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CHAPTER |

INTRODUCTION

Cattle producers are frequently exhorted to increase productive efficiency
to remain competitive (Trapp 1985; Johnson et al. 1989). A key to increasing
efficiency is the adoption and use of the most efficient, yet economically
feasible, production technology available. Perhaps the most critical technology-
related decisions a cow-calf producer makes regard the cow herd. The
producer must select the best breed or breed combination and breeding system
for his or her operation, within limitations imposed by available resources.

The producer must identify product characteristics that offer the greatest
economic potential for his or her production situation. Numerous possibilities
exist from breeds and breed combinations available. What typé of product (the
calf) is needed? Shoulld a producgr selling weaned calves use different
product criteria than one retaining oWneréhip through finishing? Desired calf
type influences decisions regarding cow size and milk production, bull type, and
breeding system.

Célf performance is strongly influenced by the genetics contributed by
parental breeds and by the dam's milk production potential. However, breed
selection must be performed within the confines of the resources available to
the operation. Thus, desired product characteristics are also constrained by the
operation's resource base and production potential. Is it economical for a

producer to maximize production by selecting the largest beef breeds



available? The producer must select an optimal cow size and milk production
potential for the nature and amount of resources.

Added to these production decisions are the marketing decisions the
producer faces. When is the best time to sell the calves? Producers ha\)e the
opportunity to retain ownership of calves as stockers or feeders. Is retained
ownership a viable production and marketing alternative? Will plans involving
retained ownership, which require more capital tHan selling weaned calves,
cash flow? Do alternative crossbreeding systems producing calves of differing
frame size have different optimal production and marketing plans? These
decisions have a direct influence on the productivity, efficiency, and ultimately,

the profitability of the operation.
Objectives

A rich pool of breed performance data on a variety of beef breeds, along
with animal science research on beef production potential using those breed
data, has been developed over the past 20 years. Research evaluating the
ranch-level economic implications is needed.

Producers need factual information about breeding programs and
alternative production and marketing plans to assist their decision making,
rather than a neighbor's off-the-cuff recommendations or conversation
overheard in the sale barn. Livestock producers operate in an environment
characterized by much price and production uncertainty. Because of the
volatile nature of return\s from cattle production, producers also need
information about the entire range of possible returns. The goal of this research

is to provide that information. The research effort focuses on cattle producers in



Oklahoma, but has general application to most producers in the Southern
Plains.

The objectives of the research are to:

1. Estimate animal 'performance for alternative cattle breeding
systems using existing breed performance déta.

2. Compare profitability of alternative breeds and breeding systems
in a whole ranch setting.

3. Identify the potential impact of retained ownership on the ranch
plan and profitability. | -

4. Deterrﬁine the influence of the firm's financial position on the
decision to retain ownership.

5. Generate a distribution of returns for selected breeding systems
with retained ownership options in a risky environment.

The objectives will be addressed in two phases. First, a static analysis,
assuming perfect knowledge, of each breeding system considered will be
conducted. The first four objectives will be addressed in the static analysis. The
second phase is the risk analysis, in which a simulation modeling approach will
be used to generate a distribution of retu}ns for select breeding systems and

ranch plans.
- The Live Beef Production Process

The production of live animals for beef can be divided into three phases,
the cow-calf phase, stocker phase, and feeder phase. Commercial cow-calf
operations comprise the first segment of the beef production process. These
operations maintain breeding herds for the purpose of producing weaned

calves weighing between 300 and 600 pounds. The importance of cow-calf



operations rests chiefly upon the conversion of coarse forage and grass into
palatable and nutritious food for human consumption. Cow-calf operations are
especially adapted to regions where pasture is plentiful and land is cheap
(Ensminger 1987).

The second phase in producing live animals for beef is the stocker
phase. Stocker operations typically involve weaned calves which are fed and
managed for growth prior to feedlot finishing. | Stocker operations produce
feeder steers and heifers, most of which ére 12 to 20 months old, weighing 500
to 900 pounds. The key traits of economic importance to a stocker operation
are rate of gain and adéptability (Taylor i984).

Three typical stocker programs are considered in this study. The first two
involve grazing winter wheat pasture through the winter. In the first program,
wheat pasture stockers graze wheat from weaning in the fall to mid-March. The
stockers are removed prior to the jointing stage in the wheat plants'
developmental process so the wheat can be harvested for grain without
significantly affecting wheat yields. In the second stocker program, grazeout
wheat pasture stockers graze“wheét pasture through mid-May. Stockers graze
an average of 114 days on wheat pasture to be harvested for grain and 171
days on grazeout wheat pasture in Western Oklahoma (Walker et al. 1988).

In the third stocker program considered, year-round stockers are fed a
high roughage ration (including pasture if available), sufficient for maintenance
through the winter, then placed on summer pasture during the following
summer. Calves fed in such a manner through the winter have a high
compensatory gain; their capacity for growth on summer pasture is greater than
calves fed a high energy ration in the winter. This stocker program lasts about

330 days.



The third segment is feedlot finishing. In this pHase, the cattle are fed
high concentrate rations in a confined feedlot to attain rapid weight gain and
increase market desirability. The cattle are fed to slaughter weight and then
sold to packers who slaughter and process the beef. The key traits of economic
importance in the feeder phase include the rate of gain and feed conversion

efficiency.
Retained Ownership

Retained ownership ié defined as maintéining ownership of calves
beyond weaning into subsequent phases of the live beef production process. A
large number of opportunities fo‘r, retained ownership exist. The retained
ownership alternatives available to a spring calving operation in this study are
illustrated in Figure 1. The producéf can sell at weaning in the fall or retain
ownership of stockers or feeders. The producer has the option to place his
calves directly into the feedlot at weaning. The stocker retention alternatives
were discussed in the previous section. At the end of a stocker program, the
producer can sell the stockers or blace them in a feedlot for finishing.

Cattle producers have séveral incentives to retain ownership. They
attempt to capture profits that may be realized in subsequent phases of the live
beef production process. Retained ownership may allow producersnto capture
more benefits of a progressive breeding program, improved performance, for
example. It also provides valuable animal performance information, which can

be used to better plan a breeding program.
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Figure 1. Retained Ownership Alternatives Available to a Spring Calving Operation in this Study




Justification of Research

Beef production is a critical component of the agricultural industry in
Oklahoma. Historically, the value of cattle and calves has dominated the total
value of production of all commodities and livestock in Oklahoma (Figure 2);
1989 was no exceptioh. The value of production of cattle and calves was over
$1,843 million, far above winter wheat, which ranked second (Oklahoma
Agricultural Statistical Service 1990).

Cattle and calves on Oklahoma farms and ranches totaled 5.2 million
head on January 1, 1989. The average ihventory value of $545 per head gave
a total value of all cafctle and calves in the state of $2.83 billion. There were two
million cows in Oklahoma on January 1, 1989, of which 94.65 percent were
beef cows (1.9 million head) and the remainder dairy cows (Oklahoma
Agricultural Statistical Service 1990).

These statistics demonstrate the importance of cattle production and
specifically cow-calf operations to the agricultural sector and ultimately
Oklahoma's economy. The mdnetary importance, coupled with the need to
increase the competitiveness ‘of the beef sector, emphasize the need for
research evaluating alternative production and marketing strategies available to

producers.
Organization of Remaining Chapters

Theoretical considerations underlying the study and a review of pertinent
literature are presented in Chapter Il. Data for the base situation and the base

linear programming model are presented in Chapter lll.
A brief review of crossbreeding and the development of the alternative

breeding systems and their performance and resource requirement
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assumptions are presented in Chapter IV. Chapter V contains discussion of the
results of the static analysis.

The risk analysis, its justification, method, and results are discussed in
Chapter VI. Finally, the summary, conclusions, and suggestions for further

research are presented in Chapter VIL.



CHAPTERIII

THEORETICAL CONSIDERATIONS AND
LITERATURE REVIEW

The primary objective of this study is to provide information to cattle
producers about the economic performance of alternative cattle breeding
systems with retained ownership. Theoretical considefations underlying the
selection of the optimal breeding system and the optimal retained ownership
strategy are discussed in this chapter. Also, a review of the literature pertinent

to these broad topics is presented.
The Multiproduct Problem

Selection of the best cattle breeding system from a number of alternative
systems is a type of multiproduct problem. In this case, the products are
different calf types produced in alternative breeding systems. Differing
characteristics include frame size, muscling, and condition (body fat). These
traits are heavily influenced by the genetics contributed by the parental breeds.
Frame size and muscling are especially influenced by the sire breed in
crossbreeding systems. Condition is markedly influenced by the milk
production potential of the cow.

The following theoretical presentation draws heavily on Beattie and
Taylor (1985, p. 206-209). The multiproduct problem formulation which best

describes the choice among breeding systems facing livestock producers is one

10
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in which the producer maximizes profit. The producer's objective is to maximize

profits, I1,
n
In= % PY - ¥ rx (1)
' i=1 ‘

where Pj is the output price of the jth output, Yj’ and r is the input price of the ith

input, X.i subject to a set of constraints on the amount of resources available,

Xi - .Z X =0 fori=1,...,n (2)

FX.,,ee0 X,Y.,e0uY ) =0 (3)

The Lagrangean to the problem is

m n

L= PY-% rx+AFX,..,X,Y ,...,Y ) (4)

=1 10 = b 1 n 1 m
The first order partials set equal to zero yield
g—\';j=P_+x§—;=o forj=1,..., m (5)
j

%:-r.+xg—;=0 ‘ fori=1,...,n (6)
i ! i

oL

5 = F(X1,..., Xn, Y1,..., Ym) (7)

The product-product first order conditions can be obtained from the m

equations in (5),
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P dFRY
E:;:_G—F/W: forjk=1,...,m (8)

which, by the implicit function rule, gives

_Pj_ aYk MR,
Pk = --aTjE_‘LMsz RPTjk fOl’],k=1,---,m (9)

where MRj is the marginal revenue from selling output Yj and RPTjk is the rate of

product transformation between the two outputs, Yj and Yk. RPTjk is the slope of

the product transformaiion curve, wHich represents all possible output
combinations that can be obtained from a given amount of resources.

The factor-fabtor first-order conditions can be obtained from the n
equations in (6),

r. OFX
FfWaxl fori,l=1,...,n (10)

which, by the implicit function rule, gives

oX MFCi

et kil P .
=" x=mrc =RTS fori, I=1,...,n (11)

n

_ |

where MFCi is the marginal factor cost, the cost of a unit of input Xi and RTSiI is

the rate of technical substitution between inputs Xi and Xl’ which is the rate at

which one input must be substituted for the other to keep output constant.
The factor-product first-order conditions can be obtained by combining

the jth equation in (5) and the ith equation in (6),

F/OX: . »
-Pj[aggj =r for i=1,...n (12)
J

1,...,m

J
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which, by the implicit function rule, gives

oY,
-Pl_ (5)—(1)= ri = MVPij = MFCi for i=1,...,n (13)
i

j=1,...,m

where MVPj; is the marginal value product of using input Xj to produce Yj. Thus,
(13) implies that, at the point of profit maximization, no matter where used, the
increase in returns from using the last unit of input Xi must exactly equal its cost.

The second-orderﬁconditions for profit maximization require that the
relevant principal minors of the bordered Hessian alternate in sign, beginning
with positive (Beattie and. Taylor, 1985, p.gog). ‘Addi‘tionally, at the point of profit
maximization, profit must be greater(,than zero.

The cattle producer in this study is assumed to maximize profit, subject to
the operation's resource constraints. The resource constraints include land,
labor, capital, and management. Land constrains a cattle operation not only by
its availability, but also by its fo)rage‘ or feed production capabilities. Land varies
in quality, thus forage production poténtial differs across land types. Forage
production also varies within land types, due to managerial practices.

The profit-maximizing Iﬂevel of production is achieved with the least cost
combination of inputs. For example, a cow must receive adequate nutrition to
be productive. A producer can meet those needs in a number of ways.
Howéver, to maximize profit, the least cost combination of feedstuffs must be
used to meet the cow's requirement.

At the point of profit maximization, the returns from using the last unit of
an input (marginal revenue) just equal the cost of that unit (marginal costs). For
example, when profits are maximized, the cost of producing the last unit of

forage will equal the additional returns gained from increased production by -
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employing the last unit of forage. Enterprises with higher returns can support

the use of more intensive (and expensive) forage production.
Linear Programming

Linear Programming (LP) is the most common and widely used whole
farm planning technique. It is an appropriate tool for solving the multiproduct
problem described above and the intermediate-produét problem, where one
output can either be sold or used as an input in the production of another
product. LP solves the product-product problem, the factor-factor problem, and
the factor-product‘problem. |

LP typically deals with the problem of allocating limited resources among
competing activities in the best possible or optimal way. This problem of
allocation can arise whenever one must select the level of certain activities that
compete for scarce resources necessary to perform those activities (Hillier and
Lieberman, 1980). In its simplest form applied to agriculture, LP is a method of
determining a profit maximizing combination of farm enterprises that is feasible
with respect to a set of fixed farm constraints (Hazell and Norton, 1986).

The mathematical formulation of the LP problem is

Maximize Z = X GjX; (14)
J
subject to - ‘
2 ajXj <bj, fori=1,...,n (15)
J
and
Xj=0, forj=1,...,m (16)

where X is the level of the jth activity, cj is the expected gross margin or profit of

a unit of the jth activity, ajj is the quantity of the ith resource required to produce
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one unit of the jth activity, and bj is the amount of the ith resource available. The
LP problem is to find the farm plan (defined by a set of activity levels, X;,
j=1,...,m) that has the largest possible profit, Z, but which does not violate any of
the fixed resource constraints, or involve any negative activity levels (Hazell and
Norton, 1986).

Data needs for an LP model can be extensive. For the problem
addressed in this étudy, the ¢j's include output prices for each sex and weight
class of cattle to be sold, the per head or per acre expense involved in each
production actiyity, and other per unit costs, such as for hired labor and
borrowed capital. The bj's reflect the maximum amount of the resources the firm
has available to use in production.

Data necessary for the ajj's can be divided into two broad categories,
resource requirements and production. The resource requirements include
forage, labor, and capital.

The production ajj's include sale weights of each class of livestock to be
sold in the livestock activities and the forage produced in the forage activities.
Production in the animal activities is influenced by rate of gain, death loss, and

shrink. Forage production is influenced by season of the year.
Studies of Alternative Breeding Systems/Cow Types

Several studies have considered alternative breeding systems or cow
types. In related studies, Stokes et al. (1981 and 1986) developed a method for
incorporating biological simulation results into an economic model to evaluate
performance of spring calving cow herds that differ in terms of potential cow size
and milk production. In the earlier study, the producer had the option to retain

ownership of all or part of the calves. In the latter study, the calves were sold in
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one of two weaning policieé, wean all on November 1 or part on October 1 and
the remainder on December 1.

Both Stokes studies concluded that economic performance was
improved during the study periods by decreasing milk production and
increasing mature cow size. in the herd. They cited several factors which
contribute to these results. Conception rates increased slightly as mature size
increased and milking pdtential decreased. Price discounts were associated
with improvéd calf condition which resulted from increased milk production.
Heavier milking cbw types had increased feed costs, so that benefits of higher
production were offset by the higher cost of milk production.

Wilton et al. (1974) developed a linear programming (LP) model to
investigate the effect of changing management and biological parameters in
purebred herds of three mature cow sizes. Their primary purpose in the study
was to develop a method for applying the LP technique to a vertically integrated
cow-calf operation. Given their assumptions, their results indicated that
enterprise returns ranked in the same order as cow size. Returns per unit of
output or per unit of animal resource were, however, almost constant.

Using the method and assumptions developed by Wilton et al. (1974),
Morris and Wilton (1975) evaluated the influence of mature cow weight on the
economic returns from various beef cattle operations under different
management and input/output price scenarios. Their results indicated that with
average and lower feed prices, returns increase as cow size increases, but at
high feed prices, small cows are optimal for smaller operations, while
intermediate-sized cows are optimal for larger operations. They also found that
with average or high beef prices, returns increase as cow weight increases.

However, the inverse occurs when low beef prices prevail in the marketplace.
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Wilton and Morris (1976) used Wilton et al.'s (1974) basic methodology
to compare crossbreeding systems at different reproductive rates, heterosis
estimates, cow weights, beef-to-feed price ratios, and resource availability
levels. They concluded that terminal sire systems generated higher returns at
the farm level than straight breeding or rotational crossing, due to better use of
farm resources. In general, larger cows yielded higher returns in the crossing
systems examined.

McMorris et al. (1986a and 1986b) evaluated in a deterministic
framework, biological and economic performance of herds of different cow
weights and milk yields. The breeding systems included two purebred systems,
a four-breed large rotational beef system, é four-breed small rotational dual
purpose system, and a three-breed small rotational beef system. They found
that at average or high beef-to-feed price ratios (B:F), systems that yielded high
output generated higher returns, while at low B:F, systems producing smaller
calves were slightly more profitable. They also found the effect of cow weight
highly dependent on B:F. At low B:F, cow weight had a negative effect on
returns. However, the effect became positive and increased as B:F increased.
The effect of milk yield was also highly dependent on B:F, changing from
negative to positive as B:F increased. As feed costs decreased, it became
economically beneficial to increase calf weight gain through increased milk
yield.

Notter et al. (1979) used a deterministic simulation model to study the
effects of crossbreeding on the biological and economic efficiency of beef
production for a Midwestern cow-calf-feedlot management system. The
systems simulated included two- and three-breed specific crossing, two- and
three-breed rotational crossing, and two- and three-breed combined rotational-

terminal sire crossing. They concluded that economic efficiency, as measured
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by total production costs per 100 kilograms of ending body weight, increases in
systems that utilize individual and maternal heterosis. Systems which used
large terminal sire breeds coupled with attempts to minimize calving problems
also were more economically efficient than systems which did not. However,
cost of production alone is a poor economic performance measure.

Cartwright et al. (1975) used simulation modeling to evaluate the net
effects of heterosis, complementarity, and size on production efficiency in
closed, self-contained herds employing two-breed, rotational, and three-breed
crossing systems. They found rotational systems with breeds of similar size
more profitable than purebred systems of those breeds. They also found that
terminal sire systems have the greatest profit potential, both in terms of net
income and return on investment. Cartwright et al. concluded that heterosis and
complementarity consistently added to net efficiency, but the cow size effect
varied, depending on the nutritional management system. When cow herd
nutrition was relatively more expensive, smaller cows were less efficient due to

less efficient maintenance per unit of body weight.
Risk

Livestock producers, like other agricultural producers, operate in an
environment characterized by extreme production and price uncertainty.
Recognition of the risks producers face is important in research since the
presence of risk may alter producers' decisions relative to what is defined as
optimal by static production theory under perfect knowledge.

Robison and Barry (1987) distinguish between risk and uncertainty as
follows. Uncertainty exists when alternative actions have multiple possible

outcomes, depending on the occurrence of random events. Risk exists when
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those uncertain events have the potential to alter the decision maker's material
or social well-being. This definition implies that risky events form a subset of
uncertain events. The decision maker's response to nonrisky outcomes is
indifference. Only risky events have significance. Farmers face two broad types
of risk on economic outcomes, businéss and financial (Gabriel and Baker

1980).

Business Risk

Business risk is defined to be the risk' inherent in the firm, independent of
the way it is financed. Business risk; genefally reﬂlected in the variability of net
operating income 6r net cash flows, includes those sources that would be
present with 100 percent equity financing (Boehlje and Eidman 1984).

Two major external\sources of business risk trouble the agricultural firm
(Gabriel and Baker 1980). One is market or price risk, which results from price
variability for both outputs and inputs and uncertain availability and quality of
the latter. Price movements of a seasonal, cyclical, and trend nature are
predictable to some extent, but 'the:inability of the decision maker to predict
these prices accurately in making decisions represents a source of business
risk (Eidman 1985).

The second major source of business risk is production risk. Production
risk results from the biophysical envifonmént, beyond producer control.
Production risk is reflected in variability of yields per acre, weaning weights,
rates of gain, death loss, and other variables used to measure physical

production.
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Einancial Risk

Financial risk is the added variability of net cash flows or of owner's
equity that rgsults from the fixed financial obligation associated with debt
financing and cash leasing (Gabriel and Baker 1980). Financial risk results
from leverage. Leverage multiplies potential financial return or loss generated
by different production and price le’vejls.

Financial risk, which deals primarily with the firms' ability to meet total
creditor claims, increases as leverage increases. The effects of farm business |
risks are magnified considerably by the increase in financial risk when leverage
increases (Barry, Hopkins, and Baker 1988). Financial risk also includes
uncertaiﬁ loan availability, and fluctuating interest rates, which reflect the price
of debt capital.

Potential sources of risk f_aci‘ng'a farmer or rancher are summarized in

Figure 3.
- Risk Management

Halter and Dean (1971,4p.9) spécify seven components of a decision
model under uncertainty: (1) alternative actions that can be taken; (2) states of
nature which could occur; (3) corisequences (payoffs) of each 6ombination of
action and state of nature; (4) probability of each action; (5) available strategies
telling the decision maker which action to take, given (4); (6) consequences of
each strategy for each state of nature; and (7) a decision rule or criterion for
evaluating alternatives and making the final choice.

In contrast ‘to the perfect knowledge case, explicit specification of

uncertain events, those beyond decision maker control, is a major addition to



Potential Sources of Risk:

An uncertain final product price

An uncertain intermediate product price

An uncertain future price for its stored intermediate
product

Storage costs

Uncertain input prices

The price of borrowed funds used by the firm, and
implicitly the return on unused borrowed funds or
credit

The input-output relatlonshlp between the final product
and the intermediate product

The input-output relationship between the intermediate
product and the inputs

The input-output relationship between its debt capital
plus borrowing capacity and its internal equity
capital

Input availability

Potential Responses to Risk:

Adjusting input and output levels
Holding output reserves

Holding credit reserves -

Holding input reserves

Integrate vertically

Gathering information

Postponing decisions

Forward contracting’

Hedging

Integrate horizontally

Aquiring risk-reducing inputs
Buying flexible inputs

Buying insurance

Specializing

Adjusting financial Ieverage
Diversifying operations spatially
Spreading transactions over time
Participating -in public programs designed to reduce risk
Utilizing share leasing of resources

Source: Robison, Lindon J. and Peter J. Barry. The Competitive Firm's Response to Risk. New York: Macmillan

Publishing Co. 1987, p. 65.

Figure 3. Potential Sources of and Responses to Risks Faced by an Agricultural Firm

ie
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the decision process. With uncertainty, the entire range of outcomes for each
alternative is considered.

Decisions are intended to yield acceptable outcomes, viewed ex ante. A
good decision is one consistent with the decision maker's expectations and
preferences, not ju\st a decision that works out well. Good decisions, however,
do not ensure good outcomés due to the effects of risk. Unfortunately, good
decisions sometimes have undesirable outcomes, whilé poor decisions can
yield favorable outcomes (Sonka and Patrick 1984).

Choosing a decision rule in a risky environment first requires a
systematic analysis of: a) the risk involved in a particular activity; and b) the
ability of the firm and manager to handle that amount of risk (Boehlje and Trede
1977). An assessment must be made of the farmer's willingness to take risk
and ability to manage qnder the pressures of risk. An assessment should also
ber made of the financial risk that the firm can assume. Then, a choice rule to
accommodate or reduce the potential risk must be developed.

Strategies (alternative actions or responses) to reduce risk can be
divided into three categories: marketing, financial, and production (Boehlje and
Trede 1977). Marketing strategies are used to minimize price risks. Financial
strategies are used to reduce financial risk or the consequences of other
business risks. Production strategies are used to minimize production,
technological, and some forms of business and legal risk. Potential responses
to risk are summarized in Figure 3. | |

Vertical integration as a form of diversification in a cow-calf operation.is
the risk response considered in this study. (Vertical integration for non-risk

response purposes is discussed in a later section.)
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Diversification

Diversification, a production strategy involved in enterprise selection,
combines enterprises to reduce the variability of returns (Sonka and Patrick
~ 1984). The adage, "Don't put your eggs in one basket," sums up diversification

well.
For example, let PA and PB be the proportion of resources used for the

production of enterprises A and B, and cf\ and 028 be their income variances.

The variance of total returns, c% is given by
22 22 ‘
0% = P304 + P2og + 2P, P00 0, | (17)

where PA +Pg=1 and p is the correlation coefficient for the incomes of A and

B. The correlation coefficient varies between plus and minus one. Positive

values of p indicate returns that vary in the same direction and negative values

indicate variation in opposite directions. Although the greatest reduction in total

variability occurs if p is negative, reduction in risk will occur from diversification if

2 2 2 2
ci - P264 > Paos + 2P, Popc 0, (18)

In general, risk is further reduced by diversification as the correlation
between enterprises takes on lower values. However, diversification is subject
to the law of diminishing returns. Adding more enterprises would generally
further reduce risk, but the marginal risk reduction becomes smaller as the
number of enterprises increases (Sonka and Patrick 1984). Some
diversification reduces exposure to risk, but too much may preclude gains from
learning or from economies of scale (Robison and Barry 1987).

Pope and Prescott (1980) examined diversification using detailed

microdata. The purpose of their study was to examine the relationship between
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farm size and other socioeconomic variables and diversification in a large
cross-section of California crop farms. They concluded that larger farms are
more specialized, as are wealthier and less experienced farmers. There was
also evidence that corporations are more specialized than farms with other
organizational forms such as sole proprietorships and partnerships. Pope and
Prescott further conclude that, in general, their results are consistent with risk
theories. That is, a firm diversifies to spread risk and wealthier farmers have
fewer incentives to spread risk.

Heady (1952) conducted several studies to evaluate potential benefits of ‘
diversification and its effect on income and income variability. He concluded
that, given the crop enterprises he was considering, diversifying with limited
resources lowered absolute variance. Heady‘also concluded that enterprise
combinations which result in little or noAsacrifice in income, raise the minimum
income received in one year, and lessen both absolute and relative variances,
are most efficient diversification systems.

Mapp et al. (1979), using Hazell's (1971) approach which minimizes total
absolute deviation (MOTAD), analyzed a typical farm situation in southwestern
Oklahoma. They used the MOTAD model to derive risk efficient farm plans. The
MOTAD model, they concluded, demonstrated the possibility of reducing
relative variability through diversiﬁcation. Mapp et al. found that in their base
plan, where risk was assumed of no importance, the profit maximizing
organization of production is very specialized. H‘owever, when the total
negative deviations from the gross margin expectations were minimized subject
to receiving a minimum level of revenue, a considerably more diversified farm
plan resulted. By diversifying, the producer could substantially lower risk while

only slightly lowering gross margins.
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Scott and Baker (1972) used a quadratic programming-risk aversion
model to select farm plans for a typical central lllinois cash grain farm. The
alternate production activities included corn, soybeans, wheat, and idle land to
be used for conservation purposes or to meet the 1972 government feed-grain
program. They found that a risk neutral producer would specialize in corn,
which had the highest mean income, even though it also had the highest
variance. A risk averse producer, however, would diversify into soybeans,

which resulted in substantial reductions in income variability.
Vertical Integration

Vertical integration is part of the larger spectrum of coordination of the
various levels of production and processing between the initial producer and
the final consumer (Logan 1969). Following Mighell and Jones (1963), Logan
defines integration as the combination of two or more levels of activity into one
firm. Thus integration is the extension of a firm's administrative decisions into
areas of market coordination typically allocated to the free market mechanism.
Failure of the external market creates profit and risk incentives for the firm to
integrate vertically (Kilmer 1986).

When a firm vertically integrates, it internalizes the conversion of an
intermediate product to a final product at some conversion cost. If the firm's
conversion cost is less than the market's conversion cost, then the integrated
firm can outperform the nonintegrated firm and increase its expected return.
One reason the conversion cost may be cheaper for the firm than for the
industry is the cost of information. The firm knows first-hand the quality and

quantity of its product. In contrast, the nonintegrated firm may view the quality
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and quantity of the intermediate product as stochastic (Robison and Barry,
1987).

A key to vertical integration is to maintain ownership through as many
profitable pricing points as possible. It may not require ownership of additional
facilities. For example, a cow-calf producer can integrate into the feeder phase
by custom feeding his cattle, rather than invest in the machinery and equipment
necessary to feed the cattle himself. A primary goal 6f vertical integration is to
increase firm profits and efficiency of operation, including increasing output
relative to inputs and achieving economies of production (Black and Haskell |
1977).

Logan (1969) used a lexicographic utility function approach to analyze
the value of vertical integration at the firm Ieveli He postulated that two
variables in a firm's utility function, maximization of return on investment and
short run risk reduction, might logically apply to integration. While each variable
will assume different importance from firm to firm, risk reduction undoubtedly
plays an important part in decisions to'integrate.

Logan (1969) concludes that a firm must consider more than just return
on investment resulting from the profits of the new level to be integrated, it must
also know the change in profits of its ‘cu/rrent operation after integration. The
firm must also analyze the risk associated with the quantity and quality of the
supply of inputs (or outputs) before and after integration. Logan also concludes
that the change in the distribution of these risk factors after integration and the

effect on return on investment must be considered jointly.
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The Intermediate-Product Problem

The intermediate-product problem is a variation of the multiproduct
problem. One or more outputs produced by a firm are used as inputs in
producing other outputs. The intermediate-product model provides the
theoretical basis for vertical integration. A vertically integrated firm has the
option to sell the intermediate prbduct or use it in the produétion of other
outputs. \

To illustrate, a one input, two product model, with one product an input to
the other, assuming perfect compe’;itibn, is discqssed. Let Y15 be the amount of
Y4 produced for sale and Y12 be the amount of Y1 produced for use in
producing Y2, according to the production functions,

Y1 =11 (X11) | (19)

Y2 =12 (X412, Y12) . (20)
Let X11-s be the amount of X1 used to produce Y1 for sale, X11.y2 be the amount
of X1 used to produce Y1 for subsequent use in producing Y2, and X12 be the
amount of X1 used directly in producing Y.

The firm's objective is to maximize profit

II=P1Yis+P2Y2-r1 X1o , (21)

subject to the resource constraint,
X$=X11-s+X11-Y2+X12 (22)

The Lagrangean to the problem is
L=P1Y1.s+P2Y2-r1 X7 +A(X7- X115 - Xt1.y2X12) (23)

The first order partials set equal to zero yield

oL oY1 _
3X11-s"P1 0X11-s r-4=0 , (24)

oL aY2 :
8X12=P28X12-r1-)‘=0 (25)
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oL S dy2_odvy1 .

X112 = 23y1 aXityz 1A =0 (26)
oL _ o

= Xy - X11-s - X11-y2- X12=0 (27)

The product-product first order conditions can be obtained from (24) and (25)

oY1 Y2 _
P4 X1~ P4 MPPX1Y1_S = P2 X12 = P2 MPPx1Y2 (28)

which, by rearranging, yields

P1__MPPXsY,

Py =WPPxv,. .= RPT (29)

Yi1s
where MPPx4v4_g is the marginal physical product of using X1 to produce Y1 for
sale, MPPx,y; is the'marginal physical product of using X1 to produce Y2, and
RPTq2 is the rate of broduct transformation between outputs Y1 and Ya.

The factor-product first order conditions can be obtained from (24), (25),
and (26)

P1MPPx,  =r, +A=MVPx v, - =MFCq+A (30)
P2 MPP)(2 = r1 +A= MVPX1Y2 =MFCq1 + A (31)
P2 MPPy.y, MPPx. v, = I, + A = IMVPx, v, = MFCq + 4 (32)

where MVPx4v4_¢ is the marginél,value product of using Xq to produce Y1 for
sale; MVPx,Y, is the marginal value product of using Xi to produce Yz;
IMVPx,Y5 is the intermediate marginal value product of using X1 to produce
Y1, which, in turn, is used to produce Y2; and MFC1 is the marginal factor cost of
input Xj.

Thus, at the point where profit is maximized, assuming the second order
conditions are met, the increase in returns from Using the last unit of X1 must
exactly equal its cost, no matter if it was used to produce Y1 or Y2 for sale, or to

produce Y1 to be used to produce Y2 for sale.
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Retained ownership by a cow-calf producer is an intermediate-product
problem. Produced calves could be sold at weaning or used as an input in
subsequent stocker and/or feeder activities. To maximize profit, the producer
must consider the costs and returns involved in available production and
marketing alternatives. The producer must produce cattle using the least cost
combination of inputs. Also, the marginal revenue of using an additional unit of
an input, protein supplement, for example, must équal the marginal cost of that
input. That .unit of protein supplement could be used in the production of
weaned calves, Which could be sold or retained, stocker calves, which also
could be sold or retained, or feeder cattle. ﬁegardless of where used, the
marginal revenue gained from using that last unit must equal the cost of that unit

to maximize profit.
Verticél Integration in Beef Production

The traditional marketing practice for many producers is selling weaned
calves. Retained ownership, defined as maintaining ownership of calves
beyond weaning, is a form of vertical integration specific to livestock production.
By retaining ownership, a producer is integrating into subsequent phases of the
live beef production process.

Henderson and Schwart (1977) estimated that 40 to 50 percent of the
feeder calves produced are involved in operations integraie)d through the cow-
calf and stocker phases. About 20 to 30 percent of the cattle placed on feed are
involved in stocker-feeder integrated firms. Integration of all three stages
involves fewer than ten percent of the feeder cattle produced.

Producers retain ownership for a number of reasons. They attempt to

capture profits that may be realized in the stocker and feeder phases of the live
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beef production process. Through retained ownership, producers have the
opportunity to expand their businesses and increase the number of marketing
alternatives available (Araji 1976). Producers who retaiﬁ ownership, especially
through finishing, may cgpture more benefits of é progressive breeding
program. Producers also gain valuable animal performance information, which
can help them better plan the future of their breeding programs.

The producer with a progressive breeding program will likely have
incentives to retain ownership based on market phenomena. Purcell (1973)
concluded there are significant d,ifference‘sy of opinion between feeder and
producer groups as to what characteristics give value to a feeder animal. He
further concluded that the feeder animal is not described and priced in a
manner which transmits clear and discernable price signals to producers.
Retained ownership, then, may provide the means by which cow-calf producers
can capture price premiums cattle feeders (or the pricing mechaniéms) have
been unwilling to offer for higher performance cattle.

Custom feeding (grazing) c;an be defined as maintaining ownership and
the right to major management decisions on cattle that have been relocated to
someone else's lot (pasture) fowr growing and/or finishing where daily
supervision is the responsibility of a second party.

One key to successful feeding lies in the makeup of the cattle which
constitute a pen. The cattle should be as uniform as possible in weight, body
type, age, breeding, and in previous nutritional background. When these
conditions are met, the cattle feeder can manage the cattle to achieve optimum
feed efficiency and market worth of the cattle (Gill et al. 1986).

A number of studies have concluded that retaining ownership is a
profitable alternative to the typical practice of selling weaned calves. Ford et al.

(1985) used simulation modeling to determine the most desirable development
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and marketing strategy for calves coming out of a cow-calf operation. They
identified seven alternatives, ranging from sale at weaning to retained
ownership to slaughter. Ford et al. concluded that retained oWnership through
the feedlot finishing phase produced the highest profitability of the strategies
studied. Selling calves at weaning was least profitable.

Lambert and Sands (1984), using actual data from the Kansas Steer
Futurities and Kansas Farm Management"Association cost of production data,
concluded that retained ownership through slaughter was profitable in six of
nine years studied, while selling the same calves at weaning would have beén
profitable in only three years. They also concluded that because seasonal price
tendencies for calves and fed cattle generally favor retained ownership, the
cattle feeder can imbrove his odds of both avoiding seasonally low calf prices
and achieving seasonally high fed cattle prices.

Watt et al. (1987) estimated potential benefits of retained ownership by a
typical cow-calf operation in North Dakota. They concluded that beef
producers, especially cow-calf producers, are exposed to significant price risk
and that retained ownership is a viable production and marketing alternative
which may reduce price risk inherent to cow-calf operations selling weaned
calves. However, they also noted that‘ all production alternatives considered
were subject to considerable price risk and that increased returns in the
retained ownership alternatives should be expected, in order to compensate for
the higher level of management required.

Lambert (1989) used discrete stochastic programming to model the
situation faced by Nevada cow-calf producers. Weaned calves could be
marketed in the fall or fed over the winter and either marketed the following
spring or placed on grass for summer grazing. Production decisions were

based on animal performance, cost and availability of different feeds, and price
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expectations. Lambert concluded that calves should be retained through the
winter, fed to gain about one kilogram per day, and then sold in the spring.

Aderogba et al. (1985) examined production and marketing strategies for
winter forage-grain beef production systems in southwest Alabama. Forage
availability, animal weights, and market prices were analyzed in a simulation
model to select the optimum number and sex of cattle to be raised on a
representative farm in southwest Alabama to gain the greatest net return based
on costs and prices during 1961-1983. Their results show that carrying calves
to slaughter weights can be an economical alternative to selling calves at
weaning. Aderogba et al. concluded that vertical integration is economically
sound for producers and has potential for reducing marketing and production
risks.

Gebremeskel and Shumway (1979) adapted Hazell's (1971)
"Minimization of Total Absolute Deviations" (MOTAD) model to handle
intermediate and final products for a cow-calf producer on the Texas Gulf Coast.
They integrated statistical decision theory with the MOTAD model to derive
annual calf-marketing strategies based on observable information relevant for
predicting subsequent calf prices and forage yields. Gebremeske! and
Shumway found that the highest net return system was very risky while the
lowest risk system attained by proper forage diversification, integration level,
and herd size resulted in substantial reductions in risk with little impact on
expected returns. They also found that retaining calves to be sold later as
stockers greatly increases risk.

Whitson et al. (1976) evaluated risk return effects of selling produced
calves, or holding them through subsequent stages of the production process.
They used multiperiod quadratic programming (QP) to model the vertical

sequence of decision choices and to evaluate risk and returns in a value-
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added sense. The QP model was used to derive a set of E-V efficient growth
plans. Vertical production alternatives were utilized in all growth plans to
increase income as well as to reduce variation. They concluded that using
vertical production alternatives in ranch planning appears an effective response
to risk. They noted, however, that vertical production alternatives should not be
evaluated independently of other risk responses. (

Saez et al. (1980) used a MOTAD model for a typical self-sufficient East
Texas farm to explore a number of questions manég’ers face. With regard to
retained ownership, they concluded that there is more incentive for the risk-
averting producer to diversify by retaining calves beyond weaning than for the
profit-maximizing producer. Regardlessyof the degree of risk aversion, however,
the cow-calf and cow-feeder options.are qlose economic alternatives. A minor
change in relative prices could induce a switch in the recommended marketing
strategy.

Stokes et al. (1981) used results of a biological simulation model in an
economic model to evaluate retained ownership alternatives faced by a Central
Texas rancher. They found fhat, during the study period, placing weaned
calves directly in a feedlot for finishing had the highest average net returns
(lowest losses) compared to selling weaned calves, wheat pasture stockers, or
finished wheat pasture stockers.

Angirasa et al. (1981) used a systems approach to determine the effects
on beef production of different marketing plans. They found that cow-calf
enterprises dominated the profit-maximizing solutions, but only within a narrow
price range. Moderately risk averse producers tended to partially integrate

through the stocker phase.
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Contributions of This Research

Many of the retained ownership studies considered few retained
ownership alternatives. Some focused primarily on stocker activities
(Gebremeskel and Shumway 1979; Saez et al. 1980, Angirasa et al. 1981;
Lambert 1989). Lambert and Sands (1984) compared only selling weaned
calves with selling fed weaned calves.' Several have considered stocker and
finishing retention activities (Whitson et al. 1976; Aderogba et al. 1985; Ford et
al. 1985; Watt et al. 1987). However, the scope of production alternatives was
limited in most of these. A goal of this research is to investigate a broad range
of stocker and feeder alternatives available to beef producers in Oklahoma.

The scope of the studies evaluating alternative cow types or breeding
systems was, in general, limited. Exceptions include Cartwright et al. (1975),
Notter et al. (1979), and Stokes et al. (1981 and 1986). However, the primary
focus of the Cartwright and Notter studies was on physical productivity. The
present study considers the economic performance of eleven crossbreeding
systems. |

Only Stokes et al. (1981) conducted a joint evaluation of alternative cow
types and retained ownership. This study uses an approach to deriving animal
performance estimates and conducting the analysis which differs from that of
Stokes. Animal performance estimates used in this study are derived, based on
relationships established by the’ theory of animal breeding, using data from
ongoing beef breed research at the Roman L. Hruska Meat Animal Research
Center in Clay Center, Nebraska.

Finally, distributions of returns for alternative production and marketing
plans in selected breeding systems generated in the risk analysis in Chapter VI

are a primary additional contribution of this research. Most of the other studies
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yielded expected values for the retained ownership alternatives and/or
breeding systems. The stochastic returns generated in this research provide
the basis for a risk analysis of alternative breeding systems with retained

ownership.



CHAPTERIII

MODEL AND DATA DEVELOPMENT - BASE
SITUATION

One objeétive of this study is to -evaluate alternative cattle breeding
systems with the option to retain ownership of calves beyond weaning. To
address the objective, a comparative static anélysis of each system in a whole
farm framework will be conducted usi'ng linear programming. The purpose of
this chapter is to describe the base situation and its underlying assumptions
and to present the development of the analytical model employed in the static
analysis. The base situation, a two-breed rotation with medium frame, medium
milk potential breeds, will provide the basis of comparison among the

alternative breeding systems.
Area of Study

The representative ranch used as a basis for comparison of the
alternative breeding systems is assumed located in South-Central Oklahoma
(Figure 4). Ten of Oklahoma's 77 éounties are included in the study area.
According to the Census of Agriculture (U.S. Department of Commerce 1989),
14 percent of the State's beef cattle operations (6,123) were in the ten county
study area in 1987 (Table 1). Total market value of cattle and calves sold in 1987

in the study area was $144,236,000, eight percent of the State's total.
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TABLE |

CATTLE AND CALVES AND BEEF COW INVENTORIES,
JANUARY 1, 1989, MARKET VALUE OF CATTLE AND
CALVES, AND NUMBER OF BEEF CATTLE
OPERATIONS IN 1987 IN THE TEN
COUNTY STUDY AREA

38

Inventory Market Value Total
of all Inventory of Cattle Number of
Cattle and of and Calves Beef Cattle
County Calves Beef Cows Sold Operations
Head Head $1,000
Carter 60000 22500 $14,391 827
Garvin 94000 38000 14352 960
Grady 135000 45500 29562 954
Jefferson 72000 23000 27672 382
Johnston 55000 19500 9699 417
Love 33000 17000 9075 435
Marshall 27000 10000 5788 281
Murray 38000 16000 6088 323
Pontotoc 66000 34000 13119 752
Stephens 69000 23500 14490 792
TOTAL 649000 249000 $144,236 6123
Percent of
State Total 12 13 8 14

Sources: U.S. Department of Commerce, 1989.
Oklahoma Department of Agriculture, 1989.
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The total inventory of cattle and calves on January 1, 1989 was 649,000
head; 12 percent of the State's total. The study area had 13 percent of the
State's total beef cow herd, 249,000 head, on January 1, 1989 (Oklahoma
Department of Agriculture 1989).

Average annual precipitation in the study area is about 37 inches. The
normal average annual temperature for the study area is 62.9 degrees
Fahrenheit, ranging from a monthly average low in January of 40.6 degrees to a

high of 83.2 degrees in July.
Land Resources

A land base sufficient to support a herd size of about 300 cows in a
normal forage-yielding year is assumed for the representative operation.
Decisions regarding the land base were made with the assistance of
agricultural specialists from the Noble Foundation and an area agricultural
economics extension specialist. The operator has managerial control over
2,800 acres of native pasture, 1,260 acres of which are owned, and 350 acres
of improved pasture, 158 acres of which are owned (Table IlI). Rental rates for
improved pasture and native range are $10.00 and $8.00 per acre, respectively.

The soil types on the ranch are in the Darnell-Stephenville association of
the Cross Timbers land resource area and in the Renfrow-Zaneis-Vernon
association of the Central Reddish Prairie land resource area.

The Cross Timbers is a large wooded area of rolling to hilly sandstone
uplands extending from the Kansas line to Texas. The Darnell are shallow,
light-colored soils on slopes and narrow ridge tops. Locally they are covered
with sandstone rocks on steeper areas, with ledge rock outcrops common. The

main uses of Darnell soils include forested pasture and a little cropland. The



TABLE Il
SUMMARY OF LAND RESOURCES

Improved Pasture Native Pasture
Acres Owned 1568 1260
Acres Rented 192 1540
TOTAL 350 2800

Rental Rates $10.00 | $8.00
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Stephenville are moderately deep so\ils with developed subsoils that occupy the
ridges and gentle slopes. The main uses of Stephenville soils include cropland
and wooded pasture (Gray and Galloway 1959, p.30, 32, 60). )
The Reddish Prairie is an area of smooth to rolling lands which gets its
name from the dominantly red sedimentary rocks of the "Red Beds" formation.
The area is mixed prairie. It occupies a continuous body from north to south
across Oklahoma in ébout the center of the State. Itﬁ borders the Cross Timbers
on the east. The Renfrow-Zaneis-Vernon association occupies gently rolling
plains underlain by interbedded sandstones and clay beds. Renfrow are brown
. to reddish brown silt loam surface soils with reddish blocky clay, slowly
permeable subsoils. Cropland is the main use of Renfrow soils, with pasture on
steeper areas. Zaneis are brown loam soils with granular, reddish, heavy clay
loam subsoils. Pasture and cropland are the main uses of Zaneis soils. Vernon
are limy red clay soils of steep slopes, very little changed from the red clays
themselves. The main uses of Vernon soils include pasture and rangeland

(Gray and Galloway 1959, p.36, 38, 62).
Management

The ranch operator is assumed to be an efficient manager. For the static
analysis, the operator's major objective is to maximize profits. Thus, ranch
organization adapts as profitability of activities changes.

Forage yields on improved pasture assumed in this study require timely
fertilizer application. It must be applied at the appropriate times and at specified
levels to achieve the désired yields. Livestock are distributed to the pasture

activities to optimize livestock yield and to utilize the available forage,
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regardless of the per cow requirements, which are influenced by frame size and
milk potential.

The cow-calf activities also require above-average management.
Rotational crossbreeding systems require at least one breeding pasture per
breed used in the rotation. Females in the breeding herd must be identified by
the breed of their sires to maintain the proper breed sequence in the next
generation. This is critical to maximize heterosis levels in a rotational
crossbreeding program. For a combined rotational-terminal system, an
additional breeding pasture is required for that portion of the herd involved in
the terminal cross. Management is assumed to be at a level sufficient to handle
the intricacies of the crossbreeding systems considered in the study.

High variability in weights within a pen of finished cattle results in price
discounts when those cattle are sold. As a result, placing a pen of calves of
similar weight and condition in a feedlot for finishing is important. The breeding
season and consequently the calving season are assumed managed in a way
to minimize variability in weaning weight.

Vertical integration, achieved by retaining ownership, requires
knowledge of a broad spectrum of cattle production. Additional management
decisions must be made at each marketing level. The ranch manager is
assumed capable and willing to make these decisions. The manager is also
assumed capable of managing the operation at all levels of integration

considered.
Labor

Labor needed for cattle enterprises derives from machinery and

equipment operation, feeding, marketing, and other animal care tasks. Pasture
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labor includes equipment and fence repair. Components of cow herd labor
include breeding period labor, dry cow-preparturition care, calving care, calf
care to weaning, feeding, and local hauling. Stocker labor includes feeding
and care, local hauling, and marketing (Walker et al. 1987).

The 2,700 hours of operator and family labor assumed available per year
are distributed equally by month (225 per month) throughout the year.

Additional labof is available for hire in- each period for $5.00 per hour.
Machinery and Equipment

The base operation has adequater machinery and equipment
complements to perfdrm the duties associated with the livestock and pasture
activities considered in the model (Tables lll and IV). The machinery and
equipment complements are representative of an above average level of
management. All machinery and equipment is assumed well maintained, with
repairs done as necessary. Machinery and equipment are assumed replaced

annually at a rate equal to the average annual depreciation.
Overhead

The firm has certain fixed costs which must be paid each year, regardless
of the enterprise mix (Table V). These include land rent, family living expenses,
real estate taxes, and insurance. A miscellaneous category is added to the
overhead charge to cover such items as publications, farm organization
membership fees, and travel expenses. The machinery and equipment
replacement charge and a fence replacement charge are also included in the

overhead.



TABLE [lI
MACHINERY COMPLEMENT ASSUMED FOR THE

BASE OPERATION
Total Total
Annual Depr. Insur Tax Ownership  ‘Annual
ltem Size List Salvage Years Hours Cost/ - Cost/ Cost/ Cost/  Ownership  Average
Price Value Owned Used Hour Hour Hour Hour - Cost Value  Depreciation
Tractor 110HP 43500 12849 - 10 600 5.11 0.28 0.72 6.11 3665.08 . 15325.39 3065.08
Offset Disc 14 ft 9000 1247 ] 12 150 4.31 0.20 0.60 5.1 766.12 3876.72 646.12
Rotary Mower 6 ft 2900 479 10 100 242 0.21 0.55 - ” 3.18 318.13 1210.67 242.13
Sprayer 12 ft 1300 68 20 50 1.23 0.19 0.53 1.95 97.61 616.12 61.61
Dry Fert Spreader 25 ft 4000 195 20 50 3.81 0.25 0.80 4.86 242.77 1902.71 190.27
Pickup .75 ton 14500 6274 5 800 2.31 0.07 - 0.17 - 255 2037.15 4612.88 1845.15
Stock Trailer 21 ft 4000 838 10 50 6.32 0.25 0.68 7.25 362.73 1581.17 316.23
Total Investment 79200 7489.61 29125.68  6366.61
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TABLE IV
EQUIPMENT COMPLEMENT ASSUMED FOR THE

BASE OPERATION
Total Total Ann.
ltem Number List Salvage Years Ownership  Ownership  Average
Units Price Value Owned Insur. Taxes Cost/Unit Cost Value Depreciation

Livestock Handling

Equipment 1 9865 986.5 20 32.5545 54.26 530.74 530.74 4439.25 443.93
Livestock Feeding

Equipment 1 -3610 36? 10 11.913 19.86 356.67 356.67 1624.50 324.90
Horse with Tack 4 850 595 10 - 0 0.00 - 25.50 102.00 510.00 25.50
Total Invesment 14325 989.41 6573.75 794.33
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TABLE V

COMPONENTS OF THE OVERHEAD CHARGE FOR

THE BASE OPERATION

46

Family Living Expenses

Real Estate Taxes

Insurance

Publications, Travel, Farm
Organization Fees, etc.

Pasture Rent Acres
Improved Pasture 192
Native Pasture 1540

Annual Machinery and Equipment
Replacement Charge
Fence Replacement

Total Overhead'

$16,000
1,000
2,000

2,500

$/Acre
‘ 10 1,920
8 12,320

7,161
1,083

$43,984
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Financial Situation

A firm's financial position has a strong influence on the enterprises it can
realistically incorporate into its farm plan. The beginning balance sheet for the
base operation is presented in Table VI. The base operation is assumed to
have an initial debt/asset ratio of 0.3. This value is consistent with the average
debt/asset ratio‘ for producers in‘ Oklahoma (Plaxico et al. 1988; Oklahoma
Agricultural Statistics Service 1 990). Although the LP analysis is conducted in
a long-run framework, the initial financial situation is depicted in the model. It is
difficult to normalize financial constraints since the financial situation changes
across time.

The firm is assumed to have $2,000 in cash, initially. The machinery and
equipment have values assumed at $29,126 and $6,574, respectively. The
house is assumed worth $65,000 and owned land worth $334,950. Improved
pasture is assumed valued at $525 pér acre and native pasture, $200 per acre.
Total assets equal $610,227.

Given a debt/asset ratio of 0.3, total debt for the firm is $183,068. Long
term debt is assumed 75 percent of total debt ($137,301), intermediate term
debt, 20 percent ($36,614), and Shbn term debt, 5 percent of total debt ($9,153).

The firm's initial equity is $427,159. The beginning leverage ratio,
debt/equity, is 0.43.

| Input Costs

Input prices were obtained from Oklahoma State University agricultural
economists, merchants and dealers, and Agricultural Prices (USDA). Input

prices, with the exception of protein supplement, are estimates of current prices



TABLE VI

BEGINNING BALANCE SHEET FOR THE
BASE OPERATION
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ASSETS
Short Term
Cash on Hand

Intermediate Terfn

Breeding Livestock

Equipment
Machinery

Long Term
Home
Land

TOTAL ASSETS

LIABILITIES
Short Term
Intermediate Term

Long Term

TOTAL LIABILITIES

NET WORTH

BALANCE SHEET

Total

Total

Total

2,000

172,577

6,574
29,126

65,000
334,950

9,153
36,614
137,301

2,000

208,277

399,950

$610,227

$183,068

$427,159
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paid by livestock producers in Oklahoma. The price of protein supplement is a
five year average price (1985-1988) for 41 percent protein cottonseed meal.
The price of protein supplement has been subject to price fluctuations
recently. A current price could result in a supplement cost atypically low or high.
Using an average price circumvents this problem. The five year average price
in constant 1989 dollars for protein supplement was used due to the relative
magnitude of the cost of protein supplement to the cost of other inputs in the
budget. Other input price levels have been relatively flat over the last five years,
so the current price is assumed sufficient. The other inputs include salt and
minerals, 20 percent protein cubes, veterinarian services and supplies, and

non-legume hay.
Livestock Prices

Prices received for livestock were obtained from the Agricultural
Marketing Service (USDA). Prices for feeder cattle and cull breeding stock are
from the Oklahoma City livestock market, while slaughter cattle prices are from
the Amarillo market. The prices received for livestock are ten-year averages,
1979-1988. A ten-year average price minimizes the influence of cyclical effects
inherent in cattle prices. All market prices are inflated to 1989 dollars using the
GNP deflator.

Monthly prices used are based on the 1989-based ten-year average
400-500 pound steer price, Pg, and adjusted to other classes of cattle and for
seasonality,

Pim=PB " Rig * Slim (33)
where Pjm is an average market price for cattle class i in month m, Rig is the

ratio of the ten-year average market price of cattle class i to the ten-year



50

average price for 400-500 pound steers, and Slim is the seasonal index for
cattle class i in month m. Ppg equals $96.00. The ten-year average seasonal
price indexes for selected classes of cattle are presented in Table VIl. The
ratios of ten-year average market prices for selected classes of cattle to the ten-
year average 400-500 pound steer price are also presented in Table VII.

The prices reported by the Agricultural Marketing Service are given for
100 pound intervals, i.e. 400-500 pound steers, 500-600 pound steers, and so
forth. However, lighter animals typically sell for more per pound than do heavier
animals. Thus, using the same price for all animals within the weight range
biases the profitability in favor of enterprises producing heavier calves within
the same weight interval. ‘ |

Linear interpolation is used in the model to generate more realistic
market prices. The (eported price fbr a given weight interval is assumed to be
the price for the midpoint weight in that interval. Linear interpolation assumes
weights and prices are linearly related between two midpoint weights. This
assumption is not viewed as detrimental since the weights are reported in 100
pounds intervals.

A marketing charge of $1.72 per cwt and a custom hauling charge of $.35
per cwt are subtracted from the calculated market price for all weaned calves,

stockers, and cull breeding stock (Walker et al. 1987).
Pasture Activities

The ranch is assumed to have two types of land available for grazing,
rangeland, which has no alternative use, and improved pasture, which could be
used as marginal cropland, but is not. Since the model is designed to generate

the optimal long-run plan, activities reflecting the alternative grazing uses of the



TABLE VII

SEASONAL INDEXES FOR CATTLE CLASSES SOLD
IN THIS STUDY, 1979-1988, OKLAHOMA CITY
AND AMARILLO PRICES

Index of Ann. Ave.

Price, 1979-1988 Average
4-5001b Str=1.0 Seasonal Indexes - 10 Yr Ave., 1979-1988 Price
Class Jan Feb Mar Apr May Jun Jul Aug Sep . Oct Nov Dec 1979-1988
3-400# Strs 10627 98 60 103 10 104 90 105 30 103 10 97 80 96 50 100 60 100 10 96 10 96 90 97 00 102 02
4-500# Strs 1 0000 99 40 103 40 103 50 105 50 102 70 9770 96 40 99 00 99 40 97 10 98 10 98 00 96 00
5-600# Strs 09257 99 90 10370 .- 104 40 104 00 100 50 97 60 96 70 98 90 98 80 97 30 99 10 99 00 88 87
6-700# Strs 08782 10140 104 10 103 40 101 30 98 60 96 20 97 50 99 70 99 30 98 10 100 00 10040 -~ 8431
7-800# Strs 08525 10360 104 70 103 20 100 20 97 10 95 60 97 50 99 70 99 20 98 10 100 00 101 10 8184
8-900# Strs - 08261 10360 104 70 103 20 100 20 97 10 95 60 97 50 99 70 99 20 98 10 100 00 101 10 79 31
9-1000# Strs 07999 10360 104 70 103 20 100 20 97 10 95 60 97 50 99 70 - 99 20 98 10 100 00 101 10 76 79
10-1100# Strs 07424 10360 104 70 103 20 100 20 97 10 95 60 9750 9970 99 20 98 10 100 00 101 10 7127
8-1000# Strs 08130 10360 106 00 102 90 99 80 96 90 95 30 9790 °~ 10080 99 00 98 00 100 10 99 60 78 05
900-1100# Ch Strs 08192 10100 101 10 101 30 102 30 102 60 99 90 95 90 96 00 9570 - 9920 102 90 102 20 78 64
1100-1300#ChStrs 08188 98 70 99 70 101 10 104 00 104 80 101 40 98 80 9750 96 80 97 40 99 70 100 10 78 60
900-1100# Sel Strs 07565 10100 101 10 101 30 102 30 102 60 99 90 9590 96 00 9570 99 20 102 90 102 20 7262
1100-1300# Sel Strs 0 7560 98 70 99 70 101 10 104 00 104 80 101 40 98 80 9750 96 80 97 40 9970 10010 72 58
3-400# Hfrs 08942 99 00 104 00 105 20 105 50 102 10 98 10 96 60 98 60 98 90 95 90 98 20 9790 8584
4-500# Hfrs 08414 99 00 104 00 10520 105 50 102 10 98 10 9660 ' 9860 98 90 95 90 98 20 97.90 8078
5-600# Hfrs 08009 10070 104 20 104 10 102 90 99 50 97 80 97 90 99 40 99 20 96 80 98 60 98 80 76 88
6-700# Hfrs 07856 10070 104 20 104 10 102 90 99 50 97 80 9790 99 40 99 20 96 80 98 60 98 80 75 42
7-800# Hfrs 07174 10070 104 20 104 10 102 90 99 50 97 80 97 90 99 40 99 20 96 80 98 60 98 80 68 87
8-900# Hfrs 06951 10070 104 20 104 10 102 90 99 50 97 80 97 90 99 40 99 20 96 80 98 60 98 80 66 73
9-1000# Hfrs 06731 10070 104 20 104 10 102 S0 99 50 97 80 97 90 99 40 99 20 96 80 98 60 98 80 64 61
900-1000# Ch Hfrs 07936 9910 10010 101 20 103 80 104 30 101 10 98 40 97 10 96 90 9770 9990 10040 76 19
900-1000# Sel Hfrs 07318 9910 10010 10120 103 80 104 30 101 10 98 40 9710 96 90 9770 99.90 10040 70 25
Cows-Utility 2-3 05182 98 50 106 40 107 30 106 40 102 50 100 10 98 20 98 50 97 50 9470 93 40 96 30 4975
1000-1500# Bulls 06456 10070 105 50 10570 104 80 102 50 100 80 99 40 98 00 97 30 95 40 9370 96.10 6198

Sources  Blakely, Leo V "Seasonal Price Index Update for Oklahoma Agncultural Commodities * Current Farm Economics Selected December Issues 1979 to 1987
Trapp, James N "Seasonal Price Index Update for Oklahoma Agricultural Commodities, 1978-1987 * Current Farm Economics 61(1-4) 31-46 1988

8]
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improved pasture were included. Two types of improved paéture were
considered, lovegrass and bermudagrass, at three fertilization levels each.
Lovegrass activities include nitrogen fertilization rates of zero, 60, and 150
pounds per acre. Bermudagrass activities include nitrogen fertilization rates of
zero, 50, and 100 pounds per acre. Forage production, production costs, labor
requirements, and machinery and equipment requirements for the pasture
activities are adapted from budgets developed using the O.S.U. Budget
Generator (Walker et al. 1987). " ‘

For modeling purposes, the grazing year is broken into three periods:
SUM1, April-dune; SUM2, July-Oc»tob"er; and WINT,‘ NoVembér-March (Table
VIII). Dividing the year into periods increases the realism of the modeling effort
by allowing a delineation among periods of the year with similar production and
quality. The first period includes those months with rapid forage growth and
high quality forage. The second period includes the late summer months when
forage production and quality are moderate but declining. The last period
includes the winter months when production is minimal and quality is low.

The values in Table Vi refleqt the pounds of d_ry matter of forage
available for consumption in each fofage activity. These values were obtained
from enterprise budgets developed at Oklahoma State University. The
producer is assumed to manage cattle grazing patterns in a manner consistent
with the distribution of available forage over the three periods. This ensures
forage availability, even though of a lesser quality, in the winter period, when
minimal growth occurs.

The model can transfer excess dry\ matter produced but not utilized in the
SUM1 period to the SUM2 period. Likewise, excess forage in the SUM2 period
is transferred to the WINT period. With each transfer, an appropriate decrease

in forage quality occurs.
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TABLE VIl

AVAILABLE FORAGE IN THE NATIVE PASTURE
AND IMPROVED PASTURE ACTIVITIES BY
PERIOD, POUNDS OF DRY MATTER

PER ACRE
Pasture SUM1 SUM2 WINT
Activity Period Period Period
---------- (Lbs DM/Acre) - --=-------
Native Range 153.3 306.6 251.9
Improved Pasture
Lovegrass
0 Lbs N per Acre 153.3 306.6 251.9
60 Lbs N per Acre 1533.0 474.5 438.0
150 Lbs N per Acre 1752.0 1022.0 657.0
Bermudagrass
0 Lbs N per Acre 153.3 306.6 251.9
50 Lbs N per Acre 1095.0 1095.0 0.0

100 Lbs N per Acre 1149.0 1917.0 219.0
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The model has winter wheat pasture and grazeout wheat pasture rental
activities. Grazing on winter wheat pasture is assumed to begin on October 31
and terminate March 15. The grazeout option is an extension of the grazing
period on wheat pasture, from March 15 to May 14. Wheat pasture and
grazeout wheat pasture are assumed available for rent at $1.89 per
hundredweight of dry matter consumed. For the base situation, this is
equivalent to a rental rate of $43.79 and $42.49 per head for steers and heifers,
respectively, on wheat pasture and an additional $25.08 and $24.48 per head

for steers and heifers on grazeout wheat pasture.

Beef Cow Herd

Breed Composition

The beef cow herd assumed for the base operation is a two breed cross
with medium frame, medium milk potential breeds (Hereford and Angus).
Hereford-Angus cross, or "black baldy," cows are used as base because of their
predominance and popularity as brood cows. ‘

The base breeding herd is maintained through a rotational
crossbreeding system. In a two breed rotation involving breeds A and B, cows
of breed A are bred to bulls of breed B. Heifers from these matings are bred to
bulls of breed A. Next generation heifers by breed A are mated to bulls of breed
B and so forth. A minimum of two breeding pastures is required and heifers

must be identified by the breed of their sire (Cundiff and Gregory 1977).
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lvin e n

The timing of the calving season is a decision the producer must make.
Generally, producers time the calving season to concur with favorable weather
conditions and forage availability, either in the spring or in the fall.

The length of the calving season is determined by the length of the
breeding season. Breeding seasons vary in length from 45 days to leaving the
bulls with the cows year-round. However, management of year-round calving
programs is difficult. Cows and calves must be gathe}ed several times to
administer vaccinations, wean, and work older calves. Coordinated and
consistent marketing plans are difficult to maintain due to the wide variation in
calf weights. Also, efficient supplementation programs are difficult to manage,
since the cow herd consists of cows in varibus stages of lactation and/or
gestation, each with different nutritional requirements (Selk and Lusby 1989).

Short breeding and calving seasons facilitate employment of proper
nutritional programs since cows will generally be in similar stages of gestation
or lactation. Observation of calving, health programs, castration, and weaning
are easier to manage. Achieving high pregnancy rates is difficult with very short
breeding seasons; however most cows capable of conceiving should do so in a
90-day period (Selk and Lusby 1989).

According to Gilliam (1984), most cow-calf operations in the United
States are spring calving operations. The goal of spring calving is to time
calving after harsh wintér weather, but before the heat of summer and
subsequent insect problems. An advantage of spring calving is the onset of
fresh forage production, which minimizes the need for supplementation during
lactation. However, calving occurs after several months of poor nutritional

conditions during winter. Spring calving cows usually calve in lower body
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condition than fall calving cows and require careful attention to their nutritional
status both before and after calving (Selk and Lusby 1989).

The goal of fall calving is to complete calVing before winter begins. Cows
usually calve in very good body condition because calving océurs af the end of
the forage growing season. Fall calving cows require additional feed
supplementation during the fall and early winter. Cows are highly sensitive to
nutritional levels before calving and should not be allowed to lose weight before
breeding. However, the additional supplement required in the fall and early
winter can be partially offset by redpcing supplemental feeding in the late winter
(Selk and Lusby 1989).‘} The availability 6f wheat pasture makes fall‘calving a
possibility in Oklahoma. However, the option of fall calving cows grazing wheat
pasture is not considered in this study. | |

Calving in both the spring and fall is feasible in South-central Oklahoma,
Both spring calving and fall calving activities are included in the model. Spring
calving cows are assumed to calve, on average, on March 1. The average

calving date for fall calving cows is assumed to be October 1.

Cow Herd Dynamics

A cow herd's productive efficiency is greatly influenced by the
composition of the cow herd. The make-up of the cow herd determines the
quantity and timing of feed and foragé requirc{ements.‘ ngd composition is
influenced primarily by conception rate,v cow death loss, and culling practices,
factors which reflect the management level of the operation. It is assumed the
operation produces its own replacement heifers. A group of heifers is retained
to provide a pool from which réplacemenfs are selected. For the rotational

systems, 14 heifers are retained for every 100 cows in the herd. Of these, two
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are culled. The remaining twelve are bred at 15 months to calve as two-year
olds (Walker et al. 1987).

Under the culling and replacement assumptions used, for every 100
cows, there are 66 to 71 cows four years old or older, 11 three-year old cows,
and 12 two-year old cows. Cows exit the herd by culling (three percent after
breeding season and seven at weaning) and by death loss (two percent). A 90
percent calving rate is assumed per 100 cows. Since some cows fail to
conceive, more than 100 cows must be bred to have a 100 cow herd. Thus,
calves born per cows and heifers bred is 86.5 percent (90/104). Two calves per
100 cows in the herd are assumed to die prior to weaning, giving an 88 percent
weaning rate for the 100 cow herd. Assuming an equal number of steers and
heifers are calved, 44 steers and 44 heifers are weaned per 100 cows in the
herd. All steer calves are available for sale or for retention. Only 30 of the
heifers are available for sale or retention because of the replacement heifer
requirement (Walker et al. 1987).

During breeding season, one bull-is kept for every 25 cows. When the
breeding season is over, 25 percent of the bulls are culled and replaced prior to
the next breeding season. One-year-old bulls replace four-year-old bulls each

year.

Resource Requirements

The resource requirements for a cow unit in the base herd are adapted
from budgets developed by Walker et al. (1987). Labor requirements per cow
are included by month in the model (Appendix A). The objective function values
for the cow activities reflect those operating costs not explicitly considered in the

model (Table [X).
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ITEMS COMPRISING OPERATING COSTS OF
THE SPRING AND FALL COW ACTIVITIES
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IN THE BASE SITUATION
- ' Total
ltem Unit Cost/Unit Quantity $/Cow
Spring Calving Operation
Hay Lbs $0.03 146.4 $4.39
Protein Supplement Lbs 0.09 308 27.72
20% Protein Cube Lbs 0.05 545.7 27.29
Salt and Mineral Lbs 0.09 30 2.70
Veterinarian-Medicine Hd 14.65 1 14.65
Vet-Med Supplies Hd 1.78 1 1.78
Personal Taxes Hd 5.28 1 5.28
Herd Bulls Cwt 150.00 0.12 18.00
Machinery and Equipment Dol 29.00
Expenses
Total $130.81
Fall Calving Operation
Hay Lbs - $0.03 146.1 $4.38
Protein Supplement Lbs 0.09 485.8 43.72
20% Protein Cube Lbs 0.05 907 45.35
Salt and Mineral Lbs 0.09 30 2.70
Veterinarian-Medicine Hd 14.65 1 14.65
Vet-Med Supplies Hd 1.78 1 1.78
Personal Taxes Hd 5.28 1 5.28
Herd Bulls Cwt 150.00 0.12 18.00
Machinery and Equipment Dol 29.00
Expenses
Total $164.87
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Forage requirements in pounds of dry matter for one cow in the spring
and fall calving activities are presented in Table X (Walker et al. 1987). These
values reflect the forage requirements of the cow, her calf, and her portion of the
forage requirements of the replacement heifers and herd bulls. The per period
dry matter requirements also take into account the quality of forage available in
each period of the year. This implicitly satisfies the requirement that the cow not
consume more forage than she is able. Adequate supplementation to meet
protein and other nutrient needs of the cow is assumed.

Forage requirements for each cow type in each alternative breeding
system are adjusted to compensate for changes in frame size and milk
production potential. The method for estimating forage requirements for the

alternative cow types is discussed in Chapter V.
Production

Spring-born calves are weaned at 210 days and fall-born calves at 285
days. Weaning weights in the base spring calving activity are assumed to be
500 pounds for steers and 483 pounds for heifers (Table Xl). In the base fall
calving activity, weaned steers are assumed to weigh 580 pounds and heifers,
547 pounds. Given theassumed weaning rate (88 percent), replacement heifer
retention rate (14 percent), and weaning weights, there are 2.20
hundredweights (cwt) of a steer calf and 1.449 cwt of a heifer calf available for
sale per cow in the spring calving operation.‘v Likewise, in the fall calving
operation, there are 2.552 cwt of a steer calf and 1.641 cwt of a heifer calf
available for sale per cow. A three percent shrink is assumed at the time of sale

of calves and cull breeding stock.
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FORAGE REQUIREMENTS FOR COW AND STOCKER
ACTIVITIES, POUNDS OF DRY MATTER

PER HEAD
Period SUM1 SUM2 WINT
Period  eeeeee-aaas (Lbs/Head) - ------=----
Cow Activities
Spring Calving - 2789 3559 2589
Fall Calving 2792 3288 3692
Stocker Activities
Year-Round Stocker Steers 1334 1381 1385
Year-Round Stocker"Heifers 1252 1359 1312
Wheat
Pasture
Wheat Pasture Stocker Steers 2317
Wheat Pasture Stocker Heifers 2248
Grazeout Wheat Pasture Stocker Steers 1327

Grazeout Wheat Pasture Stocker Heifers

1295




TABLE XI

ESTIMATED PRODUCTION FOR THE BASE SPRING
AND FALL CALVING OPERATIONS
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Spring Fall
Calving Calving
Operation Operation
---------- (Lbs) - -==-vu---
Production
Weaned Steers 500 580
Weaned Heifers 483 547
Cull Breeding Stock ‘
Cull Cows 989 989
Cull Bulls 1725 1725
Cull Replacement Heifers 672 672
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A cow-calf operation also "produces" cull breeding stock. A certain
number of cull cows, bulls, and replacement heifers are put on the market each
year. The average mature weight of a cow in the base herd is assumed to be
1125 pounds and her cull weight, 989 pounds. In the spring (fall) calving
operation, three cull cows, .245 cwt per cow, are assumed sold in July (March)
and seven, .688 cwt per cow, in October (July). Cull replacement heifers
weighing 672 pounds (.1344 cwt per cow) are sold in May in the spring calving
operation and January in the fall calving operation. Cull bulls weighing 1725

pounds (.1725 cwt per cow) are sold in July.
Stocker Activities

Three stocker activities are inéluded in the model to represent available
opportunities to retain 'ownership through the stocker phase. Only stocker
activities involving spring-born calves are included. The stocker activities are:
(1) placing the calves on wheat pasture on October 31 and removing them
March 15 (wheat pasture stockers); (2) extending the grazing period on wheat
pasture from March 15 to May 14 (grazeout stockers); and (3) roughing the
calves through the winter, then placing them on summer pasture in the spring
and removing them September 26 (yéar-round stockers). Heifers and steers are
treated as separate entities in the model.

‘Fall-born calves aré weaned at 285 days. They are old enough and big
~enough to go direlctly into a feedlot at weaning. A fall calving activity with
weaning at 210 days was considered initially. However, a preliminary analysis
revealed that it was least profitable, so it was dropped from the model.

Some shrink is to be expected when transferring calves from the cow

herd to a stocker operation, due to the stress of weaning and working.
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However, the level of stress is less for retained calves than for purchased
calves. A 1.5 percent shrink on retained weaned calves is assumed during the
transfer from the cow herd to any of the stocker activities. In contrast, a three
percent shrink is assumed if the weaned calves or stockers are sold. A two

percent death loss is assumed for all stocker activities.

Resource Requirements

Forage is the primary need of the stocker activities. Stocker dry matter
forage requirements were derived from enterprise budgets developed by
Walker et al. (1987). Wheat pasture is assumed available for rent to meet the
needs of the wheat pasture and grazeout stocker activities. Base wheat pasture
stocker steers and heifers are assumed to reqﬁire 2,317 and 2,248 pounds of
wheat pasture dry matter, respectively (Table X). Base grazeout stocker steers
and heifers are assumed to require an additional 1,327 and 1,295 pounds of
wheat pasture dry matter, respectively.

In the year-round stocker program, calves are fed a high roughage
maintenance diet through the‘winter then grazed on summer pasture. In the
model, year-round stockers compete for forage with the cow activities. Base
year-round steers require 1,334, 1,381, 1,385 pounds of dry matter in the
SUM1, SUM2, and WINT periods, respectively. Base year-round heifers
require 1,252, 1,359, 1,312 poﬁnds of dry matter in the. SUM1, SUM2, and
WINT periods, respectively.

Monthly labor require.ments for the stocker activities are presented in

Appendix A.
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Production

Assumptions regarding animal performance and transfer and sale
weights and dates are summarized in Table XIl. After a three percent shrink,
base wheat pasture steers and heifers have pay (transfer) weights of 736 and
695 pounds, respectively. Assumed pay (transfer) weights for grazeout steers
and heifers are 838 and 786 pounds, respec_:tively. Base year-round stocker
steers and heifers are assumed to weigh 766 and 724 pounds when sold or

transferred, respectively.
Feedlot Activities

Five feedlot finishing activities are considered: feeding weaned spring
and fall calves, feeding wheat pasture stockers, feeding grazeout stockers, and
feeding year-round stockers. Operating costs for the feeding activities are

adapted from budgets developed by the O.S.U. Budget Generator.

Estimating Animal Performance

The average daily gains, feed conversions, and finishing weights for the
base steer feeding activities in Table XIl are obtained from results of Oltjen et
al.'s (1984) feedlot growth simulation model. The simulation model uses a
description of a pen of cattle with a set of equations to pfedict feed intake, beef
cattle growth, and carcass composition resulting from the net energy content of
specified rations (Oltjen et al. 1984). The finishing ration has a net energy for
maintenance of .94 Mcal per pound and a net energy for gain of .63 Mcal per
pound. The model is designed to simulate British-cross steers.

To run the model, a pen of cattle to be simulated must be described using

a set of specified input parameters. The user must specify purchase and selling
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TABLE XlI

BASE ASSUMPTIONS REGARDING SALE OR
TRANSFER DATES AND WEIGHTS, GAIN
RATES, AND FEED EFFICIENCY FOR

RETAINED OWNERSHIP
OPTIONS
Date Average DM Feed Sale or
Entering  Weight Daily Perlbs  Fin Pay Daysin Transfer

Program In Gain Gain  Weight Weight Program Date

---------------- (Lbs)----=cmmocannn-

Weaned Steers, Spring-Calving Y 500 485 210 31-Oct
Weaned Heifers, Spring-Calving 483 469 210 31-Oct
Weaned Steers, Fall-Calving ) 580 563 285 15-Jul
Weaned Helfers, Fall-Calving . . 547 531 285 15-Jul
Wheat Pasture Stocker Steers 31-Oct 493 1.80 758 736 135 15-Mar
Wheat Pasture Stocker Heifers 31-Oct 476 162 716 695 1386 = 15Mar
Grazeout Stocker Steers 31-Oct 493 177 ' 864 838 195 14-May
Grazeout Stocker Helfers 31-Oct 476 1.59 810 786 195 14-May
Year-Round Stocker Steers 31-Oct 493 ‘083 790 766 330 26-Sep
Year-Round Stocker Heifers 31-Oct 476 075 746 724 330 26-Sep
Slaughter Options ,

1 Feeding Weaned Spring Steers 31-Oct 485 279 6.23 1060 206 25-May
1 Feeding Weaned Spring Heifers 31-Oct 469 245 6 50 927 187 05-May
2 Feeding Stocker Steers 15-Mar 736 328 615 1085 107 29-Jun
2 Feeding Stocker Heifers " 15-Mar 695 288 641 949 8 11-Jun
3 Feeding Grazeout Steers 14-May 838 349 623 1140 87 08-Aug
3 Feeding Grazeout Heifers 14-May 786 307 6 50 997 69 21-Jul
4 Feeding Year-Round Steers 26-Sep 766 | 320 6 67 1103 105 09-Jan
4 Feeding Year-Round Heifers 26-Sep 724 281 6 95 965 86 20-Dec
5 Feeding Weaned Fall Steers 15-Jul 663 - . 303 593 1050 161 22-Dec
5 Feeding Weaned Fall Heifers 15-Jul 831 266 618 919 146 07-Dec
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weights, a starting factor, efficiency factor, feed intake factor, shrinkage, starting
date, death loss, implant usage, frame size and condition score (Table XlIl).

The purchase weight is simply the pre-shrunk weight at the end of the
previous program. For example, the purchase weight of a weaned spring steer
is entered at 500 pounds. A three percent shrink is subtracted from the
purchase weight to yield the weight at which animals start on feed. The selling
weight implies a four percent pencil shrink. The selling weight entered is that
weight which results in final body fat of about 30 percent and an estimated low
choice grade.

The startihg date is the date the steers entered the feedlot. The starting
date drives the model's internal co'ns’umption and rriéintenance factors, which
reflect the influence of environmental conditions, namely weather.

The starting factor adjustment reflects stress-induced subpar feed intake
during the first ten days on feed. The efficiency factor is a multiplier on the
ration NEm and NEg to account for cattle performance better or worse than
expected, using a given set of input ration energy values. Likewise, the feed
intake factor is a multiplier on the equation generated feed intake to account for
observed consumption greater or less than predicted (Oltjen et al. 1984).

The equations used in the sinﬁulation program were developed with
cattle fed oral stilbesterol, which is:no longer legal to feed. Cattle not implanted
will have gains about nine percent lower than predicted. The implant factor
takes this into consideration. A value of zero indicates no implant use, while a
nine indicates that cattle are implanted to achieve maximum implant response
(Oltjen et al. 1984). All cattle fed are assumed implanted to achieve maximum
implant response.

Cattle of different mature sizes gain at different rates with differing body

composition. The simulation model accounts for this by allowing frame size to
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TABLE Xl

INPUT ASSUMPTIONS USED IN THE FEEDLOT
GROWTH SIMULATION MODEL TO
DESCRIBE BASE STEER
FEEDLOT ACTIVITIES

Feeding Feeding Feeding
Weaned Weaned Wheat Feeding Feeding

Spring Fall Pasture Grazeout Year-Round

ltem Steers  Steers Steers  Steers Steers
Purchase Weight (Lbs) 500 580 748 853 778
Selling Weight (Lbs) 1060 1050 1085 1140 1103
Starting Date 10-31 7-15 3-15 5-14 9-26
Efficiency Factor (%) 100 100 100 100 100
Starting Factor (%) 75 75 75 75 75
Feed Intake Factor (%) 100 100 100 100 100
Shrinkage (%) 3 3 3 3 3
Implant Usage 9 9 9 9 9
Frame Size 2 2 2 2 2
Condition Score 5 5 6 6 5
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be specified on a scale of one to three. The base steers are assumed medium
frame. Previous nutritional treatment also affects subsequent feedlot
performance. The model's condition score accounts for this, where cattle are
rated between one and nine for body fatness. Cattle in moderate condition are
set at five, very thin at two, or very fat at 9.

Heifer feedlot performance (average daily gain, feed conversion, and
finishing weights) is assumed to be a fixed percentage of steer performance.
The ratios used to estimate heifer performance from steer performance are
adapted from studies by Hicks et al. (1990a and 1990b). Heifer average daily
gains are assumed to be 87.89 percent of steer average daily gains. Heifer
feed conversions are assumed to be 104.26 percent of steer feed conversion.
Finishing weights for heifers are assumed to be 87.48 percent of steer weights.
The average daily gains, feed conversions, and finishing weights for the base

heifer feeding activities are presented in Table XII.

Representing Financial Statements in

Linear Programming

Retained ownership is a capital intensive production strategy. As a
result, the linear programming model needs to represent key financial
statements: the cash flow statement and the balance sheet. Breaking the year
into periods ensures the optimal ranch plan will cash flow, including family
living, and that borrowing is contained within realistic limits.

The financial constraint submatrix used in the LP model is presented in
Figure 5. The constraints are divided into two categories, capital constraints

and credit limits.
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Capital Constraints

Two types of capital constraints are represented, short-term (operating
capital) and intermediate-term (livestock- capital). The operating capital
constraints are considered in two-month periods, OPCAPJF,..., OPCAPND, in
the model. Using two-month periods results in an underestimation of the
interest chargés in some periods. This occurs in periods when livestock are
sold at the end of fhe' period, offsetting the operating expenses incurred during
that period. Interest should be charged on the operating capital borrowed to
cover expenses early in the period, a task the model does not accomplish with
bimonthly periods. Using monthly periods would incr\ease precision, however
use of two-month periods is not considered a handicap. The intermediate
capital row, LVSTCAP, reflects financing of the cow herd on an annual basis.

The right-hand side (RHS) values for all short- and intermediate-term
capital constraints equal zero, except for OPCAPJF, the first short-term
borrowing period. The RHS for this period equals the firm's cash on hand at the
beginning of the year, obtained from the beginning balance sheet.

The short-term operating capital rows force operating capital
requirements for enterprise activities to be met in each period. Operating
capital requirements can be met with funds from three sources, cash on hand at
the beginning of the period, ieceibts from the sale of output duﬁng the period, or
borrowing.

The operating capital requirements by period for three production
activities with different types of operating capital requirements are illustrated in
Figure 5. First, the cow-calf activity represents one in which capital is required
continuously throughout the year. The entry in the ith operating capital row,

COE;, is the amount of operating expenses per cow incurred in the ith period.
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The second production activity included in Figure 5 is wheat pasture stocker
steers. The wheat pasture stocker activity requires weaned calves as inputs,
which are transferred from the cow éctivity. The wheat pasture stocker activity is
initiated after weaning in the fall and terminated in mid-March. The third
production activity is grazeout steers. Grazeout steers are wheat pasture
stockers that, instead of being sold in March, are kept on wheat pasture through
May, then sold. The grazeout stocker activity is initiated and completed within
the year. The operating capital entry in the ith period is the amount of operating
expenses incurred in that period.

Entries in the operating capital rows for the sell livestock activities occur
only in the period of sale. The entry is equal to the market price in dollars per
hundredweight (cwt) for a given class of livestock. For example, the July sell
cull cow activity is illustrated in Figuré 5. The entry for the sell cow activity in the
July-August operating capital row is the market price of July cull cows. The
livestock sale entrieslin the operating capital rows reflect cash inflow from the
sale of livestock, which is used to cover operating expenses in that period, and
in subsequent periods via the cash transfer activities, should a cash surplus
result.

Six operating capital borrow activities corresponding to two-month
periods are included in the model. Borrowing a dollar provides a dollar of
operating capital, but with an interest charge. The objective function entry for
the borrowing activities is the two-month intgerest rate, which is the annual
interest rate divided by six. The interest charge in the first five periods is also
included as a use of cash in the following period. This reflects the cash outlay
required to make the interest payment on short-terrﬁ débt, which would occur in

the period following that in which the operating capital was borrowed.
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Cash transfer activities transfer any surplus cash from one period to the
next. Thus, any excess cash in one period, from the sale of livestock, for

example, can be used to cover operating expenses in the following period.

The Credit Limit Constraints

Certain limits to borrowing capacity exist. These can be internal, a
producer's unwillingness to over-extend, or external, due to limits lenders place
on the amount of credit they are willing to extend. Thése limits are based
primarily on the financial condition of the producer and his or her collateral
situation. Producer borrowing capacity is portrayed in the LP model in a set of
six, independent, two-month, credit limit constraints, CRLIMJF,..., CRLIMND
(Figure 5).

The RHS values for the credit limit constraints equal the producer's
beginning assets adjusted to reflect lender-imposed limits. The adjustment
factor is derived as follows. Given

LR = D/E = D/(A-D) . (34)
where LR is maximum allowed leverage ratio, D is debt, E is equity, and A is
assets, Equation (34) is solved for D. This yields

D=L/(1+L)*A=Z*A (35)
where Z, the adjustment factor, is the maximum leverage ratio assumed allowed
by the lender divided by one plus the maximum leverage ratio. Total allowed
debt is equal to total assets multiplied by Z. A maximum allowed leverage ratio
of 2 is assumed in this study. Thus Z equals 2/3. The lender is assumed willing
to extend credit up to a level equal to 2/3 of the producer's assets.

The production activity capital requirements in the credit limit rows reflect

the total operating expenses incurred up to and including any given period.
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The cow activity entries also include the cow Value. For example, the entry in
the first credit limit row for the cow activity equals the sum of the cow value and
the per cow operating expenses incurred in the first period. In the second credit
limit row, the entry equals‘the first period entry plus expenses incurred in period
two, and so forth. AII production activity entries in the credit limit rows are
adjusted by the factor X, where |

X=1-(LR/(1+LR))=1-Z , (36)

This reflects the fact that capital capacity d‘oes’not diminish, dollar-for-dollar, as
capital is extended to cover operating ex;’)eﬁses,or to purchase livestock.
Instead, the capital capacity decreases by a fraction (in this case, 1/3) of the
total, an amount determined by the maximum leverage ratio allowed.

The livestock transfer and sale activities increase capital capacity
hecause assets also increase. The cull bréeding livestock sale activities
increase capital capacity directly by the value of the cull breeding stock sold, in
the period of sale. The sale transaction is a source of capital in the period of
sale and in every period following because each péﬁod is independent of the
others in the model. |

The transfer of‘wean'c;ed‘cglvesﬁfrom the cow activity to subsequent
activities (production or sell) résults in a capital capacity increase since the
producer can borrow against the value of the animals. However, the increase in
capital capacity is limited by the maximum leverage ratio the producer's lender
will allow. Thus, the increase in capital capacity is equal to the value of the
weaned calf adjusted by the factor Z, defined earlier.

Weaned calves can be transferred and sold or transferred to subsequent
production activities, stocker activities, for example. Should the calf be sold at
weaning, the rest of its cash value is added to the available capital. Stocker

value is greater than weaned calf value, thus when calves are retained the
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producer's capital capacity increases since he can borrow against the stocker's
value. The amount of the increase is equal to the difference between the
stocker and weaned calf values, divided by stocker sale weight and adjusted by
the maximum leverage ratio adjustment factor, Z. If wheat pasture stockers are
sold, their remaining cash value is added to the credit capacity. Changes in
capital capacity as a result of retaining wheat pésture stockers into the grazeout
activity or the feedlot activities and their subsequent sale accrue in the same
manner as described for retaining weaned calves into the wheat pasture
stocker activity. |

The base situation and the construction of the base linear programming
model were described in this chapter. The base situation, a two breed rotation
with medium frame, medium milk potential breeds, will provide the basis of
comparison among the alternative breeding systems. The method for deriving
animal performance estimates for the alternative breeding systems is presented

in the next chapter.



CHAPTER IV

DEVELOPMENT OF ALTERNATIVE
" BREEDING SYSTEMS

The development and deriyétion 6\‘ the animal performance estimates
and resource requirements for éach f‘ram‘e'size and milking potential -
combination used in the study are preéented in this chapter. A brief overview of
crossbreeding is included. The overview draWs heavily on Willham (1970),
Cundiff and Gregory (1977), Gregory and Cundiff. (1980), Lasley (1987), and
Buchanan and Clutter (1989). Following‘t'he general discussion, the method

used to derive animal performance estimates is presented.
Crossbreeding

Long (1980) identi;‘ies two primary procedures by which the efficiency of
beef production systems may be increased genétically: (1) selection within
breeds to enhance critical{ chéracters; and (2) selection and combination of
breeds to produce individuals that better fit producfion conditions and
resources. Cundiff'and Gregofy (1977) identify the first procédure as being
primarily the responsibility of purebred or seedstock producers. Improvement
through the second brocedure, which is accomplished by crossbreeding, is the
responsibility of the commercial prpduéer.

Crossbreeding is the mating of animals of two or‘ more different breeds. It

offers opportunities to improve upon performance of straightbred populations
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(MacNeil et al. 1986). When appropriate br(eeds are used, systematic
crossbreeding can result in significant improvement in productive efficiency and
product desirability. The basic objective of crossbreeding systems is to optimize
simultaneously the use of both nonédditive and additive gene effects. The
nonadditive gene effects are the basis of heterosis (hybrid vigor), while the

additive gene effects determine breed differences.

Consequences of Crossbreeding

The optimum effect of crosébreeding wbuld be realized by systematic
crossing of breeds that éxpresé maximu‘fh heterosis and’exéel in their breeding
value for net merit, which is de’tér’mined by average gene effects for the breeds
(Cundiff 1970). Willham (1970) identifies several desirable consequences of
crossbreeding, especially in the p‘roduction’ of market livestock. These
consequences are the utilization of heterosis,‘ the opportunity to incorporate
desirable genetic material qui;:kly, and the chance to combine several desirable

traits in the market animal.

Heterosis. Hetéfosis, or hybrid vigor, is defined as the average
superiority of a crossbred individual over the average of the breeds in the cross. |
Heterosis levels are determined by breed choice and the crossbreeding system
used. According to Willham (1970, p. 691), breeds crossed should be as
genetically divergent as possi’ble and the favorable gene hUst exhibit some
- dominance to maximize heterosis in the offspring of a cross between two
breeds. The Brahman breed is somewhat uniﬁue in that when crossed with
European breeds, high levels of heterosis for growth, materﬁal ability, and
reproducétive performance result (Koger 1980; Franke 1980; Crockett et al.

1978a and 1978b).
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Three mating situations result in heterosis. Individual heterosis is the
advantage of the crossbred individual relative to the purebred individuals
(Table XIV). Maternal heterosis is the advantage of the crossbred mother over
the average of purebred mothers. Paternal heterosis, which is the advantage of
a crossbred male over the average"of purebred males, generally only affects
conception rate. Only individual and maternal heterosis are considered in this
study.

The effects of heterosis are illustrated in the following example. Assume
the purebred average weaning wéight of two breeds is 465 pounds. The
crossbred average Weaning v_veight,,\;vhich involves only individual heterosis
since both parents are purebred, is 465 (1 + .047), which équals 486.9 pounds.
Similarly, for a three;breéd cross, a crossbred dam mated to a purebred sire,
assume a purebred average weaning weight of 545 pounds. The crossbred
average weaning weight, which c@nsiders both individual and maternal
heterosis is 545 (1 + .047) (1 + .042), which equals 594.6 pounds.

Within a breed, parents cannot consistently transmit heterotic effects to
their offspring because only half of their genes, one of each pair, are passed on
to the next generation. Thus, syst}ematic mating procedures involving different
breeds are required to maintain heterotic effects from one generation to the

next.

Incorporating Desirable Genetic Material. By crossbreeding, desired

genes can be incorporated into a market animal faster than by conventional
straightbred selection procedures. Success depends on the gene frequency
difference between populations relative to the gene frequency change by

seleciion. According to Willham (1970, p.692), the introduction of new genes or
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TABLE XIV
HETEROSIS IN BEEF CATTLE

Heterosis
Trait Individual { Maternal

Calving Percent

Calf survival

Birth weight

Weaning weight
Postweaning ADG (feedlot)
Postweaning ADG (pasture)
Yearling weight (feedlot)
Yearling weight (pasture)
Mature Weight

Loin eye area

Fat thickness

Quality grade

Dressing Percent
Cutability Percent

... DDA OOWAN=W
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N

Sources: Marlowe, T.J., A.L. Eller, Jr., J.A. Gaines, and D.R. Notter. "Guidelines

on Crossbreeding for Beef Production." 1978-1979 Livestock
Research Report. Research Div. Report No. 175. Blacksburg:
Virginia Polytechnic Institute and Sate University. 1979.

Long, Charles R. "Crossbreeding for Beef Production: Experimental
Results." Journal of Animal Science. 51:1197-1223. 1980.

Buchanan, D.C. and A.C. Clutter. Animal Breeding: Principles and
Applications. 2nd Ed. Stillwater: Oklahoma State University.
1989. '
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the rapid increase in the frequency of desired genes is often more important

than the improved pertormance achieved by heterosis.

Combining Breed Characteristics. Crossbreeding allows desired trait

combinations to be incoiporated into the phenotype of animals. Success at
combining desirable traits depends on the degree of dominance and the gene
frequency difference. |

Cartwright (1970) refers to results of the discriminate matching necessary
to combine breed characteristics as complementarity between dam and sire
breeds with different traits. Complementarity refers to the advantage of a cross
over a purebred or another cross resulting from the manner in which two or
more characters combine or complement each other. The degree of
complementarity depends on the extent of interaction between reciprocal
crosses or among crosses of different breeds for an aggregate character.

Resource availability, especially in terms of quantity and quality of forage
and feed production, is extremely variable among different regions of the
country. Likewise, resource requirements, such as feed and labor, vary greatly
among breeds. A primary benefit of combining breed characteristics lies in the
ability to better align genetic resources, the cow herd, with feed and other
production resources available’to the producer and the climatic environment.

This enables the producer to increase productive efficiency.
Effective Breed Combinations

In contrast to the dairy industry in the United States, beef producers have
not substituted breeds that excel in red meat output for those with low output
potential. About 90 percent of the cows used for milk production in the U.S. are

- Holsteins (Cundiff et al. 1986a). By replacing breeds with lower milk producing
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potential with Holsteins, dairy producers have capitalized on the Holstein
breed's superior genetic potential for milk production. However, such
movements in beef industry may be inappropriate. Cundiff et al. (1986a p. 279)
state "The breeds that excel in retail product growth should not necessarily be
substituted for breeds with less genetic potential for output because of trade-offs
that result from antagonistic genetic relationships among traits."

For example, breeds which excel in retail product growth rate and
efficiency also: (1) sire progeny with heavier birth weights, which increase
dystocia, decrease calf survival, and decrease rebreeding in dams; (2) produce
carcasses Wwith lower marbling, which -makes it difficult to meet grading
requirements; (3) are older at puberty; and (4) have heavier mature weights and
increased nutrient requirements per cow for maintenance.

Cundiff et al. (1986a, p. 279) conclude "No one breed excels in all
characteristics of economic importance in the beef industry, nor is it possible to
expect simultaneous improvement in all characteristics from intrapopulation
selection since similar genetic relationships often exist within breeds." This
points to the importance of crossbreeding systems that exploit complementarity
and heterosis and align genetic resources with feed resources and climatic
environment as a means of increasing productive efficiency, given the existence
of trade-offs from genetic antagonisms (Cundiff et al. 1986a; Gregory and
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