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Optimal Breed Choices for Commercial Cow-Calf Production 
in the Texas Panhandle: 

An Application of Bio-Economic Modelling to Breed Evaluations 

Abstract 

The applicabili ty of a breed eval uation for commercial 
producers is enhanced when cast in an economic frame
work recognizing the inherent physical (phenotypic) and 
genetic capabilities of alternative breed groups in the 
context of a given production and market environment. 
This paper presents a multi-stage bio-economic model of 
breed evaluation, which effectively incorporates differ
ences between breeds and the production environment 
within a profit-maximizing framework representative of 
commercial cow-calf producers. The data required to run 
this model, much of which are readily available, are iden
tified. Modifications to the model to reflect alternative 
breed groups, new or additional data regarding breed 
group or crossbred performance, or alternative produc
tion locations are facilitated by the inclusion of the formu
las into which these alternate data may be substituted to 
provide customized results. 

Applica tion of this multi-stage bio-economic model 
is illustrated for a representative West Texas cow-calf 
producer considering optimal breed choices from among 
32 alternative breeds and breed groups. Results were 
found to be surprisingly stable across both climatic and 
market conditions. In each case, a clear and consistent 
preference is shown for moderately sized, fast growing 
breeds with high reproductive performance and better 
than average lactation ability. Large breeds are not 
preferred under even the most liberal of range and 
climatic conditions or high market prices. 

This analysis further indicates that a "wrong" deci
sion, e.g., use of a non-optimal breed, can cost the 
producer from $150 to $250 per head under the alterna
tive prices considered. Furthermore, despite the prefer
ence for purebred Pinzgauer, crossbreeding (in general) 
is shown to have an average marginal value across 
breeds of approximately $75 to $100 per head under 
normal range conditions and base prices. 

Introduction 

The choice of breed for a given production environ
ment is one of the most fundamental and critical deci
sions confronting any commercial cow-calf producer. It 
defines the basic gene pool of the cow herd - which, in 
tum, determines both the productivity and profitability 
that the producer may reasonably expect to realize far 
into the future. 

As the number o{available beef breeds expands, as 
it has over the past quarter century, the breed selection 
decision becomes increasingly complex. Producers may 
now select from an array of breeds representing a much 
greater range of fundamental performance characteris
tics than has heretofore been available, including ma-
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ture size, growth potential, milking ability, and repro
ductive performance. When this greatly expanded di
versity of breeds is combined, such as through cross
breeding, the number of choices available to the cow
calf producer expands exponentia~ly. Under such con
di tions, cow-calf prod ucers require an organized method 
of breed comparison that provides a theoretically sound 
basis for the determination of a breed's relative value; 
one which not only recognizes the performance charac
teristics of the breed, but the economic ramifications of 
its use in a given commercial production environment. 

While animal scientists have devoted considerable 
time and resources to quantifying the expected perfor
mance of alternative breeds and crosses, a comparable 
degree of attention has not been devoted to rigorous 
economic evaluations. As a result, producers have ac
cess to a significant body of data regarding production 
potential, but limited information relating this potential 
to the economic considerations on which commercial 
decisions are largely based. As such, commercial breed 
choices have often been based on criteria more closely 
related to physical output maximization than profit 
maximization- frequently to the long-term detriment 
of the producer. 

This paper presents a breed evaluation and com
parison for commercial cow-calf producers through the 
development of a mathematical model (set of 16 equa
tions) that integrates animal breeding and economic 
principles to provide an economic evaluation of 16 
different breeds, both singly and in Fl crosses with 
Hereford and Angus cows, under alternative produc
tion and price conditions typical of the Texas Panhandle 
production and economic environment. Furthermore, 
the model developed in this study may be viewed as a 
general model of breed evaluation in that it facilitates, 
through changes in a limited number of parameters, 
economic evaluations representative of alternative pro
duction environments and economic conditions de
fined by different geographic areas, market conditions, 
or producer objecti ves. 

The Conceptual Basis of 
Breed Evaluation and Selection 

The underlying premise of any evaluation is that a 
set of alternatives may be ranked or evaluated in terms 
of their abili ty to satisfY some specified cri teria or objec
tive. That criteria may beoneoftwo basic types: physical 
or economic. A physical evaluation is one which reports 
observed production levels under a specific production 
environment. As such, its breed evaluation is based 
upon observed means of physical measures of perfor
mance. An economic evalu~tion, on the other hand, 



bases the evaluation in terms of a breed's potential 
ability to satisfy an economic criteria, such as profit 
maximization. Hence, an economic breed evaluation 
would differ from a physical evalua tion in that (1) ra ther 
than being cast in physical terms, results are expressed 
in economic terms (dollars) that more closely reflect the 
concerns and criteria of commercial producers and (2) 
results appropriatly cast in economic terms facilitate 
aggregation of the multiple physical measurements so 
that a breed superior in one physical characteristic but 
inferior in another can still be correctly ranked on the 
basis of aggregate economic values. 

Most breed evaluations have taken one of two ap
proaches to breed evalua tion, both of which are physical 
in nature. These alternatives are 1) gross evaluations 
reporting the means of all characteristics observed such 
as those reported by Cundiff et a1. (1982 and 1986) and 
Jenkins et a1. (1991) or 2) efficiency evaluations report
ing the mean ratiosofoutput (product) to input use such 
as those reported by Green et a1. (1991a and 1991b). 

The predominance of these two methods of breed 
evaluation should not be taken to imply tha t animal 
scientists are unaware of their deficiencies or have not 
considered alternatives to improve the methods of breed 
evaluation. Nearly a half-century ago Hazel (1943) ar
gued that in multi-trait selection each characteristic 
should be appropriately weighted by its relative eco
nomic value. Unfortunately, from the viewpoint of eco
nomic theory, much of the subsequent work involving 
animal economics misinterpreted "economic value" at 
the average rather than the margin or otherwise misap
plied economic theories. More recent studies, some 
more directly involving economists in the evaluation, 
have remedied a portion of these early deficiencies and 
expanded the role of economics in breed and animal 
evaluation (Moav and Moav, 1966; Moav and Hill,1966; 
McClintock and Cunningham, 1974; Melton et aI., 1979; 
Ladd and Melton,1979; Melton, 1980; Doren et aI., 1985; 
Smith et aI., 1986; Stokes et a1.,1986; and McArthur and 
Del Bosque Gonzalez, 1990). 

Some of these studies have even made use of com
puter simulation modelsin an attempt to simultaneously 
consider the multitude of characteristics, production 
practices, and economic events effecting beef produc
tion and its profitability in deterministic analyses (Long 
et aI., 1975). In most cases, however, the evaluation has 
remained deterministic in nature, reflecting the eco
nomic outcome of prespecified breed and management 
choices. A significant question regarding the perfor
mance of each breed under optimal (by breed) variable 
input use in a given environment remains unanswered 
in such analyses. 

Nondeterministic Bio-economic Modelling 

The standard criteria of an economic analysis is 
profit maximization (Henderson and Quandt, 1980). A 
profit-maximizing commercial cow-calf producer would 
wish to select the breed or breed combination which 
maximizes the value of the firm, recognizing the multi
year, multi-product nature of the cow asset. 
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On this basis, one might argue that the commercial 
cow-calf producer's objective is to maximize the net 
present value of the cow herd or, alternatively, of the 
average cow in the herd. This objective is sa tisfied by the 
producer's selection of the breed or breed combination, 
from among the finite number of choices available, 
which has the greatest net present ..value per head 
through infinity, defined as follows: . 

(1) C (b, s, 00, j) = 
C (b,s,l,j) 

1-(1 +r) -(s ob) (1 +g) (s-b) 

where, following Melton's (1980) adaptation of Perrin's 
(1972) notation with the addition of a subscript denot
ing breed (j ): 

NR (y,j ) M (s,j ) 
C (b,s,l,j ) = L + - M (b, j ) 

(1 + r ) y - b (1 + r ) sob 
y=b+l 

= the net present value of the first animal (or herd 
mean) of the r breed acquired at age b and opti
mally culled at age s ; 

y = cowage in years; 
r = the appropriate annual discount rate; 
g = the annual rate of genetic progress associated 

with culling the cow at s years of age; 
NR (y,j ) = R (y,j ) - C (y,j ) = the residual earnings, 

defined as the difference between current rev
enues, R (y,j), and costs, 

C (y,j ), attributable to a cow at y years of age; 
M (b,j ) = the market value of the cow at acquisition; 

and 
M (s,j ) = the market value of the cow at culling. 

While the determination of optimal culling and 
replacement strategies requires a representation of the 
producer's objective in this form (Melton, 1980), it does 
not fully address the issue of optimal breed selection 
decisions.1 

Specifically, the selection of a breed or breed combi
nation with the ,greatest value of equation (1) implies 
tha t the firm's aggrega te net present value is maximized 

1 Breed evaluations which reflect commercial production conditions 
based upon the net present value method would be possible if 
estimates of the non-linear relationship between breed production 
parameters and costs were obtained. By then constraining (1) to the 
mean levels of production parameters, by breed, and differentiat
ing with respect to both culling age and breed parameters would 
allow for simultaneous determination of optimal culling age and 
the value of the breed parameters as the Lagrangian of the con
straint, as shown by Ladd and Melton. The sum of these values, by 
breed, would then allow for between breed comparisons and 
evaluations of value. However, the alternative presented in this 
paper is judged to be more easily performed by producers, as well 
as professional and practicing animal scientists, utilizing the ca
pacity of modern personal computers. 



by maximizing the net present value (per head) of the 
cow herd. However, this is true only when all inputs 
may be varied at a constant price in response to changes 
in herd size or resource use (i.e., C (y, j ) is a constant per 
head). In most commercial cow-calf operations, how
ever,land area is a fixed resource. As a result, increases 
in herd size beyond the capacity of the land to supply 
supporting nutrients can be accomplished only at a 
higher per unit nutrient cost (purcha~e of sup'p~emental 
feed). Similarly, unused forage nu tnents, ansmg from 
reductions in stocking rate and herd size, have essen
tially no alternative use - implying a zero opportuni ty 
cost. 

Short-orintermediate-runanalysesofcow-calfpro
duction decision-making are, therefore, more correctly 
stated in terms of maximizing values per unit of fixed 
resources, such as land area, rather than maximizing 
values per head or the net present value of the cow herd. 
Accordingly, from a set of available breeds and breed 
values, it is more appropriately assumed that the pro
ducer selects the combination of one or more breeds 
which maximizes economic returns per unit of land 
area, subject to any other resource constraints, such as 
operating capital. 

For cows of a given condition, the set of available 
breeds represents a one-to-one mapping of the set of 
animal nutrient requirements and productivity values. 
The optimization problem for n available breeds may, 
therefore, be stated mathematically as follows: 

" 
(2) max Z = L W j X j 

j=l 

subject to: 

" 
LaijXj~di 
j = 1 

where: 

i = 1 to m 

Vj 

X . = the level of use or number of head of the jOl breed; 
w~ = the net annual return per head of the average 

/ (aggregate) animal of the r breed when optimally 
culled according to the criterion implied byequa
tion (1); 

a .. = the technical coefficient rela ting the requirement 
IJ of one head of the r breed for the i'll nutrient (or 

other resource); and 
d . = the available level of the i'll nutrient (or other 

I resource) associated with the fixed land area. 

It is obvious that with only minor changes in nota
tion to avoid possible confusion, equation (2) is simply 
a representation of the traditional, profit-maximizing, 
mathematical programming model. Further assuming 
that W j is constant with respect to the levels of X j' the 
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model easily reduces to a traditional problem of linear 
programming. 

The advantages of linear programming in analyses 
such as breed evaluation include: 

1) The availability of numerous, highly effective, com
puter algorithms for the solution of linear program
ming problems, thereby simplifying the mechanics 
of the analysis. 

2) The opportunity cost values of constrained re
sources, such as grazing nutrient production, are 
reflected by the shadow prices of the constraints. 

3) Only a finite number of alternative breeds are con
sidered in anyone evaluation, thereby simplifying 
the development of the model. 

4) Only a few breed alternatives will be optimal in any 
solution, thereby simplifying the interpretation of 
results. 

5) The shadow prices of the breed activities may be 
interpreted as the relative economic values of the 
breed alternatives. 

The last of these is based upon the fact that the 
shadow price of an excluded activity, often termed its 
income penalty, reflects the reduction in the value of the 
objective function (Z) which would arise from a mar
ginal increase (from zero) in the use of the activity. As 
such, it provides a theoretically sound basis for the 
determination of relative economic values for evaluat
ing breed selection alternatives (Heady and Candler, 
1958). 

Model Specification for Breed Evaluation 

Several elements are required to complete the speci
fication of a bio~conomic breed evaluation model. These 
include: 

1) the production parameters of each breed under 
considera tion; 

2) the relationships between the breeds and the envi
ronment including both production levels (output) 
and resource requirements (inputs) necessary to 
achieve the output; and . 

3) the production environment for which the evalua
tion is applicable, including resources available as 
well as economic and market conditions. 

In the following sections, the model is specified by 
first specifying the nature of the inter-relationships be
tween breeds and their production environment, com
mencing with the specification of the nature of breed 
differences. We then specify the parameters of the model 
with respect to breeds and resources available, as well as 
prevailing economic condi tions. 

Breed Differences 

To appreciate the differences which exist between 
alternative breeds of beef cows, one must first appreci
ate the multifaceted nature of the productive services 



provided by these animals. Specifically, the beef cow 
not only provides a flow of services resulting in the 
production of marketable products in the form of her 
own progeny, she also produces her own replacement 
asset and is, herself, a marketable product upon culling 
from the herd. As such, in each year of her life, the beef 
cow must achieve nonnal weight maintenance and 
growth while conceiving, nurturing the embryo, giving 
birth, and nursing her progeny to achieve its own ge
netic potential (weight) at weaning. The possibility of 
economically significant differences between breeds, 
with respect to genetic potential, reproductive life, re
sources required, the product produced, or a combina
tion, clearly exists in each of these facets of the cow-calf 
prod uction process. 

Continuous Differences (Weight, Age, and Lactation) 

For the model under development, it is critical that 
continuous breed differences (those reflecting continu
ous variables) be expressed in a continuous mathemati
cal function. These continuous variables include weight, 
weight gain or growth, and daily lactation over the span 
of a lactation cycle to reflect within year changes. Repro
ductive perfonnance (such as percent weaning rate), on 
the other hand, may be adequately expressed as an 
annual, average, productivity measure reflecting the 
static nature of the variable. 

To accomplish this a "Brody-type" (1945) growth 
function of the fonn 

(3) W = A - B e-kt , 

is chosen where A - B is the expected birth weight 
expressed as the difference between the asymptotic 
mature weight (A) and total weight gain (B), k is the rate 
of growth parameter and t is days of age after birth. 

Two aspects of thi~ growth curve are critical to its 
use in a bioeconomic model of breed evaluation. First, 
the expected weaning weight (heifer basis) of the animal 
may be obtained by solving the growth curve at an age 
standardized weight, such as t = 200 days. Second, the 
animal's expected rate of growth on any day, measured 
in tenns of daily weight gain (G ,), may also be obtained 
by differentia ting the growth curve wi th respect to time, 

dW, 
(4) G, = __ = k B e-kt 

d t 

As a result, the growth curve provides not only 
estimates of the weight-time relationships, but esti
mates of product (weaning weight, cull weight, etc.) and 
rates of weight gain. 

To complement these relationships, a daily lacta
tion function is also specified in the fonn (Jenkins and 
Ferrell, 1984) 
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where: 

M, I = milk production on day of lactation t I' in 
kilograms; and A I and k I are the estimated pa
rameters of the function. 

These continuous functional rela~ionships are aug
mented with static estimates of rep'roductive perfor
mance (conception rate, weaning rate, dystocia, death 
loss, etc.). Where applicable, the estimates are then 
adjusted by age of cow, such as indicated by the follow
ing formula estimated from "age of dam" adjustmentf 

coefficients used by USDA (Wilcox et aI., 1971):2 

R2=.9909 

(6) A Ay = .4959 + .1649y - .0164y 2 + .OO046y 3 
(.00796) (.00834) (.001095) (.000042) 

where A Ay is the estimated age adjustment coefficient, 
expressed in terms of the percent of mature perfor
mance, for a cow of age y, in years, as of the date of 
calving. 

. The progeny of a cow will not, of course, duplicate 
the cow's own perfonnance. However, it is possible to 
use measuremen ts of the cow's performance to estima te 
the future performance of her progeny. For example, the 
expected progeny weaning weight may be estimated by 
applying the principles of animal breeding and herita
bility - recognizing that one-half of the progeny' s 
genetic ability is inherited from each parent - to esti
mate the progeny's growth curve parameters (Falconer, 
1960). 

Jenkins et a1. (1991) have estimated the total herita
bility of A and k to be .91 and .54, respectively, while 
their corresponding estimate of the heritability of birth 
weight of .72 may be used as an initial estimate of the 
heritability of B. These values are used to estimate each 
of the progeny growth curve paranleters. 

The resulting progeny growth function is then used 
to direct! y esti rna te the progeny's wea ning weight at 200 
days or any other age. The growth curve is also used to 
sol ve for the progeny's expected birth weight and from 
it an assumed prenatal exponential growth function of 
the fonn 

where: 

In (A -W (0» 
k = p p 

g 

= the exponential rate of prenatal growth which 
yields the calf birth weight on the final day of 
gestation ( t gl). 

2 Standard errors of the estimated regression coefficients are shown 
in parenthesis below the relevant coefficient. 



In practice, it is realized tha t both the age of the dam 
and the sex of the calf will significantly effect cow 
performa~ce and t~e observed progeny weigh t. Specifi
cally, varIOUS studIes have shown that the weight of 
male calves will exceed comparable female calves by 10 
to 15 percent (NRC, 1984). Accordingly, the estimated 
average weight of the cow's progeny shown in the 
previous equations should be adjusted upwards by 
about 12 percent for male calves while all progeny 
estimates should be adjusted for age of dam. 

Discrete and Stochastic Elements (Birth, Weaning, 
and Death Rates) 

While the previous relationships adequately ac
count for gross productivity differences with respect to 
both age of cow and inherent productivity, they fail to 
recognize that not all cows will have a calf each year, nor 
will all cows survive from year to year. To reflect these 
discrete and stochastic occurrences, probability func
tions are used to estimate expected death losses (DL ) 
and weaning rates (WRy), by age of cow, from dafa 
developed by Rogers (1972) and Bentley et al. (1976), 
respectively, as follows: 

(-2.40797 + .32269 y) 
(8) DLy< 10 x 100 = 2 + e (.21554) (.02373) 

and 

(6.4002 - .55421 y) 
DL y?10 X 100 = 7 - e \(.16134) (.02373) 

and 

R2=.9956 
(9) WRy x 100 = 74.9647 + 6.65315y - .58601y 2 

(.74006) (.31010) (.02206) 

Few breed evaluations report weaning rates by age 
(y) . They do, however, report average weaning rates (or 
standardized weaning rates at a given age). The wean
ing ra~eo~therbreedgroup(WR .}atage yiscomputed 
by adjusting the values produced'resulting from equa
~ion (9) based upon the ratio of reported average wean
mg rate values (W R j) to the age adjusted rate at 7 years 
of age (W R 7) as follows: 

(
WR .) WR .= WR _. __ .J 

IjJ 'I WR 
7. 

Comparable age adjustments to death loss rates are not 
generally possible since death losses by breed group 
and age are not typically reported in breed evaluations. 

Product-Resource Inter-relationships 

Clearly, the critical link between breed choice and 
production environment is reflected by the relation-
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ships which must exist between the resource and nutri
ent requirements of the productive animal and the level 
of these inputs available, from both grazing and supple
mental feed, in the defined production environment. To 
complete the model, the expected nutrient requirements 
and production of an "average" cow of each breed must 
be derived reflecting the differences, which arise from 
all sources, between animals. 

Cow Daily Maintenance and Growth 

. Differences in animal production, growth, and 
weIght translate directly into differences in animal nu
tritional requirements - especially with respect to en
ergyand protein.3 The estimated daily energy require
ments for maintenance and weight gain of beef cows 
over 18 months of age were estimated as (Neville and 
McCullough, 1968) 

ME, = .1374 W;75 + 6.3 G, 

where: 

ME" = megacalories of Metabolizable Energy re
qUIred on day of age t; and all other variables are 
as previously defined. 

Substituting equations (3) and (4) in this relationship 
allows the beef cow's daily energy requirement to be 
expressed in terms of her own growth curve as 

(10) ME, = .1374(A - B e -kt} .75 + 6.3 k B e-kt 

The daily digestible protein requirements for nor
mal maintenance of beef cows are recommended to be 
2.8 percent of dry matter feed intake (NRC, 1976). Fur
thermore, under typical range grazing conditions, ad lib 
dry matter feed intake is estimated to average approxi
mately 2 percent of body weight (NRC, 1976 and1984). 
When combined with the additional requirement for 
weig~t gain, !he ~ow' s daily requirement for digestible 
proteIn (D P, In kIlograms) for maintenance and growth 
is also expressed in terms of her own growth curve as 

(11) D P, = .00056 W, + (.2075 - ,000275 W,) G, 

= .2075 k B e-kJ + (,00056 - .000275 k B e-kJ) (A - B e -kJ) 

Daily Lactation and Gestation 

, The increased diversity in beef cow size and growth 
In recent years has been accompanied by similar changes 
in mi~k prod uction a,bili ty. For example, Brahman cows, 
as WIth most Bos mdicus breeds, have greater milk 
production ability than the traditional Hereford and 
Angus cows. Similarly, European breeds which have 

3 While beef cows also require various minerals, vitamins, and other 
nutrients to sustain normal growth and production, these nutrients 
are required in small quantities and, if required, can often be 
provided in the form of free-choJce mineral supplements, 



historically been selected for dual purposes (milk and 
meat), such as Pinzgauer, have greater milk production 
ability than those which have historically been selected 
only for meat production or for a combination of meat 
and draft, such as Charolais. Given the fact that the 
cow's milk production ability is a primary determinant 
of her calf's performance, it is important that these 
differences be reflected. 

The estimated additional energy required for lacta
tion is (Neville and McCullough, 1968) 

(12) MElt I = .041 W, .75 + 1.9 G 1+.7443 M /I 

= .041 (A - B e-kt) .75 + 1.9 k B e-kt + .7443 {~1 
AI/II} 

The cow's addi tional energy requirements for the main
tenance of a normal pregnancy is estimated by (Moe 
and Tyrrell, 1971) 

(13) M Egtg = .000567 e·01741g W(t\tg = 0).75 

=.OOO567e·0174tg (A- B e-kt \lg=0) .75 

where 

W(t\t = 0) is the cow's weight on the day of concep
tioJ. 

By the same basic method, estimates of the addi
tional daily protein requirement for lactation and gesta
tion, respectively, are obtained from NRC (1984)recom
mendations and the previously developed physical re
lationships as 

(14) DP ltl = .0335 M'l = .0335 { t, 1 
A,ekl'J 

and 

(15) DPgt = .0023 w, = .0023 ekglg 
g g 

where 

W, = the progeny (embryo) weight on the t day of 
g • g 
gestatIon. 

Progeny Daily Maintenance and Growth 

From birth through approximately one year of age, 
the faster rate of growth of the progeny requires con
siderably greater energy than provided for the cow 
in equation (10), although the protein requirement 
specified in equation (11) is generally adequa te. Accord
ingly' the energy requirement of the progeny in the 
first year of life is estimated from NRC (1984) values for 
t $; = 600 as 

p 
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(16) M E pi = 29.3039 + .3888 W ;5 
P (.004335) (.002206) P 

+ 41.7419 G pi - 10.8340 G ~ 
(.15030) p (.09484) p 

Furthermore, a substantial portion~.f the progeny's 
energy and protein requirement is sa tisfied by the dam's 
milk production, the nutrient requirements for which 
are previously included in the dam's nutrient require
ment equations. Thus, to avoid double counting, the net 
nutrient requirements of the progeny while nursing 
must be reduced by the energy and protein contribution 
of the dam's milk. The milk nutrient contributions are 
obtained by multiplying equation (5) by the nutritional 
values of the milk with respect to the "as-fed" metabo
lizable energy and digestible protein of .564 and .030 
(NRC, 1976), respectively. The result is then subtracted 
from the progeny's gross energy and protein require
ments - subject, of course, to the restriction that the 
resulting net requirements must be non-negative. 

Annualizing Daily Nutrient Requirements 

. While it is traditional for animal scientists to deal 
with daily nutrient requirements, economic analyses of 
cow-calf production require a somewhat longer time 
span of months oryears-consistent wi th the producer's 
planning horizon and decision time-frame as indicated 
by equation (1). Annual estimates of therequirementfor 
each of the nutrients included in this model may, how
ever, be obtained by integrating the daily nutrient re
quirement functions, shown previously, over the ap
propria te time interval of the cows life and weighting, as 
appropriate, by the cowage adjustment factor. These 
annual nutrient requirement functions are shown in 
Appendix B. 

Production Parameters 

Breed Group Parameters 

Physical evaluations of alternative breeds provide 
an abundance of data related to productivity param
eters needed for normative analyses. One of the largest 
and most comprehensive of all breed evaluation trials is 
the on-going Germ Plasm Evaluation (GPE) program at 
the U.s. Meat Animal Research Center located at Clay 
Center, Nebraska. Included in this large study is the 
evaluation of numerous production parameters, both 
pre- and post-weaning, for thousands of head repre
senting over two dozen different breeds of beef cattle. 
As such, it can arguably be regarded as the premier 
source with respect to commercial beef breed evalua
tion.4 

4 For a more detailed discussion of the overall Germ Plasm Evalua
tion project the reader is referred to numerous articles and presen
tations by the principle investigators, including recent summaries 
by Cundiff et al. (1982 and 1986). 



Crossbred Groups - Jenkins et al. (1991) recently 
published various pre-weaning and life-time growth 
results obtained through Cycle III of the GPE project. 
These results reported the expected perforn1ance of 
1577 female progeny resulting from the mating of sires 
represen ting 16 different breeds to Hereford and Angus 
cows. In addition to traditional measures of weight at 
various ages, these results included estimates of the 
parameters (for each breed of sire group evaluated) of a 
"Brody type" growth curve (Brody, 1945) of the follow
ing form: 

. The ob~ous disadvantage of this particular func
tional form IS that the animal's expected birth weight is 
forced to be zero. This deficiency may be remedied, 
however, by adjusting for reported average birth weights 
and re-estimating the remaining parameters (by simple 
OLS procedures), for each breed of sire group, using the 
acc.ompanying published weight and age data to obtain 
estImates In the form of equation (3). 

. Additionally, Green et al. (199Ib) have published 
estimates of the parameters of lactation curves for four 
of ~he 16 sire breeds included in the GPE study. These 
estimates were reported for diverse breed types, includ
in~ traditional Bos taurus breeds, dual purpose (meat
mIlk) Bos taurus breeds, and Bos taurus-Bos indicus breed 
crosses. For purposes of this study, it can be assumed 
that k I is constant within breed types (traditional, dual 
purpose, or Bos indicus), while A, differs by breed across 
type. Point in time estimates of daily milk production, as 
reported by Cundiff et al. (1982), can then be utilized to 
~erive estimates of the parameters defining full lacta
tIon curves for each of the 16 breeds considered. 

These estimates, together with estimates of the av
erage gesta tion period and weaning ra te by breed of sire 
(also as reported by Cundiff et al., 1982), define the basic 
productivity parameters of the breed groups, as shown 
In Appendix Table AI .s 
. Purebred Groups - In reviewing these data, it is 
Important to bear in mind that the reported data are 
from cows representing a cross of sires of the indicated 
breed with Hereford and Angus cows. As such, the 
parameters reported in this table do not equal the ex
~ected values of the parameters for the pure breed of the 
SIre. 

To obtain the corresponding estimates of the pure
bred parameters, the estimates reported in Table A 1 are 
adjusted by the average values reported for Hereford 
an? Angus according to basic animal breeding relation
ShIpS related to ~he mean effects of heterosis (Falconer, 
l?60)'l!~fortunately, estimates of the degree of hetero
SIS exhIbIted by the 16 crosses under consideration are 
not currently available. Relative estimates must, there-

5 Parameters reflecting feedlot and slaughter (carcass) evaluations 
of the breeds are appropriately excluded from this anal ysis due to 
the~r ~nsignificance in the breed selection decision among the 
maJonty of commercial cow-calf producers. 
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fore, be derived based upon the species, type, and origin 
of the breeds involved. 

To accomplish this, crosses of breeds of English 
origin developed primarily for meat and draft, such as 
Hereford and Angus, are assigned a relative heterosis 
value of 1.00. Crosses with European breeds, such as 
Charo~ais, and dua~ purpose breeds developed for meat 
and mII~, such as Plnzga uer, are then assigned a rela ti ve 
heterosIs value of 1.25, while crosses with Bos indicus 
breeds are assigned a relative heterosis value of 1.50. 
Using an assumed .base heterosis level of 2 percent 
allows the pro?uctIon parameters corresponding to 
those reported In Table Al to be derived for the pure
breds, as shown in Table A2. 

The production parameters shown in TablesAl and 
A2 ?emonstrate the di.versity of breed choice currently 
avaIlable to commerCIal cow-calf producers. Animals 
representing breed average mature weights ranging 
from just over 700 pounds (328 kg) to over 1400 pounds 
(644 kg) are available, along with a comparably wide 
range of ~eanin9 ~eights, weaning rates, growth rates, 
a~d lactation abIhtIes. Large breeds, such as Chianina, 
WIll, on average, produce large calves - thereby in
creasing the producer's average revenue. However, 
the~ larger animals would reasonably be expected to 
requ.lre gr~ater amount~ of resources, including feed 
n~ tnen ts,In. order to achIeve their production potential. 
It IS predomInantly these two facetsof prod uction which 
~ust be balanced against the constraints imposed by the 
fIrm's r~sources ~nd production environment in any 
economIcally motIvated breed selection decision. 

The Resource and Market Environment 

.To define the available resources and production 
envIron~ent, a 5,000 acre (2,023.5 ha) ranch, typical of 
the dommant beef ranching regions of the Panhandle 
area of West Texas and Eastern New Mexico, is as
sume~'1?e ran.ch is further assumed to be comprised of 
fou~ dIStInCt SOlI types and vegetative combinations, as 
defmed ~Y USDA/SC~ ~1970) as being typical of the 
area. To Improve the abIlIty of the analysis to reflect the 
wid~ly varying conditions under which cow-calf pro
du~tlOn occurs, annual forage dry ?latter production is 
estimated for each soil and vegetative type under 
drought, normal, and favorable climatic conditions as 
shown in Appendix Table A3. ' 

Clearly neither animal nor forage production is 
constant over an entire year. Seasons of the animal and 
forage production cycle are, therefore, defined as fol
lows: 

Season 1: Nov-Dec - Post Weaning/Winter; 
Season 2: Jan-Mar - Late Gestation/Winter; 
Season 3: Apr-May - Early Lactation/Spring; 
Season 4: Jun-July - Mid-Lactation/Summer; 

and 
Season 5: Aug-Oct - Late Lactation and 

Weaning/Fall. 

The range nutrient production in each of the five 
defined seasons is then estimated from the previous 



forage growth estimates based upon the weighted aver
age of NRC (1984) reported nutrient concentrations for 
the forage varieties included when each is seasonally 
adjusted by the forage stage of growth and maturity. 
Finally, following generally accepted practices of good 
range management, the level of forage nutrients made 
available to the grazing animal is then restricted to 50 
percent of the total forage dry matter production. 

Recognizing tha t few ranches opera te wi thou t some 
supplemental feed during the course of a year, it is 
further assumed that nutrients may be supplied in each 
season by various energy and protein based supple
mental feeds. Average prices for both cattle and supple
mental feeds are then defined as shown in Table A4.6 

In examining these prices, it should be realized that 
post-weaning (feedlot and carcass) performance and 
pricing are not considered relevant to this study. This 
intended omission is because the majority of cow-calf 
producers sell their calves at weaning. In general no 
price discrimination is made at weaning based upon 
future performance in either the feedlot or slaughter 
except in the most gross of terms. As such, the commer
cial cow-calf producer should not, in general, be con
cerned with post-weaning or carcass performance in 
breed evaluation and selection decisions. This position 
is further supported by the results of a recent survey of 
commercial cow-calf producers in the Southwest in 
which it was found that feedlot and carcass characteris
tics ranked last or nearly last among all EPD character
istics on which sire selection decisions are made (Green 
et al.,1992). 

The effects of alternative cattle prices and cattle
feed price ratios are then examined by holding feed 
prices constant while base cattle prices are doubled 
(2X).7 Finally, to avoid the possibility of an unbounded 
solution arising from infinite optimal use of either ani
mals or supplemental feed, due to marginal returns 
exceeding marginal cost, an annual operating capital 
constraint of no more than $24,750 is also assumed 
($85,000 total less required average annual fixed capital 
requirements of $60,250). 

Aggregation To Obtain Expected 
"Herd of Breed" Values 

For this analysis, seasons corresponding to various 
stages of animal and forage production are considered 
more appropriate than either annual or daily require
ments. Intra-year, seasonal nutrient requirements are 
computed in the same manner as annual requirements 
by integrating over the seasonal time period and stage of 
cow-calf production represented by the season. When 

6 Base prices are represen tative of the 1980-84 period and are utilized 
as being representative of relative prices which a cow-calf pro
ducer could reasonably expect over an extended, long-run produc
tion process. 

7 This study does not address the issue of cyclical price changes and 
variable culling rates as discussed by Trapp (1986). However, 
producers are largely unable to make breed changes in response to 
annual price changes, thereby minimizing the import of these 
cyclical or short term price changes on the issue at hand. 

12 

summed over each metabolic function, the result is the 
total seasonal requirement by nutrient. The resulting 
seasonal requirements will vary both within and across 
years, as illustrated by the following figure representing 
the daily ME requirements of a Brahman cross cow 
through 8 years of age. The ability (or inability) of the 
forage to meet these variable requirem~nts determines 
the optimal stocking rate, gives rise ",to the need for 
supplemental feed, and directly effects the costs of 
production and, hence, the value of each breed under 
considera tion. 

Assuming that any animal which either dies or fails 
to wean a calf is culled, regardless of age, and that any 
animal which dies also fails to wean a calf, allows the 
animal distribu tion, by age, to be derived for each breed 
group, as illustrated by the following graph for Brah
man cross cows. 

Per head average nutrient demands and the pro
duction for each breed group and age of cow through 15 
years, in each of the defined seasons, are estimated by 
computer simulation, according to the mathematical 
relationships described previously and using the pro
duction data shown in Tables Al and A2. An aggregate 
average is then defined for each breed group as the 
weighted (by proportion of animals in each age) average 
nutrient requirements and production of a cow of that 
breed over her full economic life (including replace
ment) to an economically optimal culling age (5). 

To estimate the optimal culling age by breed, the net 
present value and optimal culling age for each breed 
group is computed according to the criterion implied by 
equation (1) using the prices shown in Table A4 and 
assuming that no genetic progress is occurring. Results 
of these computations, which are summarized in Table 
A5, are used to obtain the appropriately weighted tech
nical coefficients (a j") of expected breed group produc
tion and nutrient requirements for the linear program
ming model. 

These data demonstrate the nature of the potential 
advantages to be gained from crossbreeding. Both wean
ing weights and ra tes are increased through crossbreed
ing, resulting in a lower required replacement rate and 
a generally later optimal culling age. Furthermore, the 
optimal culling age of crossbred cows is significantly 
less variable than that of the corresponding purebred 
cows. 

Optimization Results 

Solutions to the linear programming model under 
two alternative prices (Base and 2X) and three climatic 
conditions (drought, normal, and favorable) are sum
marized in Table 1. These results indicate a consistent 
preferability for cattle of the Pinzgauerbreed when only 
pure breeds are considered, regardless of either prices 
or climatic condi tions. In each of the six cases consid
ered, Pinzgauer cows are optimal, with average returns 
per head ranging from a low of -$44.81 to a high of 
$357.87 and stocking rates similarly ranging from a low 
of 171 head to a high of 204 head for the production 
environment and resources assumed. 
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Table 1. Optimal solutions under alternative prices, production conditions, and breed choices. 

Condition : Drought 

Price Level : Base 2X 

Purebreds: 

Z ($) -8289.71 57003.85 

Head 185.0 171.2 

$/Head -44.81 332.93 

Head/Acre 0.0370 0.0342 

Breed Pinzg. Pinzg . 

Head 185.0 171 .2 

Crossbreds: 

Z ($) -9243 .84 54972.72 

Head 189.4 170.3 

$/Head -48.82 322.80 

Head/Acre 0.0379 0.0341 

Sire Breed Brahman Brahman 
Head 94 .8 170.3 

Sire Breed Sahiwal 

Head 94.6 

Results of the crossbred analysis, in contrast to 
those produced for the purebred analysis, do not indi
cate the same degree of uni versal superiori ty for a single 
breed. A nearly equal combina tion of the two Bos indicus 
breeds (Sahiwal and Brahman) are optimal under the 
most restrictive nutritional and market conditions, while 
Brahman crosses are optimal under less restrictive con
ditions. 

From these results, it is clear that, unlike purebreds, 
heterosis must playa significant role in crossbred sire 
selection as the top ranked breeds consistently include 
the two Bos indicus breeds which exhibit the greatest 
degree of heterosis when crossed with Hereford and 
Angus cows. At the sa~e time, it is clear that returns 
(either in total or per head) are greater with Pinzgauer 
than with any crossbred . This should not, however, be 
taken to deny the importance of heterosis as an overall 
breeding tool. In fact, crossbred progeny are only ex
pected to exceed the mean of the two parents with 
respect to any characteristic. One parent could, there
fore, be universally superior and would, as a result, 
potentially remain superior to the crossbred progeny. 

In either the purebred or crossbred analysis, opti
mal stocking rates increase with improved range condi
tions, as expected. At the same time, optimal stocking 
rates are seen to decline with improved market condi
tions. This maybe attributed to the marginal valueofthe 
animals in the market exceeding (relatively) their value 
in production as market prices increase. Accordingly, 
under high prices the profit-maximizing producer would 
retain fewer animals - . selling more of the calf crop and 
a larger number of cull cows- than otherwise. This 
result is consistent with the results obtained by Trapp 

Normal Favorable 

Base 2X Base 2X 

-1261 .66 64058.78 -586.07 64517.63 

201 .9 179.7 203.6 180.3 

-6.25 356.44 -2.88 357.87 

0.0404 0.0359 0.0407 0.0361 

Pinzg. Pinzg. Pinzg. Pinzg. 

201 .9 179.7 203.6 180.3 

-1948.21 63140.23 -1037.55 63755.76 

202 .1 180.2 204.3 181.0 

-9.64 350.31 -5.08 352.26 

0.0404 0.0360 0.0409 0.0362 

Brahman Brahman Brahman Brahman 
202.1 180.2 204.3 181.0 

14 

(1986), who found the rate of culling to increase and the 
rate of replacement to decline as cyclical cattle prices 
peaked. 

Economic Values of Purebreds 

Shadow prices and breed rankings, obtained from 
these optimal solu tions, further support the importance 
of milking ability and reproductive potential, as shown 
in Table 2. Comparison of these results in light of the 
parameters shown in Appendix Table A2 clearly indi
cate that the top breeds, under each alternative market 
and production scenario, are relatively high milking 
animals with larger than average body size and growth 
potential and high reproductive performance. By con
trast, the bottom breeds, without exception, are either 
exceptionally large animals with moderate to low milk
ing ability or animals with exceptionally low reproduc
tive performance, as judged by breed average weaning 
rates. Traditional breeds (Hereford and Angus) are 
intermediate to these extremes, with Hereford consis
tently exceeding Angus in both ranking and relative 
economic value. 

The consistency of rankings across price also leads 
to the conclusion that relative economic values, for a 
given production environment, may tend to be fairly 
stable under a wide variety of alternative price and 
climatic conditions. 

Economic Values of Crossbreds 

These optimal breed selections and solutions have 
expected impacts on the shadow prices and rankings of 
the remaining breed crosses as shown in Table 3. 

... 



Table 2. Relative economic value (Shadow Price) of purebred cows under alternative prices and production conditions. 

Condition : Drought Normal Favorable 

Price Level : Base 2X Base 2X Base 2X 

Angus -77.58 -169.55 -101.41 -199.55 -103.02 -200.94 

Brown Swiss -56.97 -119.50 -69.00 -135.58 -70.39 -136.58 

Brahman -17.00 -32.30 -14 .81 -26 .30 -13.72 -25.60 

Charolais -118.66 -248 .76 -139.77 -271 .25 -140.16 -271 .76 

Chianina -84.58 -174.44 -89.74 -173.15 -87.97 -172.07 

Gelbvieh -51 .82 -107.30 -59.73 -118.01 -60.76 -118.74 

Hereford -53 .87 -119.41 -74.06 -144 .72 -75.36 -145.87 

Jersey -81 .12 -172.04 -118.44 -225.73 -124.09 -229.72 

Limousin -111.34 -240.31 -143.77 -281 .46 -146.27 -283.51 

Maine Anjou -75.03 -154.93 -78.99 -152.81 -77.23 -151 .74 

Pinzgauer 0.00 0.00 0.00 0.00 0.00 0.00 

Red Poll -128.39 -273.45 -163.54 -320.04 -167.17 -322.77 

Sahiwal -14.67 -35.49 -35.46 -64.82 -38.19 -66.78 

Simmental -72.95 -154.63 -90.54 -179.49 -92.61 -181 .04 

South Devon -70.29 -153.42 -92.77 -182.34 -94.47 -183.77 

Tarentaise -19 .93 -42.00 -24.53 -48.27 -25.10 -48.69 

Table 3. Relative economic value (Shadow Price) of crossbred cows under alternative prices and production conditions. 

Condition : Drought 

Price Level: Base 2X 

Angus -44.30 -91.49 
Brown Swiss -39.48 -79.66 

Brahman -2.26 0.00 

Charolais -72.57 -144.77 

Chianina -41 .48 -81 .88 

Gelbvieh -29.74 -60 .85 

Hereford -35.19 -79.36 

Jersey -48.00 -96.68 

Limousin -68.91 -140.69 

Maine Anjou -36.55 -71 .71 

Pinzgauer -3.07 -7.04 

Red Poll -84.25 -172.05 
Sahiwal -0.27 -0.10 
Simmental -40.98 -84.39 

South Devon -40 .40 -83.67 

Tarentaise -14 .69 -30.20 

Extremely large breeds, low milking ability breeds, 
or breeds of low reproductive performance continue to 
rank near the bottom of all breed choices- especially if 
the use of such a breed does not carry with it significant 
heterosis, as in the case of Hereford sires. I t is also clear 
that animal size and productivity (output per unit of 
input) is an incre~singly important consideration in the 
selection of sires for crossbreeding when nutritional 
resources may be constrained - as evidenced by the 
favorable ranking of crossbred cows sired by Sahiwal 
bulls under highly constrained nutritional and market 
conditions. In comparing these results to those shown 
previously for pure breeds (in Table 2), it is also impor
tant to note the differences in the relative magnitude of 
the shadow prices obtained. For example, a purebred 

Normal Favorable 

Base 2X Base 2X 

-58.62 -118.69 -60.08 -118.33 
-49.97 -99.20 -51.49 -99.91 

0.00 0.00 0.00 0.00 
-84 .01 -165.02 -84.20 -162.14 
-44.78 -86.80 -43.70 -83.14 

-37.77 -76.24 -39.01 -76.96 
-49 .55 -109.51 -51.27 -110.03 
-68.38 -134.85 -72 .85 -139.95 

-85.70 -172.28 -87.31 -171.64 

-39.73 -76.37 -38.80 -73.08 
-8.43 -17.52 -9.05 -17.19 

-102.64 -207.03 -105.26 -208.60 
-9.30 -17.41 -11.49 -20.21 

-52.90 -107.46 -54.84 -108.84 
-53.49 -108.75 -55.06 -109.00 
-21.82 -43.85 -22.83 -44.06 
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Angus cow under nonnal range conditions and base 
prices would have a shadow price value of -$101.41, 
implying that her marginal use (one additional cow) 
would reduce total returns by this amount. Similarly, 
the corresponding crossbred Angus cow has a shadow 
price of only -$58.62, implying a much lower income 
penalty is associated with her marginal use. Such a 
finding tends to confirm the hypothesis that a signifi
cant economic benefit may potentially accrue to cross
breeding. 

To evaluate this possibility, the model is re-solved 
to include simultaneous consideration of both pure
breds and crossbreds (32 possibilities). The resulting 
shadow prices of the crossbreds, relative to the pure
bred optimal, are shown in T.able 4. 



Table 4. Relative economic value (shadow price) of crossbred cows, as compared to optimal purebred solutions, under alternative 
prices and production conditions. 

Condition: Drought 

Price Level : Base 2X 

Angus -45.96 -103.20 

Brown Swiss -42.76 -91.44 

Brahman -6.29 -11.89 

Charolais -74.75 -156.44 

Chianina -45.93 -93.88 

Gelbvieh -33.95 -72.97 

Hereford -37.13 -91.38 

Jersey -48.73 -107.77 

Limousin -69.59 -152.32 

Maine Anjou -41.22 -83.72 

Pinzgauer -8.33 -19.10 

Red Poll -84.68 -183.59 

Sahiwal -3.79 -11 .66 

Simmental -44.16 -96.34 

South Devon -42.63 -95.49 

Tarentaise -19.27 -42.13 

As expected, the purebred Pinzgauer cows previ
ously selected as optimal remain optimal in the face of 
crossbred alternatives, although the top crossbreds 
(based upon minimum shadow prices) are now supe
rior to all but the optimal purebred. Furthermore, the 
difference between the crossbred shadow price and the 
mean shadow prices of the purebred plus the average of 
Hereford and Angus purebreds may be viewed as the 
maximum contribution to producer annual net returns 
from crossbreeding in commercial cow-calf prod uction. 
For example, for Pinzgauer the mean shadow price 
value of the relevant purebreds is -$87.74 under base 
prices and normal range conditions. The corresponding 
crossbred shadow pricp is -$11.16, resulting ina val ue to 
heterosis, or crossbreeding, of approximately $76.58 per 
head.s 

Discussion and Implications 

The results presented in this paper clearly demon
strate both the nature and relative magnitudes of differ
ences in economic value which exist between alterna
tive beef breeds available for commercial cow-calf pro
duction. Selection of the "wrong" breed for a given 
production environment can result in foregone annual 
returns in excess of $150 per head under the relatively 
low base prices. Under higher cattle prices, such as 
typical of the 2X case, the cost of a wrong decision can be 
considerably higher - in the range of $250 per head or 
more. 

• The shadow price difference calculated by this method may be 
considered as the maximum contribution due to crossbreeding 
since its value is derived largely from heterosis which can not be 
sustained withoutthecontinuedinjection of "foreign" germ plasm. 
As such, the shadow price value difference computed will decline 
over time as the degree of heterosis in the specific cross erodes. 

Normal Favorable 

Base 2X Base 2X 

-60.92 -121.75 -61.61 -122.47 

-52.78 -103.55 -53.38 -104.06 

-3.08 -4.90 -2.14 -6.21 

-85.70 -166.34 -85.34 -166.26 

-46.65 -88.44 -45.02 -87.37 

-40.74 -80.93 -41.02 -81.22 
-52.06 -113.23 -52.94 -114.27 

-71.98 -141 .51 -75.18 -143.85 

-87.81 -174.85 -88.69 -175.74 

-41.72 -78.33 -40.20 -77.32 

-11 .16 -21.52 -10.92 -21.44 

-105.32 -211 .24 -107.02 -212.67 

-12.80 -23.57 -13.84 -24.30 

-55.86 -112.22 -56.82 -113.04 

-56.05 -112.47 -56.77 -113.17 

-24.64 -48.10 -0.28 -0.80 
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Equally significant is the fact that breed superiority, 
fora given production environment, is relatively stable 
with respect to changes in market prices. As such, 
producers should feel comfortable in making optimal 
breed selections that will remain optimal for their spe
cific prod uction environment over a fairly wide range of 
dynamic market and climatic conditions. For the spe
cific West Texas production environment considered in 
this paper, when the producer is restricted to purebred 
cows, Pinzgauer, with moderate mature cow size, high 
reproductive performance, exceptional milking ability, 
and calves that grow fast and wean early, were found to 
be optimal, followed by Tarentaise, which exhibit many 
of the same characteristics. 

These results further demonstrate that crossbreed
ing can have a substantial economic impact in commer
cial cow-calf production - Simultaneously improving 
profitability and reducing variability. This does not 
mean that crossbreds are always superior to the pure
breds. It does, however, mean that crossbreeding may 
be an alternative if the optimal purebred is not readily 
available at a given price. The failure of a producer to 
capitalize on these benefits, for the specific West Texas 
production environment considered in this paper, car
ries with it a cost of up to $100 per head in foregone 
returns. Furthermore, while the optimal breeding pro
gram and stocking ra te varies wi th resource a vailabili ty, 
the opportunity cost of a wrong decision from among 
the top 25 percent of possible crosses is relatively small, 
and considerably smaller than the opportunity cost of 
disregarding crossbreeding entirely. 

Oespi te the significance of these resul ts, and the 
ability to rank alternative breeds and crossbreeds on an 
economic basis, several deficiencies prevail which war
ran t addi tional study. Heterosis effects, while represen
tative, are estimated in this study. The actual heterosis 
realized due to specific crosses, including crosses other 
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than with Hereford or Angus cows, and its rate of 
decline must be estimated to complete the economic 
evaluation of alternative breed combinations. 

Also, while the procedures employed in this study 
take account of many animal differences a.n~ the ef~ects 
of those differences on nutrition, productIVIty, optimal 
culling age, and other aspects of prod uc~io~, they?? not 
recognize any differences which.mayexistin nutntIOnal 
efficiency. In other words, all ammals, by the procedure 
employed, are assumed to convert fee.d to pro?uct wi.th 
equal efficiency once adjust~d.for weI&ht, weIght gam, 
and production status. Prehmmary eVId~nce suggest~, 
however, that certain breedsmaymetabohze feed nutr:
ents differentially. If so, adjustment for these metabolIc 
differences may alter production costs,. and. thus the 
rankings and economic values. reported I.n thIS study. 

It is also important to realIze that thIS stu~y deals 
only with the cow-calf pha.se .of b~ef prO?UctIO.n. For 
reasons noted earlier, there IS lIttle, If any, mcentIve f?r 
cow-calf producers to consider anim~l performanc~ 10 

either the feedlot or slaughter in theIr breed sele~tIOn 
decisions. There is, therefore, no assurance that optimal 
breed selection in cow-calf production will maximize 
returns in the overall beef production process, or in any 
other segment of the industry. In fact, there is so~e 
evidence to suggest that animals which perform well ~n 
cow-calf production do not perform equally well 10 

feeding or are deficient in certain d~sIrable carc~ss 
characteristics. Until the nature, and eXIstence, of pnce 
differentials reflecting the "value in production" of beef 
animals and a global beef objecti ~e function ~s ?is
cerned, however, these consideratIons are of hmited 
importance to the cow-calf producer who must, in gen
eral, make decisions based upon an average market 
price. 

Finally, additional study is required to develop 
breed rankings under product~on ~nvironme~ts va~
ing widely from those defined 10 thIS study. It IS antICI
pated for example, that cow-calf production in the 
Mid~est, based uponamplesummerforageavailabili~ 
and fall-winter crop residue grazing would result 10 

dramatically different breed ranking.s from those. ob
tained in this study for a case of relatIvely constra~ned 
forage production on western range. Thus,. the oph~l 
breed or breed combination for one area mIght be qUIte 
different from the optimal breed in another area. As 
such, the selection of Pinzgauer as an optimal bree~, or 
of Brahman and Sahi wal as optimal breeds for crossmg, 

.. should not be taken to imply their universal or global 
optimality. 

It is, however, reasonable to believe that the appli
cation of the methodology and performance data de
scribed in this paper should enable researchers to deter
mine optimal breeds and breed rankings for any set of 
environmental and resource conditions. Furthermore, 
those rankings are expected to remain equally consis
tent over widely varying output-input .price ratios, .as 
shown in this study. As such, they prOVIde results WIth 
which producers may feel more ~~mfo.rtable wh~n mak
ing the relatively long-term deCISIOns mvolved 10 breed 
selection. 
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Appendix A. Model Parameters 

Table A 1. Production parameters of alternative crossbred cows. 

Sire Breed A B k x 1000 AI kl Gest. WR% kg 

Angus 512 .0 478 .0 1.745 3.199 0.01660 285 .5 84.00 0.01235 

Brown Swiss 520.0 482.0 1.775 1.866 0.01870 286 .0 85.00 0.01272 

Brahman 550.0 513.0 1.976 2.614 0.01480 289.4 86.00 0.01248 

Charolais 554.0 517.0 1.615 3.548 0.01660 287.0 80.00 0.01258 

Chianina 589 .0 550 .0 1.516 3.199 0.01660 287.3 86.00 0.01275 

Gelbvieh 539.0 501 .0 1.711 1.866 0.01870 286 .7 87.00 0.01269 

Hereford 500 .0 467.0 1.944 3.199 0.01660 285.5 84.00 0.01225 

Jersey 425 .0 397.0 1.977 1.683 0.01870 285.0 84 .00 0.01169 

Limousin 516 .0 482.0 1.616 3.548 0.01660 288 .1 82.00 0.01224 

Maine Anjou 583.0 544 .0 1.581 3.049 0.01660 286.2 86.00 0.01280 

Pinzgauer 525 .0 489.0 2.139 1.936 0.01870 286.5 85.00 0.01251 

Red Poll 511 .0 476.0 1.581 2.602 0.01660 286.1 79.00 0.01243 

Sahiwal 486.0 452.0 2.009 2.798 0.01480 290.5 89.00 0.01214 

Simmental 514 .0 477.0 1.843 1.866 0.01870 287.2 83.00 0.01258 

South Devon 512.0 477.0 1.745 3.002 0.01660 286.9 85.00 0.01239 

Tarentaise 519.0 485 .0 2.043 1.960 0.01870 287.1 85.00 0.01228 

Table A2. Production parameters of alternative purebred cows. 

Breed A B k x 1000 AI kl Gest. WR% kg 

Angus 498.6 465.3 1.559 3.584 0.01594 284 .0 82.32 0.01234 
Brown Swiss 514 .2 473.2 1.618 1.313 0.02005 285 .0 84 .30 0.01304 

Brahman 562.0 523.7 1.971 2.767 0.01211 291 .7 85.42 0.01250 
Charolais 575.3 536 .6 1.287 4.622 0.01577 287.0 74.00 0.01274 
Chianina 643.6 601 .0 1.094 3.689 0.01577 287.5 85.85 0.01305 

Gelbvieh 546.1 505 .4 1.476 1.351 0.01987 286 .3 87.83 0.01294 
Hereford 475.0 443.8 1.948 3.584 0.01594 284 .0 82.32 0.01212 
Jersey 328.0 306.6 2.013 1.119 0.02005 282 .9 82 .32 0.01084 

Limousin 501 .2 468.4 1.289 4.622 0.01577 289 .2 77.95 0.01208 
Maine Anjou 631.9 589 .3 1.221 3.351 0.01577 285 .4 85.85 0.01315 
Pinzgauer 518 .8 482 .0 2.309 1.434 0.01987 286.0 83 .88 0.01261 

Red Poll 496.6 461 .4 1.237 2.441 0.01594 285.2 72.40 0.01248 
Sahiwal 437.9 405.3 2.035 3.077 0.01211 294 .0 91 .30 0.01185 
Simmental 497.3 458 .6 1.731 1.351 0.01987 287.3 79.93 0.01273 
South Devon 498 .6 463 .4 1.559 3.161 0.01594 286.7 84.30 0.01242 
Tarentaise 507.1 474 .2 2.121 1.464 0.01987 287.1 83 .88 0.01217 
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Table A3. Per acre forage dry matter production (kg). 

Climatic Conditions 

Range Type Favorable Normal Drought 

Range 1 (1500 A/607.05 hal 818 614 409 
Range 2 (500 Al202.35 ha) 1227 920 614 

Range 3 (2500 A/1 011.75 hal 573 327 164 

Range 4 (500 A/202.35 hal 1309 941 614 

Table A4. Base (1980-84) supplemental feed and livestock 
prices. 

Item Fall Price/kg 

Weaned Steer 1.3779 
Weaned Heifer 1.1574 

Cull Cow '. 0.6600 
Cottonseed Meal (OM) !~ 0.2940 
Corn Grain (OM) 0.1021 

Red Top Cane Hay (OM) 0.0551 
Sorghum Hay (OM) 0.0735 
Molasses Feed (OM) 0.1984 
Mineral Mix (OM) 0.5500 

Table AS. Optimal average culling age, replacement, and weaning rates. 

Purebreds Crossbreds 
Breed Group Age WR%a RR%b Age WR% RR% 

Angus 10 81 .96% 17.34% 10 83.62% 16.44% 
Brown Swiss 10 83.91% 16.28% 10 84.59% 15.92% 
Brahman 11 85.52% 14.64% 11 86.07% 14.32% 

Charolais 9 72.92% 23.24% 10 79.70% 18.59% 
Chianina 10 85.17% 16.47% . 11 86.07% 14.32% 
Gelbvieh 11 87.27% 14.48% 11 86.98% 13.79% 
Hereford 10 81 .96% 17.34% 11 84.22% 15.40% 
Jersey 10 81 .96% 17.34% 11 84.22% 15.40% 
Limousin 9 77.23% 20.49% 10 81 .67% 17.50% 
Maine Anjou 10 85.45% 15.45% 11 86.07% 14.32% 
Pinzgauer 11 84 .13% 15.46% 11 85.15% 14.86% 
Red Poll 9 71.54% 23.43% 10 78.71% 19.13% 
Sahiwal 11 90.82% 11 .63% 11 88.78% 12.76% 
Simmental 10 79.60% 18.64% 11 83.29% 15.95% 
South Devon 10 83.91% 16.28% 11 85.15% 14.86% 
Tarentaise 11 84.13% 15.46% 11 85.15% 14.86% 

AVERAGE 10.1 82.34% 17.12% 10.7 84.69% 15.38% 

aAverage weaning percentage based upon number of calves weaned per animals exposed for breeding (excluding pre-pubescent heifers). 

b Average replacement rate based upon number of weaning age replacement heifers required to be retained to replace cows culled due to 
death loss, non-weaning and optimal , age based, culling . 
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Appendix B. 

Definite integrals for annual ME and DP requirements assuming a 200 day lactation and an average 287 day 
gestation period. 

ME(y = 0) = - 29.3039t -41.7419 Be -kl + 5.4170 k B 2e -2kl 

{
A [ -1 (A - B e-

kl
) .2~) . -1 (A _ B e-

kt
) .25) ] 

+ 25 tanh 25 -tan 25 . 
2A · A· A· 

(A - B e-kl
) .75} 1.5552 

3 k + C 
1=200 

1= 365 + 200 
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) .25) -1 (A - B e-
kt
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= ? tanh -tan 2 A ._5 A .25 A .25 

(A - B e -kt ) .75} .5496 k 

-- - 6.3 B e - t + C 
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ME (y ~ 2) = {- 29.3039t -41.7419 B e -kptp + 5.4170 k B2e -2kptp 
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Mention of a trademark or a proprietary product does not constitute a guarantee or a warranty of the product by The Texas 
Agricultural Experiment Station and does not imply its approval to the exclusion of other products that also may be suitable. 

All programs and information of The Texas Agricultural Experiment Station are available to everyone without regard to race, 
color, religion, sex, age, handicap, or national origin. 
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