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ABSTRACT - The objective of this study was to evaluate alternatives for modeling the age of dam at calving (AOD)
effect on the weaning weight of Charolais-Zebu crossbred calves. Data from 56,965 calves were analyzed, using statistical
models considering the fixed effects of the contemporary groups, sire and dam genetic groups, and AOD. The AOD effect was
fitted to models using annual age classes, and ordinary quadratic to quintic-ordered polynomials (OP) or segmented polynomials
(SP) with two, three, four, six and twelve evenly spaced intervals. In the case of segmented polynomials, general linear and
quadratic effects and only one quadratic additional term from each knot were considered. The AOD effects were nested within
sex of calf in all cases. According to the fitting criteria, the F-test for the reduction of residual sum of squares, coefficient
of determination, residual sum of squares and mean of squared residuals, the three interval segmented polynomial (two knots)
fitted to the data as well as the more complex polynomials.
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Modelagem do efeito da idade da vaca ao parto sobre o peso a desmama de
bezerros mesticos Charolés-Zebu

RESUMO - Este trabalho foi realizado com o objetivo de avaliar alternativas para a modelagem do efeito da idade da vaca
ao parto sobre o peso a desmama de bezerros mestigos Charolés-Zebu. Os dados de 56.965 bezerros foram analisados por meio
de modelos estatisticos, considerando os efeitos fixos de grupo de contemporaneos, grupos genéticos do touro e da vaca e da
idade da vaca ao parto. O efeito da idade da vaca ao parto foi modelado utilizando-se classes anuais de idade, polindmios ordinarios
(PO) de ordem quadratica até quintica, ou polindmios segmentados com 2, 3, 4, 6 ou 12 intervalos do mesmo tamanho. No
caso dos polindmios segmentados, consideraram-se os efeitos linear e quadratico gerais e apenas o quadratico a partir de
cada nd. Os efeitos da idade da vaca ao parto foram considerados aninhados em sexo do bezerro em todos os casos. De acordo
com os critérios de ajuste utilizados, ou seja, o teste F para diferengas de soma de quadrados, coeficiente de determinacdo
do modelo, soma de quadrados do residuo e média dos residuos ao quadrado, o polindmio segmentado com trés intervalos
(dois nos) se ajustou tdo bem aos dados quanto os polindmios mais complexos.

Palavras-chave: avaliagcdo genética, bovinos de corte, efeitos ambientais, quadrados minimos

Introduction

When animal performance data, for any trait, are available
for genetic evaluation, the first step consists of establishing
suitable models for their description. In genetic evaluation
models, animal performance data are represented by a
function, usually linear, of the genetic and environmental
effects that influence the expression of the trait of interest.
Thus, important environmental factors need to be correctly
identified and modeled to obtain reliable estimates of the
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genetic merits of the animals. The weaning weight is an
important trait in beef cattle production systems and
therefore genetic evaluations for this trait are frequently
carried out.

The weaning weight trait is important for the selling
weaners because when the calves are heavier, the selling
price is higher. The weaning weight is also important for
feeders because heavier calves at weaning take less time to
reach the slaughter point, that permits a faster economic
return. The first opportunity of carrying out selection on
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beef cattle is at weaning. At this phase, the animals with
poor performance can be sold, thus supplying financial
resources and making areas available for raising animals
with higher genetic value.

During the suckling phase, especially in the first
third of lactation, the milk produced by the cow isthe
main source of nutrientsfor the calf. Thisfact contributes
to the favorable phenotypic correlation of cow milk
production with the calf weaning weight, that canrange
from 0.44t00.93 (Albuquerqueet al ., 1993; Alencar et
al., 1996). Thus modificationsin cow milk production
can lead to modifications in the calf weaning weight.
The age of thedam at calving (AOD) isafactor that can
influence milk production (Teodoro et a ., 2000; Cerdotes
etal., 2004). If the effect of cow milk production on calf
weaning weight isnot correctly modeled in the genetic
evaluations, differences attributed to environmental
effects may be confused with genetic differences,
damaging prediction of the genetic value of sires, dams
and calves.

Table 1 - Mating schemes to obtain Canchim cattle

Therefore the objective of this study was to assess
alternativesfor modeling the age of damat calving effect on
the weaning weight of Charolais-Zebu crossbred calves.

Material and Methods

The data used in this study were supplied by the
Brazilian Canchim Breeders Association (ABCCAN) and
included theweight at birth (BW) and at weaning (WW) of
crossbred Charolais-Zebu calves (Ch-Z) involved in
obtai ning animal sof the Canchim breed. ABCCAN currently
accepts four mating schemes to obtain animals of the
Canchimbreed (Tablel).

Data from twin calves, calves from embryo transfer,
calveslessthan 160 or over 285 daysold at weaning, and
the offspring of cows with age at calving less than 730
days or greater than 5,490 days were not used in the
analyses. The datafrom contemporary groups (CG) with
only one observation were also not considered. The
contemporary groups were formed by the concatenation

Rotationa
Sire Dam
Ch Z
z X Ch
Z X 1/2Ch+1/22
Ch X 1/4Ch+3/4Z
S8Ch+38Z ' gech+3sz
Canchim
Canchim
Cross and continous
Sire Dam
Ch Z
z X Ch
Canchim X T2
Canchim X \Y
Canchim

Continous
Sire Dam
Canchim X Z
Canchim X A
Canchim X T1
Canchim X \Y
Canchim
UEPAE
Sire Dam
Canchim X Z
Z Canchim
Ch X A
MA X MA
Canchim \
Canchim

1 Ch=Charolais; Z = Zebu; A =5/16 Ch+ 11/16 Z; T1=15/32 Ch + 17/32 Z; T2=1/2Ch + 1/2 Z; V = 9/16 Ch + 7/16 Z; and MA = 21/32 Ch + 11/32 Z. Source: ABCCAN

(2008).
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of the following variables: farm, birth season (season 1 -
births between September and November; season 2 -
births between December and February of the following
year; season 3 - births between March and May and
season 4 - births between June and August), sex and feed
system (FS) of thecalvesat weaning (FS 1 - pasture; FS2
- fertilized pasture; FS 3 - pasture fertilized and rotated
grazing; FS 4 - irrigated pasture; FS 5 - supplemented
pasture; and FS 6 - feedlot).

The weaning weights were standardized to the age of
225 days (W225) as:

W225, = 225* EM% BW - B, (age —225)
age ’
[1]

where: W225; = weaning weight, standardized to 225
daysof age of theanimal i; WW; = weight observed at the
weaning of theanimal i; BWi = birth weight of the animal
i, age, = ageof animal i at weaning; and Bj =regression
coefficient of the W225 (fitted for the effects of
contemporary groups) by the age at weaning, obtained
for each combination j of genetic group and sex of
calves. The data was standardized to the age of 225
days because this was the mean of the age at weaning of
the calves belonging to the database used. For the
animal swithout birth weight data, the birth weight mean
of each combination of the genetic group and sex of
calves were used. These procedures were adopted
following a previous simulation study that resulted in
smaller bias and smaller mean of squared residuals and
greater correlation among observed and fitted values
(TorresJr. & Toral, 2006).

A preliminary analysisof variancewasthen carried out
to obtain the studentized errors (Neter et a ., 1996). In this
case, when the statistical model was applied, the fixed
effects of contemporary group, sire genetic group, dam
genetic group and the covariable age of dam at calving
(linear, quadratic and cubic effects) nested in each
combination sex of calves x dam genetic group were
considered. The data with absolute residue values greater
than four were excluded. A further analysis of frequency
wasthen carried out, excluding the dataof thecontemporary
groups with only one observation.

After the previously reported procedures, the data set
had 56,965 weaning weights of calves born between
January 1988 and February 2005, offspring of 1,600 sires
and 27,122 dams (1,929 maternal grandsires), distributedin
4,458 contemporary groupsfrom 247 farms, located inthe
following regions and states of Brazil: the South (Rio
Grande do Sul, Santa Catarina and Parana), Southeast

(Sé&o Paulo, Rio de Janeiro and Minas Gerais), Central
West (Mato Grosso do Sul, Mato Grosso, Goiés and the
Federal District), Northeast (Bahia, Pernambuco, Piaui
and Maranh&o) and North (T ocantinsand Para). Analyses
of means and frequencies were then carried out to
characterize the data set used.

Analysesof variance were carried out for W225, using
the least square methodology, considering the following
statistical model:

W225,,,,, = 4 +CG, + SGG, + DGG, + AOD, ) + €jm
[2

where: W225;;4m = weaning weight, standardizedto 225
days of animal i, raised in the contemporary group j,
offspring of a sire from the genetic group k and a dam
from the genetic group | with age of dam at calving m;
M = general constant; CG;= effect of contemporary group
j (1;...; 4,458); SGG, = effect of the sire genetic group
k(Z,5/8Ch+3/8Z, Canchim, MA and Ch); DGG, = effect
of thedam geneticgroup | (1= 1/4Ch+3/4Z,A,T1, T2,
V,5/8Ch+ 3/8Z, CanchimandMA); AOD ) = effect of
age of dam at calving m (m = 2.00, ..., 15.00 years),
nested within each combination of dam genetic group |
withsex of calvess(s=maleandfemale); ande;, , = random
error associated to each observation, €, ~ NIID(O,a:).
The AOD effect, defined in years with precision to one
hundredth, was modeled by using AOD classes (CLA),
with ordinary (OP) or segmented polynomials (SP).

The age of dam at calving classes were formed by
grouping the cowswith age at calving (in years) between
2.00 and 3.00 in class 1, the cows with age at calving
between 3.01 and 4.00 yearsin class 2, and so on, to class
13, with the cows with age at calving between 14.01 and
15.00 years. In this case, the model used was defined by
equation [2], assuming AODm(ls) as a classifying effect
(13 classes) that wascalled CLA13.

Thefollowing model wasadopted, inthegeneral form,
intheimplementation of the ordinary polynomialsto model
the effect of AOD on W225:

W225.

ijkim

o]
= +CG, +SGG, +DGG + pr(,s) AOD + &,
£

(3]
where: bp(ls) = regression coefficient of order p, nested
within each combination of dam genetic group | and sex
of calves s; and AOD ,, = age of dam at calving m. Four
models were assessed with ordinary polynomialsin this
study, that consisted of considering the O values e
qual to 2, 3, 4 and 5, that corresponded to models with
linear (L) + quadratic (Q2),L + Q2+ cubic(C),L +Q2+C
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+quartic (Q4),andL + Q2+ C+ Q4 + quintic (Q5) effects,
respectively. These models were named OP2, OP3, OP4
and OP5, respectively.

The following form was adopted for the general
description of the modelswith SP:

W225,,,, = u+CG, + GG, + DGG +c, AOD,, +c, AOD;

ijkim

q+2

+ éc,w (max(0, AOD,, - (2+(f = 2)* i) +&4m, [4]

where: Cf(ls): regression coefficient f, nested within

each combination of the dam genetic group | and sex of

calves s; max(0, AOD, -(2+q*ti))= greatest value between

0and AOD,, - (2+(f —2)*ti); g = number of knots admitted;
15,00-2,00

and ti = interval between knots, defined as g+l

or
15.00 and 2.00 corresponding to the oldest and youngest

age of dam at calving, respectively. As shown in [4], the
general form of the AOD effect on W225 was a segmented
polynomial with general linear (Cl(‘s) ) and quadratic (Cz(ls) )
effectsof AOD onW225 and specific quadratic effect from
each knot (Cf(,s), f 23). In this study, five models with SP
were assessed, that considered the q values equal to 1, 2,
3, 5and 11 that corresponded to modelswith 2, 3, 4, 6 and
12intervalsand 3, 4, 5, 7 and 13 regression coefficients(in
addition to the intercept), respectively. The models were
named according to the number of regression coefficients
used, that is, SP3, SP4, SP5, SP7 and SP13.

The following criteria were used to compare the
models: the residual sum of the squares (RSS), the F test
for the reduction of the RSS in subsequent models, the
coefficient of determination (R?), the efficiency of the
additional degreesof freedom of themodel (EDF) and the
mean of the squared residuals (M SR). The efficiencies of
the degrees of freedom were obtained from the ratio
between the RSSdifferencesintwo sequential model sand
thedifferenceinthedegreesof freedom of their errors. To
obtain M SR, the error of each observation was squared
and the mean for each AOD interval of interest was
calculated, according to the models assessed. In this
study, the F tests for the reduction of the RSS were only
approximateafter including new interval sinthe SPbecause
it waschosento compare model swiththesmallest increase
in the error degrees of freedom rather than comparing
perfectly nested models.

After carrying out the analyses of variance and the
statistical tests, theregression coefficientsfor the age of
dam at calving effect on the weaning weight of the

calves, considering the statistical model withthebest fit,
were used to draw graphicsfor better visualization of the
curve shapes that describe the AOD effect according to
the dam genetic groups evaluated.

In this case, the intercept of each regression equation
involved complex combinations of the genetic effects and
the solutions for the other fixed effects may even not be
estimable. Thus it was chosen to use avariable called the
curve shape (CS), expressed in kilos, consisting of the
difference between the estimated point for each AOD, in
theinterval 2.00 years- 15.00 years, and the mean of all
the points, obtained at each 0.01 year, withinthisinterval.
The value of the curve shape can be calculated using:

15.00

fIs(xm)
CSm(Is) = fls (Xm) - % [5]

where: CSm(,S) = curve shape value, obtained for point m

(m=2.00, 2.01, 2.02, ..., 15.00), for regression equation
(not considering the intercept value) obtained for each
combination of the dam genetic group | and sex of
caves s; f (x,)= point m of each |xscombination;
and np = number of pointsin the interval 2.00 — 15.00
years(np =1,301).

The consistency and statistical analyses were
performed using the FREQ, GLM, GPLOT, IML and
MEANS proceduresof SAS(SAS, 2003).

Results and Discussion

There were no records of animals of the first crosses
used to form the Canchim breed, for example, Charolais
bull x Zebu cow and Canchim bull x Zebu cow, and of
purebred Charolais and Zebu animals (Table 2). The
absence of the matings of individuals with the same
genetic composition and of some crosses, such asthe F2,
characterized anincomplete multiracial population (Elzo &
Borjas, 2004), that can occur because, in thiscommercial
population, the crossings are directed to produce animals
with apredetermined genetic composition (5/8 Ch +3/8 2).

There were fewer observations as the age of dam at
calving increased (Figure 1). Thiswas expected for beef
cattledatasets, becausethelessproductive cows, usually
the older ones, are culled after weaning their calves.
Considering 80% pregnancy rates (PR) and that all the
open cows are culled at the end of the mating season, the
probabilities of a female, that enters the first mating
season at 27 months of age, remaining in the herd until
competing 10 (P2-10) or 15years(P2-15) are 16.8% and 5.5%,

© 2009 Sociedade Brasileira de Zootecnia
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Table 2 - Number of weaning weight datain the dam and sire genetic groups
Dam genetic group! Sire genetic group!

4 5/8 Ch + 3/18 Z Canchim MA Ch Total
1/4 Ch + 3/4 Z 314 314
A 124 10,569 10,693
T1 7 252 259
T2 39 1,232 1,271
\% 4,973 4,973
5/8 Ch + 3/4 Z 297 827 1,124
Canchim 20 32,631 32,651
MA 3,390 2,290 5,680
Total 66 297 43,429 2,290 10,883 56,965

1 Ch = Charolais; Z = Zebu; A = 5/16 Ch + 11/16 Z; T1 = 15/32 Ch + 17/32Z; T2=1/2Ch + 1/2 Z; V = 9/16 Ch + 7/16 Z; and MA = 21/32 Ch + 11/32 Z.
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Figurel - Number of records of theweaning weight inthe age of dam at calving intervals, for each dam genetic group, according to the sex
of calves (Ch = Charolais, Z = Zebu).
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respectively. Thatis, P(initial age-final age) = PR"®; where:
PR = pregnancy rate and nc = number of calvesnecessary
for the cow to remain inthe herd. Furthermore, as discussed
previously, when directed crossingsare carried out, there
arefewer datafor some genetic groups, aswasthe case of
themaleoffspringof Tland T2dams(V =9/16Ch + 7/16Z,
approximately). Although the males of genetic group V
could not be used as sires in the schemes to form the
Canchim breed, their data could have been collected and
thus contributed to the evaluation of the ancestors and
the breed as awhole.

Thedescriptivestatisticsfor W225 are shown (Table 3)
only to characterize the data set, because it was not the
objective of thisstudy to comparethe W225 of the different
genetic groups nor to analyze in detail the causes of these
variations. Further details on the growth traits of crossbred
Charolais-Zebu calves can be obtained in Alencar et al.
(1998) and Trematoreet al . (1998). Neverthel ess, animportant
pointinthiscaseisthat the meansof the calf age at weaning
were close to the value used in the present study to
standardize the data, that was 225 days.

The differences in the RSS and R? were less than 1%
(Table 4). The F test proved that there was no better fit of
the CLA13 model compared to the fit of some less
parameterized model s, such asthe OP2, OP3 and SP3maodels.

With the grouping of the AOD into annual classes for
useinthe CLA13 model, AOD classeswereformed with a

small number of observations for some genetic groups,
such as for the greater AOD. Thus the estimates of the
effects for these classes may present errors greater than
those of the estimates of the polynomial models.
Furthermore, when considering precisionto one hundredth
inthe AOD definition, 100 AOD subclasses were grouped
inasingleannual class, and it was presumed that the effect
of these 100 subclasses was the same, that in reality
cannot be stated. Thus using continuous functions to
model the AOD effect on W225 seems to be a better
alternative than using the classifying variable, becauseit
discriminates more precisely the differences among the
adjacent AOD.

AccordingtotheFtest for RSSreduction, model sOP3
and SP3 showed better fit than the OP2 model. The same
test showed that the model s SP4 (SPwith threeinterval s)
and OP3 (cubic OP) could be used to model the AOD
effect on W225 because there was no significant increase
(P>0.10) inthefit for themorecomplex models. A tendency
to reduction in the EDF variable was observed as the
complexity of themodelsincreased and, inthiscase, aquick
reductioninthe EDF corroborated the lack of significance
of the increase in fit of the more complex models. The
greater EDF of themodel swith threeregression coefficients
(OP3 and SP3) and the segmented polynomials with four
regression coefficients (SP4) corroborated the results of
the F test (Table 4).

Table 3 - Statistics! for weight and age at weaning of crossbred Charolais-Zebu calves according to sex and genetic group

Weight at weaning (kg)

Age at weaning (days)

Genetic group? M D MIN MAX M D MIN MAX N
Male
1/4Ch + 3/4Z
A 254.9 20.9 240.1 269.7 2215 23.3 205.0 238.0 2
T1 191.5 25.7 153.1 2245 227.4 11.1 208.0 235.0 5
\Y 2135 30.7 169.6 275.0 226.7 24.4 169.0 280.0 24
5/8 Ch + 3/4 Z 215.7 36.2 122.2 289.0 227.3 28.1 167.0 284.0 158
Canchim 213.4 41.6 79.5 424.1 226.7 24.6 165.0 285.0 22,367
MA 214.0 34.9 85.2 332.1 226.9 25.0 165.0 285.0 5,418
Total 213.5 40.3 79.5 424.1 226.7 24.7 165.0 285.0 27,974
Female
1/4Ch+3/42Z 175.4 34.4 119.4 255.0 220.4 33.4 175.0 276.0 46
A 189.0 22.0 155.1 238.2 231.0 24.3 190.0 264.0 18
T1 182.0 30.7 96.2 258.5 223.8 23.4 165.0 284.0 119
\Y 184.8 34.4 87.3 297.4 227.0 25.5 166.0 285.0 1,460
5/8 Ch + 3/4 Z 208.5 34.0 111.0 275.9 227.8 29.3 165.0 285.0 156
Canchim 197.9 36.2 80.0 354.5 227.1 24.4 165.0 285.0 22,041
MA 203.2 31.8 79.6 338.2 226.4 24.6 165.0 285.0 5,151
Total 198.1 35.6 79.6 354.5 226.9 24.5 165.0 285.0 28,991

1 M = mean; SD = standard deviation; MIN = minimum value; MAX = maximum value; and N = number of observations.
2 Ch = Charolais; Z = Zebu; A = 5/16 Ch + 11/16 Z; T1 = 15/32 Ch + 17/32 Z; V = 9/16 Ch + 7/16 Z; and MA = 21/32 Ch + 11/32 Z.
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Table 4 - Criterial for the different statistical modelsfor the effect of age of dam at calving on weaning weight of crossbred Charolais-

Zebu calves

Model Type?2  NRC3 RDF RSS MR P EDF R2
oP2 oP 2 52,464 38,121 - - - 55.44
OoP3 oP 3 52,448 37,927 oP2 <0.01 12,088.28 55.67
SP3 SP 3 52,448 37,957 oP2 <0.01 10,232.10 55.64
OP4 oP 4 52,432 37,911 OoP3 0.12 1,025.33 55.69
SP4 sP 4 52,433 37,909 SP3 <0.01 3,235.72 55.69
OP5 oP 5 52,417 37,898 OP4 0.24 886.12 55.70
SP5 SP 5 52,418 37,895 SP4 0.22 908.51 55.71
SP7 SP 7 52,388 37,877 SP5 0.71 609.17 55.73
SP13 SP 13 52,303 37,809 SP7 0.24 798.19 55.81
CLA13 CLA 13 52,314 38,031 OoP2 0.95 598.16 55.55

OoP3 0.99 -1,443.38

SP3 0.99 -1,221.74

1 NRC = number of regression coefficients, RDF =residual degreesof freedom, RSS=residual sum of squaresx 103, MR = model used asreferencefor the Ftest and calculation
of theefficiency of theadditional degreesof freedom (EDF), Pvaluesfor theFtest (P), efficiency of theadditional degreesof freedom (EDF) and coefficient of determination

(R).
2 CLA = classifying; OP = ordinary polynomial; SP = segmented polynomial.
3 Corresponds to the number of AOD classes for CLA13.

The approximate F test for the difference between the
SP4 and OP3 models indicated that the first showed
significantly better fit (P=0.04) thanthe second to model the
AOD effect on W225. However, it should be noted that the
SP4 model had oneregression coefficient morethan the OP3
model. Theseresultsare similar to thosereported by Paz et
al. (1999), who verified that thefit given by an SPwith the
general linear + quadratic and quadratic effects starting at
eight years of age was greater than the fit given by a
guadratic OPfor the AOD effect onthedaily weightgainin
the pre-weaning in Nellore cattle. For better comparisons
between the SP and OP, it isimportant to use modelswith
the same number of regression coefficients.

Resultsfrom Table 4 show that the differencesin the
RSS and the R2 between the SP and OP models with the
same number of regression coefficients (models OP3 and
SP3, model s OP4 and SP4, model sOP5 and SP5) wereless
than 0.1%.

The differencesin the MSR in the SP and OP models,
withintheinterval sdetermined by the SPknots(Table5) or
annual intervals(Figure2), considering themodelswiththe
same number of regression coefficients, although small,
helped to discriminate these polynomials.

The SP formed a class of models that showed good
local fit, but also presented a good global fit. This was
observed when the SP4 and OP4 model swere compared,
that have the same number of parameters. In thiscase, in
addition to presenting the best fit for the first and last
interval (Table5), the SP4 model al so presented the smallest
RSS(Table4).

The segmented polynomial s showed the best local fit
because they considered one equation for each interval,

whilethe OP fitted one equation along all the dominion of
the independent variable (in this case, AOD). The least
squares estimates of the OP regression coefficients were
most influenced by the regions of greatest data
concentration, giving the worst estimates for the AOD
effect on W225 at the extremes of thedistribution, wherethe
number of dataisusually smaller (Figure1). Consequently,
the SP showed the best fits for the data on the older cows,
in function of the segmentation of the curve.

If ordinary polynomial ischosen, better fits could be
observed only with the use of higher order polynomial.
The use of OP with high order (cubic, quartic etc.) could
raise problems of biological interpretation of the curve
shape and of multicollinearity. In the presence of
multicollinearity, the variance of the estimates of the
parameterstendstoincrease (Freund & Littell, 2000). This
fact was verified by the analysis of the standard errors
associated to the regression coefficient estimates of the
ordinary polynomial models, that weregreater thantheerrors
associated to the regression coefficient estimates of the
segmented polynomial models. With the use of the SP, the
problemsarising from multicollinearity are at |east reduced
becauseitisnot necessary toincludehigh order coefficients.

It is important to emphasize that the quadratic OP,
normally used to model the AOD effect onthe pre-weaning
traits, presented theworst result among themodel sassessed,
especially in the modeling of the AOD effect on the older
cows, so that its use, if necessary, requires care. The
immediate consequence of thisfact isthat the AOD effect
would be poorly cal culated intheeval uation of theanimals
with older dams and these animals may be under or over
evaluated.
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Table5- Number of regression coefficients (NRC), mean of the squared residuals (M SR) and number of observations (N) for each
interval, for thedifferent model sfor the age of dam at calving effect on theweaning weight of crossbred Charolais-Zebu calves

Model Typel NRC MSR (kg?)
2.00 - 8.50 8.51 - 15.00
PO3 PO 3 651.087 728.860
PS3 PS 3 651.662 729.149
N 46,187 10,778
2.00 - 6.33 6.34 - 10.66 10.67 - 15.00
PO4 PO 4 641.509 694.703 742.460
PS4 PS 4 641.503 694.715 741.897
N 35,144 17,493 4,328
2.00 - 5.25 5.26 - 8.50 8.51 - 11.75  11.76 - 15.00
PO5 PO 5 644.755 659.388 716.072 768.106
PS5 PS 5 644.750 659.341 715.996 767.636
N 27,456 18,731 8,347 2,431

10P = ordinary polynomial; SP = segmented polynomial.
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Figure 2 - Mean of the squared residuals for the age of dam at calving intervals, according to the statistical model for the age of dam at

calving effect on weaning weight of crossbred Charolais-Zebu calves (OPX = ordinary polynomial with X regression
coefficients, SPX = segmented polynomial and CLA13 = classifying model with 13 classes).
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Figure 3 - Curve shape of the age of dam at calving effect on the on weaning weight of crossbred Charolais-Zebu calves according to sex
of calves and dam genetic group (Ch = Charolais, Z = Zebu).
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Generally, there were fewer M SR differences among
the different models than among the different intervals
for AOD, and the MSR increased in function of AOD.
This fact suggested the need to carry out further studies
on the heterogeneity of variances for modeling the AOD
effect on the weaning weight.

Thusit was chosen to use segmented polynomial swith
threeintervals, with knotsat 6.33 yearsand 10.66 years of
age (SP4) to obtain the curve shape variable (Figure 3).

In Figure 3, the points related to the male calves,
offspringof cowsT1(15/32Ch+17/322)and T2 (1/2Ch+
1/2 Z), were not shown because the curves estimated were
inconsistent. This result can be explained by the fact that
therewerefew datafor maleoffspringfromdamsT1and T2
(Table2; Figurel).

Generally theperformanceobservedfor thecurve shape
wasin agreement with thereportsrevised by Rumph & Van
Vleck (2004), thatis, the calves of damswith extreme ages
are lighter than the calves of dams of intermediate ages.
During the pre-weaning phase, thecalf weight ispositively
correlated to the milk production of its dam (Albuquerque
etal.,1993; Alencar et al., 1996) and thusit isexpected that
alterationsinmilk productionwouldreflect ontheweaning
weight of the calves. Y oung cows produce less milk than
thosethat are approaching physiological maturity, because
the nutrientsingested al so need to be used for body growth
as well as milk production, maintenance and gestation
(Rumph & VanVleck, 2004). However, for theolder cows,
reductioninmilk production can bepartly attributedtotheir
reduced efficiency in converting the ingested nutrients to
milk (Rumph & VanVleck, 2004).

Conclusions

The ordinary and segmented polynomial modelsare
more suitablethan the classifying model to model theage
of dam at calving effect on the weaning weight of
crossbred Charolais-Zebu calves. Thequadratic ordinary
polynomials present modeling problemsfor the extreme
ages, leading to greater residues at these ages compared
to the other model sassessed. The segmented polynomial
with two knots and four regression coefficients (linear
and quadratic — quadratic — quadratic) is satisfactory to

model the age of dam at calving effect on weaning weight
and can be implemented in the genetic evaluation of the
Canchim breed.
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