + XgPLg + XgPLg
= X24PL2g - X5PLps = XpPLgg < 0 (4-10)
where:

X, ¢ Level of activity n (number of row planters)
where n =1, . . . 6 and 24, . . . 26

PLy: Is a vector of ones where M =1, . . . 6

PLx: The number of hectares that row planter k can
cover during planting time, where

k=24, . . . 26
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Row cultivation:

X7Cuy + X3Cujz + Xg5Cug + XgCug - X99Cuyy
- XgCuzg = Xy9Cuzg < O (4-11)
where:

X, : Level of activity n (number of row cultivators)
where n = 2, 3, 5, 6, 27, 28, 29

Cup: Vector of ones for beans planted in wide row
system where m = 2, 3, 5, 6

Cup: The number of hectares that row cultivator k can
cover during the cultivating time where k = 27,
e o o o 29

Spraying operation:

X1SP] + XSP, + X3SP3 + X4SP4 + X5SPg + XgSPg
= X305P39 ~ X315P3) ~ X335P33 < 0 (4-12)
where:

X, : Level of activity n (number of sprayers)
wheren =1, . . . 6 and 30, . . . 32

SPp: A vector of ones for m wherem =1, . . . 6

SPx: The number of hectares that sprayer k can cover
during spraying time where k = 31, . . . 33

Bean pulling operation:

X3PU3 + X6Pu6 - X33PU33 - X34PU34

- X35PU35 50 (4-13)
where:

X, ¢ Level of activity n (number of bean pullers)

where n = 3,6,33,34,35



87

Pup: A vector of ones for m where m = 3, 6 (only for
beans planted in 70 cm and conventionally har-
vested)

Pup: The number of hectares that bean puller k can
cover during pulling time where k = 33, 34, 35

Windrowing operation:

X3Wn3 + XgWng - X3gWn3g — X37Wn3; - X3gWn3g < 0 (4-14)
where:
X, ¢ Level of activity n (number of windrowers)
where n = 3, 6, 36, 37, 38
Wnp: A vector of ones for m = 3, 6 (only for beans
' planted in 70 cm and conventionally harvested)
Wny: The number of hectares that windrower k can cover
during windrowing times where k = 36, 37, 38

Combining operation:

X3Co3 + x6C06 - X41C041 — X42C044 < O (4-15)
where:

X, ¢ Level of activity n (number of harvesters)
where n = 3, 6, 41, 42

Cop: A vector of ones for m = 3, 6 (only for beans
planted in 70 cm and conventionally harvested)

Coyx: The number of hectares that harvester k with
pick-up header can cover during combining time,
where k = 41, 42

Harvesting operation:

xlhrl + xzhrz + X4hr4 + x5hr5 - X39hr39
- X4ohr40 < 0 (4-16)
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where:
X : Level of activity n (number of harvesters)
where n = 1,2,4,5,29,40
hry: A vector of ones for m = 1,2,4,5, (only for
beans harvested directly)
hry: The number of hectares that harvester k can
cover during harvesting time where k = 39, 40

Usage of tractor 1:

- XjoTajg + Xj9Tajg + XypTazg + Xp4Tazg + X39Tazy

+ XygTazg *+ X3gTazg + X3;Taz; + X3,Tajz;

+ X33Ta33z < 0 (4-17)
where:

Level of activity n (number of implements)

(1]

Xn
Tajg ¢ The recommended annual number of hours for

tractor 1 to be used for executing field
operation: (it was assumed to be 1,000 hrs.)

Tap: The number of hours under which each field
operation can be performed by tractor 1 using
implement m where m = 19, 20, 24, 27, 28, 30, 31,
32, 33. (The number of horus under which a field
operation can be performed were calculated by
dividing the land area (200 ha was assumed in
this model) by the implement capacity ha/hr).

Usage of tractor 2:

- X31Taj; + Xj3Tajz + XjgTajg + Xz3Taz) + X32Taz)

+ Xa3Tajz3 + XjgTajzg + XygTazg + Xj9Tagg
+ X34Ta3zq < O (4-18)
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where:

Level of activity n (number of implements)

>
=

Tajj): The recommended annual number of hours for
tractor 2 to be used for executing field
operation: (the number of hours were assumed to
be 1,000).

Tayp: The number of hours under which each field
operation can be performed by tractor 2 using
implement m, where m = 13, 16, 21, 22, 23, 29
and 34.

Usage of tractor 3:

= XjoTajpy + X)4Tajg + XysTays + Xj9Tayg + X;gTa)g

+ X3gTa3zg < 0 (4-19)
where:

Xn ¢ Level of activity n (number of implements)

Tajz: The recommended annual number of hours for
tractor 3 to be used for executing field
operations (the number of hours were assumed to
be 1,000).

Ta The number of hours under which a field

operation can be performed by tractor 3 using

implement m, where m = 14, 15, 17, 18 and 35.
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Labor Constraint:

Xq3Lay3 + Xy4Llaqg + Xqyglagg + Xqglajg + Xq7Laqy
+ Xjglajg + Xjyglajg + XygLajg + XpqLazy + XjjLaj;

+ Xp3Llajzjy + Xjy4lagy + Xpglazs + Xyglagg + XpgLazy

+

Xzglagg + Xpglazg + Xjplazg + X3jqlazy + X3zlaz;
+ X33laz3 + X3gqlazyq + X3slazs + Xjglazg + Xgglayp
+ XgqLagq + XgoLago = Xgglagy < O (4-20)
where:
X, : Level of activity n (number of implements)
where n = 13, . . . 35 and 39, . . . 44

Lap: Represents the number of hours required to
accomplish a field operation for a land size of
200 ha, where m = 13, . . . 42 (the summary of
the number of hours required for each implement
to fulfill a field operation are presented in
Table 4-1.

Laggq: Is a vector of -1 which implies the summation of
all of hours required for navy bean production for
calculating the labor cost.

The initial results from the previous model indicated
that planting Swan Valley variety in 70 cm row spacing and
applying the direct harvesting method is the most
profitable system at this stage that can be followed, but

the numbers of field machinery selected by the model was

fractional instead of integers which does not represent
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TABLE 4-1

The Land Area that Can Be Covered by an Implement
During Available Days and Time Required
to Cover 200 Ha

Implement Code Number of Hectares* Number of Hours*¥*
Moldboard plow My 155 174
Moldboard plow My 187 145
Moldboard plow M3 217 124
Chisel plow Cq 200 135
Chisel plow C 255 105
Chisel plow C3 270 100
Fertlizer spreader 24 209 116
Field cultivator Fq 332 81
Field cultivator Fo 393 66.6
Field cultivator F3 480 55.2
Field cultivator Fy 579 43.2
Row planter Ry 17 138
Row planter Ry 174 91.7
Row planter R3 232 68.7
Row cultivator Vi 165 164
Row cultivator Vi 248 109
Row cultivator V3 330 82
Sprayer S 100 120.5
Sprayer =) 135 200
Sprayer S3 200 135
Bean puller +

windrower BqtW,q 113 170
Bean puller +

windrower By 169 113
Bean puller +

windrower B33 225 85
Harvester Hy 191 160
Harvester Hy 239 128
Harvester

(conventional) H3 209 92
Harvester

(conventional) Hy 262 73

*Number of hectares = [field capacity of an implement (ha/hr)] x
number of hours available for field work (hr)]

**Number of hours = [land size (ha)] + [field capacity of an
implement (ha/hr)]
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the terms of the real world. Therefore, a specific
technique was followed to force the noninteger number of
selected kinds of implements to be integers by adding the
following constraints 4-1 through 4-38 where the equation
number represents the row (constraint) number, and the
subscripted x's value show the column (activity) number.

Forcing the tillage implements to be integers:

Xi5Fr15 + Xq1gFrqg + X17Frq9 + X gFrqg = 1 (4-21)
where:

Xn ¢ Level of activity n (number of tillage
implements) where n= 15, . . . 18

Frp: A vector of ones for m = 15, . . . 18. These
vectors of ones were set only under the tillage
implements that can cover 200 ha or more during
tillage time to guarantee the number of tillage

implements to be integers.

X15Frqg < 1 (4-22)
X16Frig < 1 (4-23)
X17Frq9 < 1 (4-24)
X1gFrig < 1 (4-25)

Equations 21 to 25 were set to force the model to
select just one integer kind of a tillage implement that

can cover the 200 ha within the time limit.
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Forcing the number of field cultivators to be integers:

X20Fr20 + X21Fr21 + xzzFrzz + X23Fr23 = 1 (4-26)
where:
X, ¢ Level of activity n (number of field cultivators)

where n = 20, . . . 23

Frnh: A vector of ones for m = 21, . . . 23. These
vectors were set only under field cultivators
which can cover 200 ha or more during cultivating
time to guarantee the number of cultivators to be
integers.

Xp0Fryp < 1 ; (4-27)

X91PFroq < 1 (4-28)

Xo9Frgypy < 1 (4-29)

Xp3Frp3 < 1 (4-30)

Equations 27 to 30 were set to force the model to

select only one size of field cultivator.

Forcing the row planters to be integers:

X26Fr26 = 1 (4-31)

Forcing the row cultivators to be integers:

XZBFrza + X29Fr29 = 1 (4-32)
x28Fr23 £ 1 (4-33)
X29Fr29 £ 1 (4-34)

Forcing the sprayers to be integers:

X32Fr32 =1 A (4-35)
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Porcing the combine to be integers:

X40Frygo = 1 (4-36)

Forcing tractor 1 and tractor 2 to be integers:

X10Frq9 = 1 (4-37)
(4-38)

4.2 Model Adjustments

The tractor usage in the farming process represents
one of the most important factos affecting the total annual
cost of crop production. In the MILP model the tractor
usage was assumed to be 1000 hrs per year to estimate the
annual cost of using Tractor 1, 2, and 3. However, the
results obtained from the navy bean production model
indicated that the actual number of hours for the tractor
usage were as follows:

1. Utility tractor 1 (Tq = 37.2 kw): 435 hours per
year, 300 hrs of which were assumed to be used for
handling transportation, making turns, etc., other
than farming activities.

2, Tillage tractor 1 (T - 59.7 kw): 442 hours per
year, 100 hrs of which were assumed to be for

non-farming activities (handling, transportation,

turns, etc.)



95

3. Tillage tractor 3 (T3 - 89.5 kw): 400 hours per
year, 100 hrs of which were assumed to be for
nonfarming activities.

These actual number of hours for tractor usage were
fed in the machinery cost model by Rotz et al. (1981) to
calculate the total cost for using Tractor 1, 2, and 3.
The results obtained from the machinery cost model are

summarized in Table 4.2.

4.3 Model Results

The navy bean production model results indicated that
planting the Swan Valley variety in 70 cm row spacing and
applying the direct harvesting method is the most
profitable system that can be followed at this stage. A
navy bean producer can make in this system up to
$144,604.00 profit from 200 ha land which approximately
equals $723.00 per ha. the summary of the navy bean
production model results is presented in table 4-3. These
results show the kinds and the sizes of implements selected
by the model and represents the amount of seed, fertilizers
and herbicides applied for Swan Valley planted in 200 ha

land with 70 cm row spacing.
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TABLE 4-2

Summary of the Adjusted Annual Cost
of Tractors 1, 2, 3 Over
Ten Year Period

Implement Gode Ownership Repair & Fuel Total Average
Cost Maintenance Present Annual
Value Cost
Utility tractor T1 8050 2786 17597 28434 3165
Tillage tractor T2 12887 4576 28618 46081 5130

Tillage tractor T3 14270 5832 38872 63929 7117
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TABLE 4-3

Summary of the Final Solution of the
Navy Bean Production System

Items Size Final Solution

Land Size 200 ha Swan Valley

) planted in ?0 cm

Sirect Tarvesting
method

Seeds 9000 kg
Fertlizer 54000 kg
Herbicide 1060 kg
Utility tractor 37.3 kw 1
Tillage tractor 59.7 kw 1
Chisel plow 2.4 m 1
Field cultivator 6.6 m 1
Row planter 6.0 m 1
Row cultivator 6.0 m 1
Sprayer 2.7 m 1
S.P. combine 5.0 m 1
Total yield 521 tonne
Hour requirement 604 hr
Total profit $144,604.00
Total Profit per Hectare 723.00 $/ha
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4.4 Sensitivity Analysis

Sensitivity analysis is the study of how the optimal
solution and the value of the optimal solution to a linear
programming change, given changes in the various coeffi-
cient of the variables in the model. There are several
reasons why sensitivity analysis is considered so important
from the managerial point of view. First of all, a farming
system operates in a dynamic environment; cost of machines,
labor, chemicals and crops change over time. Sensitivity
analysis can also be used to determine how critical
estimates of coefficients are in the solution to a linear
programming. As another phase of sensitivity analysis, it
is possible to calculate the cost of adding resources to
relax the bending (limiting) constraints. Thus, the
sensitivity analysis provides a good tool for additional

valuable information for the decision maker.

4.4-1 Shadow Prices and Slacks

Shadow price is an economics term used to indicate the
impact of increasing the right hand side for a linear
programming constraint by one unit. 1In other words, it is

the value of one additional unit of the resource associated
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with linear programming, while the slack variable

represents the amount of unused resource. 1In the navy bean

production model, those two variables were analyzed by the

computer. The results of these analyses are summarized in

Table 4-4.

These results indicate the following:

If the farmer is going to rent one more hectare of
land he is willing to pay up to $847.00 per year
otherwise it is not profitable to pay more than this
value. This shadow price represents the value of the
crop minus the operating cost for. producing one ha of
beans.

If the farmer is going to sell this crop, he is
willing to accept .44 $/kg and up.

If the farmer is going to purchase one more kg of navy
bean seeds, fertilizer and herbicides, he is willing
to pay up to .88, .47 and 14.15 $/kg respectively.

If the farmer is going to plow one more hectare of
land, he is willing to pay up to 10.68 $/ha to rent a
plow.

By using the field cultivator F4 (6.6 m), row

planter R3 (6.0 m), and the row cultivator V3 (6.0
m). The farmer will have excess 379, 32, and 130 ha
of land respectively. (Land can be covered in addi-

tion to 200 ha of land assumed t in the MILP model.)



100

TABLE 4-4

Summary of the Shadow Prices and the
Slacks for the Navy Bean
Production Model

Items Unit Shadow Price Value Slack Value
Land $/ha 847.87
Yield $/kg .44
Seed _ $/kg .88
Fertilizer $/kg .47
Herbicides $/kg 14.15
Plowing $/ha 10.68
Field cultivation ha 376
Bean planting : ha 32
Row cultivation ha 130
Spraying $/ha 10.68
Bean harvesting

(directly) ha 39
Using tractor 1 hr 865
Using tractor 2 hr 658
Using tractor 3 $/hr 7.1

Labor $/hr 6.00
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If the farmer is going to spray one more hectare of
land, he is willing to pay up to 10.68 $/ha to rent a
sprayer.

By using harvester Hy (5.0 m), the farmer will have
excess 39 ha of land can be covered by this size of
harvester.

By using tractor Ty (37.3 kw) and tractor Ty (59.7
kw), the farmer will have excess 865, and 658 hours
per year respectively to cover 1000 hours per year for
each tractor.

If the farmer is going to rent a tractor T3 (89.5
kw), he is willing to pay up to 15.76 $/hr to use the
tractor. |

If the farmer is going to use additional employees to
fulfill the field work, he is willing to pay 6.0

dollars per hour for each employee.

4.4-2 The Cost of Forcing Nonoptimal Activities

Into the Optimal Solution

It is a measure of the economic impacts of forcing in

nonoptimal activities into the final solution. The results
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obtained from the computer analysis are shown as follows:

1. Planting Fleetwood in 35 cm row spacing using the
direct harvest method instead of planting Swan Valley
.in 70 cm rows using the direct harvest method would
cost the farmer $690.89 for each hectare of land.

2. Planting Fleetwood in 70 cm row spacing and applying
the direct harvest method would cost a farmer $415.80
more for each hectare of land compared to planting Swan
Valley in 70 cm rows and applying the direct harvest
methéd.

3. Planting Fleetwood in 70 cm rows and applying the
conventional harvest method, would cost the farmer
$365.48 more for each hectare of land compared to
planting Swan Valley in the optimal solution.

4., Planting Swan Valley in the narrow row system (35 cm)
and applying the direct harvest method would cost a
navy bean producer $392.57 more for each hectare of
land compared to planting Swan Valley in 70 cm rows.

5. Planting Swan Valley in 70 cm rows and harvesting
conventionally would cost the farmer $314.88 more for
each hectare of land compared to the direct harvest
method.

6. Forcing moldboard plow 1 (M;--2.0m) or moldboard plow
2 (M2--2.4m) or moldboard plow 3 (M3--2.8m) into
plowing operation would cost $1145.93, $1859.94 and
$1322.78 per year, respectively.
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7. Forcing field cultivator (F;--3.8m) would cost $31.00
per year.

8. Using row planter 1 (R;--3.0m) or row planter 2
(Rp--4.5m), would add $2,003.00 and $1,903.00 per
year, respectively to the total costs.

9. Using harvester 1 (Hj--4 rows) instead of harvester 2
(Hy=-5 rows) would add $11,075.00 per year to the
total cost.

It should be noted from these results that forcing an
implement into the final solution would also force the
corresponding tractor (T;, Ty, or T3) to be in the
final solution. This would result in some additional cost
attributed to the cost of using a tractor in the total

annual cost of an operation.

4.4-3 Range of Optimality

The range of optimality is defined as the range of
values over which the objective function coefficient for a
variable may change without changing the optimal solution.
The results obtained from the computer analysis indicated
the following:

1. Planting Swan Valley variety in 70 cm rows and

applying the direct harvest method would still

hold in the optimal solution as long as the
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insecticides and fungicides cost per hectare does
not exceed $385.00

The optimal solution can hold as long as the Swan
Valley seed price is less than $9.25 per kilo-
gram.

The fertilizer price can go up to $3.26 per kg
without affecting the optimal solution for the
model.

The optimal solution can be held as long as the
herbicide market price is below $156.54 per kg.
Using tractor 1 (T;--37.3 kw), tractor 2
(T2--59.7 kw), or tractor 3 (T3--89.5 kw) in

the farming process depends on the corresponding
equipment that can be matched with a tractor.
Using the chisel plow 1 (C;--2.4m) would still
be in the optimal solution as long as the total
annual cost is $1,446.00 or lower and as long as
tractor 2 (T2--59.7 kw) is the most profitable.
This situation may change if tractor 2 is no
longer in the optimal solution.

Using the field cultivator 4 (F4--6.6m) would no
longer be in the optimal solution if the cost of
use exceeds $826.00. In this case field
cultivator 2 (Fy--4.7m) would be the candidate

for replacing field cultivator 4.
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Using row planter 3 (R3--6.0m) would be in the
optimal solution as long as the annual cost for
the planter does not exceed $2,464.00 per year.
Otherwise planter 2 (Ry--4.5m) would be the
competitive machine that might replace it.

Using the row cultivator 3 (V3--6.0m) would be

in the optimal solution as long as the annual cost
for that implement does not exceed $804.00.
Otherwise row cultivator 2 (Vy--4.5m) would be
the candidate to replace row cultivator 3.

Using sprayer 3 (S3--2.77m) would no longer be

in the optimal solution if the annual cost of use
exceeds $1,177.00. In this case sprayer 2
(Sp—-1.86m) would be the competitor to replace
sprayer 3.

The use of harvester 2 (Hy--5.0m) would be in
the optimal solution as long as the total annual
cost of using this harvester is below $13,669.00.
Otherwise harvester 1 (Hy--4.0m) would be the
alternative choice.

This optimal solution can be held as long as the

navy bean market price is $.15 per kg and up.



5 NAVY BEAN-CORN PRODUCTION MODEL

5.1 Model, Formulation

Crop selection, machinery selection, and field work
scheduling are interrelated and require an integrated
planning process that can evaluate simultaneously the
effects of machinery purchase and crop production
alternatives within the resource constraints imposed on a
farm.

A mixed integer linear programming model was
formulated with 45 columns (activities) and 39 rows
(constraints) to accomplish the following:

Evaluate and compare navy bean (specifically, Swan

Valley variety planted in 70 cm and harvested

directly which give the best results in the navy bean

production model), and corn production in Michigan.

This algorithm was developed to find:

1. Which crop was more beneficial to the farmers.

2. What profit could be made under different land

percentages of navy bean and corn

3. What machinery set to contribute to a selected

crop production system.

The following equations described the MILP model

structure:
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The objective function:

Maximize z = -X1Be - XZCO - X3SB - X4FB - XSHB - XGSC

where:

co

SB, SC

FB, FC

HB, HC

-X7FC - XBHC - XQT1 - x10T2 - X11T3
=X12C1 = X93C2 = X94C3 - Xy5FBy = X FB3
-x17FB4 - x18FC2 - X19FC3 - XZOFC4
—X21RB1 - x22RBz - XZ3RB3 - X24RC1

-XZsRC2 - XZGRC3 - XZ7V81 - x28VBZ

-X79VB3 - X30VC1 - X31VC2 X32VC3
-X33851 - X34SBZ - X3ssB3 - X368C1
-X37SC2 - X388C3 - X39“B1 - X40H82

-X41HC1 - X423C2 - X43SB - X44SC - X45LA

The'total net profit $/yr

Level of activity n, where n= 1., . . . 45
and it indicates the column number.
Insecticide and fungicide cost ($/ha) for
corn production.

Seed prices ($/kg) for navy beans and corn,
respectively.

Fertilizer costs ($/kg) for beans and corn,
respectively.

Herbicide costs ($/kg) for beans and corn,

respectively.

Table 3-9 represents the summary of corn production data

used in the navy bean-corn model:
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Tm : Annual costs of using tractor m ($/year)

where m = 1,2,3,.

CM : Annual cost of using chisel plow m ($/year)
where m = 1,2,3.

FBps FCp : Annual costs of using field cultivator m
($/year) for bean and corn production,
respectively, where m = 2,3,4.

RBps, RCp : Annual costs of using row planter m ($/year)
for planting beans and corn, respectively,
where m = 1,2,3.

VBps VCp ¢ Annual costs of using row cultivator m
($/year) for cultivating beans and corn,
respectively, where m = 1,2,3,

SBpr SCp ¢ Annual costs of using field sprayer m
($/year) for spraying beans and corn,
respectively, where m = 1,2,3.

HBp, HCp : Annual costs of using harvester m ($/year)
for harvesting beans and corn,
respectively, where m = 1,2,

SB : Market sale price of navy beans ($/kg).

SC : Market sale price of corn ($/bu).

LA : Labor cost per hour ($/hr, assumed to be

$6/hr).
Table 3-8 summarizes the total annual costs for each

implement used in the navy bean-corn production model.
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The objective function was maximized subject to a
series of constraints illustrated by equations (5-1)
through (5-39), where the equation number represents the
row number (constraint number), and the subscripted X's
indicate the column number (activity number).

Land constraints:

Xq29 + Xgpap < by (5-1)
where:
Xn : Level of activity n (land area in ha)
where n = 1,2,
ap : Is a vector (value) matrix of ones for bean
and corn production where n = 1,2,

by Is a land area limitation (it was set to be

200 ha).

Yield constraints:

-X1Yq + X43¥43 < 0 (5-2)

-X2Yy + Xg4¥44 < O (5-3)

where:

X, ¢ Is the level of activity n (size of land in ha)
where n = 1,43 in the first equation and 2,44 in
the second.

Y : Represents the navy bean yield level (kg/ha).

Y43 : A vector of 1 under selling bean activity.

Yo ¢ The corn yield level (bu/ha).

Y44 ¢ A vector of 1 under selling corn activity.
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constraints:

X1Seq - X3Se3 < 0 (5-4)
X2Sey - XgSeg < O (5-5)
where:
Xn : Level of activity n (size of land),
where n = 1,3 and 2,6.
Sejq : Amount of required navy bean seed (kg/ha).
Sej : A vector of -1 under navy bean seed price
($/kg)
Se, : Amount of corn seed required (kg/ha).
Seg : A vector of -1 under corn seed price ($/kg).
Fertilizer rate constraints:
XqFe; - X4Fey < 0 (5-6)
X,Fey = XqFeq < 0 (5-7)
where:
Xn : Level of activity n (size of land),
where n = 1,4 and 2,7.
Fe, : Amount of fertilizer required for bean
production (kg/ha).
Fey : A vector of -1 under fertilizer market price
($/kqg).
Fe, : Amount of fertilizer required for corn
production (kg/ha).
Fey : A vector of -1 under fertilizer market price

($/kg).
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Herbicides rate constraints:

XqHe; - XgHeg < 0 (5-8)
HoHe, - XgHeg < 0 (5-9)
where:

Xn : Level of activity n (size of land),
where n = 1,5 and 2,8.

He : Amount of herbicide required for bean
production (kg/ha).

Heg : A vector of -1 under the herbicide market
price ($/kg).

Hej : Amount of herbicide required for corn
production (kg/ha).

Heg : A vector of -1 under the herbicide market

price ($/kg).

Plowing operation:

X1PO1 + X2P02 - X12P012 - X13P013

-X14P014 £ O (5-10)
where:
Xn : Level of activity n (number of tillage
implements) , where n = 1,2,12,13,14.
PO, : Is a vector of ones under bean and corn
production where m = 1,2,
POy : Is a vector of the number of hectares chisel

plow k can cover during plowing time where k =

12,13,14.

Field cultivation:

Xq1Hay - XqgHagg5 - XjgHagg - Xy7Haqp < 0 (5-11)
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where:
Xn : Level of activity n (number of field
cultivators), where n = 1,15,16,17

Hay : A vector of 1 under bean proudction

Ha, : Is a matrix of number of hectares
that field cultivator m can cover during the
cultivating time where m = 15, . . .17
XpHay - XqgHajg - XqgHajg - XpyqgHazg < 0 (5-12)
where:

Xn : Level of activity n (number of field
cultivators), where n = 1,18,19,20

Ha2 : A vector of 1 under corn production

Ham : Is a matrix of number of hectares that field
cultivator m can cover during cultivating time
where m - 18, . . . 20

Planting operation:

X9PL1 = X29PL21 ~ X22PL23 = X23PLz3 < 0 (5-13)
where:
Xn : Level of activity n (number of row planters),
where n = 1,21,22,23.
PLy ¢ A vector of 1 under bean production.
PL, : Represents the number of hectares that row

planter m can cover during planting time

where m = 21, . . . 23.
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XaPLy - Xp4PL2g — X25PLygs - XygPL2g < O (5-14)

where:
Xn : Level of activity n, where n = 1,24,25,26.
pPL,y : A vector of 1 under corn production.
PLp ¢ Represents the number of hectares that row

planter m can cover during corn planting time
where m = 24, . . . 26.

Row cultivator:

XqCuq = Xp9Cuzy - Xy8Cujzg - Xg9Cuzq9 < O (5-15)
X9Cuy - X39Cujzg - X39Cuzq - x37Cu35 < 0 (5-16)
where:

Xn : Level of activity n (number of row
cultivators), where n = 1,27 . . . 29
and 2,30 . . . 32.

CuqCuy : A vector of 1 under bean and corn
production, respectively.

Cup, : A vector of the number of hectares that row

cultivator m can accomplish during
cultivating time in a bean field, where m =
27 . e o 29 (F2'F3'F4)o

Cuy A vector of the number of hectares that row

cultivator k can perform during cultivating
time in a corn field, where k = 30 . . . 32

(F21F3'F4) .
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Spraying operation:

X15Sp1 - X335p33 -~ X345P34 - X355P35 < 0 (5-17)

X25p2 - X365P36 ~ X375P37 ~ X38SP3g < O (5-18)
where:

Xn : Level of activity n (number of sprayers),

where n= 1,33 . . . 35and 2,36 . . . 38.

Sp1r Spy : A vector of 1 under bean and corn
.production, respectively.
SPm ¢ Number of hectares that field sprayer m can
' cover during spraying time in a bean field,
where m = 33, . . . . 35 (5¢,5,,83).
Spx : Number of hectares that field sprayer k can

pérform during spraying time in a corn
field' Where k = 36, 3 . . 38 (81'82'83).

Harvesting operation:

, Xqhrq - X3jghr3g = X4phrgg < 0 (5-19)
Xohry = X4qhrgq = X4ohrys < 0 (5-20)
where:

Xn : Level of activity n (number of harvesters),
where n = 1,39,40 and 2,41,42.

hry, hry : A vector of 1 under bean and corn
production, respectively.

hrp ¢ Number of hectares that harvester m can

accomplish during bean harvesting time,

where m = 39,40 (Hq,Hp).
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hry : Number of hectares that corn harvester k
can cover during corn harvesting time,
where k = 41,42 (Hg,Hg).

The results obtained about the number of hectares an
implement can cover within the time limit are shown in
Table 5-1. It should be noted that the same implements
used for executing field operations for navy bean
production were used for corn production but under
different sequence numbers. This technique was used to
distinguish between bean field operations and corn field
operations because some field operations for bean and corn
production may have different time limits to accomplish the
field work, which could result in different sizes of
implements to be selected by the model.

Usage of tractor 1:

- XgTag + Xy5Tayg + XigTagg + X31Tay + Xp4Taz,
+ Xp7Tazy + XpgTajzg + X3gTazg + X3qTajzq + X33Taz3

+ X34Tajgq + X3gTazs + XjgTazg + X39Tajz; + X3gTajzg

<0 (5-21)
where:
Xn : Level of activity n (number of implements)

u Tag ¢ Recommended number of hours for tractor 1
to be used for executing field operation

(it was assumed to be 1,000 hrs).
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TABLE 5-1

The Land Area that can be Covered by an Implement During
the Available Workable Days and the Time Required
to Cover 200 Ha

Implement Code Number of Hectares* Number of Hours**

Chisel plow G 200 135
Chisel plow C 255 105
Chisel plow C3 270 100
Field cultivator 1) 295 66.6
_Field cultivator F3 360 55.5
Field cultivator F4 432 43.2
Row planter Ry 17 139
Row planter Ry 174 91.7
Row planter R3 232 68.7
Row cultivator Vi 176 164
Row cultivator Va 263 109
Row cultivator V3 351 82
Sprayer $1 120 274
Sprayer Sy 160 200
Sprayer S3 236 135
Corn harvester Hg 191 160
Corn harvester Hg 239 128

*Number of hectares = [field capacity of an implement (ha/hr)] x
number of hours available for field work (hr))

**Number of hours = [land size (ha)] < [field capacity of an
implement (ha/hr)]
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Number of hours under which each field
operation can be performed by tractor 1
using implement m where m = 15,18,21,24,
27,28,30,31,33,34,35,36,37,38 [the number
of hours under which a field operation can
be performed were calculated by dividing
the land area (200 ha was assumed in this

model) by the implement capacity (ha/hr)].

Usage of tractor 2:

- Xy19Tajg + X12Taj2 + XqygTayg + X19Tay7 + XqgTaqg

+ XpgTazg + X32Tapy + Xy3Taz3 + XpgTazs + XpgTazg

+ Xa9Tazg + X33Tajz)

where:

Ta10

Tap,

(1]

0 (5-22)

In

Level of activity n (number of implements)
Recommended number of hours for tractor 2
to be used for executing field operation
(the number of hours was assumed to be
1,000 hrs).

Number of hours under which a field
operation can be fulfilled by tractor 2
using implement m, where m =

12,16,17,19,20,22,23,25,26,29 and 32.
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Usage of Tractor 3:

- X919Taqq + Xq3Taj3 + XqqTagq < O (5-23)
where:

Xn : Level of activity n (number of implements)

Taq : Recommended number of hours for tractor 3
to be used for executing field operation
(the recommended number of hours were set
to be 1,000 hrs).

Tap, : Number of hours under which a field

operation can be accomlished by tractor 3

using implement m, where m = 13,14.

Labor constraints:

Xq12Laqp +
+ Xq9Laqy
+ XgoLajs
+ Xp7Lajz9y
+ X3oLajz)p
+ X3q7Lajzq
+ XyoLays

where:

Lap,

Xq3Laq3 + Xq4Llaqg + Xqglayg + Xjglaqg

+

+

+

+

XiglLaig + XqgLlajg + Xjplazg + Xp¢Lapj
Xp3Lap3 + Xp4lagyg + Xpyslajs + Xjglazg
XpgLazg + Xpg9Lazg + X3jgLazg + X3ilagzg

Xj3La3z3 + X34Lla3zgq + Xjslajzg + Xjglazg
XgoLlagp + Xg4qLlaygq

+

Xjgla3jg + X3gLajzg
X45La45 i 0 (5-24)

Level of activity n (number of implements),
where n = 12, . . . 42

and 45.

Represents the number of hours required to
accomplish a field operation for a land

size of 200 ha, where m = 12, . . . 42 (the
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summary of the numbers of hours required
for each implement to fulfill a field
operation were shown in Table 4-1.

La45

Is a vector of -1 which implies the
summation of all number of hours required
for navy bean and corn production for
calculating the labor cost.

The number of hours required for each implement to
accomplish field work was presented in Table 5-1.

The initial result obtained from this model indicated
that planting navy beans is more profitable to farmers than
planting corn. However, the number of implements selected
by the model were fractional numbers rather than integers
which is not feasible. Therefore, some constraints were
added to the model to force the previously selected
implements to be integers. These constraints are listed as
follows:

Forcing the number of chisel plows to be an integer:

Xq2Frq9 + X13Fr13 + X14Fr14 = 1 (5-25)
X12Fr12 s 1 (5-26)
x13Pr13 £ 1 (5-27)

x14Fr14 i 1 (5-28)
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where:
Xn ¢ Level of activity n (number of chisel
plows).
Frpy : A vector of ones for m = 12,13,14. These

vectors of ones were set only under the
size of chisel plow that can cover 200 ha
or more within the time limit to guarantee
that the number of tillage implements be
integers.

Forcing the number of field cultivators to be an integer:

X15Frqig5 + X4gFr1g + X19Frq9 = 1 (5-29)
X15Fr 5 <1 (5-30)
X16Fr16 <1 (5-31)
Xq19Frq7 < 1 (5-32)
where:
Xn : Level of activity n (number of field

cultivators).
Fry : A vector of ones for m = 15,16,17
(F2'F3IF4) .

Forcing the number of row planters to be an integer:

. x23Fr23 = 1 (5-33)
where:
X23 : Level of activity (number of row

planters).
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Fra3 ¢ A vector of 1 under only row planter 3 that
can cover 200 ha within the time limit.

Forcing the number of row cultivators to be an integer:

XogFrag + XpgFrgg = 1 (5-34)
XogFrog <1 (5-35)
X99Frog < 1 (5-36)
where:
Xn : Level of activity n (number of row

cultivators).

Fry : A vector of ones under row cultivators
number 2 and 3 because they are capable of
cultivating 200 ha or more within the time
limit.

Forcing the number of harvesters to be an integer:

Xg42Fryy; = 1 , (5-37)
where:
X492 ¢ Level of activity n (number of

harvesters).

Fry : A vector of 1 under harvester number 2
which is capable of harvesting 200 ha
within the time limit.

Forcing the number of tractors to be an integer:

XgFrg = 1 (5-38)
X10Frq1go = 1 (5-39)
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where:
Xn : Level of activity n (number of tractors).
Frq : A vector of 1 under utility tractor 1 and

tillage tractor 2.

5.2 Model Adjustments

In the MILP model the tractor usage was assumed to be
1000 hours per year which in fact does not represent the
real world system. However, the results obtained from the
navy béan-corn production model indicated that the actual
number of hours for utility tractor 1 (Ty - 37.3 kw)
usages was 435 hours per year, 300 hours of which were
assumed to be used for nonfarming activities (handling,
transportation, turns, etc.). While the number of hours for
using tillage tractor 2 (T, - 59.7 kw) and tillage tractor
3 (T3 - 89.5 kw) were found to be 442 and 400 hours,
respectively. Therefore, the total annual cost of using
tractor 1, 2, and 3 were recalculated using machinery cost
model by Rotz et al. (1981). The results of these
calculations are presented in Table 4-2. The new annual
costs of using tractor 1, 2, and 3 were then fed into the
MILP model to calculate the net profit for the navy
bean-corn production model which intended to select the most
profitable crop can be produced with respect to the

agronomic and machinery requirements.
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5.3 Model Results

The results obtained from navy bean-corn production
model indicated that under present corn yield level (6037.00
kg/ha) and market price (0.93 $/kg), navy bean production
is more profitable than corn. A navy bean producer can
realize up to $135,801.00 in profit from a 200-ha farm which
equals approximately $680.00 per ha. A summary of the navy
bean-corn production model results is presented in Table
5-2. These results illustrate the amount of seed,
fertilizer, and herbicides required for the Swan Valley
variety planted in 200 ha and represent the type and size

of implements selected by the model.

5.4 Sensitivity Analysis

5.4-1 Shadow Prices and Slacks

Shadow price is an economics term used to indicate the
impact of increasing the right-hand side for a linear
programming constraint by one unit. The slack variable
represents the amount of unused resource. The results of

shadow prices and slack variables were presented in Table

4-3.
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TABLE 5-2

Summary of the Final Solution of the
Navy Bean-Corn Production Model

Items Size Final Solution
Land Size 200 ha Navy Bean
Agronamic Requirements

Seeds 9000 kg

Fertilizer 54000 kg

Herbicide 1060 kg

Machinery Requirements

Utility tractor 37.3 kw 1
Tillage tractor 59.7 kw 1
Chisel plow 2.4 m 1
Field cultivator 6.6 m 1
Row planter 6.0 m 1
Row cultivator 6.0 m 1
Sprayer 2.7 m 1
S.P. combine 5.0m 1
Labor Requirements 604 hr
Total yield 521 tonne
Total profit $144604.00

Net profit per ha 723.00 $/ha
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5.4-2 The Cost of Forcing in Nonoptimal Solution

The cost of forcing in nonoptimal solution is an

economics term used to indicate the impact of forcing

nonoptimal activities into final solution. The results

obtained from the computer analysis indicated the

following:

1.

Planting corn instead of navy beans, would cost
the farmer $582.00 more for each hectare of land.
Forcing field cultivators (Fy--3.8m) into the
optimal solution would add $31.00 to the total
annual cost.

Using row planter 1 (Ry--3.0m) or row planter 2
(Ry--4.5m) instead of row planter 3 (R3--6.0m)
would increase the total annual cost by $2,003.00
and $1,903.00, respectively.

Using row cultivator 1 (Vy--3.0m) instead of row
cultivator (V3--6.0m) would add $1466.00 to the
total annual cost.

Forcing sprayer 1 (Sy--1.4m) or sprayer 2
(Sp—-1.86m) instead of sprayer 3 (S3--2.7m)

into the optimal solution would add $1,416.00 and

$772.00 per year, respectively.
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6. Using harvester 1 (Hy--4m) instead of harvester
2 (Hp--5m), would add $11,075.00 per year to the
total annual cost.

It should be noted from these results that forcing an
implement into the final solution would also force the
corresponding tractor (Ty, Ty, or T3) to be in the
final solution. This would result in some additional cost
attributed to the cost of using a tractor in the total

annual cost of an operation.

5.4-3 Range of Optimality

The range of optimality indicates the range of values
over which the objective function coefficient for a vari-
able may change without changing the optimal solution. The
results obtained from the computer analysis indicatd the
following.

1. Planting Swan Valley variety in 70 cm rows and
applying the direct havesting method would still
hold in the optimal solution as long as the
insecticide and fungicide costs per hectare do not
exceed $560.00

2. The optimal solution can be held as long as the
Swan Valley seed price is less than $12.45 per

kilogram.
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The fertilizer price can go up to $2.39 per kg
without affecting the optimal solution for the
model.

The optimal solution will hold as long as the
herbicide market price is below $112.40 per kg.
Using tractor 1 (T¢--37.7 kw), or tractor 2
(T--59.7 kw), or tractor 3 (T3--89.5 kw) in
the farming process depends upon the corresponding
equipment that can be matched with a tractor.
Using chisel plow 1 (Cy--2.4m) would no longer

be in the optimal solution if the cost of use
exceeds $1,446.00 per year and as long as tractor
2 (T2--59.7 kw) is in the optimal solution.

The use of field cultivator 4 (F4--6.6m) would
still be in the optimal solution as long as the
total annual cost was $906.13 and lower. Other-
wise, field cultivator 3 (F3--5.6m) would be the
candidate for replacing field cultivator 4.

The use of row planter (R3--6.0m) would be in

the optimal solution as long as the annual cost
for the planter does not exceed $2,689.00.
Otherwise, row planter 2 (Ry--4.5m) would be the

competitve machine to replace it.
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The use of row cultivator 3 (V3--6.0m) would be
in the optimal solution as long as the annual
cost for the cultivator does not exceed
$1,244.40. Otherwise, row cultivator 2
(Vo--4.5m) would be the candidate for replacing
row cultivator 3.

The use of sprayer 3 (S3--2.77m) would no
longer be in the optimal solution if the annual
cost of use exceeds $2,607.00. Otherwise,
sprayer 2 (Sp--1.86m) would be the competitive
for replacing sprayer 3.

The use of harvester 2 (Hp--5m) would still be
in the optimal solution as long as the total
annual cost of using the harvester is below
$13,090.24. Otherwise, harvester 1 (Hy;--4m)
would be the alternative machine.

This optimal solution can be held as long as the
navy bean market price is higher than $.24 per
kilogram and the corn market price is less than

$4.92 per bushel.
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5.5 Testing Different Percentages of Bean and Corn
in the Navy Bean-Corn Production Model

5.5-1 A 75 Percent Bean-25 Percent Corn
Production System

In order to study the economic impacts of having a
system of 75 percent beans and 25 percent corn (150 ha beans
and 50 ha corn) on the farmer's profit, some changes took
place in the previous navy bean-corn model. It is obvious
that although the same field operations had to be
accomplished with the same implements for both navy beans
and corn, the execution time and the time limit are
different for some of these field operations. Therefore,
constraints number 25 to 37 were substituted from the
previous model with the following constraints to satisfy the
new condition and to have integer number of implements.

Porcing the navy bean land size to be 150 ha:

x1Fr1 = 150 (5-25)

where:

(1]

X4 Is a level of activity 1 (size of land for

planting bean).

Fr, : A vector of 1 under navy bean activity in
order to force the navy bean land size to be

150 ha.
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Forcing the number of chisel plows to be an- integer:

Xq12Frga + X93Fri3 + Xg4Frqq = 1 (5-26)
X12Frq2 <1 (5-27)
X13Frq3
Xq4Frqg <1 (5-29)
where:
X5 : Level of activity n (number of chisel plow).

Frp : A vector of 1 under chisel plow 1, 2 and 3.
It should be noted that these vectors of ones
were set under the size of chisel plow that
can cover 200 ha, since the plowing time for
both crops can be accomplished at the same
time of the year.

Forcing the number of field cultivators to be an integer:

X15Frq5 + XqgFrig = 1 (5-30)
where:
X5 : Level of activity n (number of field

cultivators).

Fry A vector of 1 under field cultivator 2

(Fp--4.7m). It should be noted that the
same field cultivator (Fp--4.7m) was used
to cultivate the bean land and the corn
land, because the execution time is differ-
ent and Fy is capable of covering the land

size for each crop within the time limit.
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Forcing the number of row planters to be an integer:

X22Fr22 + Xstrzs = 1 (5-31)
where:
Xn ¢ Level of activity n (number of row

planters).

Frp A vector of 1 under row planter 2
(Rp—=-4.5m). It should be noted that
although the row planter existed under
columns 22 and 25, these columns refer to
the same row planter (Ry--4.5m) because the
planting operation is performed at

different times for beans and corn.

Forcing the number of row cultivators to be integers:

Xo9Frgog + X3gFr3g = 1 (5-32)
where:
Xn : Level of activity n (number of row

cultivators).

A vector of 1 under row cultivator 1

Frp
(Vi=-3m). This row cultivator existed
under two columns because of the same
previous reasons.

Forcing the number of sprayers to be an integer:

X35Fr3g + X3gFr3g = 1 (5-33)
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where:
Xn : Level of activity n (number of sprayers).
Frpy : A vector of 1 under sprayer 3 (S3--2.7m).

Forcing the number of harvesters to be an integer:

X39Fr3g + X41Frgq = 1 (5-34)
where:

Xn : Level of activity n (number of harvesters).

Frpy : A vector of 1 under harvester (Hy--4m). It

should be noted that the same harvester was
used to harvest beans and corn but from
different headers.

Forcing tractor 1 and 2 to be an integer:

XgFrg = 1 (5-35)
X10Frqg = 1 (5-36)
where:
Xn : Level of activity n (number of tractors).

Frp : A vector of 1 under tractor (T¢--37.3 kw)

and tractor 2 (T2--59.7 kw).

5.5-2 Model Adjustment

It was found from the previous model adjustment results
that the total net profit tended to jump up 6.5 percent by
involving the actual number of hours rather than 1000 hours
for tractor usage. Therefore, in the following navy
bean-corn production systems, a correction term of 6.5
percent were added to the total net profit for each system

to obtain a more realistic figure for the profit.
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5.5-3 Model Results

The results from this model indicated that a farmer
can make up to $119,622.00 per year if 150 ha of land is
planted with beans and 50 ha is planted with corn, which
equals approximately $598.00 per hectare. The final
results of this model are presented in Table 5-3 and shown

in Figure 5-1.

. 5.5-4 A 50 Percent Bean-50 Percent Corn
Production System

In order to study the economic impact of having a farm
with 50 percent béans and 50 percent corn (a land of 100 ha
beans and 100 ha corn was assumed in this model) on the
farmer's profit, some changes were made in the main navy
bean-corn model. These changes were included, deleting
constraints number 25 to 39 and adding instead the
following constraints to satisfy the new production
conditions.

Forcing the size of land to be 100 ha beans and 100 ha

corn:

X1Frq = 100 (5-25)
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TABLE 5-3

Summary of the Final Solution of the
75 Percent Navy Bean - 25 Percent
Corn Production Model

Items Size Final Solution
Land 150 ha Navy Bean
Land 50 ha Corn
Bean Agronomic Requirements

Seeds 6750 kg

Fertilizer 40500 kg

Herbicide 795 kg
Corn Agronomic Requirements

Seeds 700 kg

Fertilizer 15500 kg

Herbicide 170 kg
Machinery Requirements

Utility tractor 37.3 kw 1

Tillage tractor 59.7 kw 1

Chisel plow 24m 1

Field cultivator 4.7 m 1

Row planter 4.5 m 1

Row cultivator 3.0m 1

Sprayer 2.7 m 1

S.P. combine 4.0 m 1
Labor Requirements 766.7 hr
Total bean yield 390.75 tonne
Total corn yield 301.88 tonne
Total profit $119662.00

Net profit per ha 598.00 $/ha
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where:
X4 : Level of activity 1 (planting navy beans).
Fry : A vector of 1 under navy bean production.

Forcing the number of chisel plows to be an integer:

X12Frqo + Xq3Frq3 + Xq4Frqg = 1 (5-26)
X1 <1 (5-27)
Xq13Fr 3 <1 (5-28)
X14Frqq <1 (5-29)
where:
Xn : Level of activity n (number of chisel
plows).
Frp : A vector of ones under chisel plow 1, 2, and 3.

It should be noted that these vectors of ones
were set under the size of chisel plow that
can cover 200 ha since the plowing operation
time for both crops can be accomplished at the
same time of the year.

Forcing the number of field cultivators to be an integer:

X15Fr15 + x18Fr18 = 1 . " (5-30)
where:
Xn : Level of activity n (number of field

cultivators).

l-"rm

A vector of ones under field cultivator 2

(Frp--4.7m).
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It should be noted that the same field
cultivator was used to cultivate the bean
land and the corn land, because the
cultivation is executed at different times
and cultivator Fy is capable of covering
the land size for each crop within the time

limit.

Forcing the number of row planters to be an integer:

X21Frgyq + Xp4Frgy = 1 (5-31)
where:
Xn : Level of activity n (number of row

Forcing the

planters).

A vector of 1 under row planter 1 (Ry--3.0m).

It should be noted that row planter 1 was
used to plant beans and corn within the time
limit for each.

number of row cultivators to be an integer:

X27Fr27 + X3°Fr3o = 1 (5-32)
where:
Xn : Level of activity n (number of row

Frm

cultivators).

A vector of 1 under row cultivator 1

(Vi=-3m). This row cultivator existed under
two columns just to indicate that the same row
cultivator is used at different times of the

year for beans and corn.
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Forcing the number of sprayers to be an integer:

X33Fr33 + X36Fr36 = 1 (5-33)
where:
Xn : Level of'activity n (number of sprayers).

e

Fry A vector of 1 under sprayer (Sy--1.4m), which
was set to be used for spraying the bean
field and corn field at a different time.

Forcing the number of harvesters to be an integer:

X39Fr3g + X4qFrgq = 1 (5-34)
where:

Xn : Level of activity n (number of harvesters).

Fry : A vector of ones under harvester 1

(Hy=-4.0m). It should be noted that the
same harvester was used to harvest beans and
corn but with different headers.

Forcing tractor 1 and 2 to be an integer:

XgFrg =1 (5-35)
X1oFrqg = 1 (5-36)
where:
Xn : Level of activity n (number of tractors).
Fry : A vector of 1 under tractor 1 (T¢--37.3 kw)

and tractor 2 (Tp--59.7 kw).
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5.5-5 Model Results

The model results indicated that a farmer can make up
to $91,404.00 per year if 100 ha of land is planted with
beans and 100 ha is planted with corn, which equals
approximately $457.00 per hectare. The final model results

are shown in Table 5-4 and were given in Figure 5-1.

5.5-6 A 25 Percent Bean-75 Percent Corn
Production System

This system was studied in order to find the economic
impact of having 25 percent bean and 75 percent corn (land
of 50 ha beans and 150 ha corn) on the farmer's profit.

The same technigue followed in the 75 percent bean-25
percent corn production model was also involved in this new
system but with some changes. These changes are presented
according to the following constraints while the rest of
the constraints remained fixed.

Forcing the land size to be 50 ha beans and 150 ha corn:

XqFrq = 50 (5-25)
where:
X1 : Level of activity 1 (size of land for

planting navy beans).

Fr, A vector of 1 under navy bean production.
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TABLE 5-4

Summary of the Final Solution of the
50 Percent Navy Bean - 50 Percent
Corn Production Model

Items Size Final Solution
Land 100 ha Navy Bean
Land 100 ha Corn
Bean Agronomic Requirements

Seeds . 4500 kg

Fertilizer 27000 kg

Herbicide 530 kg
Corn Agronomic Requirements

Seeds ' 1400 kg

Fertilizer 31000 kg

Herbicide 340 kg

Machinery Requirements
Utility tractor
Tillage tractor
Chisel plow
Field cultivator
Row planter
Row cultivator

Sprayer
S.P. combine
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Labor Requirements 952 hr

Total bean yield 260.6 tonne

Total corn yield 603.76 tonne
Total profit $91404.00

Net profit per ha 457.00 $/ha
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Porcing the number of sprayers to be an integer:

X34Fr3g4 + X39Fr3q = 1 (5-25)
where:

Xn : Level of activity n (number of sprayers).

Frq : A vector of 1 under sprayer 2 (S;--1.8m)

for spraying bean's field and corn's field

at different time of the year.

5.5-7 Model Results

The model results indicated that a farmer can make up
to $64,685.00 per year if 50 ha of land is planted beans
and 150 ha is planted corn, which approximately equals to
$323.00 per hectare. The final model results are presented

in Table 5-5 and were shown in Figure 5-1.
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TABLE 5-5

Summary of the Final Solution of the
25 Percent Navy Bean - 75 Percent
Corn Production Model

Items Size Final Solution
Land 50 ha Navy Bean
Land 150 ha Corn
Bean Agronamic Requirements

Seeds 2250 kg

Fertilizer 13500 kg

Herbicide 265 kg
Corn Agronomic Requirements

Seeds 2100 kg

Fertilizer 46500 kg

Herbicide 510 kg
Machinery Requirements

Utility tractor 37.3 kw 1

Tillage tractor 59.7 kw 1

Chisel plow 2.4 m 1

Field cultivator 4.7 m 1

Row planter 4.5 m 1

Row cultivator 3.0 m 1

Sprayer 2.7 m 1

S.P. combine 4.0 m 1
Labor Requirements 831.7 hr
Total bean yield 130.25 tonne
Total corn yield 951.30 tonne
Total profit $64685.00

Net profit per ha 323.00 $/ha
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6. NAVY BEANS — SUGAR BEET PRODUCTION MODEL

6.1 Model Formulation

The MILP algorithm was developed to evaluate and
coméare navy bean (Swan Valley variety planted in 70 cm and
harvested directly) production and sugar beet production in
Michigan. The objective of the model is to select the more
economical crop which can be produced so that the profit can
be maximized.

This model had variables which select a machinery
complement from an available set of tractors (37.3, 59.7,
119.3 kw), chisel plows (2.4, 3.1, 3.4 m), field cultivators
(4.7, 5.6, 6.6 m), row planters (3.0, 4.5, 6.0 m), row
cultivators (3.0, 4.5, 6.0 m), sprayers (1.4, 1.8, 2.7 m),
bean harvesters (4.0, 5.0 m), beet toppers (2.1, 2.8 m), and
beet lifters (2.1, 2.8 m). The purchase of fractional
machines was not allowed and machinery rental was not
considered.

The model was formulated as a mixed integer linear
programming with 47 columns (activities) and 44 rows
(constraints). The following equations overview the

structure.
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The objective function:

Maximize 2 = X4B - X35 - X35B - X4FB - XgHB - XgSS
-X7FS - XgHS - XgTq - X10Ty - X11Ts
-X12C1 = X93C2 - X14C3 - Xy5FBy - Xy6FB3
-X17FBg = X1gFSy - X 9FS3 = XyoFS,
-X21RBy = X32RB; - X33RB3 - X34RS;

-X25RS; - X3gRS3 - X37VBy - X8VBj3

—X29VB3 - S30VS1 S31VSy; - X32VS3

—X33SB1 - X34SBz X35$B3 - X36351
-X3758S3 - X385S3 - X3gH{ - X40Hz - X41P

-X42P2 - X43L1 - X44L2 + X4585 + X4GSBS

-X47LA
where:

A : The total net profit $/yr.

Xn : Level of activity n, where n= 1 . . .47
(where n represents the column or activity
number) .

B : Insecticide and fungicide cost ($/ha) for
navy bean.

S, : Insecticide and fungicide cost ($/ha) for
sugar beets.

SB, SS : Navy bean and sugar beet seed price ($/kg),
respectively.

FB, FS : Fertilizer cost ($/kg) for navy beans and
sugar beet production, respectively.

HB, HS : Herbicide cost ($/kg) for navy beans and

sugar beet production, respectively.
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The navy bean production data required were presented

in Table 3-1, while the sugar beet production data required

are summarized in Table 3-4.

Tm
Cm
FBp,

FSp

RBp

RSp

VBp

VSp,

Annual cost of using a tractor ($/yr) where
m=1,2,4.

Annual cost of using a chisel plow m where
m=1,2,3,

Annual cost of using field cultivator m ($/yr)
for cultivating bean fields where m = 2,3,4.
Annual cost of using field cultivator m ($/yr)
for cultivating beet fields where m = 2,3,4.
(It should be noted that the field cultivators
usedAfor tilling beet fields are the same
ones used for cultivating bean fields).

Annual cost of using row planter m ($/yr) for
planting navy bean seeds where m = 1,2,3.
Annual cost of using row planter m ($.yr) for
planting sugar beet seeds where m = 1,2,3,

(It should be noted that the row planters used
for planting sugar beets are the same

ones used for planting navy beans).

Annual cost of using row cultivator m ($/yr)
for cultivating bean fields where m = 1,2,3.
Annual cost of using row cultivator m ($/yr)

for cultivating beet fields where m = 1,2,3.
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SSp,
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(It should be noted that the row cultivators
involved for cultivating beet fields are the
same ones used for cultivating bean fields.)
Annual cost of using sprayer m ($/yr) for
spraying navy bean fields where m = 1,2,3.
Annual cost of using sprayer m ($/yr) for
spraying sugar beet fields where m = 1,2,3.
(Sprayers used for spraying sugar beet fields
were also used for spraying navy bean
fields).

Annual cost of using harvester m ($/yr) for
harvesting navy beans directly where m = 1,2.
Annual cost of using beet topper m ($/yr)

for topping sugar beets where m = 1,2,

Annual cost of using beet lifter m ($/yr)

for lifting sugar beets from the field where

m= 1,2,

Table 3-8 summarizes the total annual cost for each

implement used in the navy bean-sugar beet production model.

BS

SBS

LA

Market sale price of navy beans ($/kg).
Market sale price of sugar beets ($/ton).

Labor cost per hour ($/hr assumed to be
$6/hr).

The objective function was maximized subject to a

series of constraints illustrated by equations (6-1) through
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(6-44), where the equation number represents the row number

(constraint number), and the subscripted x's indicates the

column number (activity number).

Land constraint:

x1a1 + xZaz = b~| (6-1)
where:
Xn : Represents the land area (hectares) where

an

by

n=1,2,

Is a vector of ones (value of ones)

under navy beans and sugar beet ?roduction
where n = 1,2.

Is a land size limitation (it was to be 200

ha).

Yield constraints:

-X1Yq + X45Y45 < O (6-2)

-Xo¥y + X46Ys < O (6-3)
where:

Xn : Is the level of activity n (size of land in

L1

L]

ha) where n = 1,45 in the first equation and
n = 2,46 in the second.

Represents the navy bean yield level (kg/ha).
A vector of 1 (value of one) under selling
beans activity.

The sugar beet yield level ton/ha.

A vector of 1 under selling sugar beet

activity.
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X1Seq - X3Se3 < 0 (6-4)
X,Se; - XgSeg < 0 (6-5)
where:
Xn : Level of activity n (size of land)
where n = 1,3 and 2,6.
Sey : Amount of navy bean seed required (kg/ha).
Sej : A vector of -1 under navy bean seed price
($/kg).
Sejp : Amount of sugar beet required (kg/ha).
Seg : A vector of -1 under sugar beet seed price

($/kg).

Fertilizer rate constraints:

XiFeq = X4Feq < O (6-6)

XoFey - XgFeq < 0 (6-7)
where:

Xn : Level of activity n (size of land)

Fe1

Fe4

Fez

Fe7

where n = 1,4 and 2,7.

Amount of fertilizer required for bean
production (kg/ha).

A vector of -1 under fertilizer market price
($/kg) for navy bean production.

Amount of fertilizer required for sugar beet
production (kg/ha).

A vector of -1 under fertilizer market price

($/kg) for sugar beet production.
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Herbicides rate constraints:

X1Heq - XgHeg < O (6-8)

XoHey; - XgHeg < 0 (6-9)
where:

Xn : Level of activity n (size of land)

where n = 1,5 and 2,8.

He, : Amount of herbicide required for bean
production (kg/ha).
Heg : A vector of -1 one under the herbicide
market price ($/kg) for bean production.
Heop ¢ Amount of herbicide required for sugar beet
' production (kg/ha).
Heg : A vector of -1 under the herbicide market

price ($/kg) for sugar beet production.
Plowing operation::

X1PO<| + X2P02 - X12P012 - X13P013

- X14POj4 < O (6-10)
where:
Xn : Level of activity n (number of tillage
implements) where n = 1,2,12,13,14
POp, : Is a vector of ones under bean and sugar beet
production where m = 1,2,
POy : Is a matrix (value) of the number of hectares

that chisel plow k can cover during plowing time
where k = 12,13,14 (Cqy, Co, C3).
Field cultivation:

Xq{Hay - XqysHay1g5 - XigHa1g - Xy7Haq7 < 0 (6-11)
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where:
X5 ¢ Level of activity n (number of field
cultivators) where n = 1,15,16,17.
Haj : A vector of 1 under bean production.
Ha, : Is a matrix (value) of the number of
hectares that field cultivator m can
cover during cultivating time where
m=15 . . . 17 (F3, F3, Fg).
XaHa; - XqgHajg = XjgHajg = XppHazg < (6-12)
where:
Xn ¢ Level of activity n (number of field
cultivators) where n = 1,18,19,20.
Haj : A vector (value) of 1 under sugar beet
production.
Hap, : Is a matrix (value) of the number of

hectares that field cultivator m can
cover during cultivating time where
m = 18 ° . ° 20 (Fz, F3' F4)o

Planting operation:

X1PLy = X31PL2q -~ X22PL33 = X33PL3 < 0 (6-13)
where:
Xn : Level of activity n (number of row

planters) where n = 1,21,22,23,

A vector of 1 under bean production.

PL4
PLp

Represents the number of hectares that row

planter m can cover during planting time
Where m = 21 o . o 23 (R1' Rz' R3)o
X2PLy = X24PL4 ~ X25PLys = XpgPL2g < 0 (6-14)

where:



pPL2
PLpy
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Level of activity n (number of row planters)
where n = 1,24,25,26.

A vector of 1 under sugar beet production.
Represents the number of hectares that row
planter m can cover during planting time

where m = 24 . . . 26 (Ry,Ry/R3).

Row cultivation:

X1Cuqy = Xp7Cuz7 - Xy8Cuzg = Xy9Cuzg9 < O (6-15)

X9Cuy - X39Cu3zg — X31Cujzq - X32Cu35 < O (6-16)

where:

Xn : Level of activity n (number of row

' cultivators) where n = 1,27 . . . 29 and 2,
30 . . . 32.

Cuq,Cuy: A vector of 1 under bean and sugar beet,
production, respectively.

Cup, : A vector of the number of hectares that row
cultivator m can accomplish during culti
vating time in a bean field, where
m=27 . . .29 (Vy, Va, V3).

Cuyp : A vector of the number of hectares that row

cultivator k can perform during cultivating
time in a sugar beet field, where k =
30 Y . . 32 (v1' v2' V3).

Spraying operation:

X1Spy - X335p33 — X345p34 - X355P35
X2Spy - X36Sp36 ~ X37SP37 — X38SP3g

where:

<0 (6-17)
<0 (6-18)
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SpPm

SPx

152

Level of activity n (number of sprayers),
where n = 1,33 ., . . 35and 2, 36 . . . 38,

A vector of 1 under bean and sugar beet
production, respectively.

Number of hectares that a field sprayer m can
fulfill during spraying time in a bean field,
where m = 33 . . . 35 (Sy, S3, S3).

Number of hectares that field sprayer k can
perform during spraying time in a sugar beet
field, where k = 36 . . . 38 (5S¢, Sy, S3).

Harvesting navy bean operation:

XqHry - X3gHr3g - XgoHd4q < 0 (6-19)
where:
Xn ¢ Level of activity n (number of navy bean
harvesters), where n = 1,39,40.
Hr, ¢ A vector of 1 under navy bean production.
Hrp : Number of hectares that a bean harvester can

cover during the harvesting time limit, where

m = 39,40 (Hy, Hp).

Harvesting sugar beet:

--Topping operation:

XoTog = X41Togq = X42Togo < O (6-20)
where:
Xn ¢ Level of activity n (number of beet top-
pers), where n = 2,41,42.
Tojy : A vector of 1 under sugar beet production.

Tom

The number of hectares that a topper m can
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cover during the harvesting time limit where
m = 41, 42 (Py, Pj).

--Lifting operation:
Xg43Lg3 — Xg4L44 < O (6-21)

XaLy -

where:

(1]

(1]

Level of activity n (number of beet
lifters), where n=2, 43, 44.

A vector of 1 under sugar beet production.
Number of hectares that lifter m can
perform during the harvesting time limit
where m=43, 44 (L;,Lj)

Usage of tractor 1:

-XgTag +
+X37Taz7
+X34Tazy
+X41Tay)

where:
Xn
Tag

X)sTays + XjgTajg +X33Taz) + X4Tazy

+ XpgTapg + X3gTazg + X3;Taz; + X33Taz;

+ X3s5Tazs + X3gTaze + X37Ta3zy + X3gTazg

+ X4oTagy < O (6-22)

Level of activity n (number of implements).
Recommended number of hours for tractor 1

to be used for executing field operation

(it was assumed to be 1,000 hrs.).

Number of hours under which each field
operation can be performed by tractor 1

using implement m where m=15, 18, 21, 24, 27,
28, 30, 31, 33, 34, 35, 36, 37, 38, 41, 42.
{The number of hours under which a field

operation can be performed was calculated by
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dividing land area (200 ha was assumed in
this model) by the implement capacity
(ha/hr).]

Usage of tractor 2:

=Xj0Tayg

+X79Tajg

+Xo9Tajzg
where:

Xn :

Talo

Tap,

+ X)oTaj; + XygTajg + X)7Tajy + XjgTa)g
+ XppTazpy + X33Taz3z + Xpg5Tajzg + XpgTazg
+ X33Tazp; < 0 (6-23)

Level of activity n (number of implements).
Recommended number of hours for tractor 2

to be used for executing field operations
(the number of hours was assumed to be 1,000
hrs.).

The number of hours under which a field
operation can be fulfilled by tractor 2 using
implement m, where m = 12,16,17,19,20,2
23,25,26,29 and 32.

Usage of tractor 4:

-X;1Ta))

+X44Tayy
where:

Xn :

Tall H

+ Xj3Tayj3 + Xj4Tajg + X43Tays

<0 (6-24)

Level of activity n (number of implements).
Recommended number of hours for tractor 4
to be used for executing field operations

(the recommended number of hours was set to
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be 1,000 hrs.)

Number of hours under which a field operation

can be accomplished by tractor 4 using imple-

ment m, where m = 13,14,43,44.

Labor contraints:

XjaLajp

+XyqLayy
+XZ2L322

+X27Laz7

+X32Lla3)
+X37Lazy

+X42La42

where:

Xn

Lap

Lagy

+

+ + + + o+ o+

Xj3la;j
X)gla;g
Xa3Laz3
Xaglazg
X33La33
X3glasg
Xq3Lag3

+ + + + + o+ o+

Xj14lajy
Xjolajg
Xa4Lazy
Xa9Lazg
X34Llazy
X3gLlagg
Xq4Laq4

+ + + + o+ o+ o+

Xjslagg
Xa0lazg
Xa5Lazsg
X3pLazg
X3slazg
X40Laygg
Xq7Layy

A+ + + + + +

Level of activity n (number of
where n=12...44 and 47.

Represents

accomplish
of 200 ha,

the number

Xj6laje
X)Laz;
X26Llaze
X3qiLlaz;
X3gLaze

X41Laq;
0

(6-25)

implements)

the number of hours required to

a field operaiton for a land size

where m=12...44 (the summary of

of hours available for each field

operation are shown in Tables 3-14 and 3-16.

Is a vector of -1 which implies the summation

of all the number of hours required for navy

bean and corn production for calculating the

labor cost.

The number of hours required for each implement to

accomplish a field work are presented in Table 6-1.



156

TABLE 6~1
The Land Area that can be Covered by an Implement During

the Available Workable Days and the Time Required
to Cover 200 Ha

Implement Code Number of Hectares* Number of Hours**
Chisel plow Cq 200 135
Chisel plow C2 255 105
Chisel plow C3 270 100
Field cultivator Fp 393 66.6
Field cultivator F3 480 55.5
Field cultivator F4 579 43.2
Row planter Ry 117 178
Row planter Ry 174 91.7
Row planter R3 232 68.7
Row cultivator \'A 200 164
Row cultivator Vo 299 109
Row cultivator V3 397 82
Sprayer S 120 274
Sprayer %) 160 200
Sprayer S3 236 135
Beet topper Ty 161 285
Beet topper Ty 216 213
Beet lifter L 161 285
Beet lifter Ly 216 213

*Number of hectares = [fleld capacity of an implement (ha/hr)] x
number of hours available for field work (hr)]

**Number of hours = [land size (ha)] ¢+ [field capacity of an
implement (ha/hr)]
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The initial result obtained from this model indicated
that planting sugar beets was more profitable to the farmers
than planting navy beans. However, the number of implements
selected by the model were fractional numbers rather than
1n£ergers which is not feasible. Therefore, some
constraints were added to the model to force the previous
kinds of implements to be in intergers. These constraints
were listed as follows:

Forcing the number of chisel plows to be an interger:

X12Fr12 + X33Fry3 + Xj4Friq = 1 (6-26)
Xy2Fryo <1 (6-27)
X13Fr3 <1 (6-28)
X14Fryq <1 (6-29)

where:
Xn : Level of activity n (number of chisel plows).

Frp

A vector of ones for m=12, 13, 14. These
vectors of ones were set only under the size
of chisel plow that can cover 200 ha or more
within the time limit to guarantee that the
number of tillage implements was an interger.

Forcing the number of field cultivators to be an integer:

X1gFrig + Xj9Frjg + XpgFrpg =1 (6-30)
X18Fris <1 (6-31)
xl9Fr19 S 1l (6-32)

Xgo0Frpo <1 (6-33)
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where:
Xn : Level of activity n (number of field culti-
vators).
Fry ¢ A vector of ones for m=18, 19, 20.

Forcing the number of row planters to be an integer:

X26Frae = 1 (6-34)
where:
X26 : Level of activity (number of row planters).

Frog ¢ A vector of 1 under only row planter 3 that
can cover 200 ha within the time limit.

Porcing the number of row cultivators to be integer:

X30Fr3g + X33Fr3; + X35Fr3) (6-35)
X39Fr3g <1 (6-36)
X31Fr3; <1 (6-37)
X32Fr3p <1 (6-38)
where:
Xn : Level of activity n (number of row cultiva-
tors).
Frg : A vector of ones under row cultivators number

1, 2 and 3 because they are capable of
cultivating 200 ha or more within the time
limit.

FPorcing the number of sprayers to be an integer:

X3gFr3g = 1 (6-39)

where:
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Xn : Level of activity n (number of sprayers).
Frny : A vector of 1 under sprayer number 3 which

is capable of harvesting 200 ha within the
time limit.

Forcing the number of toppers and lifters to be an integer:

X42Fry2 = 1 (6-40)
X44Frgq = 1 (6-41)
where:
X, : Level of activity n where n=42, 44.
Fryo ¢t A vector of 1 under topper 2 which can cover

200 ha or more within the harvesting time

limit.

Fraqg A vector of 1 under lifter 2 which can cover

200 ha or more within the harvesting time

limit.

Forcing the number of tractors to be integer:

XgFrg = 1 (6-42)
Xj0Frio =1 (6-43)
X)1Fry; = 1 (6-44)
where:
Xn : Level of activity n (number of tractors).
Fra : A vector of ones under tractor 1 (Tj.. 37.3

kw). and tractor 2 (T3 . . . 59.7 kw) and

tractor 4 (T4 . . . 119.3 kw).
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6.2 Model Adjustment

In the MILP model the tractor usage was assumed to be

1000 hours per year to estimate the annual cost of using

tractor 1, 2, and 4. However, the results obtained from the

navy bean production model indicated that the actual number

of hours for the tractor usage were found as follows:

1.

Utility tractor 1 (Ty - 37.3 kw) : 648 hours per
year, 300 hours of which were assumed to be used
nonfarming activities (handling, transportation,
etc.).

Tillage tractor 2 (T2 = 59.7 kw) : 307 hours per
year, 100 hours of which were assumed to be for
nonfarming activities (handling, transportation,

etc.).

Tillage tractor 4 (T4 - 119.3 kw) : 413 hours per

year, 100 hours of which were assumed to be used

nonfarming activities.

for

turns,

turns,

for

These actual number of hours for tractor usage were fed

in the machinery cost model by Rotz et al. (1981) to

calculate the total annual cost for using tractor 1, 2, and

4.

The results obtained from the machinery cost model are

summarized in Table 6.2.



161

TABLE 6-2

Summary of the Adjusted Annual Cost
of Tractors 1, 2, 3 Over
Ten Year Period

Implement Code Ownership Repair & Fuel Total Average
Cost Maintenance Present Annual
Value Cost
Utility tractor T1 8050 5272 26214 39536 4401
Tillage tractor T2 12887 2554 19877 35318 3932

Tillage tractor T3 25748 8202 53436 87386 9728
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6.3 Model Results

The results obtained from the navy bean - sugar beet
proéuction model indicated that under present sugar beet
yield level (50 ton/ha) and market price of (30 $/ton),
producing sugar beets was more beneficial to the farmers. A
farmer could make up to $214,066.00 profit from 200 ha of
land which equals approximately $1,070.00 per ha. The
summary of the navy bean - sugar beet model results are
presented in Table 6-3. These results illustrate the amount
of seed, fertilizer, and herbicides required for sugar beet
planted in 200 ha and represent the kinds and sizes of

implements selected by the model.

6.4 Sensitivity Analysis

6.4-1 Shadow Prices and Slacks

Shadow price indicates the impact of increasing the
right hand side for a linear programming constraint by one
unit. While the slack variable represents the amount of
unused resource. In the navy bean - sugar beet production
model, the shadow price and slack variables for the avail-
able resources were analyzed by the computer. The results

obtained from these analyses are summarized in Table 6-4.
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TABLE 6-3

Summary of the Final Solution of the Navy Bean -
Sugar Beet Production Model

Items Size Final Solution
Land Size 200 ha Sugar Beet
Beet Agronamic Requirements

Seeds 266 kg

Fertilizer 69000 kg

Herbicide 340 kg

Machinery Requirements
Utility tractor
Tillage tractor
Tillage tractor
Chisel plow
Field cultivator
Row planter
Row cultivator
Sprayer
Beet topper
Beet topper

Labor Requirements 872 hr
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Total beet yield 10000 tonne
Total profit $214066.00
Total net profit per ha 1070.00 $/ha
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TABLE 6~4

Summary of the Shadow Prices and the Slacks
Obtained from the Navy Bean-Sugar Beet
Production Model

Items Unit Shadow Price Value Slack Value

Land $/ha 1233.70
Yield $/tonne 30.00
Seed $/kg 45.00
Pertilizer $/kg A1
Herbicides $/kg 20.00
Plowing $/ha 55
Field cultivation ha 379
Sugar beet planting ha 32
Row cultivation ha 197
Spraying ha 36
Beet topping ha 16
Beet lifting ha 16
Using tractor 1 hr 652
Using tractor 2 hr 793
Using tractor 4 hr 687
Labor $,/hr 6.00
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These results indicate the following:

If the farmer is going to rent one more hectare of
land, he is willing to pay up to $1233.7 per year,
otherwise it is not profitable to pay more than this
value.

If the farmer is going to sell his crop, he is willing
to accept $30 per ton and up.

If the farmer is going to purchase one more kg of sugar
beet seeds, fertilizer, and herbicide, he is willing to
pay up to 45, 0.41, and 20 $/kg, respectively.

By using chisel plow 3 (C3 - 3.4 m), and field
cultivator 4 (F4 - 6.6 m), the farmer will have

excess 55, and 379 hectare of land, respectively.
(Land can be covered in addition to 200 ha of 1land
assumed by the MILP model.)

By using row planter 3 (R3 - 6.0 m), row cultivator 3
(V3 - 6.0 m), and sprayer 3 (S3 - 2.7 m), the

farmer will have excess 32,197, and 36 hectares of
land, respectively.

By using beet topper 2 (P - 2.8 m) and beet lifter 2
(L - 2.8 m) for harvesting beets, the farmer will
have excess 16 hectare of land to cover for each

implement.
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7. By using tractor 1 (T¢ - 37.3 kw), tractor 2 (T, -
59.7 kw) and tractor 4 (T4 - 119.3 kw) the farmer
will have excess 652, 793, and 687 hours per year,
respectively to cover 1000 hours of tractor usage per
year.

8. If the farmer is going to use additional employees to
fulfill the field work, he is willing to pay $6.0 per

hour for each employee.

6.4-2 The Cost of Forcing Nonoptimal Activities
into Optimal Solution

The cost of forcing nonoptimal activities into optimal
solution is an economics term used to indicate the impact of
forcing nonoptimal activities into final solution. The
results obtained from the computer analysis indicated the
following:

l. Using chisel plow 1 (Cy--2.4-m) instead of chisel
plow 3 (C3--3.4m) to plow the sugar beet field,
would cost the farmer $1,270.00 per year.

2. Using field cultivator 2 (Fy--4.7-m) instead of
field cultivator 4 (F4--6.6m) for tilling the
sugar beet field would increase the total annual

cost by $842.00.
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3. Using row planter 1 (R;--3.0m) or row planter 2
(Ry=-4.5 m) instead of row planter 3 (R3--6.0m)
would increase the total annual cost by $2,003.00
and $1,903.00 respectively.

4. Cultivating the sugar beet field by row cultivator
1 (V3--3.0 m) instead of row cultivator 3
(V3=-=6.0 m) would increase the total annual cost
by $229.00.

5. Applying chemicals by sprayer 1 (S;--1.4 m) or

' sprayer 2 (S;--1.86 m) instead of sprayer 3
(S3--2.7m) would cost $2,022.00 and
$1,591.00 per year, respectively.

6. Using beef topper 1 (P;--2.1 m) in the sugar beet
harvesting process instead of beet topper 2
(P2--2.8m) would increase the total annual cost
by $3,032.00.

7. Lifting the sugar beet by beet lifter 1 (L;--2.1
m) instead of beet lifter 2 (Lp--2.8m) would cost
the farmer $4,624.00 per year.

It should be noted from these results that forcing an
implement into the final solution would also force the
correspoﬁding tractor (T3, Ty, Oor T4) to be in the
final solution. This would result in some additional cost
attributed to the cost of using a tractor in the total

annual cost of an operation.
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6.4-3 Range of Optimality

Range of optimality is an economics term used to

indicate the range of values over which the objective

function coefficient for a variable may change without

changing the optimal solution. The results obtained from

the computer analysis indicated the following:

1.

Producing sugar beets instead of navy beans would
still be in the optimal solution as long as the
insecticide and fungicide cost per hectare does not
exceed $400.30.

The optimal solution of the navy bean - sugar beet
production model can be held as long as the price
of sugar beet seeds, fertilizer, and herbicides per
kilogram is less than $363.86, $1.45 and $231.95
respectively.

Using chisel plow 3 (C3--3.4 m) would no longer

be in the optimal solution, if the annual cost of
using this implement exceeds $862.58 per year. In
this case, chisel plow 2 (Cy--3.1 m) would be the

candidate to replace it.
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Field cultivator 4 (F4--6.6 m) would still be in
the optimal solution as long as the total annual
cost is less than $906.13. Otherwise, field
cultivator 3 (F3--5.6 m) would be the competitive
implement to replace it.

Using row planter 3 (R3--6.0 m) would still be in
the optimal solution as long as the annual cost for
the planter does not exceed $2,689.00. Otherwise,
row planter 2 (Ry~-4.5 m) would be the

alternative implement to replace it.

The use of row cultivator 3 (V3--6.0 m) would be
in the optimal solution as long as the annual cost
for the cultivator does not exceed $1,239.12.
Otherwise, row cultivator 2 (V;--4.5 m) would be
the candidate for replacing it.

Using sprayer 3 (S3--2.77 m) would no longer be

in the optimal solution if the annual cost of using
that implement exceeds $2,607.00. In this case,
sprayer 2 (S3--1.86 m) would be the competitive
for replacing it.

The use of beet topper 2 (P3--2.8 m) would still
be in the optimal solution as long as the annual
cost does not exceed $3,862.69; if so, beet topper
1 (P;--2.1 m) would be the candidate to replace

it.
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Lifting the sugar beets by lifter 2 (Lp;—-2.8 m)
would still be in the optimal solution as long as
the annual cost does not exceed $8,492.86.
Otherwise, beet lifter 1 (L;--2.1 m) would be the
candidate to replace it.

Using tractor 1 (T;--37.7-kw), or tractor 2 (59.7
kw), or tractor 4 (T4--119.3-kw) in the farming
process depends upon the corresponding equipment
that can be matched with a tractor.

This optimal solution can be held as long as the
sugar beet market price is more than $22.79/tonne.
Otherwise producing navy beans would be more
profitable.

In the consideration of labor, the optimal solution
can be held as long as the wage of labor is

$8.00/hr or less.
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6.5 Testing Different Percentages of Navy
Beans and Sugar Beet in the Navy Bean-
Sugar Beet Production Model

6.5-1 A 75 Percent Sugar Beet - 25 Percent Navy Bean
' Production Model

In order to study the impact of having a system of 75
percent beets and 25 percent beans (150 ha beets and 50 ha
beans) on the farmer's profit, some changes took place in
the previous navy bean - sugar beet production model. It
was obvious that although the same field operations had to
be accomplished with the same implements for both navy bean
and sugar beet fields, the execution time and the time limit
were different for some of these field operations.
Therefore, constraints number 26-40 were substituted from
the previous model by the following constraints to satisfy
the new condition and to have integer number of implements.

Forcing the sugar beet land size to be 150 ha:

XZth = 150
where:
X9 : Is a level of activity 1 (planting sugar

beet).
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Fry : A vector of 1 under sugar beet production.
Forcing the number of chisel plows to be integer:
X12Fryp + Xy3Fry3 + X34Fryy =1 (6-27)
Xj2Frj) <1 (6-28)
Xy3Fry3 <1 (6-29)
X14Fry4 <1 (6-30)

where:
Xn

Frp

Level of activity n (number of chisel plows).
A vector of ones under chisel plow 1,2,3. It
should be noted that these vectors of ones
were set under the size of chisel plow that
could cover 200 ha or more because the
plowing time for both crops was set to be at

the same time of the year.

Forcing the number of field cultivators to be an integer:

X15Fr15 + X18Frig = 1 (6-31)
where:
Xm : Level of activity n (number of field cul-
tivators).
Frp : A vector of ones under field cultivator 2

(F2--4.7 m ). It should be noted that the
same field cultivator (Fy--4.7 m) was used

to cultivate the navy bean land and the sugar
beet land because the cultivating time was
different for both crops and F; was capable
of covering the land size for each crop
within the time limit.
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Forcing the number of row planters to be an integer:

X99Fryy + XygFrgg = 1 (6-32)
where:
Xn ¢ Level of activity n (number of row planters,
Rz).
Frp : A vector of ones under row planter 2 (R,

--4.5 m), which was capable of planting 150
ha of sugar beet and 50 ha of navy bean in
different time with respect to the time limit

for each crop.

Forcing the number of row cultivators to be an integer:

X997Frgq9 + X3gFr3g = 1 (6-33)
where:
Xn : Level of activity n (number of row cultiva-
tors, Vq).
Frp : A vector of ones under row cultivator 1

(V1--3.0 m). This row cultivator existed
under the two columns because of the same
reasons stated above.

Forcing the number of sprayers to be an integer:

X34Fr34 + X39Fr3y = 1 (6-34)
where:
Xn : Level of activity n (number of sprayers).
Frp : A vector of ones under sprayer 2 (S; - 1.86
m).

Forcing the number of harvesters to be an integer:

.X39Fr3g = 1 (6-35)




174

where:
Xn : Level of activity n (number of bean
harvesters, Hj).
Frp : A vector of 1 under harvester 1 (H;--4.0 m)

Forcing the number of beet topper to be an integer:

Xq41Frgy = 1 (6-36)
where:
Xn : Level of activity n (number of beet

toppers, Pq).

Frp : A vector of 1 under beet topper 1 (P;--
2.1 m). It should be noted that this imple-
ment was capable of executing 150 ha within
the time limit.

Forcing the number of beet lifters to be an integer:

X43Fryg3 = 1 (6-37)
where:
Xn : Level of activity n (number of beet
lifters).
Fry : A vector of 1 under beet lifter 1 (Lj--

2.1 m). It should be noted that this imple-
ment was capable of covering 150 ha within
the time limit.

FPorcing tractor 1 and 4 to be an integer:

XgPFrg = 1 (6-38)
X11Fryy = 1 (6-39)
where:
Xn : Level of activity n (number of tractors).

Frm

A vector of ones under tractor 1 (T;--

37.3 kw) and tractor 4 (T4--119.3 kw).
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6.5-2 Model Adjustment

It was found from the previous navy bean-sugar beet
model results that the total net profit jumped up 10 percent
aftér the model had adjusted by involving the actual number
of hours for tractor usage. Therefore, in the following
navy bean-sugar beet production systems, a correction term
of 10 percent will be added to the total net profit for each

system to get more realistic figure about the profit.
6.5-3 Model Results

The results obtained from this model indicated that a
farmer could make up to $183,406.00 per year on 200 ha of
land of which 150 ha was planted with sugar beets and 50 ha
planted with navy beans, which equals approximately $917 per
hectare. The final results of this model were further
improved by eliminating tractor 2 (T2--59.7 kw) and
operating row planter 2 (Ry--4.5 m) with tractor 4
(T4--119.3 kw) instead. This procedure caused the total
profit to jump up to $194,661.00, which equals approximately
$973 per hectare, Table 6-5 and Figure 6-1 represent the

final results of this model.
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TABLE 6-5

Summary of the Final Solution of the
25 Percent Navy Bean - 75 Percent
Sugar Beet Production Model

Items Size Final Solution
Land 50 ha Navy Bean
Land 150 ha Sugar Beet
Bean Agronomic Requirements

Seeds 2250 kg

FPertilizer 1350 kg

Herbicide 265 kg
Beet Agronomic Requirements

Seeds 169 kg

Fertilizer 51750 kg

Herbicide 255 kg

Machinery Requirements

Utility tractor 37.3 kw 1

Tillage tractor 119.3 kw 1

Chisel plow 3.1 m 1

Field cultivator 3.8 m 1

Row planter 4.5 m 1

Row cultivator 3.0 m 1

Sprayer 1.8 m 1

S.P. combine 4.0 m 1

Beet topper 2.1 m 1

Beet lifter 2.1 m 1
Labor Requirements 1371 hr
Total bean yield 130.25 tonne
Total beet yield 7500 tonne
Total profit $194661.00

Total net profit per ha 973.00 $/ha
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6.5-4 A 50 percent Sugar Beet - 50 percent Navy Bean

Production Model

In order to study the economic impact of having a farm
with 50 percent beans and 50 percent sugar beet (a land of
100 ha sugar beet and 100 ha navy beans), on the farmer's
profit, some changes took place in the main sugar beet -
navy bean production model. These changes included the
following:

l. Deleting constraints number 26 to 45.

2. Adding instead the following constraints to

| satisfy the new production condition.

Forcing the size of land to be 50 percent sugar beet and

50 percent navy beans:

X1Fry = 100 (6-26)
where:
X3 : Level of activity 1 (land size for navy

bean production).
Fry : A vector of 1 under navy bean production.

Forcing the number of chisel plow to be an integer:

X12Fryz *+ X)3Fr13 + Xj4Fryq = 1 (6-27)
X12Fr]2 <1 (6-28)
X13Fry3 <1 (6-29)
X14Fr14 <1 (6-30)

where:
Xn : Level of activity n (number of chisel plows).
Prpy : A vector of ones under chisel plow 1,2 and 3,

which are capable of plowing 200 ha of land
within the plowing time limit.
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Forcing the number of field cultivators to be an integer:

xlsl?rls + X gFrig = 1 (6-31)
where:
Xn : Level of activity n (number of field cul-

tivators, Fj).

Frp : A vector of ones under field cultivator 2
(F2--4.7 m). It should be noted that since
field cultivator 2 (F2--4.7 m) was used to
cultivate both bean land and the sugar beet
land, and the execution time was different,
Fo was capable of covering the land size
for each crop within the time limit.

Forcing the number of row planters to be an integer:

X21Frg; + Xp4Frpyg = 1 (6-32)
where:
Xn : Level of activity n (number of row planters,
Ry).
Frp : A vector of ones under row planter 1 (R;

--3.0 m). It should be noted that although
the row planter existed under columns 21 and
24, these columns referred to the same row
planter (R;--3.0 m) because the planting
operation was performed at different times

for beans and sugar beets.
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Forcing the number of row cultivators to be an integer:

X27Fro7 + X3gFr3pg = 1 (6-33)
where:
Xn : Level of activity n (number of row cultiva-

tors, Vq).

A vector of ones under row cultivator 1

Frp
(V1--3 m). This row cultivator existed
under two columns because of the same rea-
sons stated above.

Forcing the number of sprayers to be an integer:

X33Fr33 + X3gFr3e = 1 (6-34)
where:

Xn : Level of activity n (number of sprayers, Si).

Frp ¢ A vector of 1 under sprayer 1 (S;--1.4 m).

Forcing the number of harvesters to be an integer:

X39Fr3g = 1 (6-35)
where:
Xn : Level of activity n (number of harvesters,

H1) .

Frp : A vector of 1 under harvester 1 (H;--4 m).
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Forcing the number of beet toppers to be an integer:

Xq41Frg; = 1 (6-36)
where:
Xn : Level of activity n (number of beet toppers,
Pq).
Fry : A vector of one under beet topper 1 (P;--
2.1 m)

Forcing the number of beet lifters to be an integer:

X43Frgs; = 1 _ (6-37)
where:
Xn : Level of activity n (number of beet lifters,

Lq).
Fry : A vector of 1 under beet lifter 1 (L;--
2.1 m).

Forcing the number of tractor 1 and 4 to be an integer:

XgFrg =1 (6-38)
X11Fryy =1
where:
Xn ¢ Level of activity n (number of tractors,
Ty and T4).
Fry : A vector of 1 under tractor 1 (T;--

37.3 kw) and tractor 4 (T4--119.3 kw).
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6.5-5 Model Results

. The results obtained from the 50 percent sugar beet -
50 percent navy bean model indicated that a farmer could
make up to $174,966.00 per year if a land of 100 ha planted
sugar beets and 100 ha planted navy bean, which equals
$875.00 per hectare. The final results of this model are

presented in Table 6-6 and were shown in Figure 6-1.

6.5-6 A 25 Percent Sugar Beet - 75 Percent Navy Bean

Production Model

This system was studied in order to find the economic
impact of having 25 percent sugar beets (50 ha) and 75
percent navy beans (150 ha) on the farmer's profit. The
same technique followed previously in the 75 percent sugar
beet-25 percent navy bean model was also involved in this
new system, but with new considerations required as to the
land size and sprayer size. The following constraints
represent the only changes taken place in the previous

model.
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TABLE 6-6

Summary of the Final Solution of the
50 Percent Navy Bean - 50 Percent
Sugar Beet Production Model

itens Size Unit Final Solution
Land 100 ha Navy Bean
Land 100 ha Sugar Beet
Bean Agronamic Requirements

Seeds 4500 kg

Fertilizer 27000 kg

Herbicide 530 kg
Beet Agronomic Requirements

Seeds 113 kg

Fertilizer 34500 kg

Herbicide 170 kg

Machinery Requirements

Utility tractor 37.3 kw 1

Tillage tractor 119.3 kw 1

Chisel plow 3.1 m 1

Field cultivator 3.8 m 1

Row planter 3.0 m 1

Row cultivator 3.0 m 1

Sprayer 14 m 1

S.P. combine 4.0 m 1

Beet topper 2.1 m 1

Beet lifter 2.1 m 1
Labor Requirements 1492.0 hr
Total bean yield 260.5 tonne
Total beet yield 5000 tonne
Total profit $174966.00

Total net profit per ha 875.00 $/ha
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Forcing the land size to be 50 ha

sugar beet and 150 ha

navy beans:

X¢Frqy = 150

where:
X4 : Level of activity 1
Frpy : A vector of 1 under

FPorcing the number of sprayers to

(6-26)

(navy bean production).
navy bean production.

be an integer:

X35Fr3g + X3gFrag = 1

where:
Xn : Level of activity n
Fry : A vector of 1 under

spraying sugar beet

fields.

(6-34)

(number of sprayers).
sprayer 3 (S3--2.7m) for

fields and navy bean

6.5-7 Model Results

The results obtained from the 25 percent sugar beet -

75 percent navy bean production model indicated that a

farmer could make up to $155,856.00 per year, with land of

50 ha planted sugar beet and 150 ha planted navy bean, which

equals $779.00 per hectare. The final results of this model

are presented in Table 6-7 and were shown in Figure 6-1.
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TABLE 6-7

Summary of the Final Solution of the
75 Percent Navy Bean - 25 Percent
Sugar Beet Production Model

Items Size Final Solution
Land 150 ha Navy Bean
Land 50 ha Sugar Beet
Bean Agronamic Requirements

Seeds kg 6750 kg

Fertilizer kg 40500 kg

Herbicide kg 795 kg
Beet Agronomic Requirements

Seeds kg 56.5 kg

Fertilizer kg 17250.0 kg

Herbicide kg 85.0 kg
Machinery Requirements

Utility tractor 37.3 kw 1

Tillage tractor 119.3 kw 1

Chisel plow 3.1 m 1

Field cultivator 3.8 m 1

Row planter 4.5 m 1

Row cultivator 3.0 m 1

Sprayer 2.7 m 1

S.P. combine 4.0 m 1

Beet topper 2.1 m 1

Beet lifter 2.1 m 1
Labor Requirements 1306.7 hr
Total bean yield 390.75 tonne
Total beet yield 2500 tonne
Total profit $155856.00

Total net profit per ha 779.00 $/ha
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7 SUMMARY AND CONCLUSIONS

7.1 Summary

With the development of the new high-yielding navy
bean variety (Swan Valley), it was believed that its
productivity could be further improved by using a different
production management system (Kelly et al., 1981).

Two navy bean varieties, Swan Valley (upright), and
Fleetwood (standard), were tested to study the economic
aspects of the conventional navy bean production system
versus the direct harvesting production system. Swan
Valley and Fleetwood varieties were planted in 70 cm and 35
cm rows. Beans planted in wide rows (70 cm) were harvested
directly and conventionally, while beans planted in narrow
rows (35 cm) were havested directly only.

The results obtained during the field experiemental
stage indicated that Swan Valley planted in 70 cm rows and
harvested directly tended to give the best results compared
to other alternative navy bean production systems. These
results might be attributed to the high yield level of Swan
Valley compared to Fleetwood and to the crop lodging
problem in the narrow row systems.

A mixed-integer linear programming technique was used
to find the appropriate decisions as to which variety to

plant (Swan Valley or Fleetwood), what planting system to

186
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follow (wide rows or narrow rows), which havesting method

to apply (direct or conventional) and which machinery set

to use in the production with consideration of the

foliowing aspects:

1.

The number of suitable hours available for field
work with a .8 probability level was calculated by
using the model of Rotz et al. (1981) about
predicting the number of suitable days available
for field work in Michigan.

The total annual costs of using different types of
implements available in today's market were
calculated depending upon the fixed/variable cost
model by Rotz et al. (1981).

The power required to match each implement with an
appropriate tractor size was calculated depending
upon the fixed/variable cost model by Rotz et al.
(1981).

The agronomical requirements for both navy bean
production systems were collected according to the
recommendations given by the same extension
bulletin and the actual application in the navy

bean experiment station in Saginaw.



188

The navy bean production model was developed as a
mixed-integer linear programming formulation with 44
columns and 38 rows. The results obtained from this model
indicated that planting Swan Valley variety in 70 cm row
spacing and applying the direct harvesting method was the
most profitable system that could be followed. A navy bean
producer could make up to $144,604.00 per year profit from
200 ha land which equals $723.00 per hectare.

The amount of navy bean seed, fertilizers, and herbicides
required for a land size of 200 ha was found to be 9000,
54000, and 1060 kilograms, respectively. The results also
indicated the types and sizes of implements involved in the -
previous navy bean production system.

Because of the fluctuation of a crop's market prices,
it was desireable to study the impact of having two mixed
crop systems (navy bean-corn, and navy bean-sugar beet) on
the farmer's profit in Michigan. A mixed-integer linear
programming technique was also involved to find the best
economical crop which could be produced, and the profit
value could be made under different percentages of the
mixed crop system considering the machinery requirements in
each production system.

The navy bean-corn production model was formulated as

a mixed-integer linear programming formulation with 45
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columns and 39 rows. The navy bean-corn model results
indicated that under the present corn yield level (6037.00
kg/ha) and market price (0.93 $/kg), navy bean production
was more profitable than corn. This optimal solution could
be held as long as the navy bean market price was higher
than $0.2 per kg, and the corn market price was lower than
$0.19 per kg.

The results obtained from planting different
percentages of beans and corn applying different MILP
models indicated the following:

1. By planting 150 ha of beans 50 ha corn (75 percent
beans and 25 percent corn), a navy bean producer
could make $119,662.00 profit which equals
$598.00 per hectare.

2. By planting 100 ha beans and 100 ha corn (50
percent beans and 50 percent corn), navy bean
producers could make up to $91,404.00 per year
which equals $457 per hectare.

3. By planting 50 ha of land of beans and 150 ha of
corn (25 percent beans and 75 percent corn) the
farmer would make only $64,685.00. This profit is
equivalent to $323.00 per hectare.

In considering the navy bean - sugar beet production

system, a mixed-integer linear programming model was

formulated with 47 columns and 45 rows to select the most
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economical crop to produce, the agronomical requirements to

apply, and the machinery set to use to maximize the total

profit.

The results obtained from the navy bean - sugar beet

production model indicated that under the present sugar

beet yield level (50 ton/ha) and market price of (30

$/tonne), producing sugar beets was more profitable to the

farmers.

A farmer could make up to $214,066.00 profit from

200 ha of land which equals $1070.00 per hectare.

The results obtained from planting different

percentages of navy beans and sugar beets applying

different MILP models indicated the following:

1.

By planting 150 ha sugar beets and 50 ha navy bean
(75 percent sugar beets and 25 percent navy bean),
a profit of $183,406.00 per year could be made
which equals approximately $917.00 per hectare.
The final results of this model were further
improved by eliminating tractor 2 (T7--59.7 kw)
and operating row planter 2 (Ry--4.5 m) with
tractor 4 (T4--4.5m) instead. This production
caused the total profit to jump up to $194,661.00
per year which equals $973.00 per hectare.

By planting 100 ha of sugar beets and 100 ha of
navy bean (50 percent sugar beet and 50 percent
navy bean), a farmer could make up to $174,966.00

per year which equals $875.00 per hectare.
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3. By planting 50 ha of sugar beet and 150 ha of navy
beans (25 percent sugar beet and 75 percent navy
beans), a farmer could make up to $155,856.00 per
year, which equals $779.00 per hectare.

Finally, it should be noted that each production

system results included the following outputs:

1. The kind of crop(s) to be planted

2. The amount of seeds required

3. The amount of herbicide required

4. The amount of fertilizer required

5. The types and sizes of farm machinery contributing
in the selected crop production system

6. The total net profit from the system.

7.2 Conclusions

According to the results obtained from applying mixed
integer linear programming techniques on the navy bean,
corn, and sugar beet production systems in Michigan, the
following conclusions were drawn:

1. The MILP technique was a useful and successful tool in
farm decision problems because of the following:

a. The MILP model predicted the number and size of

the machinery required for a given farm

condition.
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The selection of the number and size of machinery
required was carried out according to the time
limit for each field operation, the annual cost of
using each type of implement and the labor cost in
the best possible way to maximize the farmer's
profit.

The MILP model provided a good estimate of seeds,
fertilizers, herbicides, machinery, and labor
costs, and the total annual profit of a crop

production system.

The sensitivity analysis resulting from applying the

MILP models were extremely useful because of the

following:

Ae.

The sensitivity analysis indicated information
about the amount of unused resources (slacks) and
the price the farmer is willing to pay for each
additional unit of resource (shadow prices).

The sensitivity analysis provided information
about the economic impact of forcing nonoptimal
activities into the solution.

The sensitivity analysis also indicated the range
of values over which the objective function
coefficient for a variable may change without

changing the optimal solution.
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7.2-1 Scope and Limitations

Some limitations were encountered during the study

which can be presented as follow:

1.

Data collected about yield of navy bean varieties
(Swan Valley and Fleetwood) applying different
production systems were not sufficient to build up
an accurate decision about these varieties. Some
figures were collected over a three-year period or
two-year period, while others were collected over
only a one-year period.

Because of poor weather conditions, resulting from
excess rainfall during the 1981 harvest season,
data collected did not reflect the expectations of
these varieties.

The impact of having different crop rotation
systems were not taken into consideration because
of insufficient data.

One type of soil (medium textured) was taken into
condition in the MILP models because of
insufficient data and the limited capacity of the
Harch and Black linear programming package

(1975).

The Rotz et al. model (1981) about calculating the
annual cost of using different farm machinery did
not include all types of machinery so that some
hand calculations were made to estimate the annual

costs of using this machinery.
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7.2-2 Future Research Needs

The author believes that further attention and field

research is needed in the following areas:

1.

Since very little is known about navy bean varieties
(Swan Valley and Fleetwood) applying different
management systems, more agronomic study is needed on
these two varieties covering different row spacing
width applying direct and conventional harvest

method.

Other alternative tillage systems should be tested
with these varieties to see their economic impact on
the farmer's‘profit.

Different crop rotation systems which include the new
varieties with different production systems need to be
considered in future studies.

The MILP models need to be modified to be operable in
a microcomputer to make the use of this model easier.
The Harsh and Black package (1975) for the linear
programming needs to be modified to handle more
capacities of matrixes.

More machinery management data is required in the area
of fuel consumption, draft, speeds, slippage, under

various soil types and tillage systems.
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APPENDIX A

Mixed Integer Linear Programming Models

For Solving Navy Bean Production Systems in Michigan



Mixed Integer Linear Programming Models

This appendix includes 18 mathematical models. Each one of

these models contains the following information:

1. Objective function - which occupies the first line in
an MILP matrix form. This function was set to be
maximized. It should be noted that each value in the
objective function represents the annual cost of using
one unit of an activity.

2, Resources - which are presented on the left side of a
matrix form to indicate the limited resources need to
be allocted among the competing activities.

3. Amount of resource variable - are presented on the
right side of a matrix form.

4. The amount of resource consumed by each unit of the
corresponding activity represented by values occupy

the main body of an MILP matrix form.
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APPENDIX B

The Computer Results of the Mixed Integer Linear

Programming Models



The Computer Results of the MILP Models

This appendix includes the computer results of the

mixed integer linear programming models. Each computer

output contains the following information:

1.

The objective function - which represent the total
profit $/year can be made from 200 ha of land.
Activities in solution - which represent the kind of
crop to be planted, size of land, agronomic
requirements (seeds, fertilizer, herbicides), the size
and the number of machines to be used in the
production system and the number of hours required to
accomplish the field activities.

Shadow prices - which represent the value of one
additional unit of the resource associated with linear
programming.

Slacks - which represent’'the amount of unused
resources.

The cost of forcing nonoptimal ativities into optimal
solution.

Range of optimality - which represent the range of
values over which the objective function coefficient
for a variable may change without changing the optimal

solution.
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The Optimal Solution of 75 Percent Navy Bean - 25 Percent Corn

Production Model

S3LVE

Pe
DPTIMAL SOLUT

START L.

32)

(

LY

OBJUECTIVE FUNCTIGN

\f)
w

u?
L
w

(R ]

QOO ICOCIC Q0
O LIVOC.OC)
CQOLVOCHOWEICCx Y
VOOLLLILOOOC
ee0 06000000
QOO el d
UNNDUWICCI - OO P~
N O e

e [Tg)

< o

ION

= UV VI N NNV DY)

o P TS T ol ol T T T TSl o ]

LIS LR NTREV) Rl gl )
~d

S IN SOL

WD= 3= 3= 3= 3= 3= 3= 2= >= >->-
N N =
o 0= 0ncd md 0=t et Dol 04 Pocd Dt 0004
HIEI3>DI>>3D>>
S 04 0 0=t 0=t P = 04 0= =t P24
e A e o el e e
LOLLLLVLLVLLL
Vad<agaqa<ad

QOSSO MNHORMNOOO
VOO NSINCI MM OOO
SHIUe N STNSTONMMOOOD
CC MDA KD = WO =H O O
00 0000000000000
-l QOV
. neow
~O0r~

Oed

Oved -

L]

NNUNNNVNVNNNINININY)
00 5t =4 =00 04 0=t Bt O 0t Pl et - 4

NG IN OO =M e u)
Ardedrt (OIS S S @

P=3=0=> 233 PuP= == P P= o >
[l o o o o o o o o o o o o o o
S0 0mf =Sl (el 0= G 0= =~ (ud Puf 04 Pued Dd
DID>DOIII>D>>DD
S0t =t Bt g 0l 0=t 0o b=t Dt D 0=f 0 o b
Lol ol d od o o o ol ol o o o o o )
LLLOLLLUVLLLLLLV
d4dL <L L CCE K<<

LR R SPY S R A AV Y SR PO RO LY PR & I S LI NI P S ST . s ey PR
CH D000V INIGEOICILCHP C DU 300 I0LICII D NI e 1 Co
OMOO0O0O0O0DCOOOOOGUNMCILICCI 1IC3LICI2 ICHICICINOVE I N0
(glgfilalalelalslalalol Jalal N QIO OICHNCHICTICICICHITINNC OO D
® 00 000 000 000000000000 CGCOCOIEPOOIOGEEIEOIOSEEOSEEOO
OCOLOOOOCOIQCILEOON (IO IGILICICY 411 CLCYC)

MG ¥ O D (N~

et 4 ) U=

VUV NNV NN VINU VNNV VNNV VNVTOVINN N DNV VNNUY)

1NN NN NV NNU NNV NDNU Y NVIN VYNV OV Y NNV L)

SLACKS

o]
<=

<

Ow rRICES

o
L= 4

X
(7}

Ll LWL UL 1L L WU L WL L L s G O Lo 1) L Lo et s 1 f e )
LCLOLLLLLLOLLOLLLVLLLLOLVLLLLLLLLLLLLVLLUL
Patad ot 2 2 R B 3 2 0 & £ 3 2 .2 3 ¥ ¢ S T 23 ¢ R ARSI IS
Gl G L W ) Ll LS LU L G L L U L L LS W) LI L DL s S L LS

NOOOOOLLOUOOOOOOC-ONVOLCLUMNOLCOLOCO M
0 COOLOOCLOWUCICIIO LI IO LI NURICDIC. LIIMICHIC YO
NS OWSMNOMIEIOOOQ LG CAOCO NV OOMHCIVIIOCIC O
W& NN MO AT OLUOOOICLOTONINOIMNOCIONNL OO O
®© 00 000000000000 0600000600¢0006000060ca000e
- FTUI COOOCOHLOIODCOUINUOIN CCOCIN; WA A )
< edteded i~ o -in DL It~ P €
” u~ Wwil) S NaY e
I el

[ N

[} [}

LilJtu Wbt bl G b et L) L)L Lo L) o G W Ll W UL L St Lo L S L
LOVLLLOLLLLVLLLLLLLLLLLLLLOLLULLLVLLLL
04 0 9 00t 0t bd 8- 00t Ot e 4 0 0t Dt Bt i Bt B 0t =t Bt o 8 O € Dt = 00—t 10
e XXX rca rXxXro raa e a o
cadqaaaocancaqcaacanancoaacacauvocoaacancnaaoan

AN OO O NN NSO CedN M T INID P U C 0 U
Hetedririri et 4 e NONIOE NV NN CI) I MIMIS) V)

ZXXBIBZIXEZIBBI XX EZTRZIIZITEZIZIZIZZIZTBEIRNRTTXRRD
0CO0000C 000000000 CODLLONONOAODOLOOVCO
(4.4 4.4 4. 1.4 4.3 4.4 {443 3.2 34433 4744434441414



IviTies

NGOG LIOO CICHOICIC DI DD o
QAU OOOOOCCIC OGOODDOLOLOO
@ DINCICINCICIOVCHIOIC I LI OICYVCICICr
W= H A LN O LDLIOIOE N
J 000000 0ec 0000000000
A o L P LAIVIT - g O T TP TST Y
TN LAOCOHOCO- DOIFININD IO (N
AT NN VO NC.T - AN COUIC NN
21211111.‘121.".“6
d

NONOPT

SSSSSSSSSSSSSSSSSSS
@ P00 8 o0 0 0t 0t Bt Gt Bl Bt 00 Ot =t B0 Bt
-

(g

a P 0V O v ttr) W ANU- =M ) @ I € 3N
He et =S e I N IIAT VDM IO N ¢ &
o .

a
=)
e S e e S Y e e I
e ol e ol o o S Gy Gy G Gy & 4 e i i
A 0= 0t D=0 0 =t $id Dl 0t Dl Pd D=l Pt 0 04 Pd 0=t 04 Dl
O>3>3>>3>>3I3>3>>33>>
Bt 0 4 0 4 =t 0t (ot 1 Bt Gl Bt e B B g 0t 0= i
el ol e A SrSrrarSrSrGrGray Srirfirdy
NLV VLV ULVVOLLLVLLLLVLLL
OddadCcdtdqIdqI AT <AS
(& ] .

PRICE RANGE OVER WHICH OPTIMAL SOLUTION HOLDS

[SUVILSY & TIRY SV IR Y EREY PR on X WY YRPY SR T T FURY LI RX 3 IR [T S PR Y LI
N OO COCHIOICTOI DRI YOI GLIMNO
O O=000000IN0O0NON O )e-ICI O ICI S NO
- LEFOOODOOOINCHIOVMOIM CNMHUNE T O EHIC,
(-3 90 000000000 000000000 e0t00O0O
AQQNOCOHDOOOONOHPNONIHINOMNOINOTEO

Z O~ )& W e U1 Qo405 =400 D) 4 €O
p=T1 Y 4 TMNEM) IR0
o nwo 9 M & - O
a0 ; [N} ~ M O
. m 4 ~ N
o o [T])

> W

-a

-0

POV FHMOMNMI G Ot Qe UM U ICICIC I P Y, I C (N
.?l. Ll g (T e 1] o el pl. o D Y To R To ST ot o O RV I XY ]

(8]
L4
00 G ™HAHO S OO INOMINK G 00 MO
MO M A NCIO OIDIN IO T LN GGNO 0 M) d @
PO DM P O N VN O IO € (NCIL S M D)
LI FWNMNUNGS S OOU, MM VDUL OGO o
(8] OO0 O 0000 00600000060 0c0 00000800
= N NND SIS D DU 02 A WON) o
X ol N ANNGHOOM TS O -
A Ml et SNONANSOD Y™ OO ) ]
all (] fwonm«N i | D.gu NS i
2 Ciettn § ) LN R AR ST
D QLM - ~ N
o oo " ¢
w [ ]
>
-w
-

>O00ONCOCIVVNOO NN U SFOIONMNNNC U4
nL74777444 FhAADRNNRSNWE S~
[8)
<

1‘3‘.=u6789c124582573=‘.80 TN
[ala Lald oLl IO IaVIAT T TR R 2 o 4

3= 3o 3= 3 3o 3 e Im 3= 3 3o P 3o 3 P D Pm 3= P 3= 3 D= 3n P P
el e L ST S Sy S Al &y Sy & G diy iy 4 &)
=08 0=l = 0 =0 Dl 0l 0 Dol Dt Pt el D Ot Peifond D=t P Ot Dt 0t =) PPl
SIOSIS>EIISIISIISISISEOISISI>>D
Ot Dt 0= 0t 0t 0 0t D D Pl D Dt Pt Dl Dl et B 0 Pt d ot 0t Pl D=0t
el eteeial st aiat el el oy SrSr Sy Sr iyt ar &
LULLVLLLLLLL VLV VLLOVVVLVVLL
<4< IgqIdCCccadqdIc A ddd LTI I AL



B-8
The Optimal Solution of the 50 Percent Navy Bean - 50 Percent Corn

Production Model

START Le Po

SCeLvVF

U
L.#]

(

OPTIMAL SOLUTION

[[¢]
”
u)

uw
[§Y]
(]
W)
«

£ FUNCTIONS

0BJECTIV

CrL IO LI LD
QOOIOQACIOCILMOO0VO
COHOHIVNILOLIOVOM
LOLUOOLOOULILD
o e 000000000
QEOCIC:C.CiCre-tel o
QYOO
(ala I"RIRITIR, S 81 ,)
oM et
o~ ”)

P
©
[
[ L7 12X 7 X7 X7 1 X7 X7 X7, 17 )
2 0 =0 = 08 e 0=t P 0t 04 4 pmt0ng

~SONPIS UIOMOU N
]

IN SOL

%)
e S e S e T
0 bbb b b e b e
R TSP 8 S
M3 >SDIS>3>>>>
S =4 0= bl 04 bl Bt 0Dl 4 D4 bt 4
=t b e b B e e e e e
~LOLLLLLVLLLLLL
T O O o O
L 4

CIONWI VS M- WO
QESUNCISAIMNMONEOVD
NS =ONO D V4 S INOMO
DO KIS UG DI
o0 0000000000
. QLN
ooin
N
Or)
N
N

NUIV VLN VYN NNV
00 0t ot ) 0t B St g 0 D=0t g

SUIW AT OO =G )
HAEHANNNDOMNe ST &

=333 >)=3u =3 3=
el ST a G aqadas
D004 0= b=l 0= b Pucligt g Pl D=0l Id
>S>>3S>I>323>3>
0 0l 0t o 5l Dt B el 0t ) Bl Pt P
b e b e e e e e e
LLLLVLOLVVLLLVLUL
<ddtc I C XL

OO OOMIOCIDOEDOIMNEIINOO M EIIICIIE.CL NI O OO
QIO MHOUVOIDIOT YA WVWO DO IO IO OO EICIC) O 0N (D
OO N0 CIMNOOT M POOOIMCICIN CVIC)I OO I YN
OQOIOLIEINLVOO0 CVOU I WO I CICIC 11 JIIE EICICUICIC 030

.....'...................'...'.....

DL LOODOLOLITFON,ONONIMINOCICHD  HCHCIICICIC:

SL#CKS

=)
&
<

OW PRICES

(=]
-

b o
(7]

) M - o
-t

<40
"z

LN DNV NDNUNNNUNNNNNNNN YV DNV VNV VDU VINY
NNV NNV NDVNNUN NNV VNIV NNVIVNN BNNNAND BN
LWILIW L LLIWW L W W LI LW LIL UL L L WL oL e ) W WL v W
VOOLOOLLLL.OLLLLLLLLLLLLLLLOLLLLLLLVLL
3T 3 3K I I I I I I P I I I 3K I 30 3 I N 3K 3 33 D¢ P2 I M 3¢ 3N XK
LILLI G S S L U TS L) WSS L W L G 1 LU L L L M S 0 LSl Ll L s s

0. 000MN0O0OINOCIOOCDONDDWOROO VS ODOMLOIIOOO
czCP.P.Qeceaveeﬂ‘OOR,.ﬂ.OGUIOAGQQDOSsvﬂ.F.ErJP.:,:.,Lﬁ.r.u.
e S TOSMINOMDNOCIOCOOIOOMOOUVIOMOOOOLIOC OOV
WM T8 N eD e OO0 DONODETOOMOD SN OOOMHOIOOOO
..0....0..0...0..0..0..0....00..0000
- UL COCICIOOC C/DOECIEIVI OIS AN D O I

& ‘ededed - -l N SISy
” ni~ [ VR JRT SIS
I AN OO

100l

Ll Lodula e W) L i W L LU ) W) W W) L WU W LIL LW L L L LS L )
LLUOLOLVLLLLLLLLLLLLLLLLLLLLLVLLVLULLLLLL
0000 0 0t D00t O Bt 0t Dt il et 0 0 B4 B o 0t Dl et B e 0t Bf Dt a0t PO
X ey xXee xxaae o e
cadaocoacdaconanaacaoonoacaanonoocannnonaacoon

SO S NOROMNO OGN U MG0 OO NI @ DM DUC 1IN ¢ N
ettt o401 el ot = O OV CE QI QI O O 1) M) M) 1)

BEIIZEZZZIZIRTETRAZIRZTZIZIZIRZIIRITZIZI BT R BRI
000 000000000000 DO0000CO0D0ORD VOO
@@ aalaro o alor o of ot 0L 62O 00Ol 0 O 6COL O 07 QX OF 6



(7]

[ 1Y)

-

-

-

>

-4

IO MOMOOOO0OWIILULOOCIOSICI

Qe NT OO OGO OO DLULO

Q@ UUNIGLILIGLLOIVCIIO DI CIOOM
SIS LU INCIN OO QOO LI NN

J 000 o000 000000600000

AN UMW G P et I

2O EACHOMOMMONMINO T =T N

N OO0 8 G-NCIANINMI N EIONNCO

Hertrivd~tiri ettt d e IO

~led

ONOPT

NNV NN DUV NVINDND N NN
* 504 0= 0l S0t P—f Dt Pt Db P =g 04 =4 4 1 g 4

IN LY}

(L8

L WH= R ONM NGO AN N DN

Hele et eI NI AN MMM M2 ) S &

[&]

[ 4

o

W3>> 32202203393 > >>
e

LU 5t 00 00t ) 000 0ot 08 dof 0t 0t e O 04 Pf et Pt 04

O3> >>22>35>33>>>>>
L L L e e I P T T e T T TS T T 3 )

L olaiaialololotalota ol st al ot ad ad st ad oo

NLLLLLVOLLLLLLLLLOLLLL

nO..AAAAA.AAAAAAAAAAAIAﬁ

PRICE RANSE OVER WHICH OPTIMAL SCLUTION HOLDS

QAUVOOQLLOAVOIOCDONU. g P-gd' Ve

W Om00aotOoOcuoc M VNVt O mno
O OO OOOOOULCOMIONMNT Lot Ne
M OO DOD0 Ob-t-U\pL (NT g
[+ 4 © 0000 0000 c0e 0000000000000
AOUMOOOOOOOOINO WS INEINONOSECO
oY1 ] 8 VIS DINHHAOIG 4 I DHO
0 @ YNNG IN AP IO O
cn wa o N e
iy I -~ N O
om - -t o~ [ IO
- n a; ('R
>lJd
-a
-
SOOI EM OGO 1 e4 W U O ww..n R T AT YT
n L A Tal e I T (Y S N TSYR TNT S TN B Lnd SolV S S XY
Q
<t
VOSTAA O G OONSEFINOAT M 3R IO MDD
WCWNFAINY COUMOO IR It O M S0
OOV S OO OO0 OO0 ) At MDD S M)
W UMD UGS LOONMMIMORNS YLK NO~SNNG
O ©606000 0000000600600 0 00000000
- NENNOGHUIUMNE ST e 0. S NT O™ )
X NG N H-NYHo O - G W -
A WMl =l ANNANSTUIOS 0 Y ]
(<Y N (] WO i) § ) ) = § v,
2 (=TT o N | o= LAY
D oom el 4 ot 00
o LAl Al ) ] ] U
a e
»a
[ TV
-n

S00WNOOO YWV OIY =MD OUCICICN IO Y
HL74777444 D N T 5t XY R Ay
o
-

123456739012458147~ W) )
Hededed et (NINCINIOMINGE T & &

3=33=30 3= 3= 3= 3=3= 3o 3= 3= 3= 3= 3= 3= D= 3= > 3= 2= = >
i o O O O O o S N S O e ol = o =l wLows
00 5 B Ot B Gt o ot Bt Bt Bt e 0t 8 08 g et Dt 4
S>> IIIDO>I>SOIS>D>
Bt il et Dt 0 Dt 55t -t e b Bt e 0t ot bt Bt i 04 et bt mt g
b e b e e e b e b e b e e
QLULVLVLLLVLLVLLLLLLLVLLVLVLLLL
ddKL L <CLLCLCLLCLALALLLCCCACLLLCALLSAS



B-10
The Optimal Solution of the 25 Percent Navy Bean - 75 Percent Corn

Production Model

Pe SOLVE

OPTIMAL SOLUTION (

START Le-

3N

OSJECTIVE FUNCTION

LI LLOVDGO
OO DCLOMOVO
SN0V HIO L)
AV LO
® 00000000 00
OUVOC YOO L)ttt
DU WOO
SN N =IO
aNF) N
- - T

UTICN
IS
IS
IS
Is
IS
IS
IS
IS
IS
18
1s

SN SN~ ON
: Hed

S IN SOL

W=D p-2= =
b b b e e -
= =0 0=t =00 0=t Dt =4 =g =t b
H3>3>>3>>3>>>
D 0=t bt =l 04 0= =t 04 04 =4 404
b b e e e e e b
OLLLLLOLLLOLL
vaqI g« < << <<

<

NOOWE DM ONN O OO
~OIM o4 AV HO OO
QI DMUMD MO O
=HAOANTUHCTHNES IO
0000000000000
[~T S T2
[TeX&T0,)
(3" [V
o
[ 21 )
. -

NDNVLNDAN NNV
00 00 08 0= o 0= 0= D04 04 g D=4 P4

VONDIOE OGN
AANNNIMDMMET T ST

3= 2= 3= 3m 3= 3= Do 3= 3 -3~
=t b b b e e e e e
aaialanlalals el
>I>>2I>3>>2>>
S0 0=t 00 0t 0= 0=4 Pmegig D=4 Pmg Pt 04

st ei el N STy

VOLOLLLLLLLLLL
L L € <L <K< <

O VOO C IO I LI I ICICNL I I I ICICIC 14 0000 s U™ . 7 1 O
CQOONMICIOOGNOOINCI P F YOI LICICIUIEI LI 2N
OQDONOLMOO OLYINCIYOFINOOCIVOOCHIMEIMIC W VRIWLICIEY
QOODAUCICUCCIEOIILE LOOON, ODOIINIIENOD LI 3C 10 )

© 0 060000000000 0000000 0000000000000 e
OOQOLIOCICTOICICIP~DC I M) CICII IS C I I Gl 102 CT1ENE
QT M 00 O -
el ne-

NN ANV N NNV NN VYNNI NV NN NN U DN DN NDNVAN
NNNNUVNNNNNY- N VNN DDNNVTNVV VNV VNN TN
Wwswdwiuuiwbib W LW LGB WIW L W W LI L L ol L LD b L
LLOLLLLLLLLLLVLLOLLULULLLLLLLLLLLLLCLLLL |
P23 3 I IC I I FEIIN I M, 3P B I I IC I I 3K I XK IR > I N
WA LI LI L LW L LI LU W W L W L L g e a1 1 L ) R L DLV L B 00

TFOOLO0OOONUICONC LOOICIVNPYOOCIOYNYIO OICALID GO0
0'COLVOLCOLINLOWNIOULLLIEHOOIC.G I~ FIC GLE w0
NG~ DWW FNOOMIKEIC OO OCIO LVON CLIUIC S U CILI O C € 1620 O
VTN EHEMHO ~NITLVOO0OQLOCIOE OO @ WU (ICIC I IL)

® 0 0000000060600 0800000000000 c000c000co000

- o FINC LOOCPOUC OLLUICIGOINWOINEILC C 1M NG liL e
L 4 vded e’ -t LU TAVT PR IR YVEY) B o8 Y oY
(4] Wiadtd N Ay Ol )
' ] § et 0O
10l —~0
| I |
wv
H.
g
- |
(7]

Ml {4 {4344 44434 4T LI LLLdLLLLLLLLL A S
SPPPPPPPPPPFPP adanaocaacoaaqaagaconaaaan

(W)

(8]

HEANM NS G OANM NS WG HOIF) G U WE QO Lt m a )
". et it et e =00 NIV N N OISO QUMD ) 1) 101 )

3
(=4
OBZXE3ZZIBERTEIAZIREZZIIZIIZTEZZZIZEZEZTZIZIPRIRSTII NI
«O000000000000ON0000H000O0DLOOOCOOODOCO
“RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR



B-11

TIVITIES

MOANOOCIODHIOC IV ICICIOUO M vt
ONMOCIMOOOCLOHODDO0O0C'OL
SNV UINOCOLIOOIOOOT
QWS N (N DO MO O C' OGO (Y
- ® 00 0000000000000
A D ACT=MI U)o P~ T OIICINL -
LM GFedtDOO0- DO MCHINN NN Y
UMM 0 C'IN NN NN O
CleN e et rd A LI 10D P
L Kl ]

NCNOFT

VNN NN NV NN NDNNNNY
€2 04 400 01000 0= Dl 1t Bl D i O 04

I

G

FAV] X R e PAT 0 X FVeE. o | BETY VL JTT5 e L XLFY o
A A NCI N CI QI IO - o
(8
[ 4

(&)

=303 3=3> 223> >> >
ol ol ey ey Gy G d Ay ay

LA 0=t 000 0=t el ) 0= Pl Bl Dt Dd 0l Bt g ol D=t 0=t D4

O>>3>>2>>>3>3>3>>>2>>>>
lala alalalalalala o o T T T T )

Lol ot ot el et ot el ad ad ot ol ot Sy S S SN
NLLVVULLLLVLLLULVLLLL
Od<«<CdqdqqCL€Cdd (e« qqd
(§)

PRICE RANGE CVER WHICH OPTIMAL SOLUTION HOLCS

OWVOMNOOO L OME VANOONGOM Y P(T IO CIONID
W OMoOODOoo0OOMYOtIGOHIHOowINLI OO
O OMOAOOCOOCONOQOCIHNONHAU OIS NED
N DPOMNAOOOCIOIDCIOAASGE I CNIN WD WM OIS N
O © 00000 000000600608 000000000000
AOCNOOCIOODONWYOC D WHOINOINOLNOKINSTO

< D~ . OIFOd UIANDAHDVMIO DO
oune Ll Ta L AN T Y o o RV 1 e T
om gnini U M 0o
[+ of, o} "om ~ ~ 0 HO
()} -3 -l 4~ 1O
az) a (¢
> L)
Q.
-~a

SI000 AMNOCIE T ONCI N DU CIW DGOV T

- NI DS SONASSSDOND O SO
-
Q
«g
N0 S et eO FOO MU S NOMUIG 0 C 0 1IN0
N0 AVTNNOCOOLNHOAVOX DLW OUME
MNAVNETVIOOR OO OININND T L \DE M.
W SOMNMWINIEETCONICME OINDU OO OMCINY
(8} 0 0000 00 000000 000009 000
~ NAHNNOST NN TN NIM U & S (NN w
X YDt I = N AN NTNOOMIT IS WO «
A UMl ~H§l ANNAHEY O G UID)M ORI )
Nl [} [ TR Y- (X TSN | IhF Uit T T
2 O to SISOV
po } OQam o - -~
(& ] go e O ) ' [}
oY (N ] ]
>a
-w
-2

S200UV00VVNVCOUVNC P YOS O NCOINNODYWN
UL74777Q44 L 4 B X TTe T T SY 0T S, XN/E 4 "
(3}
<

AN SNV ORO AN G N ONNMNO ST g Y)
. HedrtetirledCINOINMMMMN S & ¢ O

P> 33039 P= PP P=3=3-3 3= 2> D= >= > 3= > >
B ol ol ol ol ol ol ol el ol o ol S ol o S S ol o o o S o o S e
[l L o L T e L L L T o L T S e e PO e [ [ T T TSP TSY
II>IOIIODIIOIIDIISIIISIIIOD>
0l Dt 9 et 0t Bt D=t O Dt Pl Dt P =t 0=t Dl it Gt 0 0=t et 0t 04 ok 04
ol ol ol ol o ol o o o ol o od ol o S o o S ot o 3 o oy S S e =
LVOLLLVVLLVLOLLLLLULLLLLLLOLVLLL
dAdCIAGCAACC LA LA LCCCLLLC LS



B-12
The Optimal Solution of the Navy Bean - Sugar Beet Production Model
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5 Percent Navy Bean - 75 Percent

Thg Optimal Solution of the 2

Sugar Beet Production Model
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cent Navy Bean - 50 Percent

The Optimal Solution of the 50 Per
Sugar Beet Production Model
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The Optimal Solution of the 75 Percent Navy Bean - 25 Percent

Sugar Beet Production Model
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APPENDIX C

Linear Programming Package by Harsh and Black (1975)



Linear Program Package

A linear programming package designed by Harsh and
Black (1975) was used to solve the MILP models. In order
to use this package one needs to provide the following
requirements:

1. Matrix size (number of rows and columns)
2. Coefficient information

3. Row information

4. Objective values

This package was adopted because it can handle modest
size of linear programming where the objective is to
maximize subject to series of constraints.

In the MILP models, some constraints were added to
force number of activities to be integer rather than

functional number so that the LP package can handle it.



. Staff Paper No. 75-10

AGRICULTURAL ECONOMICS LINEAR PROGRAM PACKAGE
VERSION 2 -- APRIL 1975

By

Stephen B. Harsh And J. Roy Black
Michigan State University

\

INTRODUCTION

A linear programming package designed to handle modest-sized linear
programming problems. ~The package will execute on a CDC-6500 computer.
It is a particularly useful package for teaching and some research prob-
lems because it is relatively simple to utilize from a user's viewpoint.

The objective of the packaze is to handle linear programming prop-
lems of the following naturei
- Maximize:

(1) z= C.X
o J_IJJ
Subject To:

n
(2) © a <o =, 0r >
| = M j N

Where: :
- i=1,2,...,m and
. J=1,2,...,n

To minimize Z, multiply cj's by -1.

The package requires that cj's, ajy's, and by's be 1nputted. Slack
and artificial variables are automatically added.




PACKAGE DESCRIPTION

Input Deck: , i

To use the linear programming package, the user will have to supply
the standard computer control cards (e.g., PNC, job card, password card,
etc.) which will be followed by the data deck for the package. The
-deck is as follows: .

CARD 1: Name and Job Description.

A

A = Alpha-numeric description of the linear programming problem
(60 characters maximum)

-

‘ CARD 2: Options Used.

xlglalpglelel

When A is equal to: '
0O = No print; 1 = Print activities in solution.
'hen.B is equal to:
O = No print; 1 = Print shadow prices and slack values.
Wher C is equal to: : :
* O = No print; 1 = Print cost of forcing in nonoptimal activitie
When D is equal to: '
0 = No. print; 1 = Print initial LP matrix for veritication
purposes. '
When E 1s'equn1 to:
O = No print; 1 = Print price ranges.
When f (save and restore matrix option) is equal to:
0O = Neither save nor restore matrix; 1 = Save matrix from

this analysis for adjustments in next analysis; 2 = Restore
matrix from previous analysis for adjustments in this analysis;
3 = Both save matrix from this analysis for adjustments in
next analysis and restore matrix from previous analysis for
adjustments in this analysis.

CARD 3: Matrix Size Card.

[ p—

M = Number of rows
N = Number of columns



CARD 4 To CARD F-1: Coetticienf Information.

=y=l-3-1---

I = Row number (integer value)

J = Column number (integer value)

‘1j = Coefficient for row I and column J. (Decimal value.
Decimal must be punched.)

NOTE: Only need to enter nonzero Ajj information.

CARD F: End of Coefficient Information.
(Blank Card)

I = Row number (integer wvalue)
R = Restriction type (integer value)

Restriction
Code Type
1 (LE) <
2 : (Q) =
3 (GE) >

Bi.- Right-hand side value for row I. (Decimal value.
Decimal must be punched.)

NOTE: A card is used for each row.

CARD G: End of Row Information.
(Blank Card)

CARD G+1 To H-1: Objective Values.

J = Column number (integer value)
Cj = Objective value for column J. (Decimal value.
Decimal must be punched.)

NOTE: Only need to enter nonzero Cj information.



CARD H: End of Objective Values Information.
(Blank Card)

CARD H+1: Next Analysis Name and Job Description.

A = Alpha-numeric description of linear programming problem.
If STOP is coded in columns 1-4 of card, this will terminate
operation of package. If not, code rest of deck for next
analysis as for previous analysis starting with Card 2.

_ ERROR INFORMATION
The package checks for several input errors. When one is found,
1t generally indicates the card at which the error occurs and nature
of the error. The analysis is terminated when one is found.

Errors particularly common are indicating row or column values
greater than matrix size or a wrong restriction type.

OUTPUT OF ANALYSIS
The output of the package includes the following:
(1) List of data inputted.

) 244
'b) b4y and restriction type
c) cj

(2) Type of solutiop.

a) Solution exists
b) System is inconsistent
c) 8System is unbounded

(3) If a optimal solution exists, the following information is
printed:

a) Value of objective function
b) Activities in the optimal solution



c)
d)

e)

Values of the restrictions

Cost of forcing the nonbasis activities into the
optimal solution .

Price range over which the optimal solution held



o000 0

30°
AS

&8

"4

100

FROGRAM LPCOMP ( INPUTOUTRUT)

LINEAR PROGRAM WRITTEN BY STEVE HARSH AND ROY BLACKDEPT.

OF AGRe ECONe MICHIGAN STATE UNIVERSITY+EAST LANSINGeMI.
VIA- THE BIG M METHOD+SUBROUTINE ROWSET SETS UP THE SLACK.,
SURPLUS AND ARTIFICIAL VARIABLES INCLUDING ATTACHING THE
APPQOPRIATE PQICES.SUBROUTINE LPSOL IS THE SIMPLES ALGORITHM
ORIGINAL SIMPLEX METHOD USED.ARTIFICIAL VARIABLES HANOLED
COMMON/ /DPM(60¢180) +RHS(60) +« INACT(60) ¢ ISACOL(E0) » IRWTY(60) ¢

1 08J(18C)e2C(180)

DIMENSICON ACT(180) +PERSONL(E)-

DIMENSICN JRPL(180)+JRPU(180) +0BJL(180) 0BV 1820)
FORMAT(/)

READ- 65+(PERSONC(])eI=10601) e )

FORMAT(SAA +SXe 1)

IF(JeGTe0)GO TO 14S

PRINT 86+(PERSON(1)e =] +601)

FORMAT(1H1e1Xe///70¢0 LINEAR PROGRAMMING ANALYSIS FOR re8AaQ¢////)
DO 80 I=1¢60 :
RHS(1 )0,

1WTY(1)=0

INACT(1)=0

ISAacoL(1)=0

CC 82 JUs=1¢120

CPA(1e¢J)=0,

CCNT INVE

DO 84 JU=141890

JROVU(J) =0

OB (J)=0,

JROL(J)=0

02U (J)=9000000,

ACT(U)=0,

oeJtJ)=0,

Z2CtJY=0,

READ 4¢10PT1¢I0PT2:10PT3¢10PT4s IOPTS

FORMAT(&11).

READ Z=+NOROWeNOCOL

FORMAT(213)

SUM=0Q

ICARD=0

READ Sel.eJdeX
FORMAT(213+F17:48)

ICARD=ICARD+1
IF(XeEQeOe0eAND ¢ 1 6EQe0sANDeJeEQ.0)GO TO 110
IF(IeLTol1o0Re1eGToNOROW) CALL ERR(10ICARDSUM)
IF(JelL.Te1eOReJoGTeNOCOL) CALL ERR(1¢ICARD SUM)



110
1t2

120

t1o1

120

aRn

1§11

lat

11

1A%

1&0

a9

&0

OPM(TI V) =X

GO TO 100

JCOL=NOCOL

PEAD 7941 ¢IRHSTYsRHSV

FOQMATI(I3eI1sF15.5)

ICARD=1CARD+1}

1121+ IRHSTY+QHSYV

IF(11EQ«0)GO TO 120
IF(lelLTol0ORe!«GTNOROW) CALL ERR(2+ICARDVUM)
CALL ROWSET(]+JCOL*IRHSTYsRHSV s ICARD « SUM)
GO TC 112

READ 9e¢JeX

FOQMAT(I3eF168e3)- .

IF (X ¢EQe0e0eANDeJED+0)GO TO 130
ICARD=ICAPD+1

IFCJelLTe1eOReJeGTeNOCOL) CALL ERR(3¢ICARDISUM)
oBJ(J)=X

GO TO 120

IF (SUMsEQe0+0)GO. TO 128

PRINT a8

FOQMAT(31H PROGRAM. TERMINATED +FAULTY DATA)
GO TO 19os-

IF(10PTAa.EQ.0)GO TO 141

PRINT 1

CALL LPODUMP (NOROWsNOCOL)

CALL LPSCL (NORCW e JCOL ¢* IOPTS ¢ ISCLTYWNOITEROBJV)
IF(ISOLTYsGTe0)GO TO 195

DO 160 =] +NOPOW

DO 165 J=1.JCO0L

IFCINACT(1I)eNEeJIGO TO 165

ACT(U)Y=RHS(T)

GO TO 1680

CONTINUE

CONTINUE

IFCIOPT] +€Q40)GO TO 17S

PRINT 49

FORMAT(1 7™ OPTIMAL SOLUTION)

PRINT 1} .

FORMAT(20H OBUECTIVE FUNCTION=¢2XeF1%5.4)
PRINT 80+.08uV

PRINT 1§

00 170 Jsi«NOCOL

IF(ACT(JU)eEQW0)GO TO 170

FORMAT(oH ACTIVITY:2X013¢2Xe3H [SeF15e4)
PRINT S0e¢JeACT(Y)Y



17U LU ivwe
175 IF(IOPT2+EQe0) GO TO 185
PRINT 1
PRINT 1
PRINT 82
x2 FORMAT(3%H SHADOW PRICES sSURPLUSESAND SLACKS)
DO 180 [s=1NOQOW
JaISACCL(])
IFCIRWTY(I) oEQe 3)J=J+i
PRIMT B4¢1¢ZCLISACOL(I))ACT(Y)
x4 FORMAT(AH ROWe2X0e14¢2Xe86H PRICEs2X F 15,4 92Xe7H EXCESSe2X F1564)
120 CONTINUVE
1as IF(ICPT3I«EQ.0)GO-TO 197
PRINT 1
PRINT 1
PRINT S6-
6 FORMAT(41M COST OF FORCING .IN NONOPTIMAL ACTIVITIES)
D0 190 Jsmi1+NOCOL
IF(ZC(J) eEQe0,0)GO0 TO 190
PRINT S8¢Je2C(J)
=g FORMAT(OM ACTIVITYi2XeI3e3H [SeF15.4)
100 CONTINUVE
PRINT 1.
PRINT 1
1a7 IF(IOPTS.EQ.0)GO- TO 195
D0 70 I=1sNOROW
Z1=:=9C00000,
K1=0
Z2= 9000000,
K2=0
D0 72 J=1eJCOL
IF(OPM(TeJ) oEQe 0,09GO TO 72
X=2ZC(J)/0PM( T 0 J)
IF(X)74072¢768
78 IF(XeLEWZ1)YGO TO 72
Kl=J
Z1 =X
GO TO 72
76 [IF(X,GEZ22)GO TO 72
K2sJ
Z2s=X
<72 CONTINUE
JRPL ( INACT(1))=K2.
OBJL (INACT(1))=08J(INACT(1))=22
JRPU(INACT (1) )=K]



20

=0

500
605
AS
a7
R6

1o%

1a%

Cc-10

OBJUCINACT(T))=0BJ(INACT (1)) =21

CONTINUE

PRINT S9 :

FOQMAT(a6H PQICE RANGE OVER WHICH OPTIMAL SOLUTION MHOLDS)
PRINT 1§

FORQMAT(26X+12H LOWER BOUND¢10Xe12H UPPER BOUND)

PRINT 600

FORMAT(19X9H ACTIVITYiSXe6H PRICE«8Xe9H ACTIVITY:SXe6H PRICE)
PRINT 60S

FORMAT(OH ACTIVITY12Xe1402Xe18e2XsF15e4:2X014.F15e4)

DO 86 Jm=1i+NOCOL

IF(ZC(J)) 86+87+86

PRINT 85 ¢JeJRPL (J)e0BI ( J)+JRPUJ) 20BIU( Y)Y

CONTINUE

CONTINUE

Go TOo 300-

SToP

END



19
12
j1a
15

SUBROUTINE ERR(ITYPE»ICARD+SUM)

SUM=aSUM+ 1

GO TO(10203+4)¢1TYPE

PRINT 10+ICARD

RETURN

PRINT 12+1CARD

RETURN

PRINT 14+¢ICARD

RETURN

PRINT 1S+ ICARD

RETURN

FORMAT(A0H INPUT ERRORICOEFF.ICIENT MATRIXe AT CARD12Xe IS)
FORMAT(31H INPUT ERRORRHS VECTORAT CARD2X¢15)-
FCQMAT(33H INPUT ERROROBJ FUNCTIONIAT CARD2X e IS)
FOQMAT(32H ILLEGAL RESTRICTION TYPE AT ROWe2XelS)
END -



c-12

SUBRCUTINE LPSOL (NOROWINOCOL ¢ IOPTS ¢ ISOLTY ¢ NOITER+0BJV)
COMMON/ /DPM(60+180) sRHS(60) + INACT(60) + ISACOL(60) ¢ IRWTY(60) »
1 08J(180)¢2C(180)
DIMENSION- COLKEY(80)
ISOLTY=1
PQINT 2116 :
2116 FORMATIIXesSTART Le Pe SOLVE )
¥XITER= 380
NOITER==]
209 NOITER=NOITER+1
JZCMX=20
2CMX=0e
DO 10t U=l +NOCOL ¢}
220
DO 102 =1 +NORPOWe}
K= INACT( 1)
102 ZaZ+(DPM(T+J)20BJIIK) )
2020 FORMAT(#ERROR CHECKH*)
ZCtJ)=Z=08J(J)
IF(ZC(J))I10341014101
103 IF(ZC(J)=2CMX) 1040101101
1na ZCMX=Z2C(J)-
- JZCMX =Y
101 CONTINUE
IF(JZCMX oGTe 03GO TO 110
IF(NOITEROGTS2)GO TO 112
SQINT 10
19 FORMAT(S8H CHECK)
RETURN
112 Xa=(9#(10#88))
DO 115 I=1+NOPOW
Ja INACT(1)
IF(RHS(1)eEQeCe0) GO TO 114
IF(OBJtJY) +EQs X)GO TO 600
114 IS(IQWTY(1)eENe1)GO TO 11S
J=ISACCL(!)
Z2C(JY=ZC(JY+X
115 CONTINUVE
08JV=0,
OO0 120 1=1+NOROW,.}
K=z INACT!( 1)
120 08JV=0BJV+(RHS(1)#0BJ(IK))
ISOLTY=0-
QETURN
&6n0 PRINT 60



113

1=y

1 ==

=6

16"
10

=™

=<9
140
171

120

176
178

c-13

FOQMAT(324 THERE AQE NO FEASIBLE SOLUTIONS)
RETURN

IF(NOITERe LT MXITER)GO TO 113

PRINT 20

FOQMAT (284 NO ITERATIONS EQUAL MAXIMUM)
RETURN

RMIN=990000000

NXR=0

DO 150 I=]NOROWe1
IF(DPM(!oJZCMX))15001501151

RaQHS (1) /DPM( 1 ¢ JZCMX)

IF(R=RMIN) 155¢156:150

RV IN=Q

NKQs |

GO TO 150

DO~ 160 Usi +NOCOL. o1
Rl-DPQCNKROJ)/DPM‘NKROJZCMX)
R2=20PM( 1 eJ)/7DPM( ] ¢ JZCMX)
IF(R2=R1)155¢160+¢1%0

CONTINUE

PRINT 30«NKRe !

FORMAT (24 CYCL ING MAS OCCURED AToe2Xel4e2Xe13)-
RE TURN

CONTINUE

IF(NKRIGES1)GO TO 169

SQINT S0 ¢J2ZCMX

FOQMAT (284 UNBOUNDED SOLUTIONGACTIVITY2Xs IX)
RE TURN

INACT (NKR) 2JZCMX

DO 171 I=1sNOPOWe1
COLXKEY (1 )sDPM( 1 ¢ JZCMX)

DO 17C J=l«NOCOL o1t

OPM(NKR ¢ J) sDPMINKR ¢ J ) /COLKEY (NKRQ)

RHS (NXR) =RHS (NKR ) /COLXEY (NKR)

DO 173 1=1+NOPOW 1

IF(]l ¢EQe¢ NKR)IGO TO 178
RHS(1)sRHS( ] )=(RHS (NKR)®#COLKEY (1))
IF(COLKEY(I) +EQe O0)GO TO 178

DO 176 JUsm1+NOCOUL 1

IF(OPMINKR>J) oEQe 0)GO TO 176

OPM(T e J)=OPM( 1 eJ)=(DPMINKR¢J) #COLKEY( 1))
CONTINUE

CONTINUE

GO TO 200

ENO



c-14 .

SUSROUT INE ROWSET (¢ JCOL ¢ IRHNSTY s RHSV e ICARD +SUM)
COMMON/ /OPM(£60+180) sRHS(80) + INACT(60) ¢+ ISACOL(80) ¢ IRWTY(80) »
1 09J(189)+2C(180)

JCOL=JUCCL +1

INACT(1)=JCOL

ISACOL (T )Y=uCOL

IPWTY(1)=IRHSTY

RHS (1) =2RHSV
IFCIRWTY(I) el Tel1eORe IRWTY(1)eGTe3)CALL ERR(2¢ ICARD sSUM)
IF(RHS(1)eLTe0e0) CALL ERR(2¢I1CARD +sSUM)
OPV(IsJCCL)=1

IF(IRWTY(I) oGTe 1)GO TO 202

oarJtucoL )=0,

GC TO 140

202 0BJI(JICOL )=2=(On(10#45))

IFCIRWTY(1)eEQe2)GO TO- 140

JCOL=JUCCL +1

DPM(IsUCOL )n=]

. 0BJ(JCOL )=0,
140 RETURN
ENO

204 CARDS LISTED ON 14 PAGES



APPENDIX D

Machinery Cost Computer Program by Rotz (1981)



Machinery Cost Computer Program

This model was used to estimate the total annual cost
of.using the required implements in a crop production
system. The input data required to execute the program
varies depending upon the type of machine to be analyzed.
These data include machine purchase price, age (row
indicated new machine), power (in kw for tractor and
combine usage), width (in m for implements), fuel type (1 =
diesel, 2 = gasoline, 3 = petroleum gas, for tractor and
combine usage), and speed (km/hr for implements).

The computer output of Rotz model provides the
following information:

1. Ownership cost

Repair and maintenance

. Fuel

Total present value

mt b W N

. Average annual cost



MACHINERY COST COMPUTER PROGRAM

C. Alan Rotz

October, 1981

The machinery cost program computes the total costs of own-
ing and operating farm machines, tractors and trucks. It
includes the cost of capital, interest, insurance, shelter,
repairs, maintenance, fuel, lubrication and labor. Infia-
tion is modeled for all costs with a separate rate used on
machinery, fuel and labor. Income tax deductions are modeied
.o include depreciation, interest, and operating costs along
with an investment credit of 14 percent of the initial
machine cost. Tax deductions are subtracted from the sum of
all other costs to give a total cost. This cost is given as
a total present value cost and as an equivalent annual cost.

Data Required by Program

wWhen provided the appropriate input data, the machinery cost
program can be used to analyze the costs of farm machines,
tractors or automobiies. It can also be used to analyze the
costs of several machines or a full crop production sub-
system when supplied with data for all required machines.
Input data required by the program includes:

Machine Numeric code shown in table below. Entry

Type- of 15 branches of the program to read
your own repair and depreciation factors.
BEntry less than 15 allows use of stored

factors.
Machine Age of machine in years. Zero indicates a
Age- new machine.

Wage Rate- Hourly charge for operator labor.

New Price- Dollar cost of the machine purchased new.

Power Rated power of tractor (PTO kilowatt)
Rating-

Annual Tractors - Average Annual use in hours.
Use- .. Machines - Average Annual use in hectares.

Fuel type- 1. = Diesel 2. = Gasoline 3. = Liquid
Petroleum Gas.



Fuel Price per liter (decimal entered).
Price-

Machine Operating width of machine (meter).
width- '

Machine Operating speed of machine in the field
Speed- (kilometer per hour).

Hours per Requested for automotive only. Average operation
year- of vehicle in hours per year.

Kilometer Requested for automotive only. Average fuel
per liter- consumption,

Information Assumed by Program

Some parameters for the cost analysis are set internally by
the program. These parameters include income tax informa-
tion, inflation rates and 1loan information. The program
assumes an income tax rate of 25 vercent. All machines are
depreciated for tax purposes cver 5 years using the 1961,
Accelerated Cost Recovery System.

Three inflation rates are used to model a separate inflation
on machinery, fuel and labor. Machinery costs are inflated
_at the rate of 11 percent per year. Fuel infiation 1s set
at 24 percent per yea:r while labor is set at 9 percent per
year.

The program converts ali future costs to present value based
upon a discount rate. This discount rate is set at 12 ver-
cent per year.

All maéhines are considered to be purchased with a loan with
a 20 percent down pavment. The term of the loan is set at 5 -
years with an interest rate of 12 percent per year.

Additional information is assumed for the field efficiency,
repair factors and remaining value factors. These values
were set to appropriate values based upon informationn found
in popular text books on farm machinery management.



Implement Type E RC1 RC2 RV1
Automotive 1 —— «B55 1.8 .80
Ttactot 2 - .025 106 075
Combine, Sp. Eq 3 .70 «140 1.8 <75
Moldboard pPiow 4 .85 «610 1.3 .70
Disk Harrow 5 .80 «230 1.8 .70
.Chisel Implements 6 .80 «230 1.8 .70
Row Planter 7 <65 .670 1.6 <78
Drill 8. .60 .210 1.6 .70
Sprayer 9 60 .710 1.4 .78
Mower- 18 .85 .410 1.3 .70
Conditioner cT
Rotary mower- 11 «85 «260 1.6 .70
Conditioner
FPorage Equipment 12 .70 «330 1.3 .70
wagon 13 - ° 390 l 06 .70
Blower 14 ——— <240 1.3 .70

Use of Program

The machinery cost program is stored in a permanent file in
the Cyber 754. It is in compiled form for economical access
and use in a permanent file name ROTZMACHCOST. It can be
used by attaching a work file to the permanent file and exe-
cuting the work file. An example job is shown below.

For Interactive Use For Batch Use
(Log in) (PN card)
CONNECT, INPUT, OUTPUT. (Job card)
PROMPT=0ON. (PW card)
ATTACH,W,ROTZMACHCOST. ATTACH,W,ROTZMACHCOST.
w. W.
K 7/8/79
(da&a cards) (data cards)
99. ' STOP
(Log out) 6/7/8/9

Data cards for the program can be given in any format, how-
ever, the numbers on the cards must be in proper order. The
proper order is dependent on the type of machine analyzed as
given below. Two data cards are required for each machine
analyzed unless the machine is purchased used. For a used
machine a third data card is needed to give the purchase
price and use on the machine.

RV2

.84
.87
.88
.90
.90
.90
.90
.90
.90
.90

.90
.90

.90
.90



Form for Input Data

The input data required to execute the program varies
depending upon the type of machine to be analyzed. There
are three major forms for the data to model the costs of
either a tractor, farm machine, or truck. These data forms
are listed below.

TRUCK OR AUTOMOBILE (Type 1)

(1) Machine code, Name
(2) New cost, Age, km/yr, km/liter, Insurance cost
(3, If used) Purchase price, kilometers on vehicle

TRACTOR OR SELF-PROPELLED MACHINE (Type‘Z or 3)

(1) Machine code, Name

(2) New cost, Age, Power, Annual use, Fuel type

(3, If used) Purchase price, Hours on machine

IMPLEMENTS (Type 4 to’S)

(1) Machine code, Name

(2) New cost, Age, Annual use, Width, Speed

(3, If used) Purchase price, Hours on machine

CHANGE OF PARAMETERS

Data can also be used to change parameters which have been

set internal in the program. Parameters can be changed by
using code 93. or 95. as shown.

90. DATA Puel price, Wage rate, ﬁbrk time ratio, 1Insurance
& shelter rate, Income tax rate, Print level.

95. DATA Down payment, Interest rate, Discount rate,
Machine Inflation, Labor Inflation

END OF DATA
Data is required to specify the end of a system of machines

by assigning a code of 6. and a code of 99. should be
specified at the end of all systems. '
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MACHINERY COST PROGRAM
C. ALAN ROTZ

/713781
t
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10

60

PROCRAM SYSECON(INPUT,OUTPUT,TAPES=INPUT,TAPEé6sOQUTPUT)

COMMON /MEC/ NN,DPAY,IR,A,G,B,C,FP,WACE,WTIME,TISR,TRI,PRNT
REAL TOWN(200),TREP(200),TFUEL(200), TLAB(200),AC(200),PVC(200)
¢,2¢(200),1IR ’ .
TPVCs=0.0

I=0

READ (35,100)5T,Z1.,22

IF(T.EQ.0) GO TO SO

IPCT.EQ.90) READ * ,FP,WAGE ,WTIME,TISR,TRI,PRNT

IF(T.EQ.93) READ =*,DPAY,IR,A,G,B,C

IPCT.EQ.90 .OR.T.EQ.95) GO TO 10

IF(T.EQ.99) STOP

Inlet

2(1)=21

CALL MECON (T,Z1,Z2,TOWNC(I),TREP(I),TFUEL(I),TLAB(1) ,ACCI), PVC(I))
GO TO 10

WRITEC6,110)

WRITE(6.120)

WRITE(6.,130)

WRITE(6,120)

DO 60 K=1,1

WVRITE(S,140) Z(X),TOWN(K) ,TREP(K) ,TFUEL(X),TLAB(K) ,PVC(X) ,h AC(K)
TPVC=TPVC+PVC(X)

WRITE(6,120)

WRITE(6,150)TPVC

GO TO $

C FORMAT STATEMENT

100
110
120
130

140
1350

FORMAT(F3.0,A10,A10)

FPORMAT(//,23%X,"PROJECTED SYSTEM COSTS")

FORMAT(1X,12(éHevce===))

FORMAT(SX, "COST",4X, "OWNERSHIP"”, 2X,"REPAIR",6X,"“FUEL",
+SX,"LABOR",5X,"TOTAL",4X,"AVERAGE",/,5X,"TYPE", 6X,"COSTS",
+4X,"EMAIN.",248X,"PV",6X,"ANNUAL") .

FORMAT(1X ,A10,6F10.0)

FORMAT(3X, "PRESENT VALUE OF SYSTEM COSTS: s",F10.0)

sTOP

END 4

SUBROVUTINE MECON (T,Z1,Z2,TOWN,TREP,TFUEL,TLAB,AC,PVC)

COMMON /MEC/ NN,DPAY,IR,A,G,B.C,FP,WAGE WTIME,TISR,TRI, PRNT

REAL NCOST,MILPY,MPG, INS, INT,LABOR,ACRF(S),IR

DIMENSION E(15),RC1¢(1S) ,RC2¢1S),RV1(1S) ,RV2(1S),FFL(3),FFH(3’



D=7

c
C INITIAL INPUT DATA

DATA E/%.,1.,.7,.85,.8,.8,.65,.6..6,.85,.85,.7,1.,1.,1./
.33,

DATA RC1/.08S,.025, .14, .61,.23,.23,.67,.67,.71, .41, .26,
0.3,.2".0’

DATA RC2/1.8,1.6,1.8,1.3,1.8,1.8,1.6,1.6,1.3,1.3,1.6,1.3,1.6,1.3,

+1./

DATA RVL1/.8,.78,.78%,.2,.2,.2,.2,.2,.2,.2,.2,.2,.72,.7,.72/
.9

DATA RV2/ .84, .87,.88,.9,.9,.9,.9,.9,.9,.9,.9,.9,.9,.9,
DATA ACRF/ .15,.22,.2%1,.21,.21/

DATA FFL/.169,.25,.26/ ,FFH/.283, .41,.49/ ,NN/10/,TR1/.25/ ,WTIME/ 8/
DATA TI3R/.04/,G/.13/,A/.12/,B/7.2/,C/.09/,DPAY/ .2/ ,NM/3/,1IR/ .21

DATA FP/ .32/ ,WACE/4.23/,PRNT/2 .0/

EFC=1.0
TARO-OLDUSE-PVC-OPC-TOUN-TRBP-T?UEL-TTD-TLAB-o ]

IF (T.EQ.13) READ *,E(T),RC1(T),RC2(T),RVI(T),RV2(T)
IF (T-2) 20,25,30

c

C INITIAL SET UP FOR AUTOMOBILE

20 READ =®,NCOST,ACE,MILPY,MPG,INS
FUEL=MILPY/MPG®FP
USE=MILPY/48. '
GO TO 40

c

C INITIAL SET UP FOR TRACTOR

2S READ *,NCOST,AGE,HP,USE,FT
FUEL=FP*HPAUSE*(FFL(FT)*(1.-WTIME)+FFH(FT)*WTIME)
GO TO 40

c

C INITIAL SET UP FOR MACHINERY

30 IF(T.EQ.3) GO TO 28
IF (T.EQ.13.0R.T.EQ.14) READ * ,NCOST,AGE,USE
IF (T.EQ.13.0R.T.EQ.14) GO TO 35
READ *,NCOST,AGE,ACRE,V,S8
EFCsW2S*E(T)>/10.0
USE = ACRE/EFC

3s TUEL = 0.0

40 FRVO = NCOST

IF (AGE.EQ.0) GO TO 43

READ =,PCOST,OLDUSE

RVO = PCOST

TARO = NCOST*RC1(T,*(OLDUSE/1000.)%*®2RC2(T)
43 J = AGE

END = AGE + NN

RV = NCOST®RV1I(T)®RV2(T)=*2END

IF(PRNT.EQ.1)WRITE(6,100)Z1,22

IF(PRNT .EQ.$1)WRITE(6,110)

IF(PRNT.EQ.1)WRITE(6,120)

IF(PRNT.EQ.1)WRITE(¢,2110)

c LOAN COST
DPAYM = DPAY®RVO
PAY s (RVO-DPAYM)X(IR®(§ . .«IR)®X*NM)/((]1.+1R)®"NM-1 )
MORT = PAY®*NM
DO S0 I = 1,NN
J s J + 1



D-8

c
C  CAPITAL COST
CAP = PAY
IFC1.GT.NM)CAP = 0.
IFC(I.EQ.1)CAP = CAP + DPAYM
IFCI.EQ.NN) CAP « CAP - RV*(1.+4G)®*NN
c

c OWNERSHIP COSTS
TI8 w TISRANCOSTH*(RVI(T)®RV2(T)I)®XJs.S)%(1 . +G)nn]
IFC(T.EQ.1)TIS = TIS + INS=®(1.+G)wn]
TOWN = TOWN + (CAP+TIS8)/(1.+A)rx]

c OPERATING COSTS '
TAR @« NCOST*RCI(T)*((OLDUSE+USE®(J=-AGE))>/1000.)**RC2(T)
REP = (TAR-TARO)* (1. G)w=x]
TARO = TAR
TREP = TREP + REP/(1.+A)nn]
FUELL =» 1.13*FUEL*(1.+B)#*=]
TFUEL = TFUEL + FUELL/(1.+A)2%]
LABOR = 1.1*WAGE*USE=®(1.+C)nn]
IFCT.GT.3)LABOR = 0.
TLAB = TLAB + LABOR/(1.eA)wx]

c INCOME TAX DEDUCTIONS
D= 0.0
IFCI.LT.6) D = ACRF(I1)=RVO
MORT = AMAX1(0.,MORT-PAY)
IT = IR*MORT
TD = TRI®*(D+IT+TIS+REP+FUELL+LABOR)
IF(I1.EQ.1 .AND.TRI . NE.O)TD = TD + .1®RVO
TTD = TTD ¢ TD/(1.eA)22]

c TOTAL COST
TOTAL s CAP+TIS+REP+FUELL+LABOR-TD
PVC = PVC ¢ TOTAL/(1.+A)%n]
OPC = OPC + (TOTAL-CAP+IT)/(31.+A)x]
IF(PRNT .EQ.1)WRITE(6,130)I,CAP,TIS,REP,FUELL,LABOR,TD, TOTAL

S0. CONTINUE

c-

c PRESENT VALVUE COSTS

AC s PVCR(A*(1.4A)X®*NN)/((1.+A)R*NN-1.)
. AOPC = OPC=R(A*(1 . +A)R®*NN)/((1.+A)**NN-1.)
IFP(PRNT.EQ.1)WRITE(6,110)

c

c FORMAT STATEMENTS

100 PORMAT(// ,1X,"PROJECTED COSTS OF " ,A10,A10,/)

110 FORMAT(1X,12(6Hewww==))

120 FORMAT(1X,"YEAR" ,2X,"CAPITAL",2X, " INSURANCE" ,2X"REPAIRS",
+4X,"FUEL",5X,"LABOR",3X,“INCOME TAX",2X,"TOTAL",/,16X,
+“& SHELTER",2X,"&§ MAIN.",3X,"8 LUB.",12X,“DEDUCTIONS")

130 FORMAT(13,7F10.0)

190 FORMAT(F3.0,A10,A10)

RETURN
END




