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CHAPTER I
INTRODUCTION

Central Kansas farmers as all United States farmers are faced with
making resource allocation decisions in response to changing prices,
technology, and variable weather conditions. Farm resource allocation
decisions are made in a continually changing setting. Technological
developments provide for more output from current use of resource or
new resources that can be employed in the production of food and fiber.
Input prices and prices received for farm products are beyond the
control of the individual farmer. Climatic conditions can harm or
enhance the productivity of a farmer's resources.

Variable weather conditions and prices coupled with changing farm
size make optimum resource allocation decisions for the central Kansas
farmers complex. One of the many resource allocation decisions farmers
make is mﬁchinery selection. A farmer selecting field machinery must
identify his critical field operations and estimate the time needed to
complete these field operations. After identifying the critical field
operations and the time allowed to complete them, the size of machine
and/or implement can be determined (3).

Some of the more recent trends in central Kansas agriculture
include an increase in both machinery investment per acre and farm

size, In central Kansas, average farm crop machinery investment per



acre has increased 89 per cent since 1970, from $25.25 in 1970, to
$47.67 per acre in 1977 (1,2). Average crop acres increased 20 per

cent since 1970, from 678 acres in 1970 to 816 acres in 1977 (1,2).

Machinery Selection Data

To calculate time available to complete a field operation, the
farmer needs to know how many days weather will allow field work.

Field workdays are an estimate of the frequency of occurrence of the
time available for the completion of field operations.

The need to complete many field operations may occur simultaneously,
thus the farmer must decide which operation can be postponed, and which
field operation is to be undertaken to maximize returns. Timeliness is
the completing of field operations at an optimum time in regard to crop
quantity and quality (4). Every field operation from seedbed prepara-
tion to harvest has a timeliness aspect. Late removal of weeds from
stubble of fallow ground can deplete soil moisture and/or nutrients
from ensuing crop production,

The interaction of agronomic, economic, engineering, and metero-
logical relationships provide a complex situation for the machinery
selection decision of farmers. If these relationships can be quanti-
fied, then the complex situation can be solved by a systematic approach.
Models have been developed to aid farmers in selecting machine size.
Many of the models are location specific due to diverse weather and
cropping practices.

Due to a lack of data, the majority of machinery selection models

have not had timeliness estimates for field operations incorporated



within them. To provide a tocl to aid central Kansas farmers in the
selection of machinery and implements, the inclusion of timeliness is

critical for meaningful results.

Objective of Study

Develop and test a linear program model for central Kansas dryland
cash crop farmers that selects the most profitable combination of three
crops and:

a) machinery and implement sizes given acreage limits,

b) crop acreage given machinery and implement sizes,

c¢) and timeliness of field operatioms.

Six tractor and two combine machinery sizes are studied, while crop
acreage is constrained. Implement size is a function of tractor size.
Machinery selection variables considered are costs, machine capacity,

field workdays, labor, and timeliness.

Review of Literature

Computer simulation and linear program models to aid farmers in
the selection of farm machinery and implements began being developed
and refined in the early 1960's (5,6). Two digital computer programs
were developed for machinery selection during the period. Link (6)
approached the complexities of machinery and implement selection by
a scheduling of field operations mode of research. Simons (7) approach
was to allot time for the completion of field operations., In 1967
Donnel Hunt (5) adopted and updated the manner of study used by Simons

with a fortran program.



Hunt's model selected the number and size of implements based on
power limits of tractor size; measured in power take-off horsepower
units at minimum costs levels for given crops and acreage. Timeliness
estimates were not included in the model. Early models were limited
by computer storage space, and the state of the arts in agrometero-
logical data for field workday estimates.

In 1968 the American Society of Agricultural published papers on
computers and management of farm machinery (3). This publication
includes a partial bibliography of programs available at that time
for machinery selection, timeliness estimates for field operations,
and field workday methodology.

Chandler divided machinery selection models into first and second
generation. First generation models being applicable only to specific
research projects. Second generation models are those applicable to
extension work, having the ability to be applied and altered to fit a
large number of farm situations (3).

A second generation linear program model was developed to study
alternative farm plans for Purdue's Top Farmers Conference in 1968 (3).
The Automatic Corn Budget was primarily designated to solve for the
most profitable way to schedule corn production, but was modified to
handle machinery selection problems. Purdue currently at Grain Crop
Top Farmer Workshops employs the Automatic Cropping Budget to aid
farmers in crop planning, including machinery selection (2).

In 1973, Smeilder (8) modified Hunt's first generation program
into a second generation program with a broader spectrum of applica-

tion. Smeilder's work included more recent information on tractor



drawbar performance, and implement power take-off shaft requirements.
Smeilder's model required crop mix to be given.

Burrow and Seimens (1) developed a least cost computer program
model to assist and educate corn-soybean farmers in machinery selection
for the corn belt area, The model's characteristics included:

a) timeliness costs in regard to date of corn planting,

b) specified mix of corn and soybean acreage on farms from

300 to 2000 acres,

¢) scheduling of field operations,

d) field workday probabilities, and

e) machinery fixed and variable costs.

To test the model two computer runs were made for each size of
farm studied. The first run was used to detefmine the number of
tractors, combines, and labor needed for a specific farm size. The
second run determined the least cost machinery combination. All costs
were varied, to study machinery costs effects on income. Results
included:

a) near 980 crop acres the cost assoclated with timeliness

was equal to another hired hand,

b) price variations of inputs showed large effects on income,

¢) repair costs had little effect on income, and

d) timeliness can have a significant impact on machine

selection (1).

In 1976 Hughes and Holtman's (4) machinery selection computer model

consisted of four main procedures; system power requirements determina-

tion, field machine selection, tractor selection, and cost analysis.
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The basic characterisﬁic of the Hughes and Holtman model was that they
assumed a farmer is interested in completing a field operation by a pre-
determined date, rather than in a specified time interval. The authors
used and conclude that machinery should be selected as a system, as
opposed to selecting machinery as separate individual units.

In 1977, Tice (9) developed a linear program machinery selection
model for northeast Kansas cash grain farmers. Tice's model selected
the most profitable combination of crops and machinery. Total crop
acreage was limited, and the most profitable mix of four possible crops
was chosen for a specific set of machinery. Timeliness estimates for
date of planting were incorporated in the model. Field workday esti-
mates were varied between wet and dry years.

The linear program model for central Kansas farmers of this study
differs from other machinery selection models in that field workdays
available, cropping practices, and timeliness estimates are a function
of the region studied. The model contains timeliness estimates for
planting and the harvesting of crops. The model can select machinery
for a given acreage, or state the acreage a given set of machinery can

adequately farm.



CHAPTER 1II

MODEL DEVELOPMENT

Mathematical Description

Linear programming is a planning method that is often helpful in

decisions requiring a choice among a large nmumber of alternatives.

"The technique of linear programming can be applied whenever
the objective is to optimize (maximize or minimize as the
case may be) the function f(x) where £(x) = FX + K. £f(x)
is linear and:
F is a functional,
K is a constant, and )
X ranges over a convex polyhedral set of points.

The maximization (or minimization) of the objective
function is subject to certain linear constraints. The
usual way of writing a maximization problem in a matrix
form is:

5 .
Maximize Z = C'X subject to AX i B, X>0

where A is an m x n matrix of technical coefficients,

C is an n x 1 vector of prices or other weights
for the objective functien,

X is an n x 1 vector of activities (commodities
to produce),

B is an m x 1 vector of resource or other
restrictions, and

C'X = Z is the objective function,



In algebraic form this can be written as:
Maximize Z = cyxy + coxp + «++ CpxXy
subject to (1) ajixy + ajoxg + ¢ +a7,x, <by
(2) a91X] + agoxg + e+ + agx < by
(3) apyx) + apyxp + < + apgXy < by

X1 20, x92>0,..0y x5 >0." 1

Assumptions of the linear program model include linearity,
additivity, divisibility, and singled valued expectations.

The linearity assumption gives the model proportional returns as
opposed to diminishing returns. A curvilinear function can be approxi-
mated by linear segments.

"Additivity implies the absence of any interaction among the
activities of the resources."l Activities are additive in linear
programming, meaning that income, cost or resource used from several
activities total the sum of income, cost, or resource used by indi-
vidual activities.3

Divisibility suggests that partial or fractional levels of
activities and resources are possible sclutions, such as 595.5 acres
of wheat production, 90.3 hours of labor per period, or 0.5 combine
for wheat harvest. Labor and acreage fractional solutions can often
be rounded to the nearest whole unit without having significant impact
on the optimum solution. The divisibility assumption can have
important implications in the solution for a farm's optimum machinery
needs., Rounding fractional machinery selection results to the nearest

integer may distort the optimum solution. When a linear program model



due to the divisibility assumption gives a solution of 0.5 combine,
mixed integer programming can be used in further analysis to study
solutions that contain 0.0 or 1.0 combine.

Single-value exceptioﬁs means that resource supplies, input-output
coefficients are known with certainty. '"This imparts the model to be

deterministic."l

General Equations

The left hand side of each equation consists of the technical
coefficients (a's), and the activities or variables (x's). Positive
technical coefficients may reflect the demand that one unit of the
activity makes on the resources represented by the equation (2). A
negative technical coefficient means that an activity or variable
increases the supply of the resource represented by the row or
equation. The right hand side (RHS) gives resource restraints or
restrictions (b's). Resource constraints may be in the form of less-
than-or~equal-to (G), greater-than-or-equal-to (L), or equal-to (E).
The L and E restraints are used in the central Kansas machinery
selection model.

Positive coéfficients in the objective equation (1) are income,
whereas negative coefficients are reductions to the objective equation.
The objective equation's coefficients are gross returns less variable
costs. Variable costs are relevant in decision making because they
affect the rate of change of total costs; fixed costs contribute to

the level of total costs.
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Model equations describe the interrelationships among parts of a
central Kansas farming system that affect the selecting of machinery
and implements. Machinery and implement selection is a function of
variable costs, yields, farm size, labor availability, timeliness,
field workdays, and machinery capacity.

The linear program model for central Kansas machinery and imple-
ment selection consists of 204 equations. Three groups of equations
are in the model; resource equations state the available amounts of a
specified resource and its usage by activities requiring that resource;
transfer equations that provide the service or output of one activity
to be transferred in the model to another activity (2); and the objec=-

tive equation being maximized.

Resource Equations

Production equations state the bushels produced (a's) for each
acre of wheat and grain sorghum activity. Production equations are
the (<) type with zero as their right-hand-side values., Linked to by
transfer equations or contained directly within production equations
are penalties (a's) for the untimely sowing and harvesting of wheat
and grain sorghum. Wheat untimeliness penalties for drilling and
harvesting demand bushels from the wheat production equation. A
_series of (L) type penalty transfer equations (PENLGSl - PENLGSS)
link grain sorghum planting penalties to the grain sorghum production
equation. Grain sorghum harvest penalty transfer equations (PENLGS6 -

PENLGS13) are of (E) type, and link penalties for untimely grain sorghum

harvest to the grain sorghum production equation.
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Farm acreage is constrainted by three equations. An equation of
the (L) type states the land available (RHS), cropland required (a's)
for each creop activity. Non-use of land is possible, but substitution
of land from one crop activity to another is not allowed. When the
effect of wet years on machinery selection is studied, three land
equations prohibit the model from specializing in the production of
a crop activity that has field operations that occur during drier
periods of the year.

Labor is available in weekly and bi-weekly equations for crop
production. The labor requirements (a's) are the hours needed to
complete field operations. The restraints for labor in weekly and
bi-weekly equations are the (L) type, and the right-hand-side values
are defined in terms of field workdays. Twelve weekly and nineteen
bi-weekly labor equations are used to describe the important labor
periods throughout the year. Weekly labor equations are used for late
spring and early summer months, to be consistent with the use of weekly
penalties for untimely wheat harvest and alfalfa haying operationms.
Wheat harvest and alfalfa haying activities have labor parameters in
both weekly and bi-weekly labor equations.

Equations of the (E) and (L) type state the field operatioms that
must occur for each acre of crop production undertaken. Grain sorghum
planting-fertilizing and alfalfa drilling-fertilizing equations are
the (E) type; all other field operation equations are the (L) type.
The right-hand-side value for all field operation equations is zero.

Drilling-fertilizing, harvesting, planting-fertilizing, swathing,

baling, hay hauling-stacking, and row crop cultivating equation units
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are per acre, Positive technical coefficients in each per acre field
operation equation state the number of times each field operation must
occur, Combine and implement activities supply units to their respec-
tive field operation equations. Linked to a per acre field operation
equation is a transfer equation for each size of combine or implement
considered in the model, that demands one unit from the field operation
equation, The right-hand-side value for each combine and implement
size transfer equation is zero. Grain sorghum planting-fertilizing
transfer equations for each size of planter considered are the (E)
type; all other per acre equipment size transfer equations are of the
(L) type. Alternative equipment size time period field operation
activities (x's) supply per acre units to their respective combine
and implement transfer equations to allow the completion of field
operations.

The unit for all plowing, disking, springtoothing field operations
is one hour, positive technical coefficients state the time in which
one acre can be worked. Negative technical coefficients in disking,
plowing, and springtoothing field operation equations supply units in
field operation equations which are demanded by per hour field opera-
tion transfer equations. Per hour field operation and per hour field
operation transfer equations are the (L) type, with zeros are their
right-hand-side values. All per hour field operation equations are
linked to machinery capacity equations.

The model contains three sets of (L) type machinery capacity
equations. Machinery capacity equations units are hours, and their

right-hand-side values are defined in terms of field workdays.
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Combine capacity equations are in weekly intervals for wheat harvest;
and bi-weekly.intervals for grain sorghum harvest. Small tractor
capacity equations are on a weekly basis; the other tractor capacity

equations are in bi-weekly intervals.

Transfer Equations

The per acre combine field operation equations are linked by
transfer columns (variables) to combine capacity equations. Technical
coefficients in combine capacity equations state the time required to
harvest one acre. Swathing, baling, drilling-fertilizing and hay
hauling-stacking per acre units are transferred to small tractor
capacity equations whose technical coefficients state the time required
to accomplish the field operations. Plowing, disking, springtoothing
field operation equations' hour per acre units are transferred to
tractor capacity equations. Planting-fertilizing, drilling-fertilizing,
and row cultivating time period activities have hour per acre parameters
in tractor capacity equations.

A set of (L) type equations (PL/CU4R - PL/CU18R) require that each
acre of grain sorghum planted with a selected size of row planter is
cultivated with a row cultivator of the same size. Another set of (L)
type; zero right-hand-side value equations (SWALMA.5 - SWALAU.3),
require that swathing and baling activities occur during the same

weekly period.
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Obi ec tive Equation

The objective equation's coefficients are gross returns less
variable costs for the alfalfa activity, wheat and grain sorghum's
variable cost per acre less machinery and implement repair and fuel
costs, machinery repair and fuel and implements repair activities'
variable costs, grain sorghum and wheat's market prices, grain drying

costs, and alfalfa penalties.

Form and Function of Gemeral Equatiomns

A listing of model equations is given in Appendix I. To facili-
tate an understanding of the form and function of the model's equations
the following is a general outlay of equations where:

a = subscript for the crop alfalfa

g = subscript for planting period

h = subscript for harvesting period

i = subscript for the crops wheat and grain sorghum

j = subscript for baling, combing, drilling-fertilizing,
planting, hauling-stacking, row cultivating, and swathing

k = gubscript for disking, plowing, and springtoothing

1 = subscript for combination of too-early and too-late
planting linked with too-early and too-late harvest

g8 = subscript for size of machine or implement used for
field work

t = subscript for period in which field operations occurs
The nomenclature, description, and units of each activity in the
model are given in Tables I - III in Appendix II. The tables in

Appendix II are grouped by wheat, grain sorghum, and alfalfa categories



respectively,
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For the general outlay of equations the following capital

letters and subscripts are employed to represent the technical coeffi-

cients of the model's equations and are defined as:

operation j on C acres of crop i using size

machinery s

Ay is
Cy 1is
Fji is
Gy 1is
Ky 1is
My 1is
Py 1is
Q4 is
Ly 1is
R, 1is
Tji is
Yy 1is

acres of crop 1

the cost of field operation jrfof crop i

hour(s) of labor per unit of period j

the variable cost excluding fuel and repair cost of crop i
hours of machine time required per unit of capacity period
the price per unit of crop 1

the amount sold of crop i

the jth type of penalty of crop 1

the return per acre less variable cost of alfalfa per acre
the cost of primary tillage implement k for crop 1

the yield per acre of crop i

The general outlay of equations is presented according to the order

in which the

general equations were discussed. The word in parenthesis

following each general equation's restraint defines that equation's

units. The second number preceding each equation in parenthesis is

the number that equation can be found by in Appendix I.

A) OBJECTIVE

1. (1) Maximize OBJ = EPiQi + ERaCi L ZKici ] zsziCi - zszici et

LIL4C4
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B) PRODUCTION
2. (2,3) -YiCy + ELij + Q4 < 0 (bushel)

C) PENALTY EQUATIONS LINKING PLANTING TO HARVEST
3. Planting (140 - 144)
EEAig - IILy; <0 (bushel)

4, Harvest (145 - 152)

LIAjp = IILyp <O (bushel)

D) LAND

5. (23,24) C; <by (acre)

6. (25) C, <b, (acre)
E) LABOR ’

7. (40 - 70) ZEEGiajksAiagks < bi (hour)
F) MACHINE CAPACITY

8. (71 - 115) ZECyaq - IIIMjaqp < by(hour)

G) TRANSFER EQUATION LINKING FIELD WORK TO ALTERNATIVE TIME PERIODS
9. (12)
EZAiaj - EZAiajt.i bi (acre)

Activities

Activities (x's) of the central Kansas machinery selection model
are grouped into the following categories: crop production, tractor
size, field operation and field operation transfer, penalties for

untimely field operations and penalty transfer, an& crop selling.

Crop Production Activities

Crops included in the model are wheat, grain sorghum, and alfalfa.

The unit for each crop production activity is one acre. Wheat and
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grain sorghum activities state each crop's variable cost less fuel and
repair cost in the objective equation, bushels produced in a production
equation for each crop, cropland required in a land equation for each
crop, and per acre field operations. The per acre field operations
required for wheat are drilling-fertilizing and combining., Fuel and
repalr costs are the objective coefficients in the field operation
activities. The grain sorghum activity's field operations are planting-
fertilizing, row crop cultivating, and combining., Each acre of grain
sorghum produced must be planted-fertilized and combined, and row crop
cultivated twice. The alfalfa production activity states the per acre
return less variable cost in the objective equation, and cropland

requirement in the land equation (CPLDALF).

Tractor Size

Field operations, except combining, require a tractor. Tractor
size is differentiated by horsepower, and one unit of large tractor
activity is one hour. A small tractor activity is the power source
for alfalfa swathing, baling, drilling-fertilizing, and hauling-
stacking.

In the model the activity representing use of the small tractor
is linked by the transfer equation (TALFALF2) to the per acre alfalfa
production activity. This activity states that each acre of alfalfa
must be drilled-fertilized, swathed, baled, and hauled and stored
three times. Baling, drilling-fertilizing, hauling-storing work is
linked to one of several time period field operation activities that

have hour per acre parameters in the small tractor capacity equations.
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The variable cost of operating the small tractor is considered in the
alfalfa budget.

Activities representing the use of the large tractor provides the
power source for all tillage and planting operations (Table 1). The
study considers six sizes of the large tractor for field operatioms.
Each tractor has a set of tillage implement widths based on tractor
power. Field tillage operations are disking, plowing, and spring-

toothing.

TABLE 1

FIELD OPERATIONS POWER SOURCES

Power Source
Field Operation Small Tractor Large Tractor

Alfalfa

Baling

Swathing

Drilling and fertilizing
Hauling and stacking
Plowing

Springtoothing

MMM N

L]

Grain Sorghum

Disking

Plowing

Planting and fertilizing
Row cultivating

L

Wheat

Disking
Springtoothing
Drilling and fertilizing X

L




Each size of tractor studied is separated into three activities
(TRWHT, TRGS, and TRCAL), and each tractor activity is linked by a

transfer equation to the wheat, grain sorghum, or alfalfa production

activity., A crop acre may be disked or springtoothed more than once.

The activity for the large tractor specifies the hours per acre
required for field tillage operations for the crop to which it is

linked.

Field Operation and Field Operation Transfer

Each tillage operation specified in a large tractor activity is
linked by a transfer equation to alternative tillage time periods.
Hour per acre units are transferred from large tractor activities to
field tillage transfer activities, and then these units are trans—
ferred to time period tillage activities which have unit parameters
in labor and tractor capacity equations. The hour per acre repair

cost for each size of tillage implement plus its power source's fuel

15

and repair costs, is contained in the objective equation for each time

period tillage activity.

Per acre field operations specified in wheat and grain sorghum
production activities are the selection possibilities in the model.
Crop production field operation equations each have at least three
alternative machine and implement sized activities that supply units

to them. Size is in terms of machine or implement effective working

width. One of two combine activity sizes or a custom combine activity

may be selected for wheat and grain sorghum harvests. One of five

activities of sizes of wheat drilling-fertilizing may be selected to
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plant wheat acreage. Row crop planter and cultivator activity selec-
tion possibilities are from five activity sizes, The smaller the sizes

.of the larger tractor, the selection of implement sizes is limited to
those suited to its size.

Each machine or implement size activity is linked by a transfer
equation to alternative time period activities for the completion of
per acre field operations. Alternative time period activities for per
acre field operations have hour per acre units for each size of machine
or implement considered in labor, and tractor or combine capacity equa-
tions. Combining, row cultivating, row planting-fertilizing, and wheat
drilling-fertilizing time period activities for each size of machine or
implement considered have their per acre variable cost plus their
respective power source's fuel and oil repair cost per acre in the
objective equation.

Alfalfa harvest equipment in the model is of a fixed size.

Alfalfa hauling-stacking activities demand labor and small tractor
time for the removal of hay bales from the field, Hired labor

activities consist of custom hay hauling and stacking.

Penalties for Untimely Field Operations and Penalty Transfer

Penalties in the model state the per acre reduction in yield or
dollar loss for the untimely completion of planting, drilling, and
harvesting field operations. Designated optimum planting, drilling,
and harvesting time period have no penalties.

Fach acre of wheat produced supplies a predetermined yield in the

wheat production equation. When wheat is drilled or harvested in time
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period field operation activities other than those as designated as
optimum, bushels are demanded from the wheat production equation.
Bushel penalties for untimely time period field operatiomns activities
units are per acre. Another penalty associated with pre-optimum
harvest of wheat is drying cost. The cost of drying an acre's pro-
duction of wheat to a storable moisture content is in the objective
equation for each pre-optimum time period harvest activity.

The grain sorghum production activity supplies a predetermined
yield in the grain sorghum production equation. The penalty for each
possible planting and harvesting time period activity is combined in
a grain sorghum penalty activity that demands bushels from the grain
sorghum production equation. The optimum combination of planting and
harvesting times has no penalty. A planting period's penalty is
linked by a transfer equation (PENLGS1 - PENLGS5) to a respective
penalty activity. Each harvest period's penalty is linked to a
penalty activity by a transfer equation (PENLGS6 - PENLGS13).

Harvesting grain sorghum acreage in pre-optimum combine time
period activities has a predetermined drying cost per acre. The
objective equation is reduced by the number of acres harvested during
the pre-optimum combine time period activity times the cost of drying.

Alfalfa time period penalty activity units are the dollar(s)
reduction in per acre return less variable cost in the objective
equation for the untimely swathing of alfalfa. For each one of the
three possible hay cuttings, there are three time period activities
to both swath and bale the alfalfa acres in production. For each

cutting and each time period in which alfalfa is swathed, one unit
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is demanded in an alfalfa penalty transfer equation (PENALFl - PENALF9).
Each swathing time period activity for each cutting in a penalty trans-
fer equation supplies cne unit to one of the nine alfalfa penalty

activities.

Selling Activities

Two crop selling activities for wheat and grain sorghum are in the
model. Bushels of wheat produced is supplied by the wheat production
activity to the wheat production equation. Bushels produced that are
not demanded by penalties are demanded by the wheat selling activity.
The positive technical coefficient in the objective equation for the
wheat selling activity is a predetermined price.

General linkages of model activities are illustrated in the flow

diagram in Figure 1.
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CHAPTER III

DATA AND PROCEDURE

Penalty Estimation

The model considers grain sorghum and wheat penalties for
untimely planting, pre-optimum and delayed harvest, and the cost of
drying wet grain to a storable moisture content, Alfalfa penalties

are for untimely cutting.

Grain Sorghum Planting Penalty Estimates

Estimates of penﬁlties for untimely grain sorghum planting are
from an 11 year date of seeding study conducted at the South Central
Experiment Field near Hutchinson, Kansas (31). The field experiment
date associated with the highest average yield is the assumed optimum
planting time and this yield was given an index equal to 100. The
yields associated with the remaining experimental planting dates were
indexed as a per cent of the optimum dates yield (Table 2). Model
time periods were adjusted to field experiment time period designations
such that; May 1 - 15 equals Early May, The-yield indexes and planting
dates were plotted, and linear approximation was used to estimate a
yield index for the model's July 1 - 15 period as 87.5% of optimum

(Figure 2).

24
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TABLE 2

GRAIN SORGHUM YIELD BY DATE OF PLANTING

Field Experiment

Field Experiment Time Avg. Yield bu./ac. Index Model Period
Early May 48.6 78.0 May 1-15
Late May 50.3 80.7 May 16-31
Early June 62.3 100.0 June 1-15
Late June 58.6 94,1 June 16-30
Early July¥* 87.0 July 1-15

* Linear approximation.

Source: Modified version of Table 8 in "Report of Progress 269,"
Agricultural Experiment Station, Kansas State University,
Manhattan, Kansas (1976).

The Farm Facts (1972-1976) average grain sorghum yield of 46.8
bushels per acre harvested was multiplied times each planting date's
index number. The product from each multiplication was subtracted

from the 46.8 bushel per acre yileld to obtain a per acre estimate of

planting penalties (Table 5).

Pre-Optimum Grain Sorghum Harvest Penalty Estimates

"Maturity and standability (stalk strength) are two of the
major characteristics affecting grain sorghum yield in
Kansas. There are five general categories of grain loss:

1. Preharvest losses due to shatter and severe lodging.
2., Header, or gathering losses consists of grain which
is not delivered teo the threshing unit due to reel
shatter or gathering efficiency.
3. Cylinder loss refers to the grain which is left in the
head. Cracked grain is sometimes included in this category.
4&5, Walker and shoe losses are usually very hard to distinguish.
in the field and are usually lumped together." (17)
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The pre-optimum harvest period is defined as that period when the
field grain moisture content is greater than 14 per cent. To estimate
grain losses that occur from pre-optimum combining, results from a two
year Kansas study on grain sorghum harvesting losses were employed.
To adapt the research results for estimation of pre-optimum harvest
penalties, the following steps were taken:

a) losses for each of the three cylinder clearances and speeds
were averaged by date (Table 3),

b) to obtain an optimum date that has no loss associated with
it (Oct. 9), five per cent was subtracted from each date's
averaged loss,

c) the resulting Sept. 25 and Oct. 2 losses were averaged to
obtain a 12 per cent estimate bushel loss for pre-optimum
harvest, and

d) the 12 per cent estimated pre-optimum harvest loss was
multiplied time the 46.8 bu./ac. average yield to derive
a 5.6 bu./ac. penalty.
Another cost associated with harvesting grain sorghum before 14
per cent field moisture is reached is drying.
"Grain shrinks as it dries. The higher the moisture level,
the greater will be the shrink as the grain is dried to a
storable level. Because shrink occurs, discounts are used
to equalize the value of dry matter of wet grain with a
bushel of dry grain. A common discount for grain sorghum
is one cent per hundred weight for each 1/4 per cent
moisture above 14 per cent." (15)
This translates into a 0.56 cent per bushel charge for each 1/4
per cent moisture content level above 14 per cent, or 2.24 cents per
one per cent moisture. To apply the drying cost to the model the

following steps were taken:

a) subtract 14 per cent moisture from each harvesting date's
respective moisture level given in Table 3;
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b) multiply the result by 2.24 cents to derive per bushel drying
cost; ’

c) the Sept. 25 and Oct. 2 drying costs were averaged to obtain
an estimate of the pre-optimum harvest's periods per bushel
drying cost of $0.26 per bushel;

d) the 5.6 bushel pre-optimum penalty was subtracted from the
46.8 bu./ac. average yleld; the remaining 41.2 bu./ac. yield
was multiplied times $0.26 to obtain a $10.71 per acre pre-
optimum harvest drying cost estimate.

Grain Sorghum Delayed Harvest Penalty Estimates

Delayed harvest periods are the post-optimum periods when grain
sorghum is left standing in the field after 14 per cent moisture is
reached. Delayed harvest loss studies for grain sorghum are not
available, thus information on corn delayed harvest losses was applied.
Research (4) indicates that corn yield is reduced 0.003 bushel per day
of harvest delay. The procedure for using the 0.003 timeliness
coefficient for delayed grain sorghum harvest is as follows:

a) four delayed harvest periods are considered that are 15 days
(two weeks) in length (Table 4);

b) the mid point number of days of delay for each delayed
harvest period were multiplied times the 0.003 timeliness
coefficient (Table 4);
c¢) the products from (b) were each multiplied times the 46.8
bu./ac. yield to derive per period per acre bushel penalty
estimates.
One hundred and twenty day maturity grain sorghum is assumed for
the model.  "From planting date to physiological maturity, grain sorghum
moisture content will be between 25 to 40 per cent.'" (17) The field
drying time in days from physiological maturity to a 14 per cent moisture

level in the model 1is 25 days (17). From planting date to optimum

harvest date is l45hdays.
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TABLE 4

DELAYED GRAIN SORGHUM HARVEST PENALTY ESTIMATES

Delayed Harvest Interval Days Midpoint of Interval Penalty
Bi-weekly Period of Delay Days of Delay* Estimate
Bu./Ac.

1 1-15 7.5 1.1

2 16 - 30 23.0 3.2

3 31 - 56 38.5 5.4

4 47 - 62 54.5 7.7

* Midpoints are used since grain sorghum does not experience the
ear drop phenomenon as dees corn.

Optimum harvest date is then a function of planting date. From
the midpoint of a planting period to the midpoint of a harvest period
is 145 days. Table 5 presents each possible combination of harvest
and planting penalties. Planting in the June one period (June 1-15)
and harvesting in the October second (Oct. 16-31) period is the only
combination of planting and harvesting times that does not contain a

penalty.

Wheat Planting Penalty Estimates

Date of wheat planting field experiment studies are not availlable
for the central Kansas area; therefore, data from a nineteen year field
experiment study on wheat's planting dates effect on yield conducted at
Hays, Kansas, was used to estimate central Kansas planting penalties
(Table 6). The planting date (Sept. 29) from the study associated

with the highest average yield was given the index equal to 100; the
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yields associated with the remaining planting dates were indexed as a

per cent of the Sept. 29-yield.

TABLE 6

WHEAT PLANTINGS DATES YIELD AND YIELD INDEXES

Hays, Kansas

19 years Yield
Date Planted¥® (Bu./Ac.)* Yield Index

Sept. 8 20.0 82,0
Sept. 15 21.8 89.3
Sept. 22 23.2 95.1
Sept. 29 24 .4 100.0
Oct. 6 22.9 93.9
Oct. 13 19.7 80.7
Oct. 20 17.7 72.5

* Hayne, E. G. et al., '"Growing Wheat in Kansas," Agricultural
Experiment Station, Kansas State University, Manhattan, Kansas,
Bulletin 463, (Jan. 1964), p. 29,

The "Wheat Production Handbook' suggests optimum planting dates for
central Kansas are from September 25 to October 10.

Wheat planting period intervals in the model are two weeks in
length. The optimum planting periods in the model are designated as
October 1 - 15, approximating the Zone 3 (September 25 - October 10)
planting time recommendation.

Planting dates that fall within the model's bi-weekly periods were
used to estimate those periods' planting penalties (Table 7). Linear
approximation for the November 1 - 15 plantings period's penalty would
result in a 50 per cent reduction in yield. Because field experiment
data are not available to support the use of such a large planting

penalty for this period, the October 13 index is applied (Figure 3).
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TABLE 7

WHEAT PLANTING PERIODS AND PENALTY ESTIMATES

Index Times
Hays Experiment Model Average Yield Penalty
Date Period Index (Bu./Ac.) (Bu./Ac.)
Sept. 8 Sept. 1 - 15 82.0 23.7 5.4
Sept. 22 Sept. 16 - 30 95.1 27.7 1.3
Sept. 29 Oct. 1 =15 100.0 29.1 0.0
Oct. 13 Oct. 16 - 31 80.7 23,5 5.6
Oct. 20 . Nov. 1 =15 72.5 - P X 8.0

The Farm Facts (1972-1976) continuous cropped wheat yield per acre
planted for central Kansas is 29.1 bushels. The 29.1 bushel yield was
assigned to the optimum planting period (Oct. 1-15). Penalty estimates
for the remaining planting periods were solved for by multiplying their
respective yileld indexes times 29.1 bushels, and subtracting the result
from 29.1 to obtain a bushel per acre penalty estimate for untimely

wheat planting (Table 7).

Wheat Pre—Optimum Harvest

The time that wheat harvest begins in central Kansas is usually
between June 12 - 26 (24). The average date that harvest begins is the
agsumed optimum period and is designated as period June 5 (June 15-23)
in the model. The pre-optimum period is that period when the field

moisture content by weight of grain is between 16 and 13 per cent.
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Wheat has reached physiological maturity when the plant's grain
kernels contain 30 to 35 per cent moisture by weight (45). The moisture
content of the grain kernels must drop approximately 50 per cent before
the grain is ready for combining (45).

While the field grain moisture content is decreasing after physio-
logical maturity, grain moisture content is not static. Moisture content
of grain kernels passes through a diurnal cycle which depends on the
difference between nighttime and daytime relative humidities.

Research (23) shows for Ohio conditions that the drying rate for
wheat grain from physiological maturity to a harvest ripe stage (14
per cent moisture) appears to be about 2.5 per cent per day. For Ohio,
normal drying time from 20 to 14 per cent moisture is approximately &
days (23). Research (13) indicates that for Canadian conditions there
may be only three days between 20 and 14 per cent field moisture.

Wheat harvest by combine should not begin until the grain moisture
content has reached 20 per cent (13,25). Natural and mechanical losses
that occur from harvesting wheat grain between 20 and 14 per cent mois-
ture are not significant. Campbell and McQuitty, in evaluating their
harvest simulation model, maintain:

"Results from the harvest models indicated that mechanical

and natural losses, as set out by Dodds and Johnson are

not large enough to be significant. The average differences

in total grain losses between moist and dry harvesting

systems were all under 0.1 bushels per acre. Average total

grain losses for the harvesting systems tested were in the

range of 2%-3% of total yield." (10)

The model does not contain a yleld loss penalty for pre-optimum

harvesting, due to the relatively small losses that occur when grain
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is harvested at moisture levels between 20 and 14 per-cent field moisture
levels.

Kansas commercial elevators will not accept wheat grain with a
moisture content in excess of 16 per cent. Typical commercial elevator
docks (reduction in price) per bushel vary from 12 to 2 cents by mois-
ture content (Table 8).

The pre-optimum harvest penalty based on moisture content is 10
cents, which is the average cost of the 16 and 15.5 per cent moisture's
docks (Table 8). The 10 cent dock was applied to reflect the pre-
optimum pericd's drying cost rather than a diurnal moisture phenomenon.
The per acre drying cost is $2,91 for the June 4 (June 8-15) pre-optimum
harvest period.

TABLE 8

KANSAS COMMERCIAL ELEVATOR MOISTURE DOCKAGE

Moisture Content by Weight Dockage
(Per Cent) (¢/Bu.)

16.0 12

15.5 8

15.2 7

15.0 6

14.5 4

14,2 3

14.0 2

13,0 0

Source: Manhattan Cooperative Elevator, Manhattan, Kansas, June 1, 1978.

Conceivably wheat harvested in the week long pre-—optimum period
due to varying field drying rates could have a moisture content greater
than 16 per cent. Model adjustments can easily be made if the pre-

optimum period is unwarrantly biased.
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Delayed Wheat Harvest Penalty Estimates

Delayed harvest period losses are estimated with a timeliness
coefficient. Research (4) indicates that wheat yield is reduced by
0.003 bushel per day of delay. The total number of days of delay in
each weekly period was multiplied by the timeliness coefficient, and
these resulting products for each delayed harvest period were then
multiplied times the 29.1 average bushel yield to derive a per acre
penalty estimate (Table 9).

TABLE 9

DELAYED WHEAT HARVEST PENALTY ESTIMATES

Model Period Calendar Date Days of Delay Penalty

(Bu./Ac.)
June 5 June 16-23 0 0
June 6 June 24-30 7 0.6
July 3 July 1-7 14 1.2
July 4 July 8-15 22 1.9
July 5 July 16-23 30 2.6
July 6 July 24=-31 38 3.3

Alfalfa Penalty Estimates

"The goal of the alfalfa producer is to obtain the largest yield
of high quality forage consistent with reasonable stand survival." (42)
The relationship between stage of growth (maturity stage), yield (tons
of dry matter per acre), and quality (protein content) is that as the

alfalfa plant matures, yield increases and quality decreases (Table 10).
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TABLE 10
AVERAGE CONTENT OF SEVERAL CHEMICAL CONSTITUENTS IN THE

FIRST-GROWTH OF ALFALFA OVER A THREE YEAR PERIOD,
1959 - 1961, AT MADISON, WISCONSIN

Dry Matter Per Cent Per Cent Per Cent
Stage of Growth lbs./acre Protein Fiber TDN*
Vegetative 989 31.2 12,9 87.0
Prebud 1920 26,8 15.4 82.6
Early bud 3454 22.2 22.8 72,8
First flower 4659 18.2 33.0 60.1
Full bloom 6627 15:9 32.2 60.0
Green seed pod 6693 14,8 43.3 57.4

* Total Digestible Nutrients
Source: Rohwider, Dwayne A., '"Maintaining Forage Stands for Efficient

Production," University of Wisconsin Extension, A-2907, Jan.
1978, p. 7.

Many investigations on the subject of maturity stage cutting's
effect on dry matter yield, feed value, and stand persistence have been
conducted (20,32,44). Most investigations are based on stage of develop-
ment (maturity stage) and have shown harvesting alfalfa at the 10 per
cent bloom stage is the best compromise for acceptable herbage yield,
nutrient yield, and stand persistence (41).

Quantifying the relationships between stage of growth, protein
content, and herbége yield for a linear program model containing penal-
ties for the untimely cutting of alfalfa consists of three procedures:

a) determining the economic value of alfalfa cut at varying
growth stages,
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b) estimating dry matter yield in tons per acre for different
growth stages per cutting, and

c) estimating the normal occurrence of growth stages per cutting
by calendar date.

Rohwider et al. (33) have proposed a legume hay marketing guide for
the valuing of alfalfa, cut at different stages of maturity (Table 11).
To use Rohwider's et al. relative feed values for varying growth stages
as a means of estimating penalties for untimely alfalfa harvest, the
following steps were taken:

a) the cutting of alfalfa before the early bloom (1/10 bloom)
stage is detrimental to stand persistence (41,44). For this
reason the cutting of alfalfa during the pre bloom stage of
plant development is not allowed in this analysis,

b) the relative feed values ranges given for the early and mid
bloom were each averaged, the mid point for each range was
assumed to be a representative value for that maturity stage
(Table 11),

¢) the relative feed value of 100 for the full bloom and later
stages was applied as a representative value for that maturity
stage, and

d) the relative feed value calculated mid points for early and
mid bloom growth stages, and the full bloom's relative feed
value (100) were indexed. The early bloom's relative feed
value's mid point was given an index equal to 100 and the
remaining growth stages feed values were indexed as a per
cent of the early bloom's mid point feed value (Table 11).

The 1/10 bloom (early bloom) alfalfa growth stage for the first
cutting in central Kansas occurs approximately on May 15 (42). Salmon
(34) found the average interval between the 1/10 bloom (early bloom)
and full bloom stage is 11 days. A more recent study (19) for Ohio

conditions placed the average interval from early to full bloom stage

at 12 days.
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The regrowth period in Kansas from cutting alfalfa at the 1/10
bloom stage to an aftermath regrowth stage of 1/10 bloom is an average
31 days (34,42). The average number of days between cutting from full
bloom to full bloom growth stages is 39.8 days (34).

The weekly alfalfa periods used in the model and the approximate
growth stage interval associated with each weekly period are given in
Table 12. Growth stage intervals are applied for medel use, rather
than specific growth stages, i.e. (1/10 bloom), because of the rela-
tively rapid plant development from one growth stage to another per
cutting.

The number of days between each growth stage interval to an
identical interval in a following cutting in the model is between 32
and 39 days. Per cutting intervals between first flower to mid bloom
stage and mid to full bloom stage are 8 to 15 days in length.

There are normally three dryland alfalfa cuttings yearly in central

Kansas (30,42). Kansas Farm Facts (1966-1976) average alfalfa yield per

acre harvested for central Kansas is 2.85 tons of dry matter. Kansas

Crops Planting to Harvest statistics place the majority of alfalfa

cuttings occurrence by calendar date between the mid and full bloom
growth stages. The 2.85 tons per acre yield was portioned over three
cuttings so that the sum of the cuttings yields at the mid to full
bloom growth intervals equals the average yleld. The remaining growth
stage interval's yields per cutting were solved for by applying index

numbers as follows:



42.

a) for each cutting yields (ton/acre) associated with the
growth stages 1/10 bloom and mid bloom, mid bloom and
full bloom, and full bloom and seed stage were averaged
to obtain an average yield for growth intervals per
cutting, i.e. (yield 1/10 bloom + yield mid bloom)/2 =
first flower to mid bloom growths interval's average
yield (Table 12), and

b) the growth interval per cutting associated with the
highest yield was set equal to 100 for each cutting
and the remaining two growth intervals' yields per
cutting were indexed as a per cent of the highest
yield per cutting (Table 12).

The following procedure was used to derive dollar per acre penalty
estimates for the untimely harvesting of alfalfa:

a) growth interval yields for each cutting were multiplied
times their appropriate feed value indexes to reflect
forage quality per growth interval per cutting,

b) each growth intervals' yield times feed value index product
for each cutting was multiplied by the alfalfa price $37.26,
(corn-alfalfa ratio times $2.00 corm), and

¢) the second and third growth interval's yield time feed value
index time price values per cutting were subtracted from the
first growth interval's yield times feed value index per
cutting to obtain a per acre penalty estimate (Table 13).

Multiple Right-Hand-Side

Buller, Langemeir, Kasper, and Stone (6) estimated the frequency
of occurrence of field workdays in bi-monthly periods for six Kansas
regions with the 'Versatile Soil Moisture System.' The frequency of
occurrence of field workdays was estimated for the months April through
October. Meteorological data were not available to allow estimation of
field workdays for the winter months March, November, and December with
the 'Versatile Soil Moisture System.' Estimates of field workdays for

the months March, November, and December were made as follows: March
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has fewer field workdays than April because March normally has less
precipitation and cooler temperatures than April; November and December
have fewer field workdays than October because November and December
normally have cooler temperatures and less precipitation than October.
When precipitation occurs, cooler temperatures in March, November, and
December will_prolong upper layer soil drying time as compared to
warmer months,

Buller's et al. field workday estimates for central Kansas are
grouped in weekly or bi-weekly periods to fit how the model describes
the important labor periods throughout the year. Five sets of field
workday estimates are studied. The average number of field workdays
get 1s based on "weighting each number of workdays by the probability
of that number of workdays occurring" (6).

The right-hand-side values for labor are variad to study the
effects of wet years in terms of field workdays on machinery and crop
selection. To simulate the impact of wet years on machinery and crop
selection, the four wettest years' (1951, 1957, 1965, and 1967) field
workday data records are used (Table 14), The bi-~weekly field workday
periods for the late spring and early summer months are calculated by

the summing of two weekly periods (Table 14).



TABLE 14

FIELD WORKDAY ESTIMATES
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Year

Period Average 1951 1957 1965 1967
March 1-15 9% g% 9% 9% 9%
March 16-31 9% 9% 9% 9% g%
April 1-15 11 4 3 8 5
April 16-30 11 8 11 14 14
May 1-7 4 3 0 6 5
May 8-15 6 2 2 6 5
May 16-23 6 0 3 6 8
May 24-31 4 6 5 4 3
June 1-7 4 5 1 0 7
June 8-15 ) 0 6 0 6
June 16-23 5 1 0 6 1
June 24-30 5 0 0 0 3
July 1-7 5 2 4 2 2
July 8-15 6 3 8 6 1
July 16-23 6 6 7 8 1
July 24-31 ) 8 8 8 3
August 1-7 6 6 7 7 5
August 8-15 6 0 8 8 7
August 16-31 12 16 15 5 16
September 1-15 10 2 10 5 7
September 16-30 9 11 12 2 4
October 1-15 12 15 7 11 4
October 16-~31 12 11 0 12 14
November 1-15 9% G# 9% 9% 9%
November 16-30 9% 9% 9% 9% 9%
December 1-15 8% 8% 8% 8* 8*
December 16-31 __8% __8* __ 8% B __ 8%

Total 203 161 169 176 175

* Estimates not directly calculated by the Versatile Soil Moisture

System.

NOTE:

year for March 1-15 is 90 hours.

A workday contains 10 hours, so labor available in average
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Machinery and Implement Data

Large Tractor Data

Tractor size is in terms of power take—off horsepower units (pto
hp). Large tractor sizes studied range from 90 to 215 pto hp (Table 15).
Tractor list prices were obtained from machinery and implement dealers;
no options are included in list prices.l (Table 15)

A tractor's pto hp is converted to drawbar horsepower (Table 15).
""Useable drawbar horsepower refers to the amount of power you should
assume to be available to pull an implement for a given set of condi-
tions" (5). Conditions consist of speed in miles per hour, tire
glippage, and draft (soil resistance). Bowers (5) gives conversion
factors of 0,55 for tilled soil and 0.64 for firm soil as a means of
converting pto hp to useable drawbar horsepower. Useable drawbar
horsepower is applied to solve for field tillage implement widths

for each size of large tractor studied.

Large Tractor Field Tillage Implement Sets

Field tillage implement widths for each size of large tractor

studied are determined from the following formula:

Useable Drawbar Horsepower x 375

n =
Inplement Width = B ora Draft (Ihs. per foot of WiALh)" (5)

The constant 375 in the formula is a standard factor used in drawbar
horsepower formulas. 'Draft is the total force parallel to the direc-
tion of travel required to propel the implement." (2) TFor the central

Kansas area, a medium (loam) soiltype is assumed for draft estimation
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(Table'lﬁ). Typical field travel speeds for field tillage operations
are presented in Table 16.

The firm soil's computed useable drawbar horsepower (Table 15) for
each tractor size is used to solve for moldboard plow implement width.
Tilled soil's computed useable drawbar horsepower values (Table 15) for
each tractor size are used to determine tandem disk and springtooth

implement widths (Table 16).

Machinery and Implement Selection Possibilities

The model selects combine, row planter, row cultivator, and grain
drill widths. For each tractor size studied the model can select either
a 20 foot, 24 foot, or a 24 foot custom combine for wheat and grain
sorghum harvests. Row planter, row cultivator, and grain drill selec=-
tion possibilities are a function of tractor size, With larger tractor
sizes of 155, 180, and 215 pto hp, the model allows selecting 16, 25,
and 33 foot grain drills and 6, 8, 12, or 18 row crop planters and
cultivators. For the tractor size of 130 ptc hp, the model can select
from 4, 6, 8, or 12 row crop planters and cultivators and 8, 13, 16,
or 25 foot grain drills. For the 90 and 110 pto hp tractor sizes, the
model can select from 4, 6, or 8 row crop equipment and 8, 13, or 16

foot grain drills.

Crop Machinery and Implement Field Operations Per Acre

Field operations for each acre of wheat, grain sorghum, and alfalfa
produced are from 'Labor Requirements of Central Kansas Crops' (Table

17). Alfalfa field preparation and planting time 1s prorated over a
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five year period. The possible times of occurrence of field operations

are shown in Figure 4.

Field Capacity of Farm Machinery and Labor Coefficients

Field capacity is the effective actual rate of performance of
field work (2). For the central Kansas study, field capacity is
expressed as the rate in hours per acre that field operations can be

accomplished. The capacity formula is in terms of total time.

"Total Time = - 8-29 % 1,25 +__ 8.25  x 0,125
S % EW x E S %X EW % E

where § = traveling speed over field in miles per hour

EW = effective width, width over which the machine works

E

field efficiency, ratio of the effective field
capacity to theoretical field capacity expressed
in per cent

The 1.25 coefficient is used to reflect additional
travel time to and from field, equipment adjust-
ments, repair and maintenance.

The 0.125 coefficient is an indirect labor charge
for the time required for accounting, managing,
marketing, auto and pickup use and purchasing
repair parts." (25)

Labor coefficients are identical to machinery coefficients, except
for combine field operations. Labor coefficients for harvesting are
double the machinery coefficients to allow for a combine operator,
travel time to and from fields for hauling grain to storage. Table 19

states the machinery coefficients for all field operations except the

baling and hauling of alfalfa hay.



TABLE 17

FIELD OPERATIONS PER ACRE
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Field Operation Times Over Months
WHEAT
Tandem disk 2 July, August
Wheeled springtooth 3 August, September
Anhydrous fertilizer 1 August
Drill/fertilizer 1.06 September, October
Combine 1 June, July
GRAIN SORGHUM
Moldboard plow 1 March
Tandem disk 1 May
Planter/fertilizer 1.1 May, June, July
Row cultivator 2 July, August
Combine 1
ALFALFA*
Moldboard plow 0.2 March, April
Wheeled springtooth 0.6 June, July, August
Drill/fertilizer 0.2 August, September
Swather 3 May, June, July
Baler 3 May, June, July

* Alfalfa plowing and springtooth operations are prorated over five

years.,

Source: Modified version of:

University.

"Labor Requirements of Central Kansas
Crops." Agricultural Experiment Station, Kansas State

Bulletin 589.



FIGURE 4: CROP CALENDAR
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PLOW

SPRINGTOOTH

DRIL
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Sources 1. "Kansas Crops Planting to Harvest 1963-1973," Kansas Crop
and Livestock Reporting Service, Topeka, Kansas, 1974.
2. Kasper, John L.; Langemeir,.Larry N.; and Buller, Orlan H.,
"Labor Requirements of Central Kansas Crops," Agricultural
Experiment Station, Kansas State University, Manhattan, Kansas,
Bulletin 589, July 1974.
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Machinery capacity for baling alfalfa is normally expressed in
tons per hour (2). Coefficients in terms of tons per hour would not
meet the desired hour per acre field capacity rate used in the model.
Research (38) indicates that labor requirements for conventional baling
is 0.16 man hour per ton of hay. Alfalfa yields per growth interwval
per cutting were each multiplied times the 0.16 per hour baling coeffi-
cient to determine the man hours per acre. The resulting values were
multiplied times a 0.0625 indirect labor charge factor, as used in the
total time equation for all other field work. The resulting products
for each growth interval per cutting were summed to derive per acre
baling machinery and labor coefficients (Table 18).

Research (38) indicates that hauling one mile and storing baled hay
takes 1.11 man hours per ton. The alfalfa yields per growth interval
per cutting were multiplied times the 1.11 man hours per ton to derive
per acre hay hauling and storing labor coefficients (Table 18). Hay
bales are assumed to weigh 75 pounds. The cost of custom hauling and
storing hay is $0.25 per bale. The ton per acre yield per cutting was
multiplied times 2000 pounds and then divided by 75 pounds; this result
was then multiplied times $0.25 to obtain per acre custom hauling and

storing costs per cutting (Table 18).

Machinery and Implement Cost Estimates

Tractor and combine variable costs are repair and maintenance, oil
and lubrication, and fuel. Implement variable cost is repair and main-
tenance cost. Per acre field operations (combining, grain drilling,

row cultivating, row planting) were multiplied by theilr respective hour
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TABLE 18

HAY BALING, HAY STORAGE AND HAULING MACHINERY AND LABOR
COEFFICIENTS; AND CUSTOM HAY HAULING AND STORAGE COSTS

Custom Haul

Baling Haul and Store and Store
(hr./ac.) (hr./ac.) (§/ac.)
First Cutting
First flower to mid bloom 0.25 1.31 $7.87
Mid bloom to full bloom 0.27 1.38 $8.27
Full bloom and beyond 0.28 1.43 $8.60
Second Cutting
First flower to mid bloom 0.20 1.02 $6.13
Mid to full bloom 0.21 1.07 $6.40
Full bloom and beyond 0.21 1.07 $6.40
Third Cutting
First flower to mid bloom 0.12 0.62 83.73
Mid bloom to full bloom 0.14 0.72 $4.33
Full bloom and beyond 0.12 0.62 53,73
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per acre machinery coefficients to obtain per acre variable cost esti-
mates. The objective row costs for field operations that require a
large tractor are a tractor's per acre repair and maintenance, oil and
lubrication, and fuel cost plus the implements' per acre repair and
maintenance cost (Table 19).

Repair and maintenance variable cost for combines, tractors, and
implements are estimated with annual repair cost estimators. Annual

repair cost estimators are used in the following manner:

Machine or Implement Hourly Repair
Initial List Price and Maintenance
31,000 X Annual Repair Cost Estimator = Cost (36)

Schlender and Schrock (36) compiled the annual repair cost estima-

tors from data published in the Agricultural Engineers Yearbook. Annual

repair cost estimators are: 0,1 for two wheel drive tractors; 0.083 for
four wheel drive tractors; and 0.3 for combines; and 0.48 for tillage
tools.

Hourly repair and maintenance costs estimated with annual repair
cost estimators are the average hourly costs for the machine or imple-
ment life; therefore, estimated costs are greater than actual costs
incurred for the first segment of a machine's or implement's life and
are lower than actual costs incurred for the last segment of machine
or implement life (36).

Average diesel fuel consumption per hour is estimated to be 0.043
times a tractor's maximum pto hp (2). The price of diesel fuel is $0.63
per gallon. A tractor's maximum pto hp times 0.043 product is multiplied

by the diesel fuel price to obtain estimated per hour fuel costs (2).
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Schlender and Schrock (36) estimated fuel consumption for wheat and
grain sorghum harvests to be 1,00 and 1.6 gallons per acre, respec-
tively.
Kansas State University Farm Management Guide: 'Custom Rates

' was used to estimate custom

for Harvesting and Haying Operations,'
combine per acre rates of $9.42 and $10.64 for wheat and grain sorghum
harvests, respectively. The custom rate for wheat anhydrous ammonia
application per acre is $2.57 (28).

Alfalfa haying equipment size is fixed in the model. Power take-
off swather and baler list prices and annual depreciations are given
in Table 19. The per acre repair and maintenance, o0il and lubrication,

and fuel costs for haying equipment is given in the crop budget section.

The small tractor is assumed to be fully depreciated.

Crop Budgets

The objective value maximizes gross returns less variable costs for
alfalfa production. Wheat and grain sorghum objective wvalues are the
per acre variable costs of production less fuel, o0il and repair costs.
Wheat, grain sorghum, and alfalfa per acre variable costs are partially
from Kansas State University Extension publications (Table 20). Prices
are each crop's respective cumulative average crop price to corn ratio
(1959 - 1977) times two dollars the price of corn. Returns from wheat
and grain sorghum activities enter the objective equation through
separate crop selling activities from their respective production

equations.



TABLE 20

CROP BUDGETS AND CROP ACTIVITY OBJECTIVE ROW VALUES
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Variable Costs Grain
(per acre) Alfalfal So:.jghum2 Wheat3
Seed (Alfalfa prorated over 5 years) 8 3.15 $ 1.00 $ 3.00
Herbicide and Insecticide 9.50 13.25 1.50
Fertilizer and Lime 3.05 13.50 12.00
Fuel and 0il 3.00
Machinery and Equipment Repairs 6.40
Custom Hire (Wheat - anhydrous) 2.57
Miscellaneous (Alfalfa - includes twine) 10.60 2.50 2,50
Crop Variable Costs $35.70 $30.25 $21.57
Returns Grain
(per acre) Alfalfa Sorghum Wheat
(ton) (bushel) (bushel)
Price $37.26 $1.70 $ 2.76
Yield: First Cutting (May 16-23) 1.18
Second Cutting (June 16-23) 0.92
Third Cutting (July 16-23) 0.54
2.64 46.8 29.1
Crop Activity Objective Row Values $62.67 -$30.25 -$21.57

! Modified version of:

2 Modified version of:

3 Modified version of:

McReynolds, Kenneth L. and Figurski, Leo.
"Alfalfa Costs and Returns,'" KSU Farm
Management Guides MF-263, Cocperative
Extension Service, Kansas State University
(Oct. 1977).

McReynolds, Kenneth L. and Figurski, Leo.
"Dryland Grain Sorghum Costs and Returns,"
KSU Farm Management Guides MF-271, Coop-
erative Extension Service, Kansas State
University (Oct. 1977).

McReynolds, Kenneth L. and Figurski, Leo.
"Continuous Cropped Winter Wheat," KSU
Farm Management Guide MF~261, Cooperative
Extension Service, Kansas State University
(Oct. 1977).



62

Procedure

Several linear programming routines for each large tractor (90,
110, 130, 155, 180, and 215 pto hp) are made. The first routine for
each tractor size contains hours in the labor, combine, and tractor
right-hand-side resource restraints based on an average rainfall year's
estimated field workdays. The remaining linear programming routines
for each tractor size studied contain labor, combine, and tractor
hourly restraints based on the estimated frequency of occurrence of
field workdays for the years 1951, 1957, 1965, and 1967.

For each linear program routine, cropland is limited to 600 acres
of wheat, 600 acres of grain sorghum, and 55 acres of alfalfa. Farm
Management Association Number 2 records state total crop acres for
high production "All Americans" and average farms in 1977 were respec-
tively 1207 acres and 816 acres. Acreage restrictions were placed on
specified crops to avoid dramatic shifts from one crop to another from
average rainfall to higher than average rainfall years.

Combine selection alternatives are the same for each linear program
routine in which tractor size is changed. The small tractor is available
for each computer routine. Repair costs for tillage implements are
changed in conjunction with the selection of the large grator. The
computer routines are varied as stated above and contain the following
wheat drill and row crop equipment selection possibilities for each

tractor size studied:



Tractor size is 90 pto hp with implement selection possibilities
including 4, 6, or 8 row crop planters and cultivators and wheat
grain drill widths of 8,-13, or 16 feet;

Tractor size is 110 pto hp with implement selection possibilities
including 4, 6, or 8 row crop planters and cultivators and wheat
grain drill widths of 8, 13, or 16 feet;

Tractor size is 130 pto hp with implement selection possibilities
including 4, 6, 8, or 12 row crop planters and cultivators and
wheat grain drill widths of 8, 13, 16, or 25 feet;

Tractor size is 155 pto hp with implement selection possibilities
including 6, 8, 12, or 18 row crop planters and cultivators and
wheat grain drill widths of 16, 25, or 33 feet;

Tractor size is 180 pto hp with implement selection possibilities
including 8, 12, or 18 row crop planters and cultivators and wheat
grain drill widths of 16, 25, or 33 feet;

Tractor size is 215 pto hp with implement selection possibilities
including 8, 12, or 18 row crop planters and cultivators and wheat
grain drill implement widths of 16, 25, or 33 feet.
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CHAPTER IV
RESULTS

Table 21 reports the objective values, crop acres selected, and
large tractor hours for alternative sizes for the field work days
estimated for 1951, 1957, 1965, and 1967 and the average year. The
objective value of the results for each tractor's size is greater for
a year based on the average number of field workdays than for the
years 1951, 1957, 1965, and 1967 which had higher than average rainfall
(Table 21). The affect of increased precipitation on yields for the
years 1951, 1957, 1965, and 1967 is not accounted for in the model,
but delays in the completion of planting and harvesting activities
are considered as penalties in the model. Economic cost of land idled
because of rain is not included in the objective. The affect of below
normal precipitation on field work due lack of sufficient data is not

studied in the model.

Analysis of Results for the Average Year

Smaller sizes of tractors show fewer acres, use more labor, and
generally less income (Table 21). As tractor size is increased from
90 to 215 pto hp in a year with average rainfall, total tractor hours
decrease, while objective values increase until the 180 pto hp size.

With identical acreage of 1,255 acres, the objective value for the
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215 pto hp tractor is $245.f2 less than the 180 pto hp tractor's.
Tractor hours for the 215 pto hp tractor are 104.2 hours less than
those for the 180 pto hp tractor in a year of average rainfall.

The greatest increase in the objective values and crop acreage in
a year with average rainfall occurs when tractor size is increased
from 110 pto hp to 130 pto hp. The objective value increases $8,396.00,
while crop acres increase by 281.1 acres, or a $29.55 increase in the
objective value for each additional acre.

The divisibility assumption of linear programming was observed in
the model's combine selection, by using a fractional unit of each of
the two sizes, Two additional computer runs were made for both the
110 and 155 pto hp tractors, one of the additional runs containing
only the 20 foot and custom combine, and the other run containing the
24 foot and custom combine selection options,

Increasing tractor size from 130 pto hp in an average rainfall
year to 155 pto hp increases the objective value $3,511.09, while
total acres increase 12.1. The return per acre in this instance is
$290.17. As tractor size is increased from 155 to 180 pto hp, the
objective value increases $120.78, and total acreage is unchanged.

Tractor hours associated with the 180 pto hp tractor are 84.5
hours less than the hours associated with the 155 pto hp tractor.

The marginal increase in return per additional acre farmed is greatest
when tractor horsepower 1is increased from 130 pto hp to 155 pto hp.
The return per tractor hour (objective value/tractor hours) increases
as tractor horsepower is increased, and is greatest for the 215 pto hp

tractor.
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Custom hire expenses when the 130 pto hp tractor is used are
$4,419.66, which is composed of a $3,880.32 expense for custom wheat
combining and $539.34 for custom hay hauling. Penalties incurred
when the 130 pto hp tractor is used are $1,542.92.

Table 21 shows results for three combinations of the 155 pto hp
tractor and combine sizes. 1In the average rainfall year custom hire
expenses are $1,033,08, most of which is custom wheat combining
expense., Total penalties for the 155 pto hp tractor in an average
rainfall year are $944.14 greater than the 130 pto hp tractor's.

The greater capacity of the 1535 pto hp tractor allows less labor
to be used in tilling or planting, freeing more labor for wheat com-
bining activities, Penalties for untimely field operations increase
less than the decrease of custom hire expenses. Thus there is a net
gain of $3,511 in the objective value for the 155 pto hp tractor as
compared with the 130 pto hp tractor.

Optimum tractor size, given the 1,255 acre restraint, can be
chosen from either the 155, 180, or 215 pto hp tractors. All three
tractor sizes have the capacity for 1,255 acres in an average rainfall
year. The objective value increases $120.78 when tractor size is
increased from 155 to 180 pto hp. Increasing tractor size from 180
to 215 pto hp decreases the objective value $245.72.

Tractor hours for the 155, 180, and 215 pto hp tractors are
respectively 821.5, 737.0, and 632.8 hours. Profit maximization
favors the 180 pto hp tractor, while time minimization favors the
215 pto hp tractor. Plans of expanding farm size would also favor

the largest tractor.
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Analysis of Results for the Wet Years

Farmers do not know whether the next season will be usually wet
or dry. Thus, their flexibility to adjust machinery sizes, once they
have determined the season is usually wet, is rather limited. However,
it is usual to evaluate how optimum machinery sizes and crop acres can
be affected by above average rainfall.

The wettest year on record in many areas of Kansas was 1951 (6).
Thus, it is useful to comsider the size of machinery necessary to do
work required based on expectations of an average year. There may be
some farmers who plan machinery size necessary to accomplish all work
in the worst case instead of the average. Whereas other farmers may
plan machinery sizes on a less conservative philosophy and plan on
being able to get the work done in most years, say 80 per cent of the
years. The penalty of having more capacity than is needed in the
average is the higher ownership cost on the larger machines.

A large difference in crop acres selected with tractor sizes of
90, 110, and 130 pto hp occurs among the years studied. The objective
values for the 90, 110, and 130 pto hp tractors decrease from their
respective average rainfall year's values in 1951 by 34.0 to 36.3 per
cent. Crop acres decrease from an average rainfall year's selection
27.7 to 23.2 per cent in 1951. Having fewer field workdays available
results in having fewer total acres and less income (Table 21).

The 90, 110, and 130 pto hp tractors in this study do not have the
capacity to accomplish the same field work that occurs in average rain-

fall years when field workdays are limited in higher than average
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rainfall years. Selecting tractors to accomplish field work for aver-
age rainfall years can lead to large income and acreage reductions when
higher than average rainfall occurs.

The results for the higher than average rainfall years for the 155,
180, and 215 pto hp tractors are similar. Objective values decrease
from an average year's values in 1951 by 23.6 to 14.5 per cent, while
total acreage decreases from 13 to 5 per cent. The capacity to accom=-
plish field work in less time reduces the effect of higher than average
rainfall years on the 155, 180, and 215 pto hp tractors' results as
compared to the 90, 110, and 130 pto hp tractors' results in terms of
income and acres farmed. The larger capacity of the 155, 180, and 215
pto hp tractors in relation to the acreage restraint (1,255 acres)
limits income and acreage variability in higher rainfall years.

Due to lower estimated per acre variable costs (Table 19) for
wider row planters, row cultivators, and grain drills, the model
selects the widest available row planter, row cultivator, and grain
drill for each tractor size studied.

The custom combine harvesting option is not selected for grain
sorghum, but is selected for wheat harvest (Table 22). Grain sorghum
harvest occurs in the fall when no other field work occurs, leaving
available labor for grain sorghum harvesting. Conversely, wheat
harvest occurs during a highly labor intensive time of the year
(Figure 4).

For the 90 and 110 pto hp tractors, the model selects the 24 foot
and custom combine for wheat harvest and both the 20 and 24 foot com-

bines for harvesting grain sorghum. The model selects the 24 foot
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combine for harvesting grain sorghum when zero penalties are incurred
and chooses the smaller (20 foot) combine for harvesting in delayed
harvest periods when penalties are incurred. With increasing penalties
in delayed harvest periods and greater variable costs per of the 24
foot combine above the 20 foot combine, the model selects the smaller
combine for late grain sorghum harvest periods.

In 1957, zero field workdays are available in the June 5 and June
6 designated wheat custom combine labor periods. Two additional com-
puter results for both the 110 and 155 pto hp tractors show a definite
advantage for the 24 foot combine over the 20 foot combine when zero
field workdays are available in the June 5 and June 6 labor periods.
With all other factors held constant in 1957 for the 110 pto hp tractor
result, there is an $828.28 increase in the objective value for using
the 24 foot combine for both wheat and grain sorghum harvests. The
model shows for the 155 pto hp tractor that using the 24 foot combine
increases the objective value $1,425.25 over the same result for the-
20 foot combine in 1957 (Table 21).

Costs and returns enter into the grain sorghum combine selection
decision; while costs, returns, and labor availability enter into the
wheat combine selection decision. For both the 110 and 155 pto hp
tractors, the objective values for each are largest when the 24 foot
and custom combine are employed for wheat harvest, and the 20 and 24
foot combines are used for grain sorghum harvest. Additional results
with either the 20 foot and custom combine, or the 24 foot combine and
custom combine for both grain sorghum and wheat harvest show an advan-

tage for the 24 foot combine over the 20 foot combine (Table 21).
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The majority of wheat pgnalties incurred are from delayed harvest
(Table 23). For smaller tractor sizes (90 and 110 pto hp) the largest
wheat planting penalties occurred in 1957. Larger tractor sizes (130 -
215 pto hp) only experienced wheat planting penalties in 1967. The
largest wheat planting penalty is 297.3 bushels for the 110 pto hp
tractor in 1957. This amounts to approximately only 2 per cent of the
total bushel production of 15,013.7 bushels in 1957. Selection of the
largest possible grain drill per tractor size minimizes the occurrence
of wheat planting penalties. For the 155, 180, and 215 pto hp tractors,
wheat harvest penalties reduce total yield by approximately 8 per cent.
The wheat drying cost penalty is incurred, but not to a significant
degree., The largest drying cost penalty is $514.19 in 1967 for the
155 pto hp result. Harvesting wheat in the wet grain harvest period
is generally avoided.

Grain sorghum drying costs are not incurred. 1In an average rain-
fall year the 90, 110, and 130 pto hp tractors do not have enough
planting capacity to avoid grain sorghum planting penalties on selected
acres. For the 155, 180, and 215 pto hp tractors in an average rain=-
fall year, planting capacity is sufficient that zero penalties are
incurred. The largest grain sorghum planting penalties occur in 1965
when zero field workdays are available during the optimum planting
period which has no penalty. Grain sorghum harvest penalties were
small in average rainfall years and were greatest at 12 per cent of
total production for the 130 pto hp tractor in 1965.

Results for the 90 and 110 pto hp tractors in the years 1957 and

1965 show a shift in acreage from grain sorghum to wheat. The June 1
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TABLE 23

PENALTIES INCURRED

PART A: WHEAT PENALTIES INCURRED
Planting Harvest - Total Drying Total(a)
Year Penalty Penalty Penalty Cost Penalty
(bu.) (bu.) (bu.) (%) (%)
Large Tractor Size
90 PTO HP :
Average 0.0 l.4 1.4 0.00 3.86
1951 0.0 482.0 482.0 0.00 1,330.32
1957 156.6 969.0 1,134.6 0.00 3,131.50
1965 0.0 0.0 0.0 0.00 0.00
1967 83.3 13345 216.8 0.00 598,40
110 PTO HP
Average 0.0 89.2 89.2 0.00 246.20
1951 0.0 - 501.1 501.1 0.00 1,383.04
1957 297.3 1,081.0 1,378.8 51.91 3,856.03
1965 14,7 78.4 93.1 0.00 256.96
1967 1377 163.7 301.4 0.00 831.70
110 PTO HP (24 ft. combine option omitted)
Average 0.0 95.0 96.5 0.00 266.43
1951 0.0 494.,7 494.7 0.00 14365,37
1957 262.9 1,066.0 1,328.9 0.00 3,867.19
1965 14.7 86.3 101.0 0.00 278.76
1967 140.5 163.5 304.0 0.00 840.42
110 PTO HP (20 ft. combine option omitted)
Average 0.0 89.2 89.2 0.00 246.74
1951 0.0 501.1 501.1 0.00 1,383.04
1957 259.7 1,105.8 1,365.5 153,73 3,926.51
1965 16.9 29.7 46.6 0.00 128.62
1967 137.8 163.6 301.4 0.00 831.86
130 PTO HP
Average 0.0 117.3 117.3 0.00 323.80
1951 0.0 612.3 612.3 0.00 1,689.95
1957 0.0 1,095.1 1,095.1 0.00 3,022.48
1965 0.0 114.1 114.1 0.00 314.97
1967 117.1 177.3 294.4 0.00 812,54
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PENALTIES INCURRED
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PART A: WHEAT PENALTIES INCURRED
(Continued)
Planting Harvest Total Drying Total (2)
Year Penalty Penalty Penalty Cost Penalty
(bu.) (bu.) ($) (%)
Large Tractor Size
155 PTO HP
Average 505.3 505.3 157 .47 1,552.10
1951 943.2 943.2 0.00 2,578.39
1957 1,407.0 1,407.0 0.00 3,883.32
1965 408.8 408.8 0.00 1,128.29
1967 232.3 481.4 554.19 1,882.85
155 PTO HP (24 ft. combine option omitted)
Average 0 458.2 458.2 138.91 1,403.14
1951 0 916.9 916.9 0.00 2,530.64
1957 0 1,291.3 1,291.3 124,92 3,688.91
1965 0 401.6 401.6 0.00 1,108.42
1967 .0 226.3 425.3 504.18 1,173.88
155 PTO HP (20 ft. combine option omitted)
Average 0 519.3 519.3 157.47 1,590.74
1951 .0 943.2 943.2 0.00 2,578.39
1957 0 1,405.7 1,405.7 0.00 3,879.73
1965 .0 445.4 445.4 0.00 1,124.98
1967 1 232.3 481.4 549,55 1,878.21
180 PTO HP
Average 0 651.9 651.9 157 .47 1,956.71
1951 .0 1,072.5 1,072.5 0.00 2,960.10
1957 0 1,432.8 1,432.8 0.00 3,954.53
1965 0 445 .4 445.4 0.00 1,229.30
1967 1 284.5 533.6 549.53 2,022.,27
215 PTO HP
Average .0 638.6 638.6 528.28 2,290.82
1951 .0 1,275.7 1,275.7 0.00 3,520.93
1957 0 1,428.0 1,428.0 0.00 3,941.28
1965 0 442 .4 442 .4 0.00 1,221.02
1967 % 291.9 541.0 549.55 2,042.71

(2) gum of planting and harvest penalties times $2.76 price per
bushel of wheat, plus drying cost.
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PENALTIES INCURRED

PART B: GRAIN SORGHUM PENALTIES INCURRED
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Planting Harvest Total Drying Totalfb)
Year Penalty Penalty Penalty Cost Penalty
(bu.) (bu.) (bu.) (%) (%)
Large Tractor Size
90 PTO HP
Average 515.8 28.5 544.3 0.00 925.31
1951 1,698.3 669.2 2,367.5 0.00 4,024,72
1957 0.0 1,588.3 1,588.3 0,00 2,795.78
1965 2,341.5 251.7 2,593.2 0.00 4,408 .44
1967 7.6 178.9 186.5 0.00 317.05
110 PTO HP
Average 208.3 71.5 279.8 0.00 475,66
1951 2,502.6 45,3 2,547.9 0.00 4,331.43
1957 7210 204.3 925.3 0.00 1,573.01
1965 2,250.0 491.0 2,741.0 0.00 4,659.70
1967 47.0 181.4 228.4 0.00 388.28
110 PTO HP (24 ft. combine option omitted)
Average 207.2 74.0 281.2 0.00 478.04
1951 2,502.6 39.3 2,541.9 0.00 4,321.23
1957 721.0 204.1 925.1 0.00 1,572.84
1965 2,412.7 301.1 2,713.8 0.00 4,613.46
1967 67.8 181.9 249.7 0.00 421.43
110 PTO HP (20 ft. combine option omitted)
Average 207.2 19.0 226.2 0.00 384,54
1951 2,502.9 3.9 2,506.8 0.00 4,261.60
1957 721.0 247.3 968.3 0.00 1,646.11
1965 2,700.0 500.0 3,200.0 0.00 5,440,00
1967 47.0 117.2 164.2 0.00 297 .14
130 PTO HP
Average 332.6 324.5 675.1 0.00 1,117.04
1951 2,928.4 44.0 2,972.4 0.00 5,053.08
1957 1,442.0 1,172.0 2,614.0 0.00 4,443,80
1965 3,485.8 884 .8 4,370.6 0.00 7,430,02
1967 0.0 329.4 329.4 0.00 559.98
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TABLE 23
PENALTIES INCURRED

PART B: GRAIN SORGHUM PENALTIES INCURRED

(Continued)
Planting Harvest Total Drying Total(b)
Year Penalty Penalty Penalty Cost Penalty
(bu.) (bu.) (bu.) (%) (%)
Large Tractor Size
155 PTO HP
Average 0.0 489.5 489.5 0.00 831.98
1951 1,683.0 202.6 1,885.6 0.00 3,205.52
1957 239.4 1,641.5 1,880.9 0.00 3,197.53
1965 1,229.2 1,552.3 2,781.5 0.00 4,728.55
1967 0.0 329.4 329.4 0.00 559.98
155 PTO HP (24 ft. combine option omitted)
Average 0.0 728.2 728.2 0.00 1,237.94
1951 1,664.4 202.4 1,866.8 0.00 3,173.56
1957 1,439.4 1,243.6 2,683.0 0.00 4,561,10
1965 2,799,2 336.1 3,135.3 0.00 5,330.01
1967 0.0 594.8 594.8 0.00 1,011.16
155 PTO HP (20 ft. combine option omitted)
Average 0.0 489.4 489.4 0.00 831.98
1951 1,683.0 152.2 1,835.2 0.00 3,199.84
1957 287.1 1,596.6 1,883.7 0.00 3,202.29
1965 1,297.4 1,528.1 2,825.5 0.00 4,803.35
1967 0.0 329.4 329.4 0.00 559.98
180 PTO HP
Average 0.0 489.4 489.4 0.00 831.98
1951 1,665.0 220.6 1,885.6 0.00 3,205.52
1957 180.5 1,637.2 1,817.7 0.00 3,090.09
1965 1,696.3 869.0 2,565.3 0.00 4,361,01
1967 0.0 329.4 329.4 0.00 559.98
215 PTO HP
Average 0.0 489.4 489.4 0.00 831.98
1951 1,683.0 202.6 1,885.6 0.00 3,205.52
1957 154.0 1,656.0 1,810.0 0.00 3,077.00
1965 888.5 1,673.2 2,561.7 0.00 4,354 .89
1967 0.0 329.4 329.4 0.00 559.98

(®) gum of planting and harvest penalties times $1.70 price per
bushel of grain sorghum.



PENALTIES INCURRED

TABLE 23

81

PART C: ALFALFA AND TOTAL PENALTIES INCURRED
Total(c) Per Cent of Total Penalty
Alfalfa Penalty
Penalty Per Year Wheat Grain Sorghum Alfalfa
Year ($) ($)
Large Tractor Size
90 PTO HP
Average 102,10 1,031.27 0. 89.7 9.9
1951 — 5,355.04 28. 72.5 ——
1957 119.91 6,047.19 51. 46.2 2.0
1965 —— 4,408.44 0 100.0 ——
1967 201.39 1,116.84 53. 28.4 18.0
110 PTO HP
Average 102.10 823.96 29 57.7 12.4
1951 —— 5,714.47 24 75.8 ———
1957 119.91 5,548.95 69. 28.3 2,2
1965 —— 4,916.66 o 94.8 -
1967 186.44 1,406.42 59. 27.6 13.2
110 PTO HP (24 ft. combine option omitted)
Average 106.85 A52.23 31.3 56.1 12.5
1951 —_— 5,686.50 24,0 76.0 -—
1957 119.91 5,559.84 69.5 28.3 2.2
1965 - 4,892,22 LI 94.3 -
1967 108.08 1,369.93 61.3 30.8 75
110 PTO HP (20 ft. combine option omitted)
Average 102.04 733.37 33.6 52.4 14.0
1951 —— 5,644 ,64 24,5 75.5 —
1957 119,91 5,692.53 69.0 29.9 2.1
1965 —— 5,588.53 243 97.7 e
1967 186.44 1,297.44 64.1 21.5 14.4
130 PTO HP
Average 102.08 1,542,92 21 72.4 6.6
1951 -— 6,743.03 25 74.9 -—
1957 — 7,466.28 40 59.5 -—
1965 — 7,744.99 4 95.9 _—
1967 96.36 1,468.88 55 38.1 6.6
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PART C: ALFALFA AND TOTAL PENALTIES INCURRED
(Continued)
Total(c) Per Cent of Total Penalty
Alfalfa Penalty
Penalty Per Year Wheat Grain Sorghum Alfalfa
Year €)) %
Large Tractor Size
155 PTO HP
Average 102,98 2,487.06 62.4 33.5 4.1
1951 —_—— 5,783.91 44 .6 55.4 —
1957 862,34 7,943.19 48.9 40.3 10.8
1965 363.31 6,220.15 18.1 76.1 5.8
1967 14,20 2,457.03 76.6 22.8 0.6
155 PTO HP (24 ft. combine option omitted)
Average 102.10 2,743.18 51.2 45.1 3.7
1951 —— 5,704.80 44 .4 55.6 —
1957 425,24 8,675.25 42.5 52.6 4.9
1965 166.84 6,605.27 16.8 80.7 2.5
1967 110.78 2,295.82 51.1 44.0 4.9
155 PTO HP (20 ft. combine option omitted)
Average 102,08 2,524.80 63.0 33.0 4,0
1951 —— 5,698.23 45,2 54.8 _
1957 868.34 7,950.36 48.8 40.3 10.9
1965 379.61 6,307.94 17.8 76.2 6.0
1967 14.15 2,452,.34 76.6 22.8 0.6
180 PTO HP
Average 132.16 2,920.85 67.0 28.5 4.5
1951 —— 6,165.62 48.0 52.0 -—
1957 379.41 7,424.03 3.3 41.6 5.1
1965 . 420,87 6,011.18 20.5 723 7.0
1967 172.28 2,754.53 73.4 20.3 6.3
215 PTO HP
Average 175.31 3,298.11 69.5 25.2 5.3
1951 —_— 6,726.45 52+3 47.7 —
1957 718,27 1,236.55 50.9 39.8 9.3
1965 414 .41 5,990.32 20.4 72.7 6.9
1967 542 .46 3,145.15 64.9 17.8 17+3

(¢) Sum of wheat, grain sorghum, and alfalfa penalties.
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labor pericd of 1965, the optimum wheat harvest period, has six field
workdays. In 1965 no field workdays are available in the grain sorghum
optimum planting period, and pre-optimum planting results in a penalty
of 19 per cent of potential yield, and delayed planting competes for
labor with wheat harvest. Due to lack of planting capacity and fewer
field workdays than average, there is a shift from grain sorghum to
wheat acreage for the 90 and 110 pto hp tractors in 1965,

The custom combine selection option is available for only the
June 5 and June 6 labor periods of wheat harvest (June 8 - July 31).
Zero field workdays were available in the optimum grain sorghum har-
vesting period of 1957. The wheat custom selection option is not
possible in 1957, due to zero field workdays that occur in the June 5
and June 6 labor periods. Without the custom wheat harvest option,
labor cannot be freed from wheat harvest for summer row crop cultiva-
tion. Lack of optimum harvest period and reduced labor for summer row
crop cultivation reduces grain sorghum acreage selected for the 90 and
110 pto hp tractors in 1957.

In a year of average rainfall for the 90 pto hp tractor, 958.8
crop acres are selected; and similarly in 1951 for the 130 pto hp
tractor, 954.1 acres are selected. The objective values for the 90
pto hp tractor in an average rainfall year and for the 130 pto hp
tractor in 1951 are respectively $37,118.11 and $31,491.77. The
objective value for the 90 pto hp tractor in 1951 on 692.2 selected
acres is $24,508.39 or 34 per cent less than the average rainfall

year's objective value. The analysis and implication of using a 130
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pto hp tractor so a minimum of 950 acres can be farmed in the wettest
year follows,

The total penalty on 958.8 acres selected in an average rainfall
year for the 90 pto hp tractor is 5$1,031.27. In 1951 the total penalty
for untimely field operations by the 130 pto hp tractor is $6,743.03.
In an average rainfall year on 950.0 acres the penalty for the 130 pto
hp tractor would be $1,031.27 or less. The difference between the 90
pto hp tractor's penalty and the 130 pto hp tractor's penalty in 1951
is $5,711.76. Adding the $5,711.76 difference to the 130 pto hp
tractor's 1951 objective value result gives an estimated objective
value for the 130 pto hp tractor in an average rainfall year on 950
acres of $37,203,.53.

Total tractor hours are 338 hours less for the 130 pte hp tractor
on 954.1 acres than are the 90 pto hp tractor's on 958.8 acres. Using
the larger 130 pto hp tractor'on 950 acres would result in nearly
identical income in average rainfall years and would greatly reduce
lo~ses incurred in a year such as 1951 by 50 per cent. Tractor
capacity in this instance increases more than the variable cost of
operating the larger tractor, giving the advantage in terms of income
and labor to the larger tractor in 950 acres.

As tractor capacity is increased from 90 to 130 pto hp, custom
hire expenses increase., As tractor capacity is increased from 130
pto hp to 215 pto hp, custom hire expenses decrease. As tractor
horsepower increases from 90 to 110 to 130 pto hp, wheat acres custom
combined respectively for each tractor size in an average rainfall

year are 333.3 acres, 367.8 acres, and 412.8 acres. Custom hay hauling
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expenses for the 90, 110, and 130 pto hp tractors are respectively
$539.29, $539.34, and $539.34.

In 1951 and 1957, higher than average rainfall years, custom hire
expenses decrease from those incurred by all tractor sizes in an aver-
age rainfall year. This is due in 1957 to the fact that zero field
workdays are available in the wheat custom combine labor periods,
allowing no custom wheat harvest. In 1951 only one field workday is
available during the two wheat custom combine labor periods, limiting
wheat acres custom harvest and thus custom hire expenses.

Custom wheat combine expenses increase as tractor size is increased
from 90 to 130 pto hp to free labor for tractor related activities. In
an average rainfall year for the 155, 180, and 215 pto hp tractors,
wheat acres custom combined are respectively 73.7, 0.0, and 0.0 acres.
The greater capacity to accomplish tractor field work of the 155, 180,
and 215 pto hp tractors enables labor to be available for wheat harvest
without the need of significant custom hire.

In years of higher than average rainfall, except 1957, all tractor
sizes rely on some custom combining'for wheat acreage selected (Table
22). The model assumes that when field time is too limited to complete
harvesting with owned combine, custom harvestors are available and
ready to cut. In practice this is not 1ike1y to be the case for many
farmers. Custom harvestors may have moved to another area where crop
harvesting is possible, or the competition among local custom harvest-
ing may be high. The effect of ﬁhis assumption is that the model may

under estimate the true penalty of wet weather during harvest.



CHAPTER V
SUMMARY AND CONCLUSIONS

Six tractor and two combine machinery sizes were studied with a
linear program model to select the most profitable combination of
machinery and implement sizes given acreage limits, crop acreage,
and the timeliness of field operations.

The divisibility assumption of linear programming was observed
in the model's selection of combine size, and additional programming
showed in higher than average rainfall years the income benefits of
the 24 foot combine over the 20 foot combine.

Smaller tractors used more labor, farmed fewer acres, received
less income, and had wider fluctuations in crop acres selected and
income in higher than average rainfall years than did the larger
tractors. Given the 1,255 acre restraint, time minimization favors
the 215 pto hp tractor, while income maximization favors the 180 pto
hp tractor. Plans of farm size expansion would also favor the 215
pte hp tractor.

For the 90, 110, and 130 pto hp tractors, crop acres selected
for an average rainfall year are greatly reduced in higher than
average rainfall years., For these tractors smaller acreage than
the average rainfall year's selection need be considered. For the

130 pto hp tractor, 950 acres would allow less variance in income

86
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and farm size from wet to dry years than the 1,242.9 acres selected
based on average year's rainfall.

As information about machinery variable cost and timeliness
estimations improves, so will go the information of machinery selec-
tion models. This linear program does have information that is

useful to farmers for selecting farm of machine size.

Suggestions for Improving the Model

One difficulty with the study is that crop acres were allowed to
adjust to the fewer field workdays during the above average rainfall
years. Farmers are not likely to adjust acreage since they do not
have advance knowledge of rainfall during planting or harvest time.
One possible modification would be to allow the model to select the
optimum acreage for the average year. Then lock in this acreage by
crop for the wet years. This assumes the farmers plan theilr organiza-
tion for the average year. An alternative strategy could be tested in
a similar way.

Another modification in the model could be to limit the amount of
custom harvesting during above average rainfall years. The amount of
custom harveéting available in the average year or above average rain-
fall years requires data not now available. But one suggestion might
be to limit the amount of custom harvesting during above average

rainfall years to the amount used in the average year.



APPENDIX

88



ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
- COPY AVAILABLE



89

FZIHYA W)~
HZLHYOW)-
SZ IHPAW) -~
HZIHM W=
S IHMIYDI -

CZIHMRNY-
CZLIHME WY~
CZLHMPH) -
N7 IHMP RY -
07 I HY R W~

1¥Iue)—
1VIHM| +

OTIMIR I+
L (MRt P B
LA HHD+
L g o e B4
Q*MFATW)
H7 IHMT ) -
L7 IHMEW) -

Lt AR Sl S
CEIrtaEY+
L [ T B
FCICSENI+
AN IAWD+
02 IH¥aw -
07 INMO W)~

ELNm 1 dS+
IHM Y AHVH S

LAWY 14T L~
FIH® I~

7IHM AT L-
P LN TR

.
TLHY 1AL~
Tip41dS1—

ZIHSIOL-
TIHNSICL-

TIHeSIOL-
TLEMSICL-

T~

LER LT DR Py
g tevie
LEICtaTYe
[ZRIT R
ospFfayie
GeNF a4
HENFEFY I+

9*IrtevTs
ceariayts
£eIreave
€AY
oTNf ARy e
SONF Ry
HNFOEHDS

rd G LS P22
1HM 114

Pl e o] B

ARE LRt

Fad i b))
TPyl

ZinvEadle
T=nViL+

TRV IuLs
rAh b BT

Fada [l £
TIre L4

asnreEn)s
11H%7921—

b [ E=1"0 B3
ZoIrfcy s
T vy
Tertavis
ZNFIRY T+
GeRf IOy T
BeNCEOY Y

Pl | Shbal a B
2°riayis
T ave
1*1roavi+
7ENPOYVs
SONFaVT+
SENFiOVS

TiHM 145+
OdIHM -

EFIHMLIAS  IH™ 1 Td-
TV e+ LHM LT
FTIMRE IS+ IHA Y-

Z°Astavts ren-
T*35tav s rer-
FLIMEASES £ LHM*1dS -
TNV invs ran-
T°NYigu e ran-
WSS Ls 7LV dS -
2°nyiay s ran-
Tenveinys rgn=
TIHM S+ TIHMOLdS~
Tervigyls rod-
Zertavis ran-
ZIHMSICL*  Z2LHMSIO-
Zemwine s ran-
1*Ir*ays rgn-
TIHMSICL+  TLHMSTO-
QOd 1H™e ran-
CONPISN) 4 rgn-
TIHMDID I+ AN Ay H-—
Nid 1U¥ 4 ran-
NdIH4+ ran-

Od IH¥+ rqn-

(d IMM4 ran-

N4 LHM + ran-
ZeNr a1+ ran-
T°Hrtavs ran-
BZAUMIRIS IHME AHY H-
OdiHM+ reo-
OdiH4%+ rap-
Od IHMe ren-

Od LY+ ran=
0d1HM+ rng-
Z°NPY VT fan-=-
TN EOYT+ ro-

OZIHMTRD+ LM ANV H-
CIHASICH  TIHMSIO+
IHMO 1404 rao-

IM17dtE
LY Br 134
ILIRD LAY
2*351M1S
T*ISINLS
EJHMH1dS
rdp FLES &Y
TvirFzLs
7 1HMH14dS
Z°AYImLsS
T*PwiMLs
TIHMY 14T
1°nvi*“0
Z*Irziana
ZiHM*SIN
7=r1'MO
T*31°™0
TiHM*S10
9N
SNFDD
1iHMID
9IrN T
SIrn3ye
YIPN M7
£IrM3Y2
GNP Y2
SNFM Yy 2
HNFM D% E
»Z1MK)
9IrMINT
SIr¥ 3027
»IrMdl02
£Irnane
9MrH 02
SNMMI0Z
SNTMI0Z
NZ14W2
SSTIHMYL
JLELL)



20

THOSHI L +

SO *AUYHe

ESNIMNIAde
2594+
TISOINTI+
SSDIMNId+
SO INTL
£S0INId s
Z2SDINAd+
TS0V 3Id+

S 1IN2e

EELHME Vd-
EEIHmLd—

EEIHML I~
FELMAL Y-
CZIHML 14~
SZIHML Td~

SZ1IHR1 VA~
SZ1HAL1d—-
91 IHM1 V14—
OTIHML Td-

9T1IHAL 1d~
911HAL Y4~

RSOL VA~
RSOl d—
eCn ) 1d -
AL V-
959174~
o501 1d-
H501d—
95 91 14—

soMsi1oL-
SoMcICE-
SISICL-
SNMSIC L=

SOMDId 1—
SMMIdL-
SoMDId L~
S04~

S0411de

1°ONIUL+
Fauie 1 R ). £2
CEIHME Td—
2°3s'y+
T°35 01+
T°ON*IuLs
2L+
SZIHML -
F4d b ) 3 L
T°35°2dL»
1°0N ML+
Edale thae ) J €2
9T IHmLTd—
Z=35 "l
1°35 %341+

TENF* YL+ T°Mr4AvIe
VRS ML+ ZoVW AV
T vWiML+ T VROV T+
T*IF$IHLs T*M Qv
ZENPI L+ ZoNTOGV TS
T*NF* L+ THRYAVTe
TOYRIYLe 7oVHYAY IS
TVHIDOHL+ 1YW GV T+
HRINI/ 14+ RBISILTd+
HZINI/1de Z1STLId+
HBNI/Nd+ RSOLTd+

woen/d+ SSo1d+

Z YR DYL+ ZVW'AY T+
T YNINLs ToYH*AVTe
2 dVI L+ Zdviavs
T dY*Ls T°dViavie
SNSIN]L+

Z2°dVIIHLe ZaviEvie
1 dV'I¥l+ 1°4v AV
ZTHH IYL+ ZTHHAVIS
T "HW*IYL+ T HWéaVI+

SOMOTdL+

NOoSAHNL- SO NTIOH
ndS9- SOA1dI+

Od lHm+

T*ONTBY T+ adiHmM+

ZTI0*avi+ OdiHM+
T304+ T°I0°AY T+
Z=3stavis QdiHmM+

1°35'avi+ OdIMK+
1°ON‘BVY I+ adiIHm+
Z°J0'avis OdiHM+

1°302%L+ 1008V 1+
Z°3S'avTe CdLHM+
1°35%eV1e adiHve
1°ON*gvV+ OdiHM+
2°704vTe 0dIHM+
T°20°9%1+ 1°70%8VI+
Z°35°avis rep-
1°35%9vT+ adinme

ran-
rao-
ran-
rao-
ra-
ro-
ran-
ran-
$0417d-
SO '1g-
SO 114~
SO 114~
rao-
ragn-
rao-
ran-
SOYNSTa-
ran-
ran-
rao-
ren-
S9*M01d-
S9'POId*
ran-
rao+
reg-
rao-
ran-
rag-
ran-
reg-
rgo-—
ran-
reg-
reo-
rao-
reo-
rao-
OdIHR+
reo-

INFS D
ZHS 949
THS Nd 8

1Irs94d9

ZNTS 049

INFSDd9
ZHS 049
1WS9d9

¥P159174d
HZTIS91d
¥RSO11d
¥9S911d
2°VHWS *90
T1°VYWS ‘%0
2°4vSs '9a
1-4vs 490
S'ONSIQ
Z*dvS*od
1°4vS 94
Z"MHS ‘94
T UNS 94

S*'omOTd

s 1SD¥L
IO SHD

1HMTT3S

T*ONNdEE
2 I0MdES
T1*INMLEE
Z*ISMAEE
T=ISMIEE
1°0ONMESZ
*0mdse
1°J0MdSZ
2 ISMdST
1°3SMds?Z
T ONMAO T
Z°I0M491
1°30Rd9)
Z2"ISNd9T
T+3SMdo1



91

659TINId—
6597N3d-

6SDINIFd~
259INIg-
TS9INId~

TISNINIG+
7ISDINIA+
TISOINIL+
0TSOINId+
659N+
259N+
LSDINTd+
asHIINIL+

FISOINIS+

CISD NI~

6STINTI-

25D INII~

159N~

959 INId-

€S9I~
Z°I0'Ssms
P s R 11 T2

IS~
»ZSOPHI -
$2SOAKY-
ISR
$25908 -
#2SMKI -
7509 ED-
Y75 0HNI~

CZ2SPWI~

CIS9INYI-
21S2INAd-
TIS9INAL—
DI Id~
Z1S9INAd -
T1S2INId-
CISOINAL-
HSOINTA -
E1S2INId-
cITDINTd -
1189 N34 -
CIS9TINId-

€SOINIE~
IS0 INId-
TIS9INAI-
01S9TINII-
657IN3d~
RSN~
ZENIMN3d-
T1S9INTd-
1S9 INId-
ASIINIE-
I INIA-
LS9INAd -
TSOTNIL-
2°30'5NJ+
1599301~
1S72301 =

27300+
T30+
ZTONSPHD+
10N NI+
2 INtan)+
T"20'PWI+
Z*3S'ande
13590+

304N+

SSOTMIL -
SSOINIA-
CSNINId~
ads9+
HSOINIFd -
55N INII-
$S9TINId~
adsI+
€£SIINII~
£S9TINNS—
€S9 INAd—
ES2TINI4=
6S2INId—
0ASD4
£59INId-
Z2S9INd-
2SO TINFd-
ZS0INFd~
7SMINIA-~
0ds9+
T1SOINAL~
159 IN3Id~
1S9TINId~
T1S9INId-
1SOINII—
0459+
b § B
0459+
adsos

SO* AMVH-—
Fad il L AT
1*30'8ay 1+
Z NV T+
1*ON*qv T+
Z*ontayl+
T°20'AvT+
Z°3stavs
T°35'avis+
42599KHD+
Z*3aa'av+

594+
adsa+
ds 0+
ran-
dS 9+
adS D+
0459+
reo-
ads o+
0459+
adsa+
dsS I+
£SO INIA-
ren=-
04sT+
ads a9+
nds "+
0dS D+
04504+
rea-
ad4S -+
CdSas
4S9+
ads9e+
d4S 2+
rao-
ren-
rao-
raa-—
159231+
ran-
rao-
reg-
rap-
ran-
rao-
ren-
ran-
SO AUV H-—
rap-

Z301711S9
TInIrss
CONTITSD
TOMTTIFSD
TANZNTSD
ZNNZNFSD
TONZNFSD
ZIINCSD
ZICTINTSY
TIOTNrED
ZUNTINTSD
TIONTNTS9
ZI0INFSH
1J0INFS9
T307ZYHSY
ZONZVYHSD
TONZVYHSD
ZINZVHSI
TINZVYNSD
Z3ISZVHSY
ZONTVYHS D
TONTYHWSY
ZINTYHS9
TMIVHSID
ZASTYNWSY
TISTIVHSD
72205977
97305932
vZ105322
1932
23059242
T30593%2
ZMNSD %2
TONSO %2
2:89I%2
TI0592%2
Z3ss92%2
135599%¢
»2SOWI
23080207



92

IS INIde
11S9IN3I4+
OISOINTId+
65DINId+
RSOINIAd»
1SN IAd+
952 d+

559N A4+
»SNINII+
£S9INId+
259 NI
159734+
SSOINId+
5SOINIde
£S9TINId+
ZSOINId+
TSONId+
SSNINIA+
HCOINId+

0zZcn9¥l~
0Zsar—
CrPS90¥I~
0ZSMEI~
075 AND—
CISOPEI-
0289AW]~

B159IN3-
ARISDIND~
[ At Ll B
faTsIM-
21591N3-
21507102-
Z159INI-
ZISOINI—
Rl [l B
BS2IN)-
/SITIMD=-
eSOIN)—
95—
9597~
9597M)=-
95010 I-

B1SoLVd-
81501 1d-
81571 d~-
LIELTRER
ATSOLNd~
Z15217d~
Z1S91 Vd~
Z1S91d—
Z1S9L 14—
21591 ¢~
LTR P

PSHL 1d-

1°30PNI+
ZTON*AWI+
T*OM*AWD+
Z°I0%au0e
T°2049KD+
7AW
T*IS' KT+

Z2rVADNLe
T°NV*ILe
P { liab T K )
R [l ') B
Z°NY* ML+
T°AY*IY¥L+
Fada [} .7 £
i el [l 1 F
FAGUART TS
T°rY*le
73yl
TNl
41l A} .1 R
T°NV* YL+
ZeIr e
e e 1] €
¥yeINI/1d-
NZ1M /2 d-
HENI Vd—
HONI/ -
T Ir*ddL+
ZENFINE+
T=NF oML+
kAL L s} 7 B3
T YW IYL+
f fn g 3§ 2
ZNr 'YL+
T*NF?J¥1s
ZVHT UL+
TVH DML+
1°Ir*Jd»
FAd Takde '] £

T=30'av s
ZOON‘AYT+
T"ON'AY T+
Z°04ar 1+
T°20'avTs
ZTIs AV
TSSOV T+
025I9KWI»
Zrviavis
1"nréavis
P [l A k2
T+ favis
Zenytavi+
1°nytavis
Z*Artgvie
T*Ir*avis
2 nvtayls+
T*NY*AYI+
ZTIrinv e
1*Ir*nvis
2NV AV I+
1°NYiav s
7ewigyis
T*wiavis
RISOINT+
7150707+
PSOINT+
957 INY+
TIr'av i+
2°Nrigy s
T*Kr'AVT+
Zevn'avis
T FH'AV T+
1w 'Aavy+
ZoNr'aY I+
T*NF QYT+
ZTYHAY T
T1*VR'AvY I+
1*Iriayvie
ZNr v+

ren-
ra0-
ran-
rgo-
ran-
ran-
reo-
SO AUYH~
ren-
rao-
reo-
reo-
rep-
reo-
reo-
rao-
ran-
reo-
ran-
ren-
regn-
re0-
rgn-
ran-
$9¢1 M-
s9° 1N~
9119~
LN RLE
ran-
ran-
ren-
rRn-
rao-
ren-
ra0-
ran-
rao-
ren-
ran-
rgn-

13059702
ZONSD 07
ToNs902
27059302
13059702
2351102
13559202
CZ5M3
Zrysoogl
wYsomY
zrsoomy
TIrS9I81
Znvseazt
1nYs921
zrs9971
199321
Znvs9Te
NVs9I8
Z1rs908
1Ir5998
nys a9
mnvso9
ZIrssy9
1Ir$979
21549709
zis*omy
#5499
95'9M)
1Irsod8y
ZNrS9481
TNFSOdRT
ZWsSa48 1
THS9481
1r50421
ZNFS9421
INrs9d2t
™SOdTT
TWS94dZ1
11rs 948
ZNrsode



93

QITSHIMS
SIrSH/MS +

EIPSHINE +
GNrSH/MS +
SNIMSH/®S e

ENFSH/RE +
DYRSH/MS +
SYWSH/NS +

ZAWITVI- €4V S/He ELV*IVES EJVILYNSs  ZIVOS/H4

A4TIVNIde
IERALETSS

F4IVNIAH
S4TVYNId e
H4IvH I+

£3T¥NId+
Z4IVNTd+
TATYNId+

9* TM IV MG+
CoIN TPy
20 [ 2
2UUF VS -
ST NP TYNG -

L [ 23
OCNFTYMT 4
STNFIYWSs

NPTy s —
SovK VS -
GevKINvT -

NP TN+
TV ITMSH
GEVE TUMS +

ZAVITvEs Z4VIiRvess

1474708 -

FHIYMS L~
FHLTRCL-

7IWF A~
AR
73re]l-

FHULLEY
Zrivec -
7HIVHS ]~

1wy~
ERILIT
139 -

THIYYS -
THivvsi-
ThHpvme -

fH14S1-
fHldei-

Mid1-
7HidS1-

TH] AT I -
THid®1~

1IVUNTA | -
ERL L P B
1™ 00l -
ERL S dith P B

T4Y 'S /He
FAV LS
FERIERL N

TIPS+
STIPIULS4

Fearavce
FNEIHLS
CTAFINISH

FRArce
QENEINLSH
CUNPIMISe

FINFIYLS+
9TYHIYLISH
S YHIHLS e

€ NFIYLS+
2 YHIHLC
GEYHINLS+

3V E4¥0L-
v 4H0l -

ZPViONLe
2 nviddl+

FAde e } N B
T°Ir*OHl+

Fad - e -1 R
TNF*OVLe

2oV INL e
T dviTule
2TPH YL+
T*¥H*INL+

v iIves
ZAVIHI1dS+
IERLERLNES

9 Ir Qv+
c*Irtovls
EHLIVMS L+
£eariayls
GONrnY T4
SR ICV s
Z3ve i+

[ R ] B
9ENC Ay
Cad L L ]
THIVITL+
(B Naiel A B
Grwi v Y4
CSOVH AT T+
T3 vPL+

E RV
g yWeavye
STUN T4
THLIVY¥S]1+
1737415+
2OV IONLIS 4
4TIVL4nCLe
ZTrviavis
T*Nyierise
EHLdS 1+
1*rrges
1oy s
FHLAS L+
Zenrtavie
T*NF Ay T+
TH1dT I+

P L Al L F )
TTdviar e
Zexniavis
T "¥W 71+
FRALUIRESES
Tavf jvuss
-uQ.:-41o
FhildanlbEs
adso+

70 tav s
7TIr P 1+
FIve Qves -
T *av 1+
ZTNF AV T4
NP O T
€ A A L
T1-1rdayts
ZENC'OV I+
TENM 'RV T
FE LA L AT
TN YOV T4
2TYHIPY 14
ZTVRAY e
T4v* e a-
T*NEiaY T+
VR tAvTe
rad 1041 & 23
IELASLA R A
1735Ay 1+
7Ny ey s
ELAN B BT
ran-

rep-
E4V*HISS -
ran-

ran-

4V HILS -
ran-

ran-
T4v'HLdS -
ran-

rep-

fe0-

reg-
ELURN Ak P 2
EAANELLEY
4y funid+
g+
rgns

IrTYms
SIrTYMS
FHLY™S
£Iraave
ELLERLA:]
GNFrITYVE
2319
FIrTves
ONTTYMS
GNFIYNS
ZHIYMS
fNrITVE
9Yk3ITVE
SYWI VA
131vq
FNTTIYMS
vkIYNS
SYHTIYMS
THLY™S
1354v40
Znvivie
4771 %0
any4vils
InNY4ivis
F4IVH LSS
Z2Ir4TVIS
TIr4vis
TANYHIAS
ENFATV LS
INFHTIVES
TI3IWH LIS
2 dv4vd
1°dv4vd
P LE R Xy
1 HWA TV
41rv01d
IHLTIYWT
STV UL
vV SIY
<2717138



94

FAVSH/MS - FPYS/HY -

9IFCH/MG— o° e p)—

SIFSH/MC~ G*IFS/HL-

EIPSHIMS- £° W S/HI-

ONFSH/MS = 9°NIrS/HI-

GNFSH/MS— S NP S/HL-

ENFSH/MS— FNFS/HL-

GYWSH/AS ~ 9" VHE/HI-

SYHEH/MS— G YWS/HL-

£ NYIVYAS - fATvEL-
9* I TS~ fAWAL-
STIrIYNS - £I3WIL-

ENVYSH/MS ¢+ 6J4IVNILL F NVIVMSE EHIVMT]-

FNYSH/ G~
FoNVINLISH
OISH/MS—
9*ICIVLSH
SIPSH/MS —
GEICMLSH

€IFSH/NS -
€M INLS+
ONTSH/HS -
GENFIVLS+
SNFSH/ S -
SENTIHIS+

ENMSH/MS —
ENTIYLSH
GYHSH/MS -~
IYWIHLS+
CYRSH/MS -
SOVFTIHLS e

FeOYOHISe
+IrIMLS+
STIrIULSs

£°PYIYiISe

SHTWNIA-

ren-
Z4IYNId-

€PYS/HL-
Feryiav s
9*IS/HLI—
9" IV T+
CTISIHL-
STV
E°NVS/i'l+
*IS/HLS
S*IrS/H+
EIVS/HLS
€IS /R~
£°rfavis
9 NFESHL-
9NF4IVT+
SENFS/HL-
GENFAOY e
FIS/HLE
QUNIS/HL+
SN S/HL
2 IVS/HLe
E£°NFS/HL-
E£°NFAOY e
9 YHS /HL -
9 rHI IV I+
STVHS /Nl -
GOYH IV
E*NFS/HL+
9 VWS /HL4
CUVYHS/H]I+

1IvS/HL+
£envieYIs
I Av T+
certavie

£3IVEL+
£ YT

ran-
LERL L £F. B
£ITVNI L~

ren-
137WNId-

ran-
1Ny 'cy 1+

rgn-
2=rtev s

ran-
7eIriav s
E4VS/HL-
€4VS/HL-
FIVS/HL-
€4V IS/H-

ran-
TIrfav s

rag-~
Z*Nr 8V T

reo-
ZONr AV
ZAVS/H]I ~
ZAVS/HL-
74VS/HI-
24V 'S/H-

reo-
1°Nr'av 1+

reo-
ZTYH'AV

rao0-
Z°YH*avI+
T4VS/HL-
T4VS/HL-
TIVS/HL-
T4V 'S/H-
TNV 'AY T+
ZeIrayis
ZTIr'av e
€4Y'Ive-
1"nviavis

GNrIYNI A
SNTTVYNId
ENT YN
FYWIVNIZ
SYWIVNId
ENVYS /U
ENY S /H
9IFS /K
9 S/H
SIPS/H)D
SIrS/H
€Nvs /H1
9IFPS /HL
SIS MM
€S /HL
EMWSMHIY
€Ire/H
ONIFS /HD
INFS/H
SNFS JH2
SN S/H
£Irs /Ml
GNFS/H]
SNIS 7HL
2smi
ENPS /HD
ENFT/H
YES /HD
SYNS/H
GYWS /HD
SYWT/H
ENFS/HL
QVHS FHI
SYHS /H1
1S/HL
fNYIIVeE
Ir3I Ve
SIr3lva
€37ve
£NYIVMS



-PehALro

—dJdgJ

PENALJL 3

-PENALFT

Y. N}
-L8Jd

PENALJLS
PENALJLG
PENALAUZ

—PENALFB
—PLNALEY

Md gl o 3

-
x
-
]
+
n
[
2

95



d e P o b O 2
.. -
2443880‘522ﬂﬂ:§;$:§ §§:¢43

J#Olhﬂ“ﬂUJlﬁNﬁU
|NNO=NME VD QD= NANNYO SR

]
e T Y T R P Y R
Nﬂqﬁoouoeauoaaoceseocaaaaqc
QQHSﬂGOOQQOﬂﬁﬂﬁﬂﬁﬁﬁﬁcﬁb
»53883533 898299093390393913
PN et ol s LY 28 1YY o P ) ) P P P 0] st o ] )t P 7Y 18
g‘faonﬂﬂhaﬂNﬂQdﬂmhhqahhggfm
L) . * (L] L]
oNNﬂonﬁudnnmunwdawwmoo-mhih
by
.
VR I T T T O I O BRI AR A N |

AN - deNN —cy
c:c!l (] NNwﬂ 3123013

szthll:l o

ﬂ3u~ 0 G2 =f3:g Sg sz;
-uﬁgsﬁﬂ“ﬁiﬁ“ligﬁ_~~~~G#:5u§“
%Qlllﬁll.lili.'.*i.".'.i'*‘
085000020000 9000800200Q2
+233838233232233332 338333333
QﬂcﬂngOQNﬂﬁdthhﬂAFOGthﬁ
o.ll‘ll.'l..".|..l'|'llII;J

&
L T T T I A I B B B AR R B A R |

] - e N Nt g1
GF 8 80 4 b 3 A—dmﬁadmu# el
444:mmu:m~-§:44<4zwa ol

= = ANAAA =S Ll

AV

» WA LAt =53 ALOI - ~Z
1-GﬂﬂWQ&$NQULN§gggﬁH

AN S LY Ol O 00 8 e~ O el NN LD G LD 1) B

=3
NEBRAFRORRRRE BB PSR RRNRBB RN N

ooaaaacoaazﬂgeegggggcggggoco
QQ =)
QSQ 888880 SODQDG QOO

(%Y Y Y Y O

= )

QN*QOMQ@PFQNMS#GNﬂhﬂHFFhQ-FN
Magendosae ot R EEE]
NNNH#VﬂdN-nﬂNqNudﬁNﬂmﬂuqunQ

[ T T T T O T O IR O I

|
e st - g -
Nl 111...T~~:4~343333313ma4
Ldd :mg:ga - IS LONZYZA DT I

ZTr 9 an
ﬂllzhh:ltwwwmuﬂw3&53@“4&40“

BIIOIN L]
gt e e DU Y AGNDINGED & JAY=TT L
3 ‘uw:—ng 0 0t et () el ek SN D LD L LI B
n&noinnoonwo.o&noooobuiooo.

304009020930 90 90000000090

3333838333383823337338302233
3:23‘0‘@*”0@Nﬂ C~3~ﬂﬂﬂth°Md

LY N . "
mwowo~-~mmﬂm—~~=wmmcomom;h

'll|ll|l|llllll|lIll|l|lllll

!-‘ WNﬂﬂNN

ddNNNN -40mz

N
LR L -4 =IO

gggﬂ-]mtm » 3.8, A uunaJuﬂ:<§\d
z u:hﬂmﬂﬁga&ﬂauﬂﬂ:g#Uﬁ mET U
WO T et AT L S O T ket O et i R LIS B T
BEBERB RV BRPDSERERN SRR DBINRE

mcccacc:ﬂacaaoaoao&oa 200 O
320D 222SIMN2ODINDINDOAI DI

GOOQOQQQOHQOQQJOOOGOOOBOQQOQD
DPPIULN O ot maf LY <L 4k o i Y o L\ ] O smnf O s 17 ) g
MNQ'Oﬂﬂ@fhﬂmﬂﬂm—ﬁﬂhh—ahhomhah
O N R LR N e
nvu@ﬂ@ﬂdﬂ-ﬂnmNdNﬂﬂNNandonmtw

1 m
o
(1 T 20 T T T T T T O L O L

Uusd

i

WHT PL

2

iy

<IN I
x

UL LA L X

FIOQO

LHAAAI

2K AAANA
B

(22 XXX X-]
*

3 GSPD

1.3J320 ¢ plS,WHTL

DISHHTL U. 11000 & TRKHTLS55 -
<= 0.0

&

1.32239 & DIS,WHT2

0411000 * TAWHTLISS —
0.0

DISWHTZ

5

LeGOUOO * SPTHwHITL
1.32030 # SPTHWnT2

0.09040 * TRWHT15S
2.09338°9 TRWHI1S5 -

6 SPT,wHT L

T

SPI,kHT2

0.0

<=

L.00000 * 3PTHWHT2

0.09000 % TRWHFL55
0.0

<=

SPT,WHT 3

8

= L.000UGC * 25PLTWT =~ L.00000 * 33PLTuT

L.00000 * joPLTaT

l.Dﬁng 3 WHEATY

<=

9 PLTWHT

1L.00000 * CHuT20 L.00000 * CHWTZ4 100000 * CCwHTL

1.00000 ® WHEAT
0.0

<=

10 HARV, wiT

1.00000 * CHG520

== L.00000 * CCGS1

1.00000 * CMGS24

1.00000 & GRSURG
0.0

HARV,GS

11

96

L.00300 = 20CWJL3

1.00000 * 20ChJNa

1.0J000 * 20CWJLe

L.00020 * 20CKJINS

5

WJL

20CHI NG
L=

1.00000 * 20

..1«00000 =

8 S"EGEHJLA

Bo0L

1.00000 ¢ Cwl20

“m a

L2 CM3WHT2V



97

n*p =>»
THIYMS # 00000°T -~ JHLTYNS % 000C0°T T4V Lvys
o°C =>
£ 1TIYH14S # £70On*1 - GETI¥YIML & O00Z0*0 €IV *H1dS
0" 0 =>
ZIIVHILS » O0OODC"T - GCIIvIYl « 0CC70°0 Z24ViHLdS
0 o =
—LJ(I.—...—M * MOOOCTT - SSTIWVI¥] * 0C020°0 TAV*HLAS
00 =>
4'vr014 = ODOD0D"T — SETIVIVL = OODR0O*D JviMn1d
a*0 =
VL0 & 00O0O®T - IMLTVWS & OCOOT*T v 10
0C000"5S =>
YIIW4TP & OCOCCT JTY0 142
oo *0e9 =>
OUOSHY & DCOOO"T S99
ocoeD® P09 =
1¥3H% = 00000°T MO WD
00 =>
#1S*9IN) » 0CODO"Y - Z1S'9M) = OOOOO" T - BS$'"Iry = 000NN - 9%5497N) + 0000C*T - MOSHD &« 000N T sk NI
o*0 =
¥SISILTY » 00000°T  — YZISOLTS » COOOO'T - WOSOLTd » OPNDO'T  — W9SILNd « COOCO'T -  IWOSHD & CCOOT™T $9' 174
SIONSIO * DO0DO*T - SSTSOWL @ BOOII-D s94us1n
0°g =
S'ampld * 0000N*T - SSISIML & OOOPE-D sHMpYd
0007096 =
97705999 » 00DOZ*0 4+ B2305977 s 0000Z°0 + ¥VZI0$93D » 0000Z°C Z=n'sn)
0°0 =
32705977 = 00000°1 ~ 9ZINSNIJ » 0000N°T  — ¥ZIOSIID » 000001 - 15993 & 00000° T 159201
00 =>
9NFTD » 0000OT - SNF27 = 00000°T -  TIHRYD & 0000C*T TIHM L
Nmﬂ__ 97%Z s 00000 - 30572 » OcCOCC"1 ZONSO2%Z = 0OOCO°Y TNNSO %2 wumoaca-— HW
TI0897%Z + 000DD*T WSIWZ » ooaoa.— 139558353 %0600+t ~ - wmwuu¢~ * BOD00°T - 25342 = 00DO0°T ZS9UH)
~u=m 70Z _» 00000°Y - T3I05970Z & COOCO™T 7ONS920Z & 00000°1 TOPNS9302 %001 2
Z7059730Z & 00000°T 8520279 00000 1~ 179322053 SP060co-1 T 714023502 ."00000 - ""p32aR5 3 Btooo-t €Z598W)
=>

EIFAIYZ & 00000°1 .w MNIAMZ » 00000°T - 'ERTHRDSS mammMmm.j Y 13 S 15 PR :muw m«mmm | S w«-::::u



98

ONCS/H & CONJO°
SNFIYNS » CCOYZ"
ZNrS9d49 * OO
ENFS/H a DCOEY”
THNFSOdZT + CC

SYHS/H & OCOQTE®

1

ZHSOdET * POOTT® c

THWSOdBT = OCOIT*0

9YH
+

+

TWSOdZT » oMy 10

EMTS /H

ONF IIYF x
PMRERJR] &
4+ GurMYe?

ENC YV »
+  INFERd9

GYHS M

GYNS MH

+ THS9d8

7Td¥dTYd

T d¥Y4Tvd

+ 00NBE"T

* 00ONTE"Y

+= 0009Z*0

+ 000C0*T

+ 00000*1

=NFM)SZ ¢ 0OODEO

a % (OCEZ°C
* 0000270
*

TAAAE * 0000t

OYHIAIVA & ONNGF*N

SYWITWA ¢ 0ONCSTT0

SYHIVYNS = D

042 *C
ZhS0d9 2

o%E="p

TRSIdIT & OO0%E"D

Z2°4v5°90 = 00000° T

1*dvS*90 = 0NOOD*Y

Z°¥WJTIVd = COOCC"T
1°d4W41¥d & 000CO°T
ES/HL « DOOOD"T
ETIWE » 00000°T
EHIVMS &« 000001

7S/HL =
Z37ve =

00000°7
o0000* 1
ZHIVAS = OnOCN*1
1S/H1 » 00OOD"1

137ve = 0000O"1

+

ooonn 0%
YNFUICZ » 000%E*O

0oCCcytce
SYHIVMS & 0N0YZ°0

CYHIYMS
Z VHS'on

0000 *
1-wns 8370 ebor -1

0000021
Z*dvsi9d + 00000"1

=)

‘0

JY1TVYRS = OOCDDY

0*0
» 000001

JHLTVHS
IHLTYRS

o
uxh4<tm m
JILTVYRS #

IMLIVYRS
JULIVHS

c*o
uxhath-ooDOOa-

L

LE A

ES

W

=>

=

® NP ay]

£ONF YT

ZNriav

TNF BV

YH*av 7

s vHinvl

Fahd L AR:L A

T VHigY1

7edviov

1*dv*av

ZoHWiaY

AR LS\ A

£4V*S/H

€4v* Ve

€4V LVMS

ZHVIS/H
74vive

Z4vLYNS

14 S/H

Tiviva

15

s

6y

£y

ey

as

Sk

by

Yy

(44

1%

oy

(.13

oF

1€

o°F
£33

%€

£t

7€



99

TONS9I2%2

220897%2

130593%2

23559302

13559202

Znvso3z1

0000% "0

ccoorto

0000% "0

[lis]:4 2]

o00e%*0

000Z1I"0

eNvY3IVE =« 00021°0 +
1AvS9J8 « 000LT°0

9IrS/H = 000ZL"0

SIFS/H = 0CC29°0

EIS/H » OCOLO"Y

080 "0 +
& 00000 ¥

INFS/H » DOOLIO"T

SNFS/H » 000Z0°1

+ TONSDJ0Z »

+ 27059302 »

+ 1703907 =

*+ Z°ISMIEE »

+ T ISNIEE »

Ll

ZNVSTI9 =

000%Z -0

n:«udlmawi =

+ 9IIWVY »

+ SIr37e =

+ €Ir3ITVE = 000120 .

BUEHIRRE IR IR

+ ¥IFTRIWZ & 0000E°0Q
+  9NF3ITVE » 00012°0

+ SNFITYR = 00002°0 +

CCORY* C + TTONRJEE

Qooes* 0 + Z7TO0NdEE

rooRe* 0 + 1°J07dee

00060 0 + Z°3ISMAST

00060° 0 + 1°3Smas?

ENYS/H

ZNYIVIQ »

o0o0L T 0 +  ZNVYsHI9
ny4Ivi

anmmo + —=<uIWum

ooo%T" C 4+ 9IrIVHS

000Z1" ¢ +  SIFWVAS

ETrIVYmMS

Hypd g WMHWA«Q »
8bobe-0" +7TERRAGE
mdsw\r *

r832el &

ETIPATISZ

+ ONrIVMES

SNPTVYAS

* 0CChO"C

* 00060°C

* OCOK0"0

* 0CCET*0

* O00ET"O

* 000Z9°0

00090°0
* 00CFZ°C

cooro” 1
* 00000 "1

* 0CO%Z°C

* CCO%Z70

* 000%Z2°0

* QOD%Z 0

» 000%2°0

*+

TINSTIZ 4 CCOLE"C

ZONSSI%2 # (0OC%"D

+ 1°ONMJS7 » CO0ET"D

+ Z°I0MAST +# CODET*D

+ T°00OM4SZ » OONFT*O

+ Z°3TMAST o COOHT"O

13S4ViI0 » 00090 °0
1°3ISMd9T » CNNKTTC

+ EFY3IMY & 00OZ1°0

7Nv4IV1S = orcoCOD" 1
4+ ZNVINZES = COOCOD*T

-

FITMIHT » COOCE"C

+ GITMISZ » 0000L"D

2IrMY%Z « 0ON0OED

-

€Ir®I%Z » oo0NE*C

9IrIVmS » QCO%Z" o
Ndﬂwuuc + ODDE
07 » DDOYE® Q

SERY 5 g
1562234 2 86853-5
+ »ITHI0Z » ODOHE"O

+  ONFMI%Z & NOO0E"D

4+ SGNr®1%Z2 « DODCF“P

LR R

orone *oc
TIOSAICZ & GLCES*C

20M87 Un

oonon*0s
I=NN4do1 = OCIRT *0

o000 06
235592%Z & Q00O0C%"0
ZT3TIMLS » CCOOC1

ongnotont
135592%2 » 2rocy o
T*ISINIS = OOOOC™T

oecoo 0o

ENVYIVY™E o« OLN%2°0
0001021

7NYSII8T & OC090 0
Z°NVLINLS » Cooee*1

00010° 017
ENYS/H & 0(NZ90
Invenlel » ocezize
Tnviiég & OCC(C*
0000 *09
AIMICZ + OCHYF "0
00000 * 0o
SIPNI0Z * 0CNYE 0
£Co009
»1rn3857% Banec 0
€0Q00"CS
£IFUI0Z + O0NHE "0
Qoero 071
9INS/H » 0007L°0
SIFIVAS » GECHE°0
ZZI74ME & 0000 T
SIPHI0Z + OH0%E"C
00000011
R BRI,
1IR3RJ8 3 OF0se 5
EIFHINZ & OCOBED
peeee*og
GNFHINE & OAOKE*C

urm 0% Beave -0

LR R

aa by

T*30'ev

ZNN‘Av]

T*(N'8V

Z*30°fY7

1704 avy

2*3s'ay1

1*3stavy

£"

fav

zenvievy

1°nveryY

g-riavn

S Irtav

o0t gy

€10 avy

ZeImtav

T*Irtevy
o*NFiav]

SUNr e avY

&9

L9

L)

cn

%9

£9

79

19

9

L1

8%

1S

9g



100

Znvsnnzt
1NvYsoIR
ZIrsnizt
TS
ZNF4VLS

TNF4TVAS

ZHS D481
THSOdE1

* PODZTO

* 0NCLTO

* 0CCZTTD

ooD*1 *
* COO1t1*0

+ 00000*"Y

= 00000*1

+ Coolrto
* 000110

'y

-

-

+

-

2 ISMAEE » 000600
T ASMLEE » Q00600
ZNYSAIR + 0OOL1T*O
TNYSHI% » DOOEZ D

ZIFSHIP = GOOLY" O

ZNFSOdET » DODTYI*O

INFSTdBT » O0OTT*O

ZNST4Z2T * 0OOLT"C
TWS247T » COOL1"OD

+

rYy

2

H

+

+

L)

4+

QYRS /h
SVRS /H
1°MNafFE
2 WMAEE
T1*70md £E
Z*3ISMdee
1" 35M4%2
Y Inves o)

LU JLF 3

z2rsane
50321 »
1Irs594%
ZNFSDaZY

TNFSDd 2T

ZWSN 4B
NS N de

T dvdIvd

1T dvdIvd

-

»

*
*

0
*

]

»
*

L
*

*

OroRE®T
nonte*t
nose o
0CCHE*C
COCAC *C
[elalei 3 Bl ¢
oenEIsn

onene
clerec

orpdce1

ccerze

ocoit c

fd ok b Ak o]
orn9z*o

oocce°y

ocoeccT1

+  AvpITYR » OODGFO0

4 GYRIWE & PONGEN

+ 1°DNMLG? » (COETC

-

Z 0OMAEZ » LOCFI°C

+*

1*30kd52 » ODOET™0

+ ZTIASHEAT » ONNETN

>

1*35¥ 471 2 PODRTID

TINV4IVLIS » ONOCO"T
4 ZNVINZLIS & COCCO*Y
TOYSDIRT ¢ O7DEC D
+ 1*NVInES » COODC®T
7IC4TIVLES & 000001
+ 2TAICTIMG ¢ CCOCO®T

1Irste = ongllo
TIrC949 « POOPED

*

ZNFSN4E » COOB7°0

+ INPSDdR @ COO92°0

>

RS #
TWENdT »

phOyE*D
Co0%f"D

*

+ 7°dVSIT0 » COCCL®T

+ 1°dvS°20 » COODD*Y
Z*¥r4vd + 030001
T*¥W4Tvd » CONOCTT

Z308NI%Z » COO0*"O

ceeee e
upRITNS g NOOETO

aooor o
MDD e INCHTC0

o0pro o1
INFSDE9 & DLC%E*C

neoo * oe
INFSDdT # CCOHETD

Qoanp*noT
N-G:Wdﬂtoooao;—

000 "0n
-4tﬂﬂwa » 0am0n.u

Qo0n0* 011
ﬁ-t!ﬂd%ibﬁcao.d

z+mis 1843 Bbces o1

cocer o
1°¥W5*94 » O0ADC Y

onean *op
2305930¢ & DCORY"D

=

=>

=

=3

=

>

=)

=>

=

=3

=

=>

GEYWINLS

b L e b T

TEON'IML

e 1s o LB |

12334041

24351

138241

#*nv ol

1onvd i

Z2rt el

TrIr oL

2N L

TONF'OYL

Fad (e} 3}
TevW® L

7dv 'l

Todyf ot

2 dWt Ml

T*9W* M1

2*30'av?

AR

(2]

LE

98

R

£e

4]

131

og

LY}

L

9
st

*e

1

(44

11

ot



101

Tnys/u

QIFS/H

SIrsMH

£erem

ONFS ™

SNIFS/H

FNPS/H

*

L

L

ocnz9*n

oeost o

cceezgte

cleicT1

oncLo*1

orozptt

onors*1

1271800%7

ZATSTIY T

1158971%2

FIrMINZ

LYY

®ITEIY7
EIrMInZ

ANTRIHT

SNFMIS2Z

YNTMYSZ

fnvaqvr"

oIratve

SIr3I Ve

t£Irave

onraye

SKRr2TVA

fNFI VY

*

*

*

*

*

cneezep

coonegen

roone*n

cnopstee

coosT*n

cocs1o
nnetlto

coos1-o

(COos1°0

LA Ll TR )

000ZT1%0

eyl e

coo?1°c

oonTZsn

rontz*o

rooe7en

onogzZ*n

-

onCacep

12782007 = INNLZ =0
CCLroto6

2SS9 Z « CCO%Z*0
0eeon=oCt

T3ASS2I07 » oro&7 0

[ ol 1]

ono
MZ &+ OCUTO

9

ocnonto9
SIFMINE = DCCET™C

01000°* 00
¢4nsmmv ¥ OC(LT"Q
onnepc
LEIFMICZ = OCC2T°C

aconc *0s
oMrMI0Z % OCOLT*C

o0o0oc *0s
SMMMT? & CCOLTTO

Laalalel chale 14
YNF¥T0Z 8 COLTCC

% ceotre
9NT"]) = DCOST D

ccceet o
GNTFDT & 0ONGT°C

oceeetory
1354v40 = Oroec*n

neocd *o71
7NV IVAC » OCCON*O

asoe
=

ooec
ENYIYES nocHyT=C

oneeo*e9
TICTIVMS =+ 0CO0%7°C

ooengTCc9
mqﬂJd:ﬂﬁﬁﬁD#N-a

onooC*ng
CIIVMS = NNOKT *C

ececotoe
SNFIYES 2 OCN&Z 0

oonen cos
EHrIY¥S & 0OC

=>

=

=2

=3

=>

=>

=>

=

=>

t*Intow3 0T

7T3S'aNY 6Dt

L LR ]

FIr WD

L [l )

LRl )
L TaRR [

9*NF ‘9N

S*NFOER)

LN END

9NF* SN

CeNFESND

1*3S201S

ZTNY NS

E"NVIVIS

9 ICINLS

CTIrIHLS

£7Ird41S

9 ENTIMIS

CONFIWLS

NS

AO01

501
07

€ct

207

101

oot

&6

6

16

26

S6

&6

£6

6

16

nhk



102

ZNFSNde

ZNFSOd9

CVYNS o0

Z2*dvsind

Z*IOMdEE

2°20R452

Z*30md91

*

aeeno*y

oooonTy

ooneot 1

cnono” 1

oroon*y

oceeot1

Lellolifolgh |

1

INFS9de

TNTSOd9

T YHS ‘00

T=desag

T°I0MgrE

1*30Md457

T"Mimdet

*

*

ooop0*® ¥

coooo* v

eooo0* 1

obovo~ 1

oooo0*1

o0000o” 1

oocoo" 1

ZHSdB

7N D do

7Tdvs ¢ on

ZNHS ' ng

T ISMdFE

ZTIgudce

Z°3Snd9t

Z73ISINIS
ZNVINZLS

Z*NVLrPLS

"nvimo

ZTIrt*mo

¥

L ]

*

[ choll gl |

reeontg

neonnty

ceecet

noooe 1

ononn =1

o0olo -1

oonco "1
00000 *1

00000t

cocee Y

ooooe*1

TrE 941

HEaen
S6159v]
Trdvsian
T HHWS 04

SSTIHMY]L
1°3SParFr
1*3Srde?

T*3IsMdY

1*3SIM1S
INVYiImZIS

T*nvimis
2°T21IRC0
T°Iratse
ZI0S9I%2
13059347
ZONSOINZ
moZmuueV

220%I%

-

»

*

*

-

.

*

*

*

L

-

teice=1

encoe®y

oonoosY

fonnr=y

cecote "1

cocneTy

anopenty

ononett

ooonn®1

coecrht i
00000"1

ceotoTt

coono*1

coron©1

aoooe*n

conpeer

rocezeo

oooez-o

ooz

1Ircadp m Mﬂaaccd
HESO1Nd & O(COL "1
0*0D
TIrSa9d9 ¢ Qrroptg
HASNLId « pCOON T
0*n
THTLYN & Ocnopty
[s R 1]
SIONSTA & OCCUC1
o*C
SInuNId 2 LOLCET
o0
LIYIHM » ODOCO"T
T ON% 4 m.maaﬁs-
nsnaamm * 000"
o0
T°ONMJEZ 3 DCOOC* T
IMLTId5E & O0DOO"T
T*NMNM49] m M1305o~
1R17491 & GCOOO®1T
o-n
FIHMHL4S m.mcnon-q
ZIHRH14S & DCOCC*T
0-0
TIHAH14S & 0OCOC"T
o0
ZIHRES IO & OCODD*T
oTn
TIH'SIO « OPNOD *Y
eoCrC %9
NuﬂmuUcm M oonez o
OGLO0 %9
7305920 + 000%2°0
0000024
PONSOINZ & OCOHT 0
0o *24
TN 30 Qﬂ onoy7 0
oonro "9
£7080702

* CLO¥Z*0

=>
=>

=3

>

=

=2

A R

950114

mISNg1

SHsInt

SN0 R

1vV3IHML

EELIHM ]S

STLIHM I

aTIHM 14

EIH% 1451
ZIHM 1451

TIHM L4512

Z IHMS Ta1

TIHYS 101

230" a9u)

1*3048W)

2 ON EW)

1°0N 8D

et any

671

71

Let

Lr4

g7l

YZ1

£zl

zet

1zr

ozt
611

att

e11

sNn

+*N

Zn

1t



103

222305977 » oCeo°1

TJOTINFSD » 00CO0°T

TONTIrSD + 00000°1

ZINEINrS9 » 0roon*1

T13CINPCSY » 00000"1
22705927 = caooaoﬁ

NQZth 9 =

ogoo0Q*

0s92) = QﬂOOﬂ'~

TONIYHSD ¢ 000001 o
¥ZJ05997 + 00000°1
Znvsanel 00000° 1
nvsadezt cooce =y

envsode elefulili Rl §
Znvs9il occoc~1
ZNrs94feT ocoon*1
ZNFr§9d2Z1 occoot1

Z2J0ZNrS9 # NOO0O0 "1
= B7IN5922 » 0CNO0" T

= 1I02vWSD & OONDO"T
ZISZYHSY « 00000 T
= TIrs94971 » 0COT6E" 0
= ZNr59487 = 000760
ZONINFSY & 00000*1

— TNFSD4E8T + QDOT6H* 5

TNNZYHWSD & 00000°Y

ZHSD4ET * 000T6%0

2301 YHSED »
TWSIdFT = 000T6°0

1

Tnysnaet

TNVS9IZT

mvsooe
TNYs929

INFS2401

TNrsodz1

0oo00*

x

oooocT 1

00000° 1

oo000* 1
oopoo* 1

ogoocT1

co0oc" 1

ZIITNCSD »

YZhasem

TINTYWSI

= ZISTVYHSD

1

TISTYHSD

ZIrs9aet

2Irsad

ZIrsa e
ZIrsaay

ZHS9d 81

ZWsSNd 21

orcen® 1

»

oone0*Y

orpnD= T

* 000001

L]

*

*

-

L

onnnn© 1

ococo*1

oo0no=1

ogonn=1
ocooc*t

ocgoc 1

neocoT1

ZINZVYHSD « ONYPC"T

7059257

&

oancnty

1I0593%Z + CNOOC*T

— 235597%2 % cooonrtl
~ TISSDI%Z » CONNN*T

+

TINZYRSD
* 4 33

0coon*1
C0016°0

* 00CLC"T1

00016*%0

ZININCST = 000001
TNFSOdP = OOD16°0

adr

/1S'0INI

Z150InY

gstoIn)

954° NI

1IrenIny

1Irstazy

1Irsaas
TIrsed9

THSTdBY

S04t

* COCCO*1

i

*

ceetnto

ceono1

0nooo-t

oooco*t

ootc=1

ccocett

conoc* 1

anonn=1
nneoe* Y

oeonn=1

nnoen=T1

ZI0TVHS9
259307

13059702

71559207
TI5SNI"2

HPISO1d

HZTIS91Te

yesa )

H9SD1d

RIS*2Ir0

215407

FSEQIND
as*nInd

.
2 Bocon-1

* Weoet1

G ¢
= 00QP0 Y

*HO

T Y -]

"
2000
Ans
oo
-3
Elal=]
.
=

*an
[=]=l=1=]

LR R 2=

00
®= 00000

0*0
* Oneen*t

o e
= DOCOC*!?

0°0
* 0cocce1
0°0
* CcLecost

n*o
®= nrnee -y

In

=>

ASITINIL
PSOTINIA

£S97TIN3d
259 IMId

SS$9INId

HSINI

FSATINTL

ZSTINIA

159N
YEINI/A
MZINI/4
¥gna /14
yona/1d
81592
2153M2

952M2D
259N)

E1S214

SISO

PET

st

941
s+l

L4 &1

£41

%1

1»1

041

RET

fE1

Lex

€1

Gl

Y€1

EET
[4 8|

0ET



104

Z*d¥4IVe #» 0COCD"T -~ 14V IVd

€nv3ve
ENvyIYmsS
£Ir37ve
£Irvns
ENFIIVY
ENTIVAS

73q1Irsn
T30ZNFSY = 0D0OCO"T = T3IATNFSO
NQZMZHMH * 00000°1 = ZONZYHS?

TONINFSD & 0N000*1

— TONZYHSO

*®

*

*

L ]

*

»

»

*

ccooct 1

coccet

nonne* 1

oooo0* 1

oonoo*t 1

nooent T

ocoo0o*

onnooe*t v

nonpe* 1

coooo* 1

ogoooTt

T3s4y 40

TIVAIVIS

ZIr4vls

ZNFAIVAS

THHATYd

°Ir3ve

2ICTVYNS

aNFITVvE

ANFIVYRS

aYHITYE

QVYHITMS

ZAAINF D

TANZYH<D

ZUNTYHST

TANTVYHSD

*

*

Ld

&

R

»

oeocot1

oceonTy

ocapnt1

ooenn~l

acoco =y

ocopet1

onoro*1

aconpt 1

ocooo~1

ocoon*y

oooco -1

00000 "1

noooo* T

oLt

neoonty

I

1

QYRTIVE = OONOCTT - 9GVRIVMS
GYWITVI # CONCA®T -  SYRIVYS
ZOY4Y 4T » COCOO®T = J4IVLYC
1INV4IVLS » CORDC*T = F4IVHLAS
TIF4TVIS & CNOOC™T - Z4WHLdS
TMP4IVES *» CCCCCT1 ~ T4IWHIdS
1°MW47d # CCOOC™T  — 4°V407d
JITYHS & ONNA0T = V4IVIV
S51IvI¥1 » coccC 1 - VHIVIIY
SICTIVE » NONOO*T - E£37VF
CIFTYMS » 0ONNC*T =  EHLV™S
SNPITVE & OOOCD*T 731ve
SNFIV™S = CONOP®T - ZHIVMS
SYr3ITWE » OON0O*T - LER14:]
SYWIVMS & 0000N"T -  THIVAS
230S73%Z » COCOC*1 + 7308077
130¢97%2 » conpo=1 + ﬂmmummw
en3n2" 00600 1 "o FrNeAncE
R ARG R s

7 » 0ORODTT »

cre

ERRUR L Lo |
c*c

» OCPPD*T
0°g
& OCO0D"T
0*0
= 0CWN0°1

00
* NDCCC"1

n*o
» ccoer*l

00
* 00000 °T

*0
opoon®y
b ¢}

0
0
» 0C000"Y

o B}
+ 0co0e*1

n*
*

29

ceeet

00
a nnpnpe|
* Oropo-i

=>

t

QCVRIVMS

G VR IVMS

ERITE ]

€EHLAS b

ZU1dS1

TH1451

4WMO 41

FEALERL S
1470471

€37vaEl

EHLIVMS]

237vel

ZHLIYMS]

137vel

THIYNS ]

£157IN3d

71S91HId

TIS2IRAA

N159703d

1N

991

591

%971

€91

721

191

091
(1]

781

1s1

0s?

6%?



105

EAFS/HL = COOOD™ T

ENrS/HL = cOcoOC* T

BNrS /ML

ENTS/HD

EALF Atk

SYRT /MY

avrNE 1L

L

*

*

®

&>

onrootT

000327

onvI0*1T

ooceo*y

oogooTy

ENFSTHL
FNFS/H
SYHELH
SVHS/H

SYRE /ML

ENVIVNIA
91PN IS
CIFTWNIL
£ IWNId
aZHJLZuL
GNP IYNI4
NP VNI
YYWIVYNId

SYHTYNId
Envave

9Ir3Ive
sIr3ve
£r17va
9Nr3ITVE
ShNr3Tve

£NF3VYN

*

»

*

L]

E ]

*

3

L

*

 J

-

*

»

oneec*1
onnoo*t
(o T A |
nwnnn-q
nooon*1
onooon®y
ooonaT1
onnoo*t
0onno*?Y
ononn*t
cocce*t
coo00*1
oonneT1

oonoett
000007

ocoooe* 1
coonr*1
oonoc*t 1
aonet T
onpeaty

cocceTy

ZT /Wl

ENFS /L

GYWS /HL

SYWNS /ML

15/811

FNYIYMS

9IF IYMS

S Ives

€IFIVMS

GNT TYME

SNFTYMS

ENF Tymg

QYN TIVMS

SYRIVMS
fny1ymsg

9" TYus

cW VS

£Irvns

aprTYsE

SNEPTYRS

FNrIYMS

o C
& nnnpe*y

(o 3el]
* oococ*l

00
* GOOCC*T

n*n
E 2l alal ol ihah |

o*¢
& DC0NO "1

[*hal §
= orooo*t

m.mcooa-a

29

cene =1

opnn T
fonr=g

cn
« groep*1
n=o
* 0POCn*1

*»
.
NS

et

=>

=>

=D

=2

=>

=

=>

=>

24YS /H]
£ONPS MHI
FYHS ML
S ¥HS HL

14vS /Ml

LERLLEL ]

LERLLED]

LATYNDd

947YNI4

S4IVNIJ

LERLLETD

€4T¥NId

747vNId

T4IYNIL
£ "NYIVNS

ERRTRLLL
G IrIYS
£ -1 Tvms

FNFIVHS

SONFIYHS .

ENPITMS

fe1

1Pl

981

581

»81

€A1

8T

181

0Bl

eLT

e

0y

o1

clt
LIS

LY

ZLt

11

[ F R

691

91



106

ENVS /ML » 0C000° T

ERrYS/HD

IS/ HD

SIS /4]

£IrS/HDY

INTSTHD

SNFS/HY

ENFS/HD

FYNS/HI

SYHS /HD

ENVS /1

FICSIHD

SIS/HY

9IS /HL

€IS /1D

9NIFS /HD
SNIrS/HD

*

*

*

*

.

*

*

*

»

*

L]

L ]
*

oooeo Ty
ood00°1
ooopo 1
coooo"t 1
oncnm.—
000001
000001
ooopo”t1
00000"1
0000061
000001
ooooc*1
ogooc*1
onogo*1

oopDo°1
oocoo* 1

£envs/u

OIS/H

SIPS/H

€IWS/H

INFS/H

SNIS/H

ENFS/H

SVHS/H

SVHS/H

ENYS/H

9IS/H

SIrS/H

SIFS/HL

EIrsS/H

ONFS/H
SNPS/M

*

E ]

»

onnoo*1
0oo000" 1
cococ*1
€0C00°T
00000°1
00000° 1
o0one* 1
o0000° 1
00000" 1
o0c00*1
€000 1
oocce 1
noooo=t
coooc 1

cooo0*1
000001

Tnvves
9Ir TVRS
SIATIVNS
EITYNS
INFIYNS
SN TYNS
ENF VRS
GYNTVHS
SYNTYMS
FAVS/HL
9Irs/H1
SIFS/HL

ES/HL
€IS /HL

ONFS fHl
SNIFS/HL

i}
& 0CODO*Y

00
* 00DCO*Y

00
# OCtce*y

[+ 2l 1]
* CCODD*1

00
& 00DO0"Y

o°c
* 000001

0" e
+ 000001
00
* 0P0OO"T

0°0
* 007001

0°o
= 0000C*1

o*e
* 0C00C"T

oo
» 0CO0DO"1
o0
= 0WC0O0D "1
0"

* msﬁ1n.u
0°0

* QOCO0 "1
U0

& MeQnetT

=

=>

ENVSH/NS
FICSH/AS
SIPSH /RS
€ IrSH /NS
INFSH/MS
SNFSH/NS
ENPSHINS
a¢1m2\lw
SYHSH/NS
£°NYS /ML
9TIFS M1
STIrT AL

EAVS/HL
£TICS/HL

GENPS /HL
G °NfS fH1

»02

f02

z0e

102

ooz

(1.1

861

161

961

S61

6l

£61

261

161

o061
L3:h



WHEAT ACTIVITIES NOMENCLATURE, DESCRIPTION and UNITS

TABLE 1A
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Nomenclature Description Units
WHEAT Wheat production acre
TRWHT155 Links tractor for field tillage hr./ac.
to the wheat production activity
CMWT20 Links alternative time periods for acre
harvesting wheat with a 20 ft. combine
to the wheat production activity
20CWIN4 20 ft. combine wheat June 8-15 acre
20CWJINS 20 ft. combine wheat June 16-23 acre
20CWJING 20 ft. combine wheat June 24-30 acre
20CWJL3 20 f£t. combine wheat July 1-7 acre
20CWJIL4 20 £ft. combine wheat July 8~15 acre
20CWJLS 20 ft. combine wheat July 16-23 acre
20CWJL6 20 £ft. combine wheat July 24-31 acre
CMWT24 Links alternative time periods for acre
harvesting wheat with a 24 ft. combine
to the wheat production activity
24CWING 24 ft, combine wheat June 8-13 acre
24CWINS 24 ft. combine wheat June 16-23 acre
24CWING 24 ft. combine wheat June 24-30 acre
24CWJL3 24 ft. combine wheat July 1=-7 acre
24CWILSG 24 ft. combine wheat July 8-15 acre
24CWJLS5 24 ft. combine wheat July 16-23 acre
24CWIL6 24 ft. combine wheat July 24-31 acre
CCWHT1 Links alternative time periods for acre

hiring a 24 f£t. custom combine to
the wheat production activity



TABLE 1A (Continued)
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Nomenclature Description Units
CCJINS 24 ft, custom combine wheat June 16-23 acre
CCING 24 ft. custom combine wheat June 24-30 acre
DIS,WHTL Links alternative time periods for first hr./ac.
disking of wheat acreage to TRWHT155
DW,TJL.1 Disk wheat acreage July 1-15 hr./ac.
DW,TJ1.2 Disk wheat acreage July 16-31 hr./ac.
DIS,WHT2 Links alternative time periods for second hr./ac.
disking of wheat acreage to TRWHT1S55
DWT2JL.2 Disk wheat acreage July 16-31 hr./ac.
DW,TAU.1 Disk wheat acreage August 1-15 hr./ac.
SPTHWHT1 Links alternative time periods for hr./ac.
first springtoothing of wheat acreage
to TRWHT155
STWTAU.1 Springtooth wheat acreage August 1-15 hr./ac.
STWTAU. 2 Springtooth wheat acreage August 16-31 hr./ac.
SPTHWHT2 Links alternative time periods for hr./ac.
second springtoothing of wheat acreage
to TRWHT155
ST2WTAUL Springtooth wheat acreage August 1-15 hr./ac.
ST2WTAU2 Springtooth wheat acreage August 16-31 hr./ac.
SPTHWHT3 Links alternative time periods for hr./ac.
third springtoothing of wheat acreage
to TRWHT155
STWTSE.1 Springtooth wheat acreage Sept. 1-15 hr./ac.
STWTSE.2 Springtooth wheat acreage Sept. 16-30 hr./ac.
16PLTWT Links alternative time periods for acre

drilling wheat with a 16 ft., drill
to wheat production
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Nomenclature Description Units
25PLTWT Links alternative time periods for acre
drilling wheat with a 25 ft. drill

to wheat production
33PLIWT Links alternative time periods for acre

drilling wheat with a 33 ft. drill

to wheat production
16PWSE.1 16 £ft. drill wheat acreage Sept. 1-15 acre
16PWSE.2 16 ft. drill wheat acreage Sept. 16-30 acre
16PWOC.1 16 ft. drill wheat acreage Oct. 1~15 acre
16PW0C. 2 16 ft. drill wheat acreage Oct. 16-31 acre
16PWNO.1 16 ft. drill wheat acreage Nov. 1-15 acre
16PWNO.2 16 ft. drill wheat acreage Nov. 16-30 acre
25PWSE.1 25 ft. drill wheat acreage Sept. 1-15 acre
25PWSE.2 25 ft. drill wheat acreage Sept. 16-30 acre
25PWOC. 1 25 ft. drill wheat acreage Oct. 1=15 acre
25PWOC. 2 25 ft, drill wheat acreage Oct. 16-31 acre
25PWNO.1 25 ft. drill wheat acreage Nov, 1-15 acre
25PWNO. 2 25 ft, drill wheat acreage Nov. 16-30 acre
33PWSE.1 33 ft. drill wheat acreage Sept. 1-15 acre
33PWSE.2 33 ft. drill wheat acreage Sept. 16-30 acre
33PW0C.1 33 £t. drill wheat acreage Oct. 1-15 acre
33PWOC.2 33 ft. drill wheat acreage Oct. 1l6-31 acre
33PWNO.1 33 ft. drill wheat acreage Nov. 1-15 acre
33PWNO.2 33 ft. drill wheat acreage Nov. 16-30 acre
SEELWHT Sell wheat production bu,




TABLE 2A
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GRAIN SORGHUM ACTIVITIES NOMENCLATURE, DESCRIPTION, and UNITS

Nomenclature Description Units
GRSORG Grain Sorghum production activity acre
TRGS155 Links tractor for field tillage to the hr./ac.
grain sorghum production activity
PLOW,S Links alternative time periods for hr./ac.
plowing grain sorghum to TRGS155
PG,SMR.1 Plow grain sorghum acreage March 1-15 hr./ac.
PG,SMR,2 Plow grain sorghum acreage March 16-31 hr./ac.
PG,SAP.1 Plow grain sorghum acreage April 1-15 hr. fac,
PG,SAP.2 Plow grain sorghum acreage April 16-30 hr./ac.
DISKG,S Links alternative time periods for hr./ac.
disking grain sorghum to TRGS155
DG, SAP.1 Disk grain sorghum acreage April 1-15 hr./ac.
DG,SAP.2 Disk grain sorghum acreage April 16-30 hr./ac.
DG,SMA.1 Disk grain sorghum acreage May 1-15 hr./ac.
DG,SMA.2 Disk grain sorghum acreage May 16-31 hr./ac.
PLTGS6R Links alternative time periods for acre
planting grain sorghum with a 6 row
planter to grain sorghum production
PLTGS8R Links alternative time periods for acre
planting grain sorghum with an 8 row
planter to grain sorghum production
PLTGS12R Links alternative time periods for acre
planting grain sorghum with a 12 row
planter to grain sorghum production
PLTGS18R Links alternative time periods for acre

planting grain sorghum with an 18 row
planter to grain sorghum production
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Nomenclature Description Units

6PGSML 6 row plant grain sorghum acreage acre
May 1-15

6PGSM2 6 row plant grain sorghum acreage acre
May 16-31

6PGSJIN1 6 row plant grain sorghum acreage acre
June 1-15

6PGSJIN2 6 row plant grain sorghum acreage acre
June 16-30

6PGSJL1 6 row plant grain sorghum acreage acre
July 1-15

8PGSML 8 row plant grain sorghum acreage acre
May 1~15

8PGSM2 8 row plant grain sorghum acreage acre
May 16-31

8PGSJINL 8 row plant grain sorghum acreage acre
June 1-15

8PGSJN2 8 row plant grain sorghum acreage acre
June 16-30

8PGSJLL 8 row plant grain sorghum acreage acre
July 1-15

12PGSM1 12 row plant grain sorghum acreage acre
May 1-15

12rpGsSM2 12 row plant grain sorghum acreage acre
May 16-31

12PGSJN1 12 row plant grain sorghum acreage acre
June 1-15

12PGSJIN2 12 row plant grain sorghum acreage acre
June 16~30

12PGSJL1 12 row plant grain sorghum acreage acre
July 1-15

18PGSML 18 row plant grain sorghum acreage acre

May 1-15



TABLE 2A (Continued)
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Nomenclature Degcription Units
18PGSM2 18 row plant grain sorghum acreage acre
May 16-31
18PGSINL 18 row plant grain sorghum acreage acre
June 1-15
18PGSJIN2 18 row plant grain sorghum acreage acre
June 16-30
18PGSJLL 18 row plant grain sorghum acreage acre
July 1-15
CULG, 56 Links alternative time periods for acre
cultivating grain sorghum with a 6 row
cultivator to grain sorghum production
CULG, 88 Links alternative time periods for acre
cultivating grain sorghum with an 8 row
cultivator to grain sorghum production
CULG,S12 Links alternative time periods for acre
cultivating grain sorghum with a 12 row
cultivator to grain sorghum production
CULG, 518 Links alternative time periods for acre
cultivating grain sorghum with an 18 row
cultivator to grain sorghum production
6CGSJL1 6 row cultivate grain sorghum July 1-15 acre
6CGSJIL2 6 row cultivate grain sorghum July 16-31 acre
6CGSAUL 6 row cultivate grain sorghum Aug. 1-15 acre
6CGSAU2 6 row cultivate grain sorghum Aug. 16-31 acre
8CGSJL1 8 row cultivate grain sorghum July 1-15 acre
8CGSJL2 8 row cultivate grain sorghum July 16-31 acre
8CGSAUL 8 row cultivate grain sorghum Aug. 1-15 acre
8CGSAU2 8 row cultivate grain sorghum Aug. 16-31 acre
12CGSJL1 12 row cultivate grain sorghum July 1-15 acre
12CGSJL2 12 row cultivate grain sorghum July 16-31 acre
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Nomenclature Description Units
12CGSAUL 12 row cultivate grain sorghum Aug. 1-15 acre
12CGSAU2 12 row cultivate grain sorghum Aug. 16-31 acre
18CGSJLL 18 row cultivate grain sorghum July 1-15 acre
18CGSJL2 18 row cultivate grain sorghum July 16-31 acre
18CGsAUl 18 row cultivate grain sorghum Aug. 1-15 acre
18CGSAU2 18 row cultivate grain sorghum Aug. 16-31 acre
CMGS20 Links alternative time periods for acre

harvesting grain sorghum with a 20 ft,

combine to grain sorghum production
20CGSSEl 20 ft. combine grain sorghum Sept. 1-15 acre
20CGSSE2 20 ft. combine grain sorghum Sept. 16-30 acre
20CGSsoC1 20 ft. combine grain sorghum Oct. 1-15 acre
20CGs0oc2 20 ft. combine grain sorghum Oct. 16-31 acre
20CGSNo1 20 ft. combine grain sorghum Nov. 1-13 acre
20CGsNo2 20 ft. combine grain sorghum Nov. 16-30 acre
20CGSDEL 20 ft. combine grain sorghum Dec. 1-15 acre
20CGSDE2 20 ft. combine grain sorghum Dec. 16-31 acre
CMGS24 Links alternative time periods for acre

harvesting grain sorghum with a 24 ft.

combine to grain sorghum production
24CGSSEL 24 ft. combine grain sorghum Sept. 1-15 acre
24CGSSE2 24 ft. combine grain sorghum Sept. 16-30 acre
24CGS0C1 24 ft, combine grain sorghum Oct. 1-15 acre
24CGS0C2 24 ft. combine grain sorghum Oct. 16-31 acre
24CGSNO1 24 ft. combine grain sorghum Nov. 1-15 acre
24CGSNO2 24 ft. combine grain sorghum Nov. 16-30 acre
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Nomenclature Description Units

24CGSDEL 24 ft. combine grain sorghum Dec. 1-15 acre

24CGSDE2 24 ft. combine grain sorghum Dec. 16-31 acre

CCGS1 Links alternative time periods for acre
harvesting grain sorghum with a 24 ft,
custom combine to grain sorghum production

CCGSoC2A 24 ft. custom combine grain sorghum acre
Oct. 16-31, planted May 1-15

CCGSOC2B 24 ft. custom combine grain sorghum acre
Oct. 16-31, planted May 16-31

CCGS0C2C 24 ft. custom combine grain sorghum acre
Oct. 16-31, planted June 1-15

GSMALSEL Grain sorghum penalty for planting bu./ac.
May 1-15, and harvesting Sept. 1-15

GSMA1SE2 Grain sorghum penalty for planting bu./ac.
May 1-15, and harvesting Sept. 16-30

GSMA10C1 Grain sorghum penalty for planting bu./ac.
May 1-15, and harvesting Oct. 1=15

GSMA10C2 Grain sorghum penalty for planting bu./ac.
May 1-15, and harvesting Oct. 16-31

GSMALNO1 Grain sorghum penalty for planting bu./ac.
May 1-15, and harvesting Nov. 1-15

GSMA1NO2 Grain sorghum penalty for planting bu./ac.
May 1-15, and harvesting Nov. 16-30

GSMA2SE2 Grain sorghum penalty for planting bu./ac.
May 16-31, and harvesting Sept. 16-30

GSMA20C1 Grain sorghum penalty for planting bu./ac.
May 16-31, and harvesting Oct. 1-15

GSMA20C2 Grain sorghum penalty for planting bu./ac.
May 16-31, and harvesting Oct. 16-31

GSMA2NO1 Grain sorghum penalty for planting bu./ac.
May 16-31, and harvesting Nov. l-13
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Nomenclature Description Units
GSMA2NO2 Grain sorghum penalty for planting bu./ac.
May 16-31, and harvesting Nov. 16-30
GSMA2DEL Grain sorghum penalty for planting bu./ac.
May 16-31, and harvesting Dec. 1-15

GSJN10C1 Grain sorghum penalty for planting bu./ac.
June 1-15, and harvesting Oect. 1-15

GSJIN10C2 Grain sorghum penalty for planting bu./ac.
June 1-15, and harvesting Oct. 16-31

GSJN1NO1 Grain sorghum pemalty for planting bu./ac.
June 1-15, and harvesting Nov., 1-15

GSJIN1NO2 Grain sorghum penalty for planting bu./ac.
June 1-15, and harvesting Nov. 16-30

GSJN1DEL " Grain sorghum penalty for planting bu./ac.
June 1-15, and harvesting Dec. 1-15

GSJIN1DE2 Grain sorghum penalty for planting bu,/ac.
June 1-15, and harvesting Dec. 16-31

GSJIN20C2 Grain sorghum penalty for planting bu./ac.
June 16-30, and harvesting Oct. 16-31

GSJN2NO1 Grain sorghum penalty for planting bu./ac.
June 16-30, and harvesting Nov. 1-15

GSJIN2NO2 Grain sorghum penalty for planting bu./ac.
June 16-~30, and harvesting Nov. 16-30

GSJN2DEL Grain sorghum penalty for planting bu./ac.
June 16-30, and harvesting Dec. 1-15

GSJL1NO1 Grain sorghum penalty for planting bu./ac.
July 1-15, and harvesting Nov. 1-15

GSJL1NO2 Grain sorghum penalty for planting bu./ac.
July 1-15, and harvesting Nov. 16-30

GSJL1DEL Grain sorghum penalty for planting bu./ac.
July 1-15, and harvesting Dec. 1-15

GSJL1DE2 Grain sorghum penalty for planting bu./ac.
July 1-15, and harvesting Dec. 16-31

SELLGS Sell grain sorghum production bu.




ALFALFA ACTIVITIES NOMENCLATURE, DESCRIPTION, and UNITS

TABLE 3A
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Nomenclature Description Units
ALFALFA Alfalfa production acre
TRCAL155 Links tractor for field tillage to the hr./ac.
alfalfa production activity
SMALTRC Links small tractor for swathing, baling, acre
drilling, hauling-stacking to the alfalfa
production activity
PLOWA,F Links alternative time periods for plowing hr./ac.
acreage to TRCALLS55
PALFMR.1 Plowing of alfalfa acreage March 1-15 hr./ac.
PALFMR.2 Plowing of alfalfa acreage March 16-31 hr./ac.
PALFAP.1 Plowing of alfalfa acreage April 1-15 hr./ac.
PALFAP,.2 Plowing of alfalfa acreage April 16-30 hr./ac.
SPTHALF1 Links alternative time periods for first hr./ac.
springtoothing of alfalfa acreage to
TRCAL155
STALFJN1 Springtooth alfalfa acreage June 1-15 hr./ac.
STALFJN2 Springtooth alfalfa acreage June 16-30 hr./ac.
SPTHALF2 Links alternative time periods for second hr./ac.
springtoothing of alfalfa acreage to
TRCAL155
STALFJL1 Springtooth alfalfa acreage July 1-15 hr./ac.
STALFJL2 Springtooth alfalfa acreage July 16-31 hr./ac.
SPTHALF3 Links alternative time periods for third hr./ac.
springtoothing of alfalfa acreage to
TRCAL155
STALFAUL Springtooth alfalfa acreage Aug. 1-15 hr./ac.
STALFAU2 Springtooth alfalfa acreage Aug. 16=-31 hr./ac.
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Nomenclature Description Units

DRFTALF Links alternative time periods for drilling acre
and fertilizing alfalfa acreage to the
alfalfa production activity

DFAFAU2 Drill and fertilize alfalfa acreage acre
Aug. 16-31

DFAFSEL Drill and fertilize alfalfa acreage acre

SWATHL Links alternative time periods of first acre
alfalfa swathing to the SMALTRC activity

SWALMAS Swathing of alfalfa acreage May 16-23 acre

SWALMAG Swathing of alfalfa acreage May 24-31 acre

SWALJN3 Swathing of alfalfa acreage June 1-7 acre

BALEl Links alternative time periods of first acre
alfalfa baling to the SMALTRC activity

BALEMAS Baling of alfalfa acreage May 16-23 acre

BALEMAG Baling of alfalfa acreage May 24=-31 acre

BALEJN3 Baling of alfalfa acreage June 1-7 acre

SWATH2 Links alternative periods of second acre
alfalfa swathing to the SMALTRC activity

SWALJNS Swathing of alfalfa acreage June 16-23 acre

SWALJN6 Swathing of alfalfa acreage June 24-30 acre

SWALJL3 Swathing of alfalfa acreage July 1-7 acre

BALE2 Links alternative time periods of second acre
alfalfa baling to the SMALTRC activity

BALEJNS Baling of alfalfa acreage June 16-23 acre

BALEJNG Baling of alfalfa acreage June 24-30 acre

BALEJL3 Baling of alfalfa acreage July 1-7 acre
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SWATH3 Links alternative periods of third acre
alfalfa swathing to the SMALTRC activity

SWALJLS Swathing of alfalfa acreage July 16-23 acre

SWALJLG Swathing of alfalfa acreage July 24-31 acre

SWALAUJ Swathing of alfalfa acreage Aug. 1-7 acre

BALE3 Links alternative time periods of third acre
alfalfa baling to the SMALTRC activity

BALEJLS Baling of alfalfa acreage July 16-23 acre

BALEJL6 Baling of alfalfa acreage July 24-31 acre

BALEAU3 Baling of alfalfa acreage Aug. 1-7 acre

TH/S1 Links first hauling and stacking of acre
alfalfa to a hauling and stacking
transfer activity

TH/SMAS Links TH/S1 to May 16-23 hauling and acre
stacking activity

TH/SMA6 Links TH/S1 to May 24-31 hauling and acre
stacking activity

TH/SJN3 Links TH/S1 to June 1-7 hauling and acre
stacking activity

H/SMAS Haul and stack alfalfa acreage May 16-23 acre

CH/SMAS Hire custom hauling and stacking of acre
alfalfa acreage May 16-23

H/SMAG Haul and stack alfalfa acreage May 24-31 acre

CH/SMA6 Hire custom hauling and stacking of acre
alfalfa acreage May 24-31

H/SIN3 Haul and stack alfalfa acreage June 1-7 acre

CH/SJN3 Hire custom hauling and stacking of acre

alfalfa acreage June 1-7
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TH/S2 Links second hauling and stacking of acre
alfalfa to a hauling and stacking

transfer activity

TH/SJINS Links TH/S2 to June 16-23 hauling and acre
stacking activity

TH/SJN6 Links TH/S2 to June 24-30 hauling and acre
stacking activity

TH/SJL3 Links TH/S2 to July 1-7 hauling and acre
stacking activity

H/SJIN5 Haul and stack alfalfa acreage June 16-23 acre

CH/SJINS Hire custom hauling and stacking of acre
alfalfa acreage June 16-23

H/SJIN6 Haul and stack alfalfa acreage June 24=30 acre

CH/SJIN6 Hire custom hauling and stacking of acre
alfalfa acreage June 24-30

H/SJL3 Haul and stack alfalfa acreage July 1-7 acre

CH/SJL3 Hire custom hauling and stacking of acre
alfalfa acreage July 1-7

TH/S3 Links third hauling and stacking of acre
alfalfa to a hauling and stacking
transfer activity

TH/SJLS Links TH/S3 to July 16-23 hauling and acre
stacking activity

TH/SJL6 Links TH/S3 to July 24-31 hauling and acre
stacking activity

TH/SAU3 Links TH/S3 to Aug. 1-7 hauling and acre
stacking activity

B/SJL5 Haul and stack alfalfa acreage July 16-23 acre

CH/SJLS5 Hire custom hauling and stacking of acre

alfalfa acreage July 16-23
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H/SJL6 Haul and stack alfalfa acreage July 24-31 acre
CH/SJL6 Hire custom hauling and stacking of acre
alfalfa acreage July 24-31
H/SAU3 Haul and stack alfalfa acreage Aug. 1-7 acre
CH/SAU3 Hire custom hauling and stacking of acre
alfalfa acreage Aug. 1-7
PENALMAS Penalty for swathing alfalfa May 16-23 $/ac.
PENALMAG Penalty for swathing alfalfa May 24-31 $/ac.
PENALJN3 Penalty for swathing alfalfa June 1-7 $/ac.
PENALJNS Penalty for swathing alfalfa June 16-23 $/ac.
PENALJNé Penalty for swathing alfalfa June 24-30 $/ac.
PENALJL3 Penalty for swathing alfalfa July 1-7 $/ac.
PENALJLS5 Penalty for swathing alfalfa July 16-23 §/ac.
PENALJL6G Penalty for swathing alfalfa July 24-31 $/ac.
PENALAU3 Penalty for swathing alfalfa Aug., 1-7 $/ac.
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.The central Kansas linear program model describes with 204 equa-
tions the interrelationships among va;iable costs, yields, farm size,
labor availability, field workdays, and machinery capacity for the
selection of machinery and implement sizes. Three types of equations
that describe a central Kansas farming system for the purpose of
machinery and implement selection are the objective being maximized
(gross returns less variable costs), resource, and transfer. Crops
considered are wheat, grain sorghum, and alfalfa. Land is restricted
to 600 acres of wheat, 600 acres of grain sorghum, and 55 acres of
alfalfa.

Activities considered in the model are crop production, field
operation, field operation transfer, penalties for untimely field
operations, penalty transfer, and crop selling.

Nineteen bi-weekly and twelve weekly labor equations are used to
describe the important labor periods throughout the year in the model.
Labor equations right-hand-side values are defined in terms of field
workdays. Five sets of field workday estimates are studied in the
selection of machinery and implement sizes. Field workday estimates
considered are for an average rainfall year, for higher than average
rainfall years 1951, 1957, 1965, and 1967.

Crop budgets, except machinery and implement variable costs, are
from Kansas State University Extension Publications. Crop prices are
Kansas 1959 to 1976 cumulative average corn-crop price ratios times
$2.00 corn. Machinery and implement variable costs are estimated for

each size considered. Tractor and combine variable costs are repair



and maintenance, 0il and lubrication, and fuel. Implement variable
costs are repair and maintenance.

Machinery and implement selection size possibilities by the model
are tractor, combine, grain drill, row planter, and row cultivator.
Machine and implement size, except tractor, 1s expressed in terms of
effective working width. Tractor size is in terms of power take-off
horsepower units. Six large tractor sizes ranging from 90 to 215 pto
hp are studied. Plow, disk, and springtooth implement widths for each
large tractor size are determined by the means of an implement width
formula before entering the model. Combine selection can be from two
owned sizes, or a custom combine. Grain drill, row planter, and row
cultivator selection possibilities are a function of each large tractor's
size. A machinery capacity formﬁla 1s used to determine the rate (hour
per acre) at which each size of machine or implement can process land or
crops.

Penalty estimates are considered in the model for wheat and grain
sorghum untimely planting, premature and delayed harvest, and the cost
of drying grain harvested at a high moisture level to a storable moisture
content., Alfalfa penalties are for untimely cutting. For each crop's
planting, harvesting, and cutting one period is designated as optimum
and does not contain a penalty.

Results for the average rainfall year show that smaller tractors
farm fewer acres, use more labor, and receive less income. Tractor
sizes always select the widest available grain drill, row planter, and
row cultivator possible. Results for each tractor's size show the

objective value is greater for a year based on average rainfall year's



field workdays than for the higher than average rainfall years 1951,
1957, 1965, and 1967 field workdays. Smaller tractors had wider fluc-
tuations in crop acres selected and income in higher than average
rainfall years than did the larger tractors. Given the 1255 crop

acre restraint, time minimization favors the 215 pto hp tractor,

while income maximization favors the 180 pto hp tractor. Additional
programming shows greater benefits of the largest owned combine over

the smaller owned and custom combine selection choices.



