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CHAPTER I
INTRODUCTION

The state of Missouri was fourth in the production
of market hogs in the United States in 1968. Hogs are
produced in every county and on 40 percent of the farms in
the state. Figure I-1 shows the distribution and intensity
of hog production in Missouri. Two fairly distinct types of
hog enterprises are present in Missouri: the northern
one-half of the state, the feed grain area, is primarily
engaged in the production of market hogs for slaughter; the
southern one-half of the state is recognized as a production
region of quality feeder pigs. Hog receipts account for
about 20 percent of the state's cash farm receipts. The
measure, cash farm receipts, gives no indication of the cash
expenses, depreciation, and other production costs. Net
farm income from the hog enterprise would be a more useful
measure of the relative and absolute contribution of an
enterprise. However, cost data are not currently available
from which net farm income from these sources can be esti-
mated. Once budgets determining the total cost of production
are synthesized for various size hog enterprises, the
relative importance of the hog enterprise can be more effec-

tively evaluated.
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Table A of Appendix C indicates the production,
civilian consumption and per capita consumption of pork for
the United States for selected years. By any measure, pork
is one of the major sources of meat for American families.
It appears the total production of pork has been increasing
over the time period from 1945 to 1967. The production of
pork went from 10,697 million pounds to 12,556 million
pounds in the years 1945 to 1967 respectively. Consumption
decreased from 66.6 pounds per person in 1945 to 58.0
pounds per person in 1966. Per capita consumption in 1968
was 65.8 pounds, indicating a potential change in the trend
for the consumption of pork.

The production of hogs involves much more than
the hog producer, his level of production, and the type
of operation. Individuals employed with farm supply firms
handling hog equipment, buildings, feed, and storage
equipment are affected by the decisions of hog producers.
Non-farm as well as many farm firms involved in the
production of factor inputs used in the production of
swine may be forc2d to alter their businesses to coincide
with the technical system of production chosen by swine
producers;

Still other individuals are employed in the handling
of pork in such activities as transportation, processing,
storage, wholesaling, retailing, and the financing of these

marketing functions. The intensity of these activities and



1.1 million (Table C, Appendix A). An examination of Table
C will show that the number of farms decreased while both
the number of hogs and pigs on farms and the number of hogs
and pigs sold increased from 1945 to 1964.

Two basic structural changes have occurred in the
hog industry (Table D, Appendix A). First, the number of
farms farrowing sows and gilts have declined from 1,839,458
farms in 1945 to 749,714 farms in 1964. Second, changes in
the technique or method of producing hogs resulted in the
Census changing the criteria for‘measurement of the number
of hogs being produced from "sows and gilts for spring
farrowing" to "sows and gilts farrowing (total litters)."
This was necessary due to the adoption of new technology
which allowed hog producers to farrow sows and gilts
throughout the entire year, and to handle multiple
farrowings.

Table E of Appendix A presents a more detailed anal-
ysis of hogs and pigs by size groups for Missouri in 1964.
The majority of the 5,948,667 hogs were raised by producers
falling into the three size groups of hogs and pigs per farm.
These were: 25-99, 100-199, and 200-499 head per farm. The
1968 pig crop for Missouri was 7,404,000 head. The 1967 pig
pig crop was 7,242,000 head. The average number of pigs-per

litter was 7.30 in 1968 compared with 7.37 in 1967.
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JUSTIFICATION AND OBJECTIVES OF THE STUDY

If Missouri's Market Hog Industry is to compete
effectively in the coming decade, with hog producers in
other states and with alternative uses of resources in
other farm enterprises, the amount of capital invested in
growing and finishing facilities will be substantial.
Facilities, especially of the confinement type, are expen-
sive to construct and once completed have few, if any,
alternative uses. 1In addition, the very nature of hog
production entails a high degree of risk both with respect
to disease and price changes.

Missouri hog farmers have been using confinement
units in recent years with varying degrees of success.

When these units are utilized at the levels of capacity

for which they were designed, they appear to have been quite
popular and profitable, although there have been some un-
favorable results with poorly designed units. While these
experiments appear to be economically desirable--farmers
have responded to changes in hog prices in various ways.

With favorable hog prices management often operates
their facilities at higher levels of capacity than for which
they were originally designed. Overcrowding and relatively
poor ventilation results. The incidence of disease in-
creases and the overall level of performance of the growing

and finishing enterprise decreases, resulting in higher



costs per unit of output and lower net returns.

On the other hand many producers have responded to
higher hog prices through an expansion of their plant
capacity (an increase in their physical facilities--the
number and size of buildings, etc.). Many of these pro-
ducers are also experiencing higher costs per unit of output
and lower net returns.

It appears that in both of these cases the physical
and/or economic management factors are contributing to thesé
lower profit levels. However, it is not known at what
specific levels of capacity or intensity of use that these
conditions are most likely to occur.

Before a farmer can make a decision on the hog enter-
prise, knowledge of the expected cost of production and
expected returns under different systems of production would
be desirable. The decision may involve different alterna-
tives within the swine enterprise.

Hog production systems with a capacity of 1,000 or
more hogs require a large capital investment. Cost informa-
tion is vital to producers making decisions with respect to
type of system and the optimum capacity of that system.
Considering the uncertainties and risks involved in hog
production, the high capital and labor requirements, and
recent trends of hog enterprise expansion, the objectives
of this study are: (1) to study the cost-size relationships

for the conventional and confinement systems as a producer



changes from two to four to six farrowings per year;

(2) to

study the cost-size relationship for the conventional and

confinement systems if the producer stays within a given

farrowing intensity;

(3) to analyze the effect of 7.0 pigs

per litter on the costs of production for facilities designed

for 8.5 pigs per litter.

purposes of this study.

DESCRIPTION OF STUDY

phases of farrowing, growing, and finishing.

Six different systems of raising hogs are defined for
These systems are broken into three

The following

presents the six systems and the phases for each system:2

System

System

System

System

Phase 1

Farrowing

pasture-limited
facilities
A-frame house

individual houses
(pasture or dry
lot)

confinement
(farrowing
crates)

conventional
(separate pens,
single bldg.)

Phase II

Growing

pasture-limited
facilities, shade
and self feeder

conventional
(dry lot-open
type shelter)

confinement
(slotted
floors, etc.)
conventional
(dry lot and
open type
shelter)

Phase III

Finishing 3

pasture-limitec
facilities,
shade and self
feeder

conventional
(dry lot-open
type shelter)

confinement
(slotted
floors, etc.)

conventional
(dry lot and
open type
shelter)

2These systems were selected on the basis of direct

observation and consultation with farm management personnel

at the University of Missouri:

Dr. Kenneth Boggs, Dr. C. E.

Harshbarger, Dr. Robert Finley and Mr. John Moorehead.



System 5 pasture-limited pasture-limited conventional
facilities facilities, shade (dry lot-open
A-frame house and self-feeder type shelter)

System 6 pasture-limited pasture-limited confinement
facilities facilities, shade (slotted floors
A-frame house and self-feeder etc.)

This research effort will compare the non-feed costs
of systems 3 and 4, as shown above (the confinement system
and the conventicnal system, respectively) as the capacity3
of either system is expanded through the following sow incre-
ments:? 8, 30, 60, 100, 150, and 200. Under these condi-
tions, the number of hogs produced depends on the number of
farrowings and the capacity level. One basic ration is
assumed for each period such as: growing, finishing,
gestation and lactation. A complete discussion of hog

capacities and swine rations is presented in Chapter IV.

3Capacity in this case is defined as the minimum
physical facilities necessary to farrow the specified
number of sows or gilts at one time, and the facilities
that are required to grow and finish the pigs obtained from
a single farrowing of a set of sows, assuming 8.5 pigs per
litter. However, as multiple farrowings are added--addi-
tional growing and/or finishing facilities are required.

4For the different levels of farrowing the number of .
sows were increased by a multiple of two or three at each
of the selected levels. These were 8, 30, 60, 100, 150 and
200 sow units. For example, four farrowings consisted of
two sets of sows with each set being farrowed twice; and in
the case of six farrowings this would consist of three sets
of sows with each set being farrowed twice.
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DEFINITION OF TERMS

The terms defined in this section will be used

throughout this research:

l.

Fixed costs are those costs which occur at all

levels of output even if no production occurs.
Fixed costs include insurance, real estate taxes,
personal taxes, depreciation, land charges or
rent, operator's labor and interest.

Variable costs are those costs which vary with

the level of output. Variable costs include
such items as feed costs, veterinary expenses,
insurance for marketing, hired labor, fuel and
0il, electricity, machinery repair, death loss,
and iﬁterest on investment in hogs.

Opportunity cost is the return given up for

resources used in hog production equal to what
those resources could earn in their best alter-
native uses.

Total cost is the sum of the variable and fixed

costs and includes an opportunity cost-interest
charge on variable and fixed investments.

Economies of scale refers to declining average

cost per unit of output as output increases when
all productive factors are increased in the same

proportion.



10.

11.

11

Diseconomies of scale refers to an increase in

average cost per unit of output as output
increases when all productive factors are
increased in the same proportion.

Internal economies are those economies which are

a result of action taken by the management of
the firm involving the mix of resources and the
level of resource use within the firm.

External economies are economies which are

related to changes outside of the firm affecting
(covering) the position of the long run cost
curve of firms. External economies occur as the
industry grows due to decreases in the prices
of some factor i;puts and/or increases in the
physical efficiency and/or productivities of

some inputs.

The short run refers to a time period where some

inputs such as plant and equipment are fixed in

amount; a firm can expand or contract its output

only by varying the amounts of the other inputs.

The long run refers to a time period long enough

to permit all inputs to be varied in amount; and
a firm's output can vary from zero to an indef-
initely large quantity. In this case there are
no fixed costs.

The growing period is the period from weaning to

the time when the pigs weigh 100 pounds.



12.

13.

14.

15.

12

The finishing period is the period when the pigs

grow from 100 pounds to the market weight of
220 pounds.

The farrowing period is a period of time one

week prior to giving birth and up to the time the
pigs are weaned (six weeks).

The output of a hog system is the total number of

hogs produced in a year for a given capacity of
operational uniﬁ or the physical capacity of the
operational unit for one production cycle
(farrowing set) times the number of farrowing
sets, farrowed per year. Under the assumptions
of this study, output (number of hogs produced)
can be increased two ways: by increasing the
physical capacity of hog system or by using a
given capacity level more intensively. Thus,
multiple farrowings will achieve the more
intensive use of a given set of facilities.

While it is possible té shorten the growing and
feeding time by more intensive feeding practices,
this alternative was excluded from this analysis.

The conventional system is a production method

(process) in which the building is open on one
side with a solid concrete floor, a concrete
feeding area, automatic feeders and waterers,
and a lagoon may or may not be adjacent to the

feeding floor. This system requires bedding as



l6.

17.

18.

19.

13

the temperature inside the hog house is allowed
to vary with the outside temperature.

The confinement system is a production method

using a building which is completely enclosed,
temperature environmentally controlled, com-
pletely or partially slotted concrete floors,
automatic waterers and feeders. No bedding
is required.

A market hog enterprise refers to the

production of market hogs for commercial
slaughter without regard to crop enterprises
or complementary enterprises.

Multiple litters is the farrowing of two or more

sets of sows, each farrowed two times per year.
The greater the number of farrowings per year,

the more intensive is the use of facilities.

~Management, both the physical aspects as well

as the economic aspects, becomes critical under
these conditions. For hog producers, more
careful sanitation, accurate timing in breeding
and farrowing, and a more rigid and prompt
vaccination program are daily concerns.

A slotted floor is an elevated floor with space

between the boards or slots uniformly spaced
which allows manure and urine to fall through or
to be worked through the slots as hogs walk or

move about in the pen.



CHAPTER II

THEORETICAL FRAMEWORK, SHORT AND LONG RUN
COSTS AND ASSOCIATED CONSIDERATIONS

The theory of production provides the basis for the
study of economies of size. The production process can be
divided into two basic steps. First, the basic technolog-
ical function is the output specified as a function of the
inputs used, such as land, labor, capital, and entrepre-
neural ability. A mathematical statement of this function
may be specified as y = £ (xl, X2, x3,..., XN) or y=f
(land, labor, capital, management). The input-output
relationships specified for technological functions of this
order may be derived from synthesized budget techniques,
survey data, experimental data, linear programming techni-
ques, and statistical analysis. The second step is the
application of prices to the inputs going into the
production function. Price tags on inputs are converted
to total dollar costs, and when related to alternative
levels of output result in dollar costs per unit. This
provides the basic dollar cost estimates associated with

the technological function in producing a given output.

THE ECONOMIES OF SIZE CONCEPT

Economies of size refers to the potential of

reducing costs per unit by specifying variable technological
14
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production functions associated with different capacity
levels. Resources may be employed in varying proportions or
in equal proportion. That is, the same ratio of resources
is not necessarily maintained with respect to the initial
resource mix; the proportion of land, labor, capital, and
management may be variable. Some resources may be increased
while others may be held constant or even decreased. Eco-
nomies of scale, on the other hand, specifies that all
resources are varied in a fixed and similar proportion.
"Returns to scale" is a term reflecting the results of the
effects of scale~--or fixed technological functions at dif-
ferent capacity levels. Thus returns to scale may be
increasing, decreasing or constant.

In this study both short-run cost theory and long-
run cost theory are used as models for estimating costs at
each of the various levels of capacity and intensity of
use. Specifically, short-run costs require some level of
fixed resources with variable levels of the use of inputs
within specific production or accounting periods. Normally,
iﬁ the short-run time period, fixed resources are defined
as those inputs that are of such a nature that they are
either not used up in the process of that production period
or they cannot be changed within a single production or
accounting period. Thus land, buildings, equipment and
breediné stock all become fixed resources while feed,

electricity, water and veterinary supplies are all treated
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as variable inputs because these either are used up during‘

a specific production period or because the manager (opera-
tor) may control the level of their use during that produc-
tion period. In contrast with the short-run cost estimating
model--the long-run cost estimating model prescribes that all
inputs are variable; that is, all of the production inputs
can be changed at any moment of time, or alternatively, that
producers have sufficient time to change all inputs.

Some departure from the usual theoretical models is
made in this study. Feed costs are treated as variable costs
but at constant costs per unit of market hog produced regard-
less of the number of hogs produced and marketed. Moreover,
breeding stock, (sows and boars) is assumed to be a variable
input--even though these animals would not be used up during
one accounting period. The costs of the use of breeding
stock will be treated as fixed costs in this analysis. Thus,
any attempt to measure an optimum size facility for a growing
or finishing operation in the production of hogs will need
to consider both short-run and long-run costs. Some pro-
ducers may be required to start small but, over time, be
able to acquire a larger operation. This analysis should
specify the processes by which this should be accomplished.

Economies associated with size changes arise from
two sources: pecuniary and technical. Pecuniary economies
are not considered as a part of this study. Technical

economies are associated with more effective or efficient
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utilization of the productive capacity of the resources.
Technical economies are associated with (1) the potential
of increased output from a given set of resources resulting
from the division and specialization of labor and (2) the
ability of larger plants to utilize more efficient equip-
ment in production.5 With one man doing the entire
production process, this man must perform several different
operations. As he changes from job to job, inefficiencies
occur. With specialization and division of labor warranted
by increased output, aéditional men are hired. Each man
performs a specified job and output per man increases. _If

factor prices remain unchanged, then costs per unit will

be decreasing. With the addition of new technology in

the form of new or different machines and/or new processes,
costs potentially at least, may be reduced. The cheapest
way of producing a small output does not necessarily involve
nor warrant the use of highly specialized equipment and
methods. As size of plant (capacity) increases, however,
the fixed costs of specialized equipment can be spread over
a larger number of units, making more efficient machines and
processes feasible. Costs per unit may become substantially

lower than was possible with a small size plant.

5Efficiency may be associated with larger equipment
capable of moving or processing a larger number of units in
the production operation, and/or the utilization of equip-
ment that reduces the effective time or amount of waste per
unit of product in the production process.
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Diseconomies of size occurs when further increases
in the size of the firm results in higher costs per unit of
output. Rising costs per unit of output are most often due
to management's inability to control, direct, and coordinate
the operation of the plant. The management may become
specialized into separate departments and the comﬁunication
between departments may not necessarily be optimal. After
a certain size level has been achieved, the difficulties of
coordination by the top management with regard to communi-
cation, decision making, and operational efficiency
increases. Consequently, the long run average cost curve

will tend to be a "U" shaped curve.
SHORT RUN COST THEORY

Jacob Viner assumed atomistic competition and
rational economic behavior on the part of the producer in

6 The

his classic article "Cost Curves and Supply Curves."
assumptions of atomistic competitions are (1) the individual
producer's output is such that he can not affect price; (his

demand curve is a horizontal line and is equal to his price),

(2) the individual producer produces a homogeneous product,

6Jacob Viner, "Cost Curves and Supply Curves," from
Zertschrift fur Nationalokonamie, Volume II (September,
1931), pp. 23-46.
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(3) many firms exist in this industry, and (4) easy entry
and exit intq the industry by any firm is possible. Often
included in the assumptions are equal knowledge for all
firms, perfect mobility of resources, and the objective of
profit maximization. Viner presents short run average cost
curves and the associated marginal cost curve for an indi-
vidual concern. Figure II-1l presents the costs for the
short run for an individual firm of a given size as

presented by Viner.

MC = marginal cost
ATUC = average total unit cost
AFC = average fixed cost
ADC = average direct cost (AVC)
P = price
Price per
unit
MC
ATUC ADC (AVC)
Cost per //</// '
unit Pl \\, Pl
o )
P2 / Pz
/\\AFC

Output

Figure II-1. Short Run Cost Curves

In the short-run for a given size plant, one or more
inputs used in the production of an output are fixed.

Resources are classified as fixed and variable. This allows
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the associated costs to be termed "fixed costs" and .
"variable costs" (direct cost in Viner's article).

In Figure II-1, the curve labeled AFC (average
fixed cost) represents the behavior of fixed costs per
unit as output is increased. The AFC is a rectangular
hyperbola or asymptotic to the axis. The AVC (average
variable cost) reflects changes in costs per unit of output
as output is increased by changing the level of variable
input. With the application of additional units of a vari-
able input to a given level of fixed factors the amount
added to total output with each successive unit of the
variable unit becomes less and less. The AVC has a posi-
tive slope in the relevant stage of production due to the
fact that more of the variable input is required to obtain
each additional unit of output, hence the averaée variable
cost increases. With respect to the fixed factor, more
intensive utilization is required to obtain additional
units of oﬁtput. The additional output can be secured
only by the application of successively more units of
variable inputs. The ratio of variable to fixed input

increases as one seeks to obtain an extra unit of output.
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The summation of the AVC and AFC at each level of
output equals the average total cost.7 The average total
cost is necessarily U-shaped because of the nature of
variable costs, and these are influenced by the law of
diminishing marginal returns. The greater the proportion
the fixed costs are of total costs the greater the pressures
for firms to see: those size plants which will reduce fixed
costs per unit of output as well as total costs per unit
of output. The relative lengths and steepness of slope of
the negatively and positively inclined portions of the
average total cost curve will depend upon the relative
importance of the fixed cost to the total cost as well as
the degrees of sharpness with which the law of diminishing
marginal returns is affecting the total output. The
marginal cost curve represents the change in total costs
for a spegific change in output. The geometry of marginal
cost is such that the curve must go through the minimum

points of the short run average variable cost (SRAVC) and

the short run average cost (SRATC) curves.

7Relationship of AVC and APP

wve _ FX1 X1 PXp ey

Yy y Y APP
X

AVC =

Relationship of MC to MPP

MC = ATVC _ AXPx _ Px _ Px
Ay Ay Ay MPP
Ax
The APP and the MPP are derived from the production function.
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A specific point on a short-run average cost curvé
represents the average cost of producing a specific level
of output with a given size firm at one level of intensive
use. Other points along the short run average cost curve
represent costs as the firm produces at other levels of
intensive use. The lowest point on the short-run average
cost curve is where the firm could produce at least cost.

Each short-run average cost curve represents a given
size and set of fixed resource inputs. By defining a suf-
ficient number of fixed plants and developing their
associated short-run average cost curves, the least cost
size firm can be identified. Figure II-2 shows a series of

short run average cost curves.

SRAC Long Run Average

Cost Curve

1

\ SRAC
\

2 ,IQBAC%/
/“ ‘\/\—/
Cost
per
unit

0 A B Quantity or output
Figure II-2. SRAC Curves for Plants of
' Different Sizes

LONG RUN COST THEORY

All costs are variable in the long run as sufficient

time has passed so that plant capacity can be increased.
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The determinatioh of the long run average cost curve is
basic to the analysis of economies of size. The long run
average cost curve shows the relationship between a firm's
cost per unit of production and its size.

The long-run average cost curve (LRAC) is usually
derived as the tangency of several short-run cost curves.8
The long-run average cost curve shows the least possible
cost per unit at various levels of output when the plant
has sufficient time to grow to any size by changing any or
all of its resources. The plant can vary labor, land,
machinery, buildings, management, and other resources.

In Figure II-2 the darker solid line represents the
long run average cost curve. If a sufficient number of
plants of various sizes are constructed the long run average
cost curve would approach a smooth continuous curve. The
long run average cost curve indicates the optimal plant
utilization. For example, in Figure II-2 output OA can be
produced by plant 1 or 2 with SRACl, and SRAC2 respectively.
If OA is produced by plant 1, it is at its' optimal plant
utilization. If OA is produced by plant 2, this is the most

optimal way for this plan to produce this output in the

8The point of tangency may not necessarily be the
lowest point on the short-run average cost curve. The
points of tangency of the long-run average cost curve repre-
sents minimum cost for operation in the long run, while the
lowest points on the short-run average cost curves represent
least operational cost for the fixed plant.
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short run subject to the output limitations. For output OB,
plant 2 would produce that output because costs are lower
than for any level of output for Plant A. It is feasible in
this case for plant 2 to produce even though it is operated
at less than capacity and optimal utilization. Geometri-
cally the long run average cost curve is a minimum and equal
to the short run average cost curve which is also a minimum.
This point of tangency is the optimum size of plant. Point
A in Figure II-3 is such a point.

Figure II-3 presents a long-run average cost curve
showing the relationship of the several short run average.
cost curves to this curve. To the left of point A, the
minimum point on the long run average cost curve, economies

of size occur, that is, as output and plant size increase

Cost
Per
Unit

0 A Quantity

Figure II-3. The Long Run Average Cost Curve

the average cost per unit declines. Up to output OX the
industry is often described as a decreasing cost industry.
To the right of point A diseconomies of size occur as cost

per unit of output increase as output and plant size
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increase. Another possibility is for the long run average
cost curve to become parallel to the horizontal or the
quantity axis. This parallel portion of the curve reflects;
constant costs per unit of output and a constant cost
industry where one size plant is as efficient as another..

Throughout the length of the long run average cost
curve there are forces that result in economies and forces
that result in diseconomies at each level of output. In the
declining cost portion of the long run average cost curve
the economies outweigh the diseconomies. In the constant
cost phase the economies are equal to the diseconomies, and
in the increasing cost phase the economies are outweighed
by the diseconomies.

COST CONSIDERATIONS WITH REGARD
TO THE HOG INDUSTRY

Individual businessmen frequently differ with one
another regarding their views of costs and profits. Hog
producers are quite typical of most businessmen. Some hog
producers consider only the variable costs of their enter-
prises and do not include opportunity costs or fixed costs.
If only the gross receipts and the operational expenses are
included when computing costs and profits, then the fixed
costs and opportunity costs are excluded. Other hog pro-
ducers--typically those who have been in business a number
of years, include all costs--these producers recognize that

the real cost of producing hogs should include the returns
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that the hog producer forgoes when he commits resources into
his hog enterprise. This is part of the decision making
(judgement) process for which a manager must be responsible.
Costs considerations are viewed differently by hog
producers in the short-run and the long-run. In the short-
run a hog producer can increase the frequency of farrowing,
vary the market weight, or sell feeder pigs (shoats) and
consider only the variable costs whereas in the long-run the
variable, opportunity, and fixed costs must be covered. Fixed
costs are present regardless of the number of hogs produced.
At any plant capacity level--or set of facilities, the total
fixed costs remain constant. As the number of hogs marketed
for a given set of facilities increases, the average fixed
cost per hog decreases. Hence, in the short-run the producer
is concerned almost exclusively with variable costs. Hogs
will be produced so long as the variable costs are paid. If
there are any returns left after variable costs are covered,
these returns can be applied to the fixed costs even though
the fixed costs are not completely paid. Figure II-4 illus-

trates this concept.

o
Cost Py
Per
Unit
$ .
0 Q1 QO 1lbs. of hogs

Figure II-4. Costs Considerations in the Short
Run (Source: Hypothetical)
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If the price of hogs per hundred weight is PO and the cost

curves of the producer are SRATC, and SRAVC he will

1 2'
equate the price of hogs to his marginal cost producing OQO
pounds of pork. With these cost curves and PO for price
the producer is receiving returns sufficient to cover his
variable and fixed costs plus a normal profit. If the

price fell to P the area ODEQl, is the total cost of

1’
producing output OQl' This output level is determined by
the profit rule, marginal cost equals marginal revenue
(MC=MR) . The total revenue is the area OPl C Ql' Total
revenue is less than total cost and the loss is the
area Pl DEC. 1In this case fixed costs have not been
completely covered but the producer is in a better posi-
tion than if he had not produced since the total fixed
costs would have gone unpaid. This is a loss minimizing
case. If this becomes the situation for any length of
time the producer will exit or leave the industry unless
he finds his capital costs of leaving the industry are
greater than the sum of his expected short-run losses.
In this case, he may simply re-value his fixed resources
and keep operating.

If the price per hundred weight falls below OG it

is best to close the plant since the variable costs are not
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being paid.9

If the price goes above PO then excess profits
" will be present and the plant will increase output, using
the same plant. In the long run profits that are in excess
will encourage existing firms to use their facilities more
intensively and to seek larger size operations. Moreover,
new firms will be attracted into this industry. These
actions will shift the market supply curve to the right--
(increased market supply) and will tend toward reducing
price and profits to all firms. Ultimately this process
will result in prices being equal to the minimum average
cost for the most efficient size firms, which for them,
will mean only normal profits.

The theory of production and costs is always an
experimental process for producers where variations in the
quantity and quality of resources available for production
as well as the pfices of factor inputs are subject to
uncertainty. For hog producers both risks and uncertainties

exist as real conditions for business operations.

9Again, if the expected short run losses are less
than the expected direct capital loss incurred by liquid-
ation of the firm, the entrepreneur may "gamble" to stay.
Typically, this situation is rather unique in that it re-
quires that either we redefine the short run or that the
short run loss is a spurious condition that is a result of
almost complete uncertainty. Implied in the average cost
curves is the element of risk as a cost--this is necessarily
a part of the definitions of normal profit as a cost of
production both for variable as well as fixed costs. If
the risks are not fully accounted for in costs then it is
presumed that the firms' costs are not effectively defined.
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Nevertheless, costs can be approximated with some degree

of accuracy and the effects of the theory of production
costs can be specified. Thus the effects of size of firm

on costs is one of the uncertainties and/or risks which

hog producers need to have more information about to conduct

better and more effective business operations.



CHAPTER III
A SELECTED REVIEW OF LITERATURE

Recent developments in the structure of many
industries have resulted in increasing firm size over time.
Large scale specialized operations now exist. A variety of
research studies in agriculture and related areas have been
undertaken to determine if economies of size were present.
These studies show the relationship between cost per unit
of productive output and size.

As examples of economies of size, the following are
reviewed: (1) a 100,000 quart milk processing plant and
various cold storage systems, (2) beef feedlots in Colorado,
(3) cash grain farms in a highly commercialized agriculture,
and (4) confinement finishing of hogs. Additional research
concerning budgets for farrowing, nursery, and growing-
finishing systems are also reviewed. Emphasis is placed on
budgets since this technique is used in this study.

Specific research regarding supplemental heat vs. bedding
is presented as well. All the research reviewed is quite
selective and is an effort to search for knowledge
concerning the use of limited resources to produce a given
output at the lowest cost or to budget different systems of

producing a product.

30
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100,000 QUART-PER-DAY MILK PLANT

Research by Devino and others examined the economies
of size in fluid milk processing for plants above the

100,000 quart-per-day level.lo

This study was selected

for review because it utilized similar techniques of
analysis that are used in the present study. Synthesized
data and the budieting technique were utilized in estimating
costs at various levels of output. Similar procedures were
also used in this study.

Equipment and facilities were selected with the
objective of achieving minimum operating cost per unit.
Four cold storage systems were evaluated to reflect the
advances in material handling technologies in fluid miik
processing. In the Hollywood system, all products were
handled manually. The second system used a palletized
method of handling wholesale production, and retail pro-
duction was handled by the Hollywood system. Additional
systems included loading of trucks by either the truck
drivers or by fork lift machines.

The model plant added labor saving equipment as
long as the present value of the labor saving device was

greater than the investment cost. A capital cost of

loGary Devino, et al., Economies of Size in Large
Fluid Milk Processing Plants. (Vermont Agricultural
‘Experiment Station, MP62, May, 1970).
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6 percent was used and labor was charged at $4.22 per houf.
Investment in equipment including the cost, installation
and shipping was $983,649. The investment in the 100,000
quart-per-day building amounted to $574,120 or $18.48 per
square foot; The 3 acres of land represented an outlay of
$25,000. Cases used for the handling of the milk products
was considered an investment of $64,713. With the output
at 100,000 quart equivalent per day, the cost per gquart
equivalent was approximately $.034 per quart.

Examining the four cold storage systems, the
Hollywood alternative had the lowest daily operating cost
and also the lowest investment at $208,630. The daily
operating costs were $314.07, $361.84, $368.01, and $343.01

for various alternatives presented.
BEEF FEEDLOTS IN COLORADO

An economies of size study of beef feedlots in
Colorado conducted by Hunter and Maddenll found that the
cost per head decreased as the number of cattle fed
increased. The average feeding cost per head fell rapidly
as the size of the feedlot was expanded to 1,500 head.

The objectives of their research was to examine the

internal physical economies of size in the cattle feeding

llElmer G. Hunter and J. Patrick Madden, Economies
of Size for Specialized Beef Feedlots in Colorado. (Agri-
cultural Economic Report No. 91, Economic Research Serv1ce,
U.S.D.A., Washington, D.C., May, 1966).
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industry. Three of their 5 specific objectives were:

(1) to compare the investment and average operating cost
per head for feedlots of various capacities using different
equipment combinations for feeding; (2) to compare the
investment and average operating cost per head for feedlots
of various capacities for specified equipment combinations;
and (3) to determine the least-cost organization and method
of operation for various feedlot capacities.

The analytical procedure used was the synthetic
budgeting technique using hypothetical equipment combin-
ations and different levels of utilization for feedlot
capacities from 135 to 15,300 yearling steers. The day-to-
day costs were processing feed, distributing the feed, and
handling and caring for the steers. Labor required was
charged at the going wage rate. Interest for operating
expense was figured at 6 percent. Data for the operating
cost were obtained from interviews with cattle feeders,
agri-business firms, other research, operators of feed
mills, and the Colorado Tax Commission.

Interest costs on investment in facilities,
machinery, and land was calculated at a 5 percent rate.
Depreciation charges were based on the straight line basis--
10 percent salvage and life ranging from 8 to 20 yéars.
Data for the major investment items were based on actual
purchase cost, prices quoted by lumberyards, wholesalers,

processors, contractors, and machinery dealers.
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The analysis of the Beef Feedlot Study resulted in
2 general conclusions. These were: (1) powerbox feeding
was cheaper than hand feeding when resources were priced at
market rates; and (2) costs were reduced by owning and
operating an appropriate size feed mill in relation to the

number of cattle on feed.

CASH CROP FARMS

In an economy of size study by Carter and Dean,12

37 farmers were interviewed to obtain cost data. Four
acreage classes considered were: 160-320 acres, 320-640
acres, 640-1,200 acres, and greater than 1,200 acres. For
each acreage category a representative set of equipment or
machines were specified. Planning curves (LRAC curves)
were derived by budgeting, linear programming, and
regression methods. The cost curves developed by budgeting
are of particular importance since this was essentially the
approach used in this study.

Farm size expansion was limited in the short run by
the fixed resources of machinery and equipment. The |
capacity of power machinery limited expansion in each of
the 4 size categories. Limitations, institutional in

nature, were government allotments, contracts, landlord

12H. 0. Carter and G. W. Dean, "Cost-Size Relation-
ship for Cash Crop Farms in a Highly Commercialized Agri-
culture." Journal of Farm Economics, XLIII, May, 1961),
264-277.
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requirements, and crop rotations. Labor, operating capital,
land and all other resources were considered variable. The
empirical procedure was to budget costs for the 4 machinery
size groups, then an envelope cost curve was approximated
to the 4 short-run cost curves.

The long-run average cost curve declined rapidly
to an output of about $150,000-$180,000 (750-900 acres),
then the curve tended to level out. For budgeting at the
$100,000, $240,000, and $440,000 output levels, the cost
per dollar of revenue received, respectively, was $0.80,
$0.72, and $0.68. For linear programming, the envelope
curve derived was U-shaped with $0.70, $0.65, and $0.72,

respectively, for the above levels of output. Farms larger
than 1,420 acres or over $240,000 output experienced dis-
economies due to economic and institutional limitations.

If expansion exceeded 180 acres, greater profits
per unit for the farms studied were realized. An operator
in the 750-900 acre range had gained most of the cost
economies available. This means that an operator in this
size range can compete closely on a per unit cost and pro-

fit basis with still larger farms.
SWINE RESEARCH

Research by Bitney and Henderson at the University
of Nebraska on hog operations examined capital requirements,

labor requirements, and cost of production for both the
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conventional system (open front shed with a feeding floor
in front) and the enclosed confinement system.l3

The source of data was from mailed questionnaires
to farmers. Cost estimates were based on replies from 30
farmers using the controlled environment confinement sys-
tem and 92 farmers using the open front shed system with
a feeding floor in front. Of these 122 farmers, 32 farms
were selected and were asked to keep a record of labor
required by their swine enterprise for one week. These
records served as a check against estimated labor require-
ments.

Capital requirements were based on the dimensions
and the characteristics of buildings and equipment actually
used by the producers visited. The data were gathered and
examined by both the cooperator and agricultural engineers.
Three sizes were budgeted for comparison of the two
systems of production. These sizes were 107, 226, and 375
market hogs. (See Table III-1l). This research shows that
the total cost per hog was greatest for the commercially
designed and built system and lowest for the conventional

system for the 3 capacity systems.

13Larry L. Bitney and Philip A. Henderson, Con-
finement Finishing of Hogs Cost Comparison, E. C. 68-835,
University of Nebraska College of Agriculture and Home
Economics, Lincoln, Nebraska, n.d.).
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The building and equipment investment, on an annual
basis, was then examined for the 3 size capacity plants
considering depreciation, equipment, taxes, interest,
insurance, and repairs for building and equipment. For
annual building and equipment costs this research showed
that as the size of the system increased, cost per hog
decreased regardless of whether it was a farm-built unit, a
commercially-constructed environment-controlled structure,
or a conventional system. For the commercially-built
system (10 year life) the cost for buildings and equipment
in the 107, 226, and 375 head capacity systems were respec-
tively $3.54, $3.08, and $2.80 per hog marketed.

Two alternative sets of assumptions were made
regarding feeh conversion rates by hogs in this study.
First, no diffe: :nce between the environment-controlled
and conventional systems existed. Second, a 5 percent
difference in feed conversion in favor of the environment-
controlled systems would exist. A building life of 10 years
and of 15 years were considered for both the equal-feed
conversion assumption and the 5 percent difference in feed
conversion assumption. Table III-2 summarizes the results
of this research.

14 . .
Purdue researchers examined farrowing costs from

the time the sow farrowed to 2l days after farrowing. Five

14R. Daniel, et al., Productivity and Cost of Swine
Farrowing and Nursery Systems, (Research Progress Report
315, Purdue University, Agricultural Experiment Station,
Lafayette, Indiana, September, 1967).
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different enclosed farrowing systems and 1 individual
housing system were studied. The individual-housed sow's
pigs weighed .5 pounds more than the pigs farrowed in the
enclosed systems. Pigs farrowed in the enclosed systems
were similar in weight.

The total costs of the six systems were similar--
about $32.00 per sow and litter. The lower building and
equipment costs of the individual houses were offset by
“higher feed, labor, and bedding costs. The enclosed
systems had higher investment costs, but these were offset
by lower labor and bedding requirements.

The individual houses required about $100 to $200
less investment per sow and litter than the enclosed
systems. With regard to the labor requirement, .66 to 1.75
hours more labor was necessary in the individual house
system when compared with the confinement systems. Table
III-3 gives the budgeted cost projected to 32-sow units for
farrowing systems from 0 to 21 days of age.

Additional work regarding nursery systems was
examined using four different systems.15 Costs were
charged from 21 days of age to 56 days of age. Total costs
were about $0.70 per pig lower in the pole nursery than in
the two enclosed slotted-floor systems and the individual

houses. Death losses in the pole nursery were 1.5 to

151pia.
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2.5 percent higher than in the other 3 nursery systems.
However, these losses were offset by pigs in the pole
nursery because they gained .1l pound per day more than did
the pigs in the 2 enclosed slotted-floor nursery units, and
.16 pound per day more than the pigs in the individual
houses. Table III-4 gives the budgeted costs for 4
different nursery systems.

In another study at Purdue,16 little difference was
shown in the cost of producing hogs using systems ranging
from pasture-portable houses to a completely slotted semi-
controlled environment. The enclosed slotted floors
required 60 percent less labor but required 200 percent
more investment capital than either the pasture-portable
house or pole building systems.

The investment in buildings and equipment for
conventional and confinement systems were compared. The
non-feed costs per hog and the investment costs per hog for
the confinement system were about twice that of the conven-
tional system. However, other savings partially offset the
higher building costs for the confinement system. Total
costs were generally only slightly higher for the confine-

ment system when compared with the conventional system.

16J. E. Kadlec, et al., Comparison of Swine Growing
Finishing, Building Systems, (Research Bulletin 816, Purdue
University, Agricultural Experiment Station, Lafayette,
Indiana, August, 1966).
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Another study compared bedding costs and gas heat
costs in open-front growing-finishing houses.17 The study
began on November 15, 1966 and was concluded on March 9,
1967. The purpose of the research was to determine whether
bedding with no heat or gas heat and no bedding gave a
better rate of gain and feed conversion in open-front
growing-finishing houses.

A 20' by 36' open-front building with a front south
door that extended to within 3' of the floor was used. The
building was divided into 2 sides with 43 pigs per side.
One side was bedded with wheat straw on an as needed basis,
and the other side used a 3,000 B.T.U. gas heater during
the comparison period.

Hogs in the bedded side gained .2 pound per day
faster than the pigs in the non-bedded gas heated side.
Thus the hogs in the bedded side required 15 pounds less
feed per 100 pounds of gain. The bedded and non-bedded
areas required .61 and .64 hours of labor per hog, respec-
tively. The conclusion was that cost per hog was $2.19
higher in the gas heated non-bedded side than in the straw
bedded non-heated side.

Another publication summarized a 4 year study of

the value of bedding and supplemental gas heat in open-front

17H. W. Jones, et al., A Comparison of Bedding vs.
Gas Heat in Open-Front Growing-Finishing Houses, (Research
Progress Report 313, Purdue University, Agricultural Exper-
iment Station, Lafayette, Indiana, September, 1967).
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swine finishing buildings.18 The following conclusions

were set forth: (1) hogs subjected to the bedded open-front
growing-finishing building had a better daily rate of gain
and feed utilization than hogs subjected to the gas supple-
mental heat and no bedding; and (2) the added cost of
obtaining and handling bedding is more than offset by the
improved performance of the pigs that are bedded when
compared with the cost and performance of pigs that have
been given supplemental heat and no bedding.

A considerable amount of research has been done
with segments of the hog production process, with specified
techniques, and with specified building capacity. Specific
research involving economies of size up to approxima£ely
300 market hogs per year for conventional and confinement
facilities has been completed. Hence, research involving
operations up to 10,000 head for the conventional and
confinement systems at different farrowing levels would

seem of value to agriculture.

18J. E. Mentzer, et al., "Evaluation of Bedding and

Supplemental Heat for Growing-Finishing Swine in Open-
Fronted Housing," (Purdue University, Agricultural Exper-
iment Station, Lafayette, Indiana, n.d.).



CHAPTER IV
RESEARCH PROCEDURE AND METHODOLOGY

In this study, budgeting is used as the principle
research technique. All fixed costs and operational costs
were synthesized from data acquired from farmers, agri-
business firms, and professional pebple in engineering,
agronomy, and the animal sciences and from other cost
studies.

Physical production plants for farm enterprise(s)
of specified capacities are being designed each day from
which estimates of the costs of production can be derived.
Estimation of construction costs for buildings and equipment
costs are essential to determine the feasibility of the
actual construction. Included in feasibility costs are
estimates for manpower requirements, or labor. For purposes
of this study, labor was estimated by job analysis, and the
variable or operational costs were estimated by cost
analysis. The coefficients or values for the variable costs
were calculated using both known cost data and technical
information from engineering, agronomy, and the animal
‘sciences. Research by agricultural economists has revealed
that technical coefficients are affected by the management
and the practices used in the production of a product.

Thus, this study attempts to modify purely technical
47
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coefficients and provide better cost data for different
levels of production.

A farmer considering building or adjusting his
swine enterprise has to plan the system and budget to
determine if profits will result, under his limitations
and operational goals. As a farmer considers his swine
enterprise, the follbwing questions should be considered:

(a) How many hogs will be produced and how many

farrowings. per year?

(b) What production system shall be used--pasture,

| confinement, or conventional?

(c) What type of feeding, feed mixing, and manure

handling facilities will be used?

(d) What buildings are needed, and will the

environment be controlled?
SELECTION OF MODEL SIZES - MARKET HOG CAPACITY

Selection of the cabacity size was determined by
considering the smallest number of hogs that would be
likely to be produced, the number of hogs thét are typically
produced, and the potentiai growth of the hog enterprise
up to 10,200 market hogs per year. The Table IV-1l indicates
six capacity levels, the number of sows, and the number of
pigs weaned for the two, four, and six farrowing levels |
per year with the number of pigs saved calculated at 8.5

and 7.0 pigs per litter. Table IV-2 also presents the



seventy-two different budget combinations developed for
this analysis giving the number of market hogs actually
sold or marketed. Table IV-2 has taken into account the

1.2 percent death loss which occurs after weaning.

Table IV-1

The Number of Sows for the Selected Six Capacities and
the Number of Pigs Weaned for Three Farrowing
Intensities and Two Litter Sizes

49

Intensity levels*

Capacity No. of 2 Farrowings 4 Farrowings 6 Farrowings
Level Sows per year per year per year

No. of pigs No. of pigs No. of pigs

8.5 7.0 8.5 7.0 8.5 7.0
8 136 112 272 224 408 336
30 510 420 1020 840 1530 1260

60 1020 840 2040 1680 3060 2520
100 1700 1400 3400 2800 5100 4200
150 2550 2100 5100 4200 7650 6300
200 3400 2800 6800 5600 10200 8400

[<) NS B S VS I S

* 2 Farrowings per year--1 group of sows farrowed twice
per year.

4 Farrowings per year--2 groups of sows farrowed twice
per year.

6 Farrowings per year--3 groups of sows farrowed twice
per year.

DATA REQUIREMENTS AND SOURCES

Data requirements were prices of inputs, technical
input coefficients, and output coefficients. Production

coefficients were obtained from independent research and
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research results available in extension publications by The
University of Missouri, Illinois, Kansas State and Purdue,
and agri-business firms.19 Farm management and production
economists, an agricultural engineer, and an animal science
nutritionist contributed to the development of these
coefficients.

Prices used were those reported by farm supply firms
and by dealers in the Central District of Missouri.
Competitive brand farm supply and equipment catalogs for
1970 were also used to establish reasonable price data.20
All prices were quoted prices. No allowance was made for
trading or the farmer's ability to bargain on various deals

involving purchases of equipment, buildings, or breeding

stock.
BASIC ASSUMPTIONS

To facilitate the budgeting process, the following
assumptions were made for this study:

(1) Capacity levels were based on the assumption
of 8.5 pigs farrowed and saved per sow. However, budgets
were established for both the 8.5 pigs per litter level

and for 7.0 pigs per litter.

19A list of material secured from agri-business firms
can be found in Appendix B, Table A. Extension publications
are cited in the Bibliography.

20A list of material used to obtain prices are given
in the Appendix B, Table B.
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(2) All pigs were fed the same ration regardless
of the production system. The rations met the nutritional
requirement level as recommended by the National Research
Council (NRC) Committee for each weight category of the
market pig and for the various physical conditions for the
breeding stock such as gestation, lactation, and for the
period of time just prior to breeding.

(3) Comparable sets of facilities for a given
capacity level were utilized in the productioh of hogs for
all systems. Costs for farrowing, growing, and finishing
buildings were synthesized for each capacity level with the
number of buildings and facilities dependent on the number
of hogs produced and the intensity of farrowing.

(4) It was assumed that there were no differences
in feed conversion or feed efficiency among the different
production systems. The rate of gain is.assumed to be the
same for all systems and for all size levels within a system,
While some studies show some differences in feed conversion
among different systems, this was not considered to be
within the scope of this study.

In the study done by Bitney and Henderson at
Nebraska, costs were calculated based on an equal feed
conversion for both the confinement and conventional
systems.21 Also a 5 percent better feed conversion rate

favoring the confinement system was calculated,

21op. cit., p. 32.
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Dr. E. S. Bell of the Virginia Polytechnic Institute
in our correspondence wrote,

As you vill note from the publication,

we found that extensive control of the

environmental temperatures did not affect

growth rate when compared to our natural

climate, and therefore have discounted this

particular project.22
Bell's research in southeast Virginia consisted of one
building completely enclosed and equipped to control
temperature at an optimum condition of 65-70°F. Another
building was of the open-shed type construction with its
temperature allowed to vary with the natural weather
conditions. The rate of gain, feed conversion efficiency,
and carcass quality were found not to be significantly
different.

An environmental-controlled system can be designed
and/or managed in such a way that a poorer rate of gain
and feed conversion results when compared with the conven-
tional system. The producer's own management ability may
be the most crucial factor in determining the efficiency

of the actual feed conversion rather than differences

between these two systems.

22E. S. Bell, et al., "Effects of Controlled

Temperatures, Slotted Floors, and Space Allowances on Swine
Production in Southeastern Virginia," Research Division
Report 134 (Virginia Polytechnic Institute, Blacksburg,
Virginia, August, 1969).
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(5) The inputs that go into the hog enterprise
and the output were assumed to be homogeneous. The inputs
of corn, soybean oil meal, labor, and the other facilities
were considered homogeneous. The output was assumed to be
a 220 pound No. 1 market hog.

(6) It was assumed that only the hog enterprise .
was to be examined even though most hog producers have a
regular farming operation. This assumption ignores any
supplementary, complementary, and other competitive enter-
prises.

(7) Volume purchases were not considered, though
some pecuniary economies were built into the models with
such items as electric motors, electricity, and building
capacity. There were dimensional relationshipscausing an
increasing return to size for buildings.

Volume discounts were found in the feed market in

a study by Bursch.23

These discounts took the form of a
single purchase discount, an annual-usage discount, or a
monthly usage discount. Discounts were also present in lieu
of services provided by feed dealers and customer rela-
tionships. Discounts of this type included bulk discounts,

pickup at dealer discounts, pickup at manufacture, and

cash discounts.

23William G. Bursch, "Price Structure and Service
Costs in the Retail Feed Market in Illinois," Research
Report AERR-100 Department of Agricultural Economics,
Agricultural Experiment Station, (University of Illinois,
College of Agricultural, Urbana, Illinois). September, 1969.



55

COST COEFFICIENT ASSUMPTIONS AND METHODOLOGY

(1) Buildings were assumed to last fifteen years
and were constructed new by commercial contractors. The
fact was recognized that many hog producers would assist
or build their own buildings. An o0ld barn or shed can be
remodeled and worked into the hog enterprise, but this
possibility was not considered. Buildings were assumed to
have no salvage value and were depreciated, using the
straight line method. The floors of the buildings were
constructed of concrete. The conventional system's floors
were solid concrete. The confinement system building
floors were concrete, but were partially or completely
slotted. The cost of slotted floors runs close to $0.75
per square foot including reinforcement rods and amorti-
zation of the slotted floor forms.

(2) Repairs and maintenance of buildings were
estimated at 2 percent of the initial cost per year.

(3) Equipment consists of self feeders, automatic
waterers, farrowing crates, augers, electric motors,
heaters and mechanical equipment such as a tractor, manure
handling equipment, a feed grinder, and associated milling
equipment. Equipment was assumed to last ten years with a
5 percent charge of the new price allocated for repairs
per year. At the end of ten years, the items had a 20

percent salvage value. The only exception was the
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ventilation system which was calculated on a fifteen year
base and with a 20 percent salvage value.

(4) Insurance on buildings, equipment and breeding
stock per year was calculated at .05 percent of the purchase
price.

(5) Land charges were calculated on the basis that
each 1,000 hogs required eight acres. Eight acres of land
per 1,000 hogs was assumed necessary for a building site,
lagoon, drainage area, and manure spreading. The land was
valued at $400 per acre and a 6 percent charge for interest
was assumed per year. Taxes per acre were assumed at $4.00
per acre per year.

(6) Bedding or straw was calculated at $0.60 per
sow per farrowing. Straw was budgeted only for the
conventional system.

(7) Labor was the most crucial and the most
difficult factor to measure. Labor coefficients were built
on the basis of secondary sources of data--primarily,
though not exclusively, from research conducted by other
universities.

Job analysis was conducted by estimating the number
of men and the time per man to perform each and every
operation involved in the production of hogs. The operations
Aincluded (a) the cleaning, washing, and bedding of sows;

(b) feeding of sows during lactation, gestation, and prior

to breeding; (c) feeding of boars; (d) feeding of market
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hogs in the growing phase and finishing phase; (e) obser-
vation time during lactation, gestation, farrowing,
breeding period, and the growing and finishing phases;
(f) the time involved with iron shots, worming, castration,
needle teeth removal and erysipelas shots; (g) records;:
(h) repair on buildings and equipment; (i) sorting of hogs;
(j) manure removal and disinfecting. The labor cost was
then charged at $3.00 per hour. While this figure is higher
than shown in other studies, adjustments account for both
inflation and opportunity costs for Missouri farmers.
Coefficients developed by other universities were
also used to estimate labor costs. A study was done at
Purdue University in 1956-57 involving a two litter system

24 with

with sows farrowing in the spring and in the fall.
8.5 pigs born per sow and 6.8 pigs marketed, the average
labor coefficient required for a twenty-eight sow unit was
1.0 hours per each 100 pounds of pork produced. Table

IV-3 shows the labor coefficients for seven different
capacities obtained from 118 enterprises studied. In the
mid 1950s the conventional system was the major method used
in swine production. In Baumons' study, the absence of
known labor inputs for the conventional system required the

use of rough estimates for the conventional technical

labor coefficients. However, the technology used

24Ronald H. Baumons, et al,, "Economies of Size and
Economic Efficiency in the Hog Enterprises," Research
Bulletin No. 699, (Agricultural Experiment Station, Purdue
University, Lafayette, Indiana). September, 1961,
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in the swine industry has changed drastically over the past
fifteen years and labor inputs appear to have decreased
sharply.

In more recent years Purdue researchers budgeted
labor costs for a thirty-two sow farrowing unit.25 Costs
were calculated from farrowing to twenty-one days of age.
Table IV-4 presents the labor input charged at $2.00 per
hour. Labor included time for feeding, bedding, and
cleaning of the sows. The cleaning included preparations
for the next farrowing. The chores that were not included
in the labor charge were hauling manure, grinding, and
hauling feed. Miscellaneous charges included washing and
weighing the sows when entering the farrowing unit, ear
notching the pigs, removal of needle teeth, placing of
iodine on navels, giving iron shots, and weighing the pigs
after birth., With the same assumptions, labor costs were
budgeted for a thirty-two sow herd for the nursery stage
of production. Table IV-5 presents the labor input up to
three weeks of age for confinement and up to six weeks of
age for pole nursery, referred to in the present study, as
the conventional system of farrowing hogs.

Table IV-6 presents the labor data recorded during
each experiment in the comparison of swine growing-finishing
research conducted by Purdue University researchers. Labor

for cleaning and bedding were the actual labor requirements

for the experiment while labor for feeding and observing

25Daniel, et al., op. cit., p. 36.
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Table IV-5

The Labor Cost Budgeted for a 32-Sow Herd Unit For
the Nursery State of Production

3 Week Weaning 6 Week Weaning

Total Partial Pole

Slats Slats Nursery
Labor:
Cleaning and bedding ($) .0 .0 .2
Feeding (§) .08 .08 .12
Cleaning between groups ($) .11 .11 .08
Labor per pig (Minutes) 6.91 8.11 15.62

Source: Daniel, et al., op. cit., p. 36.
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pigs was estimated using other studies and direct farm
observations. From the table one can observe the buildings
having slotted floors (under columns labeled D), and the
partially slotted floor buildings (under columns labeled B)
required twenty to thirty minutes less time per hog for
cleaning and bedding than did the conventional systems.
Six to twelve minutes more observation time was alloted
to the high-density confinement system buildings and pasture
type operations. Buildings (under columns labeled C)
(completely concrete enclosed) required about the same
labor as the conventional systems. The partially slotted
floor buildings under columnC require about ten minutes
less labor than the conventional and pasture systems.

Bitney and Henderson also showed there was a
difference in labor requirements per hog related to the
size of the operation. Labor efficiency increased as the
size of operation increased. Table IV-7 presents the labor
required per hog. The time required per hog included labor
for observation, adjustment of equipment, cleaning and
bedding, washing, spraying, disinfecting, maintenance,
medication, and record keeping. Labor which was not
included was time for feed processing, filling bulk tanks,
or hauling manure.

Table IV-8 shows the labor required for finishing
hogs for the conventional and confinement systems by jobs.

The open front system requires almost twice the labor time
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in comparison with the confinement system. The other labor
item in Table IV-8 was time spent for medicating, marketing,
acquiring hogs, and record keeping. Time for feeding,

feed processing, and manure handling were not included in

Table IV-7

Average Labor Requirements for Three Size Capacities
for Conventional and Confinement Systems
in Nebraska, 1964

Size Labor Required Per Hog
200 # Hog Capacity Environment Conventional
Controlled System System
Minutes Minutes
Group 1 (100-149) 21.0 45.5
Group 2 (150-249) 16.6 29.8
Group 3 (250-800) 16.3 26.0

Source: Bitney and Henderson, op. cit., p. 32.

Table IV-8

Average Labor Requirements by Jobs for Confinement
and Conventional Production Techniques

Labor in Minutes Required Per Hog

Confinement Conventional
Observation and Adjusting 9.6 4.0
Cleaning and Bedding 2.7 22.9
Washing and Disinfecting 1.4 2.5
Maintenance 1.2 .8
Other _2.5 _3.5
Total 17.4 33.7

Source: Bitney and Henderson, op. cit., p. 32.
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Research conducted by Van Arsdall presented labor
coefficients for pasture and confinement systems.26 Of
particular interest was his labor coefficients for con-
finement. Caution must be used with these coefficients as
the data are generally suited to operations ranging from
fifty to 800 litters.

Table IV-9 presents an estimate of the monthly and
annual labor requirements for the confinement system. Van
Arsdall's labor requirements of Table IV-9 were based on a
farm management manual, detailed cost reports, labor records
kept at a research farm, and other research involving
farrowing and slotted floors. The labor coefficients
contain an estimate of 15 percent of total labor requirements
as indirect or overhead labor requirements. Indirect labor
examples are mowing fence rows, care of service drive, and
repair of general farm buildings.

(8) Total death losses were assumed to be 1.2
percent of the total number of pigs weaned at either the
8.5 litter size or the 7.0 litter size for all capacity
levels and all farrowing intensity levels. These losses were

divided assuming that 0.6 percent would occur in the

26R.oy N. Van Arsdall, "Resource Requirements,

Investment, Costs, and Expected Returns From Hog Production
Systems in Illinois, 1965," AE-4074, Illinois Agricultural
Experiment Station, University of Illinois, Urbana, Illinois,
1965.
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100-150 1bs. weight category and 0.6 percent would occur in
the 150-220 1lbs, weight category. Death losses were assumed
to be identical for both the conventional and confinement
systems. This 1.2 percent estimate was based on the percent
death losses used in other research and appeared to be a
reasonable figure for this study.

(9) Costs for the water system were based on the
assumption that one well, pump, and pump house was necessary
for each 3000 hogs. The well and equipment was selected
for a shallow 4" well lasting fifteen years with no salvage
and the pump lasting ten years.

(10) Electricity consumption for electrical motors
and supplemental heat was calculated using the Missouri

University Guide, No. 1400, Electricity Used--Farm and Home

Equipment, 1964. The average kilowatt hours used for five

selected items are as follows:

Item Average KWH Used
Motor 1 KWH per Horsepower
or .35 KWH/ton
Water System 2 KWH/1000 gallons
Grinder Automatic or Hammer 4 KWH/ton
Heat Lamp 6 KWH/day
Hog Waterer (Heat) 200 KWH/season

The charge per kilowatt hour varies as the rate of usage

increases. The rates used in this study were those charged

to farmers by the Boone County Rural Electric Association.
(11) Storage capacity costs were calculated for

corn and soybean o0il meal, Storage costs were based on
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$0.10 per bushel for corn and $3,50 per ton for soybean oil
meal. The cost of storage for soybean oil meal was approxi-
mately the same per pound as corn, These rates were typical
of those charged by commercial storage firms. Estimating
storage costs via this method appeared to be equivalent to
those costs, had the producer constructed, depreciated, and
maintained his own storage facilities. |

(12) Fences were assumed to last fifteen years with
no salvage value. A 2 percent charge of the original cost,
for maintenance costs, was also made. Fences consisted of
steel panels and gates for the growing, finishing, and
farrowing buildings, and of woven wire and posts for the
gestation and breeding areas.

(13) Lagoon costs were calculated on the basis of
15 cubic yards per pig times the given capacity of the
building. Removal of a cubic yard of ground costs between
$0.25 and $0.30.

(14) Costs for breeding stock were calculated as
follows: boars at $400 with $100 salvage and three years
of useful life, and gilts at $150 with $80 salvage and two
years of useful life.

(15) Interest on fixed and variable capital was
calculated at 8 percent per year, Variable Costs were
calculated on a six months basis as the market hogs were

sold prior to reaching six months of age.
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MANAGEMENT ASSUMPTIONS, METHODOLOGY AND PRACTICES

(1) Sows were rebred after weaning with weaning
occurring at six weeks of age. The sows generally can be
successfully bred at the first heat period after weaning.
It was necessary to schedule breeding so that the buildings
were fully utilized. Table IV-10 shows the first farrowing,
the breeding period, and the date when the second farrowing
is due for twelve different periods.

There were no problems in scheduling two farrowings
per year. The farrowing buildings and the growing-finishing
buildings could be used twice in the year with no problems.

Management problems associated with scheduling
building utilization arise with four or six farrowings per
year. Table IV-1l1l gives the days each building would be
occupied. The data follows each farrowing through the
entire finishing process. For example, the first farrowing
in the six farrowing system includes days 1 to 45 in the
farrowing house, days 45 to 105 in the growing building,
and days 105 to 165 in the finishing house. Close examin-
ation of this process reveals that once the system becomes
operational, the entire cycle of six farrowings requires
360 days assuming no breakdown in any of the phases of the
total operation. There are ten days to clean and air out
the farrowing house, but at most, only one day to clean

and air out the growing and finishing buildings. A manager
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Some Possible Dates for Farrow-Breeding and

Refarrowing of Sows in a Year

Sows's First Sow Rebred Second
Farrowing Seven Weeks Farrowing

After First

Farrowing
January 1-15 March 1-15 June 24-July 10
February 1-15 April 1-15 July 24-August 10
March 1-15 May 1-15 August 24-September 10
April 1-15 June 1-15 September 24-October 10
May 1-15 July 1-15 October 24-November 10
June 1-15 August 1-15 November 24-December 10
July 1-15 September 1-15 December 24-January 10
August 1-15 October 1-15 January 24-February 10

September‘1-15
October 1-15
November 1-15

December 1-15

November 1-15
December 1-15
January 1-15

February 1-15

February 24-March 10
March 24-April 10
April 24-May 10

May 24-June 10
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Table IV-11
The Time Schedules for 4 and 6 Farrowings for
the Farrowing House, the Growing Building,
and the Finishing Building

(Two Sets of Sows-Farrowed Twice)

Sow Farrowing Period in Period in Period in

Set Number Days Far- Days Days
# ~owing House Growing House Finishing
1 1 1-45 45-105 105-165
2 2 90-135 135-195 195-255
1 3 180-225 225-285 285-345
2 4 270-315 315-375 375-435
(Three Sets of Sows-Farrowed Twice)
1 1 1-45 45-105 105-165
2 2 60-105 105-165 165-225
3 3 120-165 165-225 225-285
1 4 175-225 225-285 285-345
2 5 235-285 285-345 345-405
3 6 295-345 345-405 405-465
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could keep the pigs in the farrowing house slightly longer
to increase the time of cleaning and disinfecting of the
growing and finishing facilities, This would also decrease
the pressure on the timing involved with six farrowings per
year. While six farrowings could be pushed through the

same buildings as four farrowings, the timing and scheduling
becomes very crucial.

(2) For the gestating sow, 15 square feet was the
minimum space allowed for shelter, The sow's ration also
met the nutritional requirements for her condition. The
gestating sows may be fed either in pens or stalls. The
stalls require extra investment in equipment and more
attention and care by the attendant.

(3) Boar(s) were kept by themselves when not in
use. The boar(s) required 15 to 20 square feet of floor
space plus sufficient area for pasture and exercise. The
boar's maximum use was for forty litters per year with the
most matings in a breeding period set at twenty sows.
Management could keep one or two extra boars to insure a
high conception rate when more than two sows came in heat the
same day.

(4) Care of the sow at farrowing should begin one
week prior to the actual farrowing. Before the sow is
placed in her quarters she is scrubbed with soap and warm
water. The sow is then placed in a pen or farrowing crate
depending on the system. The temperture in the farrowing

house was assumed to be maintained in the 55° - 65°F. range.
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The little pigs for the first week needed a temperature near
80°. To provide the supplemental heat, heat lamps were used,
Sows were farrowed in farrowing crates in the

confinement system. The conventional system used a pen

4 1/2 x 12' x 3' with a corner isolated from the. sow for

the young pigs. When the pigs were born, tincture of iodine
was applied to the naval. Also the ears were notched to
identify the boar and sow.

(5) Needle teeth, two on each side of both the
upper and lower jaw, were removed with a cutting plier
soon after birth.

(6) An iron shot consisting of one c.c. of an iron-
dextron compound was injected intra-muscularly prior to
three days of age. This shot reduces the possibility of
anemia in sucking pigs confined to concrete pens,

(7) Docking of the tail was done to avoid tail
biting. Tails were docked for both the conventional and
confinement systems at the time the needle teeth were
removed and the iron shot administered to the pig.

(8) Castration was done at three-four weeks of age
so that the pigs were healed prior to weaning. The
castration process requires a sharp knife, soap, disin-
fectant, and water.

(9) Vaccination for erysipelas was done one to two

weeks after weaning. Two c.c. of the vaccine is required

per pig for sufficient vaccination.
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(10) Worming was accomplished using a liquid wormer
at two different weight categories. A suitable solution
was used and each pig received one ounce in the two wormings.

(11) The growing phase begins at weaning and ends
when the pig reached 100 pounds. Each pig required 3-4
square feet of floor space in the growing phase, Each pen
was large enough to hold 20-25 pigs, Equipment requirements
included one water space per 25 pigs and one feeder space
per four hogs.

For the confinement operation sufficient ventilation
and heat was provided according to weather conditions,
Automatic feeders and waterers, fully slotted floors,
temperature near 600F., and humidity uncontrolled but at
satisfactory levels were part of the physical requirements,
The conveﬁtional system has the same space, waterers, and
feeder equipment requirements, but the floors are solid
concrete and the south side of the building is open.

(12) The finishing phase begins at 100 pounds and
ends at 220 pounds. The waterer and feed equipment
requirements were one water space per 25 pigs and one feeder
space per four hogs., Six square feet of floor space was
needed for each 100 to 150 pound hog. As the hog reached
150 pounds, 8 square feet was the recommended space

requirement. Pens 16' x 10' were assumed to hold twenty

pigs.
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(13) Manure handling for the conventional and
confinement systems were different. Variations in manure
handling occurs as the hog operation becomes larger in
terms of the number of market hogs produced. The approximate
amount of manure produced daily by a 100 pound live weight
hog was 1/8 cubic foot, or 1.0 gallons, or 7.5 pounds.

Table IV-12 shows the production of manure for pigs of
different ages or weights, sows and boars of different

ages and weights, and for the sow plus her litter.

Table IV-12

Approximate Daily Manure Production for Swine
of Different Ages and Weights*

Waste Production

Age in Weeks Weight Liguid & Solids Solids Only
' (1bs) (gal) (1bs)
Sow and Litter -——— 4
6-9 20-40 .5 .
9-13 40-100 1.0 .
13-18 100-150 1.7 5.8
18-23 150-210 2.1 .

Sow and Boars ———— —— ———
20-52 200-300 2.5 7.5
52 300-500 3 - 8

*The figures in the table are median values for undiluted,
fresh manure without bedding.

Source: Handling Swine Manure, Agricultural Engineer's
Digest, E. C. 69-784, Midwest Planning Service,
Ames, Iowa, April, 1969.
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If solid manure is to be handled efficiently the
so0lid floor must be easily bedded and cleaned. Equipment
such as a manure loader and spreader was purchased to load,
haul and spread the manure on nearby fields. Efficient
handling of manure also involves planning the floor slopes
of the farrowing building, growing and finishing buildings.
Manure in the conventional system is usually handled as a
solid with some of the larger systems (capacities 4, 5, and
6) washing the manure into an adjacent lagoon.

Liquid manure requires a slotted floor—iagoon or
slotted floor-pit combination. Modification of the liquid
system includes a storage facility, a pit, equipment that
will stir and pump, haul, and spread the liquid on nearby
fields. The slope of the floor and proper ventilation are
critical factors in the liquid system. Ventilation is even
more important when stirring or emptying manure storage pits.
The capacity of the storage facility depends on the number
of hogs, size of hogs (manure production), frequency of
emptying, and water added. Some lagoons after eight years
of use have never been cleaned out completely.

FEEDING THE SWINE

Rations specified in this section were rations used
for swine testing or a standard swine ration obtained from
Dr. T. L. Veum, of the University of Missouri Animal
Husbandry Department. The rations were formulated to meet
the minimum nutrient requirements as recommended by the

N.R.C. Committee.



77

The following ration in Table IV-13 is for the boar
at two weights, 125 to 200 pounds and over 200 pounds.
These rations are complete, ground mixed, and pelleted for
self-feeding.

Table IV-14 gives rations for sows for gestation
and lactation periods. Each sow receives approximately
4.0 pounds daily the first two-thirds of gestation and
approximately 5.0 pounds the last one-third of gestation.
Table IV-15 shows<the rations for creep and weaning to
50 pounds, 50-100 pounds, 100 to 150 pounds and 150 to

200 pounds per hog.
RATION COST

Cost of feed per market hog was identical for both
the conventional and the confinement systems. Table
IV-16 shows the rations and costs for all phases of
production for the market hogs, boars, and sows. Costs
per pound are shown for each item in the ration, pounds of
each item in one ton, the cost per ton, and the cost per
head.

The feed costs for the market hog totaled $19.51 with
this distributed in weight categories as follows: Creep--
$1.05: 20-25 1lbs.=--$1.75: 50-100 lbs.--$4.88: 100-150 1lbs.
-=-$4,92: and 150-220--$6.90. The feed costs per boar for
the year was calculated at $62.04. To maintain the sow fqr

a year feed costs of $65.84 were incurred with $29.88



Table IV-13

Rations for Boars-Pounds of Ingredient Per Ton,

Calculated Composition, and the Vitamin

and Antibiotic Mix
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Ingredient Ration Ration
125-200 Over 200
1bs. 1bs.
Corn #2 Yellow 1,622 760
Oats 700
Soybean meal 44% protein 180 120
Meat & bone scraps 50% protein 40 50
Fish meal 60% 40
Alfalfa meal dehydrated 17%
protein (7,500 I.U.Vita) 40 350
Dried whey - 12% protein 40 -
Trace mineral salt* 10 10
Calcium Carbonate 38% CA 12 —-——
Dicalcium phosphate 26% Cal 18% P 6 -
Vitamin Aitibiotic Mix 10 10
Total 2,000 2,000
Composition
$ Crude protein 14.19 14.4
$ T.D.N. 75 .0 64.5
% Ca .69 .59
% Phosphorous .50 .45
Vitamin and Antibiotic Premix
Vitamin A I.U. 1,500,000
Vitamin D I.U. 400,000
Riboflavin gm. 4
Pantothenic acid gm. 8
Nicotimic Acid gm. 8
Vitamin B gm. 20
Antibiotic® gm. (aureomycin
or terromycin) 10
Zinc gm. 55 ppm 50

Source: Rations for Swine Testing, Iowa State University,

February, 1968.
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Rations for Sows During Gestation and Lactation,
Composition Analysis, and Vitamin

Mix-Ton Lots
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Ingredients Sow- Sow-
Gestation Lactation

Yellow Corn #2 1,448 1,358

Soybean 0il Meal 44% 250 250

Meat and Bone Meal 50 50

Dehydrated Alfalfa Meal 17% 200 200

Wheat Bran, 16% 100

Dicalcium phosphate (26% Ca+ 18% P) 20 6

Calcium carbonate 38% Ca 10 14

Trace Mineralized Swine Salt 10 10

Vitamin Supplement 12 12

Total Pounds 2,000 2,000
Analysis

% Crude Protein 15 15.4

% Calcium .89 .77

% Phosphorous .61 .52

Vitamin Supplement Includes
Vitamin A, D and B.

Source:

T. L. Veum, "Standard Swine Rations," University of

Missouri, Department of Animal Husbandry, Columbia,

Missouri, 1969.

designated for gestation, $29.26 assigned to lactation, and

$6.60 for the breeding and keeping period.

of the breeding stock were calculated separately.

The feed costs
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Table IV-16
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Rations for Market Hogs, Boars, and Sows for All Periods

Involved in Production:

Cost Per Pound of Feed; Amount

of Each Item in One Ton; Cost per Ton; and Consumption,
Weight Gain, Days Each Ration Fed, and Cost
Per Pig Per Period*

Ration A--Market Hog

Period--Suckling-Weaning

Weight of Pig--2.5 lbs.

Day Fed--30 days

to 25 1l1bs.

Feed Consumed per Pig--25 lbs.

Total Cost Per Ton--$83.

Cost Per Pig--$1.05

99

Total

Item Cost Per Lbs./Ton

1b. Cost
Corn $ .024 1079.9 $25.92
Soybean meal 44% .05 640.0 32.00
Granulated Sugar .08 110.0 8.80
Meat and Bone Mecl .065 120.0 7.80
Dicalcium Phosphate 26% .06 10.0 .60
Calcium Phos. - 38% Ca .02 10.0 .20
Trace Mineralized Salt .03 10.0 .30
Zinc Oxide 78% Zn 1.30 .10 .13
Vitamin Supplement . 065 16.0 1.04
Aureo Sp-250 1.80 4.0 ,ZLEQ/

-~
/

43 ¥

*All prices in these rations A-H were quoted prices from
a local feed store in Higginsville, Missouri on December

12, 1970.
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Table IV-16 (continued)

Ration B--Market Hog

Weight of Pig--25 1lbs.-50 lbs.
Days Fed--25

Feed Consumed Per Pig--50 1lbs.
Total Cost Per Ton--$69.90

Cost Per Pig--$1.75

Item Cost Per Lbs./Ton Total

1b. Cost

Corn $ .024 1407.9 $33.79

Soybean Meal 44% .05 450.0 22.50

Meat and Bone Meal .065 90.0 5.85

Dicalcium Phosphate 26% .06 13.0 .78

Calcium Carbonate 38% .02 12.0 .24

Trace mineralized salt .03 10.0 .30

Zinc Oxide 78% 1.30 .1 .13
e

Vitamin Supplement ‘\\ 65 14.0 .91
—

Aureo SP-250 1.80 3.0 5.40




Table IV-16 (continued)
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Ration C--Market Hog

Weight of Pig--50 1lbs.-100 1lbs.
Days Fed--30

Feed Consumer Per Hog--150 1lbs.
Total Cost Per Ton--$65.08

Cost Per Pig--$4.88

Item . Cost Per Lbs./Ton Total
1b. Cost
Corn $ .024 1528.9 $36.69
Soybean meal 44% .05 350.0 17.50
Meat and Bone Meal 50% .065 70.0 4,55
Dicalcium phosphate 26% .06 14.0 .84
Calcium Phosphate 38% .02 12.0 .24
Trace mineral salt .03 10.0 .30
Zinc oxide 78% 1.30 .1 .13
Vitamin Suppiement .065 12.0 .78
Tylan 10 1.35 3.0 4.05




Table IV-16 (continued)
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Ration D--Market Hog

Weight of Pig=--100-150 1lbs.
Days Fed--30
Feed Consumer Per Hog--165 lbs.

Total Cost Per Ton--$59.63

Cost Per Pig--$4.92

Item Cost Per Lbs./Ton Total

‘ 1b. Cost

Corn $ .024 1634.4 $39.23
Soybean meal 44% .05 260.0 13.00
Meat & Bone Meal 50% .065 50.0 3.25
Dicalcium phosphate 26% .06 14.0 .84
Calcium Carbonate 38% .02 10.0 .20
Trace mineralized salt .03 10.0 .30
Zinc Oxide 78% Zn 1.30 .1 .13
Vitamin Supplement .065 10.0 .65
Tylan 10 1.35 1.5 2.03




Table IV-16 (continued)
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Ration E--Market Hogs

Weight of Pig--150 lbs. to 220 lbs.
Days Fed--40

Feed Consumed Per Pig--252 1bs.
Total Cost Per Ton--$54.86

Cost Per Pig--$6.91

Item Cost Per Lbs./Ton Total

1b. Cost

Corn $ .024 1746.0 $41.90
Soybean Meal 44% .050 175.0 8.75
Meat and Bone Meal 50% .065 30.0 1.95
Dicalcium Phosphate 26% .06 15.0 .90
Calcium Carbonate .02 14.0 .28
Trace Mineral Salt .03 10.0 .30
Zinc Oxide 78% Zn 1.30 .1 .13
Vitamin Supplement .065 10.0 .65
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Table IV-16 (continued)

Ration F--Boar

Feeding Rate--4 months at 6 lbs. per day
8 months at 4.5 1lbs.

Total Consumption per year--1,825
Total Cost Per Ton--$67.99

Total Cost Per Boar--$62.04

Item Cost Per Lbé./Ton Total

1b. Cost
Corn $ .024 760 $18.24
Oats (rolled) .056 700 39.20
Soybean Meal 44% .05 120 6.00
Meat & Bone Scraps 50% .065 50 3.25
Alfalfa Meal Dehydrated 17% .035 16 .35
Trace Mineral Salt .03 10 .30

Vitamin Antibiotic Mix .065 10 .65
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Table IV-16 (continued)

Ration G--Sow Gestation

Feeding Rate--4 lbs/day for first 75 days of gestation
5 lbs/day for last 40 days of gestation

Total Feed Per Sow Per Gestation--500 1bs.
Total Feed Cost Per Sow Per Gestation--$14.99

Cost Per Ton--$59.98

Item Cost Per Lbs./Ton Total

1b. Cost

Corn $ .024 1448.0 $34.75

Soybean Meal 44% .05 250.0 12.50

Meat and Bone Meal .065 50.0 3.25

Dehydrated alfalfa 17% .035 200.0 7.00
Dicalcium phosphate 26% Ca--

18% Phos. .06 20.0 1.20

Calcium Carbonate 38% .02 10.0 .20

Trace Mineralized Salt .03 10.0 .30

Vitamin Supplement .065 12.0 .78




Table IV-16 (continued)
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Ration H--Sows-Lactation

Feeding Rate--12 lbs. per day for 40 days
Total Feed Per Sow Per Lactation--480 lbs.
Cost Per Ton--$60.98

Cost Per Sow Per Lactation--$14.63

Item Cost Per Lbs./Ton Total
1b. Cost
Corn $ .024 1358 $32.59
Soybean Meal 44% .05 250 12.50
Meat and Bone Meal .065 50 3.25
Dehydrated Alfalfa Meal 17% .035 200 7.00
Wheat Bran 16% .042 100 4.20
Dicalcium Phosphate (26% Ca
and 18% Phos.) .06 6 .36
Trace Mineralized Salt .03 10 .30
Vitamin Supplement .065 12 .78




CHAPTER V
MISSOURI'S SWINE INDUSTRY 1964-1968

The purpose of this section is to examine Missouri's
swine industry with emphasis on those swine producers mar-
keting 300 or more hogs per year. The following items of
Missouri's swine industry were considered: (1) the change
in the number of producers and changes in numbers fed in the
swine industry from 1964 through 1968; (2) the extend of
producer concentration described by the distribution of the
number of producers and the distribution of the number of
hogs fed for the 9 crop and livestock reporting districts
of Missouri from 1964 to 1968; and (3) the entry and exit of
hog producers by size ggoup and district from 1964 to 1968.

Data for this analysis was obtained through Mr.

Glen Grimes, Extension Livestock Marketing Specialist at
the University of Missouri. These are unpublished data
collected as a part of an on-going study of the hog industry
in Missouri by the Agricultural Extension Service. All
producers reporting the number of hogs fed each year are
included in the reports to Mr. Grimes. However, only those
producers, (and the hogs produced by same) feeding 300 hogs
and over per year, were included in this analysis. Since
each individual producer could be identified, changes could
be traced. This classification was used to permit an ana-
lysis of the changes in the number of pigs fed over the

89
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5 year period, and to examine the level of entry and/or exit
of producers. Producers were divided into groups according
to the number of hogs fed per year. These groups were as
follows: 300-399, 400-599, 600-799, 800-999, 1000-1500, and
greater than 1500 head per year. The size groups will be
referred to as A, B, C, D, E, and F, respectively.

CHANGES IN THE NUMBER OF PRODUCERS AND
NUMBER OF HOGS FED 1964-1968

Table V-1 shows the number of producers and the num-
ber of hogs fed in Missouri by size groups from 1964 to 1968.
In 1964, there were 2,309 (total of all producers for the six
size groups) separate hog operations compared with 3,525 in
1968. For the same producers, the total number of hogs fed
in Missouri increased from 1,049,670 head in 1964 to 1,704,490
head in 1968. For the 5 year period (1964 through 1968) the
net entry was 1,216 producers and a net increase of 654,820
hogs fed. 1In nearly all size groups there was a steady in-
crease in the number of hogs fed over the 5 year period. Ex-
ceptions to this were in size groups A and E for 1968, and
for size grbup F for the years 1966 and 1967.

Table V-2 shows the percentage of both numbers of
producers and hogs fed in Missouri by size groups from 1964
through 1968. In 1964 producers in size groups A and B re-
presented 83.7 percent of the total hogs produced. Comparing
this to 1968, producers in size group A and B represented 80.0
percent of the total producers and fed 59.4 percent of the

hogs.
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The number of producers in size groups A and B
increased from 1,937 in 1964 to 2,822 in 1968, and the
number of pigs fed by the same producers increased from
674,280 in 1964 to 1,013,400 in 1968. The percentage for
size group A moved from 57.8 and 39.1 in 1964 to 49.7 and
31.6 for the number of producers and number of hogs fed,
respectively. For size group B, from 1964 to 1968, the
percentage of producers and of hogs fed increased from
26.1 and 25.1 to 30.3 and 27.9 percent, respectively.
Combining size groups D, E, and F for the years of 1964
and 1968, the percentage for the number of producers
and hogs fed increased from 7.9 and 24.5 to 11.7 and
29.8 percent, respectively. The total numbers of pro-
ducers and hogs fed increased in all categories from A
to F, however, the percentage changes indicate that
groups A and F decreased, while groups B, D, and E in-

creased in relative importance.

GEOGRAPHIC DISTRIBUTION OF MISSOURI'S
SWINE INDUSTRY

The principle hog feeding section of Missouri is
that area in Missouri north of the Missouri River. This

area is composed of three crop and livestock reporting
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districts27 of the Northwest, North Central, and the
Northeast.28 In 1968 the Northwest district had 25.4 percent
of all the producers and 25.9 percent of all hogs fed. The
second area of concentration of producers was the Northeast
district with 19 percent of the state's producers feeding
18.1 percent of the total number of hogs fed. Table V-3
does not appear to indicate any significant changes in the
distribution of hog producers and numbers of hogs fed over
this five year period. While some changes appear to have
taken place, the time period is too short to determine if
these changes indicate a trend. Figure V-1 shows the geo-
graphic location of Missouri's swine industry indicating the
percentage of the total for both the number of producers
and the number of hogs fed by districts.

Table V-4 contains the number of producers and the
number of hogs fed in the 9 districts of Missouri from 1964
to 1968. Of the state's 3,525 producers in 1968, 2,115 or
60 percent were located in the districts of the Northwest,
North Central, and Northeast. These 2,115 producers fed

987,670 head or 57.9 percent of the state's 1,704,490 hogs.

In 1968, the number of producers and number of hogs fed in

27The 9 crop and livestock reporting districts of
Missouri are the Northwest, North Central, Northeast, West
Central, Central, East Central, Southwest, South Central,
and Southeast.

28Table V-3 gives the percentage of the number of
producers and number of hogs fed in the nine districts of
Missouri.
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the Northwest, North Central, and Northeast districts were
894 producers and 441,135 hogs; 533 producers and 237,235
hogs, and 668 producers and 309,300 hogs. Contrasting this
to 1964 data, of the state's 2,309 producers, 1,330 or 57.6
percent of all producers were in the Northwest, North
Central, and Northeast districts feeding 58.3 percent
(612,445 hogs) of the state's total number of hogs fed.

In 1968 the Central District had 532 producers.
These producers fed 267,370 hogs. The East Central dis-
tricts had 366 producers and they fed 178,785 hogs, while
the West Central district had 306 producers and they fed
161,405 hogs.

In 1968, the Southwest, South Central, and Southeast
districts had a total of 226 producers or 7.5 percent of the
state's total. These 226 producers fed 109,260 hogs or 6.4
percent of the state's total of all hogs fed.

DISTRIBUTION BY SIZE GROUP AND
DISTRICTS--1968

Table V-5 presents the number of producers and
number of hogs fed by size groups and by district in
Missouri. In 1968, 210 producers were in size group E.

Of these 210 producers, 64 or 30.5 percent were located
in the Northwest district. The Northwest district had 464
(26.5 percent) of the state's total of 1,753 producers in

size group A. The Northwest, North Central, and Northeast
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districts had 1,094 producers out of a total 1,753 producers
in size group A or 62.4 percent. Of the state's 1,069 pro-
ducers in size group B the Northwest, North Central, and
Northeast districts had 623 producers or 58.3 percent of

the total in this size group. For size groups C and D the
three northern districts claimed 58.4 percent and 47.3
percent of the state's producers, respectively.

In the greater than 1,500 size group, the Central
districts had 12 producers feeding 31,500 hogs in 1968.
This was the largest of all the 9 districts in terms of the
number of producers in size group F and second largest with
regard to the number of hogs fed. For size group A the
West Central, Central, and East Central had 126, 245, and
171 producers respectively. For the size groups B, C, D,
and E the West Central, Central, and East Central had,
respectively, the following number of producers: 98, 173,
and 115; 30, 48, and 28; 24, 25, and 20; and 22, 29, and 26.

There was only one producer in the Southern three
districts that fed more than 1,500 hogs. The northwest,
North Central, and Northeast district had 27 producers of
the state's 52 producers in size group F. For size group A
in 1968 the Southwest, South Central, and Southeast had 65,
33, and 19 producers feeding a total of 19,600, 10,000, and

6,050 hogs Northeast, Central, and East Central.
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INCREASES AND DECREASES IN THE NUMBER OF
HOGS FED BY PRODUCERS; AND ENTRY AND
EXIT OF PRODUCERS--1964-1968

An increase was defined as those producers that
increased the number of hogs fed within their size group
and those that increased the number fed into any larger size
group. If a producer was feeding 325 hogs in 1964 and then
fed 375 hogs in 1965, this was defined as an increase in the
number of hogs fed. If this same producer had fed 450 hogs
in 1965 (the producer moved to the next larger size group)
this was also considered an increase in the number of hogs
fed. An entry was counted as an entry only if a producer
reached the minimum level of 300 hogs fed per year. Once
the producer reached the 300 hogs fed per year, any further
increase in number of hogs fed was counted as an increase.
Similarly, a decrease was counted when a producer decreased
the number of hogs fed within the same size group (350
to 325) or if the producer decreased between size groups
(450 to 325). An exit was a producer reducing his operation
below a minimum of 300 hogs fed per year.

For the years 1964 and 1968 four different events
could occur. A producer could increase within his size
group or move to a larger size group (both cases are

increases), a producer was feeding less than 300 hogs and
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could enter any one of the six size groups, a producer coﬁld
decrease within or to a smaller size group (both cases are
decreases), or the producer could feed less than 300 hogs
and be counted as an exit. Table V-6 presents the data for
the number of producers that increased and decreased with
regard to the number of hogs fed and the number of produ-
cers that entered or exited by size group and district
comparing 1964 to 1968. Table V-6, using the Northwest
district and size group A(300-399) as an example, is read

as follows:

a) In column 1, the 53 represents only those
producers that have increased within the 300-399 size group,
1964 vs. 1968,--Northwest district. New entries are exclu-
ded by defination even though the new entries are increases
in the number of hogs fed from less than 299 to 300 and
more.

b) In column 2, the 231 represents the number of
new hog producers that entered size group A, Northwest
district 1964 vs. 1968. These producers entered from below
300 hogs fed per year.

c) In column 3, the 3 represents the number of hog
producers that decreased the number of hogs fed within size
group A or decreased from a larger size group such as B to
size group A.

d) In column 4, the 95 represents the number of

producers that exited the hog industry by feeding less
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than 300 hogs per year.

Two other points shouid be made. The number 24, in
column 1 of size group B, represents increases within--or a
producer in 1964 in size group A increasing the number of
hogs fed to move up to size group B. The number 18, in
column 4 represents those producers that were in size group
B (1964) and then dropped below the 300 hogs fed requirement
(1968). The number 145, in column 2 represents entry from
below 300 hogs fed per year to size group B.

The differences between columns 2 and 4 in Table
V-6 indicates the net entry in the number of producers for
the 5 year period for each size group. For example, the
total entries for the state of 1,838, minus 622 exits gives
a net entry of 1,216 producers. This is the same number
obtained from Table V-7, by subtracting the total number of
producers in Missouri in 1968 from the 1964 estimate, or
3,525 minus 2,309, equals 1,216 new producers that entered
over the 5 year period. For the size groups of A, B, C, D,
E, and F, the entry of producers from 1964 vs. 1968 was
respectively, 524, 462, 99, 59, 67, and 9. Of the 1,216
new producers in the state, 986 had occurred in the size
groups of A and B.

Increases and decreases may also be analyzed from
Table V-6. Almost half of the adjustments for all districts
occurred in the A size group with 156 producers increasing

and 10 producers decreasing. For the 9 districts, the
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increases and decreases in the number of producers affecting
size group A were as follows: Northwest - 53 and 3;
Northeast - 17 and 0; East Central - 30 and 1; North Central
- 13 and 5; Central - 22 and 1; West Central - 10 and 0;
Southwest - 4 and 0; South Central 4 and 0; and Southeast -
3 and 0. The number of producers that increased or
decreased dropped sharply for size group C and above.

Size group B had 86 increases and 35 decreasgs with
the majority of the adjustments occurring in the three
northern and three central districts. This size group won
the second most important group from the standpoint of
adjustments in entry and exit. The same pattern of
adjustment (more adjustments in the Northern three districts
than either the Central, or Southern districts) occurred in
the size group of B, C, D, E, and F, when compared with the
A size group. The total increases and decreases for
selected districts for all size groups show the Northwest
with 90 increases and 24 decreases, the Northeast with 36
increases and 17 decreases, the Central with 44 increaées
and 14 decreases, respectively. For the Southern three
distficts there were a total of 60 producers in size group
C. In the Southwest there were 24 producers, in the South
Central there were 21 producers, while in the Southeast
there were only 15 producers in size group C.

An indication of the rate of growth in terms of the

number of producers and number of hogs fed from 1964 to 1968
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can be obtained when Table V-5 and V-7 are compared. The
total number of producers and the total number of hogs fed
in 1964 and 1968 were 2,309 and 1,049,670; and 3,525 and
1,704,490, respectively. There was a net increase of 1,216
producers and a net increase of 654,820 hogs fed. These
changes represent almost a 55 percent increase in the number
of producers and a 62 percent increase in the number of
hogs.

The principal producing area, measured by the
number of producers, was the Northwest district. The next
three districts ranked by the number of producers were the
North Central, Northeast, and Central. The Northwest dis-
trict was first in total hogs fed followed by the North
Central district.

In summary, changes in both number of producers and
number of hogs, as measured by entries and exits, increases
and decreases, or increases within or decreases within a
size, revealed most of the activity occurred in the 300-399
size group and in the Northern three districts of Missouri.
Table V-8 gives a summary of the net entry of the number of
producers entering the swine industry in 1964 compared with
1968 by size group and the net entry of producers by dis-
trict. The northern three districts followed by the central
three districts had the majority of the new producers. If

analyzed by size groups the A and B size groups had the
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most net entries with 524 and 462 new producers, respec-
tively (difference between entry and exit for that size

group) .

Table V-8

Net Increases in New Producers by Size Groups
and District - Missouri 1964 - 1968

Size Group Entry District Entry
- 300-399 524 North West 320
400-499 462 North Central 128
500-699 99 North East 317
700-999 59 West Central 108
1000-1500 67 Central 173
1500 and up 5 East Central 105
South West 39
South Central 25
South East 1

State's total 1,216 State's total 1,216



CHAPTER VI

BUDGETED RESULTS FOR THE CONVENTIONAL AND CONFINEMENT
SYSTEMS FOR VARIOUS CAPACITIES AND

FARROWING INTENSITIES
ANALYSIS BY CAPACITY

Analysis by capacity refers to the investigation
and comparison of the costs of production as the farrowing
intensity is increased from 2 to 4 to 6 farrowings per
year. As the farrowing intensity was increased the number
of hogs fed increased, and changes in the production
practices and techniques were necessary. These changes are
indicated preceding the discussion of cost for that capacity
level. Both the conventional and confinement systems are
analyzed for each capacity level. Costs will be examined
first for the 8.5 pigs per litter and then the effects of
1.5 pigs less per litter are analyzed in a later section.
The capital required for each capacity, farrowing intensity;

and system is presented in Appendix C, Table S.

Capacity 1

The basic physical differences budgeted for in the
2, 4 and 6 farrowing operations for capacity 1, are given in
Table VI-1l. Capacity 1 consists of 1 set of 8 sows farrowed

twice (2 farrowings), 2 sets of 8 sows with each set
110
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farrowed twice (4 farrowings), and 3 sets of 8 sows with

each set farrowed twice

Table VI-1

(6 farrowings).

Capacity 1--The Physical Operational Differences for
the Conventional and Confinement Systems
as Farrowing Intensity Changed

Farrowing Level

Conventional

Confinement

Processing and
delivery of feed
by commercial
company to self

Processing and
delivery of feed by
commercial company to
bulk tank, automatic

2 and 4 feeders, manure feeding system, lagoon
handled as solids for manure disposal
and spread on
field
Portable grinder Grinder mixer which

6 mixer which unloads feed into bulk
unloads feed into storage tanks and then
self-feeders automatically fed
Conventional Farrowing crates
farrowing corner

2, 4 and 6 of pen isolated
from sow

2, 4 and 6 Tractor and No tractor or

manure spreader

manure spreader

With the exception of the conventional system at the

2 farrowing level, Table VI-2 shows that the average
variable cost per hog remains relatively stable. One of the
reasons for the variable cost being higher in the conven-

tional 2 farrowing level situation was that the labor per
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hog was much higher than in any of the other levels or
systems. The average fixed cost continued to decline per
hog as the facilities were used more intensively. The
average fixed cost for the conventional 2 farrowing system
was $10.23 per hog but these costs declined to $5.92‘per
hog at the 6 farrowing intensity level. The average fixed
cost for the confinement system declined from $6.67 to
$5.38 as the farrowing intensity increased from 2 to 6
farrowings per year.

Figure VI-1 presents the cost per hundred weight
for both systems. As the farrowing intensity increased,
the cost per hundred weight for the conventional and

confinement systems decreased $3.69 and $1.84, respectively.

Capacity 2

The basic differences in the 2, 4, and 6 farrowing
operations for capacity 2 are presented in Table VI-3. This
capacity level consists of one set of 30 sows farrowed twice
(2 farrowings), 2 sets of 30 sows with each set farrowed
twice (4 farrowings), and 3 sets of 30 sows with each set
farrowed twice (6 farrowings).

The physical operations remain the same as farrowing
levels change for capacity 2, but important differences
appear in capacity 2 compared with capacity 1 (Table VI-1).
The grinder and feed mill are stationary and feed is not

~delivered by a commercial feed company. Table VI-4 presents



Figure VI-1l. Cost Per Hundredweight-- Capacity 1,
Conventional and Confinement Systems
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Capacity 2--The Physical Operational Differences for
the Conventional and Confinement Systems as
Farrowing Intensity Changed

Farrowing Level Conventional

Confinement

Stationary auto-
matic hammer
mill--auger wagon

Storage cost
generated at

2, 4 and 6 .10¢/ bu. of corn
and $3.50/ton of
soybean meal

Manure handled as
solids

Farrowing--corner
of pen isolated
from sow

Tractor and
manure spreader

Stationary automatic
hammer mill--auto-
matic auger feeding
system

Storage cost gener-
ated at .10¢/bu of
corn and $3.50/ton of
soybean meal

Lagoon and sow farrow-
ing pit pumped
commercially

Farrowing crates

No tractor or
manure spreader

the basic cost measures for capacity
Table VI-3.

Analysis of Table VI-4 shows

2 as described in

the average variable

costs continuing to decline primarily because the hours of

labor per hog decreased as farrowing

intensity increased.

Labor per hog for conventional system went from 1.48 hours

per hog in the 2 farrowing system to 1l.11 hours per hog at

the 6 farrowing intensity. Labor per hog also declined from

1.32 hours (2 farrowings) to .94 hour per hog (6 farrowings)
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for the confinement system. Fixed costs for both systems
declined as farrowing intensity increased, indicating that
fixed costs were being spread over more units of productién.
The average fixed cost declined for the conventional system
from $7.19 per hog to $4.74 per hog as the farrowing
intensity increased from 2 to 6 farrowings. The average
fixed cost for the confinement system decreased from $7.21
per hog to $5.01 per hog as farrowing increased from 2 to

6 litters per year.

Figure VI-2 shows graphically the cost per hundred-
weight of Table VI-4. The total cost per hundredweight for
the conventional and confinement systems declined from
$18.47 to $16.25 and $18.32 to $16.25, respectively, as

farrowings went from 2 to 6.

Capacity 3

Capacity 3 consists of 1 set of 60 sows farrowed
twice, 2 sets of 60 sows with each set farrowed twice, and
3 sets of 60 sows with each set farrowed twice. The number
of market hogs at 2, 4 and 6 farrowing levels were 1,008,
2,040, and 3,024, respectively. The physical operation of
this capacity is presented in Table VI-5. The major
difference occurred in the confinement system with the
purchase of a liquid manure spreader to handle the manure
for the pits below the farrowing house. The manure from
the conventional system is handled by tractor and loader

with considerable manual labor involved.
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Table VI-5

Capacity 3--The Physical Operational Differences
for the Conventional and Confinement Systems
as Farrowing Intensity Changed

Farrowing Level Conventional Confinement
Mill and process- Mill and processing
ing center center

Feed distributed by Feed distributed by

auger wagon automatic feeding
system
All manure handled Manure--lagoons
2, 4, and 6 as solids
Portion of pen Pits for farrowing
isolated from commercially
sow-farrowing pumped

Farrowing crates

Tank wagon for
4 and 6 : liquid manure
removal

The cost and labor coefficients for capacity 3 are
presented in Table VI-6. The confinement system costs per
hundredweight for the 2 and 4 farrowing levels were highef
than the conventional system. The cost per hundredweight
for the 6 farrowing level was almost identical for both
systems. The average:variable cost per unit remained quite
stable and most of the variation over the three levels was

explained by the change in labor requirement per hog. The
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average fixed cost per hog decreased as the farrowing
intensity increased, but the average fixed cost of the
confinement system is higher than the conventional system.

The labor declined for the conventional system from 1.38 hours
per hog to 1.23 hours per hog as farrowing intensity went

from 2 to 6. The confinement system's labor decreased from
1.00 hours to .94 hours per hog.

Figure VI-3 presents the total cost per hundred-
weight for the conventional and confinement systems. The
total cost per hundredweight for the conventional and
confinement systems as the farrowing levels went from 2 to
4 to 6 were $17.64 and $17.80, $16.55 and $16.72, and $16.25

and $16.22, respectively.

Capacity 4

Capacity 4 consists of one set of 100 sows farrowed
twice, 2 sets of 100 sows with each set farrowed twice, and
3 sets of 100 sows with each set farrowed twice. The number
of market hogs at 2, 4 and 6 farrowings were 1,680, 3,360,
and 5,040, respectively. Table VI-7 presents for capacity 4
the nature of the physical operation for the conventional
and confinement systems.

When capacity 4 is compared with (Table VI-7)
capacity 3 (Table VI-5) a significant difference exists
between these 2 capacities. At capacity 4 the conventional

system becomes almost identical to the confinement system
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Table VI-7

Capacity 4--The Physical Operations and Techniques
Budgeted for the Conventional and Confinement
System--2, 4, and 6 Farrowings

Farrowing Level Conventional Confinement
Farrowing-portion Farrowing crate
of pen isolated
from sow
Stationary mill Stationary mill
Bulk storage Bulk storage
Automatic feeding Automatic feeding

2, 4, and 6 system system
Manure loader and Lagoon for growing-
tractor for manure finishing
removal

Lagoon for growing- Pit for farrowing

finishing house
No tank wagon Tank wagon
Auger wagon Auger wagon

with the exception of ventilation. Lagoons are present for
both systems in the growing and finishing phases. Automatic
feeding systems also have been added as part of the conven-
tional system, Table VI-8 presents the cost and labor data |
for capacity 4.

The confinement system costs for all 3 levels of
farrowing were higher than the conventional systems. The

conventional system's labor requirements were much closer to
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the confinement system reflecting the change in manure
handling. The fixed costs were lower in the conventional
system basically because the confinement system had invest-
ments in ventilation fans and equipment. The average fixed
cost for the conventional system went from $6.66 per hog to
$4.74 per hog as the farrowing intensity went from 2 to 6.
The confinement systems average fixed costs per hog went
from $7.50 to $5.15 as the level of farrowings increased
from 2 to 6.

The costs per hundredweight in both systems
declined as the farrowing level increased. The total cost
per hundredweight for the conventional and confinement
systems were $17.35, $16.65, and $16.16, and $17.86, $17.02,
and $16.21, respectively for 2, 4 and 6 farrowings

(Table VI-8 and Figure VI-4).

Capacity 5

Capacity 5 consists of 1 set of 150 sows farrowed
twice, 2 sets of 150 sows with each set farrowed twice, and
3 sets of 150 sows with each set farrowed twice. The number
of market hogs at 2, 4 and 6 farrowings were 2,520, 5,038,
and 7,558, respectively. Table VI-9 presents the nature of
the physical operation for the conventional and confinement
systems for this capacity.

The basic change of capacity 5 is the addition of

an automatic feeding system to the farrowing house.
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Capacity 5--The Physical Operations and Techniques
Budgeted for in the Conventional and Confinement

Systems--2, 4, and 6 Farrowings

Farrowing Level

Conventional

Confinement

2,

4,

and 6

Farrowing-portion
of pen isolated
from sow

Automatic feeding
system for farrow-
ing house

Automatic feeding
system for market
hogs

Lagoon for grow-
finish

Manual handling of
manure~-farrowing
house

Stationary mill

Farrowing crate

Automatic feeding
system for farrowing
house

Automatic feeding
system for market
hogs

Lagoon for grow-
finish

Pit system used for
manure-farrowing
house

Tank wagon for
liquid manure

Stationary mill

For all previous capacities the feeders were manually
filled. At this level, all housing (farrowing, growing and
finishing) has automatic waterers and feeding system.

The cost and labor data for capacity 5 at the 3
farrowing levels are set forth in Table VI-10. The
confinement system costs were higher for all 3 farrowings
when compared to the conventional system. Labor per hog in

the conventional system is not greatly different than the
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confinement system, since both systems include lagoons and
automatic feeding in the physical operation. Labor in the
conventional system remains slightly higher when compared
to the confinement system because the manure is washed or
shoved into the lagoon. In the confinement system the
manure drops directly into the lagoon under and around the
hog house. Fixed costs are higher in the confinement system
reflecting the added investment in ventilation equipment.
The conventional system has an open front and requires
little or no ventilation equipment other than vents, doors
and windows in the house. Fixed costs for the conventional
system decreased from $6.80 per hog in the 2 farrowing
system to $4.87 per hog in the 6 farrowing system. Costs
for the confinement system also decreased from $7.66 to
$5.29 from the 2 to 6 farrowing range.

The costs per hundredweight for the 2, 4 and 6
farrowings in the conventional system were $16.93, $16.27,
and $15.74 (Table VI-10 and Figure VI-5). The costs per
hundredweight for the confinement system were $17.45,

- $16.57, $16.91 for the 2, 4 and 6 farrowing levels, respec-

tively.

Capacity 6

Capacity 6 was the largest model under investi-
gation. For the 2, 4 and 6 farrowing levels the number of

market hogs produced were 3,360, 6,718, and 10,078,
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Capacity 6 consisted of 1 set of 200 sows

2 sets of 200 sows with each set farrowed

and 3 sets of 200 sows with each set farrowed twice.

Table VI-11 presents the nature of the physical operation.

Capacity 6 physical operation was identical to capacity 5

except on a larger scale.

Table VI-11

Capacity6--The Physical Operations and Techniques

Budgeted for in the Conventional and Confinement

Systems--2,

4, and 6 Farrowings

Farrowing Level

Conventional

Confinement

2,

4,

and 6

Farrowing-portion
of pen isolated
from sow

Automatic feeding
system-farrowing
house

Automatic feeding
system--grow-
finish

Lagoon--growing-
finishing phases

Farrowing crates

Automatic feeding
system-farrowing
house

Automatic feeding
system--grow-
finish

Pit for manure-
farrowing house

Lagoon--growing-
finishing phases

Tank wagons for
manure

3 farrowing levels for both systems are presented.

In Table VI-12 the cost and labor data for the

The
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confinement system had higher average total cost per hog at
the 3 farrowing intensities when compared with the conven-
tional system. The variable costs remained quite constant
as farrowing intensity increased. The fixed costs, however,
exhibited some variation. The conventional average fixed
cost fell from $6.90 per hog at the 2 farrowing level to
$4.75 per hog at the 6 farrowing level--a decrease of $2.15
per hog. The coiifinement systems average fixed cost fell
from $7.84 per hog at the 2 farrowing level to $5.19 per
hog at the 6 farrowing level--a decrease of $2.65 per hog.
Labor for both systems were approximately the same.

The cost per hundredweight for the conventional
system for the 2, 4 and 6 farrowings were $17.12, $16.33,
and $15.74, respectively (Table VI-12 and Figure VI-6).

The costs per hundredweight for the confinement system were
$17.71, $16.78, and $16.03 for the 2, 4 and 6 farrowings,

respectively.

Summary--Capacities 1-6

From the budgets it may be concluded that the cost
and labor coefficients do change significantly with the size
of the operation; i.e., from capacity 1 to capacity 6. The
cost per hundredweight for the conventional system for 2, 4
and 6 farrowings of capacity 1 were $21,54, $18.48, and
$17.85 and for capacity 6, $17.12, $16.33, and $16.74. The
confinement system costs per hundredweight for 2, 4 and 6

farrowings for capacity 1 were $18.92, $17.85, and $17.08
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and for capacity 6 were $17.71, $16.78, and $16.03. These
costs decreased as the number of hogs produced increased,
indicating some economies of size present in the enter-
prise.

The physical labor requirements likewise changed as
the number of hogs increased. The labor coefficients per
hog for capacity 1, conventional system, for 2, 4 and 6
farrowings were 1.89 hours, 1.53 hours, and 1.52 hours per
hog. The labor coefficients for capacity 6 for the conven-
tional system for the same farrowing levels were .83 hour,
.88 hour, and .83 hour per hog. The reduction of labor was
primarily a result of the substitution of the automatic
feeding system and the lagoon for the auger wagon and manual
handling of manure. The labor coefficients for the
confinement systemdecreased but not as much as the conven-
tional system. The confinement system for all capacities
had automatic feeding and lagoons as part of the operation.
Hours of labor per hog in the confinement system were 1.51,
1.16 and 1.22, respectively, for 2, 4 and 6 farrowings. For
capacity 6 the hours of labor per hog, confinement, for the
2, 4 and 6 farrowing levels was .83, .88, and .81 (approx-
imately the same as conventional).

In addition to the changes in cost and labor, the
nature of the hog operation also varied. The greater the
number of hogs fed, the greater the number of labor-saving

techniques introduced. This was particularly true in the
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case with the conventional system. The manure and feeding'
systems involved manual handling (tractor-loader) and auger
wagon prior to capacity 4; however, for capacities 4, 5 and
6, automatic feed handling and lagoons were part of the

system,
ANALYSIS BY FARROWING INTENSITY

Three farrowings systems were analyzed--2, 4 and 6.
A question a farmer may ask is what happens to production
costs if the number of hogs fed is increased but the number
of farrowings per year remains constant? Each farrowing
level from capacity 1 through 6 needs to be analyzed to
answer such a question. The movement by a producer from
capacity 1 through 6 staying with a given farrowing
intensity is much more difficult than remaining with a given
capacity and increasing the number of farrowings. The
concept now becomes one of the long run. That is, in order
to increase the number of market hogs, additional buildings,
additional equipment, and additional breeding stock must be
acquired rather than using the buildings more intensively

by increasing the number of farrowings.

2 Farrowings Per Year

The 2 farrowing operation consisted of 6 different
sets of sows. The sets in terms of the number of sows were

8, 30, 60, 100, 150 and 200 head. Each sow was farrowed
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twice per year and the entire set was farrowed at approx-
imately the same time. Table VI-13 contains the budgeted
results for 2 farrowings for the 6 capacities for both the
conventional and confinement systems. Each capacity level
represents a different mix of resources: different
techniques, different dimensions with regard to buildings,
feeders, and‘augers and different equipment. 1In the 2
farrowing system, all buildings at one time or another were
idle. For example, the farrowing house was used only a
total of 90 days of the year. The growing-finishing
buildings were used a total of 240 days of the year with
the growing-finishing phases of production completed in the
same building.

The average fixed cost for the conventional system
shows some variation but appears to have no significant
direction. This indicates that as one moves from capacity
1 to capacity 6, increasing the number of sows, feed
equipment, and other fixed items, cost would remain close
to a previous level and no real cost decrease per hog would
be realized. The confinement systems' average fixed cost
increased as one moves from capacity 1 to capacity 6. This
infers that larger operation had more invested per hog in
terms of depreciable items than the previous smaller
capacity(ies). Excess capacity exists in the 2 farrowing

system.
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The average variable cost declined as the capacity
level increased. Part of the decline in variable costs can
be explained by lower labor requirements per hog. The
conventional and confinement systems of capacity 1 used
1.89 and 1.51 hours of labor per hog respectively. In
capacity 6 the labor coefficient dropped to .83 hour of
labor per hog for both systems. The variable costs
decreased more than the fixed costs increased, hence the
total cost per hog decreased as the number increased.

Figure VI-7 shows the cost per hundredweight for
the conventional and confinement systems for 2 farrowings
per year. Cost per hundredweight for the conventional
system decreased from $21.54 in capacity 1 to a low of
$16.93 per hundredweight in capacity 5. Capacity 6 cost
per hundredweight was $17.12. The confinement system
decreased from $18.92 per hundredweight in capacity 1 to a
low of $17.45 per hundred weight in capacity 5. Capacity 6
costs per hundredweight was slightly higher at $17.71 per
hundredweight. Some diseconomies of size appear to be
present after capacity 5 was reached. The labor required
per hog increased slightly from capacity 5 to capacity 6.
Sanitation and veterinary costs were higher. For example,
the hygiene cost was $0.27 in capacity 5 per hog as coméared
to $0.51 per hog in capacity 6. Electricity was $0.09

higher per hog in capacity 6 compared to capacity 5. The
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Figure VI-7. Long run Cost Curves for the Conventional and Confinement
Systems Based on 8.5 Pigs per Litter--Two Farrowings Per Year.
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cost of the boar per market hog was $0.40 in capacity 5

compared to $0.60 per market hog in capacity 6.

4 Farrowings Per Year

The 4 farrowing systems consisted of 2 sets of sows
with each set of sows farrowed twice per year at approx-
imately the same time. Capacities 1 to 6 had 2 sets of
sows with eéch set consisting of 8, 30, 60, 100, 150, and
200 head. The number of market hogs went from 268 in
capacity 1 to 6,718 in capacity 6. The 4 farrowing systems
utilized the same farrowing facilities of the 2 farrowing
system. However, extra facilities were needed in the
4 farrowing system for the growing and finishing phases.

It was necessary to separate the growing and finishing
phases by designating specific buildings as for these
purposes.

Table VI-14 presents the labor and cost coefficients
for the 4 farrowing systems for the conventional and
confinement system. The average fixed cost for the conven-
tional system declines for the first 3 capacities from
$6.75 to $5.27. Then slightly higher fixed costs were
incurred for capacities 4 to 6. The average fixed cost per
hog confinement increased from $5.60 to $6.23 per hog. The
average variable cost for the conventional system declined
from $33.91 per hog to $30.30 per hog in capacity 5. Costs

in capacity 6 were $0.10 higher than capacity 5. The basic
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difference is due to the smaller labor requirements of the
larger capacities. 1In the conventional system the labor
coefficient declined to .86 hours per hog in capacity 5
(.02 higher in capacity 6). Likewise the confinement
system's labor coefficient declined from 1.16 hours per hog
to as low as .77 hour per hog in capacity 5. The average
variable cost of the confinement system decreased from
$33.67 per hog in capacity 1 to $30.33 per hog in capacity
5 (capacity 6 was $0.36 higher per hog than for capacity 5).
Figure VI-8 presents the cost per hundredweight
for the conventional and confinement system for 4 farrowings.
The cost per hundredweight for the conventional system went
from $18.48 in capacity 1 to approximately $16.30 in
capacities 5 and 6. The confinement system went from $17.85
per hundredweight in capacity 1 to $16.78 per hundredweight
in capacity 6. From the budgets it was apparent that some

economies of size were present.

Comparison of 2 and 4 Farrowings

A comparison of the 2 and 4 farrowing systems for
average fixed cost, average variable cost, cost per hundred-
weight and labor are shown in Table VI-15. The 4 farrowing
system uses the farrowing house a total of 180 days of the
year. Each growing and finishing building was used 240 days
of the year. Since the farrowing house was used 90 days
more by the 2 additional farrowings, the average fixed cost

per hog for all capacities in the 4 farrowing system was
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less than for the 2 farrowing'system. A producer going
from 2 to 4 farrowings in capacity 1, using the conventional
method, would reduce his average fixed cost by $3.48 per
hog. A producer, in the confinement system capacity 1,
would lower his average fixed cost per hog by $1.07 by
increasing the farrowing intensity to 4. Likewise, a
producer in capacity 6 would lower his average fixed cost
by $0.34 per hog and $1.61 per hog for the conventional and
confinement systems, respectively. For all six capacities
the producer would lower the fixed cost per hog by at ieast
$1.00 regardless of his system of production, by increasing
the farrowing intensity to 4 and making the adjustment in
the growing-finishing setup.

Average variable costs followed the same pattern as
average fixed costs. The average variable costs for the
4 farrowing system were considerably lower for capacities 1,
2 and 3 when compared with the 2 farrowing system. For these
3 capacities the average variable costs were from $1.15 to
$3.24 lower per hog. For capacities 4, 5 and 6 the variable
costs ranged from $0.15 to $0.58 lower for the 4 farrowings
per year compared with the 2 farrowing system. Variable
costs were lower in the 4 farrowing system as the labor
requirements were less, savings in electricity were realized
as the kilowatts used increased, and more effective use was

made of the boar.
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Since both variable and fixed costs were lower for
all 6 capacities for both systems, the total costs per hog
and/or the costs per hundredweight for the 4 farrowing level
were less when compared with the 2 farrowing system. For
the conventional system, capacities 1, 2, 3, 4, 5 and 6
would realize lower cost per hundredweight by $2.97, $1.61,
$1.09, $0.70, $0.66, and $0.79, respectively, by changing
from 2 to 4 farrowings per year. Capacities 1, 2, 3, 4, 5
and 6 of the confinement system would reduce the cost per
hundredweight by $1.07, $1.41, $1.08, $0.84, $0.88, and

$0.93, respectively, by changing to 4 farrowings.

6 Farrowings Per Year

The 6 farrowing system consisted of 3 sets of sows
with each set of sows farrowed twice per year. Capacities
1 through 6 had 3 sets of sows with each set consisting of
8, 30, 60, 100, 150 and 200 sows. The number of market hogs.
ranged from 404 to 10,078 head. The 6 farrowing system
utilized the same farrowing house and the same number of
growing and finishing buildings as the 4 farrowing system.
However, pressure on the manégement increased because this
level of intensity requires the sequence or timing of the
operation within narrow limits in order to utilize the same
facilities as the 4 farrowing level of intensity.

Table VI-16 presents for capacity 1-6, conventional

and confinement systems, the cost and labor coefficients.
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Average fixed costs for the conventional system declined
through the first 3 capacities from $5.92 per hog to $4.57
per hog. The average fixed cost per hog for the confinement
system was quite close to $5.20 per hog for all capacities
(the range was from $5.38 to $5.01 per hog). The conven-
tional system's average fixed costs declined from $5.92 per
hog in capacity 1 to $4.57 per hog in capacity 3. The fixed
costs per hog in capacities 4, 5 and 6 were $4.74, $4.87,
and $4.75 respectively. The increase in average fixed costs
from capacity 3 (60 sows base) to capacity 4 (100 sows base)
can be explained by $0.09 higher feed equipment costs per
hog, $0.18 higher manure handling costs per hog, .$0.04
higher depreciation costs per hog for the farrowing house,
and $1.01 higher depreciation costs per hog for the growing-
finishing houses. Some of the other fixed costs decreased |
$0.01 to $0.02 and others varied less than $0.01 per hog.
The increase for manure handling was the result of lagoons
becoming part of the physical operation in addition to

the manure spreader and tractor. From capacity 4 to 5,

the fixed costs increased $0.13 per hog. This increase

was caused by a physiological factor affecting the breeding
cost of the boar. The boar cost was $0.24 per hog in
capacity 4 and $0.40 per hog in capacity 5. In capacity

6, the boar charge was $0.10 less or $0.30 per hog as the

boar was more effectively used in the breeding of sows.
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The average variable costs per hog for hoth systems
showed a general decrease as the number of hogs marketed
increased. For the conventional system, average variable
costs per hog for capacities 1 through 6 was $33.34, $31.00,
$31.17, $30.78, $29.76, and $29.88, respectively. The
smaller labor requirement for the larger capacities
explains the majority of the difference in variable costs.
Hours of labor per hog for the conventional system went
from 1.52 in capacity 1 down to .76 in capacity 5 (capacity
6 was only slightly higher). For the confinement system,
average variable costs per hog declined as capacity went
from 1 to 6. The average variable costs per hog were
$32.20, $30.73, $30.50, $30.82, $29.87, and $30.08, respec-
tively, for capacities 1 to 6. The hours of labor per hog
in the confinement system was 1.22, .94, .95, .73, and .81,
respectively, for capacities 1 to 6. For capacity 6, more
time was allotted for disinfecting and sanitation. Since
the number of hogs produced was near 10,000 head extra care
was taken in the sanitation part of the production operation.
The drop in hours of labor from .95 to .73 per hog was due
to the addition of the automatic feeding system to the
farrowing house.

Figure VI-9 shows the cost per hundredweight for the
conventional and confinement system for 6 farrowings per
year. The costs per hundredweight for the conventional

system for capacities 1 to 6 were $17.85, $16.25, $16.25,
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$16.15, $15.74, and $15.74, respectively. The confinement
system costs per hundredweight were $17.08, $16.25, $16.22,
$16.21, $15.93} and $16.03 for capacities 1 to 6, respec-
tively. A large drop in costs occurred from capacity 1 to
2, then ;eveled out and remained quite constant for the
remaining 4 capacities. Most of the economies of size were
realized at 1,500 market hogs with the 6 farrowing system
after which few economies were apparent. There was a slight
indication of diseconomies appearing in the confinement
system from capacity 5 to capacity 6. At capacity 2, the
cost per hundredweight was identical for both systems of
production. For capacity 2 a producer would be indifferent
as to which system should be used to produce the 1,515
market hogs. The choice would depend on the availability
of capital and labor to the producer. The conventional
system requires more labor while the confinement system
requires more capital. Above the 1,515 market hog level of
production the conventional system had lower costs per
market hog. Using the volume concept and multiplying the
amount of the lower cost per market hog produced by capac-
ities 3, 4, 5 and 6, a significant reduction in cost is

possible using the conventional system.

Comparison of 4 and 6 Farrowings

Differences in costs and labor requirements between
the 6 farrowing system and the 4 farrowing system are shown

in Table VI-17.
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The 6 farrowing system uses the farrowing house a
total of 270 days of the year. Each growing and finishing
house was used 360 days of the year. Since.the farrowing
house was used 90 days more in the 6 farrowing system than
in the 4 farrowing system and the growing and finishing
house 120 days more, the average fixed costs per hog for
all capacities was léss. A hog producer going from 4 to 6
farrowings in either system could reduce his fixed costs
from $0.22 to as much as $1.08 per hog. The average fixed
costs in the conventional system could be lowered by $0.83,
$0.82, $0.70, $0.88, $0.62, and $0.81 from capacities 1 to
6, respectively, by increasing the farrowing level from 4
to 6. The average fixed costs for the confinement system
could be reduced by increasing the farrowing intensity from
4 to 6 for capacities 1 to 6 by $0.22, $0.98, $1.00, $1.08,
$0.84, and $1.04, respectively. Hence, a producer couid
reduce his fixed cost by using his facilities more inten-
sively; i.e., increase the number of farrowings.

Average variable costs per hog followed the same
downward trend as average fixed costs per hog as farrowing
intensity increased from 4 to 6 per year. The variable
costs did not change as much when a producer moved from the
4 to 6 farrowing level, as compared with the change in
variable costs when the producer moved from 2 to 4 farrow-
ings per year. The labor requirements per hog did not

change much as the farrowing intensity increased from 4 to
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6 per year. Average variable costs were approximately
$0.50 less per hog due to a slightly smaller labor
requirement, a lower electrical cost and opportunity
interest charged on a smaller total variable cost figure.

By increasing the farrowing level from 4 to 6, the
costs per hundredweight decreased in the confinement system
by $0.77, $0.66, $0.50, $0.81, $0.59, and $0.75 for
capacities 1 to 6, respectively. For the conventional
system, decreases in the costs per hundredweight were $0.63,
$0.61, $0.30, $0.50, $0.53, and $0.59 for capacities 1 to 6.
No change in buildings was required between the 4 and 6

farrowing levels of intensity.
LABOR REQUIREMENTS PER HOG (8.5 PIGS PER LITTER)

The labor required per hog varied with the farrowing
intensity and with the number of hogs produced by a given
farrowing system. Changes in the labor requirement per hog
for a given farrowing level as the number of hogs increased
in either the conventional or confinement system could be
important to individual producers. If these changes are
substantial, then some estimate of the capital-labor substi-
tution ratio would be useful as more capital or labor
saving devices were adopted in each system. A comparison
of the labor required per hog for the conventional system
(capacities 1 to 6) with the confinement system (capacities
1l to 6) for the 3 farrowing intensities revealed some

important differences.
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Table VI-18 shows the labor required per market hog
for the conventional and confinement systems of production,
at 2, 4 and 6 farrowings with the number of pigs per 1litter
at 8.5 for capacities 1 to 6. The labor coefficient
generally decreased as the producer went from capacity 1 to
capacity 5. Capacity 6 was slightly higher than capacity 5
for all cases, due to extra care with respect to sanitation
and time involved with handling additional hogs. For the 2
farrowing conventional system, 8.5 pigs per litter, the
hours of labor required per hog were 1.89, 1.48, 1.38,
1.08, .82, and .83 for capacities 1 to 6, respectively. As
a producer moved from capacity 1 to capacity 6, changes in
the technique of production were made. Among the changes
were autométic feeding systems and lagoons for the conven-
tional system. Increased use of capital reduced the amount
of labor required by 1.06 hours per hog from capacity 1 to
6. For the 2 farrowing level, confinement system, 8.5 pigs
per litter, the hours of labor per hog for capacities 1 to
6 were 1.51, 1.32, 1.00, 1.05, .79, and .83, respectively.
With the addition of capital the labor coefficient was
reduced; the difference from capacity 1 to 6 being .68
hours per hog. The confinement system for all capacities
included the automatic feeding system and lagoon. Part of
the explanation for the labor reduction was the addition of
the automatic feeding equipment in the farrowing house.

For capacities 4, 5 and 6 the labor coefficients for the
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conventional and confinement systems were about the same.
For these 3 capacities the techniques of production and
equipment were nearly the same.

Figure VI-10 presents the labor required for the 2
farrowing system for the confinement and conventional
systems as the size of operation increased from capacity 1
to capacity 6. The confinement system has lower labor
requirements than the conventional system fo; all production
levels except for capacity 6. For capacity 6 the labor
requirement was identical for the conventional and confine-
ment methods of production. Within the confinement system,
capacities 3 and 4 had nearly identical labor requirements. -
In capacity 4, additional labor was allotted over and above
the amount required per hog in capacity 3 for sanitation
and cleaning. The farrowing houses of capacity 4 were in
multiples of 50 sows instead of the previous 30 sow units
and other buildings were also larger, requiring the extra
care in disinfecting and sanitation. Likewise, some
additional time per building was required for feeding and
walking to and through the larger buildings. Labor in the
conventional system dropped significantly from capacity 3
to 4 because of the addition of lagoons into the hog
facilities. |

The 4 farrowing level's labor per hog followed the
same pattern as the 2 farrowing level, as the farrowing

intensity increased for a given capacity and the number of
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hogs fed increased; except that the range in labor required
per hog was smaller. Thus adjustments in the handling of
feed and manure were made to reduce the physical labor
requirements. The 4 farrowing conventional system, 8.5
pigs per litter, required 1.53, 1.21, 1.24, 1.06, .86, and
.88 hours per hog for capacities 1 to 6, respectively.
Labor per hog was reduced by approximately .65 hour per hog
from capacity 1 to 6. The confinement system's labor per
hog for capacities 1 to 6 were 1.16, .95, .94, 1.01, .77
and .88 hours, respectively. The labor per hog was only
.28 hours less per hog for capacity 6 when compared with
capacity 1, indicating that most of the labor saving
techniques were utilized for‘the 6 capacities.

Figure VI-11 represents the labor required per hog
for the 4 farrowing system for the conventional and
confinement method of production. The confinement system's
labor requirement was lower for the first 5 capacities but
remained unchanged from capacity 5 to capacity 6 when
compared with the conventional system. The confinement
systems' labor per hog increased from capacity 3 to capacity
4. The results of the analysis for capacities 3 and 4 were
about the same as shown for these capacities in Figure
VI-10.

The labor coefficients per hog for the conventional
and confinement systems, 6 farrowings per year, showed

little difference when compared with the 4 farrowing system.
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In some instances the labor coefficient was slightly higher
and in others, slightly lower. Comparing the confinement
and conventional system, 6 farrowing, capacities 1 and 3
have .30 and .28 hour differences per hog. Comparing
capacities 2, 4, 5 and 6 for the confinement and conven-
tional systems, the labor coefficients were about the same.
For capacities 4, 5 and 6 the labor saving techniques were
used in both systems, since the number of hogs fed justified
their installation. Hence, the labor requirements were
nearly identical. Capacities 1, 2 and 3 at the 6 farrowing
intensity had modifications in production involving labor
due to the larger number of hogs fed when compared with the
2 farrowing system. Thus, the labor coefficients are below
the 2 farrowing system for these 3 capacities.

Figure VI-12 presents the labor coefficients for
the 6 farrowing levels for the confinement and conventional
system and for capacities 1 to 6. The conventional system
had slightly higher labor requirements for all capacities
when compared with the confinement system. The conventional
system had an increase in the labor coefficient from 1.11 to
1.23 hour per pig from capacity 2 to capacity 3. Labor
requirements for capacity 3 were higher for gestation obser-
vation, feeding during lactation, manure handling and
disinfecting, when compared with capacity 2 and also when

compared with capacity 4.
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LABOR COEFFICIENT PER HOG (7.0 PIGS PER LITTER)

The bottom portion of Table VI-18 contains the
labor requirements for the confinement and conventional
systems, capacities 1 to 6, for an average of 7.0 pigs per
litter. The same physical plants were assumed for the 7.0
pigs per litter as in the 8.5 pigs per litter. Hence, a
question is posed: with a hog operation designed and
constructed for 8.5 pigs per litter how are the labor costs
affected if only a litter size of 7.0 pigs was the actual
level of output per sow? Many, if not most, of the labor
using jobs will require the same amount of time and effort.
These include the cleaning, bedding, washing of the sow,
feeding the sow during gestation, lactation, and the
breeding period, feeding the boar, records, repairs and
maintenance, and observation during lactation and gestation.
Total labor for a given capacity will be reduced only
slightly in the feeding of the growing and finishing hogs,
cleaning of growing and finishing facilities, and in the
observation of the growing and finishing phases of
production. The total labor for a given capacity will be
less for castration, iron shot, needle teeth, vaccination,
and sorting and loading of market hogs. With the labor
recalculated for the smaller litter size, the labor per
market hog was higher than the 8.5 pigs per litter by .33‘

hour (capacity 1, 2 farrowings, conventional) to .12 hour
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per hog (capacity 5, 6 farrowings, confinement). If a
producer has sows that will produce an extra 1.5 pig per
litter, these pigs require much less labor per pig than an
operation in which the sows farrow a smaller size litter,
indicating economies in labor.

PRODUCTION COST FOR 7.0 PIGS PER LITTER USING THE

FACILITIES DESIGNED FOR 8.5 PIGS PER LITTER

What would happen to production costs if the system
was used at less than 100 percent of capacity due to circum-
stances resulting in 1.5 fewer pigs per litter? Labor has
been examined in a previous section with the conclusion
that the labor per hog will be from .12 to .33 hour per hog
higher depending on the system and capacity level. Thus,
labor costs per hog will be higher with the smaller number
of pigs farrowed per litter.

Analyzing costs by variable and fixed costs will
give an indication of how the production costs change. The
total fixed costs remain the same regardless of the number
of hogs fed. However, this fixed amount is divided by a
smaller number of hogs produced and, hence, fixed costs per
hog increase.

Some of the total variable costs remain about the
same. The amount spent for electricity, repairs and
maintenance, feed for the breeding stock, heat bulbs,
bedding, and disinfectant will remain identical for 7.0

pigs per litter and 8.5 pigs per litter. The total amount
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spent on feed for market hogs, storage costs, and certain
items used in sanitation will be less, reflecting the
smaller number of hogs produced.

Table VI-19 compares the costs per hundredweight
of 7.0 pigs per litter to 8.5 pigs per litter for the
conventional and confinement systems for 6 different capac-
ities and 3 farrowing levels. The cost per hundredweight
was increased by approximately $1.50 per hundredweight or
approximately $3.30 per hog due to smaller litter size.
The range was from $0.84 cents to $2.50 per hundredweight.
These differences point up the important feature that
management should select sows on the basis of producing
large litters,and then, once the pigs are born, management
should make every effort to save as many pigs as possible.

Table VI-20 is a summary table presenting the |
variable costs, fixed costs, total costs per hog, total
costs per hundredweight, and labor per market hog for the
6 capacities, 3 farrowing intensities, and 2 litter sizes
for the conventional and confinement systems. In addition
to Table VI-20, appendix C contains the variable and fixed
costs for each capacity and farrowing level. (Table A
through Table R). Table S of appendix C presents the
capital needed for buildings, equipment, fences, and

breeding stock.
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Comparison of the Cost Per Hundredweight of 7.0 Pigs Per
Litter to 8.5 Pigs Per Litter--Conventional (CV) and

Confinement (CF) Systems, Capacities 1 to 6

for 2-4-6 Farrowing Levels

2 4 6
a)Farrow a)Farrow a)Farrow
b)Difference b)Difference b)Difference

a b a b a b
Capacity
CvV 8.5 $21.54 $18.48 $17.85
cv 7.0 24.04 $2.50 20.21 $1.73 19.15 $1.30
CF 8.5 18.92 17.85 17.08
CF 7.0 20.85 1.93 18.69 .8 18.54 1.46
Capacity
Cv 8.5 18.47 16.89 16.25
Ccv 7.0 20.30 1.83 18.33 1.44 17.65 1.40
CF 8.5 18.32 16.91 16.25
CF 7.0 20.11 1.79 18.40 1.49 17.65 1.40
Capacity
CvV 8.5 17.64 16.55 16.25 '
cv 7.0 19.28 1.64 17.99 1.44 17.60 1.35
CF 8.5 17.80 16.72 16.22
CF 7.0 19.47 1.67 18.20 1.48 17.57 1.35
Capacity
CVv 8.5 17.35 16.65 16.15
cv 7.0 18.96 1.61 18.07 1.42 17.47 1.32
CF 8.5 17.86 17.02 16.35
CF 7.0 19.58 1.72 18.53 1.51 17.72 1.37
Capacity
CV 8.5 16.93 16.27 15.74
Ccv 7.0 18.45 1.52 17.62 1.35 16.91 1.17
CF 8.5 17.45 16.57 15.98
CF 7.0 19.08 1.63 17.99 1.42 17.28 1.30
Capacity
Cv 8.5 17.12 16.33 15.74
cv 7.0 18.67 1.55 17.69 1.36 16.98 1.24
CF 8.5 17.71 16.78 16.03
CF 7.0 19.39 1.68 18.22 1.44 17.33 1.30




164

A8k Sh6" 1 €T 01T €96" 69°T 71 8T 1 00°T %91 8€°'T (7534) 3oy pe3ovaew 1ad ioqe]
LS LT 22791 09° LT §T°91 0C°8T TL°9T 66°LT §6°91 Ly°61 08°LT 8¢ 61 %9°LT $ y81empaipuny 13d 3s0)
99°8¢ 69°6¢ ¢L°8¢ wL°GE %0° 0% 6L°9¢ LS 6€ 0%°9¢ £€8°CY ST 6¢ [AANA 18°8¢ $ 8oy 12d 3s0)
9C°TLT96 9S°8T6L0T 86°91%96 8T %90801 | TE €LTL9 %S°9%0SL O0T°S8%99 99°8SZY%L S6°7SSSE  T6°L9¥6E E€T°YOTSE 8L °8TI6E $ 3sod> 1e301
0%°689ST 0%°G89ST L9°%08ET L9 %08ET TT°%€92T CTT°%E€9CT €0°9SL0T €0°9SL0T L8°%SYL [8°%SyL  99°L0%9  99°L0%9 § 3S00 paxIJ Telor
98°68608 9T°€ETT6 TEL'CTIT6 TY 6SI%6 6T°6E9%S T¥°TIWZ9 [O°6TLSS €9°C20S€9 80°86087 %0°€T0CE L¥°96L87 TI'TILIE $ 3500 ITqeTIeA Te3o]
0672 %Z0¢ 06%¢ %Z0¢ 0891 0%02 0891 0%0¢ oge 8001 0€8 8001 € A3roede)
JuauweUuT Juo) TBUOTIUDAUO) Juawauy juo) TeUOTIU3AUO) JUSmWSUIIUO) TeUOTIUSAUO)
s8uimoiiey 9 - S1333TT (Q9¢ s3uimoxaey # - SI9IITT O%C s@urmoaiey 7 - SI23ITT 0C1
SMOs (9 10 S33s ¢ sSmos (9 JO s3as g SmOS (9 JO 39S T
I1°1 v6° [ASN 't 11 S6° AR 1T 9¢°1 el 9L°T 8% 1 (*s3y) doy pearoviemw Iad Ioqe1
S9° LT S 91 I TANA ST'91 ov°8T 16°91 €€°8T 98°9T 11°0C 7€°81 0€°02 L7°81 $ Jy3trampaapuny.1ad 3s0)
£8°8¢ YL°6¢ £€8°8¢ wL°SE 8% 0% T12°LE €€ 0" 60°L€E \raa A o]0} G9°%Yy %9°0% $ 8oy 1ad 3s0)
£6°0ST8%7 98°T#THS %6°1STI8% €87 THIYS LG°G6SEE TTTE0SLE BT LLWEE €6°%8ELE €8°LSE8T (LS'TTEOT L6°6TS8T 1T%°28Y0C $ 3500 Te30]
96°86SL  96°865L  T8°%8IL  I8'%8TL T0°0%Y09 T0°0%09  6S5°909S 6S°909¢ 99°%¢£9¢ 99°v€9€  S6°TZ9€  S6°TC9¢ $ 3500 pOX¥3 TEIOY
T0°ZSS0% 06°C%S9% ZT1°L960% T0°8S69Y 9G°GGSLT  TT EIVTE 69°0L8LT %E'8LLTE LT°€TLYT T6°LL99T TO'806%T 99709891 § 31500 9Tqeraea Te3Oo]
oveT STST (XA STST 0€8 8001 0es 8001 STY %0S STY %0S ¢ A31oRdE)
JuawauIJuo) TBUOTIUSAUO) JusWAUT Juo) TBUOTIUDAUO) juawauT Juo) TeuoI3juaAu0)
s3uimoarey 9 - Si1333ITT 081 s8utmoiaey 4 - S1933TT 0Z1 s3uimoiiey g - SIBIITT Q9
SMOS (¢ 3O sS3138s ¢ SMos (f 3O s3i3s 7 SMosS (g JO 39S T
8¢°T [2AN} L1 [ B0 et 9T°1 €8°1 €S°1 9L°1 6°1 [4A 68°T (*say) doy pajsjaew 1ad 10qe]
%6 81 80°LT ST°6T S8° LT 69°81 S8° LT 1¢°02 8% 81 $8°0C 76781 %0°%¢ %6 1¢ $ 3y8tempaipuny 1ad 3s0)
6L°0% 86°L¢ |9 9" 6¢ 1T 1y LT°6¢ LYy %Y 99°0Y% 98°S% €9°1% 68°2S 8E°LY $ 8oy 1ad 3s0)
8L°TYSET 96°08TST S8°G86ET 8T 6S8ST %L°9CT6  %T°SCSOT 8C°€L86  T0°8680T €6°7%0S 0£°8LSS  ST°8T8S  08°8%€9 § 3800 TE30]
88°TLTC 88°TLIC 8C'06EC 8T 06EC €5°66%YT €5°66%T T18°608T 1876081 6L°£68 6L°€68 I8°0LET  T8°OLET $ 31500 paxTy TEIOL
06°69€TT 80°600€T /G S6STT 007 69%ET T¢Le9L TL°6206  L¥°£908  0C°8806 YT TSIy  T6°%89%  %E'LYYy  66°LL6Y § 3S00 3TqeraeA Te30]
[4%% 0y €€ 0% (444 897 (444 89¢ 01T €1 01T 7eT T &3yoede)
juawaurt juo) [euOTIUDAUO) JusdWAUT FUO) TeuoIjuaAUO) JuawWIUT Juo) TBUOTIUDAUO)
s8utmoiiey 9 - Si133I31[ 8% s3uimoiiey y - Si1933TIT ¢ s3uimoliey g - SI9233TT 91
SMOS g 3O $33S ¢ SMOS g 3JO S13S ¢ SMos § 3O 39s T

RUOTIUDAUO) PUEB JUBWAUTFUOD--SWAISAS UOTIONPOIJ 7 Pue S3zI§
193317 ¢ ‘SToAd] Suimoiiey ¢ 103 sariroede)y g 103 8oy I9dfaRK 194 I0qQET]
pue 3y31ompaipuny 194 350y ‘B0 134 3S0) “3s0) [BIOL €3ISO) PIXTI ‘IS0) d[qelaep

0Z-1IA 2T19el



165

718"

£€56° 96" 9¢8° 96° 88" €0°T 88" L6° £8° 86° £8° (7s1q) Boy psrsvaew 1od J0qe]
€ LT €0°91 86°9T 70061 ¢7°81 8.°91 69°LT €€°91 6€°6T TL° LT L9°81 [ARFAS $ 3y3rampaipuny 1ad 3s0)
€1°8¢ LT°S¢ 9¢° L€ £9°%¢ 60°0% 26°9¢ T16°8¢ 96°6¢ 99°¢% L6°8€ L0°TY 99°L¢ $ paiadieu 8oy 1ad 350D
99°20S9TE 09°6E%SSE TE¥"%S00TE 90°T1668%¢€ 99 %TLTTT LT°€T08%T %8°9LTSTC OT'T09THZ | ¥0'CT66LTT S6°EY60ET YE E6SETT ST SYSITTIS 3s0d e300l
T6°GCECS T16°STETS 0% 9%8LY 0% 9y8LY 66°078T% 66°078TY €€ LSELE €€ LSELE G9°0€€9C S9°0E€€9C 89°06TET 89°06TET § 350D paxT3 Te3lol
SLT9LT%9C 69°CTTCOE TL°L0TT9T 99 #%TIT10E L9°€686LT 87°C0C90C TS 6T8LLT LL°€E%T%0C | 6€°T99T6 O0E€°€T9%0T 99°20%06 LS YSEEOTS 1500 37qeTaea Te3jol
00£8 8L00T 00€8 8.00T 0€£SS 8179 0€6S 8T/9 99(¢ 09¢€¢ 99.C 09¢¢ 9 4A31oRde)
JusawauT juo) TeuOTIIUIAUOY JuamWaUT JU0) TBUOTIUSAUOC) JuaWaUT JUO) TeuOTIUDAUOY
s8urmoiiey 9 - si1233ITT 00ZT sguimoaiey 4 - si19331T 008 s3utmoaiey g - SI233ITT Q0%
SMOS (07 3O S313s ¢ SMOS 0z 3O SIS ¢ SMOS (0Z 30 39S T
$8” [ 68" 9L* 16° €LL” 20°T 98" v6° 6L" 96° 8" (*say) Joy pa3svaew 13d 10qe]
87 L1 86°G1 16°9T L' ST 66°L1 £S°9T 79°L1 L2°91 80°6T SYLT S%°8T €6°9T $ Jystempaipuny 1ad 3so)
T0°8¢ 91°6¢€ 12°L€ £9°vE 8G°6¢ 9%°9¢ LL°8¢E 6L°G€ L6°TY 8¢ 8¢ 8G° 0% ST LE $ 3oy 1ad 3s0)
%0°68S9€C TS TTLSIT €67995C€T TY ELOLTIZ | ST S9Z%9T 9T1°199€8T T¥° 688091 Z%°S8TO8T | L6°9€0L8 %0°9C.96 0SS €ST%8 8T°088E6 $ 3s0d Telny
LLTL666E LL°L666E 9Y%°6T89C 9%°6C89¢€ T6°L680t T6°L680€ GS°%%9LT SS°%%9LC ¢SL6C6T TS°L6C6T 8T 9ZTLT 8T°9ZTLT $ 350D paxT3 TeI0]
LT L8S96T SLTETLSTT LY LELS6T 96°€L8YTT | WT LILEET ST €9LZST 98°¥HTZEET L8°0%9ZST | S%° 6€LL9 TS 8TYLL TE'LTOL9 00°%SL9L $ 3500 aTqeTaEA TEBIOL
%29 8GSL %229 8G6L 0sTY 8€0S 0STY 8€0S %L0C (4%4 %L0C 0zse S 4A310BdE)
JUDWAUT JUO) TeUOTIUdAUO) juswauIIuo) TeUOTIUDAUOD JUaWAUT JUO) TBUOTIUSAUO)
s3urmoaie}) 9 - sI933TT 006 s3urimoriey 4 - S19313TIT 009 sSurmoaiIey g - SIdIITT 00€
SMOS (GT JO S39s ¢ SMOS (GT 3O S3I9Ss ¢ sM0S (OGT 3O 33S T
ST°1 $6° €1 1T°1 6T°T 10°1 ST°1 90°T ST°1T S0°T 8¢°1 80°T (*s1y) Foy parssjaen x3d 10qeT
65°LT 12 91 JAANAS ST°91 €6°8T 0" LT £0°8T $9°9T 8561 98°L1 96°8T SETLT $ 3y3rampaipuny 1ad 3s0)
69 " 8¢ €8°6¢ 7%°8¢ 26°S¢E LL°0Y S¥°LE 9L° 68 29°9¢ 80 €Y 0€ " 6¢€ TL°1% L1°8¢ $ 3oy 1ad 3s0)
TL°6%S09T 0T €8S08T T% LTIS6ST 85°9668LT L£6°C9LTTT T6°ST8STT LT 69660T 9T°€EL0ETT | CTE°SES6S  08°02099 06°€Y¥9LS 06°8CTIY9 § 300 1e3O01
89719657 89°T965C TO'€T16€Z TO ET6EC €L79¢60C €L°9€60C [S°6688T [S°6688T §6°909C¢T 6S6°909ZT <TO°€6ITT TO'E6IIT § 30D paxT3 Te30]
€0°88SYET TS TCI%ST T% 709SET LS €B0SST | %2 97816 61°688%0T 0L°690T6 65 €CTH0T LE°8T69% GSB ETI®ES 88°0SY9% 88°GE6TS $ 3S00 3TqeTiEA TEIOL
0stTY 0%0S 0S1Y 0706 99.T 09¢€¢ 99.T 09¢¢ 78€T 0891 ¢8¢€T 0891 % 4A31oRdE)
JuBWAUT JUO) 1BUOTIUBAUOY JuawWaUT JUO)H TBUOTIUSAUOD JuswauT Juo) TBUOTIUIAUOCY

s3uimoaiej 9
smos Q0T

- 5193317 009
jo s39s ¢

s3uimoriey 4
sm0S 00T

- SI933TT 00%
Jo s3i®s g

s8utmoiiey z - SI933TT 00T
smos (0T 3o 39s |

(panuriuod) (g-IA 9Tqel



CHAPTER VII

SUMMARY AND CONCLUSIONS

The swine enterprise is one of the principle live-
stock enterprises in the state of Missouri. Swine producers
are operating in an environment of changes in input costs,
technology, and output prices. Information is needed to
determine the cost of production per market hog using the
latest production practices, to compare the cost of conven-
tional and confinement systems, and to determine if
economies of size are present in the swine enterprise.

The objectives of this study were as follows:

(1) to study the cost-size relationships for the conven-
tional and confinement systems as producers change from two
to four to six farrowing levels of intensity per year,

(2) to study the cost-size relationships for the conven-
tional and confinement systems if a producer increases the
number of hogs fed, but stays with a given farrowing
intensity, and (3) to analyze the effect of 1.5 fewer pigs
per litter (a 7.0 litter size) on the cost per hundred
weight of those hogs actually marketed, using the same
facilities as for the 8.5 litter size.

The procedure included a review of literature
regarding various economies of size and scale research. The

theoretical framework for economies of size studies was also
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examined. Model plants were designed to represent typical
hog setups in Missouri. It was recognized that these models
represented only a few of the possible ways of producing
market hogs. Six basic capacities, three farréwing levels,
two litter sizes, and two systems of production were
considered. The budgeted costs were determined by calcu- -
lating the number of inputs necessary to produce a given
number of market hogs. Prices for these inputs were
obtained from farm supply catalogs, merchant suppliers,
manufacturers of hog equipment, and local merchants located
in central Missouri.

The basic assumption of this research was that the
budgeting technique provides feasible and realistic cost
estimates for different levels of production for the conven-
tional and confinement systems. The separate budgets for
the six capacities, three farrowing intensities, and two
litter sizes are developed and included in this budgeting
process. More specific assumptions were made with regards
to costs and management.

PRODUCTION COSTS WITHIN A GIVEN PHYSICAL CAPACITY,

WITH THE FARROWING INTENSITIES MOVING
FROM TWO TO FOUR TO SIX PER YEAR

Capacity 1

As the farrowing intensity increased from two to
six, the costs per hundred weight for the conventional and

confinement system decreased $3.69 and $1.84 respectively.
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The conventional system had higher costs than the confine-
ment system for two reasons: (1) higher labor coefficients
and (2) higher fixed costs per hog. 1Items such as a manure
spreader and tractor resulted in higher fixed costs in the
conventional system when compared with the construction of
a lagoon in the confinement system.

Capacity 2

As the number of farrowings increased from two to
six, the costs per hundred weight decreased from $18.47 to
$16.25 for the conventional system and from $18.32 to $16.25
for the confinement system. The higher labor coefficient
for the conventional system explains in part the higher
costs for this system. Fixed costs per hog were slightly
lower in the conventional system when compared with the
fixed costs per hog in the confinement system.

Capacity 3

The costs per hundred weight for the conventional
and confinement systems as the farrowing level increased
from two to six were $17.64 and $17.80, $16.55 and $16.72,
and $16.25 and $16.22 respectively. The conventional system
had slightly lower production costs for the two and four
farrowing levels. The labor coefficients for the two
systems of production were not as far apart as in the first
two capacities. The average fixed costs per hog were $0.62
to $1.04 per hog lower in the conventional system than in
the confinement system, at the two and six farrowing

intensiiy levels.



169

Capacity 4

The confinement system costs for all three levels of
farrowing were higher than for the conventional system.
Lagoons became a part of the conventional system at this
capacity level, reducing the labor to a level comparable to
the confinement system. The costs per hundred weight for
the conventional and confinement systems as the farrowing
level increased from two to six were $17.35 and $17.86,
$16.65 and $17.02, and $16.15 and $16.21 respectively.
Fixed costs for the conventional system decreased from
$6.66 to $4.74 per hog and for the confinement system,
decreased $7.50 to $5.15 per hog as the farrowing level
increased from two to six farrowings per year.

Capacity’ 5

Fixed costs for the conventional system decreased
from $6.80 per hog in the two farrowing system to $4.87 per
hog in the six farrowing system. For the confinement
system, fixed costs decreased from $7.66 to $5.29 per hog
as the farrowing intensity increased from two to six. The
costs per hundred weight for the two, four and six
farrowings in the conventional system were $16.93, $16.27,
and $15.74. The costs per hundred weight for the
confinement system were $17.45, $16.57, and $16.91 for two,

four and six farrowings per year, respectively.
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Capacity 6

The labor coefficients were approximately the same
for both systems of production. The fixed costs per hog
decreased from $6.90 at the two farrowing level to $4.75 at
the six farrowing level for the conventional system. For
the confinement system, fixed costs decreased from $7.84 at
the two farrowing level to $5.19 per hog at the six
farrowing level. The costs per hundred weight for the
conventional for the two, four and six farrowings were
$17.12, $16.33, and $15.74 respectively. The costs per
hundred weight for the confinement system were $17.71,
$16.78, and $16.03 respectively for the two, four and six
farrowing levels of intensity.

Capacities 1-6

Costs and labor coefficients change with the size of
the operation. The costs per hundred weight for the conven-
tional system at two, four, and six farrowings for capacity
1 were $21.54, $18.48 and $17.85, and for capacity 6,
$17.12, $16.33 and $15.74. The confinement system costs per
hundred weight for two, four and six farrowings for capacity
1 were $18.92, $17.85, and $17.08; and for capacity 6, the
costs per hundred weight were $17.71, $16.78 and $16.03.

The costs of production per hog decreased as the number of
hogs produced increased, indicating some economies of size

present in the hog enterprise as specified in these budgets.
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Labor coefficients per hog for capacity 1, conven-
tional system, for two, four and six farrowings were 1.89,
1.53, and 1.52 hours respectively. The labor coefficients
for capacity 6 for the conventional system for the same
farrowing levels were .83, .88, and .83 hours per hog. The
hours of labor per hog in the confinement system was 1.51,
1.16, and 1.22 for capacity 1 at the farrowing levels of two,
four and six respectively. For capacity 6 the hours of
labor per hog, confinement system, for two, four, and six
farrowings were .83, .88, and .81 respectively.

On the basis of the capacity levels used in this
analysis, lower production costs per hog appears to result
from the more intensive farrowing levels. It also appears -
that some economies in labor exist as the farrowing level
increased from two to six per year.

PRODUCTION COSTS WITHIN GIVEN FARROWING LEVELS,
MOVING FROM CAPACITY 1 THROUGH 6

Two Farrowings Per Year

The average fixed costs for the conventional system
shows some variation but appeared to have no significant
direction as the number of hogs fed increased. The
confinement systems' average fixed costs increased as the
capacity level went from 1 through 6 from $6.67‘to $7.84 per
hog. However, the average variable costs declined as the
capacity level increased, reflecting the lower labor

requirements. Variable costs decreased more than fixed
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costs increased. The costs per hundred weight for the
conventional system for capacity 1, 5 and 6 were as follows:
$21.54, $16.93, and $17.12. The costs per hundred weight
for the confinement system for capacity 1, 5 and 6 were
$18.92, $17.45 and $17.71 respectively. There were
economies of size for both systems up to capacity 5. There
was an indication that some diseconomies of size were
present in capacity 6.

Four Farrowings Per Year

The average fixed costs for the conventional system
declined for the first three capacities from $6.75 to $5.27
with the largest three capacities having slightly higher
fixed costs. The average fixed costs increased from $5.60
to $6.23 per hog from capacity 1 to capacity 6. The fixed
costs per hog for the four farrowing system, were lower than
the fixed costs of the two farrowing system. The average
variable cost, conventional system, declined from $33.91 per
hog to $30.30 per hog in capacity 5. For capacity 6,
variable costs were $30.40 per hog. The average variable
costs for the confinement system decreased from $33.67 in
capacity 1 to $30.33 per hog in capacity 5; with capacity 6
at $30.69 per hog. The conventional system costs per
hundred weight went from $18.48 in capacity 1 to approxi-
mately $16.30 in capacities 5 and 6. The confinement system
costs per hundred weight went from $17.85 in capacity 1 to

$16.78 in capacity 6.
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The four farrowing system exhibits economies of
size as the number of hogs fed increases for both systems of
production. In relation to the two farrowing system the
four farrowing system has lower production costs as the
facilities were used more intensively. For the conven-
tional system, capacities 1 to 6 would realize lower costs
per hundred weight by $2.97, $1.61, $1.09, $0.70, $0.66, and
$0.79 respectively by increasing the number of farrowings
per year from two to four. Capacities 1 to 6 of the
confinement system would reduce the cost per hundred weight
by $1.07, $1.41, $1.08, $0.84, $0.88, and $0.93 respectively
by changing to four farrowings.

Six Farrowings Per Year

The average fixed costs for the conventional system
declined through the first three capacities from $5.92 to
$4.57 per hog. Capacities 4, 5 and 6 were slightly higher
at $4.74, $4.87, and $4.75 per hog respectively. The
confinement systems' average fixed cost for all capacities
was approximately $5.20 per hog. For the conventional
system, average variable costs per hog for capacities 1-6
were $33.34, $31.00, $31.17, $30.34, $29.76, and $29.88
respectively. For the confinement system, average variable
costs per hog were $32.20, $30.73, $30.50, $30.82, $29.87,
and $30.08 respectively for capacities 1 to 6. Labor
accounted for the majority of the variation in the variable

costs. The costs per hundred weight for the conventional
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system for capacities 1 to 6 were $17.85, $16.25, $16.25,
$16.15, $15.74, and $15.74 respectively. For the confine-
ment system, costs per hundred weight were $17.08, $16.25,
$16.22, $16.21, $15.98, and $16.03 for capacities 1 to 6
respectively. Costs per hundred weight decreased from
capacity 1 to 2 considerably and then leveled out and
remained quite constant. There was an indication that
diseconomies were appearing in the confinement system from‘
capacity 5 to capacity 6.

By increasing the farrowing level from four to six
costs per hundred weight would decrease in the conventional
system $0.63, $0.61, $0.30, $0.50, $0.53 and $0.59 for
capacities 1 to 6 respectively. Likewise, the confinement
system costs would be $0.77, $0.66, $0.50, $0.81, $0.59 and
$0.75 lower per hundred weight, for capacities 1 to 6
respectively.

SUMMARY OF THE LABOR REQUIREMENT PER
HOG~--8.5 PIGS PER LITTER

For the two, four and six farrowings the labor coef-
ficients generally decreased as the producer went from
capacity 1 to 5. Capacity 6 was slightly higher than
capacity 5 for all cases. For the two farrowing system the
substitution of capital reduced the labor per hog by 1.06
hours from capacity 1 to capacity 6. For the two farrowing
confinement system, the labor was reduced .68 hours per hog

from capacity 1 to 6 by the substitution of capital in thé
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form of labor saving devices. For capacities 4, 5 and 6
the labor coefficients for the conventional and confinement
systems were practically the same. For the conventional
system, labor per hog was higher for capacities 1 to 3.

The four farrowing level followed the same pattern
as the two farrowing level. Labor per hog was reduced by
approximately .65 hours per hog over the six capacities in
the conventional system. The labor per hog for the confine-
ment system was only .28 hours less for capacity 6 when
compared with capacity 1. The confinement system's labor
requirement was lower for the first five capacities and the
same for capacity 6 when compared with the conventional
system.

The labor coefficients for six farrowings per year
showed little differences when compared with the four
farrowing system for both confinement and conventional
systems of production. The conventional system had slightly
higher labor requirements for all capacities when compared

with the confinement system.

SUMMARY OF THE LABOR REQUIREMENT PER
HOG--7.0 PIGS PER LITTER
There were economies in labor if an extra 1.5 pig
per litter was realized. For a system designed for 8.5 pigs
per litter, but only 7.0 pigs per litter size are realized,
the labor per hog would increase from .14 to .33 hours per

hog depending on the system and capacity. For many jobs
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the total time requirement remained the same regardless of
the number of pigs per litter. These jobs included cleaning,
bedding, and washing of the sow; feeding the sow during
gestation, lactation, and the breeding period; feeding the
boar, keeping records, repairs and maintenance, and general
observation time during gestation and lactation.
PRODUCTION COSTS FOR 7.0 PIGS PER LITTER USING THE
SYSTEM DESIGNED FOR 8.5 PIGS PER LITTER

Fixed costs remained the same regardless of the
number of pigs farrowed per litter. For the 7.0 litter size,
many of the variable costs also remained about the same.
Labor, a variable cost, as indicated in the previous section,
increased .14 to .33 hours per hog. Other variable costs
remained about the same per hog. The total costs of
production were not reduced significantly by farrowing only
7.0 pigs per litter with a smaller number of market hogs,
total costs increased approximately $1.50 per hundred weight,

or approximately $3.30 per hog.
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Table A

Pork Production, Civilian Pork Consumption, and Per Capita
Consumption of Pork in the United States, 1945-1967

Pork Production Civilian Per Capita

Total Consumption

Total

Year million pounds million pounds
1945 10,697 8,598 66.6
1950 10,714 10,390 69.2
1955 10,990 10,833 66.8
1960 11,614 11,573 64.9
1961 11,420 11,237 62.0
1962 11,844 11,688 63.3
1963 12,447 12,220 65.4
1964 12,531 12,379 65.4
1965 | 11,173 11,267 58.7
1966 11,328 NA 58.0
1967 12,556 NA 62.5
1968 65.8

NA - Not available
*Production of pork comprises weight of dressed hog carcass less head
and bones and less all carcass fat rendered into lard.

Source: U. S. Bureau of the Census, Statistical Abstract of the
United States: 1968, (89th Annual Edition), Washington, D. C., 1968.
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Table B

Farms, Hogs and Pigs Sold, By Number of Hogs and Pigs Sold
Per Farm, For the United States: 1954 to 1964
(Alaska and Hawaii Not Included)

Farms by number of

hogs and pigs sold Number of Farms ﬁgzzezlfgég)
1964 1959 1954

Total 802,620 1,273,365 1,438,133 83,537
1-9 107,930 277,182 471,802 481
10-49 280,937 538,513 610,683 7,543
50-99 158,342 202,962 200,958 11,091
100-199 139,237 161,611 111,922 19,130
> 200 : 116,174 93,097 42,768 45,292
200-499 94,680 81,572 NA 27,428
500-599 17,394 9,983 NA 11,271
over 1,000 4,100 1,542 NA 6,593

NA - Not available

Source: U. S. Bureau of the Census, Census of Agriculture, 1964.
Statistics by Subjects - Chapter 2, Livestock, Poultry, and Livestock
and Poultry Products, U. S. Government Printing Office, Washington,
D. C., 1967.
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Table C

The Number of Farms With Hogs and Pigs, the Number of Hogs
and Pigs On Farms, and Hogs and Pigs Sold
For Selected Years, 1930-1964

Farms With Hogs Hogs and Pigs Hogs and Pigs

and Pigs On Farms Sold
Year (million) (million) (million)
1964 1.1 54.1 83.5
1959 1.8 67.9 80.9
1954 2.4 57.1 57.4
1950 3.0 NA NA
1945 3.3 55.8 65.6
1940 3.8 34.1 49.2
1930 3.5 - ———

NA - Not available

Source: Same as Table B.
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Table D
Sows and Gilts Farrowing, 1945, 1950, 1954, 1959, and 1964

Census Number Numb er
Date Census Item Farms Hogs
1964 Sows and gilts farrowing (total litter) 749,714 10,655,597
1959 Sows and gilts farrowing (total litter) 1,142,373 12,352,001
1954 Sows and gilts farrowing (total litter) 1,273,798 10,832,737
1950* Sows and gilts»for spring farrowing 1,691,004 9,597,556
1945*% Sows and gilts for spring farrowing 1,839,458 8,482,031

% -~ 1954 change in Census Measure

Source: Same as Table B.



189

*q 91qe] Sse suwes :90aIN0g
£99°8%6°S  89T‘%S  %80°HEE‘E  €TI8S  0T9°6TIS  L6T°LY  HOL‘€S8°E  S68°T9 TINOSSTH
L TAN A 19 zesco8 09 L99°YT €S 681°S6 19 000°T <
A TARTAY 68€ [86°9TC 68€ 6€T°0€ VAL 9TT* LYT 06€ 666 ©3 00S
72‘962°T  €IS°€E €59°698 Lese T8€°CTT  8E€I‘E ¥€0°8L6 62S°‘€E 66% ©3 00¢
T68°G0S‘T  £L96°L TOZ €EY6 Z10°8 8TO‘TET  TTI‘L 6TC‘¥L0°T TT0°‘8 66T ©3 00T
T89°T#6°T  STECT  LTTI9E0°T  C6L°TC  L[¥E€ 99T 9%6°8T  wL%‘T0T‘T  88°CT 66 03 GT
evT vy €8T°0T  9TC 6¥I 9GZ°TT  0SL°O% 8568 996681 €8 TT ¥Z 03 01
08T°C6C 0€8°6 8LE‘TY [80°CTT  8IE‘%T LEL°8 96999 LLT°9T 601 T

Joquni suIe 9 qunj suIeq T2 qunyiy mawmm Joquny smaeq
PTIOS s3Td pue sosodang 3urpoaiyg 104 wxej
s31d4 pue s3oy s80H I°Y3l0 TIV pasn @29 031 10 pesn 1=30l 194 s81d pue

uwied 9yl UO S3TJ pue SISO0H

s3oyg yo Ioqumy

%961 ‘TINOSSTH Ul ‘waej day3l uQ Iaquny £g
POTIJISseT) sumieg I0j ‘Ioquny pue surej - dnoin 9zTS Ag s81d pue s3of

d @TqelL



190

APPENDIX B



191

Table A

Literature and Planning Materials Consulted for
Design, Technique and General Information

"4AC Components for Four Inch Auger Conveyor Systems," Bulletin 4AC-1
Farm Fans, Inc., Indianapolis, Indiana.

"Aerovent for Automatic Farm Ventilation Systems, Model VF Venti-Pack
Series," Form VP-868-25M, Aerovent Fan and Equipment, Inc., Lansing,
Michigan.

"Announcing Aerovent's Vari-Pack: Variable-Speed, Automatic Farm
Ventilation Control System," Form VS-270-5M. Aerovent Fan and
Equipment, Inc., Lansing Michigan.

"Building Concrete Farm Structures," Portland Cement Association,
Chicago, 10, Illinois.

"Cuckler Buildings for Hog Production,' Cuckler Steel Span Company,
Monticello, Iowa.

"Exterior Plywood in Farm Construction: Grain Storage Construction,
Swine Production Facilities and Poultry and Dairy Farm Construction,"
Form No. 63-390 B, American Plywood Association, Tacoma, Washington.

"Farm Building Library Hog Housing User Reports, Layouts, Helpful Hints,"
Cuckler Steel Span Company, Monticello, Iowa.

"Farmstead Wiring Handbook: A Guide to Electrical Planning for
Farmsteads," AIA File No. 31-C-61 Industry Committee on Interior Wiring
Design, New York, New York, 1955.

"F.F.I. Agricultural Buildings," Federal Farm Industries, Inc.,
Cloverdale, Indiana.

"General Lot Diagram for Breeding Herd Quarters - Hog Breeding, Gestation
Area," Letter No. 13/92.30, Bulter Manufacturing Company, Kansas City,
Missouri, 1963.

"Hog Program Planning Guide - Farrowing and Finishing in Bulter Panel-
Frame Buildings," Letter No. 13/92.34C, Bulter Manufacturing Company,
Kansas City, Missouri, 1963.

"Liquid Manure Systems," Bulletin No. MI-304 Clay Equipment Corp., Cedar
Falls, Iowa.
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"34' Panel-Frame Controlled Environment Hog Finishing Building," Letter
No. 13/92.34, Bulter Manufacturing Company, Kansas City, Missouri, 1964.

"Planning and Operating Guide - Liquid Manure Systems," AD-3001-Mi,
International Harvester Company, Chicago, Illinois.

"Planning Water Systems for Farm and Home," Southern Association for
Agricultural Engineering and Vocational Agriculture, Athens, Georgia,
March 1963.

"Portable Owatonna Mixer and Mill 95 and 83," Owatonna Manufacturing
Company, Inc., Owatonna, Minnesota.

"Pride of the Farm Engineering and Planning Guide for Any Type of
Operation 100 Hogs to 10,000," Drawing Numbers 1189, 1200, 1175, 1181,
1185, 1201, 1182, 1202, 1190, 1179, 1196, 1197, 1076, 1083, 1081, 1170,
1178, 1213, 1198, and 1205. 1970 Hawkeye Steel Products, Inc.,
Waterloo, Iowa.

"Produce Disease-Free Pork with a Lot Less Labor and More Profit with
Wahoo-Built Controlled Environment Pork Production System," Economy
Housing Company, Inc., Wahoo, Nebraska.

"Sow-Panel-Frame Farrowing Building," Letter No. 13/92,31. Bulter
Manufacturing Company, Kansas City, Missouri, 1963.

"Stor-N-Dry Direct Grinding and Blending Feed Preparation System for
200 Hogs," Letter No. 13/92.33, Bulter Manufacturing Company,
Kansas City, Missouri, 1963.

"System Budget Sheet Bulter Panel-Frame Controlled Environment Hog
System Combined Farrowing and Finishing," Letter No. 13/92.34A, Bulter
Manufacturing Company, Kansas City, Missouri, 1963.

"Ventilation of the 35' Panel-Frame Controlled Environment Hog Finishing
Building," Letter No. 13/92.34A, Bulter Manufacturing Company,
Kansas City, Missouri, 1964.
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Table B

Price Information Sources

"4AC Components for Four Inch Auger Conveyor Systems," Bulletin 4AC70-4,
Farm Fans, Inc., Indianapolis, Indiana.

"Aerovent Variable-Speed Units List Price No.: VAR-1-68," effective
July 15, 1968, Aerovent Fan and Equipment, Inc., Lansing, Michigan.

"Aerovent Venti-Pack Units List Price No.: AVP-1-68," Aerovent Fan and
Equipment, Inc., Lansing, Michigan.

"Allied 265 Mill-Mixer Price List - January, 1968," Viking Manufacturing
Company, Inc., Manhattan, Kansas.

"Automatic Feeding Equipment - April 15, 1970," (102170) Fairfield
Engineering and Manufacturing Company, Fairfield, Iowa.

"Co-op Farm Supplies and Equipment Catalog 1970," Farmland Industries,
Inc., Kansas City, Missouri.

""NASCO Farm and Ranch Catalog III," NASCO, Fort Atkinson, Wisconsin.

"Pour-N-Place Slotted Floor Farms," Fairfield Engineering and
Manufacturing Company, Fairfield, Iowa.

"Pride of the Farm Automatic Livestock Watering and Feeding Equipment
Retail Price List (Effective June 1, 1970)," Hawkeye Steel Products,
Inc., Waterloo, Iowa.

"Sears and Roebuck Fall and Winter 1970 Catalog," Missouri Edition 241 H
Copyright 1970, Sears and Roebuck and Company, Kansas City, Missouri.

"Sears for Better Suburban and Farm Living," 1970 Sears and Roebuck
and Company, Kansas City, Missouri, Copyright 1969.

"Water Fountains and Equipment March 15, 1970," Fairfield Engineering
and Manufacturing Company, Fairfield, Iowa.

"Wholesale Veterinary Supplies Price Catalog No. 416," Omaha Vaccine
Company, Inc., Omaha, Nebraska.



194

APPENDIX C



195

25°6LT

L2°2
24928
+0°25

8C 59Tz ¢

12°99
06°62
€€°CT
gl
€€ g

10 441
g1 gt
02°¢tH
00°08¢
88°He
€ioan
6T°L0T

15°1
6T°081
00°909
T IsT
HoR
00°6
68°80T
24°801
€e°g

5e°61

05°681

VXA
2L°926
+0°29
25°h€9‘e ¢

#6° 10T
(TAPES
€CCT .
(FAFARH
€€ s
€2°40T
8t 6S
02°th
00°08¢
00°024
£l gt
inoh

22 ez
S0 LT
00° L
9€°69
22 0l
00°42
"90°€L
$8°€0¢
FA A

$8°9¢

29°041

VXA A
2528
#0°29
g€°95T2 =

#5° 10T
YAVS
€ 1
[YAF44S
€e s
£€2°801
ar*hS
oz th
00°08€
00°02h
€loan
LN

58°1
o T6T
00°654
9€°69
#E°S8
00°42
90°€L
gg°cog
26°1T

$8°9¢

05°681

IX A4

2L 528
t0°29
29°HE9te ¢

qseasju]l £3Tunjaoddp

sedueJd
uoyj3e}ssy
Suoages
Jeog

4~ 3urpTIng

aouBINSUY

e2uey) puwy

}d2038

uoo3e]

aanue;;

TTeM

sJeog pue ‘smog ‘*sSop
Jajael] a0y quendmby peeg

314 aed Joq¥] JOo sanop
3saasjul £3Tunjaoddo
J0q¥7]

£370T3300TH

eustT3Ay

T¥0 % Tend

3utptmmg

jusudinby

seduey

e0TAdey TETOJSUmIOT

sqIng 3esy

sMog - g

agog - Y

SSOE jeJe pess

150D paXT4

sateday

3utppeq
sya03 ¥ dooog

3utssecoad pead

980D slqeTIEp

483311/S314 0°4
s3op; jexqael] Z1T

2033711/S314 §°g
ssop qende. GE1
JUBWEUT Juol

2933VI/SETd (7L
sfoy jexae; ZI1
TeuOT3uUaAUOT

I933711/s37d §°g
SZor qeqJae] 9fT

uey I

YOIFD CUMORLYs €08 @ J0 IFS' T
¥ S¥EIITT GT ¥02 €180 IWIIVI&T ‘T X



196

GntTIT ¢CUTTT SO 3seqequ] A3 Tungaoddy
CN.N‘N AT 20°5¢ SQouey;
ot ST°GHT L mHH A0age.
mm.ma £eoet €Lt UoT3BYSe:
€ces e €ces £e g a0z
6e795T \\.mma 3t 62°0ST YSTUT =HOXT  SUTPTING
05°€6 €5 < £6°2g souemSuUl
on° s o:.mx o on°ge eIIBYy PUBT
€0°09y 0 °0G% 30 5C°CSY {Sutpeear) 003y
oRr°on 08°04 ————— ——— uooEeT
e ————— 50°C 2 o] quendTnDr aunue’’
mm.uq LEss %08 LEtnt _ . Tren
#5th 25 "6l (WAL= £iel qQUBLIGTR DN Pad,’ 180D PerTH
LT oT°1 €o°1 €571 pejasae T £Td/d0GET
set€he 1 UHE £T°0TE §6°% 3sedequl 43 Tunjaodds
00°eT5 00°0€6 056°612°T m.a«m 1 3507 Joger
05 °91 06°91 Jb°gh 06°0h TT0 = Teng
08°052 00°062 GO ITT 90°TTI £3T0Ta300TE
£1°%0T §1°9zt 29°Lé STl ausTE.l:
o80T ot°501 L5°5y L9°5%
40T 06101 £E°6TE £CATE .
51°% 9T°8 04°8 [FASS sareasy
s ——-mme- 02°4T 02 6T ;mﬂvnor
G6°G1 6§61 St ge gehde s:’go: * dooog
05 *6€€ 05 °495€ 06 4€E€ 05°45€ UTS50004d Peey
€5 €5y €5 €5 samms 3®eL
:s.mma.a 1 €50°1 €501 EUR I snog
702 1025 #0°29 325 Jeog
05° ﬁmm ¢ H2°529'G * 05 TGE 4 ¢ 7v.mmm.m ¢ sSoy; qevae;” poaoJ 7500 oTqeTJIE,
103377 /S2T 074 893 TT/S2Td ¢ 1999 T1/SET4 64 193777 /SETE € we T

SJOE jeNdEll 222 SZ0E 9! 42
FUBLIDUT jUOS

s3doy qexJde” 222 SZor a9%Jae]
[BUOTRUBAUOT ’

POt IR T

o 8w = Tauy e
Sl ade ol o Lol as YO




197

82°09T G0°iLT S0 LLT 3Sadeju] £3punjgoddn
09°82 YA Sitly ey, sooued
STSHT [ YAF AR [ PAFARS | - uof3e}sen
€e s €e g 4949 Jeog i
99 4me 99842 62°05T 627061 YSTUTE-MOD SUTpPTINE
:N..& d&.@m\ &O.mm mo.mw edueansul
# “8TT +# 81T 7 2Tl 211 esaeyy puel
00 N1 CO°0h6 00°0tH G 0H6 30038 3utpeedq
onoh ogoy  mmm———— ——————— uooZe]
|||||||||||||| 0C°02h 00°C2H jueudinby eanue;!
0841 08°6% 0864 0854 TTor
H5 "€ "G “H2t Q° 252 09252 queudnbz peeJ
9500 pexTd
@1 22°1 LA 25°1 peojejde;l 21d/a0qe]
:m.wN:. GE°00S 86°Sth H0 €16 qseasjul £3Tunjaoddo
01°04€°T 02°Ln'1 CH°9€L T Nl 3502 a0qv]
9 "€ 95K E on°6HT o4 4hT £37012300TH
00°0€ 00°0€ 00°08 00°08 170 5 TORd
84°891 15°102 82° 151 T0°#61 oua T34l
ST Wl S1°THT L9°6¢ £6°6% SUTPTING
L0°€22 L0°€ze 0L°GEn 04° 94 queudmbz
85°8 g6°9 ZE°41 2641 seousy atpedey
|||||||||||||| 0Q°Q2 0R° &2 . utpped
llllllllllllll 429 Se°9¢ . sjix04 ¥ dooog
TL°65 12°59 o 12°5% sueaqfog
K 000t k. 000t uzo o5ed03g
0879 089 08°% 08°G sqIng qeef
91°085°1 ST°085 ‘T GT°0&85 ‘1 ST 085°1 smog
4#0°29 1029 +0°29 #0°25 ae05
9H"L0E G ¢ 09°226°L ¢ gn°LoLty ¢ 0G°226°L ¢ s3of qexae peeyg
9500 ﬁﬁﬂ.w.—.hd>
193371/S3Td 0°4 103371/8314 §°g 103371/S5T< 0°4 283377/521d §°¢9 we3Y
s3op j8jae;; z(¢ S50F 38Je. H04 s3doE qaJae.. Zef sZo} 384T’ H0N
quewauTuol TrRUCT3USAUOT

WOIMI CUFOUMYY SKOS @ N SIS €
YO SWNLITT gh VO£ $I€7C TuTIVINT ‘T AIICYVC

ooy



198

(ST
09°05
6T p6S
00°02
L5°01
2G4

00°€5T
€015 T
00°052°1
06°9L
12748
98" 205

g6°1
£Z°99¢
00°€96°T
0442
08° 82t
75 °LLT
TG "65¢€
(ALY
QTSI

S8°S1T
LhoLRs
0$°8
02°546°1
00°42T

ot aml's ¢

62°152
L2709
42°89%
00°02
49°0T
2062

antant
R0°H5T
0070521
00°02t
L8
GLELE

GL°T
6€°€LS
05 "H6T‘2
02°19
00402
GE TLT
26°492
29° 105
80°8T
00°9¢

Gg 9t
ihLes
05°Q
02°646°1
00421
68 tL’g ¢

£2°8%2
42°09
L2°R95
00°02
L5°0T
Zh°cke

enent
20°#51T
06°062°1
co°oZH
TL°48
5L°€LE

o'l
a9
¢6°0€2°'2
02°19
00°402
51°Q02
L6°492
29°10S
80°QT
§8°9€

G8°9t
L6516

06 ets
05°8
02°6L6°1
20°4#2T
98°C6R‘hH ¢

3sedeju]. £3Tunjzoddp

seduayd
Butmoaasyd
Uuoyle}sen
Jeoq
YsSTuty-mMoan

s3utpTIng uotqeToeadeq

@ouBINSUI
edxey> pue]
%0038 3utpesag
suoo3el
quowdtnby eanuej|
queudynby TTeM
quswdnby peeyd

3500 Pty

pajexiae) STd/I0qe]
715aaej3uT £3Tunjxoddo

S3uUTpPTME
quewdnbs
seous

sueeafog
uJoz

srpog
Je0c

SIZ0X Z8NJIE]

150D Jo0q¥]
TIT0 % Tend
£370TI3001W

QueT3AY

satpedey

Zugdund uoo3e]
0 3utppeq
syao04 % dooog

sqs0; e3eva03S
sqQIng 3®eH

peey
150D eTqetIep

J83311/S31d 074
SS0E jexder §

I033T7/5215 ¢°g
18] SZ0F 3Bl 40§
JUBWBLT JUOD

a03371/831d 0°4
s30K 3e%dEl GTH
TEUOT}USAUOT

2033 TT/s21d G°¢
s3or qaqIel] #06

woy T

ECIMI GEMOUHVI 8405

HO SYEILITT 09 ¥O4 SISOC QETIVIRC

G BTVL

Es 1
‘2 ZIIcYdYC



199

"l " diry 0€°STH 0€°STH qseasjul £31unjoddg
027101 02°T0T £5°cet 2502t seduad
8¢ T1Y 89°119 §5°€L8 G6°€LS sutmoade]
00709 00°0% 00°09 06°0% uoT3e}S8s
00°5T 006°91 £0°91 00°91 Ieog
9L "0Lé 9€°0L6 S8°08s G005 YSTUTJI-#0I5 IJuTpTIng uotjetroeadeq
9€°Lee 9 °Lze Sz eeT gz eel eouBaMSUT
SuMALS 8" 2Te g ele SUMALS e3xey) pue]
oeeoon'e 0070042 o00°ush'e (ol hdolel A 3903 2uTpeads
006°€5T 00°€ST e ——————- 3500 UooseT
--m—--- ——————- 060N 00°02% jueuwdTnby samuer
£2°09 52°09 52°09 62°09 queudinbr 7 TTep
€2 08y €2°089 i.mwd H6°Eoh queudmby paey
9S00 PoXTs
FARN S6° eI 12°1 peqesiae;] 31d/I0qe]
€5°550°T AN AR \\.Hmo 1 4272221 358203uT £3TUN3I0ddo
o0 yhlte 00°908°‘2 G T4 ‘C 00°TQ9°€ 350) J0q¥]
ca.~mm on*6ES ::.umm 1 LEE £310Ta300T%
CG°0S 00°CS 00°2€T 00°2€T Tong ¥ 110
9L°20€ 90°65€ 527562 95 45€E sueT3LE
G "w6h g5 * g6t Oh°CLE 0H°0LE BuTpITNE
52 §2 T 0T°90¢ 0T°90¢ Juaudtnby
5€°0€ 9K 0€ 5T°5€ 9T°9¢ seoue atedex;
—————— MO 57l . 00°2¢ Butppez
OO oOON OO nOON - - NCHEUW COOM.Q.M
e §g°ST §8°92 §g°9€ p s3ja0y8 % sdooog
. 431 . .),ﬂowr.ﬂ SUeB9GAOG
LT wm.wmm.ﬂ 09°€LT°T o.)w ‘1 uJo; 1502 e3BJ03S
mm.ma €8°91 £ety €8"S same duel jeer
05°056°€ 0°056€ 04°056°€ on°056°E smog
06991 00°981 00941, 5ol saeoz
(VAL A K 94°484°6T VALY AR SYAPATARS s30y 3e)Jel! 3s0s pesy
150D aTqeTaE)
199377/8461d 0°¢ 913 T1/S8Td §°¢ J993T7/SET4 54 103377/8515 G¢ weq I
sJoy qeNJde 3Ly SJOE jeNaE {001 sZor 3eJde ] 0Ly S3or 3eMae’ 00T
JueuwsuUTIUOD TBuoTjuUsAUOD
ECINL QEOMVE SKOS 0€ 40 8178 2
¥ SMEILIT 02T Yo7 $IS0C QUIIVIRC ‘z IIIoVdVC

TOYTEVL



200

68°295 68°2 T2°2€S T2 2€S 3seequl M Tunjaoddo
L1l ™oLl €L°9ET €4°6ET seoue
89 115 85°TTS 0§°085 08°005 Bunoaxes
00°0% 00°0% 00°09 00°09 uot}e}ses
€12 19 4 €€ 1e €€ 12 avog
LE°0L6 LE°0L6 12°995 12°99¢ ystutg-moan SurpTing uotjetoeadeq
£e°9se £8°952 ge°gee g gLe eousamsuT
00°go 00° 8% 00°89% 00°89% e3xey) pue]
00°0ST*¢ 00°0ST*C 00°05T ¢ 00°05T°€ S3TID
00°004 00°00% 00°004 00°00% aeog 39035 3utpesag
00°€5T 00°€ST 00°02% 00°02% jueudmby % 350D eanue!!
92°90T 92°90T 92°901 92°901 quewdtnby 3 TTeM
5T T2 61°12L 06°40S 06 °#05 queudmbs peed
350D pexTJd

T, %" %1 't pejexel] 31d/I0qeT
696551 TT°064°T 99°645°T 80°902°1 3seasqu] £3Tunjzoddp
00°0%T 4 00°062°4 00 4164 00°490*S 3800 do0qe]
0552 #0°5S4 80451 80454 M TITR0eTE
00°0% 00°09 00°291 06°29T T¥0 7 Tond
55 -son #9°€64 $0°g6€ 98 eueT34x
#7105 € °105 28°04€ 28°0L€ BuTPTING
€6°Tin £6°Tin $2°665 §2°665 jueudmbsy
22°5E 22°6¢€ 20°TH 20°Th seoue satedey
uuuuuuu ——— 00°80T 06°e0T 2utpped
00°06€ 00°00€ e ———eee Sutdung uooJey
§8°¢1 §8°ST $R°o¢ $8°5¢ . syx03 % dooog
SH 4640 T 05°€82 i) 05°€82 sueaqfog

029 T Sl 02*19°T uz0) 150D e3wa03s
05°62 0$°62 05°62 0§°62 sdure] jeeq
09°626°S 09°626°S 09°626°¢ 09°626°S smog
00°enz 00°8h2 00°8H2 00°gtZ sxeog
H8°€SE 42 ¢ Lit20Lt62 ¢ HR€SE e ¢ LL°20L62 ¢ S3oF jexaey 350D peey

3500 eTqetIep

2033¥1/S31d 0°L 203371/531d ¢°Q 103371/$31d 0°4 2893 71/s31d §°8 wey T
S0} 38NIe;! On2T S30E jexIe; GTCT S30K je3dE 04T s3or 3e3aeq STST
JuewsuUTJUOT TeuoOTqULAUOD

A0IML QEMOYYYS SMOS 0€ £0 SIFS €
¥O S¥YEIIIT OQT YO SISOS QEIIVISG ‘2 ZIICYdYD

T3VL

A
53]



201

- {Tsnotaead po3sSI] juewdinbo oy3 Y3 M UL ST we3sAs

TeuOTaUeAUOD ‘UoFel, JOINY PUB JOJOBIL.

12°25S
03°15
00°29€
[S98°141
16°222'1
00°9¢
05°91
26000 T
5414
8h eIt
00°00T°2
06°09¢€
0G°€ST
GE°Ly

2L Sk

ar°1
04°080°T
00°826*2
05 °82

9 *h2h
£z 292
20 °485
01°608
95 °5¢
00°002

§3°ST
00°621
09°€LT T
00°41
0h°056h°¢C
00°981
0L°0h2°9T ¢

T2°256
('3 (9
00°09€
€6°81T
10°222°'T
00°0€E
00°6T
24°000°1
86 °21E
Q4 2IE
00°00T°2
00°00€
00°€ST
GE°LG
2L°058

00°T
PXAR (Y AR
0€°€€0°¢
05°g2

9€ 624
98°9T€
80°489
0T°608
95°6€
00°002

$8°6T
00°68T
00°960°T
00°41
04056 €
00°981
9L°Lgl 6T

09 “tilh

04°40T
SETHT'T
00°0€
00°9T

g€ °0€9
£9°q6¢C
gh°2TE
00°00T°2
00°00€
00°02%
GE*L9

T 645

9 1

g6 °LoT'T
00°080°H
00°%6
00°t2€
€L°462
SuUMeu
§8°129
0€°2€
00°22

G8°9€
00°68T
0G°€LT° T
00°4T
04°066°¢
00°981
0L*H62°9T ©

h9° hit

04°L0T
SETHT'T
00°0€
00°9T

g€ 0€9
€9°852
e 2Te
00°00T*2
00°00€
00°024
GE°LS
CT°645

gc 1

AN TARS
00°68T'
00°96

00 °#2€
9€ *60€
i 645
$8°129
0€°z¢
00°24

GR°9€
00°68T
00°960°‘T
00°4T
ot°066°€
00°98T
94°L8L°6T ¢

3seq9qul AL3Tumjgoddo

L uodep Jesny

»1030Ba],
seousy
cxrBs :
*3s89
Jeog

Jd-5 3utpTmg

S3TTD
Jeog

uotjetoeadeq
edueansuy
e3xey) pue]

3003§ 3utpeeag
queudmby eanuej]
qusudnby ¥ TTeM

queudnby peeyg

350D PexXTq

pejexael! 31d/10qe]

3sexejul £3Tunqaoddo

suTpIINg
jueudnby
Sedusy

sueeqhog
uJIod

SMOS
saeog
s3oy qe3qael]

3§00 Joqe]
TI0 % Tend
£3701130013

eue 134

satedoy
Suidung

uoo3deT Jo Sutpped

s)ao4 ¥ sdooog

0Z8I038
due] qeef;

3800 peay

9500 oTqEyIEp

1933T1/S21d 0°L
S30H 3exaell 0L

1833711/S51d G°g
SS0E jexIeT ¢00T

JuawsuUTJUOD

I933TT/SETd 0°4

S

Jor jayae’l ol

2933T7/S374 §°R
S30or je3ae;l Q00T

TBUOT]USALOD

w31

FJ 8

L. JWOW¥Va SIS 09 £0 I

FC $5) A

€T
COTT 02T YOr SISOC CUTIVISC ‘€ ZIIOVAYS



202

*Lysnotasad pa3sty juswdinbs ay3

UY3ITA UT ST walsAs JeuoTjusaauod ‘uodeM I33ny pue 1030BIIy

752 Gu"GEA AR 424 5HL 3soaeju] L3 1unjaoedds
95015 63°18 - s yuo3e aelnv
560 00°06€ ——————- ——————— %03 0827
59 1 %7 AT AT Saduet
T veee't Ge L't TETHT'T Sumoage
~ gntozt €021 36021 UuoT3B3Sen
o L 2e [eleRar9 05°2€ J805
Ge* ST (Vs 94°052° T §4°092°T =0 BuUTpTE uotyetoeadeq
22 28 gty L2 13€ L2°T5E sdouBmSUT
Ry 96 112G 56 *42s 564725 e3awy) purl
0G0t 06002 Y 507002 560020 STT
50°00¢ 00°05% CO°CCS I80; yo0gs Jutpesag
00°t5h 00°uEn 60t 02h jueudmby 3 eanuer
40021 £0°0eT 20°02L jueudnby % TTep.
09T T 15050 16708 juewdmby peeg
3500 PexTJ
11 m:.n. 59°T LTANN pejedae:! 31d/a0qe]
A ) A PHo00n'e L2rentte Nw.@_}.m 3seaejul £3Tun3aoddy
5055 4S ?.i: G0t0TE L oln'l 1500 J0qeT
05085 ST°056 4°555 .Pm £370TI300TH
um *oh 06 * Oy 08 °ént cm T 170 % Tend
m:.mmm L0 EnG £4°¢1S 26 5es oue T3AH
55001501 25 °AT0°T 56594 96°994 SZUTpTINg
0s° \\S 064111 GG*GLl 6 5Ll juendmby
€04 €04 ehtou oh°0¢ soous ] satedoy
—m———-- mm————— 00 *r7T 00 *T 3utppeg
Setit §asst 06°LE 00°2€ syd0g 3 doodg
St 00 4l oTe RS XA suesqlog
- 0T €512 tTeIte uxoy edexoly
3.5 00 20 HE sdue qeej
.om Guc e 08°006°2 0£°0666* snog
‘28 CG 2lE 50°2E aeo:
oh ,.,m.«m 26°54545¢€ ¢ 2E°5L606E SEoj; jesae:; 950D pesyd
950D eTqETIEp
.mwmﬂn\muwm ub 2833 T7/S3T G°¢ .nmu)q..\mxa.. e JI293T7/S3Td G°7 weq Y
Su0L 3O4Jde]] T T sdoj jeae’; Ot0e $30; qeJdE T TLs S30x 38MJEl 0402
FUBLBLT JUCT IPUOT3UdAUO,




203

82°T9T'1
10°222°1T
00°08T
99°24
68°910°2
€€°192
90°925
00°GE6
00°00€ ‘g
00°008
0T 418
€€°691
RT°652°T

68°S1
08°9€5 ‘€
00°15%
02°T68 1T
00 *964

0T *H88 ey ¢

20°ToT T
10°222°'T
00°0eT
99°2h
68°910°2
(S (74
90°92¢
00°9€6
00°00€°9
00°008
0T*418
€€°69T
QT 652°1

SH6*®
[SI7 S
00°HiS 8
an°coz’t
00°#8
26°406
176 TH0 ‘T
08°SHT T
9t el
gQ°sT
05 *H8s
0€°eg2 e
00°TS
02°148°‘TT
00°954
Q2°€IL6G ¢

L5°220"
e THt*
00°08T
95°2h

9l°092*
€2°662
96 °geh
00°G€6

T
1

T

00°00€*9

00°008
00°024
€€°69T
127218

Nt
ot LT’

€

00°4456°0T

2L°054
00°€T2
L2°THe
06°884
geecoe
45°88

00°912
00°4€

08°9es
00°TS

€

02°168°T1

00°964

oT Hee‘en ¢

246°220°T
GETHT'T
00°0eT
99°2h
94°062°1
€2°662
96 *gen
00°9€6
00°00€°9
00°008
00°02h
€€°5oT
12°219

€21
2£°629°¢C
00°202°11
24°06L
00°€T2
27°005
06°884
geecoe
L5°28
00°612
00°4€

05 *485
0€£°8g2’c
00°16
02°152 1T
00°964
Qzefagtsc =

Supoagey
uot3E}Sen
Jeog

YS TUTJ-MOID
seduey

S3TIO
sJxeog

s3utpTIng
queud by
seoueJ

suesaqfog
uz0)

smog
Jeog
s3or qeyuae:!

3segejul £qTumjaoddy

uotyeroexdeq
eoueamsul
e3dJey) puel

30038 3Jutpeeag
queudnbz eanuey
queudinby % TTemM

queudnbs peey

350D pextd

pejeae;! 31d/I0qeT
3seaequl £3Tungzoddo
950D xoqe]

£y 1otTa300TH

TI0 % Tondg

QuUaT3AY]

Jxpedoy

Sutpped
s)ao4 ¥ dooog

838a038
sdureT qe0F

350D pesy
1500 oTqETJIep

2033T71/S41d 0°4
siJor jeNJae!] 0642

JUOWBUTJUOD

1833 TT/S21d G°p
sBoy; 3eNIEl! H20€

193377 /S3Td 24

S50L q0NJE !

(S

T2LOTJUSAUOD

1033TT/S37 2

2 sZox je8vaE | ~I°

weyT

FOIN a0y

d0 SWIIIT 0SE 0

‘C ZIICYIIC



204

§8°€L5 $8°€Lh 1628 T1°628 3sedejul 43 tum3zoddo

50°25¢€°2 60°15€*2 26°401'2 26°L0T'2 Sutmoared :

£9°99 49°99 49°99 49°99 uot3e3Isen

99792 , 99°92 99°92 99°92 awod

€4°6£9°T €4°6€9°T 22°60T*1T 22°60T°'1 30

09°ent 09°24T 06°212 06°212 sedous g uoTyetoeadeq

9% K 14 90°Tih 90°Th eouvansul

00°Zen 00°224 00°22y 00°22H e3aey) puel

00°005°€ 00005 *€ 00°005*€ 00°005°€ ST

00°005 00°005 00°006 00°005 xeog 30035 peedad

00°€9 00°€92 00°549 00°649 quewdnby eanuei

et ™22l ™22t ™°eel quoudnby 7 TToM

29°5es "1 2975851 20°61°T 20°6T'T quoudmbg peed

9500 pextd

§2°1 $0°T 82" 1 80°T pejexel 3Td/I0q¥T

76°408°1 BE 45012 §5°98L°1 00°%€0°2 : 3seae3ul £3Tunjaoddo

00°69T°¢ 00°662°S 00°6TE*S 00°G4h*S 3500 Joq¥]

2L°6€L 2€°6€L 418 2418 £70T06TH

00°€€ 00°€€ 00°24 00°24 T10 ¥ Tond

16°60% 69°964 ™°20% 6T°68 oueT3AH

SLogte 1 GLogtE T G6°€20°'1 G6°€20°1 queudnbg

9T°€0€ ‘T 9T°€0L T 8L°040°T 84°040°T ButpTing

(VAL gl°zh 18°€9 L8°€9 seoue sayedey

S ————— 00°02T 00°02T Butpped

00°42 00°42 00°42 oo.MNm o - .m sxyaod » sdooog

“€56* 00°STE cccis 00°ST! - sueeq/o,

057€56°T 06°428°1 05°€56°T 06°428"'T ) eSea03g

49°9% L9°95 2L9°95 29°9% sdure] 39eH

00°585°9 00°685°9 00°685°‘9 00°685°9 smog

00°0T¢ 00°0TE 00°0TE 00°0TE savog

HosnTlle ¢ 09°646°2¢ ¢ HeoSHTde ¢ 09°6L6°2€ ¢ s3oy qexJel 3500 peed

3800 eTqeTIe)
1033 71/53%d 0°4 J03371/531d §°8 J03371/s81d 0°4 299371/581d §°8 weq I
830l jeqxel{ 2gfT §30H jejIel 0891 s30y qexael; 28C1 s30y gexIell 0891
JusuLuUTJuUo) TBUOTIUSAUOD

IOIMI QIMOM¥VA SMOS 00T 40 I3S T
YO SWIIITT 002 ¥O4 SISOO QFIIVIRA ‘4 XIIOVAYD

318Vl



205

48°056 1 48°056°T L6°66€°T L6°66€°T 3sexejul £3Tunjxoddo
G0°e5€ete c0°25€‘e 22 L01'2 22°L0T'2 Sumoas,
00°001 00°00T 00°00T 00°001 uoi3e3sen
49°2h l9°2h L9°2n - L9°2h Jeog
09°042°¢ 09°042°¢C 99°841°2 99°8L41°2 J-0
ot h62 oh*H62 00°€6€ 00°€6€ seouey uotyeyoeadeq
16°018 6048 0 2L 22T eousansuy
89°6£0°'T 89°6£0°1 89°6€0°T 89°6€0°T e3xey) puwl
00°000°4 00°000°% 00°000°4 00°000°4 S3110
00°000°T 00°000°T 00°000°T 00°000*T saeod 30035 peead
00°0€6 00°0€6 00°0€6 00°0€6 queudinby eanuej
1L°612 TL°6T2 TL°612 1612 quoudnby 7 TTeM
#3°L02°2 #9°402°2 #2°9LL T 42°94L°1 quewdinbgy peej
350D pextd
61°1 10°T Gz°1 90°T pejexasy 3td/Ioqe]
8L°TES € 02°4£0 4 89°205 ‘€ H#1°600°h 3sexequ]l £3Tunjzoddo
00°498°6 00°422'01 00°24€°0T 06°4£L°0T 350 JoqeT
80°654°T 80°654°T gh ghb ah and £37012300TH
, 10 % Tend
62°1£8 #5°0T0°T 62°618 1666 sue T3LH
02°04L°T 02°044°T oG T oh St 1 queudnby
22°488°1T 22°L88'1 09°€L4°'T 09°€iH'T SutpTIng
2£°88 2€°88 06°411 06°L1T seoueq sayedey
00°042 00°042 00°042 00°042 Sutpped
00°42 00°42 00°42 00°42 . sya04 3 dooog
“aTE* 00°0€£9 enTs s 00°0€£9 sueeqfog
09°016°¢ 01°659°¢ 09°0T6%¢ 0T1°$59°¢ u0) 032038
geoctt €CCTT €CETT €CCTT dure7 3®eH
00°89T°€T 00°89T €T 00°89T°CT 00°89T €T smog
00°029 00°029 00°029 00°029 saeog
2h60E S ¢ 02°656°69 ¢ H60E 4G ¢ 02°666°65 ¢ s80E jexTey 3s0) peeJd
3500 8TqEBTJIEA
20337T1/581d 0°4 103371/s31d 6°8 203371/S31d 0°4 J033TT/S3TZ &2 w3 I
s3o} jeqIell 9942 S30Y e)Iel] 09LE S30K 3eJael 9942 S30K 3e¥Je [Ny
qUeweuTJuo) TBUOT3USAUOD

HOIMI CEMOYEVA SKOS 00T 40 SIES 2
YO SYELITT 004 ¥Od SISOD QFIIVIEA ‘4 XIIOVAVO

¥ FIEVl



206

,‘.u.mm‘: A6l 1 €O T’ £ TLL T 3seqejul £3Tunjaodd~
gotese” 026ty Nm.?- n. A0 A Zumoaae;
06 .oom GG 00E £5°50E Sl s ucT3e3sen
Lnty 90° 1% SUThG R ago?
ugtule't om.km.m 5¢14T02 SN TAN YSTUTS~MOID
o\\ “LEE 05 LEL 52°% oradei oy Soouey uoT3ETO8ade]
€z zns \x.m.zo 21T £T°5Tx oouUBINSUT
02°555°1 (276551 fzeigt 52756511 e3aeys pue
067068 0T 00°65 10T AT 7500501 s3TIn
0076001 60°Cce1 SN 35°002'1T sagog 310035 JuTpesas
#7,°TE5 T 0TS T Ll oo % queudmbz eanue:!
507492 G4t HGE SR $LthgT queudtnby 3 TTer
Tr°512°e Z HN.N FEREH A 16 1l * 1 jueudmby peed
9500 pexTy
52°1 50°1T 1 T°1 pejeae . 2T7d/a0qe]
am.:mm.m 2LEL0S 5125 SLH96*S 3seasjul £3Tunjroddy
Coubn 004465 KEteT 20°eSL 9T : 3503 JogET
oY “G24'1 o: CTA'T £1e't 65 CT12'T £y 10130017
06801 00°801 77T 0C *hT 110 % Teng
sycoe’ H m §54°1 *Se1f L Stean'T 8uUST3A:
CrthGE O HE6T €65°1 PEUESS T SUTPTING
oY H 60°254°T 5wt ST°464°'T Juoudnby
mm 01 22 10T et Sa°CeT S90Ua: satedo”
T == 0%€ 80°C%E 3utpper
¢0°22 42 00°42 o0y 7 dooay
el g e oG o1 sueeqfog
0r-"eS2 5 JiTe G D6 8INS uJzor afexo3s
0G°0lT 20°0LT 60041 sdure] jeer
0CE6L0 T A 0C°26L 61 SHOE
S0l GOl 00 *4rti SaBOE
\m A0 Y ¢ SSCEintiE Jpeelétes ¢ sZ01; qerjae - 1505 posg
9SCs 8TqETJIEL
e ALER J933 T3 /ST § 'y 1893 T7/SIT4 54 833 T3/851d 6% weqT
sZoi jexde GT4 S0P ONIR T C4CS S:0: 3erdE | [ilH sicr qenda®; (105
JUBWBUT JUO, TeUOTIUB AUST,

EOLL CHEOUYVE SF0S 00T &£
D STHIIIT 009 Y08 SISOC TFIIVING ‘4 K

1ovaYo
IS

RRCRELA



207

TG 92 >4

USTUTI=Lwd?
SUTNCAS

188a53UT .

FTmgaecd

SR UCTREYs 3

\M . - J20

E S80oUL; vOTqETORdS,

U1 aouBanNSUT

5%l ZIeYy) pue?

PN YA $3TT0

0BGt JBOC 300qs Surpeeag

17Keh 65$°20¢ 450) aanuer’

citeet rAREAAT queudtnby ¥ TTem

2ytemte Z2°ST1s'1 22 6181 queudnby peeJ

950D pexTy

7 A 96 ° 28" pejaxJe]; 31d/I0q¥]

L6050 93° 162 LhoLds e - 80°266 3seqe3uT A3Tun3aoddo

00t eyas 00°8L0°5 00°#6:5°S 00°402°¢ 9503 J0q¥]

6011 00°2T1 00°2TT 00°211 170 % 1end

5y 054 89°05L g HEh 49 HEh £ 707230075

oregs £9°839 09°095 ST 199 oue 134K

22°93C" 1 22°996°1 29°6 29°619°T SutpTmg

SE°GEL’T GEegel’T SHEon*T SHESHT queud Trbg

9L Ce o€ € 66°64 99°66 seouad satedoy

s -————-- 00°08T 00°08T 3utpped

00742 00°42 00°42 00°Le . sxao4 3 dooog

50 o : st 05°24 sueeqfog

womy e wmmﬁ“ 00992 05 .Ew.m uz09 egedoyy

uo.mn a0°5® 00°5% 00°58 sdure7 qeen

m& 00°G48%4 00°648%6 00°942'% S9TID

0029 00°025 00°029 ) £0°C29 saeog
mm.mmmds : Ot~ 694 A1 QLl2lion ¢ onthontEn ¢ sdo}; qesae 3s07 peeJ
1500 arqetaep
I03317/S514 574 109317/S8TS G° 1999 TT/S5T ¢4 hmupAP\mmam ] weq T
sdop jeNIe 1/5Z sHor JeNIE. (252 SBOE 3e4JE;! £402 s3cz qexJIel] 0262
FuLl T guCh TBUOT}USAUOT

L CEROEYY
oom.uupm

£ SMOS 05T

fal
&
1500 TEIvIva f

[IRACIVERST I L

A ELAS

5S T
r v
2 A

TTTAV YA
FIIT z



208

€L°gge’e €L°gge'e LIAPZ) i Hl*lh0*2 3sedejul £3Tunjroddo
04" 066°h 0h°066°H 08°842°¢C 08°842°¢ YSTUTI-MOID
60°825°€ 60°925°€ 88°19T°¢ 88°T9T‘C Sunoaxey
00°002 00°002 00°002 00°002 uotye3sen
00°08 00°08 00°08 00°08 aeog
9974 GG e G2°gIe G2°gIE sedue uotjetoeadsq
0T°612°1 0T'642 T 72 640°1 #2°640°T edousansu]
02°655°T 02°656°T 02°666°1 02°666°1 . o3xey) pue]
00°005°0T 00°005°0T 00°005°0T 00°006 ‘0T S3TTD
00°005°T 00°005°T 00°006°‘T 00°005°1 Jeog 3003§ 3utpeeag
00°9t£ T 00°9HE" T 00°68T°1 00°68T‘T 95800 eanuey
92°692 92°692 92°692 92°692 queudnby ¥ TTeM
85 oH1'¢C g5 o1 ‘e 8T 6642 8T 6642 queudtnby peey
350D pextd
16° €Ll 20°1 98° pejexnasl 3td/a0qe]
16°621°S T16°648°G 08° 42T 4 08°048°S 3seae3ul A3 unjzoddo
00°862°TT 00°889°1T 00°459°2T 00°440°2T 360D Jo0qe]
2L°086°T 2L°086°1 21°962°1 21°692°T £7011300TH
09°T11 09°TTT 09°TTT 09°TTT 170 ¥ Tend
§2°502°'1 057854 T 6L°28T'1 00°9€4#°T eueT3AH
8 tlg e Rhlg e 05°162°2 05°162°‘2 SutprIng
0EH6E°2 o€ H6€‘2 60°688°1 60°688°1 queudnby
29°E4T 28°EHT +3°691 +13°691 seduey sayedey
—e—————— m—————- 00°09¢€ 00°09€ Butpped
00°9€ 00°9€ 00°9€ 00°9€ sxa04 ¥ dooog
*Log* 00°S46 «Jont 00°SH6 sugeqfog -
00°£98°5 0L°281'S 04°498°¢ 0L°28n'S uz03 31095
00°041 00°04T 00°041 00°04T sdue] qvey
00°264°6T 00°264°61 00°264°6T 00°254°61 smog
00°0€6 00°0€6 00°0£6 00°0€6 saeog
05°€Lh'18 ¢ 92°026°86 $ 05°En‘TIg ¢ 92°026°g6 ¢ sSop jeMTeH 350D peed
350D eTqeTJIeA
203371/531d 0°4 2033 T1/S8%d §°g 833 71/53%d 0°4 J033T1/S51d §°8 woq T
s3oy jexIel 0ST4H sS0H je3aeH gLoS s3oy jexIel 0STH S30K ge)IB 8L0S

qUewsUT JuQ) TeUOT3USAUOC)

UOIML @EMOWWVA SMOS 0ST 40 SIS 2
Y0 SWALITT 009 ¥04 SISOD QTIIVIZG ‘S XIIOVAYD

K J79V1



209

08°296°2
0h°066 4
60°825°¢
00°091
00°00€
02° TS
80 414" 1
00°0tE ‘2
00°054°ST
00°000°¢€
00°HE" T
29°2ly
g6° 222t

s8°
G0°195 L
00°006°ST
95°168°'2
otr"oHT
02°628‘T
2L ;b2
GG 90n‘z
GE LT
00°9€
G6°118°8
00°652
00°829°62
00°098°‘T
00°002°22T ¢

80 41T
00°04£ ‘2
00°064°ST
00°000°€
00°9HE ‘T
29°2Th
g85°222'¢

L2l
89°189°8
00°005 ‘91
95°458°¢2
ot°oHL
L9122
2,62
GG 9oh‘e
9€ " TLT
00°9¢
GG gTh'T
on°€ce’s
00°662
00°829°62
00°098°1
968 ‘el ¢

T °gel’e
08°8L2°€
88°T9T ¢
00°09T
00°00€
00°6TL
28°822°T
00°0HE ‘2
00°064°ST
00°000°€
00°68T°T
29°21y
gT°GLs ‘2

688°
9€°825*L
00°419°9T
95°984°1
oN.o:H.
04°908°T
86°80€ ‘2
66°100°2
69°612
00°0%5
00°9€
G6°TI8‘8
00°662
00°829°62
00°098°‘T
88°002°22T ¢

11°824°2
08°8L2°¢
88°T9T°C
00°09T
00°00€
00°614
48°g22°1
00°0HE ‘2
00°054°ST
00°000°€
00°68T°T
29°7h
81°646°2

8564°

00°6t9°8
00°412°LT
95°984°T

04°0
88-00t 2
86°80€°2
$6°100°2
69°612
00°0#5
00°9€

GG gTh‘1
on°€€z’s
00°652
00°829°62
00°098°1
on68L ‘et ¢

ysjurg-moay
Jumoaaed
Jvog
uolyelse)
seoued

ST
Jsog

s3utTpIIng
queundnba
sedusy

sugeqhog
ux0)

smog
saeog
s3oH qexaen

qseaequyl £3unjzoddo

uotyeioeadeq
eoueIMSUT
e3asy) pueT

3003 Butpeead
1800 eJnuely

quewdmby ¥ TTeM

queudnby peed

380D Pextd

pejexae) 31d/I0qe]
qseaequl £3yumjgoddo

4500 I0q¥]
£3701300TH

A

sayedey
3utpped
sya04 ¥ doodg

038I038
sdure7 3eel

350D peed

1500 eTqetIeA

4033711/581d 0°4
S30H e Iey 4229
JueuwsuTJuUo]

109371/631d 6°Q
s3oy jeqIBH Q5G4

203371/5S31d 0°L
S30K 3eNJIEN 4229
TeUOT3UAUOD

103371/s31d §°Q
S30F gexJIel; 8564

w31

0 FIgvlL

F0IMI QENOWMVY SMOS 0ST 40 SIS €
¥O SYALITT 006 ¥Od SISOO QIIIVIZA ‘S XIIOVAYD



210

2h°056°1 20°056°1T €8°LTL T €8°LTL°T 380J9quY £3Tunqaoddo
62°Gen'E 62°52n‘c 0z°sgt’e 02°6g1‘e YSTUT-A0ID
FAGL AL rAS VAL #18°ST12 Y #18°612 Y Sumoaaey
99°901 99°901 . 99°90T 99°901 Jeod
€C€LT €C°ECT €EEECT [A1% 4 uoygj3elsen
09°0T¢ 09°0T¢ 02°601 02°60% sedueg uotyetoeadeq
45°901°T L45°90T°T h°0€6 h°0€6 eouvansul
00°4t0° 1 00°4H0°T 0040 ‘T 00°4H0° T e3aey) puve]
00°000°2 00°000°4 00°000°2 00°000°4 S3T1D
00°000°2 00°000°2 00°000°2 00°000°2 Jeog 39038 Sugpeead
82°89T°1 82°89T°'T 00°0£6 00°0€6 350D puw jueudmnby eanuel
f12eLEe w2 lfe w2 lez A %/ quewdmby » TTeM
HTT'E HU T E #6°082°2 H6°082°2 quewdnby peeJ
380D pexXtTJ
€L° 628" 86° SHEg® pejeawy 37d/I0q¥]
626 ¢ 65°€20°h €0 din‘c gT°GL6 € 350303u] £3TUn3zoddo
00°280°8 00°26€°g 00°2TH‘8 00°2h‘s 380D Joqe]
00°96 00°96 00°96 00°96 70 % Tengd
929 ‘T 92T 94°488 9.°L88 £310T0300TH
01°0$L 85 *606 09°2Hl 80°206 eue 3Ly
09°192°2 09°192°2 0T 2241 0T°22°T Jueud by
91°899°2 911°899°2 91°081°2 91°051°2 SugpTmg
81°€6 81°€6 94°22T 94°221 seduey satedey
............. 00°0#42 00°042 Sutppeq
00°42 00°42 00°42 00°42 o . sja03 » dooog
g b 00°0£9 s 00°0€£9 sueeqfog
05°226°¢ 00°499°€ 057226t 00°499°€ u09 e3ea03g
€€°6ST €€°6ST €€°6ST €€°6ST sdure] qeey
00°89T°€1 00°89T°€T 00°89T°€T 00°89T°€T smog
00°042°T 00°042°'T 00°042°1 00°042°T Jeog
2h°60€° 1S ¢ 02°656°59 ¢ 2H°60€ 45 ¢ 02°656°69 ¢ s3oy 3e)IeR 350D peed
380D oTqeTIep
103371/531d 0°4 1033 17/531d §°Q J03311/581d 0°4 193371/531d 6°8 wqY
§30H 39IBW 9942 s3oy 3eqae 09€€ s3op 3e)aejl 992 s3oH jejIel 09€¢
JueusuU§Juon TeUOTjUSAUC)

FOIMI TEMOYMYS SMOS 002 Su 13S T
¥O SWIIITT 004 ¥Od SISOD AITIVIZA ‘9 XIIOVAVD

d J1avl



211

0z°zh0'e
99°922
00°9€€ ‘92
00°0t2*1T
81°662°80T ¢

69°L60°¢€
245°068°S
rA8L A
00°00%
99°901
08°ST9
§4°L99°'T
09°180°2
00°000 ‘4T
00°000°2
02°849°1
9€ 49t
80°HE2 'y

648°
98°0€6°4L
00° T2l LT
09°124°2
00°252
0 456°T
H#5°2€6°C
0€°486°2
7l 48T
00°42
0§°952°1
02°6€5°L
99°922
00°9€E‘92
00°042‘1
99°668°T€T $

T2°494°2
LTl
#8°6T2'Y
00°00%
99°901
00°€18
50°904°T
09°180°2
00°000°4T
00°000°2
00°0th ‘T
9€ *#8€
88°04€°C

€0°1
12°6€8°9
00°00T*4T
2L°€59°T
00°262
9661
ge eho‘c
08°tt‘e
06°€42
00°08%
00°42

oz eho’sg
99°92¢
00°9€€*92
00°042°T
gT°662°80T ¢

T12°494°2
€L°TE Y
#8°612 'y
00°00%
99°901
00°€18
60°90h‘T
09°T80°2
00°000 *#T
00°000°2
00°0th 1
9 *4gE
88°04£°C

LE98°
€6°668°L
00°TI8*4T
24°€69°T
00°262
H°6€6°1T
gL 2no‘E
08° ‘2
06°E€He
00°08t
00°42
05°962°1
02°6€5°L
99°922
00°9€€°92
00°042°T
99°668°TET ¢

YSTUTI~MOI5
Jumoaxey
uotgjeysen

Jeog
seousy

S3TTO
saeog

s3urpTmMg

quendnby
sedusJ

m:«oo&om
uI0)

S3TW
Jeog
S30R qexael

3seaequl £3Tungaoddo

uotyeyoeadeq
eduBaSUY
e3aeyy pue]

3003s Butpeeag
queudnby eamuej]
quewdinby TTeM

3800 jueudnby peey
380D pextJ

pejesixel 31d/Ioqel
9seaejul L£3Tumqzoddo

3800 J0Q¥]
£310Tx300TH
TI0 »? Tend

oue 3Ly

sayedoy
Sutpped
sjxog 5 dooog

e3deaoqs
sqmng jeel

380D peed

380D eTqETaE)

269371/S37d 0°L
sZoy 3enaeE;{ 0L5S

I03371/531d $°g
s3oy jeNIeH gTL9

JUBLIBUTJUOD

J93371/S3Td 0°L
s30H jexaei! 0SS

J03371/831d §°8
s3oy jexxel gTL9

TBUOT3USALOY

w3

JOIMI TIMOYYYVA SMOS 002 40 S13S 2

t F1avl

YO SYHIITT 00g ¥OJd SISOD QFIIVIFG ‘9 XIIOVAVD



212

66°648°€
456°058°9
(488 TA
00°009
00°09T
oh°gTL
ot488° 1
oH°0TT €
00°000°T2
00°000°€
00°849°T
€€ °g1s
19°622'h

€56°
#9°09T°01
00°42L°€2
02°€94°¢C
00°#2€
28°g6€°2
20°2T0°y
GLeGLT E
26°6T2
00°42
08°#2L*TT

00°0t€
00°406 *6¢€
00°098°T
00°Lh6°29T ¢

66°648°¢€
25°058°9
T HOL Y
00°009
00°091
oh° 8T
I 4188° T
O4°0TT €
00°000°T2
00°000°€
00°849°T
€€°815
#9°622'y

#18°
222969 1T
00°429°42
02°€9L°C
00°42€
29062
20°210°%
(A TANS
26°612
00°42
05°648°T
0£°696°0T
00°0t€
00 °406 *6€
00°098°T
98°998°L6T ¢

gL s '€
€L°Tl 'y
18 S12'h
00°009
00°09T
09°6T6
88°209°T
o4°0TTE
00°000°T2
00°000°‘C
00°0tt* T
€€°g15
29 E

496°
T16°480°0T
00°480°#2
82°6£€°2
00°H2t
28°89c ‘e
88° 12T ‘c
ceelen'e
89°4l2
00°024
00°42
08°42L ' Tt
00°0HE

00 ° 405 ‘6€
00°098°‘T
00°ih6°29T ¢

18810 Y
€L°TE Y
18°6T2
00°009
00°09T
09°616
88°409°1
OH*0TT*C
00°000°12
00°000°€
00°0th‘ T
€€ g1s
h°29€ ‘€

928°
64285 Tt
00° 49642
g2 6eL e
0042t
2€°948°2
88°1eT'c
geelen'e
89°HL2
00°02¢
00°42
05°648°T
0€°696°0T
00°01€
00°406 *6€
00°098°T
98°958°L6T ¢

YSTUTI-MOID
Supoaxeq
uoy3e38en

Jeog
seouey

371D
Jeog

SutpimMme
queud by
seoued

suveqhog
uxod

SITTO
sawog

8301 qexIel

3sed0jul £3unjaoddo

uotyeoeadeq
eouwansuy
e3awy) pue]

30038 Butpeead

queudnby eanuely

quewdnbg TToM

3800 Juewdmby peed
380D PexTJd

peyesiIe 31d/I0qe]
38e203ul Lypumaaoddp

3800 I0yv]
£370T2300TH
T%0 ® Tond
QUeT3AY

sapedoy
Sutppeq
804 ¥ dooog

e3exoqs
sdure7 qeeH

3800 peey

180D eTqEiIe)

J03371/531d 0°4
S30l qexIel 00£Q

203371/531d ¢°Q

$30H 3eyIel 8L00T

quUewsUT JUo))

2033T1/83%d 0°L
S3o0H 2ex)Ie} 00€8

203371/531d §°8

s30y 3e3aeH 8L00T

TBUOTRUSAUOD

wa1

FOIMI QIMOUYVE SMOS 002 40 SIES €

Y 319Vl

YO SWIITT 002T ¥0d SIS00 Q@EIIVIHG ‘9 XIIOVdYD



213

Capital

Table S contains the capital needed for buildings, equipment,
fences, and breeding stock for the six capacities, three farrowing
levels, and the two production systems. A producer knowing the type of
system, the level of farrowing intemsity, and the number of market hogs
he would 1like to produce would receive an indication of the investment
needed. The budgeted amounts of capital ranged from approximately
$10,000 for capacity 1, two farrowings, to over $375,000 for capacity 6,

six farrowings.
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VITA

Robert Retzlaff was born I i-

Lincoln, Nebraska. Most of his life experiences centered
about a grain and livestock farm five miles southeast of
Lincoln, Nebraska. He was graduated from Walton (Nebraska)
High School in May of 1961, and enrolled in the University
of Nebraska in September of 1961.

He received the Bachelor of Science degree in
Agriculture, majoring in Agricultural Economics, in
January of 1966. In September of 1965 he accepted a
research assistantship for graduate work in Agricultural
Economics at the University of Nebraska. In January of
1968, he received the Master of Science degree in Agri-
cultural Economics specializing in the area of production.
His thesis title was "An Analysis of Cost-Size Relationships
in Wheat Production, Nebraska Panhandle."

In September of 1967, he accepted a research
assistantship in Agricultural Economics at the University.
of Missouri to work toward the Ph.D. degree. On September
14, 1970, he resigned the research assistantship to accept
a position as Assistant Professor in the Agriculture
Department at Central Missouri State College in Warrensburg,
Missouri--a position he currently occupies.

He is a member of Gamma Sigma Delta and Sigma Xi.
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