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Abstract:

The major capital assets of a commercial cow-calf ranch, the cows in the breeding herd, must
periodically be replaced. Optimal replacement heifer development policy is jointly determined by the
expected productivity of cows presently in the herd, the expected productivity of potential
replacements, and the cost of providing replacements.

If the replacements are to be heifer calves produced in the herd, the rancher must decide at weaning
time which heifer calves should be kept as replacements and how they should be fed from weaning
until the coming breeding season.

It was hypothesized that the occurrence of puberty and thus of pregnancy in replacement heifers can be
affected by postweaning feeding practices. Probability of puberty was estimated as a function of heifer

age and weight. The estimated equation supports the hypothesis that heifers, if fed for high rates of gain
during the wintering period, will be younger and heavier at puberty than if fed for low rates of gain.

Using linear programming techniques, least cost rations were determined for heifer calves varying in
weight and fed for four alternative rates of gain. Utilizing these least cost rations, total winter feed costs
were estimated for various heifer wintering alternatives, each alternative consisted of specific heifer
weight at weaning and a specific rate of gain to be fed for during an 180 day wintering period.

Various replacement heifer development alternatives were then analyzed in terms of costs and expected
reproductive performance.

Each alternative consisted of a state of nature, a heifer of specific age and weight at weaning, and an
action, the rate of gain to be fed for during the wintering period. The results indicate that for a heifer of
any state probability of pregnancy increases and expected time of pregnancy becomes earlier as rate of
gain is increased.

This indicates that within limits young light heifers, if fed for higher rates of gain, can achieve the same
level of expected reproductive performance as old heavy heifers. However, the benefits of higher
probability of pregnancy and earlier expected pregnancy must be weighed against increased feed costs.
The inclusion of an opportunity cost of sale of heifer calves at weaning changed the ranking of the
alternatives, indicating that costs other than feed costs should be considered when planning
replacement policy. Altering the length of the breeding season also changed the ranking, indicating that
, > individual management practices should be considered.
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A ABSTRACT

The major capital assets of a commercial cow-calf ranch, the cows
in the breeding herd, must- periodically be replaced. Optimal replace-
ment heifer development policy is jointly determined by the expected
product1v1ty of cows presently in the herd, the expected productivity
of potential replacements, and the cost of providing replacements.

If the replacements are to be heifer calves produced in the herd,

the rancher must decide at weaning time which heifer calves should
be kept asreplacements and how they should be fed from weaning until
the coming breeding season.

It was hypothesized that the occurrence of puberty and thus of
pregnancy in replacement heifers can be affected by postweaning
feeding practices. Probability of puberty was estimated as a function
of heifer age and weight. The estimated equation 'supports the hypo-
thesis that heifers, if fed for high rates of gain during the winter-
ing period, will be younger and heavier at puberty than if fed for low
rates of gain.

Using linear programming techniques, least cost rations were
determined for heifer calves varying in weight and fed for four
alternative rates of gain. Utilizing these least cost rations, total
winter feed costs were estimated for various heifer wintering alter-
natives, each alternative consisted of specific heifer weight at
weaning and a specific rate of gain to be fed for during an 180 day
wintering period.

Various replacement heifer development alternatives were then
analyzed in terms of costs and expected reproductive performance.

Each alternative consisted of a state of nature, a heifer of specific
age and weight at weaning, and an action, the rate of gain to be fed
for during the wintering period. The results indicate that for a
heifer of any state probability of pregmnancy increases and expected
time of pregnancy becomes earlier as rate of gain is increased.

This indicates that within limits young light heifers, if fed for
higher- rates of gain, can achieve the same level of expected repro-
ductive performance as old heavy heifers. However, the benefits of
higher probability of pregnancy and earlier expected pregnancy must
be weighed against increased feed costs. The inclusion of an oppor-~
tunity cost of sale of heifer calves at weaning changed the ranking of
the alternatives, indicating that costs other than feed costs should
be considered when planning replacement policy. Altering the length
of the breeding season also changed the ranking, indicating that - -/
individual management practices should be considered. -




Chapter 1
INTRODUCTION

Included in Montana's agricultural sector is a large number of

beef cattle operations, the most prevalent of which are commercial

cow-calf ranches. The chief income-producing activity of a commercial

cow—calf ranch is raising feeder cattle for sale, generally steer
calves and those heifer calves which are not kept for réplacement of
cows to be culled from the breeding herd.

The major capital asset used in producing cattle for beef is
the beef cow herd. As is the case with most prqductive assets, beef
cows are periodically replaced.. Cows in the herd may be replaced by
females of any age. However, 1t is common practice to replacé cows
with Eeifers which are bred as yeérlings to produce their first
calves as two-year—olds. Optimal replacement policy is joinély
determined by the expected productivity of cows presently in the
herd, the expected productivity of potential replacements, and the
cost of providing replacements.

Replacement heifers can‘be purchaéed or raised. There is risk
associated with both methods of providing replacements. Heifers
that are available for purchaéé have in most cases been culled from

other herds. This would indicate that they are either relatively

poor performers.or too young to be economically bred as yearlings.
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In addition, there is some degree of uncertalnty coencerning the
possible introductionlof disease into the herd. Consequently, éhé
common practice 1is for ranchers to raise their own replacemgﬁts.
Raising replacements is also subject to conditions of‘rigk,and
uncertainty. Among the decisions a rancher must make at weéﬁing

time are two interrelated decisions concerning replacement policy:’

Which heifer calves should be kept as replacements? How should the

heifers be fed ffom weaning through breeding? In ordef to make these
decisions the rancher must be able to predict the éffects of‘varioué
feeding alternatives on the future reporductive performance of the
replacements and-to estimate the costs‘aSSOCiated‘%ith the.feeding
alternatives.

Future reproductive performance, as it is used in this research,
is defined as weight of calf weaned each year during tﬁe heifer's
productive life. Future reproductive perform;nce is affected to a
large extent by first calf performance. Heifers which calverearly in
their first calving season tend to calve early in subsequeﬂt’years,.
and thus tend to wean older and therfore heévier calves throuéhout
their lifetimes (Lesmeister, et.al. (1973), pp. 3-4). -In order to
calve early as a two-year-old a heifer must reach puberty and beéome
pregnant by the early part of the breeding Season'Whén she 1s a

yearling.
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It is hypothesized that the occurence of puberty and thus of
first pregnéncy in replacement heifers can bé hgsteﬁed by feediné for
high rates of gain during the bost weaning perios. There is a trade;

off involved, however, high rates of gain result in high feed cbstsf

Purpose of the Study

Replacement policy décisiéns could more eésily be made if there
existed a 'decision model which would enahle rancheré to relate the
effects of varioﬁs post weaning feeding alternatives on the éccurence
of puberty and pregnancy to the costs assoclated with the feeding
alternatives. The purpose of this research is to construct such a
model.

The objectives of this research are:
1. To estimate a probability distribution for the occufenge
of puberty in Hereford heifers;;
2. "To estimate winter feed costs for heifer calves varying
in weight at weaning and fed for alternative rates of gain;
3. To estimate probability distributions of pregﬁancy during

the breeding season for heifers of various ages and weights

at weaning which are fed for alternative rates of gain; and

4. To evaluate the resulting replacement heifer policy alter-

natives in terms of cost per bred heifer and expected time

1

of Breeding.




Assumptions and Delimitations

Although it would be desirable to include other breeds in this

study, the data required for their inclusion are not available. As

a result, this study is restiticted to Hereford cattle.

The major activities in the production of feeder cattle are
winter feeding, calving, breeding, summer grazing, and weaning. The
specific timing and duration of the activities varies from ranch to

ranch. For purposes of this research, the timing and duration of

. the activities are assumed to be as presented in Figure 1.1. .All

calves are weaned at one time in the fall. The first calendar period
is a wintering period Wﬂich_for the mature'cow.herd is assumed to be
120 days in length and 180 days for heifer calves kept as replace;
ments. Cows and heifers are bred during a 120 day breeding séason
beginﬁing on day 200. The breeding season. 1s aiQided into‘six‘ZO—day
pefiods. The 20 day period corresponds to the average length of the
estrous cycle in cattle. Calves are born.during a 120 day calving
season beginning on day 120 of the next year, 285 days after the
beginning'of the breeding season, which corresponds to the avgraée
length of the gestation period for beef cattle. The éalving season

is divided into six 20-day periods corresponding'to the six 20-day

periods of the breeding season. If a cow (or heifer) is bred during‘

pefiod 3 of the breeding season, her calf is born during period.3 of

the following calving season.




Weaning Calving Season
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Figure 1.1 Cow-Calf Calendar




Outline of Procedures

In Chapter 2 a probability distribution will be estimated for

. the occurrence of puberty by age and weight in Hereford heifers. In
Chapter 3, Winter'feedcosts will be estimated for heifers of'Vafious
weights at weaning and fed for alternative rates of gain. In‘Chapter-
4, the estimated probability distribution of puberty (Chapter 2) will
be combined with the assumptions of the Cow-Calf Calendar (Figure 1.1)
to estimate probability distributions . of prégﬁancy during the ﬁreeding
_ season for heifers of various ages and weights at weaning which are
fed for alternative rates of gain. The winter feed cost estimations
(Chapter 3) will then be applied to the estiﬁated pregnancy distri-~
butions and the replacement heifer policy alternatives will be

evaluated in terms of cost per bred heifer and expected time of

pregnancy.




Chapter 2
ESTIMATION OF A PROBABILITY DISTRIBUTION

FOR THE OCCURRENCE OF PUBERTY IN HEIFERS

In Chapter 1 it was hypothesized that the onset of puberty in

heifers, a precondition for pregnancy, can be affected by postweaning

feeding practices. 1In this chapter literature concerning the factors -

affecting the onset of puberty will be reviewed and a method will
be developed for estimating a probability distribution for—the

occurrence of puberty.

Prediction of Puberty

The onset of puberty in heifers is affected by many factoré,
both genetic and envirommental.

Laster et.al. (1972) showed that averaée aée and weighf at
puberty varied significantly among breeds and breed crosses (Table
2, page 10335.

A heifer must reach a certain ﬁinimum.age and a ce;tain minimum
weight before puberty can occur (Wiltbank (1973) page 3, and Table
4, page 4). |

This relationship between age ahd weight and the onmset of

puberty is affected by the growth pathwayl.by which a heifer grows to

lA growth pathway is the relationship of heifer weight to age from -
birth to maturity.
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maturity. One important component of the growth pathway is the
postweaning rate of gain achieved bx a heifer during the winter
feeding period which iS'determined by postweaning feeding‘praceices-
and level of eatrition provided. Wiltbank et.al. (1969), in a study
of 74 heifers (16 Herefofd, 24 Angus, 15 Angus-Hereford crqsébfeds,
and l9'Herefo?d—Angus crossbreds) found that, for heifers within all
breed groups,.heifers fed at high nutriﬁionel levels from Weaniﬁé
until puberty were significantly youﬁge? and heavier at puberty than
heifers fed at low nutritional levels during the same . period (Table 4,
page 604). Short and Bellows (1971) confirmed these findings (Table
2, page 128). 1In their study 89 hefiers (50 Angus-Hereford cross breds
and 39 Hereford-Angus crossbreds) were assigned at random within breed
. to three feed groups at weaning time. The groubs were fed to gain
0.23, 0.45, and 0.68 kg./da., respectively, through the wintering
period, and all'heifers were put on pasture in the spring of the year.
In addition to confirming the findings of the Wiltbank study, |
Sﬁort and Bellows observed the phenomenon of compensatory growth.
That is, heifers fed at low nutritional levels during the ﬁinterieg
period achieved higher rates of gain on pasture than heifers fed at
high nutritional levels during the wintering period. The compensdtory
gains achieved by the heifers fed at 10Q nutritional levels were

insufficient, however, to allow them to reach the same weight by the




9
following fall as the heifers fed at high nutritional levels' (Table 1,
page 128). The phenomenon of compensatory growth demonstrates'that .

s

winter feeding practices affect heifer growtﬁ-pathways later in iife
as well as during the winter feeding period. ‘

The results of the Wiltbank et.al, and Short and Bellows studies
lead one to hypothesize that there 1is some degree of fra&eoff between -
age and weight in influencing the onset of puberty. This trade&ff,
if it exists, can.be exploited through the choice of winter feeding
practices}' Within -limits, a heifer will reach puberty éarlief.aﬁd at
a heavier weight if she is fed for a high rate of gain during the
wintering period than if she is fed for a low rate of gain'during the.
wintering period.

Varner et.al. (1977) demonstrated that benefits can be obtaingd
by wintering replacement heifers in groups that are similar in certain
characteristics, in this case weaning weight. In this study 59
crossBred heifers (one~half Charolais one—fourth Angu$,‘one—fourth
Hereford) were divided into three groups at weaning time: heévies
(heifers heavier than the group average at weaning), lights (héiféfs
lighter than the group average at weaning), and a coptrol group
composed of both heavies‘énd lights. All groups were fed over the

winter to achieve the same target weight at the end of the winter

feeding period, and all were put on pasture in the spring. The
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results show that both heavy and light heifers tended ta reach
puberty sooner when fed in separate groupé than when fed in one
group (Table 6, page 170)., In addition, the phenoménon of compensa-
tory gain'was observed in this study (Table 4, page 169), confifming
* the findings of Short and:Bellqws.

In a study of 510 Hereford heifers Arije and'Wiltbaﬁk (1971)
used simple regression analysis and correlation analysis to determine
what factors are signficantly related to age at puberty aﬁd Wéiéht‘
at puberty; The results of the regre;sioh analysis indicated that
age at puberty is affected by day of birth (p<0.005) and pqstweéning
rate of gain (P<0.005), and weigh£ at puberty is affected by day of
birth (P<0.005), 205 day adjusted weaning weight (P(0.00S), actual
weaning weight (P<0.005), andrpostweaniﬁg rate of gain (P<0.005). Thg
correlation analysis indicated that age at puberty is related to weight
at puber£§ (P<0.01), day of birth (P<0.01), yéte'of gain from birth
to weaning (P<0.01), poétweaning rate of gain (P£0.01), and weaning
weight (P<0.01), and fhat weight at puberty is related (in addition
tﬁ age at puberty) to rate éf géin from birth to weaning (P(O;Ol),
postweaning rate of gain (£ 0.01), day of birth (P<0.01), and
" weight at weaning (P<0.01). 'Generally, these relationships are ’
‘consistent with and are what would be expectea from the tradeoff.
between age and weiéht‘in determining thé onset of puberty. The

exceptions are the relationships between day of birth and age aqd
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weight at puberty. According to the authoré, these seemiﬁg rélatiqn—
ships were due to abnormal local conditions, and thus are hot-indica—
tive of any true functional relationship.
Arije and Wiltbank (1974) used multiple regréséion analysis éo-
develop predictive equations for age and weight at puberty for heifers
. of various breeds. ~For’the 52 Hereford heifers included in tﬁis study

the following regression equations were estimated:

Age-P = 585-0.21B - 0.38W - 200.83A R? = 0.414
(0.37) (0.35) (110.01) -
We-P = 67 + 0.71B + 0.83W + 31.58A  R> = 0.386

(0.37) (0.28) (85,51)

1

Vhere Age-P = age of puBérty
Wt~P = weight at pubérty
B = birthdate (day of year, Jan 1 = 1, Feb. 1 = 32, etc.)
W = weight at weéning -
A = average daily gain during the winter feeding period.
Numbers in parentheses are the standard errars of the respective
_ parameters, .
The statistical tests (P<0.05) indicated that none of the
estimated parameters in the age equation weresignificant, and that in
the weight equation only the estimated coefficient for weight at

weaning wassignificant. RZ measures thé proportion of the variation.

in the dependent variable which is explained by the variables -in the
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regression:equatiqn.v The RZ ﬁalues, 0.414 and 0.386 f@r the age and
weight eqﬁationé; respectively, indicate thét these equétioﬁs have
relatively weak predictive ability. Part of the problem with this
approach is- that age ‘at puberty and weight at puberty are interéepeéd—
end as shown by Arije and Wiltbanks' earlier correlation analysis.
This difficulty could possibly be overcome by including both age and
‘Weight considerations,fcomplete with intefaction terms describing the-:
tradeoff between age éﬁd weight at puberty in a siﬁgle equation,  or
by using simultaneoﬁs equation techniques.

In summary, this review of past research suggests that to predict
the onset of puberty in heifers, breed, age, weight, and growth pathway
from birth through puberty should be considered.

Past research has concentrated on predicting péint values for
heifer age and weight at the onset of puberty. In contrast, this StUdYI
will estimate a probability distribution for the occurence of
puberty at various ages and weights for Hereford heifers. The effect
of growth pathway on the onset of puberty will not explicitly be
considered in the estimation. The inclusion of age and weigﬁt in the
estimation will to some degree capture the effect of growth pathway
on the onset of puberty. The growth pathway is the relationship of
weight to age from birth through maturity, and different growth
pathways result in different combinations of age and weight through

time. Two representative growth pathways areé illustrated-in Figure 2.1. -




400

Weight
(kilogramg)
300 7
200 T
=
w
100 7T
0 i | 5
0 (Preweaning Period)180 (wintering period) 360 (Summer Pasture) 540

Age (days)

Figure 2.1 Representative Heéifer Grewth Pathways.
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The data.used in this study are age gnd weight at puberty for a

group of Hereford heifers. The source of the data to be used is the

performance records of 190 Hereford heifers born at the Northern

Agricultural Research Center, Havre, Monténa, in the years 1968, 1969,

and 1970. The data set and. a description of pertinent characteristics

are presented in.Appendix C.

Stepwise, the estimation technique procéeds as follows:

1.

Groupings are deveioped for ége and weight at puberty. Age
at puberty is divided into 20 day increments ranging from

301 days to 480 days. Weight at puberty is divided into

50 1b. (22.7 kg.) increments ranging from 451 1b. (204.6 kg.)
to 850 1b. (385.6 kg.). The size and range of the groupings
for age and weight are dictated by the size and distribution
characteristics of the sample.

The.sample is crosstabulated by age and weight to develop é_
contingency table. Each cell in the table corresponds to an
age.group—weight group category. Thg value in each cell is

the number of heifers in the sample that reach puberty in. the

age-weight category. The table thus represents the frequency

distribution of the occurrence of puberty. From this table,
a second contingency table showing the relative frequency -

distribution is calculated and is a discrete estimate of the
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probability distribution of the occurrence of puberty at the
various ages and ﬁeights.

3. The cell relative‘frequencies are ﬁhen‘summed over age'and weight
through each age-weight category. The resultant contingeﬁcy
table represents the cumulative relativé frequency distribution
of the occurrence of puberty in the sample. That ié, the number
in each cell is the proportion of the sample tﬁat haé reached
puberty by the given age-weight category. This table.is a disn.
crete estimate of the cumulative proBability distribution éf the
occurrence of puberty.

4. Multiple regression techniques are used to convert this discrete
estimator into a smooth continuous function by essentially
a curve-fitting operation. The dependent variable in th; regres-
sion is the cumuiative probability of the occurrence of'pubefty;
The explanatory variables are age,_wéight ana varioué age-weight .
interaction terms. The data set for this.regfession comes from
the contingency table of cumulative probahilities. . Each.cell
is a &ata.poiht cénsisting of thé cumulative ﬁrobabiiity and the’

midpoint values of the age group and weight group.

Estimation of the Probability of Puberty in One Set of Hereford Héifers

The contingency table crosstabulating the sample by age and weight

at puberty is presented in Table 2.1. Because of the hypothesized




Table 2.1

Frequency Distribution of the Occurrence of Puberty in 190 Hereford Heifers

Age at Puberty (da.)

Weight at 301- 321- 341~ 361- 381~ 401- 421~  441-  461-
Puberty (kg.) 320 340 360 380 400 420 440 460 480
204.6-226.8 1

226.9-249.5 1 2 1 1 1

249.6-272.2 4 9 7 9 4 2 ‘1 1
272.3-294.8 5 15 9 7 6 5 3 2
294.9-317.5 3 12 14 6 5 3 4 2
317.6-340.2 5 8 7 4 3 4 1
340.3-362.9 5 1 2
363.0-385.6 1 1

91
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 tradeoff between age and weight at puberty one test statistic of‘
interest if Kendall's tau c.2 The st;tistical test considers the
relationships between the classificatory variables.(age and weight at
puberty). If, in a réctangular table with these dimenéiéng, Qith
variables measured ordinally or cardinally, there is a‘pérfectly
positive relationship (all observations lie on the major diagomal)
between classificatory variables the fau c value woula be-+1714;
If there is a perfec;ly negative relatiénship (all observations lie
on the minor diagonai) between classificatory variables the tau c
value would be -1.14. A finding indicating a relationship befween
the classificatory variablesf age'and weight at puberty, would suggest
inclusion of interaction terms in the regression equation. .

The tau c value calculated by the CROSSTAES subroutine3 for this
data set is 0.14708 (significance level, p = 0.00283), which indicates”
that there is a small but Highly significant positive relationéhip
between age and weight a£ puberty. Tﬁis result is consistent with
the findings of Arije and Wiltbank (1971). Arije and Wiltbank inter-

preted their result to mean that heifers that are older at puberty

tend to be heavier at puberty.

1
Nie et.al. (1975), pp. 223,228,

21bid., pp. 218-248.
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The relative frequency distribution of age and weight at puberty
is presented in Table 2.2. The cumulative relative frequency distri-
bution for the occurrence of pubérty in the sample is presented in
Table 2.3. Since both tables are computed directly from Table 2.1, -
independent statiétical analyses afe not.approp;iate.

One of the objéctives of this study w;s to estimate.the pro-
bability of puberty_in‘beef héiférs»at various ages and weights.
Table 2.3 provides discrete estimates. The‘information gonfained in
T;ble 2.3 may be exploited by multiple reéression analysis. ,Regreséion-
'analysi; will provide a continuous function which ma& be used to
estimate the probability of puberty at any age-weight combination
and may be solved for the various age-weight combinations that yield
equal probabilities of pubérty (iso-probability curves). While this
information may be estimated by interpolation from Taﬁle 2.3, multiple
regression analysis makes full use of the information fegarding the
interaction between explanatqry variables contained in the data set.

The following equation was selected from the multiple regréssion

curve fitting operation.

P(Pub) = 4.591 - 0.01187W - 0.02453A - 0.7657V W - 0.03267V A +
(0.00416) (0.005596) (0.1647) (0.2317)

0.06693/W VA
(0.004238)




' Table 2.2

Rélativé Frequency Distribution of the Occurrence of Puberty

in 190 Hereford Heifers
Agé at Pubertv (da.)

461~ .

© 0.0053

Weight at 301-  321-  341- 361~  381- 401~ 421~ 441~
Puberty (kg.) 320 340 - 360 - 380 400 420 440 460 480
: ' Proportion . '

204.6-226. 8 0.0053
226.9-249.5  0.0105 0.0053 0.0105 - 0.0053  0.0053 0.0053

| 249.6-272.2 0.0211 0.0474 0.0368 0.@474 0.0211 0.0105 0,0053 0,0053
272.3-294.8 0.0263 0.0789 0.0474 0,0368 0.0316 0.0263 0.0158 0.0105
294,9-317.5 0.0158 0.0632 0.0737 0.0316 0.0263 0.0158 0.0211 0.0105 |
317.6-340.2  0.0053 0.0263 0.0421  0.0368 0.0211 0.0158 0.0211 0.0053
340.3-362.9- £ 0.0263 0.0053 0.0105

' 363.0-385.6 0.0053 -

6T




Table 2.3

Age at Puberty‘(da.)

Cumulative Relative Frequency Distribution of the Occurrence
of Puberty in 190 Hereford Heifers

~ Weight at 301- 321~ 341~ 361- 381~ 401- 421~ 441~ 461-
Puberty (kg.) 340 360 380 400 - 420 440
Proportion

204.6-226. .000 0.000 0.000 0,005 0.005 0.005 0,005 .005 .005
226.9-249. 0.011 0.016 0.026 0,037 0.042 0.047 0.047 .047 .047
249.6-272. .011  0.037 0.095 0.142 0,195 0.221 0.232 .237. . 242
272.3-294. .011 0.063 0.200 0.295 0.384 0.422 0.479 .500 .516
294.9-317. .Oli 0.079 0.279- 0.447 0.568 .0'653 0.705 .747‘ .774
317.6-340. .016 0.084 0.311 0.521 0.679- 0.784 0.853 .916 .947
340.3-362. .016 0.084 0.311  0.547 0.705 0.816 6.884' .958 .989
363.0-385. .016 0.08 0,311 .0.547 0.705 0,821 0.889 .968 .000

0¢
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R = 0.96

S.E.E. = 0.072
F = 303.7%
Where P(Pub) = cumulative probability for the occurrence of puberty

Weighf kg.)

W =
A = age (da.)
* = gignificant at 1 percent level

Numbers in parentheses are the standard errors ofuthe estimated
regression Eoefficients.

The szof 0.96 signifies that 96 percent of the variation in the
dependent variable (P(Pub)) in the sample is explained by the vari-
ables in the regression equation. The group F test indicates that
the explanatory variables as a_group have a highly significant'effecf
on the dependent variable.

Since this is a curve fitting operation, it is not necessary
that the explanatory variables, taken individually significantly

affect the dependent variable. Because of the high degree of

4 _ _ - _ . :
Ho: Bl = B2 = .., = B6 0 vs. Ha: Bl F 32 + ... F B6 + 0

The test statistic is Fk—l -k = (SSR/K~1)/(SSE/N-K). . The.critical
L] .

F(0.01) is 3.34.
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multicollinearity among phe explanatory variables (see Table 2}4,
Correlgtion yatrix) it would be expected that statistical tests
would indicate that none of. the explanatory variables iﬁdiﬁidually:
have a éignificant effect on the dependent variable. However,
individual t tests5 show that all the explanatory variable; excépt

vV A significantly affect P(Pub) at the 1 percent significance level.

Figure 2.2, showing iso probability curvés for 0.25,:0.56, 0.75,

and 1.0 probability of puberty, was developed from the regfessiOn
equation. An iso‘grobability curve is the set of allrage-weight
combinations for which the cumulative probability for the océurrence
of puberty is equal.

Figure 2.2 demonstrates that the estimated probability distri-
bution of pubert? in héiférs supports ‘the hypothesized tradeoff
betweeﬁ age and weight in influencing the occurrence of puberty.
Weight can be substituted for age to attain a given level of pro-
bability of puberty. The rate of substitution of weight for age at
a point (an age and weight) is the negative of the slope of Fhe

iso probability curve at that point.

Ho: B =0 vs. HA: B % 0)

The test statistic is t = B/S%. The critical value for t (0.01)
is 2.58. '
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Table 2.4

Correlation Matrix for Variables in the Estimated

Regression Equation

P(Pub) W A . M VA TRZN
P (Pub) 1.0
W 0.6696 1.0
A 0.5716 0.0 1.0
YW 1 0.6730 09992 0.0 1.0
YA 0.5750 0.0 0.9996 0.0 1.0
YW VA 0.9032  0.7993 0.5975 0.7999 0.5978 1.0
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Weight (kg.)

450 4

400,

3507
1.00
-0.75

300
) 150
323
250
2007

Y U

350 400 0 500 550

4
Age (da.) 3
Figure 2.2 :
Isoprobability Curves for the Occurrence of Puberty by Age and Weight
for Hereford Heifers
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Seven functional forms for the regression equation were tried
before one was chosen. The choice criteri; were goodness of fit
(Rz)lana the slope of the iso-probability curves generated by the
equation. In order to compare goodness of fit between the various
equations the szs were adjusted to take into account thé different
numbers.oﬁ explaﬁatéry variables (Kmenta (1971), paée 365).

The adjusted Rz's for two of the equations were 0.89, and these
equations were rejected. The adjusted R2 fof each of the rémaining
five equations was 0.96.

The iso-probability curves' generated by the five remaining
regression equations were virtually identical within the range of
the data set. At the edgés of the range of the data set, however{
the curves generated by several of the equations turned father
abruptly and exhibited large positive slopes. An iso-probability

curve with a large poéitive slope would imply that as a heifer grows

older and heaviér, the probability of her having reached puberty is

decreasing. The regression equation which was chosen .generated iso-
probability contours with areas of slight positive-slopes, and only
at the lower probability levels, and thus does not lead to this

illogical implication.

Summary

In this chapter, the relevant literature concerning puberty in
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heifers was reviewed and an estimate for the probability distribution
of puberty, baséd on one set of Hereford heifers, wasxdéVeldped. In
Chapter 3 the feed costs associated with several replacement heifer

feeding alternatives will be estimated.




. Chapter 3
ESTIMATION OF FEED COSTS FOR.WINTERING

REPLACEMENT HEIFERS

‘Heifgr calves can be wintered either for sale as yearlings or
for replécements. Several costs, including oppoftunity coét of
capital, labor{ facilities, -and feed costs are incﬁrred when heifers
are wintered. Feed éost, which varies with ﬁeifér weight, desiréd
rate éf gain,.and cold stress, is a major cost. Thué, least cost

rations' become an important input in heifer wintering &ecisions.
LINEAR PROGRAMMING

Linear programﬁing (LP) is a mathematical technique for solving
constrained optimization problems; i.e., problems for which the goal
is the maximization or minimization of some objective value subject

to certain constraints, which can be in the form of equalities or

inequalities .(Baumol (1972), pp. 70-102). LP is commonly applfed to

problems of constrained profit maximization and constrained cost

- maximization. The goal in the formulation of least cost ratioms for

farm animals is to minimize ration costs subject to the constraint

Vﬁhat all nutrient requirements are fulfilled. “a

NUTRIENT REQUIREMENTS

Nutrient requirements for wintering heifers depehd on the
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desired rate of gain, heifer weight, and cold stress,

.Rate of Gain
Since replacement heifer development is the primary consider-

ation of this research, the highest rate of gain considered (for the

N
}

wintering period) will be 0.8 kg./da. It is felt that higher rates
of gain result in heifers becoming fat with little if any increase in
real growth. While increased fleshiness is desirable in some situa-

tions, previous research has shown that increased fleshiness in

replacement heifers may igcrease breeding and/or calving difficulties.

(USDA (1965)), A minimum rate of gain of 0.2 kg./da. will be. assumed
to assure "normal growth. Two intermediate rates of gain, 0.4 and

0.6 kg./da. will also be considered.

Heifer Weigﬁt

In this study it is assumed that all heifers weigh 36 kg ét
-birth and thgt the rate of gain from birth to weaning ranges from
0.6 to 1.0 kg./da. Based on the Cow-Calf Calendar (Figure 1.1) and
these assumptions, heifers will range in weight from 120 to-270 '
kg. at weaning. This range in weaning Qeight is‘divided into 10 kg.
incrementé{ resulting in 16 heifer weaning weights considered.

The winter feeding périod for replacement heifers is éssumed to

last 180 days, from November through April (cqw«calf calendar days 1
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through ;80). 'Mature cows are commonly fed for about 120 dayé. The
reason for the difference in the length of the winter feediﬁg periods
is that, generally, mature cows are being fed to maintain body weight
and condition while replacement heifers are being fed to grow. .Conse-
quently, mature cows are generally placedvon pastufe as soon as spring
. pasture growth is sufficieqt_to meet maintainence requirements,'while‘
‘heifers are kept on feed until pasture grasses are sufficiént'to |
sustain growth. |

Prﬁjected heifer weight when placed on pasture at the end of thé
winter feeding period is calculated as follows:

W, = W+ (LiADGW)
WhereW? = projected weight on pasture (kg.)

WW = weight at weaningt(kg.)

L = length of the wintering period (days)

ADG = rate of gain during the wintering period (kg./da.)
W i

Projected weight on pasture varies from 156 kg. (heifers

weighing 120 kg. at weaning and gaining 0.2 kg./da.) to 414 kg.

(heifers weighing 270 kg. at weaning and gaining O.8.kg./da.).

Cold Stress

During the winter months cattle may, and in Montana usually do,

require additional energy intake to compensate for energy losses due
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to cold stress. The amount of additional energy required depends on'
the ambient temperature, the body thermal insulation of the animal,
and the Weight of the animal (Young (1975), Brownson (1976)). Body
thermal insulation dependé on animal type (beef vs. dairy), age, body °
condition, length of time expésed to coid weather, amount of hair

coat, and wind chill (Brownson, 1975).

Change in Nutrient Requiréments During the Winter

Heifer nutrient'requirementé change over the course of the
wintering period because the ﬁeifers are increasing in weight and
the average ambient temperature varies between months, changing cold
stress energy requirements.

Nutrient requirements‘d;fing the wintering period for heifers
of the specified weights at weaning and the specified rates of gain
are approximated by estimating nutrient requirements for séven‘heifer
weight groups for each rate of gain dufing each moqth of the wintering
period, i.e., Nijk where i = weight group-1l, 2,...7, (?5 -125, 125'f
175, ... 375 — 425 kg. respectively), j =‘ratelof gain 1, 2, 3, 4 .
(0.2, 0.4, 0.6, 0.8 kg./aa., respectively), and k = month l; 2,’... 6,
(November; December, ... April, respectively). N224, for example,
signifies the nutriént requirements of a heifer weighing ffqm 125 to

175 kg., gaining 0.4 kg./da. during February. The use of 50 kilograﬁ

heifer weight intervals rather than specific heifer weights for
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estimating heifé? nutrient requirements greatly reduteé the nﬁmber of
leasf cost ratioﬁs to be calculated. The estimétion of tétal winter
feed costs for the heifer wintering alternatives, which is the objec-
tive of this chapter, will not be significantly affected, |

Minimum daily nutrient requirements and maximum daily feed (dry
matter) intake for heifers of the specified weights and rate of gain
are presentea in Téble 3.1. Minimum nutrient requirements are
taken from National Academy of Sciences kl976). Maximum daily feed
intakes are estimated from Church and Pond (1974). Church and Pond
estimate that maximum daily feed (dry matter) intake for young beef
animals varies from 2.5 to2.75 percent of body weight when going on
feed to 2.2 percent éf body weight when coming off feed.

The additional energy required by heifers of ‘each weight during
each month of the wintering period to compensate for cold stress
(Table 3.2) is estiméted using a nomogrém felating‘bod§ weight, daily
metabolizable energy intake, body therﬁal insulation, and air .
temperaturel(Young, 1975, page 7). Average monthly'temperatures'fcr
Montana are calculated from U.S. Weather Bureau records for thé
period 1931 to 1960_(U.S. Weather Bureau,.l963). Thermal insulation
value fér heifers is estimated to be 24 (Brownson, 1975). The lower
critical temperature (the air temperature below which additional

energy is required to compensate for cold stress) is assumed to vary
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Table 3.1
DP

Minimum Requirements
ME"

NEGl
Mecal Mcal kg

NE

Daily Nutrient Requirements for Beef Heifers
Mcal

Rate
of Gain
Kg./da.

Body

Wt.
Kg
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Table 3.2
Additional ME Required for Cold Stress
(Mcal/da)
Heifer , " Month
Weight Nov. Dec., Jan. Feb. Mar. Apr.
(kg.) Ave. '
Temp. . . ‘ :
(°F) 31.6 23.9 18.3 21.9 - 29.8 42.7
100 0.73 - 1.40 1.89 1.58 0.89 0
150 g 0.90 . 1.83 2.51 2.07 1.11 . 0
200 ) 0.99 2.18 . 3.05 2.49  1.27 0
250 0.98 2.38 3.40 2:.74 1.31 .0
300 0.92 2,52 3.69 2.94 1.29 0
350 0.79 2.56 3.85 3.02 1.20 , 0

400 0.61 2.55  3.97 3.06  1.06 0
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linearly with heifer weight, from 40°F at 100 kg. to 34OF at 400 kg.

Cold stress tends to stimulate appetite in cattle (Church and
Pond, 1974, p. 211, and National Academy of Sciences,fl97é, p. 2).
Consequently, during periodé of cold stress maximum daily feed intake
is increased. It is assumed in this reéearch that heiéérs will
increase their feed -iﬁtake by the amount necessary to provide the
increment in energy requiréd to compensate for cold stress. Since
the concentration of ﬁetabolizable energy in feedsfuffs ranges from
about 2 to 3 Mcal./kg., it is assumgd that maximum diet dry matter
intake is increased by 1.0 kg. for every 2;5 Mcal. of metabolizable
energy required for cold stress. These increases in allowable fegd’

intake are presented in Table 3.3.
FEEDSTUFFS

Straw, corn silage, soybean meal, urea, dicalcium.phosphaté .
and monosodium fhosphate, ashwell as feedstuffs more commonly used
in Montaha, are considered for inclusion in heifer wintering raﬁidns;
Straw and corn silage are considered because they are pbtential low
cost sources of some nutrieqts. Soybean meal and urea are included .
to ensure that protein redﬁirements are satisfied. Dicalcium phos~
phate and monosodium phosphate are included to ensuré~fhat calcium

and phosphorous réquirements are satisfied.

N
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Table 3,3.

Additional Allowable Feed (Dry Matter)
Intake (kg./da.) during Cold Stress Months

Month

Heifer .

Weight (kg.) - Nov.- Dec. Jan, Feb. Mar'. Apr.
100 0.29 0.5 076  0.63 0.3 0
150 0.36  0.73° 1.00  0.83  0.44 0
200 0.40 0.87  1.22  1.00  0.51 0O
250 0.39 - 0.95 1.3 110 . 0.52. 0
300 0.37 1.01 '1.48  1.18  0.52 0
350 0.32 1.02 1.54 1.21 0.48 0
400 ' 0.24 1.02 1,59 1.22 © 042 O
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The respective nutrient compositions and per unit prices of the

feedstuffs are.presented in Téble 3.4. The nutrient cOmpoéition éf
range cake was estimated from information on the feed tag. The
nutrient compositions of the other feedstuffs were taken fréﬁ Nétibnal
" Académy of Sciences (1976). The per unit prices are those that
existed in mid-1978. ©No active market_existed for alfalfa hay,_

corn silage, and straw. The prices for these feedstuffs Were '
estimated from pricés during the preceding winter.

The inclusion of certain of these feedstuffs in heifer rations-:
'requires that additional conétraints'be imposed on the rations.. To
prevent urea toxicity, urea must be limited to no more than 1 pefcent
of the ration, and no‘ﬁore than one-third éf the nitrogen.in tﬁe
ration may come from urea (Nationai.Academy of Scienées, 1976, p. 6).

The maximum amount of straw (dry matter) which cattle will cpﬁsume

is approximately 1 percent of body weight-per day (Church and Pond,

1974, p. 216). Wheat grain is limited to no more than 20 percent of

a ration to prevent protein digestion difficulties. Corn silage is
limited to no more than 20 percent of a ration to ensureithat the.

ration is at least 80 percent dry matter,

LEAST COST RATTIONS

Given heifer nutrient requirements (Nijk), the additional ration
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_ Table 3.4 .
- Prices and Nutrient Compositions (As Fed Basis)

of Feedstuffs Considered

Reference Number

VO ~NOUL ™ WN

VIT A

Vitamin A

Price
Number  Feedstuff (NRC) C(8/T.)
Alfalfa Hay (S-C,e-b) 1-00-059 . 65
Corn Silage (407 DM) 3-08-153 21
Barley Grain 4-00~549 105
Oat Grain 4-~03-309 103
Wheat Grain- (HRW) 4—Q5-268 115 -
Barley Straw 1-00-498 15
Qat Straw 1-03-283 15
Wheat Straw 1-05-175 15
_ Beet Pulp w/molasses 4~00-672 135
10 Soybean Meal (solv.ext.) 5-04-604 280
11 . Molasses Cake (20% prot.) 150
12 Dicalcium Phosphate 6~-01-080 - 400
13 Monosodium Phosphate 6-04-288 - 640
14 Urea 260
‘Symbol "~ Nutrient Units
NEM Net Energy for Maintainence MCal./kg.
NEG Net Energy for Gain ~ MCal./kg.
ME Metabolizable Energy MCal./kg.
DP Digestible Protein kg./kg:
TP Total Protein kg./kg.
CA Calcium "g./kg. -
P Phosphorous g./kg.
DM - Dry Matter Concentration kg./kg.

1,000 IU/kg.




Table 3.4 Prices and Nutrient Compositions of Feedstuffs Considered.

NUTRIENT
e R R R R R e T e i R R R s F  E IR I
FEEDSTUFF = NEN NEG ME 0P TP CA P L VIT A

LR ESELTL LTSRN XV ES RS SRR RELENERERL RS TP RIBEEELLFT LSRRI R S 52 E 23583233885

1 : 1.10 «50 1.85 <114 <166 11.3 2.1 <500 45.8
2 : .62 «40 1.01 .C19 «032 1.1 -8 «400 -0
3 : 1.90 1.25 2.67 .087 <116 -8 4.2 «890 «0
& : 1.54 1.01 2.45 .088 «117 1.0 3.5 «890 -0
5 : 1.92 1.27 2.83 102 «130 5 5.1 «£S1 «0
6 : -89 «12 1.31 «004 036 3.0 -8 «EE2 «0
7 : 1.00 «32 1.69 013 040 3.0 9 «9(C1 -0
8 : «93 17 1.57 004 .032 1.5 o7 «901 «0
9 : 1.87 1.23 247 «060 091 5.6 1.0 «920 «0
10 : 1.72 1.15 261 «390 «458 3.2 6.7 -850 -0
11 : 1.90 1.23 2.69 «160 «200 T.C 7.0 900 66.1
12 : 00 «00 .00 .000 <000 222.2 179.2 1.0C0 «0
13 : <00 «00 «00 .000 .000 «0 217.4 1.000 <0
14 ; «00 «00 .00 2.810 2,810 -0 o0 1.000 «0

FXXEFEFERESE XS ER R R ELEEFEIFLRLELSELELLLRE VXSS LLEBELEREREELENRB XL LRSS 22080 0%
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constraints, feedstuff nutrient compositions, and feedstuff prices,

linear programming techniques are used to determine least cost rations '~

for each heifer weight range and rate of gain during each month of the

-

winteringxperiod. The least cost rations are designated Ri' where,

ik

as for nutrient requirements (Ni' i = weight group 1, 2, ... 7

10>
(75 - 125, 125 - 175, ... 375 - 425 kg. respectivély), j = rate of
gain 1, 2, 3, 4 (0.2, 0.4, 0.6, 0.8 kg./da., réépectively),,and k=
month 1, 2, ... 6 (November, December, ... April, respectively).

NHILP, a mixed :integer linear programming computer algofithm
developed by Verner G. Hurt was used to determine the least cost
rations. These least cost rations and the cost pef day fgr each
ration are presented in Appendix A.

.The major cqnstituents of the rations are roughages (alfalfa
hay, corn silage, and oat straw) and concentrates (barley and wheat).
Tn addition to these major constituents some rations contain a smgll
amount (less than 1 percent) of dicalcium pﬁdsphate, and ohé ration
contains a very small amount of urea. All rations contain thé
maximum allowable amount of corn silage (20 percent of the ration),
and all but omne (R14l) contain the maximum allowable amount of sFraw
(1 percent of body weight per day) .

The rations for the lowest rate of gain (O.Zkg;/dam)are composed

entirely of roughages, being 20 percent corn silage, 25 to 40 percent

oat straw; and 40 to 55 percent alfalfa hay. For each successively
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higher rate of gain, the proportion of alfalfa hay in the rations

decreases, being replaced by concentrates, usually barley but sometimes -

barley and wheat. At the highest rate of gain (0.8 kg./da.) the -
rations consist of 10 to 20 percent alfalfa hay,.30.to 45 percent
barley (or barley and wheat), 25 to 40 percent oat straw, and 20

percént corn silage.
TOTAL WINTER FEED COSTS

To calculate theAtotal_winter feed cost ésspciatéd4with a heifer
wintering alternative, it is necessary to determine which least cost
rations are.required.an& the numbetr of days each is réquiredf Consider
for example,.a heifer_weighing 200 kg. at weaning and gaining 0.6
kg./da. fhis heifer will be élassifiea in weight group 3 (175 7'225
kg.) for the first 42 days of the wintering period, then in weight
group 4 (225 - 275 kg.) until day 125 of the wintering period, and .
in weight group 5 (275 - 325 kg.) for the’remainder of the wintering
period. Total winter feed cost for this heifer is calqﬁlated as .

follows: .
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Month . Ration Cost/Day Days Cost
November R331 0.444 29 ©.12.786°
December R332 0.490 .13 6370
R432 _ 0.502 18 ~ . 9.036
January RG33 0.543 31 16.833
. February RA434 0.515 28 14.420
March - _R435 0.459 6 2.754
R535 0.511 . 25 12.775
April R536 . 0.459 30 ~13.770

Total Winter Feed Cost $88;83

Total winter feed costs for all heifer wintering alternatives

are calculated in this manner and are presented in Table 3.5.

CHANGES IN FEEDSTUFF PRICES

The prices of feedstuffé in Montana vary considerably ovér time,
both in absoluté terms and felative to one another. The relatioﬁship
of roughage brices to concentrate pricés is important if altefnative
rates of gain are being considered. As rate of gaip is increaéed,
the proportion of-conéentrates in a ration must be increased ta provide
the increase in energy required for growth. 'Consequently, high-rétes :
of gain become more expensive relative to low ratgs of gain if

concentrate prices increase relative to roughage prices.




Table 3.5

Rate of Gain During Winter
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Feed Costs for Wintering Heifers

Weaniﬁg Feéding (kg./da.)
Weight 0.2 0.4 0.6 0.8
(kg.) (dollars)

120 44 .37 60.20  73.21 89.02.
130 45.65 62.79  75.96 91.28
140 45.85 64.74 - 78.19 93.23
150 48.02 66.84 - 80.16 97.io
160 50.88 69.50  82.30 100.03
170 53.64 72.38-  84.61 103,04
180 54.12 74.48 _86.65 105.21
190 54.93 75.92  87.76 107.32
200 56.83 77.47  88.83 109.53
210 59.18 79.70  89.97 . 111.57
220 61.44 82.17  91.24 113.62
230 62.36 84.04 93.21 115.47
240 62.53 85.39  95.05 117.70
250 64.18 86.79  96.78 120.01
260 66.18 88.94  98.63 122.17
270 68.13 91.27 100.63 -124.32
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The effects on heifer wintering‘rations'of~chanéing the.pfice
relationship between concentrates and roughages can be investigated
by lowering the price of alfalfa hay from $65/T; to $40/T. and
computing repreéentative least cost rations for light, medium, and
heavy heifers at the four rates of gain. Since, at the given prices
for corn silage and straw, the‘least cost rations contain the maximum
allowable amounts of these roughages, lowering these prices would‘not
affect the composition of the rations. Examples of light, medium,
and heavy heifers are heifers weighing 120, 200, and 270 kg.
weaning, respectively.

The representati&e least cost rations calculated are those that
Qould be required at mid-winter given heifer weaﬁing weight and
rate of gain. The composition and cost per day of the representative

rations, with alfalfa hay priced at $65/T. and $40/T.,iafe‘presented

in'Table 3.6. Lowerlng the price of alfalfa hay from $65/T to $40/T.

does not change the comp081t10n of the representative least cost
rations for light, medium, or heavy heifers gaining 0.2 kg./da., but
ration costs are reduced approximately 30 percent. At higher rates
of gain alfalfa hay tends to repiace part of the concentrates in the
rations, and wheat replgces barley in the concentrate pdrfion of the
ration: The reduction in ration costs decreases as rate of gain
iﬁcreases, and ration coéts for heavy heifers are decreased propor-

tionately more than ration costs for light heifers.
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Table 3.6

Effect on Representative Least Cost Rations
of Changing the Price of Alfalfa Hay

Ration Alfalfa Hay Alfalfa Corn Oat
Number Price = Hay Silage Barley Wheat Straw Cost
$/T. kg, - kg. kg. kg.  kg. . $/da,

Light Heifers
213 . 65 3.31 1.24 1.66 0.294
- 213 40 3.31 1.24 1.66 0.202
223 65 2,83 1.35 0.91 1.66 0.367
223 40 2.97 1.35 0.77 1.66 0.287
233 65 2.20 1.35 1.55 1.66 0.396
233 40 2.44 1.35 ' 1.31 1.66  0.332
343 65 - 0.75 1.71 3.39  0.47 2.22  0.582
343 40 0.98 1.71 1.92 1.71 2,22 0.558
Medium Heifers
313 65 3.94 1.54 2.22  0.355
313 40 3.9 1.54 2,22  0.246
423 65 4,46 2,03 0.87 2.77 0.513
423 - 40 4.60 2,03 0.73 2,77 0.388
433 65 3.80 2,03 1.53 2.77 0.543
433 40 4.04 2.03 1.29 2.77 0.435
443 65 1.74 2.03 3.61 2,77 0.636
443 " 40 2,12 2.03 .20 2.03 2,77 0.583
Heavy Heifers

513 65 4,83 2.04 3.33 0.448
513 40 4,83 - 2.04 3.33 0,315
523 65 5.25 2,33 . 0.73 3.33 0.569
523 40 . 5.37 2,33 0.61 3.33 0.422
533 65 4,48 2,33 1.51 - 3.33  0.604
533 40 4.71 2.33 1.27 3.33  0.477
. 643 65 2,05 2,59 4.40 3.88 0.780
643 40 2.53  2.58 1.39 2,58 - 3.88 0.717
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SUMMARY

In this-chaptér wintér feed costs were estimated for heifers
varying in weight at weaning and fed for alternative rates 6f gain.
In‘Chapter 4 probability distributions of pregnancy during the breeding
season will be estimated for hgifers varying in age and weight at
weaning and fed for alternative rates of gain. Heifgr wintering

alternatives will then be evaluated in terms of cost per bred heifer

‘and expected time of breeding.




Chapter 4
EVALUATION OF REPLACEMENT HEIFER DEVELOPMENT ALTERNATIVES—

COSTS AND EXPECTED REPRODUCTIVE PERFORMANCE

In this chapter probability distributions for the occurrence of

pregnancy during the coming breeding season will be estimated for

various replacement heifer development alternatives. The altermatives

will then be evaluated in terms of cost per bred heifer and expected

time of pregnancy.

Replacement Heifer Development Alternatives

Each replacement heifer development alternative is defined by a
state of nature (a heifer of specified age and welght at weaning
time) and an aétion (the rate of gain to be fed for during the
wintering period). For each state of nature there are four actions
considered, rates of gain of 0.2, 0.4; 0.6, and 0.8 kg./da.

‘From the Cow-Calf Calender (Figure 1.1, p. 5 ) it can be seen
that age at Weaniné for heifer célves varies from 135 days (méan age
of heifers born during period 6 of the calving season) to 235 days
(mean age of heifers Born during period 1 of the calving season).
Six specific ages at weaning are considered, each corfesponding to
the‘mean age of heifers born during one of the six periods Sf the
calving season (see Table 4.1). Assuming that heifers weigh 36-kg.

at‘birth and gain 0.6 to 1.0 kg./da. from birth until weaning, the




Age and Weight at Weaning of Heifer Calves

Period of Birth
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Table 4.1

Age at Weaning.

(da.)
235
215
195
175
155

135

Range in Weight at Weaning

180
160
150
’140
130

120

(kg.)

270

250 -

230
210
190

170
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range in weight at weaning for heifefs of each age at weaning is as
shown in Table 4.1 The ranges in weight at weaning are divided inté
10 kg. increments so'that for each age at weaning six to ten specific

weights at weaning are considered.
PROBABILITY DISTRIBUTION OF PREGNANCY

The estimated probability distribution of pregnancy depends
on thé probability distribution of puberty during the breeding season
and on conception rate, i.e., the probability of a heifer becoming
pregnant given that she has reached puberty and is inseminated. The
probability distribution of puberty is a function of heifer age and
welight during the breeding season (Page 24, Chapter 2). angequentiy,
in order to estimate the probability 'distributioné for pubgrty
during the breeding season, heifer age and weight during each period
of the breeding season mus£ be estimated for each replacement heifer
development alternétive.' Given the age of a heifer at weaning, age.
during each of the perlods of the breeding season can be &etermined
directly from the Cow—Calf'Calendar (Figure 1.1, page 5). Since
heifers are put on paéturé twenty days prior to the beginning of the
Breediﬁg season, the estiﬁation of heifer weights during each' of the
periods qf the breeding séason réquires-that rates of gain on pasture

be estimated.
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Rate of Gain on Pasture

The ‘rate of gain that a heifer will'achieve én pasture depends
on quality of pasture, stocking rate, and the size-and condition of
'the heifer. Quality of pasture depends on soil and vegetation types
. and climatic conditions, and is highly variable. Stocking rate is an
optimization problem in itself and cannot be treated specifically in
this study. Size and condition of the heifer, for purposes of this
study, Will be described by the heifer's weigﬂt Qhen placea on pasture
and the rate of gain.achieved during the wintering period, repectively.

Short and Bellows (1970), in a study.of 89 Angus-Hereford and
Hereford—Angqé cro;sbred heifers at the Livestock and Range Research
Station (LAARS), Miles City, Montana, oﬁserved the phenomenon
of compensatory growth. Heifers fed to achieve 1low rates of gaiﬁ
dpring the wintering period acﬁieved higher rates of gain on pastu?e
than did heifers fed to achieve high rates of gain during the wintering
period. The results (from Short and Bellows, Table 2, page 128) are
presenged in Table 4.2,

It can be seen froﬁ Table 4.2 that rate of gain on pasture (GP)
is invérsely related to both wéight'when placed on pésture (Wp) and
‘rate of gain during thé wintering period (Gw). The information in
Table 4.2 can be used to obtain an estimator for rate of gain:on '.
pasture. The methodology consists of regressing Gp on GW to .- obtain

one estimator (&pl = f (GW)), regressing Gp on WP to obtain another
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Table 4.2

Rate of Gain of Pasture

i

- Rate of Gain Weight
Winter Feed Level_ Winter on Pasture

(kg./da.) (kg.)

Low. : 0.283 189

Medium . 0.447 218

High ©0.678 254

Rate of Gain
on Pasture

(kg./da.)
0.599
0.525

0.420

Source: Short and Bellows (1971)
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estimator (G 5 = g(Wp)), and averaging these two estimatoré to obtain
P . .
an estimator for GP which is a function of both GW and Wp.

(GP = 1/2(GPl + sz) = 1/2(f(GW) + g(Wp)).

The resultant estimators are shown below:

G ., = 0.727 - 0.4533 ¢

pi \

R, = 0.99+ 0.0.F = 1

G . = 1.123 - 0.00276 W

p2 P

R, = 0.99+ D.0.F.= 1

G = 0.925 - 0.2266 G_ ~ 0.00138 W
P w p

Pahnish et. al. (1971), in a study of heifers born at LARRS
in 1962 through 1965, found that the mean values for rate of gain
during the wintéring period, weight when placed on pasture, and rate.
of gain on pasture did not vary significantly bétween Herefords énd
Hereford-Angus and Angus-Hereford crossbreds. Therefore, although the
estimator for rate of gain on pasture was developed using information
oﬁ crossbreds, it is directly(applied to Herefords.

The estimator for rate of gain on pasture was not rigorously
derived in a statistical sense. However, when applied to data in

the Pahnish et. al. study, the estimator predicted rates of gain on

‘pasture similar to the reported rates of gain on pasture.’

Management of the heifers in the Short and Bellows' experiment

was similar to that of many cow-calf ranches, and pasture conditions
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at TARRS' are..similar to ranches in eastern Montana. . It is
assumed that rates of gain on pasture predicted by the estimator
pertain to range conditions existing in a normal year. Climatic

aberrations such as less than normal rainfall, cold spring, or dry

“summer could inhibit the growth of pasture grasses to the extent that

these rates of gain would not be attained.

Probability Distribution of Puberty

Heifer age and weight during each of the periods of the
breeding season for each of the replacement heifer development
alternatives can now be éstimated utilizing knowledge of age and weight
at weaning, rates of gain during the winter and on pasture, and the
time relationship of activities dictated by the Cow—Calf Calender
(Figure 1.1, page 5 ). The age and weight valués are presented
in Table B.1l, Appendix B. The probability of puberty éccurrihg in
each of the periods of the breeding season for each of the replacement
heifer development alternatives is estimated by applying the puberty
estimation equation (page 11, Chapter 2) to the appropriate age and
weight values. The resultant probability distributions for puberty

are also presented in Table B.l, Appendix B.

Conception Rate
There is no evidence that conception rate varies from estrus

to estrus. Therefore, conception rate is assumed to be the same for
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all periods of the breeding season. .Lasper et. al. (1972), in a
study of 538 heifers estimated conception rate to be 0.60 (Table b6,
page 1036). Cundiff et. al. (1974) reported a range of 0.42 to 0.72
for conception rate in beef heifers. In this study conception.rate

is assumed to be 0460.

Probability Distribution of Pregnancy
The probability distribution of pregnancy during the coming
breeding season for each of the replacement heifer development alter-
natives can be estimated using the following quation:
n-1

CEPp(n) - kL PB(i)]
i=1

' PB(n)

Where n period of the breeding season, 1, 2, ... 6

PB(n)

probability'of the heifer becoming ﬁregnanthduring
period n

C = conception rate, 0.60

Pp(n) = probability that the heifer has reached puberty by

period n (from Table B.1l, Appendix B).
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The probability distributions of pregnancy during the breeding
season for all the replacément heifer wintering alternatives are

presented in Table 4.3.

COSTS AND REPRODUCTIVE PERFOR&ANCE

Analysis of replacement heifer development alternatives will
focus on the costs associated with each alternative, expected repro-
ductive performance, and the trade—off'betwéen costs and reproductive
performance. |

The analysis first considers only feed costs (estimated in
Chapter 3) and a 120 day breeding season. These rather restrictive
assumptions will later be relaxed in a discussion of other costs and

shorter breeding seasons.:

Measures of Reproductive Performancé
One measure of reproductive performance is the‘probability of
a heifer.becoming prégnant during the bree&ing season. Probability
of pregnancy during the breeding season is calcﬁlated as the suﬁ of
the probabilities of becoming pregnant during each of the periods
of the breeding season (Table 4.3); i.e. P(Pregnaﬁcy) =Z§:Pﬁ(n).
Ceteris paribus, higher probabilities of pregnancy are ;;iferred to

lower probabilities. Another measure of reproductive performance is

expected breeding period. Ceteris paribus, it is preferred that




Table 4.3 Probability Distribution of Pregnancy During the Breeding Season
for Replacement Heifer Development Alternatives.

2 R R R R e e s R R R R R s PR R T R TS ET

AGE AT WEIGHT AT RATE OF = PERIOD OF THE
WEANING WE ANING GAIN * BREEDING SEASCN
(DA) (XG) (KG/DA) = 1 2 3 4 5 6
e R T R TR e rTITY
135. 120. .2 * «000 «000 -000 000 041 «C77
135. 120. o4 B «000 .009 <050 071 084 «093
135. 120. 6 * <047 .071 .083 089 -094 «098
135. 120, -8 * «106 «107 <107 «106 «105 «105
135. 130. 2 * 000 .000 -000 «027 -067 .089
135. 130. o4 B .000 .038 <065 -080 089 <097
135. 130. b * «066 «083 091 <096 099 102
135. 130. -8 * «120 «117 115 «113 «111 «109
135. 140. o2 * 000 «000 012 «058 081 095
135. 140. o4 * «016 «056 «075 -086 «094 100
135. 140. 6 * .083 «094 «099 «102 «1C4 «106
135. 140. -8 * «132 <127 «122 119 «116 «114
135. 150. o2 * .000 «000 <047 «074 .089 100
135. 150. o4 * 037 068 -083 «092 «099 <104
135. 150. 6 ® «099 105 «107 -108 109 «110
135. 150. -8 * «143 «136 «130 «126 <122 «119
135. 160. .2 * 000 028 «063 <082 «094 <104
135. 160. -4 * «057 -080 -091 -098 «104 «108
135. 160. 6 * <114 «115 «115 «115 115 «115
135, 160. -8 3 «153 e 144 <137 «132 .128 «124
135, 170. 2 * «005 «052 076 <090 «099 «107
135. 170. o4 © -076 091 <099 <104 108 «112
135. 170. 6 * «127 «124 «122 «121 «120 «119
135, 170. -8 * «162 «152 «145 .138 «133 129
155, 130. 2 * 000 «000 -000 .C18 <065 .089
155. 130. o4 * -003 «046 068 -080 .089 .096
155. 130. b * 099 .093 «093 «094 «096 099
155. 130. o8 * «175 «134 <117 «109 «106 «104
155. 140. .2 * <000 000 .008 «057 .082 «097
155. 140. ok * «033 «061 «076 «086 «093 «099

(222 22 2222 A2 22 2 2 2 2 22 2 2 R R R R R R R R R R R E R R R P YIRS Is T T

19




Table 4.3 Continued.

SEES LSS EE ST NE RN S E S E S SRR EEE AL RN RIR I LT RIS EEATHERRLESIINREES SRS SSE0E2s

AGE AT WEIGHT AT RATE OF = PERIOD OF THE
WEANING WEANING GAIN * BREEDING SEASON
(pa) (KG) (KG/DA) = 1 2 3 4 S 3
S SEELEEEEEE RS LS REERESIIS SRS IR LIRS IRSSERSE PSR IISISVNISIILHESXESEIBL TS0
155. 140. 6 * «123 «107 «101 «100 101 «102
155. 140. -8 * «193 <146 <125 <116 111 108
155. 150. 2 ® .000 -000 «049 075 «090 <101
155. 150. o4 * <061 076 . 085 .092 <097 102
155. 150. 6 * « 145 «119 «109 «106 <106 106
155. 150. -8 * «210 «157 «133 -122 <116 113
155. 160. 2 * -000 «035 <067 «084 «095 .104
155. 160. b * .088 « 090 «094 098 «102 «106
155. 160. b * «166 «131 <117 «112 <110 «110
155. 160. -8 & «226 <167 «141 .128 .121 <117
155. 170. «2 * 019 <058 -078 090 «100 «107
155. 170, -4 * «113 «103 «102 103 «106 «109
155. 170. 6 * 185 o143 «125 118 «115 «114
155. 170. -8 E « 240 «177 <149 <135 .127 «104
155. 180. o2 * <049 <073 -086 «096 «103 110
155. 180. o4 * «135 «116 «110 «109 «111 -113
155. 180. b * «203 «154 «133 «124 <120 -118
155. 180, -8 * «254 «186 <156 <141 «132 «079
155. 190. 2 * <076 «087 <095 -101 107 113
155. 190. -4 * <157 «128 -118 «115 «115 <117
155. 190. 6 * «219 <164 <141 «131 «125 «123
155. 190. -8 * «266 «195 <163 <147 «137 055
175. 140. o2 * .000 <000 «000 «053 «082 .098
175. 140. & * «042 <064 <077 «086 -093 099
175. 140. o6 * «154 <116 <102 <098 «098 «099
175. 140, -8 * 245 <161 «127 «112 «106 103
175. 150. o2 * .000 .000 <044 074 091 «102
175. 150. oh * <077 .081 <086 091 096 101
175. 150. o6 * .182 «131 «111 «104 «102 <103
175. 150. -8 * «268 «174 «135 «119 111 «107

SEEEEFEEER SR EE R AR SRS EEEENL S SR L AL F LSS LSRR AR RS RERICESRRERTESEREL PSSR 0s
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Table 4.3 Continued.

SESES SR SE S SRS FSEFFERS ISR ERRRRERS LRI RN EERSRRRNESFIRROIRLRERTREERPIIDTERRR02s

AGE AT WEIGHT AT RATE OF = PERIOD OF THE

WEANING WEANING GAIN * BREEDING SEASCN

(DA) (KG) (KG/DA) = 1 2 3 4 5 6

SESEFESEEE SRS EE L FF RS ERTIR IS PRSP IRFH AL IR SRR EFLSISIESILFIFNLBLHIEEREER S80S

175. 160. 2 * «000 «035 067 .085 «096 «105
175. 160. b * «110 097 « 085 «097 100 104
175. 160, b * 209 <145 «120 <110 «1C7 106
175. 160. .8 * 289 «187 o144 «125 «116 084
175. 170. 2 * «025 «060 «079 <091 «100 «107
175. 170. o4 * «141 113 «104 «102 «104 «107
175. 170. «6 * «234 <158 «128 «116 111 «110
175. 170. 8 2 309 198 «152 «131 «121 =054
175. 180. 2 * «061 <077 -088 .096 «103 «110
175. 180. o4 * <170 «127 «112 «108 108 «110
175. 180. -6 * «257 «171 «136 «122 «116 «113
175. 180. -8 = «327 .210 «160 «137 «100 - 040
175. 190. 2 * «095 «093 <097 «102 «107 «112
175. 190. o4 * «197 <141 <121 o114 «113 113
175. 190. 6 * <279 -184 <144 -128 «121 .C87
175. 190. «8 * « 345 «221 «161 «143 074 «030
175. 200. 2 * «127 «109 «105 «107 111 115
175. 200. o4 * 223 «155 «129 «120 «117 1 X7
175. 200. 6 & «300 «195 «152 <134 «125 056
175. 200. -8 * 361 «231 <175 «140 «056 022
175. 210. o2 * «157 <124 «114 e112 «114 «118
175. 210. b * 0247 «168 «137 «125 o121 «120
175 210. ] * «319 207 «160 «140 - 105 «042
175. 210. .8 * 376 «241 «183 «120 .048 019
195. 150. .2 * 000 «000 «032 .071 091 103
195. 150. o4 * .084 .083 086 «091 096 «100
195. 150. o * 211 «139 «112 «102 «099 «099
195. 150. -8 * <316 189 «137 «115 106 082
195. 160. 2 “ 000 028 «06°% «085 «097 «106
195. 160. o4 * .123 .101 «096 «096 099 <103

PPl Tt 3333323333223 33 22 22 R R R R e R R R R R R R R R R RS R R R R R R R Rt 2
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Table 4.3 Continued.

T I I T T T T s R S S R R e A2 R S R R S R R 2 L 2 2

AGE AT WEIGHT AT RATE OF = PERIOD OF THE
WEANING WEANING GAIN * BREEDINC SEASOM
(DA) (XG) (KG/DA) # 1 2 3 4 5 6
.‘.."......‘..'t‘...‘...‘.“"“...“.....'.‘.‘.‘......‘.“....“‘..".“O.‘.‘........l
195. 160. 6 x «243 «155 .121 108 «1C4 103
195. 160. «8 . «343 «203 «146 «121 111 <046
195. 170. o2 * -023 «060 .080 «092 «101 108
195. 170. -4 * «160 «119 «105 <102 «103 «105
195. 170. b * «274 «171 «130 «114 -108 «106
195. 170. -8 s «368 #2117 «154 -128 «080 «032
195. 180. 2 * <066 <079 089 «097 «104 «110
195. 180. ) s «195 «136 «114 «107 <106 «108
195. 180. b * «303 186 «138 «120 «112 085
195. 180. -8 * «392 «230 «163 «129 «052 .021
195. 190. 2 s -106 «097 «098 «102 «107 «112
195. 190. o4 * 229 «152 .123 «113 -110 «111
195. 190. Y] * 330 «200 <147 «125 «116 «049
195. 190. -8 * =415 243 <171 103 «041 «017
195. 200. o2 * « 144 115 «107 «107 110 <114
195. 200. o‘ e «260 «167 «131- '118 <114 «114
195. 200. 6 * «356 «214 155 «131 .086 <034
195. 200. -8 * <436 «255 «179 -.078 -031 013
195. 210. «2 ¢ «180 «132 «116 «112 «113 <116
195. 210. o4 * «290 .182 <140 <124 «118 -088
195. 210. b * 381 227 «164 «137 055 022
195. 210. -8 * «456 <266 <166 -067 .027 -011
195. 220. o2 & «214 <148 <124 <117 <117 «119
195. 220, o4 * «318 <196 «148 «129 «122 051
195. 220. 6 * <404 «239 «172 <111 <044 018
195. 220. -8 € <475 «278 «148 «C59 «024 009
195. 230. 2 = « 246 <164 <133 «123 «121 «122
195, 230. o4 * «345 «210 «156 «135 <092 «037
195. 230. «6 # <426 «252 -180 -085 «034 «014
195. 230. -8 ® «493 288 «131 052 021 008
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