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Summary

Recards on weaning (380%) and yearling weight (2990) of beef cattle (Bibos banteng) [rom the
Bali Cattle Improvement Project were examined. A mixed model analysis involving all main non-
genetic clfects (villape, year of birth, season of birth, age of dam. sex of call, all significant interac-
tions and age at weighing as a covariale) as fixed effects and sire nested withun village as a random
effect was undertaken. Variance components were estimated by Henderson's Method 111 Paternal
half-sib companents of variance and covariance were used lo eslimate heritabilities of weaming and
yearling weights, as well as their penctic and phenotypic corrclations. Heritability estimates (£ stan-
dard error) obtained by ilenderson’s Method 11l lor weaning and yearling weights were .11 £ .03
and .13 + .04, respectively while the phenotypic and genetic correlalions were estimated as .32 and
64 4 .10, respectively, The parameters estimated 10 ihis study were at the lower end of the range
of reported values from various breeds. it is concluded that further information should he gathered
to assist in estimating genelic parameters for other eccnomic traits of Bali heel cattle and to pravide
more accurate ¢stimates for weaning and yearling weights. These parameters should then be used to

formulate a selection program to ¢nable the genetic improvement ol Bali Beef caltle.
{Key Words : Heritability, Correlation, Weaning/Yearling Weight, Bali Catile)

Introduction

The main objective of animal genetic impro-
vement ig to increase the nel profit of farmers
through the genetic component of the operation.
To achieve this purpose, breeders should jdentify
all economically important traits of the chosen
breed for inclusion in the sclkection objective.
Breeds used in the tropic regions should include
the native genetic resources which may have been
well adapted to environment stresses.

Bali beefl cattle that were derived from the
wild banteng (Bibos banteng or Bos sondaicus)
are popular with Indonesian farmers because ol
their draught ability, high lertility, ability to thrive
under poor conditions (heat, low quality of
roughage) and the production of a carcass with
goad dressing percentage and a low fat content.
The Indonestan government decided to improve
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this tropical native cattle through establishing a
Rali Cattle Improvement Project. The objectives
of the projcet are to develop and increase Bali
cattle as a valued resource by improving their
productivity through genetic selection, and theveby
increasing farmer’s incomes. Since 1981, New
Zealand has participated in the project by assis-
ting with technical developments to identify and
utilise superior Balt cattle through performance-
and progeny-testing of bulls (Packard, 1983), The
information recorded in the program mcludes the
pedigree of all calves, date of calving, and age
and weight at weighing for weaning and yearling
weight. The reproductive performance of cows
is also recorded. The objective is to increase
growth rate under the traditional farming system
in Indonesia.

A number of studies have reported heritability
estimates for weaning and yearling weight and
correlations between them for beef cattle. Vahies
of these parameters are generally moderate to
high {Schaeffer and Wilton, 1981; Alenda and
Martin, 1987; Robinson, 1990). Packard et
al. (1990} reported herilability estimates of .15 +
05 and .21 £+ .08 for weaning weight and yearling
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weight, respectively, based on data from calves
born between 1983 and 1987 in the Hali Cattle
Improvement Project.

Falconer (1981) suggested that genetic parame-
ters should be derived from the population that
is to be improved. The purpose cf this study
is to estimate the heritabilitics of wcaning and
yearling weight and their phenotypic and genetic
correlations in Bali beel cattle.

Materials and Mathods

Data collection

Data was collected as part of the Bali Cattle
Improvement Project during a five year period
from 1983 to 1987. Records were grouped by
village, year, season, age of dam and sex of
calves. Calves were born throughout the cntire
year. For the purposes of analysis, each year was
divided into a wet season (October-March) and
a dry season (April-Scptember). A large propor-
tion (50.0%) of calvings occurred at the end of
the dry season ie. June to September. The oldest
duins were 7 ycars, as selected heifers were first
mated at 18 to 24 months and were used for
a maximum of 5 years. Sires were selected on
the basis of growth rate from weaning to rising
two year old and were only used in one village
for up to two years. Therefore, it was nol po-

TARLE . NUMBER OF RECORDS IN EACH ClASS
CF THE NON-GENETIC EFFECTS FOR
WEANING WEIGHT AND YEARIING WEIGHT

Classes Wealmng Yea.rlmg
N weight weight
Year 1983 1201 1127
1984 1049 707
1985 666 434
1986 496 487
1987 390 235
Season Pry 2523 2057
Wet 1279 933
Dam age 2 year 128 108
3 year 1068 897
>3 year 2606 1985
Sex Ball 1966 1564
Heifer 1836 142¢
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ssible to compare villages due lo the lack of
genetic Jinks.

Weaning weights of calves were recorded at
a mean age of 205 days (range frem 135 to
275 days) while yearling weights were recorded
at an average age of 365 days (range from 276
to 455 days). 3803 paternal half-sib records from
98 sires and 2990 records (rom 87 sites were used
to estimate the heritability of weaning and year-
ling weight, respectively. There were 2679 records
from 87 sires available to cxamine the phenotypic
and genetic correlation hetween these traits. The
number of records in each class of non-genetic
groups (year, season, dam age and sex) for
weaning and yearling weight is shown in table
I. The reason for the dechne in the pumber of
records per year betwecn 1983 and 1987 is that
reduced publicity about the benefits of the project
apparently resulted in fewer cows being mated
to bulls from the scheme (P.M. Packard, pers.
comm.). The number of records per village ranged
from 30 to 393.

Statistical analysis

A prelminary analysis was conducted to
examine non-genetic effects and their first order
interaction effccts. Age of dam was classified into
3 graups (2, 3 and more than 3 years at calving).
All non-significant interaction effects (p > 0.05)
were excluded from the model.

A mixed linear model analysis for weaning
weight including all main effects (village (n =
24), year of birth, season of bhirth, age of dam
and sex of calf), significant interactions from the
preliminary analysis (village by year, village by
season, year by season, year hy calf sex. dam
age by season and dam age by sex of the calf)
as fixed effects, age of the calf as a covariate
and sire nested within village as a random effect
was fitted. For ycarling weight, the mixed model
included the same main effects as for weaning
weight and interactions of village by year. village
by season of birth, village by age of dam, villagc
by sex of the calf, sex by year of birth, sex by
age of dam and season of birth by age of dam.
{n both models sire and error terms were assumed
to be uncorrelated random variables with zere
means.

The sire nested within viliage and residual
variance components were derived using Hender
son’s Mcthod 111 (Henderson, 1953). Mcan squ-
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ares of sire nested within village were gencrated
using the ANOVA procedure of the SAS com-
puting package (SAS, 1985). Sire vartance com-
ponents were obtained hy equating the sie (nested
within village) mean square to ils expected value.
Covariance components were calculated from
analysis of thc sum of wcaning and yearling
weight records for each individual. REML esti-
mates of the variance components were also
derived using the VARCOMP procedure of the
SAS computing package.

Heritabilities, genetic and phenotypic correla-
tion and their standard errors (except for the
phenotypic correlation) were estimated from
paternal  half-sib  analysis following Becker (1984).
The significance of the phenotypic correlation
was lested using critical values originally derived
by R. A Fisher and cited by Snedecor and
Cochran (1967).

Results

Non-genetic ellects

Several of the first-order ipteractions amongsl
main eflects were statistically signiticant for both
weaning and yearling weight (see Materials and
Methods section). In the presence of interactions,
main effects Jeast squares means (LSM) are not
informative. JJowever, to convey the magnitude
of liveweights, lhe mean wvalues (4 standard
errors) of weaning weight and yearling weight
(adjusted for year and dam age) were &9.8 4+
5 kg (bull), 80.5 £ .5 kg (heifer) and 1455 4+
& ke (bull) and 1309 + 8 kp (heifer), respec-
tively. Mean weaning weights and yearling weights
by village contcmporary groups ranged from
7944+ 12kg to 9444 1.1 kg and from £24.1 &
1.7 kg to 153.8 + 1.7 kg, resgectively. The linear
models containing the fixed matn effects, their
mteractions and the covariate ol weight on age
resulied in R* values of 67% and 62% for wea-
ning and yearling weight, respectively.  The
regressions of weight on age yielded coeflicents
of .30 kg/day and .20 kg/day for weaning weight
and yearling, respectively.

Tleritabilities and correlations

Phenotypic standard deviations for weaning
and yearling weight were 19.2 kg and 22.4 kg,
respectively. Paternal half-sib estimates of herita-

bilitics for weaning and vyearling weight by
Henderson's Methed 111 are shown in table 2.
The genetic correlation between wcaning and
yearling weight was  highly positive wilh  the
phenotypic correlation between the two traits also
being positive but smaller than the comparable

genelic correlation {tatle 2).

PATERNAL HALF-SIB ESTIMATES OF
HER TABILITIES + STANDARD ERRCRS
FOR WEANING WEIGHT (WW) AND YEARL-
ING WFIGHT (YW) {DIAGONAL) AND THEIR
GFNETIC (ABOVE DIAGONAL) ANC PHENO-
TYPIC CORRELATIONS (BELOW)

TARLF 2.

Henderson’s
Traits Methed IT1
_ Ww YW
Weaning weight (WW) 1103 .64+.10
Yearling weight (YW) gt 13404

** p <0l

Discussian

Non-genetic effects

Age at weighing as a linear covariate has a
highly significant eflect on both wcaning and
vearling weight of Bali cattle in the present study.
Age at weighing controls the largest proporlion
of variation in both weaning and yearling wcight.
Most other studies have also indicated that age
at weaning has a significant cffcct on weaning
weight (Nicoll and Rae, 1977; Barlow and Dectt-
man, 1978; 1990) and post-
weaning  weight 1974; Nicoll
and Rae, 1977).

Beoth weaning and yearling weight of Bali
cattle  were significant!ly affected by various inter-
actions between the non-genetic efects. The most
likely explanation of thesc interactions is the
different ycarly management among villages and
the possibility of diflerent seasonal distribution
of rainfall between years in the rcgion. Several
studies have indicated that herd might interact
with year of birth and significantly affect beef
cattle weaning and post-weaning weight (Trail
et al., 1985). Furthcrmore, there may be pref-
erential treatment of different classes of stocks.

Rovanendran,
{Baker et al,
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Several studies have reported the intcractions
between year of birth by sex of the calf on
weaning weight (Baker et al, 1974;
dran, 1990), post-weaning growth

Buvanen-
{Tewolde,
1988) and of sex by age of dam on weaning
weights (Baker et al, 1974; Sharma et al,
1982).

The presence of several significant non-genetic
effccts, and interactions amongst those effects,
emphasises the need for an effective recording
scheme, All weaning and yearling weights should
he adjusted tor these effects when attempting to
rank animals based on their genotype, thereby
increasing (he accuracy of selection and enhancing
the rale of genetic gain.

Heritabilities

The heritability estimates for weaning weight
and yearling weight in thc present study tend
toward the lower values quated in the literature.
The heritability estimates from this study are
lower than the average of valucs from Bos indicus
brecds reviewed by Plasse (1978 and 1979), which
were .28 and .51 for weaning and ycarling weight,
respectively. The heritability estimate for weaning
weight ohtained in this study (.11) is in close
agreement with the value (.15) reported by Pac-
kard ct al. {1990). llowever, the estimate for
yearling weight (.13) is substantially smaller than
the wvalue (.31) of Packard ct al. (1990). When
the village by vear interaction is included in the
medel used by Packard et al. (1990), the yearling
weight heritability reduccs to .14 (ID. L. Johnson,
pers camm). Clearly, the inclusion of the village
by year wnteraction causcs a marked rcduction
in the between-sire variance. Since sires were
nested within village, it is likely that the village
by year interaction includes a genetic component.
Thus, the heritability estimate for yearling weight
of .13 found in this study is likely to be an
underestimate of the true heritability, while the
valuc of .31 reported by Packard et al. (1990)
1s probably an averestimate. The structure of the
data (sires nested within village and small num-
bers of observations in sub-groups) has made
it difficult to select an appropriate linear model.
Accordingly, consideration should be given to
using sires across several villages to provide
genetic links between Jocations. This could be
achieved through natural mating by following
the procednres used in ram circles in Norway
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(Steine, 1982). By intcrchanging bulls bctween
“circles” they too could be hinked. In addition,
administrators of the Bali Cattle Improvemest
Project must encourage the collection of as many
records as possible in each village to ensure that
sub-group numbers are ncar the maximum pos-
sible. In the absence of larger subgroup numbers,
the removal of effects such as village by calf sex
interactions by statistical methods will be ineffi-
cient, thereby resulting in less accurate eslimates
of the genetic parameters,

A further explanation of the low heritability
estimates in the present study is the consequence
of large environmental variation, In particular,
this would be contributed (0 by the lack of
genetic linkages between villages and lhe year
round calving pattern. Field data often exhibit
large environmental variation which result in the
heritability estimate being underestimated (Kennedy
and Hendcrson, [975). Lubout and Swanepoel
(1990) reported a low heritability of weaning
weight In Sanga cattle due to a large cifect of
the environment on the performance of animals.
Large unexplained enviconmental effects result
n Jinear models that arc inadeqguate in explaining
variation in the data. R-square values of models
for weaning and yearling weight in the current
analysis are 679 and 629, respectively. Oni el
al. (1989) also found low heritability estimates
for body weight in Bunaji cattle and suggesied
the model was inadequate to explain most of the
variation of body weights. A large proportion
of uncxplained residual variation leads 10 an
inflation of error variance and
heritability estimates.

Restricted  maximum  likelihood (REML)
estimates of the heritabilities of weaning weight
and yearling weight (.13 + .04 and .17 4 .04,
respectively) were similar to those obtained via
Henderson’s Method 1I1. Other studies have also
reported that similar estimates of the paramclers
vielded by Henderson’s Method [II and REML
would be expected if there was no selection
operating on the population (Lin and McAllister,
1984, Hayes and Cue, 1985). Although selec-
tion has been operating in the population re-
ported here, it islikely to have had little impact
given the short time hotizon. Colleau et al. {1989)
noted that estimales of genelic parameters
and sampling variances provided by Henderson's
Method TIT might be similar o those of REML

lhus decreases
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it the number of progeny per sire was relatively
hamnogeneous. However, REML is the preferred
method if selected populatians are to he analysed
{Hendersan, 1986).

Carrelatians

The positive phenctypic and genetic ccrrelation
cstimates between weaning and yearling weights
in this study were at the lower end of the range
of the various literature values {Schacfler and
Wilton, 1981; Alenda and  Martin, 1987
Rohinson, 1960). The REML estimate of the
genctic correlation between these 2 weights (.60 +
11) was similar to that given by llenderson's
Methad ITI. The
this stedy are also Jikcly to be csused by ke

lower correlafion estimates in

large envircnmental variation due ta the prablems
suggested previously. Furthermore, compensatory
growth of individuals during the post-weaning
stage may canse s downward bias of the phenc-
1ypic covariance between weaning and  yearling
weights  (Francoise et al, (973). DeNise and
Torabt {1589) also reparted that the phenotypic
corrclation hetween weaning and yearling we:ght
might be low in poor coanditions due ta the
stressful environmen! experienced by animals.

Implications for genetie improvement

CGrenctic pavameters abtained fram this study
can be ulilised to further enhance the selection
progrum in the Bali Caitle improvement Project.
Lew heritabiliry cstimates for hath weaning and
yearling weights suggest a need to improve the
madel specilication m an attempl 1¢ account ior
mare the
adequate genetic variation in both weaning and
yearling weights mdicates that selection for Loth

environmental variation.  However,

lraits is justifiable. Maoreover, the existence af
a favourable genctic correlation hetween the twa
trails indicates that seleclion for weaning weight
will enhauce the improvement in vearling weight
of Bali cattle. For future improvement af Rali
heef cattle, there ts a need te collect information
on traits such as kith weight and rising two year
o'd weights, reproduction traits, carcass traits and
teed efficiency sa their phenatypic and genetic
paramcicrs can he estimated. These parameters
are needed to establish an aprropriate selection
abjective and to choose selection criteriz to enahle
the genetic improvement of Bali heef cattle.
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