
A study of the growth and fertility of different
beef cattle genotypes in a tropical environment

with implications for the genetic
improvement of productivity.

Thesis submitted by

Christopher J. O'Neill, BAppSc
in March 1995

for the Research Degree of
Master of Applied Science

in the Department of Biology,
Central Queensland University

A study of the growth and fertility of different
beef cattle genotypes in a tropical environment

with implications for the genetic
improvement of productivity.

Thesis submitted by

Christopher J. O'Neill, BAppSc
in March 1995

for the Research Degree of
Master of Applied Science

in the Department of Biology,
Central Queensland University



i

ABSTRACT

One method of improving the genetic performance of beef cattle in any

_ "' _., ... ~ is to select for improved growth and fertility using Estimated

- ... '..." __,, 1Iiooo. Values (EBV)s) to identify the superior animals.. Improving the

of theseEBV's re,quires the use of datasets and models that are

appropriate to that environmen,t.

A study of the growth and fertility of beef cattle from a dry tropical

was undertaken using data fromCSIR;O's National Cattle

a-.r:,....I./"t"t'l"'U·.,. Station, t'B,elm·ont" (23°S
7

15(rE).Thedata wer,e collected from

to 1990 from Hereford--Shorthorns (HS), Brahman, x HS (BX) and low

high ,H) grade Brahmans. Components of themo<lelsof growth

·~.n~··f'U(:tl»;'(1 using a least-squares analysis of variance.

~Aloo"V"''''''''''' that described growth w:ere calf day of birth

,-... ... """"_.,",,u of birth weight (BWT), and age-adjusted

We;1nlfl1t Wl~lQ'jn.[ (VVWT), 365dayy'earling weight (YWT)

\J.lpr.,·ty\nr (FWT).The dependent variables that described

orejg'na,ncv success, the h,eifer;s day :of birth (HBDAY),

co:w at start of the breeding season (IWT)., cow w:eight gain per

·\0011.\04"", .... 4M the bree;ding seas:on (MWGD) and the day of calving (DAYOC)..

.... n'l."rf"nn"jCknt~ category, gen:otype and the combinedeffe·ctsof cowage

'1""'\."".'1; 1'.n1
1
'11(." 1~,....'t'~'I,.~t"'tI.~1 status (AGEPLS) were use,d as fixed ieffects for both

fertility~ If theBWTo:f a calf crop was ab:ove the overall mean

BWT, the calf crop was assigned toa Ugoodf! years (low stress)

envir,onmental category and if the BWTwas below the overall mean BWT,. the

calf crop was assigned to a ·'pooru years (high stress) environmental category..

This procedure was repeated for WWT, YWT andFWT. Environmental

""1l"\.~,j:lo#"'f'''~1'''''f6·.t''' of ugoo,d"" Uaverage"and upooru years were based on pregnancy rate

and were used in the analysis of all fertility variables.. The relative
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ABSTRACT

One method of improving the genetic performance of beef cattle in any

environment is to select for improved growth and fertility using Estimated

Breeding Values (EBV's) to identify the superior animals. Improving the

accuracy of these EBV's requires the use of datasets and models that are

appropriate to that environment.

A study of the growth and fertility of beef cattle from a dry tropical

environment was undertaken using data from CSIRO's National Cattle

Breeding Station, "Belmont" (23°S, 15OOE). The data were conected from

1974 to 1990 from Hereford~Shorthoms (HS), Brahman x HS (BX) and low

(BL) and high (BH) grade Brahmans. Components of the models of growth

and fertility were analysed using a least-squares analysis of variance.

The dependent variables that described growth were calf day of birth

(CBDAY) and the growth variables of birth weight (BWT), and age-adjusted

weights at a 200 day weaning weight (WWT), 365 day yearling weight (YWT)

and a 550 day final weight (FW1). The dependent variables that described

female fertility were pregnancy success, the heifer's day of birth (HBDAY),

cow liveweight at the start of the breeding season (IWT), cow weight gain per

day during the breeding season (MWGD) and the day of calving (DAYOC).

Environmental category, genotype and the combined effects of cowage

and previous lactational status (AGEPLS) were used as fixed effects for both

growth and fertility. If the BWf of a calf crop was above the overall mean

for BWf, the calf crop was assigned to a "good" years (low stress)

environmental category and if the BWT was below the overall mean BWT, the

calf crop was assigned to a "poor" years (high stress) environmental category.

This procedure was repeated for WWT, YWT and FWf. Environmental

categories of "good", "average" and "poor" years were based on pregnancy rate

and were used in the analysis of all fertility variables. The relative
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genotypes was explained in terms of production potential

fertility able to be achieved when environmental stress is

;A, .....i;Jl.~V~,"""'",',"'.... v to environmental stress.. The production potential of

than the HS, similar to BX but higher than that of the BH.

environments of relatively high stress was least for HS,

BX and, highest for BL and BH.. Whereas 3 year old maidens

pregnancy rates their calves were associated with the

rates. Lactating cows, especially young lactating cows, had

non-lactating cows. The 5+ year old non-lactating

cows were most productive class of AGEPLS. For lactating

cows, HS were more fertile than b,othBX (59..9%) and BL (61.1%)

were more fertile than BH (49.9%).. For 3 year old maidens and non

it""A''''u''''f'~iil''''''''~''P ranked in a similar order but the differences were

was a significant effect for growth but not for fertility.

male calv,es were bom later,. heavier and

rates growth.

stress..

genotype and environmental category were also

production potential and resistance to environmental

'InT''''''''I''''''''ll'"''T''I!,(-'"n, 'LI''".... iLTY'I....oo·''"'''.I:.:L genotype and AGEPLS for growth was only

WWT andrheAGEPLSeffec't on. calves was reduced as the

...." ... "'".,."' ....... "' .. content For pregnancy rate, the AGEPLSeffect on HS

,,....ni~I""i·""O,..nt. ....1 to the effect on theBH. Of the four growth variables,

b,etween AGEPLS and environmental category was only

FWT. The effect of AGEPLS on FWT in good years was

"""·_ ... '...... _""",v_ to the effect in poor years.

The tim,e-of-calving variables were significant covariates in th:e analysis

of both gro\vth (C'BDAY) and fertility (HBDAY and DAYOC). IWTand

MWGD were significant positive regressions for fertility but IWT was shown

tiQ be more imp,ortant than MWGD. Increasing the IW10f heifers would

increase their reproductive rate but this increase would be greater in the BH
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performance of the genotypes was explained in terms of production potential

(i.e. growth and fertility able to be achieved when environmental stress is

negligible) and resistance to environmental stress. The production potential of

the BL was less than the HS, similar to BX but higher than that of the BH.

The productivity in the environments of relatively high stress was least for HS,

intennediate for BX and highest for BL and BH. Whereas 3 year old maidens

achieved relatively high pregnancy rates their calves were associated with the

lowest growth rates. Lactating cows, especially young lactating cows, had

lower productivity than non-lactating cows. The 5+ year old non-lactating

cows were consistently the most productive class of AGEPLS. For lactating

cows, HS (70.9%) were more fertile than both BX (59.9%) and BL (61.1%)

which were more fertile than BH (49.9%). For 3 year old maidens and non

lactating cows the genotypes ranked in a similar order but the differences were

smalL Sex of calf was a significant effect for growth but not for fertility.

Compared to female calves, male calves were born later, heavier and

maintained higher rates of growth.

Interactions between genotype and environmental category were also

explained in terms of production potential and resistance to environmental

stress. The interaction between genotype and AGEPLS for growth was only

significant for WWT and the AGEPLS effect on calves was reduced as the

Brahman content increased. For pregnancy rate, the AGEPLS effect on HS

was minor compared to the effect on the BH. Of the four growth variables,

the interaction between AGEPLS and environmental category was only

significant for FWT. The effect of AGEPLS on FWT in good years was

minor compared to the effect in poor years.

The time-of-calving variables were significant covariate~ in the analysis

of both growth (CBDAY) and fertility (HBDAY and DAYOC). IWTand

MWGD were significant positive regressions for fertility but IWT was shown

to be more important than MWGD. Increasing the IWT of heifers would

increase their reproductive rate but this increase would be greater in the BH
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than in other genotypes. Increasing the IWT of lactating cows would also

reproductive rate 'but the response would be greatest in the poor

and least in the good years.

Components of the models were discussed with relevance to

constructing models of growth and fertility that can be used in genetic

improv,ement programs for northern Australia..

ill

than in other genotypes. Increasing the IWT of lactating cows would also

reproductive rate 'but the response would be greatest in the poor

and least in the good years.

Components of the models were discussed with relevance to

constructing models of growth and fertility that can be used in genetic

improv,ement programs for northern Australia..
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CHAPTERl

INTRODUCTION

Improving the efficiency of beef production at any location can be

achieved by simultaneously improving the environment and the genetic

perfonnance of cattle. Whereas the fIrst strategy can involve substantial and

continuous inputs of capital, equipment and biochemical technology, the

second strategy involves relatively low investment' in capital and equipment,

is sustainable and is not hannful to the environment. Historically, both of

these strategies have been pursued more vigorously in temperate regions

compared to tropical regions.

This can be illustrated by dividing worldwide beef production into

geographical regions. In 1980, the kilograms of carcass produced per beast per

year were 87, 80 and 59 kg for North America, Europe and Oceania

respectively, whereas the corresponding values for South America, Africa and

Asia were 32, 17 and 10 kg respectively (Jasiorowski, 1983). The differences

in this measure of productivity are related to differences in the systems of beef

production, genotypes and environmental factors, such as climate, parasites and

diseases. As pointed out by Hunter and Buck (1992), the regions that have

achieved high levels of productivity are those with favourable environments

and production systems that incorporate a high input of capital expenditure to

improve the production environment, via nutrition, housing, and control of

parasites and diseases. Furthennore, these regions make full use of the

available genetic technology to improve the genetic perfonnance of cattle

(Wray et al., 1991). Conversely, regions of low productivity are usually

associated with relatively high and variable levels of environmental stress and

low inputs and capital expenditure. Generally the levels of research and

development of genetic technology are also low and the limited research that

has been undertaken has had only partial acceptance by the beef industries in

these regions (for northern Australia see O'Rourke et al., 1992).
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The Australian component of the geographical region of Oceania can

be further divided into sub-regions of southern Australia and northern

Australia.. In southern Australia, the production systems, environments and

genotypes are comparable to those of North America and Europe. On the

other hand, in the tropical and sub-tropical environments of Australia the

production systems and genotypes are similar to those in tropical South

America and Africa..

Until recently, programs chosen to genetically improve cattle in

southern Australia have primarily focussed on within-breed selection. In 1985,

the Agricultural Business Research Institute (ABRI), of the University of New

England, introduced BREEDPLAN as a within-herd genetic evaluation system

for Australia"s National Beef Recording System (NBRS) (Nicol et al., 1985).

BREEDPLAN uses mixed linear model (fIXed and random effects)

methodology (H,enderson, 1973) to compute an estimated breeding value

(EBV) for a particular trait for each animal based on the performance of that

individual,. its progeny and close relatives. The crossing of breeds within Bos

taurus has now gained general industry acceptance and the Animal Genetics

and Breeding Unit (AGBU) of the university is also investigating the use of

mixed model methodology to genetically improve herds in crossbreeding

programs.

The essential problem for genetic improvement programs, within a

genotype, is to separate genetic from environmental variation (Falconer, 1989).

Mixed model methodology separates these two components by simultaneously

estimating constants for the environmental fIXed effects (e.g. age of darn) and

the random values (breeding values of individual animals) (see Bichard, 1990;

Meyer, 1990; van Raden, 1990; Schneeberger, 1992). An additional source of

environmental variation is the differential treatment of animals (e.g. different

feeding levels) and thus different management groups must also be identified

as environmental variation. The rate of genetic improvement obtained from

using EBV's as a selection tool depends upon the accuracy of the estimation
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of the breeding value, where accuracy is defined as the correlation between

EBV and the true breeding value (see Tier et al., 1991 and Kinghorn, 1992).

If the estimation of the genetic parameters (heritabilities, additive genetic

variances, covariances, correlations) are poor then the corresponding estimation

of breeding values will also be poor (Johnson and Garrick, 1990; Thompson,

1989). AGBU continues efforts to improve their methods of genetic evaluation

(Oikawa et al., 1991; Sivarajasingamet al., 1991).

Hammond (1989) defines three primary components of a genetic

improvement program, viz:

1. Breeding objective - a breeding objective aims to improve the

economic efficiency of the herd.

2. Genetic evaluation - data on a trait that meets this objective, as

well as infonnation on all the factors contributing to the

environmental variation associated with the trait, are compiled

into a dataset. A genetic evaluation model is then constructed.

This consists of nominating the target trait as the dependent

variable and the environmental variation being partitioned into

components of fixed effects, management groups, interactions

and covariates. Based on this model, the mixed model

methodology is used to generate g~netic parameters, genetic

trends and EBV's for the trait

3. Breeding program design - the trait is improved by selecting

replacement sires, culling cows and selecting mating pairs on

the basis of their EBV's.

The mixed model methodology is also. used in northern Australia.

However, the genetic parameters and models currently used by AGBU to

generate EBV's were derived from very few studies actually conducted in the

tropics. If the genetic strategies of southern Australia are to be successfully

applied to northern Australia, genetic improvement programs will need to use

estimates of genetic parameters derived from suitable data and to use genetic
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prediction models that accurately describe the underlying biology of beef

production in the northern environment.. Hence, the literature on the major

component') of genetic evaluation models for both temperate and tropical

environments, are compared and contrasted because the evidence suggests that

datasets and models of growth and fertility are not interchangeable between the

two environments.

1.1 Components of ,a genetic evaluation model :

Dependent variables

The initial step in·· the construction of appropriate mo,dels for both

growth and fertility is to choose dependent variables that accurately describe

the growth and fertility of a herd ina particular environment. The fertility of

females and the growth perfonnance of calves are taken as basic elements of

on-fann productivity, as ·onwfann productivity is defined as the average weight

of beef produced per cow in the breeding herd..

The generally accepted pro,cedure to genetically improve the growth

rate of cattle is to select for high growth rate itself. However, this selection

m,ay be inadequate.. The study of cO.rrelated responses in cattle by

Frisch ,and the reviews by Barlow (1978) and Baker and Morris (1'984),

of liveweight selection experiments from both temperate and tropical regions,

highlight some important inconsistencies for such a selection proce·dure.. These

inconsistencies are ass,ociated with correlated responses indysto,cia, milk

productioin, female reproduction, resistance to environmental stress and growth

p:ot:ential (where growth potential is defined as the growth achieved in the

absence ·of environmental stress).. Because of these correlated resp·onses, the

present review will concentrate oin the growth traits that are associated with

key events in theon-fann pro,duction cycle, i.e.. birth, weaning and calf ages

at 12 and 18 months.. The liveweightsof calves at these ages then fonn the

traits of interest for genetic improvement and as such th·e traits become the

dependent variables for genetic evaluation models.
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(between herd). This generation of BREEDPLAN consisted of "BREEDPLAN

60:0" for temperate breeds, with an analysis of birth weight and liveweights at

200, 400 and 600 days, and HBREEDPLAN 900" for tropical breeds with an

analysis of liveweights at 200, 550, 700 .and900 days (Schneeberger et.al.

1991). However, the 1994 analysis of GROUP BREEDPLAN for Brahmans

consisted of a 200, 400 and 600 day weights (Anonymous 1994) and did not

use weights at either 550, 700 or 900 days..

1.1.4 Female reproductive traits

Female reproductive traits that could be used for models of genetic

evaluation include; pregnancy success - a positive or negative pregnancy result

at the time of pregnancy diagnosis; calving success - whether or not a cow

produces a calf from a defined breeding season; weaning success - whether or

not a cow weans a calf from a defined breeding season; number of calves 

total number·of calves over the lifetime of a cow; days to calving .... number of

between beginning of joining and day of calving; calving interval 

number of days between day of calving of successive calves; calving date 

date calving as a numerical day of the year. The trait"days to calving, was

identified by Meyer .et al. (1990) as most suitable as th.edependent variable for

m,odels of genetic evaluation for fertility" Days to calving is now the

recommended trait for fertilityEBV's that are to be generated by

B,REEDPLAN for b·oth southern and northern Australia (Sch.neebergeretal.,

1991). However, Davis (1993) and Frisch (1993) have rightly voiced

reservations about th,e selection 'of this trait in the production systems of

northern Australia.. In northern Australia, in some years, half of the herd are

nion...calvers (Frisch et at., 1987) and replacement females are purchased to

maintain breeder numbers (Entwistle, 1984). Frisch (1993) makes the point

that calving rate has similar heritability (h2
) to days to calving and questions

the suitability of assigning a days to calving value to non-calvers when the

non-calvers constitute a Iargepro'portion of cows. Davis (1993) also contends

that because breeding seasons in the north are often extended to all year round,

either calving success or number of calves over a lifetime may be more useful
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indicators of cow reproductive performance than days to calving.

1.2 Management groups

To construct appropriate datasets and models for a particular

environment, due consideration must be given to the system by which beef is

produced. Very little research has focused on the effect of the various

production systems on the generation of genetic parameters and EBV's. It is

necessary todefme the production system from which the data and models are

derived and allocate each factor that affects growth and fertility as either a

separate management group or fixed effect The main facto·rs us!ed todefme

the production system of cattle are as follows; methods of growing cattle,. age

at fIrst breeding season, timing of breeding season, and strategies involving the

management of calves.

1.2.1 Methods :otfgrowin·gcattle

po~)t-\~e3.nlrlg systems in tropical regions compared with those of

........ "'''' •• v'"'~,l\.4Io.V "''''·.f;.;., ...v",,,~ are vastly different.. In temperate regions, in general, all

w·eanersenter a feedlot The genotype is nonnally Bos taurus

andenvir·onmentaleffects are greatly reduced or eliminated. In tropical

en'/tf()nrnellIS.. the corresponding males usually have some Bos in,dicus content

and are generally grown on pasture where environmental stress can be

relatively high.. In other production systems of the tropics, cattle ,are initially

grown on b'ut then finished to market weight on forage. or in feedlot.

Cattle on pasture can then be subjected to various strategies of parasite

Th,e different strategies for growing cattle may directly influence the

successfulness of a genetic improvement program for growth rate.. As noted

by Baker et at. (1991), the impact on genetic parameters is relatively unknown

as very few studies have assessed genetic parameters for the same trait in

different production systems. Itulyaet al.. (1987,p.1635) state: "...that g:enes

favo·urable for high growth rates in a good nutritional environment favour
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controL

The different strategies for growing cattle may directly influence the

successfulness of a genetic improvement program for growth rate. As noted

by Baker et al. (1991), the impact on genetic parameters is relatively unknown

as very few studies have assessed genetic parameters for the same trait in

different production systems. Itulya et al. (1987,p.1635) state: "...that genes

favourable for high growth rates in a good nutritional environment favour
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enhanced cellular metabolic processes whereas these same cellular mechanisms

would result in greater weight loss in a limited or stressful nutritional

environment". The authors question the selection of replacement animals

based on EBV's calculated from genetic parameters derived in a favourable

environment (e.g.. supplementary feeding) as this may decrease the fitness of

a herd when exposed to an unfavourable environment (e.g.. semi-arid

rangelands).

1.2.2 Age at first breeding

Female calves reared in temperate or in tropical environments are

su'bjected to, two distinct production systems. The post-weaning growth rates

of heifers in temperate environments are such that they nonnally enter the

breeding herd as yearlings (Pinneyet al., 1972; Notter, 1988). In tropical

environments, because of the lower growth rates in this environment, heifers

are nonnally managed to enter the breeding herd at 2 years of age (Rudder et

al.., 1982a.;Taylorand Rudder, 1984; see review by Galina and Arthur, 1989a)..

1.2.3 Timing ofbreedi.ng season

In both temperate and tropical environments the breeding season and

calving season can be restricted to take advantage of the most favourable

environments.. In temperate regions of North America, EUfopean;d Australia

there is usually a fIXed breeding season of 60 to 90 days and most cows (about

80,'%) calve on an annual basis (BIF, 1981; Dzuik and Bellows, 1983; Reid,

1990; Deutscher etal.. , 1991).. In contrast, the breeding seasronsof northern

Australia and the other tropical regions, can vary from 3 months to all year

round and yearly calving percentages may fall to as low as 4,0 to 50% (Galina

and Arthur" 1989b,; Reid, 1990). In northern Australia, thre incidence of

reproductive diseases such as vibriosis and trichomoniasis which delay

conception, can remain undetected ina herd with an all-year round breeding

season and thus contribute to lower reproductive rates (Andrews, 1976).
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1.2.4 Calf management strategies

Worldwide, management strategies of calves are also being investigated

asa means by which fertility can be increased. In northern Australia, the

strategies include early weaning of calves (less than or equal to 150 days of

age) (Boonnanand Hosegood, 1986; Schlinket al., 1988), and, creep feeding

(Le. feeding supplements to calves while being nursed) (Schlinketal., 1988).

These strategies are aimed at improving both the survival an,d fertility of

lactating cows. In northem Australia and elsewhere, both strategies increase

the cow's body weight and fertility by removing the stress of lactation (Laster

et af, 1973a; Ray et al., 1975; Moore and. da Rocha, 1983; Lusbyet al.., 1981).

In additio,n,early weaning decreases the interval between parturition and

resumption of oestrus by also removing the sucking stimulus (Shorter al..~

1972; Wettemann etal.., 1978; Carruthers et at., 1980; Bluntzeretal., 1989).

management strategies would normally be regarded as different

management in genetic prediction models for fertility. Nevertheless,

it is that genes responsible for high fertility in an early weaning

system would be different from thec<orresponding genes in a late weaning

system.. Cows that are prone to post-partumanoestrus are weaned early (e.g..

100 Hence, cows with genes for these traits are no,w able to rebreed,

simply becaus,eof the pro,ductionsystem.. However, the same cows in a late

weaning system (e...g~200:days) would remain anoestrus for the duration of the

breeding season. In this system the cows that do rebreed have a genetic make

up that either ov,er-rides or does not display anoestrus from the :effects of

"""'.""',....... ".""',,.~ and/or sucking stimulus.. It follows that animals with high EBV's for

fertility in an early weaning system will be unlikely to display that high

fertility in a late weaning system. Hence the procedure of allocating cows

from different weaning times into separate management groups, for the genetic

ev'aluation of fertility may be inappropriate.. This suggests that genetic

evaluation of herds in which early weaning is practiced should be run

separately to herds in which late weaning is practiced.
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1.3 Fixed effects

One of the major reasons for the differences in regional productivity is

the type of environment in which the cattle are reared. Unlike temperate

environments, tropical environments are characterised by extremes of rainfall

and temperature, which in tum, have an influence on soils, the availability and

quality of forage., an,d the prev.alence of parasites and diseases (see Webster

and Wilson, 1980). Of the multitude of parasites and diseases found in the

tropics, some can be highly stressful and/or fatal to cattle (see Hall" 1985). In

both temperate and tropical environments the combined effects of all these

factors are manifested as the effect of years-seasons. Hence., the current use

of mixed model methodology removes the variation in growth and fertility due

to these factors as the fixed effect of years"'seasons~ However, in tropical

environmentsextrerne variability between years and seasons may alsone,ed to

be taken into consideration.. In ad,dition to the effects of years-seasons., the

effects of the maternal environment, sex of calf and genotype also need to be

''''''V~iLl.>'''YL~.L'''',U in the temp,erate versus tropical environment.

1.3.1 Years

Growth

In temperate environments the small but significant differences in

gro!wth betw,een years are well documented (e..g. Brown, 1960; Damon et al.. ,

1961; Bourdon and Brinks, 1982; Dinkeletal., 1990).. In tropical

environments, the effect of different years on growth has also been shown to

be significant (e.g. Kennedy and Chirchir, 1971; Lapworth et aI.., 1976;

Ru!dderet al~, 1982b; Ahunu etal., 1993; Fordyce et al. 1993a,b) but the

extent of the variation is dependent on location. An indication ·of the extent

of this variability is illustrated by studies of weaning weight from the wet

tropics of central Africa and the dry tropics of northern Australia. Over 18

years, the yearly range in 205 day weaning weights of West African Shorthorn

crossbreds of Ghana (latitude 70 N) was 75 to 141 kg (Ahunu et al., 1993).

Over 5 years, the Australian National Cattle Breeding Station uBielmontU
,

(latitude 23° S) the variation in 253 day weaning weights of Africander,
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Brahman and British calves, ranged from 161 ,kg to 195 kg (Kennedy and

Chirchir~ 1971) .. By contrast, in the 5 year study of 180 day weaning weights

of Angus, Brahman, Brangus and Hereford calves from the sub-tropical

environment of Louisiana (latitude 32° N) the yearly weaning weights ranged

from 186 kg to 196 kg (Damon et ai., 1961). At the lower latitudes the values

of weaning weight are relatively low and the range in values is greater..

Fertility

In both temperate and tropical environments, the differenc,es in fertility

between years have been shown to be significant, but in the tropics the

differences are much greater. In temperate environments, studies that have

shown small differences include those by Dearborn et al. (1973), Buddenberg

et al.. , (1989) anid Rahnefeldet a,I.., (1991). Numerous studies in tropical and

sub-troipicai environments have shown the effect of years to be both significant

,and and Koger, 1967; Seebeck, 1973; Madalena and Hinojo,sa,

et al~, Mackinnon, 1988; Haile-Mariam and Kassa-Mersha,

Tropical can und:ergo periods of drought for a year or more..

can not only dramatically reduced rates o,f pregnancy but also

significantly high levels of both cow and calf mortality.. In a study of 802 Bos

indiclJS cross cows in the drought of 1982...83 in northern Australia (latitude

of the cows died and 31% of the calves were lost between

co,nfinned pregnancy an,d weaning (Fordyce et al., 1990). By comparison, the

mag'nitudeof the variability in temperate regions is relatively small..

1.3.2 Seaso,ns

Growth

In temperate environments, the differences in growth can be highly

significant between seasons (e..g. Brown, 1960; Bolton etal., 1987a,b;.

Winroth, 1990:; McCarter et al., 1990,1991a,b). Calves that have been born in

autumn/winter are usually significantly disadvantaged over calves born in
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spring/summer (Bourdon and Brinks, 1982; Bolton et al., 1987a,b; McCarter

et al., 1990, 1991b). McCarter et al. (1991a) found that cows calving in

spring had a typical lactation curve, whereas for cows calving in autumn, yield

of milk was highly variable.

In tropical environments the highly significant effect of seasons is also

well documented for all growth traits from birth weight to carcass weight

(Wheat, 1970; Gomez et al., 1974; lloeje, 1986; Taylor et al., 1991). Seasons

are partitioned on the basis of rainfall and are categorised into "wet" (high

rainfalllsummmer) and "drY" (low rainfall/winter-spring). The beef systems of

the tropics are usually relatively productive during the "wet" season when both

rainfall and ambient temperature are high and the availability of forage is

greatest. On the other hand, the "drytt season is characterised by very poor

growth rates of cattle (see Hunter, 1991 and Hunter and Buck, 1992) and can

involve supplementary feeding of weaners to improve both their growth and

survival rates (Winks et al., 1972). Further, the seasonal variation in tropical

environments can be much greater than in temperate environments and this

suggests that data and models developed in temperate environments are not

suitable for tropical environments.

Fertility

The variability between seasons is significant for both temperate and

tropical environments. Bolton et ale (1987b) and McCarter et al. (1991b) have

shown highly significant differences in fertility between seasons in temperate

environments. There is also a large body of evidence showing season to be

a significant factor affecting fertility in tropical environments (plasse et al.,

1968; Rudder and McCamley, 1972; Richardson et al.., 1975, see reviews by

Galina and Arthur, 1989 a,b).

Whereas in temperate environments spring calving has been shown to

be more productive than fall (autumn) calving (McCarter et al., 1991b), in

tropical environments the wet season has been shown to be more productive
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than the dry season.. Studies by Rudder and McCamley (1972) in northern

Australia (latitude 23°8) and Wilson (1985) in Mali (latitude 13°N) have shown

a significantly positive relationship between the peak in the calving season and

the wet season of about 10 months earlier.. However, Dominguez et al.. (1993)

reported that high summer rainfall in the subhumid tropics of Mexico (latitude

21°N) has an adverse effect on the fertility of Brown Swiss cows. The effect

of rainfall on fertility is not clear-cut, since other factors, such as timing of

rainfall, humidity and genotype, may also be important variables..

1.3.3 Maternal, environment

Growth and Fertility

Adverse effects in certain years and seasons on the growth perfonnance

of calves and the reproductive perfonnance of cows are moderated by the

cow's maternal environment The shielding from the stresses of climate and

p,arasites is initially provide,d in the uterus and then., following birth, the calf

assisted with survival and growth by the mothering ability and milk

pro,ductio:nof the dam. It has long been established (see BIF, 1981; NBRS

Recof1ding Manual, 1982) that to accurately assess the growth pelfonnance of

calv ies, the calf weights and weigh gains have to be adjusted or corrected for

maternal ,effects. The degree to which post-partum assistance is provided by

the dam primarily depends upon the level of her current milk production

(Jefferyetal., 1971; Rutledgeet al., 1971; Koch, 1972). However, the

difficulty in obtaining estimates of milk production in beef cows, especially

un,dera rangeland production system, nonnally precludes using milk

production asa fix,ed effect to describe th,e growthperfonnance of calves.. The

fixed effects most ·often. used to describe maternal environment are the age of

the dam and her lactational status the previous year. As with calf growth

rates) an accurateass·essmentof a cow's reproductive perfonnance can also

re,quire consideration of both the cow's age and previous lactational status.

Thus,maternal effects are critical components of models of genetic evaluation.
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1.3.4 Age of cow

Growth

In temperate environments most published reports support the view that

age of dam is a significant fixed effect for the calf growth parameters of birth

weight, weight gain between birth and weaning and weaning weight. In

general, as the age of the dam increased fonn 2 to 4 years so did all three

growth parameters. The optimum maternal environment, as measured by calf

weaning weights, was achieved by cows from 5 to 10 years of age (Cundiff

et aJ., 1966; Martojo et al., 1972; Lubritz et al., 1989). After a cow has

reached 10 years of age there can be a significant reduction in weights of their

calves (Srinivasan and Martin, 1970; Bair et ai., 1972; Martojo et at., 1972).

In temperate environments the variation in age of dam correction

factors is so negligible that a standard set of factors is applied to all weaning

weights. The U.S. Beef Cattle Records committee recommend multiplicative

correction factors of 1.15, 1.10, 1.05 and 1.00 be applied to 205-day weaning

weights of calves reared by 2, 3, 4, and 5-9 year old dams (Cardellino and

Frahm, 1970). In an experiment comparing these correction factors with

corresponding factors derived from 20S-day weaning records ,of 404 Herefords

and 822 Angus under the range conditions of Oklahoma (latitude 35°N),

Cardellino and Frahm (1970) found a close agreement between the two sets of

factors although there was a small loss of accuracy for Herefords. The U.S.

correction factors were initially adopted in Australia by AGBU for 2, 3, 4 and

5+ year old dams for a weaning weight at 200 days, and used in both southern

and northern environments (NBRS Recording manual, 1981). More recently,

the age-of-dam effect has been modified by increasing the age-class levels.

The ages of dam at 2,2.5, 3, 4, 5, 6, 8, 10 and 12+ years have been adjusted

to a standard age of 5 years by a quadratic adjustment for weights of calf at

birth and ages at 200,400 and 600 days (BREEDPLAN Handbook, 1991)..

As in temperate environments, a majority of the reports on factors

affecting calf growth rates in tropical environments nominate age-of-dam as
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a highly significant fixed effect. In tropical environments, cows 5 years of age

and older rear calves significantly heavier than 4 year aIds which in turn rear

calves significantly heavier than 3 year old cows (Rudder et al., 1982a; Burrow

etal., 1991; Fordyce et aL, 1993a).. In less stressful tropical environ.ments

calves from 3 year old cows are heavier than calves from 2 year old heifers

(Lapworth et aI.. , 1976).. H,Qwever, studies of maternal effects, from regions

of relatively high environment stress, report that females do not enter th,e

breeding herd until they are 2 years of age and fIrst calve as 3 year aIds,

whereas, in the more benign environments 3 year old cows were lactating

during the previous breeding season..

The variation in the effect of age of dam in highly stressful tropical
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respectively (Ahunu et aJ., 1993). Thus, the variation in environmental stress

between the different regions, of the tropics is such that age of dam correction

factors may only be applicable to that region's production system, environment

and genotype, and not transferable to other regions.

Fertility

In temperate environments,. the early research work on factorsaffectin,g

female fertility were concerned with the effects of age-of-cow on reproductive

rates7 but, as production systems shifted to calving heifers as 2 year olds,

rather than 3 yearolds, researchers began to concentrate on age at puberty and

dystocia of heifers (Wiltbank etal., 1961). The early work showed that 2 to

3 year old heifers had a lower fertility than 4 to 10 year old cows and a

significant drop in pregnancy rate occurred once the cows had reached 10

years old.. More recently the research effort has been directed at lowering the
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age at puberty (Newman and Deland, 1991; Martin et al., 1992) and the

elimination of dystocia, especially in heifers, as this age group is more prone

to calving difficulties than older age groups (Laster et .al., 1973b; Whythes et

al., 1976;Cubaset al., 1991; Newman and Deland, 1991; Turner and

Farnsworth, 1993).

In tropical regions also, the age of the cow has a significant effect on

fertility but here the variation in intercalving interval and reproductive rate

between the different age groups can be extreme. In general, in tropical

environments, the reproductive rate of heifers calving frrstas 3 year oIds is

relatively high, the frrstcalving interval is longest, the intercalving intervals

over the n.ext 3 or 4 calvings are shortest and as the animal ages (over 8 years

old), the intercalving interval again increases (Koger et al.., 1962; Buck eta,!.. ,

1976; Mackinnonet ai., 1989; Ray et al.. , 1989; O'Rourke et al.. , 1991a,b). In

their study of 2299 pregnancy records of Brahman cross and Sahiwal cross

.... "" .............4,"''''1' in northern Australia (latitude 200S) Holroyd etal.. (1990b) reported

the following range in pregnancy rates between cowage groups and years;

maidens 2'9% and 86%; frrst calf lactating cows 8% and 71% and mature

lactating cows, .and 91 %.. Thus, the age of a cow can have a significant

bearing on her calving rate but unlike temperate region.s in the tropics, the

variation between the different ages of dam can be extreme.

1..3.5 Previous lactational status

,Growth

In temperate regions, reproductive rate is so high that the small number

of cows that remains non...pregnantat the end of the breeding season is usually

culled, this being a standard recommendation for the industry (e"g.. BIF, 1981;

NBRSRecording Manual, 1982). However, if the non-pregnant cows are not

culled but retain,ed in the breeding herd, the effects of their non-lactational

status on the productivity of their next parity are usually not considered.. Of

the relatively few reports that have been concerned with the effects of the

previous lactation status (see Maurer and Echternkamp, 1985, for references)
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Fertility

In relatively stressful environments, whether a cow goes into the

...... """"'"".... AII;;;. season with a calf at foot can also b,e determined by her lactational

status at the previous breeding season.. The effects of the previous lactational

status are generally seen as b,eing more important than the age of the cow..

"","""","",,"",U..I'-'I."''''''''-''' to non-lactating cows, the calving rate of lactating cows is reduced

of 20% (Preston and Willis, 1974). The importance of

lactationalanoestr'Us in the sub-tropics of Florida (latitude 20°N) is indicated

by a from Koger et al.. (1962, p .. 17) ttage of cow exerted an effect on

peIformance second in magnitude only to lactatio'nal status".

Other studies from Florida and other locations in the tropics confrrm the

significance of the effect of previous lactation on pregnancy status or weaning

rate (Bucket aI., 1976; Franke, 1980; Holroyd, 1985;. Frisch et al., 1987;

A.1'.""',W411o,4"'''' .... '''''II .. et 1989; Voh andOtchere, 1989; O'Rourke et al., 1991a; Davis

et

1.3..6, Sex of calf

Growth

Th,eof sex on growth of calves is well documente,d and is an

1li'l""l""li"l"'\,I"."""""4I"" WV.li<iIoV' ... " ..V ... 'i04W. ...' ''. for genetic evaluation models. It is generallyaccepred

that in both temperate and tropical environments, male calves are born later

(Jefferyet aL, 1971; Fran,ke et al., 1973; Preston and Willis, 1974; Barlow and

1978) heavi,er (Bairet al., 1972; Barlow and O'Neill, 1978; Pell and

1978; B,urrowetal., 1991; Ahunu et aI.. , 1993) and growth at a faster

rate than fe'males (Jeffery et al., 1971; Barlow and O'Neill, 1978; Winro:th,

Burrow etal., 1991; Fordyce et al., 1993a).

Fertility

In general, the effect of sex of calf on the fertility of their dams is

considered of no consequence.. The few studies that have tested for the effect

have found it to be non-significant (Warnick et al.. , 1967; Aaron and Thrift,

19'90, Aaronet a/., 1990).
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1.3.7 Genotype

Growth and Fertility

A major contributing factor to the different levels of productivity in the

various geographical regions is the genotype used in those regions. Bos taurus

breeds evolved in temperate regions and are utilised in Europe and the

temperate environments of North America and Oceania. The Bas indicus

d:erived breeds, although occasionally used in the benign temperate regions.,

predominate in the tropics, the region in which they evolved.

The level of productivity attained in a region has been shown to be

dependent upon a combination of genetic potential for production and

resistance toenvrronmental stress (Frisch and Vercoe, 1982). In temperate

environments, where environmental stresses are relatively low, productivity

depends mainly on g,enetic potential for growth (e.g.. metabolic rate), and

fertility at pub,erty). Bos taurus are more productive than Bos indicus

in environments because of their higher production potential..

Conversely, the realisable productivity in the more environmentally stressful

tropics not only upon the production potential of the gen'otype, but

also the genotype's resistance to the environmental stress,es of the region (e.g..

high ambient temperatures). Hence Bosindicus breeds, because of their

relatively high levels of resistance to the environmental stress ,of the tropics,

are more p-roductive than 8,0$ taurus breeds in these environments..

1.4 Interactions

Mo,dels of growth and fertility are complicated by interactions that can

arise between these fixed effects.. In the tropics such interactions are important

because the different levels of the fixed effect differ in their sensitivity to the

variations in the environment

1.4.1 Interaction between the maternal and physic.al environments

Growth

In the limited number of studies that have specifically looked at the
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interaction between maternal effect and environments for growth rate of calves,

the interaction was found to be significant. Important differences were found

in different environments when either age of dam or previous lactational status

was considered (Koger et al., 1962; Harwin et al., 1966; Seebeck, 1973; Bailey

and Koh, 1974; Pell and Thayne, 1978; Seifert et ai., 1980; Frisch et al., 1987;

ltulya et al., 1987). How quickly younger cow achieved maximum production,

and at what age older cows were able to maintain maximum levels of

production, generally depend upon the environment under which the cows were

grazed. In experiments where good and poor nutritional environments were

used (e.g. Bailey and Koh~ 1974) or years were categorised as either good or

poor (e.g. ltulya et al., 1987), both younger and older cows were relatively

more disadvantaged in the poor environments, or poor years. Presumably,

reasons for this are that younger cows are more handicapped in the less

optimal environment, because they require energy for their own growth as well

as lactation, while aged cows are more susceptible to the ageing process.

1.4.2 Interaction between genotype and the physical environment

Time of calving

The time of calving of cows in tropical environments is related to

genotype. A number of studies have found that the calf date of birth was later

for Brahman-sired calves than for calves sired by Bos taurus bulls (Reynolds

et al., 1979; Williams et al., 1990). Similarly, cows of lower Brahman content

have been shown to have earlier calving dates than cows of higher Brahman

content (Madalena and Hinojosa, 1967; Holroyd et al., 1990a). The

differences in time of calving has been attributed to high grade Brahmans

conceiving later in the breeding season and having a longer gestation period

compared to cows of low Brahman content (see Preston and Willis, 1974 and

Galina and Arthur, 1989b,c).

Growth and Fertility

The interaction between genotype and environment has been reported

extensively for both growth and fertility (Barlow and O'Neill, 1978;
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Setshwaelo, 1990; McCarter et.al., 1991c; Brown et aI., 1993a,b; Morris et al.,

1993; Chenoweth, 1994). In a study by Bolton et al. (1987a) at Oklahoma

(latitude 35°N), three genotypes of dams were used (0, 1;4 and ~ Brahman

content) and the interaction between the proportion of Brahman and season of

birth was found to be significant for weaning weight but not for birth weight.

The interaction arose because it was mainly in the spring-born calves that the

preweaning daily weight gain and weaning weight increased as the proportion

of Brahman increased. Spring-born calves were raised in summer (minimum

and maximum temperature ·of 17 to 36°C) while autumn-born calves were

raised in the winter (minimum and maximum temperatures of -6 to 13°C) and

thus it appears that the heterotic advantage from theBos indicus seen in the

wanner environment, was not realise,d in winter because of this genotype's

poor adaptation to cold environments..

The interaction between genotype and environment also provides an

explanation of heterosis for growth and fertility in tropicaienvironments.

When compared to Bas indicus breeds, the Bas taurus breeds possess

high genetic potential for both growth, as measured by feed intake

and fasting metabolism (Frisch and Vercoe, 19'77,1982), and fertility, as

1""r1.""'·~\:."'lr ...n by crop, (Frisch et a.l .. , 1987).. On the other hand, Bos indicus

_.............__. represented by Brahman (Indian Bos indicus) , possess high genetic

potential for both heat ,and parasite resistance (Frisch and Vercoe, 1984), and

their low maintenance requirement (Frisch and Vercoe, 1982) acts as a survival

mechanism during times of limited nutrition (Frisch, 1972,1973). The

combination of the qualities of the two genotypes explains the heter,osis that

isobsexved theFI Bos indicllS x Bas taurus in a stressful tropical

environment (Frisch~ 1987,1992)..

The interaction between genotype and environment has implications for

the within-breed genetic evaluation as the interaction adds to the complexity

of estimating genetic change. As suggested by King and Smith (1984), if the

interaction is appreciable the evaluation may need to be undertaken in a variety
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of environments.

1..4.3 Interaction between genotype and maternal environment

Growth

A large bod,y of evidence indicates that researchers undertaking genetic

evaluation of growth should consider the interaction between genotype and

matemalenvironment in their models. Franke and Oviedo (1992) note that age

dam adjustments have been studied much more extensively in purebreds

than in crossbreds.. These authors also note that variation in the adjustments

involving crossbreds was primarily due to the proportion of Brahman in the

dam. Other studies have indicated that the effects of age of darn on birth and

weaning weight are less in Brahman and/or Brahman crossbred dams than in

British dams (Seifert, 1975; Brown et al., 1993a, b). In a study of Brangus

cattle, Cravey and Tunler (1990), found that the effects of age of dam on

... ~",,,.,.,y.,,~~ .. ,,;. females closely paralleled results for Brahman rather than the British

Th'e Bran,gus females produced better calves at younger ages and have

an l,ongevity when compared to females of British breeds.

1.4.4 Jnteractionbetween genotypes, sex of calf and environment

Growth

ltulya et aJ. (1987) argue that not only should the age of dam correction

factors be specific for the environment under which the dams nurse their

but also, for sex of calf. Their study of the growth rates of Hereford

calves on rangelan,d at Arizona, along with numero:usoth'er reports (e.g.

Pahnishet ,al., 1964; Cundiff et al., 1966; Harwin et al., 1966) have shown

th,at males are more affected than females in poor versus good environments.

Itulya et al. (1987) have found that the range in age of dam correction factors

for weaning weight of males was 12.3 kg during the good years and 21.9 kg

during the poor years. Comparable values for heifer calves were 6.5 and 10.8

kg respectively.. Young and old dams provide a less optimal maternal

environment than dams between 5 and 10 years of age. As males have been

shown to be more sensitive than females to an unfavourable environment,
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males are more adversely affected by the less favourable maternal environment

of young and older dams (Harwin et al., 1966; Bovard and Weinland, 1973;

Burrow et at., 1991; Fordyce et al., 1993a; Brown et al., 1993a,b).. It also

follows, males of the genotype that is less resistant to environmental stress,

will be more affected than males of the more resistant genotype (Seifert et al.,

1'974; Frisch, 1981; Franke and Oviedo, 1992).

Pahnishet ale (1964) contend that males may be more sensitive to

alterations in theenvironm,ent because they are larger than females and need

more nutrients to fully express their growth potential. However, the male sex

hormone testosterone,. or conversely the female sex honnone oestrogen) may

play an important role in the interaction b·etween environment and sex (Frisch

and Hunter, 1990,a,b). This is because females have been shown to be more

resistant than males to, theecto- and endo- parasites of the tropics (see Frisch,

1981). The significance of the relationship between nutrition, parasite

resistanc,e and sex honnone has yet to be fully investigated. Nevertheless, for

regions that are characterised b,y relatively high environmental stress both age

of dam and sex of calf correction factors should be specific, not only for the

genotype, but also for the region.

1.5 Co:variates

C;ovariates (independent variables) are incorporated into models so that

thos:e variables that describe a cause-and-effect relationship with the dependent

variables c,an be identifie·d..

1.5.1 Calf day of birth

Growth

Beef systems that employ a restricted breeding and calving season

endeavolur to manage the peak in the number of calvings to coincide with the

optimum nlltritionalenvironmentof the region. As pointed out by Elings et

al. (1971), a substantial spread of the calving period will necessarily include

periods when the environmental conditions are less than optimal. Hence,
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adjusting calf growth rates for time of birth has long been considered an

important correction in the analysis of the growth perfonnance of calves

(Nelms and Bogart, 1956).

Not all researchers who have investigated the factors affecting growth

rates of calves consider time of birth in their statistical models as either a main

effect or covariate (e.g. Vesely and Robinson, 1972; Francois et al., 1973;

Notter et al., 1978; Brown et aI., 1993a,b). Presumably, these researchers

regarded time of birth to be unaffected by environmental conditions.

However, the great majority of studies do consider time of birth in

models of calf growth perfonnance. Of these studies, a small number have

found time of birth to be significant for birth weight but non-significant for

weaning weight (Seifert, 1975). In other studies, time of birth was significant

for both birth weight and weaning weight but differences were not apparent by

8 months of age (Neville, 1962) or by 553 days of age (Rudder etal., 1975).

Fordyce et al. (1993b) and Lapworth et aL (1976) found time of birth to still

be significant at 730 days and 890 days respectively. There is considerable

variation in the effects of the calving season in these studies.

In general, time of birth was found to be a significant component in the

growth rates of calves. This was regardless of whether season of birth (Iloeje,

1986; Taylor et al., 1991; Tawah et al., 1993), month of birth (Cundiff etal.,

1966; Gomez et al.., 1972; Mwandotto et aI., 1988), or day of birth (Rudder

et al., 1975; Barlow and O'Neill, 1978; Frisch and Vercoe, 1984; Hetzel et al.,

1990; Robinson, 1990) was used as the variable to describe time of calving.

Furthennore, the effect of time of calving on growth rate of calves was not

consistent with some studies showing early born calves to be advantaged over

late born claves, (Lesmeister et al., 1973; Seifert et aI., 1974; Keller and

Brinks, 1978) while in other studies the converse was true (Jeffrey et al., 1971;

Neville et al., 1974; Rudder et al., 1975; Newman and Deland, 1991; Fordyce

et al., 1993a,b). These studies suggest that in the analysis of any dataset, from
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either temperate or tropical regions, time of birth must be included in the

models used to describe growth.

1.5.2 Time of calving for heifers

Fertility

Cows that calve late in the calving season generally have lower

reproductive rates and produce less kilograms of calf than cows that calve

early in the season. However, this relationship is not always consistent and

this inconsistency is usually linked to the different environments. Reviews by

Galina and Arthur (1989a), Martin et ale (1992), Patterson et ale (1992) and

Schillo et ale (1992) indicate that there is an array of environmental and

genetic variables interacting with heifer reproductive physiology and

subsequent time of calving of those heifers.

In the production systems in temperate environments, one of the aims

of the majority of cattle management strategies is for replacements heifers to

conceive at 14 to 16 months of age and calve at 2 years of age. In order for

heifers to conceive at this age they should undergo two or three oestrous

cycles prior to the commencement of the breeding season, as the conception

rate from the first oestrous is lower than from subsequent oestrous cycles

(Byerley et al., 1987). Ideally replacements heifers need to have attained

puberty by 12 months of age, but, a high variation in the onset of puberty in

heifers produces a correspondingly high variation in the time of calving.

Numerous studies have demonstrated that a heifer calving late in the calving

season would continue to calve late in subsequent seasons (Burris and Priode,

1958; Smith et al., 1989; Osora and Wright, 1992), and be associated with

lower reproductive rates and/or lower calf weaning weights (Roberts et al.,

1970; Lesmeister et al., 1973; Olsen et al., 1993).

Unlike in temperate regions, in tropical regions where the level of stress

is such that heifers are managed to calve fITst as 3 year oIds, the issue of age

at puberty in heifers is of less importance because the majority of heifers have
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usually attained puberty before the start of the breeding season (D"Occhio et

ai., 1992). In temperate regions, heifers calving flISt as2 year aIds tend to

calve in the middle of the calving season (Nelms and Bogard, 1956), whereas

in the tropics, heifers calving as 3 year aIds calve early in the calving season

(Frisch, 1973; Davis et ai., 1993). Thus, there is very little resemblance

between the time of calving for heifers in temperate versus tropical

environments and datasets for the genetic evaluation of heifer fertility would

be incompatible between the two environments.

1.5.3 Time of calving for cows

Fertility

In production systems in which. a fixed breeding season is employed,

a critical issue for the productivity of lactating cows is the cow's ability to

rebreed. The relationship between resumption of oestrus and time of calving

i~ not consistent and a major influence on this relationship is the environment.

In temperate environments, the majority of studies have found that later

calving cows have shorter postpartum intervals (Morris, 1980; Montgomery et

at., 1980; Osoro and Wright, 1992). Montgomery et al., (1985), using Angus

cows in New Zealand (latitude 45°S), found that even when cows were fed a

constant high level of nutrition, the postpartum anoestrus inteIVal was longer

in early calving cows (67 days) than in late calving cows (57 days). Olsen et

ala (1993) obtained similar results for Angus and Beefmaster cows at Utah

(latitude 40°N). On the other hand, in tropical environments, numerous studies

have found that late calving cows have lower reproductive rates than early

calving cows (Buck et al., 1976; Holroyd, 1985; Rudder et al., 1985; Frisch

et al., 1987; O'Rourke et al., 1991a,b,1992). Clearly the factors affecting the

time of calving are different in cows in the two environments.

Unlike in temperate regions, in tropical and semi-arid regions a

substantial proportion of the breeding animals consist of non-lactating cows.

These non-lactating cows contribute significantly to the early calving rate of

the herd. In their 5 year study of female reproductive rates in northern
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Australia (latitude 13°S), O'Rourke et al., (1991a) found that non-lactating

cows had very high conception rates (93 to 97%) with 89% of conceptions

occurring during the flISt two months of the calving season. Nevilleet al.

(1987) showed that non-lactating cows calved, on average 17 days before

lactating cows, while in the study by Hetzel et at. (1989) and Rayet al. (1989)

the average difference was 19 and 11 days, respectively.. As with time of

calving for heifers, the time of calving for cows is vastly different between

temperate and tropical environments.

1.5.4 Indices for fertility

Pro,duction systems in tropical environments, unlike those in temperate

environments, are characterised by pastures that are subjected to distinct wet

and dry seasons. During the wet season, pasture resembles that in a temp,erate

environmentan:d is actively growing, nutritious and highly p,alatable and the

cattle gain in weight.. However, during the dry season both the nutritive value

and digestibility of the p,asturedeteriorateand, cattle may become

undemourishe,dand may lose w,eight (Hunter and Buck, 1992). The extensive

periods of undernutrition will have a detrimental effect of puberty in heifers

an,dboth tile milk produ,ction and resumption of oestrus in lactating cows (see

reviews by L,ammond, 1970; Topps, 1977; Entwistle, 1983; Galina and Arthur,

198'9a,b,c).. As in temperate environments, in tropical environments the cow's

livew·eight, chan,ge in weight and condition scores are useful indices of the

relationship between undernutrition and fertility (Richardsonet al.., 1975;. Buck

etal*, 1976;, Couchman, 1983; Rudder et.al., 1985; Frischet al., 1987;

Mackinnonet al., 1989; Fordyceet ,al., 1990; Holroyd et al., 1990a;

MacGregor and SwanepoeI, 1992).

The seasonality of pastures in the tropics and subtropics can also result

in malnutrition ,of cattle, where malnutrition is defined as the intake of an

inadequatediet In these environments, problems with undernutrition (low

intaI(e of energy and protein) are exacerbated by the pasture being ,deficient in

minerals (e.g. phosphorus, sodium and sulphur), trace elements (e.g. copper
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and cobalt) and vitamins (e.g. B-carotene, which is the animals natural source

of Vitamin A). The influence of minerals and vitamins on fertility of cattle

has b,eenwell reviewed and discussed by Hurley and Doane (1989), Swanson

(1989) and Hunter and Buck (1992). Thus, in the tropics, critical limits of

minerals and vitamins can be a significant contribution to the environmental

variation in fertility.

1.5.5 Indices for heifer fertility

Just as there is a minimum age at which heifers attain puberty there is

also a minimum body weight and prepubertal gain in weight A heifer's b'ody

weight has long been considered a major factor affecting age at puberty (see

review by Joubert, 19;63), and is considered more important than age (Arije

and Wiltbank, 1971). Age at puberty has also been shown to be influenced by

prepubertal gain in weight (Arije and Wiltbank, 1971; Short and Bellows,

1971; Laster et al., 1972).

In regions where environmental stress is relatively high,. low post

weaning growth rates dictate that the target weights desired for the production

system are not met until the heifers are 2 years of age (Lammond, 1970;

Goddardet at., 1980; Entwistle, 1983; MacGregor andSwanepoel, 1992). In

northern Australia (latitude 2ooS), an estimated target mating weight forBos

indicus heifers of 24 to 27 months of age is usually between 280 and 32,0 kg

to achieve an 85% pregnancy rate (Holroyd, 1985). However, because the

relationship between a heifer's liveweight and fertility is complicated by

interactions between gen,otype, age, change in body weight, body condition (fat

reserves), and the quantity and quality of available nutrition, it is very ,difficult

to make accurate recommendations for a target weight for heifers in stressful

environments.

Bronson and Rissman (1986) note that little is known about partitioning

of nutrients between reproductive and non-reproductive requirements for

heifers. If heifers are overfed (andover fat) because of an overabundance of
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pasture and/or the overuse of supplementary feeding, there is a detrimental

effect on puberty, reduced conception rates at fIrst breeding, high embryonic

mortality and a decreased mammary gland development with a consequence

of lower milk production (see Patterson et al., 1992 for review). Hence, Greer

etal. (1983) and Patterson et al.. (1992) both concluded that age at puberty is

not determined by w,eight per se, but rather by an undetermined array of

physiological conditions that also result in a given body weight for normal

growth.

1.5.6 Indices for cow fertility

Whether or .oot a lactating cow resumes oestrous activity after calving

dep,ends upon both the quality and availability of feed. Resumption of oestrus

also depends upon the female' sgenetic capacity to partition her dietary intake

between the conflicting demands for reproduction and lactation.. A special case

is the dietary intalC'eof a young cow with her fIrst or second calf at foot The

dietary intake of this female must not only meet demands far her continued

growth and resumption of oestrus but also her lactation* If the available

nutrients are partitioned towards meeting the demands of lactation, and away

from reproductive functions, the return to; oestrus is delayed. In these females,

the interrelationship between nutrition, lactation and the duration of postpartum

anoestrus, has been shown to be principally associated with the intake of

energy rather than the intake of protein (see reviews by Hanzen, 1986; Butler

and Smith, 198;9; Randel, 1990; Hansen, 1991).

Although the dairy and beef production systems have little in c,ommon,

lactational ,anoestrus can occur in cows from both systems. Henc,e, the

relationship between the cows energy status and her resumption of ovarian

activity is common to both dairy and beef cows. The most important stage of

lactation is the period from calving to peak lactation, which generally occurs

at between 3 and 6 weeks after calving (Cobbey and LeOu, 1978).. During

this stage of lactation the demand for energy is highest. A dairy cow

producing 35kg of milk daily, requires three times more energy for milk
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production than for body maintenance (Butler and Smith, 1989). If her total

demand for energy cannot be met by dietary intake, then there must be a

mobilisation of her bodily reserves of energy. The resultant negative energy

balance and the rate of mobilisation of body reserves, appear to directly affect

the postpartum interval and to lower conception rate (Butler and Smith, 1989;

Hansen, 1991).

In other studies where the environmental stress was low, there was not

always a relationship between postpartum energy balance and ovarian activity

(Stricker et at., 1979; Carroll et at., 1990; Harrison et al., 1990) suggesting

that other factors can obscure or override effects of energy balance. These

other factors could be the intake of vitamins and minerals, some of which are

known to influence reproduction in the cow (Hurley and Doane, 1989;

Swanson, 1989).

The adverse effect ofundemutritionon the fertility of lactating cows

is more pronounce,d in herds in tropical and sub-tropical regions than in herds

in temperate regions.. In northern Australia, the effects of lactation are such

that lactating cows have lower pregnancy rates than non-lactating cows (e.g..

Frischetal~, 1987; Andersonetal.. , 1988; Mackinnon etal., 1989; O'Rourke

et al., 1991a,b), whereas in southern Australiaan.dother temperate

environments, where undernutrition is rarely a problem, lactating cows can

have higherpre.gnancy rates than non-lactating cows (Young 1968; Reynolds

etal., 1979,1986). Numerous studies in relatively stressful environments such

as n·orthern Australia, conclude that the anoestrous period in lactating cows is

primarily a reflectio'nof the interaction between nutrition and lactational status

(see reviews by E,ntwistle, 1983; Galina and Arthur, 1989b,c).. Presumably the

suckling stimulus (Wettemannet al., 1978; Williams et al., 1982) and maternal

bonding (MacMillan, 1983; Eduvie and Dawuda, 1986) are common to

lactating cows of both low and high stress environments, and the difference

between the two environments is the extra nutritional demands of lactation on

body reserves where the dietary intake is reduced.
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have higherpre.gnancy rates than non-lactating cows (Young 1968; Reynolds

etal., 1979,1986). Numerous studies in relatively stressful environments such

as n·orthern Australia, conclude that the anoestrous period in lactating cows is
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For lactating cows in temperate and in tropical environments, their

liveweight, their change in weight during the breeding season and their

condition score are useful indices of their capacity to rebreed whilst lactating

(see review by Randel, 1990). In general, when liveweight, weight gain and

condition score are increased, the reproductive rates of lactating cows are also

increased (Richardson et al., 1976; Buck et ai., 1976; Goddard et al., 1980;

Richards et ai., 1986; Frisch et al., 1987; Entwistle, 1989; Mackinnon et al.,

1989; MacGregor and Swanepeol, 1992).

Although the postPartum change in body weight and condition score

have been shown to be related to postpartum anoestrus, work by Richardson

et ale (1975) and Steenkamp et ale (1975) have shown that the best indicator

of a cow's ability to rebreed is her liveweight at the start of the breeding

season. Cows whose liveweight is well above their target weight are able to

lose a substantial degree of weight and condition and yet still rebreed

successfully. On the other hand, very thin cows would still not reach their

target for rebreeding even if they were to gain a small degree of body weight

and condition during the postpartum period. Entwistle (1983) places the three

indices in context by noting that both liveweight and condition score are

indicators of a cow's long-tenn nutritional status whereas the change in body

weight during the postpartum period is a reflection of her short-tenn nutritional

status. Hence, in tropical environments, all three indices should be considered

in models of genetic evaluation of fertility.

In spite of both interactions and covariates being extensively reported

in the literature, the methodology by which these components are incorporated

into a national genetic evaluation program has yet to be developed. Notter

(1991) makes the point that the accommodation of the interactions between

genotype and environment has been made difficult because of the lack of

unambiguous definitions of both genotype and environmental factors. Indeed,

clearly defined definitions of all factors affecting growth and fertility will be

required before interactions and covariates can be quantified for genetic
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evaluation models that are suitable for a tr?pical environment.

1.6 Aims of study

A large number of studies have identified the major factors that effect

productivity of beef cattle in both temperate and tropical environments. Only

some of the factors identified in temperate environments are important in

tropical environments whereas , a number of factors are unique to the tropics.

Genetic prediction models that are to be used in tropical environments should

only incorporate factors that are pertinent to tropical environments. Few

studies have analysed the components of models of both growth and fertility

(i.e. management groups, fIXed effects, interactions and covariates) for both

Bos taurus and Bos indicus cattle in a tropical environment. High variability

between years is synonymous with dry tropical environments yet few published

studies have categorised this variability into good and poor environmental

conditions..

The present study aimed to identify the significant non-genetic

components of variation of the growth of calves and the pregnancy rates of

heifers and cows from both Bas taurus and Bos indicus genotypes in a dry

tropical environment. The study investigated appropriate dependent variables,

fixed effects, interactions and covariates that could be used to describe models

of growth and fertility in this environment. The contribution of additive

genetic variation (random effects) was not considered as this was beyond the

scope of this study where the primary aim was to estimate the importance of

the various non-genetic components that describe growth and fertility. The

non-inclusion of additive genetic effects was unlikely to have greatly biased

the major conclusions of this study because of the large random sample of

sires used in the study.. Further, only a single management group was used in

this study as data from other management groups was incomplete. As

observed by ltulya et al. (1987) and Baker et al. (1991) the influence of

different management groups (or production systems) on genetic parameters

and therefore genetic improvement programs remains to be evaluated. Hence,
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animals that had been treated differently from the general herd (e.g.. mating

heifers as yearlings, control of parasties) were removed from the datasets so

as to avoid the need to consider different management groups in the analysis.

The study will, however, investigate the sensitivity of the different genotypes

and fixed effects to changes in environmental conditions.. The value of the

significant components of variation and their sensitivity to changes in

environmental conditions is discussed in relation to appropriate models of

genetic evaluation that can be used in the genetic improvement of on-farm

productivity in northern Australia.
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CHAPTER 2

l\1ATERIALS AND l\1ETHODS

2.1 The production environment and genotypes

2.1.1 Environmental conditions

The data were collected from 1974 to 1990 at the CSIRO Nadonal

Cattle Breeding Station, "Belmonf', which is a 3650 ha property located. 26 Ian

north of Rockhampton, Q~eensland,. Australia (latitude 23° S, longitude 1500

E).

Both native and improved pasture species grow on "Belmont". About

one third of the property is subject to flooding by the Fitzroy River and this

area is grassed with native grass species such as common couch (Cynodon

dactylon) , water couch (Paspalum distichum) and improved pasture species

including the grasses., green panic (Panicum maximum var. trichoglume) and

buffel (Cenchrus ciliaris) and the legume, seca stylo (Stylosanthes scabra).

Improved pastures have been fertilised with superphosphate to maintain the

soil P level between 15 and 20 ppm.

The climate is dry tropical with a summer wet season of variable

duration and low reliability. The variation in rainfall between years can be as

great as the rainfall variation within a year. The rainfall for 1982 (343 mm)

was well below the average for "Belmont" (820 mm) and the property was in

drought during the summer of 1982/83 (118 rom) (Anon, 1983). This extended

period of low rainfall was followed in 1983 by a flood in March and an

autumn rainfall of 696 rom. The mean daily minimum and maximum

temperatures for summer and winter are 22°C and 32°C (January) and 11°C

and 23°C (July) respectively (Anon, 1976). The mean daily relative humidity

is in the range of 63 to 69% (Anon, 1976).
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The effects of climate variability on the productivity of cattle on

ItBelmonttl are accentuated by periodic infestations of internal and external

parasites., disease and noxious shrubs. The main parasites are cattle ticks,

(Boophilus microplus), buffalo flies, (Haemat()bia irratins exigua) and

gastrointestinal helminth species, (Haemonchus, Oesophagostomum and

Cooperia) (Frisch and Verce>e, 1984; Bean et al., 1987; Mackinnon et al.,

1991). Both the bacterial eye disease, Bovine Infectious Kerotoconjunctivitis

(BlK.) (Frisch, 1975) and the viral disease Bovine Ephemeral Fever,

periodically cause loss in productivity. Ingestion of the noxious shrub,

Lantana camara can also cause loss of productivity and/or death (Frisch et al.,

1984).

2.1.2 The genotypes

In the early 1950's, CSIRO established various beef cattle genotypes

on "Belmonttt to study the performance of these genotypes in a tropical

environment. At that time Herefords and Shorthorns were purchased from

industry herds, crossed and then interbred to produce the HS, a line

representing the Bas taurus. In 1966, a selected line, the ass, was established

from bulls selected for high post-weaning weight gain to 24 months.

Approximately half of the line remained a randomly selected control line

(HSR). The HSS was not closed until the late 1970's wh.en breeding animals

ceased to be transfered from the HSR. The number of cows of breeding age

in the HSS line averaged about 120 animals per year.

In 1953 four Brahman bulls were imported from the USA and crossed

with Hereford and Shorthorn cows. The Brahman x Hereford and Brahman

x Shorthorn were crossed reciprocally to fonn the Brahman cross (EX) line.

After 1959 the BX line was closed and interbred. Between 1974 and 1990

cow numbers were maintained at about 160 animals per year.

The imported Brahman bulls were also used to provide the foundation

of the ttBelmont't Brahman line, a line representing the Bos indieus. Prior to
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1970 the Brahman line was kept at 24 breeding cows and managed separately

from the general herd. During the 1970's the Brahmans were maintained at

about 45 breeders and the line was closed apart from the use of 2 industry

purebred bulls and inclusion of backcross calves born to F1 Brahman x Bos

taurus cows. The process of including ~ breed cows to produce 3/4 backcross

progeny continued unti.l1974. From 1980 onwards the breeder numbers were

increased in the following years with the purchase from several commercial

and stud herds of registered and unregistered cows of botll high and low grade

cows: 1980 (70 heifers), 1983 (27 heifers), 1984 (30 heifers), 1985 (30 cows

and heifers) and 1990 (16 cows and heifers). By the 1990 mating season there

were 200 Brahman breeders on "Belmont" consisting of both high and low

grade Brahman content.

2.1.3 Herd management

Adults

The females of all lines were grazed as a single herd apart from a fIXed

mating period., usually beginning in the fIrst week of December. Prior to 1981

the duration of the fued mating season was 7 weeks but from 1981 onwards

the season was 10 weeks. At the commencement of the mating season each

line was divided. into families of about 30 cows with one 27 month old, virgin

bull. There were usually 4 to 6 families in each line, but in some years as

many as 10 families were utilised to accommodate crossbreeding programs.

After 1980 at least one bull from the previous year's mating was also used.

Pregnancy status was diagnosed by rectal palpation at about 10 weeks after the

mating season had concluded. From 1983 there were routine vaccinations of

all maiden heifers and mating bulls against vibriosis and leptospirosis.

Calves

In addition to the straight bred calves produced during the study period,

fIrst cross (F1) calves were produced in the following years: 1975-1977 EX

were crossed with Africander x Hereford-Shorthorn (HS), 1983·84 reciprocal

crosses between HS and Brahman" 1986 Brahman crossed with Charolais and

1990 :Brahman crossed with either HSor Charolais.
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The frrst calf born each year was allocated a day of birth of zero.

Calves born after this date were allocated a sequential day of birth number.

The calving season usually began in September and lasted about 90 days. All

calves were reared with their mothers in a single herd except during the mating

season.

During the 1970's, pre-weaning experimental treatments (parasite

control) involved approximately one third of the HS and BX calf crops. All

calves were branded and vaccinated (Hardjo-Pomona and 5-in-l) in February

and weaning in April or May.

In 1981 the calf year identification system was altered from the year

of calving to the year of branding. Therefore the calves born in 1981 were

numbered as the 1982 calf crop..

2.2 Genetic selection procedures

2.2.1 Bull selection

During the 1970's the bulls used for breeding were initially selected at

weaning for high weight per age and high tick resistance. A final selection

was made on their 18 month weight per age. The 1980 and 1982 HS and BX

calf crops were divergently selected for high and low weaning weight per age

(Burrow et al., 1991). Selection of males in these years usually resulted in

less than 50% of the male calf crop being weighed as yearlings because all

culled bull calves were castrated and sold. From 1979 onwards the bulls used

for breeding were nonnally selected for high 18 month weight per age.

However, in the following calf crops this selection criterion was modified to

fit experimental protocols; 1979, 1983 and 1986 calf crops were selected in an

environment where parasites were either controlled (dipping and drenching

every 21 days) or not controlled (Frisch and O'Neill, unpublished data). In

1984, 1985 and 1986 the Brahmans were selected for high and for low feed

intake (Mackinnon unpublished data). Apart from one HS male, all 1985 HS

and BX males were castrated (Frisch and Hunter, 1990a). After 1986 there
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was increased selection pressure for high tick resistance in the HS. The

various bull selection protocols were considered to be of no consequence for

the analysis of fixed effects of both growth and fertility.

2.2.2 Cow-culling criteria

All heifers in almost all years were joined at about 26 months of age

to calve at 3 years of age. In 1976 and 1977 all heifers were jointed as

yearlings and in 1981 some of the purchased Brahman heifers were also joined
",

as yearlings. From 1974 to 1984 the only selection of females in all lines was

minimal culling for low fertility (a second consecutive non-pregnant result),

cowage (10 years) and gross abnonnalities (e.g. severe udder defects) or

injury. After 1986, HS cows that were highly susceptible to BIK and/or cattle

tick were usually cull.ecL

While the criteria for Brahman females remained unchanged throughout

the study period the culling criteria for HS and BX were modified. In the

years immediately following the 1982/83 drought the number of breeding cows

in the HS and BX lines was reduced to 90 and 100 animals respectively.

Initially this was achieved by culling cows that were empty at pregnancy

diagnosis.. This was again modified in 1986 to retairi those non-pregnant cows

of high age-adjusted weight at 18 months whose progeny were also of high

age-adjusted weight at 18 months. Non-pregnant HS cows were also retained

if both the cow and her progeny demonstrated high levels of stress resistance,

particularly BIK and tick resistance. During these years the percentage of non

pregnant HS and BX cows retained was not more than 5% of the total number

of cows in the lines. By 1990, the numbers of breeding cows in the HS and

BX lines were 115 and 110 respectively.

The cow-culling procedures in the HS, in the fmal 5 years of the

dataset were aimed at increasing the level of resistance in this genotype to

tropical stress without adversely affecting their fertility. By 1990, the HS was

no longer regarded as a line representing the European Bos taurus but rather
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a tropically adapted Bos taurus (Frisch and O'Neill~ unpublished data). As

with the protocols for the selection of mating bulls, the various c~w-culling

procedures were considered. to be of no consequence for the fixed effect

analysis of both growth and fertility.

2.3 The datasets

Two d.atasets, one for growth performance of calf crops and the other

for female fertility, were generated from the "Belmont" database utilising data

from the HS, BX and Brahman lines.

2.3.1 Growth

The dataset contained records from 3414 calves from the HS, BX and

Brahman lines., born from 1974 to 1990. Each record consisted of: year of

birth (or, after 1981, year of branding), genotype, sex, calf day of birth, live

weights at birth., weaning, yearling and a final weighing at about 18 months

of age~ and the age (days) of calf at weaning, yearling and the final weighing.

Pedigree information for each calf included sire and dam number and the

dam's age and previous lactational status (maiden~ lactating, non-lactating and

non-lactating due to loss of calf) ..

The following additional variables were incorporated into the Brahrnan

line; Brahman content of calf and source ("Belmont" or industry) of sire and

dam. Brahman calves born on "Belmont" ranged in grade from 5/8th Brahman

content to purebred (63/64th). Calves equal to or below 5/8th content were

removed from the dataset.

A record was also removed from the dataset if the calf was born

outside the nonnal calving season, from embryo transfer, a twin,. orphaned or

castrated. Records of calves treated for parasites or given hormonal growth

promotants were removed.. If an animal had been affected by either Lantana

poisoning or Bovine Ephemeral Fever, all subsequent weights were removed.
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The female calf crop was present for all weighings in all years. The

complete male calf crop was present for birth and weaning weigh~ only. In

1979, 1983, 1984 and 1986 onwards the completed male calf crop was also

present for the yearling and fmal weighing. For the remaining years, the males

left entire were retained in the dataset but all castrated males were removed

before the yearling and final weighings. The absence of the complete male

calf crop in these years resulted in a variation in the number of calves between

years.

The growth dataset did not include a potential source of variation

brought about by families in different locations during the 7 or 10 week

mating period. Fitting mating families as a main effect of weaning weight

would have produced results difficult to interpret because of the small number

ofobservatio.ns per family in most years. In addition there was always

complete confounding between breed and paddock.

2.3.2 Fertility

Reproductiv·e data from the HS, BX and Brahman lines from 1974 to

1990 were extracted from the "BelmontU Database to make up a 8130 record

dataset.. A record on each female of breeding age consisted of the following

information; genotype, cow day of birth, mating family, live weights at the

start and end of the breeding season, duration of the breeding season (days),

pregnancy diagnosis (pregnant, non-pregnant), year of pregnancy diagnosis,

cowage (years), previous lactational status (maiden, lactating, non-lactating

and non-lactating due to loss of calf) and, for lactating cows, the day of

calving where day zero was the day the first calf was born in each calving

season and is equivalent to the calf day of birth in the growth dataset.

Data from females involved in experiments that resulted in a significant

(P<O.05) difference in pregnancy rates, when compared with control animals

in the experiment, were removed from the fertility dataset. These experiments

were predominantly associated with studies of endocrinology. Cows that
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grazed irrigated pasture in the 1982/83 drought mating and/or raised F1 calves

in that mating season (Frisch et al., 1987) were also removed. In ..this study,

grazing irrigated pasture had a significant positive effect on fertility and

nursing F1 calves had a significant negative effect on fertility. Cows of the

three lines raised F1 calves in other years but there was not a significant

(p>O.10) difference bet\:Veen the pregnancy rates of these dams and dams that

raised straightbred calves. Cows with calves born out-of-season were likewise

removed from the dataset. As with the growth dataset, not all years involved
....~ .

cows in trea1ment groups being removed from the dataset and, thus, there was

a large variation between years in the numbers of animals.

Data from 1978 and 1979 were excluded from the fert:Pity analysis

because of the conditions under which they were collected. The summer flood

of 1978 was so severe that the mating season was reduced to 3 weeks duration.

This short mating season resulted in an abnonnally low pregnancy rate in 1978

and an abnonnallyhigh proportion of non-lactating cows, as well as lactating

cows with early born calves, being joined in 1979.

Data from mating families with a pregnancy test result of less than 20%

were removed from the dataset as the bulls of these families were considered

sub-fertile. Fourteen mating families were removed for this reason.

The registered Brahman females that were purchased from industry

herds were assigned a "Belmont" equivalent day of birth based on the date of

birth on their registration certificate. Because the date of birth of unregistered

females from industry herds was unknown the data from these females were

excluded from the dataset until their third breeding season.

2.4 Statistical analysis

Harvey's PC version of Mixed Model Least Squares and Maximum

Likelihood (Harvey 1987) was used to analyse both the growth and fertility

data. Model 1 of the version was used to partition the variance into fixed
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effects, interactions and covariates. As the datasets consisted of unequal sub

class numbers, due c~nsiderati.on was given to non-orthogonality .~d model

selection (O'Rourke, 1986). Where possible, cells were combined in an. effort

to balance sub-class numbers. Furthermore, non-significant terms were

removed from the fmal models because their retention would have inflated the

variances of other tenns (Shepherd, 1986). The assumption that a variable is

nonnally distributed before an analysis of variance is undertaken (see Freund

and Walpole, 1987) was not violated for growth data but there was violation
.' ,

for binary repro<iuctivedata. However Shepherd (1986), using a fertility

dataset that was similar to' the one in the present study, has shown that a least

squares analysis of variance is highly robust for such binary response data.

Hence, the relatively simple least squares analysis of variance was chosen for

the analysis of bo~ tb.e growth and fertility datasets ~om "Belmont".

Nevertheless, for any further refinement of the models of reproductive data,

use of a more complex analysis, such as a logit analysis, is recommended

(Nicholls and Tyrrell, 1980).

2.4.1 Dependent variables

Growth

The dependent variables used in the least squares analyses of the

growth dataset were calf day of birth (CBDAY), calf live weight at birth

(BWT) and three calf age-adjusted weights. The age adjusted weights were

calculated as follows:

WWT =(weaning weight/age of calf) x 200 days

YWT =(yearling weight/age of calf) x 365 days

FVVT = (fmal. weight/age of calf) x 550 days

Fertility

The dependent variables used for the fertility model included pregnancy

success (1 = pregnant, 0 = non-pregnant), the heifer's day of birth (HBDAY),

cow live weight at the start of the breeding season (IYV1) and the daily weight

gain of the cow during the breeding season (NIWGD) and for lactating cows,
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day of calving (DAYOC).

2.4..2 Fixedeffects

Environmental categories

As a means of studying the performance of beef cattle in environments

that vary between years, a number of researchers (Vernon et al.., 1964; Frisch

et al.. , 1987; ltulya et at., 1987; De Nise et al.~ 1988) have allocated years into

"good" and ttpoor" environmental categories.. To estimate genetic parameters

for preweaning characteristics of beef cattle in different environments" De Nise

et al.. (1988) partitioned 29 years of data into three environmental categories

(poor" moderate and good) based on weaning weights over those years.

Similarly, Frisch et al.(1987) allocated calf crops over 11 years at ·'Belmont"

into categories either above or below the overall mean calf crop of 51%. In

this way the authors of both studies were able to classify Itgood'· (relatively

low environmental stress) and "poor" (relatively high environmental stress)

years in terms of performance and investigate the responses of different

parameters to the different environmental categories.

In the present study, environmental category, rather than years was used

as a fixed effect.

In this study, a least squares mean was calculated for the four growth

variables for each calf crop- Each calf crop was allocated into an

environmental category either above (defined here as Itgood" years) or below

(defmed here as "poor" years) the overall least squares mean for the variable.

The allocation of calf crops into two environmental categories for BWT,

WWT, YWT and F\VT is given in Tables 1, 2, 3, and 4 respectively. The

distribution of calf crops into environmental categories was not confounded

with the length of the breeding season (7 or 10 weeks), as calf crops from the

tvlo lengths of breeding season were represented in both environmental

categories.
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Environmental category was also used in the analysis of all fertility

variables, and was based on pregnancy rate. Partitioning of the fe~ty dataset

into two categories would have resulted in unbalanced data as four years

(1976, 1977, 1980 and 1983)~ were below the overall mean pregnancy rate of

72.2% and the remaining eleven years were above the mean. The data were

balanced by partitioning the dataset into three environmental categories. Years

where the pregnancy rates were 78% and above were defined as "good" years

for fertility, years between 78% and 68% as "average" years and 68% and

below were defined as ItpoorJl years. By using pregnancy rates of 78% and

68%~ the data for the three environmental categories were not only balanced

but also not confounded with length of breeding season (7 or 10 weeks). The

allocation of years into the three environmental c~gories is given in Table 5.

Genotypes

The growth dataset for the HS was derived entirely from calves born

to HSS cows. Prior to 1977 no distinction was made between the HSS and

HSR lines for the fertility dataset After 1977, data from HSS cows only was

used as this line was then closed.

The data for both growth and fertility from the BX line were derived

from Fn animals only as all F1 animals were removed.

Differences in growth and fertility between "Belmont" apd all non

"Belmont" Brahman sires were found to be not significant (p>O.10) and the

effect of sire source was ignored. A subset of data from 1980 to 1990 was

used to test for any differences bernreen "Belmont" and non-"Belmonf'

Brahman darns. As with the sires there was no significant difference (p>O.10)

between the two sources of darn.

Cows of I5/16th Brahman content may be registered as purebreds with

the Australian Brahman Breeders Association whereas cows below this grade

are given appendix status in the register. For the purposes ·of this analysis,
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Brahman cows and calves that were I5/16th or above were assigned high grade

(BH) and below IS/16th were assigned low grade (BL). In 1990 the 21

purchased unregistered Brahmans still on "Belmont" were allocated, on the

basis of physical appearance , into either high or low grade status by NIr J.J.

Davies, head stockman on "Belmont". Other records from cows of unknown

grade were removed from the dataset The allocation of two grades of

Brahman resulted in a total of four genotypes (HS, BX, BL and BH) for both

the growth and fertility models.

The BLcows were a mixture of interbred low grade cows and 3/4th

backcross cows bom to Fl Brahman x Bas taurus cows. Approximately 10%

of the females were known to be a Brahman backcross but it was not known

how many industry cows were of this genotype. Hence, the heterotic influence

on the BL line could not be detennineci

Cow age and previous lactational status

The variables of age of cow (AGE) and previous lactation status (PLS)

can be analysed as separate fix.ed effects. However, because there were no

lactating 3 year old cows there was confounding between the two variables.

Therefore the two variables were combined into a single main effect

(AGEPLS), overcoming this confounding. Furthermore, within each PLS class

those cow ages that were not significantly different (p>O.10) from each other

were also combined. The growth model had the following 5 classes of

AGEPLS;, 3 year old maidens, lactating cows of 4 and 5+ years and non

lactating cows of 4 and 5+ years. The resulting AGEPLS fixed effect for the

fertility model had the following 8 classes; 3 year old maidens, lactating cows

of 4, 5, 6,7 to9 and 10+ years, and non-lactating cows of 4 and 5+ years.

Most non-pregnant cows over 8 years of age were culled and hence the few

cows that were retained were not treated as a separate class. Cows that had

lost their calf prior to the start of the breeding season were allocated to the

non-lactating class.

The initial analysis of the fertility dataset (Table 7) included data from
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all cows that calved during the calving season. For subsequent analyses of this

dataset, those cows whose DAYOC was unknown were removed from the

dataset.

The 22 females, of all 4 genotypes, that calved as 2 year aIds were

retained in the dataset as 3 year aIds as it was assumed that had these heifers

been given the opportunity they would have calved as 3 year old maidens..

The next pregnancy record of these cows was ignored.
.,' ,

Se:r o/calf

Sex of calf (l=male, 2=female) was fitted as a fixed effect for the

growth model A preliminary analysis of the fertility dataset found sex of calf

to be non-significant (P>O.10) and sex of calf was ignored as a fixed effect for

the fertility modeL

2.4.3 Interactions",

Significant 1st order interactions between fixed effects and interactions

between fIXed effects and covariates were fitted to models of both growth and

fertility.

The classes of AGEPLS were modified to illustrate the interactions for

fertility. Lactating cows 5 years of age and older were able to be combined

into a single age class (5+ year) because the interactions between the various

ages were not significant (p>O.10).

2.4.4 Covariates

CBDAY was fitted as a covariate to the growth model and HBDAY,

IWT, 11WGD and DAYOC were fitted as covariates to the fertility model.

These variables are known to have important influences on growth and fertility

of beef cattle in a tropical environment (e.g. Frisch et al., 1987).
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CHAPTER 3

RESULTS

Results from the analyses of the growth and fertility datasets are

partitioned into sections on fixed effects and sections on interactions. Fixed

effects for both growth and fertility are environmental category, genotype and

the combined effect of cowage and previous lactational status. Sex of calf

is presented as a ,fixed effect for growth. Significant interactions between the

fixed effects are then illus~ted for both growth and fertility. Unless otherwise

stated, statistical significance is taken atP<O.05 for all sections. In all tables

the letter N denotes the number of observations within each class of fixed

effect and tiline" is synonymous with genotype.

3.1 Fixed effects

3.1.1 Environmental category

Growth

The overall mean liveweights for birthweight (BWT) and the age

adjusted liveweights at a 200 day weaning weight (WWT), a 365 day yearling

weight (YWT) and a 550 day weight (FWT), for both calf crop and

environmental category, are given in Tables 1, 2, 3 and 4 respectively. Of the

16 calf crops very few were in the same environmental category at each of the

four weighings. Both the 1977 and 1979 calf crops were consistently below

the overall mean weight for each of the four variables and the 1?86 and 1989

calf crops were consistently above the overall mean for each of the four

variables.

Table 1 shows that for BWT most of the calf crops of the 1970's

OCCUlTed in the poor years category and most of the calf crops of the 1980's

occurred in the good years category. Although the difference in BWT between

the good and the poor years was only 1.7 kg there was a 5.0 kg difference

between the year of highest BWT (1987 calf crop) and the year of lowest
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between the year of highest BWT (1987 calf crop) and the year of lowest
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BWT (1977 calf crop).

As with BWT most of the weaning weights from the 1970's were in the

poor years category (Table 2). Apart from the 1974 calf crop all the calf crops

in the good years category were from the 1980's. The difference in weight

between the heaviest weaners (1989 calf crop) and the lightest weaners (1976

calf crop) was 40.6 kg.

The liveweight differences between the two categories for the~aJfcrops

as yearlings (Table 3) were similar to the corresponding differences for

weaning weight (Table 2). The difference between the good and poor

categories for YWT was 16.8 kg with a 41 kg weight difference between the

heaviest (1986 and 1989) and lightest (1982) calf crops. .The 1982 calf crop

was 17.6 kg below the mean of the poor years and 34.4 kg below the mean of

the good years.

The largest separation in weights between the two environmental

categories was at the final weighing (Table 4). The difference between the

good and poor year categories for FWT was 30.0 kg and the largest difference

in weight between any two calf crops was 58.2 kg (1986 and 1982 calf crops).

The rates of growth of calves during different growth phases (birth to

weaning, weaning to yearling and yearling to 18 months of age) were

substantially different Daily weight gain from birth to weaning was 0.71

kg/day, from weaning to yearling (autumn to spring) was 0.12 kg/day and from

yearling to 18 months-of-age (spring to autumn) 0.49 kg/day, 4 times the rate

of gain during the weaning to yearling growing phase.

Fertility

The mean pregnancy rate for each year and the partitioning of these

into three environmental categories are presented in Table 5. The difference

in pregnancy rate between years was highly significant (P<O.OOl). The
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pregnancy rate for 1989 (the year of highest pregnancy rate) was over 30

percentage units above the pregnancy rates for 1980 and 1983. The difference

in pregnancy rate bet\Veen the good years and average years was almost 7

percentage units. The corresponding difference in pregnancy rate between

average years and poor years was over twice as large at 17 percentage units.

The mean cow liveweight at the start of the breeding season and weight

gain per day during the breeding season for each of the environmental

categories are also given in Table' 5. For both I\VT and MWGD, the

difference between the means of each environmental category was highly

significant (p<O.OOl). The cows within the good years category had the

heaviest IWT and the cows in the poor years had the lightest IWT. This trend

was not repeated with the daily weight gain of cows during the breeding

season. The cows within the good years gained the least weight during the

breeding season and cows within the poor years gained the most.

3.1.2 Genotype

Growth

The mean day of calving (CBDAY), the mean BWf, WWT, YWT and

FWT for the HS, BX, BL and BH over the 16 calf crops on "Belmont", are

presented in Table 6. HS calves were born almost 7 days earlier (P<O.OOl)

than BX calves which were born almost 6 days earlier (P<O.OOl) than calves

from the two Brahman lines. The BH calves were born last but not

significantly (P>O.20) later than the BL calves. At each of the four weighings,

genotype was a highly significant (P<O.OOl) fIXed effect but no single

genotype consistently weighed the heaviest or lightest at all of these weighings.

The HS calves were over 3 kg heavier at birth (P<O.OOl) than the BH calves.

The BwT's of BX and BL calves were almost identical to one another and

were significantly (P<O.OOl) heavier than the BWf for BH calves. The WWT

of the BX calves was significantly heavier than that of BH calves. The BL

calves weaned 4.2 kg heavier than the BH calves but this difference was not

significant (p>O.10). The BX and BL were the heaviest weaners and the
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difference in weight between these two lines at weaning was not significant

(P>O.20). Difference in growth between the BX and BL did not 9ccur until

YWT (p=O.Ol) and remained at FWT (P=O.06). As BX and BL became

dissimilar, the similarity between the BL and BH increased. By the fmal

weighing the two Brahman lines were heavier (P=O.06) than the BX and not

significantly different from each other (p>O.20). The HS had the lowest

weight at each age after birth and by FWT the HS were over 60 kg (P<O.OOl)

behind the BL and BH.

Fertility

Genotype significantly (p<O.OOI) affected overall mean pregnancy rate

(Table 7). There was a difference of 5 percentage units between the genotypes

of highest pregnancy rate (HS and BL) and the genotype at the intennediate

level (BX) for pregnancy rate. The corresponding difference in pregnancy rate

between the highest and lowest (BH) genotype was 15 percentage units.

3.1.3 Age and previous lactational status of cow

Growth

The mean CBDAY and calf birth weight, as well as calf age-adjusted

weights at weaning, yearling and 18 months for each class of the combined
\.

effects of the dam's age and previous lactational status are given in Table 8.

Three year old maidens and cows that had been non-lactating the

previous year calved significantly (P<O.OOl) earlier than cows that were

lactating the previous year. The earliest calving cows (5+ year old non

lactating) calved almost two weeks before the last calving group (4 year old

lactating) (Table 8).

AGEPLS was a highly significant (P<O.OOl) fixed effect for BWT,

WWT, YWT and FWT. In general, calves born to cows 5 years and older

were heavier than calves born to younge,r cows. Superimposed on the effects

of dam age were the effects of the dam's previous lactational status. Calves
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born to cows that were non-lactating the previous calving season were usually

heavier than calves whose dams had raised'a calf the previous seas~on (except

for 4 year oIds, see below). Table 8 shows th.e general consistency ofrankings

of the growth of calves born in the different AGEPLS categories. Calves born

to 3 year old maidens consistently had the lowest growth rates while calves

born to non-lactating cows 5 years and older were heaviest. In particular, the

BWT of calves from 3 year old maidens was significantly less than the BWT

of calves from other cows. Although the differences in calf growth between the

maidens and 5+ year old non-lactating cows was largest at weaning (14.8 kg)

there were still highly significant (p<O.OO1) differences between the two

classes at YWT (7.8 kg) and FWT (10.9 kg). The consistent advantage in calf

growth provided by the 5+ year old non-lactating cows was still evident when

the calves were 18 months of age. Calves from this group of cows had a

significant (4.8 kg) weight advantage over calves born to lactating cows of the

same age group and about 11 kg (p<O.()Ol) advantage over calves from 3 and

4 year old cows.

However, the 4 year old non-lactating cows were somewhat of an

enigma. Calves from this group of cows did not receive the a,dvantage that

would be expected from the above results (Table 8). Calves from 4 year old

non--lactating cows were born significantly (P<O.Ol) later than calves from the

other non-lactating classes. Their weights were sometimes less (eg. YWT,

P<O.10) although usually not significantly different overall (P>O.20) from the

weignts of calves from their 4 year old lactating contemporaries.

Fertility

The means for pregnancy rate" IWT, MWGD and DAYOC for each

class of AGEPLS are presented in Table 9.

Three year old maidens and 5+ year old non-lactating cows had similar

(P>O.20) and significantly higher pregnancy rates than all other classes of

AGEPLS. The maidens were almost 33 percentage units higher in pregnancy
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rate than the 4 year old lactating cows. However, during the breeding season

the 3 year old maidens grew significantly faster (P<O.Ol) than any other age

group. The age classes of lactating cows show a saw-tooth effect for

pregnancy rate. Peaks in pregnancy rate occurred at 5 years and 7-9 years

while troughs occurred at 4 years, 6 years and 10+ years (Table 9). The most

fertile lactating cows were aged 7-9 years, although not significantly different

from the 5 year oids (P>O.20) but were significantly more fertile than 4 year

old (P<O.OOl), 6 year old (P<O.05) and 10+ year old (P<O.01) lactating cows.

The above patterns in pregnancy rates are not reflected. in the IWT and

MWGD of the classes of AGEPLS (Table 9). The 3 year old maidens had the

lowest (P<O.OOl) lWT, but the highest (P<O.Ol) MWGD, of any class of

AGEPLS. At the ~tart of the breeding season, the maidens were 37 kg lighter

in body weight than the next lightest group, the 4 year old lactating cows.

Maidens had significantly higher (P<O.OOl) MWGD than both the 4 and 5+

year old non-lactating cows. For lactating cows there was a significant

increase in IWT with increasing age as the cows approached the age of 10

years. On the other hand, MWGD was consistently around 0.18 kg/day for all

lactating cows, which was about 1.4 of the daily weight gain of maidens and

non-lactating cows. Although the pregnancy rate dropped significantly from

10 years of age onwards, IWT and MWGD remained very similar to the values

for the 7-9 year old group.

DAYOC was longest for 5 year oIds, significantly longer than for 4

(P<O.Ol) and 6 year old cows (P<O.05). As with MWGD of lactating cows,

both the 7-9 year aIds and 10+ year aIds had very similar (p>O.20) DAYOC

(Table 9).

Fertility of maiden heifers

Table 10 presents the mean pregnancy rate and mean pregnancy rate

adjusted for HBDAY and IWT for 3 year old maidens of each genotype. The

means for HBDAY, IWT and MWGD are also shown.
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Although there was no significant difference (p>O.20) in reproductive

rate between any of the genotypes there was a significant (P<O.Ol) difference

in HBDAY and IWT with the HS being the oldest and lightest (Table 10).

Simultaneously adjusting pregnancy rate for the differences in HBDAY and

IWT increased the fertility of HS maidens and decreased the fertility of both

BL and BH maidens (P<O.06).

Fertility of lactating cows

The fertility of lactating cows differed markedly between genotypes

(Table 11). The HS line was significantly more fertile (p<O.01) than all other

lines and 21 percentage units higher (P<O.OOl) than the least fertile line, the

BH.. There was no significant difference between the BX and BL (P>O.20) and

these two genotypes were significantly (P<O..Ol) more fertile than the BH.

There were large. and highly significant differences between the

genotypes for IWT, MWGD and DAYOC (Table 11). The HS had

significantly (P<O.OOl) lower IWT than all other genotypes and were almost

49 kg less than the BL, the line with the highest IWT. The BX and BL did

not differ significantly (p>O.10) in IWT and both were significantly (P<O.OOl)

heavier than the BH. The HS, BX and BL cows had identical or similar

MWGD (P>O.10). However, the MWGD of BH was not only close to zero

but also highly significantly lower (P<O.OOl) than that of the other 3

genotypes. As well as having the lowest MWGD the BH also had the highest

DAYOC. On average, cows of the BH line calved almost 2 weeks later than

the HS cows (P<O.OOl). The 3 days difference in DAYOC between the high

and low grade Brahman lines was not significant (P>O.10) ..

Simultaneously adjusting pregnancy rate for differences in IWT,

MWGD and DAYOC did not entirely remove the differences in fertility

between the Bos indicus derived genotypes but reduced it to a low level of

significance. However the adjustments increased the difference between HS

and other genotypes (Table 11).
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The mean pregnancy rate, IWT and MWGD for lactating cows are

presented in Table 12. The difference in pregnancy rate between good and

average years was 10 percentage units and between average and poor years

was 25 percentage untis. In the years of high. pregnancy rate lactating cows

weighed heaviest and gained the least weight during the breeding season and

conversely, in poor years they weighed lightest but had the highest MWGD.

Fertility of non-lll£tating cows

The mean pregnancy rate both alone (74.7%) and adjusted for MWGD

and the means of IWT and MWGD for non-lactating cows of each genotype

are given in Table 13.

The fertility of 'non-lactating cows was significantly affected by

genotype. Both the HS and BX genotypes were significantly more fertile than

the BH (P<O.Ol) but not BL (p>O.20). The pregnancy rate for the BL was 8

percentage units higher than that of the BH but this difference was not

significant (P>O.10).

IWT and MWGD were both dependent on genotype (P<O.OOl). Both

the BX and BL were 22 kg (P<O.Ol) heavier than the BH and 46 kg (P<O.OOl)

heavier than HS (Table 13). The 24 kg difference between HS and BH was

also highly significant (P<O.OO1). Although the HS cows had the lowest IWT

they gained more weight than the BX and both of these genotypes significantly

(P<O.OOl) outgained the Brahman lines. The difference between the two

grades of Brahman was not significant (P>O.20).

3.1.4 Sex of calf

Growth

Male calves were bom 2.0 days later (P<O.Ol) and 2.6 kg heavier

(P<O.OOl) than female calves (Table 14). The growth advantage of males

compared to females was highly significant (P<O.OOl) and was maintained at

all weighings. Although the difference between the sexes was similar for
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WWT and YWT (14.0 kg and 14.9 kg respectively) the difference increased

to 23.7 kg by FWT.

3.2 Interactions

3.2.1 Genotype by environmental category

Growth

The interaction between genotype and environmental category was

significant for BWT (P<O.Ol), WWT (P<O.OOl), YWT (P<O.Ol) and FWT

(P<O.Ol). illustrations of the interactions are presented in Figures 1, 2, 3 and

4 respectively.

Figure 1 shows that in both categories the HS calves were born heaviest

and BH calves were born lightest. The significance of the interaction for BWT

was primarily due to the ,relatively small difference in BWT, between the good

and poor years for BX (1.2 kg) compared to the corresponding differences for

HS (2.0 kg), BL (2.i kg) and BH (2.7 kg).

The pattern of interaction between genotype and environmental category

was very similar for the remaining 3 growth variables (Figures 2, 3, and 4).

In the good years the BX calves consistently weighed the heaviest whereas in

poor years the BL was consistently the heaviest In the poor years the BL

calves were significantly (P<O.OOl) heavier at weaning than the BH calves.

However., by FWT the difference in weight between the two Brahman lines

had been reduced to non-significance (p>O.20).

The other consistent pattern in the above interaction for WWT, YWT

and FWT was the difference in weight between good and poor years for each

genotype. The difference between good and poor years was greatest for the

HS and BX calves and least in BL calves with BH calves being intermediate.

For BL calves the differences in WWT and YWT between good and poor

years, were only 0.2 and 1.1 kg respectively.
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Figure 1 shows that in both categories the HS calves were born heaviest

and BH calves were born lightest. The significance of the interaction for BWT

was primarily due to the ,relatively small difference in BWT, between the good

and poor years for BX (1.2 kg) compared to the corresponding differences for

HS (2.0 kg), BL (2.i kg) and BH (2.7 kg).

The pattern of interaction between genotype and environmental category

was very similar for the remaining 3 growth variables (Figures 2, 3, and 4).

In the good years the BX calves consistently weighed the heaviest whereas in

poor years the BL was consistently the heaviest In the poor years the BL

calves were significantly (P<O.OOl) heavier at weaning than the BH calves.

However., by FWT the difference in weight between the two Brahman lines

had been reduced to non-significance (p>O.20).

The other consistent pattern in the above interaction for WWT, YWT

and FWT was the difference in weight between good and poor years for each

genotype. The difference between good and poor years was greatest for the

HS and BX calves and least in BL calves with BH calves being intermediate.

For BL calves the differences in WWT and YWT between good and poor

years, were only 0.2 and 1.1 kg respectively.
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Fertility

The interaction (P<O.05) betvleen genotype and environmental category

for pregnancy rate is presented in Figure 5. In good years the increasing Bos

taurus content of the genotype was associated with increasing pregnancy rate.

In both good and average years the HS had the highest pregnancy rate and the

BH the lowest pregnancy rate. In good years the BX had a higher pregnancy

rate than the BL but this ranking was reversed in average and poor years. In

poor years the pregnancy rate of the HS dropped to equal that of the BX but

the pregnancy rate of the BL remained relatively high.

The highly significant (p<O.OOl) interaction between genotype and

environmental category for IWT is presented in Figure 6. In all. environmental

categories, the BL were consistently the heaviest at the start of the breeding

season. Although the BH were heavier than HS in the three categories, the

drop in IWT of the BH (60.1 kg), from good to poor years was twice the

corresponding drop 'of the HS (30.6 kg) (P<O.OOl). The drop in IWT from

good to poor years for BX and BL was 47.0 kg and 45.7 kg respectively.

The BH not only exhibited the largest drop in IWT between the

environmental categories, but also consistently gained least weight during the

breeding season in all three categories (Figure 7). The interaction between

genotype and environmental category was also highly significant for MWGD

(P<O.OOl) (Figure 7). The difference in MWGD between BL andBH was

least for good and average years and greatest for poor years.

3.2.2 Genotype by AGEPLS

Growth

Of the four growth variables studied, WWT was the only variable for

which there was a significant interaction between AGEPLS and genotype

(Figure 8). Between the five classes of AGEPLS the differences (P<O.Ol) in

calf WWT were greatest for HS and BX, and smallest for BH. The greatest

differences in AGEPLS occurred between calves from 3 year old maidens and
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5+ year old non-lactating cows for both HS (21.8 kg) and BX (20.2 kg) lines.

The corresponding differences for BL and BH were 11.3 and 5.8 kg

respectively.

Fertility

As shown previously in this chapter (Tables 9 and 10), pregnancy rates

of three year old maidens were consistently high and similar across all

genotypes. The pregnancy rates of the two non-lactating classes of AGEPLS

were also similar to each other and consistently high for all' genotypes except

BH (Figure 9). The non-lactating BH were on average 11 percentage units

below non-lactating contemporaries of the other lines.

On the other hand there were large genotype differences in the fertility

of the two lactating classes (p<O.Ol) (Figure 9). The pregnancy rates of 4 and

5+ year old lactating HS cows were similar, unlike the corresponding

pregnancy rates in the other three genotypes. For lactating BH cows, not only

was the pregnancy rate the lowest but also the difference in pregnancy rate

between 4 and 5+ year old cows was the greatest. In particular, the contrast

between 3 year old maidens and 4 year old lactating cows was significantly

(P:::;O.05) greater in these two classes than for all other genotypes.

The interactions between AGEPLS and genotype were not significant

for both IWT (P=O.10) and MWGD (p>O.10).

3.2.3 AGEPLS by environmental category

Growth

Calf growth rates, from birth to 18 months of age, were influenced by

both age and previous lactational status of the darn. However, the interaction

between AGEPLS and environmental category was significant only at the final

weighing. Figure 10 shows that the influence of AGEPLS on FWT in good

years was minor compared to the influence in poor years. In poor years,

calves raised by 3 year old maidens or lactating cows were relatively more
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disadvantaged than calves raised on older or non-lactating cows. In the poor

years, calves reared by non-lactating 5+ year old cows were heavier than those

reared by both lactating 5+ year old cows and by 3 year old maidens

(differences of 10.3 and 18.4 kg respectively).

Fertility

There were significant interactions between AGEPLS and

environmental category for pregnancy rate (P<O.OOl), IWT (p<O.Ol) and

MWGD (P<O.Ol).

Three year old maidens and 5+ year old non-lactating cows achieved

relatively high and similar, pregnancy rates in all three environmental

categories (Figure 11). The 4 year old lactating cows had significantly lower

pregnancy rates than maidens and 5+ year old non-lactating cows, in good,

average (P~.Ol) and poor (P<O.OOl) years. Lactating 5+ year aIds

experienced a large drop in pregnancy rate in poor years. The pregnancy rate

of non-lactating 4 year aIds also declined in poor years but not to the same

extent as occurred in lactating cows.

The interaction between AGEPLS and environmental category for IWT

is presented in Figure 12. Differences in IWT between good and average

years were significantly larger for older cows (33 kg) than for cows that were

3 or 4 years old (20 kg). On the other hand, the difference in IWT between

average and poor years were minor for the two non-lactating classes (8 kg)

when compared to 3 year old maidens and lactating cows (21 kg).

The interaction between AGEPLS and environmental category for

MWGD is presented in Figure 13. MWGD increased in all five classes of

AGEPLS from good to poor years. However, the increase weight gain of 3

year old maidens and non-lactating cows was minor and significantly (P<O.Ol)

less than the corresponding increase in the weight gain of lactating cows.
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3.2.4 Genotype by sex of calf

Growth

The interaction between genotype and sex of calf has been

demonstrated by plotting the difference in weight between male and female

calves for each genotype at birth., weaning, yearling and 18 months of age

(Figure 14). The interaction of genotype by sex was significant for BWT and

highly significant (P<O.OOl) for WWT, YWT and FWT.

Males of the BX, BL and BH lines were born 'about 3 kg heavier than

their respective females while HS males were born only 1.8 kg heavier than

HS females. In general, for the Brahman derived genotypes, there was an

increase in the difference in weight between the sexes at each weighing after

birth. The difference between the sexes was greatest at the lowest level ofBos

indicus content. The corresponding weight differences for HS remained small.

3.3 Covariates

3.3.1 Growth of calves

The regression of CBDAY on each of the four growth variables was

highly significant (P<O.OOl), however the sign of the slope of the regression

altered between the four variables (Table 6). The regressions for the two

variables associated with maternal effects (EWT and WWT) were positive and

for the two post-weaning variables (YWr and FWT) were negative. Whereas

the regression at birth was positive and small, the regression at weaning was

positive but relatively large. The large negative regression of the first post

weaning weighing (YWT) reduced in magnitude by the fmal weighing (FWT).

Interactions between CBDAY and the main effects, environmental category,

genotype, sex and combined effect of age of darn and the previous lactational

status of the dam were not significant (p>O.lO in all cases).

3.3.2 Fertility of maidens

The within genotype regressions of percentage pregnant of three year

old maidens on HBDAY and IVIT are shown in Table 10.
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The regressions were significant for HBDAY and IWT but not for

MWGD (Table 10). The regression on HBDAY indicated that the younger HS

maidens were more fertile than the older HS maidens, while younger BL and

BH maidens are less fertile than the older maidens of these lines. The

corresponding regression on IWT showed a similar separation of the

genotypes. Although the common regression of pregnancy rate on IWT (b =

O.12±O.039%) was significant, not all genotypes displayed the same magnitude

of response. The BX showed no response, the HS and BL an intennediate

response, while the BH response was relatively large and highly significant

(p<O.Ol). The differences' in MWGD between the four genotypes were either

zero or very small (p<O.10).

3.3.3 Fertility of lactating cows

Table 11 also presents the regression coefficients for pregnancy rate for

lactating cows on each variable used to adjust pregnancy rate. As well as the

common regression of percentage pregnant on IWT (b = O.14±O.018%) being

highly significant (P<O.OOl), the regression between environmental categories

was also significant (P<O.Ol). The within environmental category regression

was significant because of the relatively small effect of IWT in the good years

and its relatively large effect in poor years. In good years, increasing IWT by

50 kg would increase the pregnancy rate by only 4 percentage units, but in

poor years the corresponding response in pregnancy rate would be almost 10

percentage units.

The regression co-efficient for pregnancy rate on MWGD was also

highly significant (P<O.OOl) and acted equally within each environmental

category (p>O.20) (Table 11). The effect of MWGD was however, small in

that for every 1 kg/day increase in MWGD there would only be a 9 percentage

unit increase in reproductive rate. A realistic daily gain in weight is unlikely

to exceed 1 kg/day and if lactating cows were to achieve 1 kg/day this would

only bring about an additional 6 percentage units in pregnancy rate.
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The regression co-efficient for pregnancy rate on DAYOC was negative

and highly significant (p<O.OOl) (Table 11). The later in the season a cow

calved, the less likely she would conceive during the following breeding

season. For every additional day of DAYOC the reproductive rate of cows

would drop by 0.17%, that is, for each 30 days (% of the breeding season)

calving rate would decline by about 5 percentage units.

3.3.4 Fertility of non-lactating cows

The regression co-efficient of pregnancy rate of non-lactating' cows on

MWGD is presented in Table 13.

The regression co-efficient of pregnancy mte on IWT was not

significant (P>O.20). However, the regression of pregnancy rate on MWGD

was highly significant (P<O.OOl) (Table 13). If non-lactating cows could gain

1 kg/day during the ,breeding season the response in pregnancy rate would be

about 7 percentage units, this being similar to the response for the lactating

cows. Adjusting the pregnancy rate of non-lactating cows for MWGD

removed most of the differences (p=O.07) in pregnancy rate between the lines.
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CHAPTER 4

DISCUSSION

The major, non-genetic facotrs that affect both the growth and reproductive

rates of cattle, in tropical environments, have been largely documented. However,

some critical aspects of the factors that affect growth and fertility in a dry tropical

environment have not been addressed by previous studies. The present study is

an investigation of the appropriate dependent variables, fixed. effects, interactions

and covariates that are components of models of both the growth and fertility of

beef cattle in a dry tropical environment. The discussion of the results will focus

on the factors that have been given little attention in previous studies.

A number of researchers are concerned that aspects of the new animal

breeding technologies, designed for use in temperate beef production systems,do

not adequately reflect the genetics of beef production in the tropics (Hetzel et ai.,

1990; Notter and Hohenboken, 1990; Robinson and O'Rourke, 1992; Davis, 1993).

Because of these concerns, the discussion will highlight implications for the

genetic improvement of productivity for tropical environments. In particular, the

within-breed genetic improvement will be examined in tenns of models that

account for the variation in both environments and genotypes of the tropics. Its

location (latitude 23°S) in northern Australia and the management procedures

employed on the property have ensured that data from "Belmont" resembles that

of the northern beef industry. The production system on ttBelmont" has been

defmed as follows: a fixed breeding season, calving heifers flIst as 3 year aIds,

spring calving season, growing cattle on pasture and no routine control of

parasites, supplementary feeding or early weaning, or the use of metabolic agents.

The discussion of the dependent variables, fixed effects, interactions and

covariates derived from analysis of the data will be given in tenns of this
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production system. Use of environmental categories (good verses poor years) has

enabled the fmdings from the dry tropical environment of "Belmont" to be

extrapolated to other tropical environments where the level of environmental stress

is either relatively lower or higher than that of 1tBelmont".

4.1 Dependent variables

The appropriate traits for the production system and genotypes used on

"Belmont" were birth weight (BWT) and age-adjusted liveweights at 200 (WWT).,

365 (YWT) and 550 (FWT) days of age for growth, and pregnancy rate for

fertility.

4.1.1 Birth weight

The BWT's of calves on "Belmont" ranging from a low of 28.7 kg in 1977

to a high of 33.7 kg in 1978 (Table 1), would generally be regarded as moderate

and there is ample evidence that a moderate BWf is also an optimum BWf (see

Preston and Willis, 1974). Birth weights that are above these weights contribute

significantly to dystocia, especially when associated with young cows (Azzam et

al., 1993; Basarab et al., 1993). The incidence of mortalities from dystocia on

uBelmontU was low, about 1% per year for the duration of the study period (pers.

comm. Mr. G. Halford, Manager of "Belmont"). This observation is in agreement

with studies of dystocia in the tropics (see Preston and Willis, 1974; Trail et al.,

1977).

Whether or not the incidence of calf mortalities in general, and dystocia

in particular, remains low, depends upon the genetic trend in BWT for the various

genotypes on "Belmont". Because of the association of extremes in BWT with

reduced productivity (Bellows and Short, 1978; Morris et al., 1986; Newman and

Deland, 1991; Turner and Farnsworth, 1993), the genetic trend in BWT should be

continually monitored. Monitoring BWT is also desirable because of the positive

relationship between selection for increased liveweight at any given age and
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increased liveweight at all other ages (see reviews by Baker and Morris, 1984;

Mrode, 1988). Table 15 suggests that BWT of all genotypes may have increased

on ItBelmont" but this increase could be larger in the BX and Brahman than in the

HS. Since 1974, and up until 1993, the genetic trend in BWT of the HS and

Brahmans (combined BL and BH lines) from the within-herd BREEDPLAN

analysis of the "Belmont" data was +0.08 and +0.16 kg/year respectively (O'Neill~

unpublished). Even under the low levels of selection intensity for high FWT, that

are practiced on 'tBelmont", the Bos indicus genotypes in particular, are increasing

their BWT's. Any genotype that is relatively adapted to environmental stress and

is being selected for high growth rate would simultaneously be selected for high

growth potential and therefore high BWT. An increasing BWT would inevitably

lead to an in~asing incidence of dystocia in the population. Hence, any

population in a genetic improvement program for growth should have BWT

continually monitored (e.g. using the model proposed by Manfredi et al., 1991),

but at present EBV's for BWT are not one of the variables chosen for analysis in

Brahman GROUP BREEDPLAN (Anonymous, 1993,1994).

Recording the BWT ofBrahmans and generating EBV's for BWT will also

be particularly useful for those beef producers using Brahman bulls over Bos

taurus cows as a crossbreeding option. In this way, the dystocia due to high
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compatible with the production system on "Belmont" and most beef production

enterprises of northern Australia. For these reasons, the present study dealt with

a 200 day weaning weight and hence the significant fIXed effects, interactions and

covariates that have been identified are pertinent to this relatively late weaning

age.

Weaning calves at substantially earlier ages (e.g. at 100 days or once the

calf has reached a minimum liveweight of 50 kg) has been advocated by some

workers as a means by which both, the reproductive rates of lactating cows can

be increased and cow mortalities reduced (Harwin and Lombard, 1974; Lasby et

al., 1981; Boorman and Hosegood, 1986; Schlink et al., 1988; McSweeney et al.,

1993). Indeed, a majority of producers in northern Australia have expressed a

willingness to wean early when seasonal conditions are poor (O'Rourke et al.,

1992). However, compared to a 200 day weaning, calves that are weaned at 100

days are placed in a post-weaning environment such that the productivity of the

early weaned calves can be substantially reduced (McCosker et aI., 1984; Holroyd

et al., 1990c; Schlink et al., 1994). It remains to be seen if the fixed effects,

interactions and covariates, identified in the present study, can be transfered to an

early weaning system.

4.1.3 Post-weaning weights

In the production system used on "Belmont", YWT incorporates post

weaning growth to the end of the dry season (i.e. September/October). The low

growth rates (0.12 kg/day), reflected in YWT's not much greater than the WWT's

(Tables 2 and 3), and these are typical of other locations in northern Australia

(Holroyd et al., 1990a,b; Hunter and Buck, 1992; Davis, 1993). It has been

established that the low rate of growth is an indication of the high levels of

environmental stress experienced by weaners during the dry season in northern

Australia (Graham et ai., 1983; Foster and Blight, 1984; Frisch and Vercoe, 1984;
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Boonnan and Hosegood, 1986; Taylor et ai., 1991).

AGBU currently uses a 400 day weight as a measure of YWT

(Schneeberger et al., 1991). In southern Australia, a 400 day weighing

(NovemberlDecember) is more than adequate because this region does not

experience distinct dry and wet seasons to the same extent as northern Australia.

A 400 day weighing in northern Australia, can mean that the cattle are either

weighed after the wet season has commenced or, if the break: in the season is

'delayed, at the end of the dry season. In northern Australia., a 365 day weight

(September/October) is a weight at the end of winter. Weighing cattle one or two

months later (i.e. at 400 days) can be critical because the summer wet season

(high temperatures and high rainfall) has usually commenced and nutritional. stress

has been largely removed. If, however, the wet season is delayed the 400 day

weighing can be taken 'Yhen nutritional stress is still high. Hence, a yearling

weight at 365 days provides a measure of the growth perfonnance of cattle when

environmental. stress, especially nutritional stress, is usually most consistent and

highest.

FWT was taken when the calves were 550 days old and this weighing

coincided with the end of the wet season on "Belmont". The overall 550 day

weight of 283 kg (Table 4) and the wet season daily rate of weight gain of 0.49

kg/day are comparable to values from other studies in the tropics of Australia

(Davis, 1993; Arthur et aI., 1994). However, a weighing at 600 days, currently

used by AGBU for northern Australia (Schneeberger et al., 1991; Anonymous,

1994), coincides with the middle of the animals' second dry season (June/July).

Whereas use of a 550 day weight would be a measure of the animals' growth

perfonnance during the wet season, the 600 day weighing is a mixture of the

animals' perfonnance during the fITst wet season and the start of the second dry

season. The genes that control the perfonnance of growth in the dry season may

either be different from, or antagonistic to, the genes that control the perfonnance
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of growth in the wet season. If this is the case, a weighing date that encompasses

the growth rate for both the wet and dry seasons may prevent or diminish genetic

improvement in growth in either season. Alternatively, weighing dates to coincide

with the end of the first dry season (365 days) and the end of the first wet season

(550 days) would enable genetic improvement programs to target separately the

growth perfonnance from weaning to yearling, when nutritional stress is relatively

high, and growth. perfonnance from yearling to final weight, when nutritional

stress is relatively low. In northern Australia, the use of 550 day EBV's, rather

than' 600 day EBV's, is also supported by Barwick et al. (1992). These authors

found that the predicted genetic gains in growth were greater for 550 day EBV's

than for 600 day EBV's.

4.1.4 Pregnancy rate

As with growth, the choice of appropriate dependent variables for fertility

is critical for the genetic evaluation models of fertility. Testing cows for their

pregnancy status at the end of each breeding season provided an annual pregnancy

rate for "BelmontH
• The pregnancy rate ranged from 42.9% in 1980 to 85.5% in

1989 (Table 5), and this range is in general agreement with herds of northern

Australia (see Reid, 1990). The overall pregnancy rate on "Belmont" during the

study period was 72% which is intennediate between the relatively high rates from

the sub-tropics and the low rates from the wet tropics (see reviews by Galina and

Arthur, 1989a,b,c). The lower reproductive rate of 51% over an eleven year

period (years 1973 to 1983), reported in an earlier study on "Belmont" (Frisch et

al., 1987), can be partially attributed to the predominance of drought years in this

dataset. The lower reproductive rate reported by Frisch et al. (1987) can also be

explained by the choice of dependent variables. The index of fertility chosen in

. this study was calving rate rather than pregnancy rate, and the calving, rates would

be expected to be lower due to pre-natal losses.

As pre-natal loss in cattle are known to be caused by stress, high ambient
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temperatures and deficient nutrition (see Hungerford, 1990) relatively high rates

of pre-natal mortality can be expected to occur in the tropics where the level of

environmental stress is high (see Entwistle, 1983). In northern Australia when

pre-weaning calf mortalities are combined with pre-natal losses, the total post

conception losses up to weaning can range from 6% to 70% (see Entwistle, 1983).

A similar range in post-conception losses has been reported in other tropical

locations (see Galina and Arthur, 1989c). As rates of both embryonic and calf

sUlVival, and factors affecting these survival rates, were considered beyond the

scope of the present study, the trait chosen as the dependent variable for fertility

was pregnancy rate.

The yearly variation in pregnancy rate on "Belmont" (Table 5), and at

other locations in northern Australia (Anderson et a/., 1988; Holroyd et al.,

1990a,b), suggests that days to calving, the index of fertility chosen by AGBU

(Schneeberger et aI., 1991) may be inappropriate for tropical environments. The

very low rates of pregnancy in some years (Table 5) ensures that a large

proportion of cows (i.e. the non-pregnant cows) were allocated a "days to calving"

value, which must reduce the nonnality of the distribution of the variable. The

yearly variation in pregnancy rate (Table 5) and the importance of calf survival

to weaning (Entwistle, 1983) would suggest that the search for an appropriate

variable for the genetic improvement of female reproduction in the tropics should

continue. Problems with the nonnal distribution of "days to calving", from aBos

taurus crossbred herd in temperate Australia, has lead Ponzoni and Gifford (1994)

to conclude that the search for an appropriate variable for fertility for temperate

Australia should also continue. For a detailed discussion of calving rate versus

"days to calvingtt
, as the more suitable variable for fertility, see Ponzoni (1992).

4.2 Fixed effects

In the present study, once appropriate dependent variables were chosen,

fixed effects were then identified. The fixed effects used to describe growth
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(BWT, WWf, YWT and FWT) were environmental category, genotype, AGEPLS

and sex of calf. Apart from sex of calf, which was non-significant, the same fixed

effects were also used to describe pregnancy rate.

4.2.1 Environmental category

For both growth and fertility, using categories as a fixed effect, rather than

years, enabled the variability between years to be grouped into different types of

environment. Environmental categories have been used previously to address high

variability between years in datasets of either growth or fertility (Vernon et al.,

1964; Frisch et al., 1987; ltulya et al.., 1987; De Nise et al., 1988; De Nise and

Torabi, 1989).

Growth and Fertility

During the period over which the present study on ttBelmont" extended,

twelve calf crops changed their environmental category between birth and final

weighing (see Tables 1, 2, 3 and 4) indicating the high degree of environmental

variability on "Belmont". An example of the variability in environmental

conditions on "Belmont" is seen in the 1983 calf crop. This crop of calves was

born and weaned during the 1982/83 drought and consequently the BWT and

WWT are in the poor years category (Tables 1 and 2). However, the YWT and

FWT were in the good year category (Tables 3 and 4) which occurred because of

a break in the drought conditions in 1983.

As with the growth parameters, the yearly pregnancy rates were also

allocated into environmental categories that characterised the variation in

pregnancy rates on "Belmont" (Table 5). Although three rather than two

categories were used to balance the number of years and number of records in

each category, the use of three categories did also identify extreme differences

between good and poor years for pregnancy rate. The good years category was

equivalent to the fertility normally expected of a benign temperate environment
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(Reid, 1990) and the poor years were typical of a highly stressful tropical

environment (Galina and Arthur, 1990b; Schlink: et al., 1994).

The implications of the high degree of environmental variability relate to

the accuracy of genetic parameters and EBV's. De Nise et al. (1988, p.1899) note

that fI •••manifestations of the environmental effects on estimations of breeding

values are poorly defmed and probably quite variable". Using good and poor

environmental categories for a semi-arid environmen~ De Nise et ale (1988) and

De Nise and Torabi (1989) have found that genetic parameters for growth change

in response to the level of environmental stress. Frisch and Vercoe (1982, p.312)

point out that "...an estimate of h2 of growth rate measured in the presence of high

levels of environmental stress is likely to be an estimate of the Jr of resistance to

those stresses. Conversely, in the absence of environmental stresses Jr of W/A

(weight per day of age) is an estimate of Jr of growth potential". Thus, in a dry

tropical environment the variability between years may also have a corresponding

variability in the estimates of the genetic parameters for growth.

This issue of the relationship between the estimation of generic parameters

and environmental variability could be addressed by utilising data from the

"Belmont" database. An estimation of the genetic parameters and EBV's for

growth could be undertaken by fIrstly undertaking an analysis that ignored

environmental categories, and secondly, repeating the analysis but within good and

poor years categories. Of particular interest would be the ranking of sires for the

perfonnance of growth in the good versus poor years, where a sire has been used

for more than one year. Thirdly, as the database also contains infonnation on

each sire's resistance to environmental stress (e.g. resistance to cattle tick and

helminths), the correlations between the ranking of the sires for growth in the

good versus poor years and their rankings for resistance to environmental stress

could be investigated.
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Indices for fertility

For the fertility dataset, years were assigned to an environmental category

based on the pregnancy rate of that year and the same categories were used in the

analysis of IWT and MWGD (Table 5). In this way IWT and MWGD were able

to be observed in years in which the pregnancy rate was either good., average or

poor. The two variables IWT and MWGD have been recognised as important

indices of a cow's nutritional status and hence her reproductive status in tropical

environments (Richardson et al., 1975; Buck et al., 1976; Entwistle., 1984; Frisch

et aI., 1987; Anderson et aI., 1988). The grouping of years into three categories

based on overall pregnancy rate is reflected in the IWT values~ the heaviest IWT

are in the good years and the lowest in the poor years (Table 5). The importance

of IWT is further indicated by the positive regressions of pregnancy rate on IWT

for 3 year old maidens (Table 10) and for' lactating cows (Table 11). Although

the regression of pregnancy rate on MWGD is also positive for cows 4 years of

age and older (Tables 11 and 13), pregnancy rate is not reflected in MWGD. The

highest levels of MWGD occur in the poor years and the lowest levels of MWGD

occur in the good years (Tables 5 and 12). It is conceivable that in the good years

for fertility, the cow's heavy body weight (IWT) leaves little capacity for high

weight gain during the breeding season. Overall, these data support the

conclusion of Richardson et ale (1975) and Steenkamp et al. (1975) that the best

indicator of a cow's ability to rebreed is her liveweight at the start of the breeding

season. Hence, this is evidence that a cow's long tenn nutritional status (IWT)

is more important than her short tenn nutritional status (MWGD). This implies

that further research into those management procedures, such as supplementary

feeding and early weaning is warranted because the improved nutritional status of

a lactating cow may (Tuen et aI., 1982; Loxton et al., 1983; Ghosh et aI., 1993;

McSweeney et al., 1993) or may not (Holroyd et al., 1983,1988; Schlink et al.,

1994) be associated with increased reproductive rates.
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4.2.2 Genotype

In previous studies of growth and fertility of cattle on "Belmont" (Seebeck,

1973; Frisch and Vercoe, 1984; Frisch et al., 1987; Mackinnon et al.., 1989; Hetzel

et aI., 1990; Mackinnon et aI., 1991), the genotypes always included in the study

were HS, BX and Brahman. Whereas the HS and Brahman are opposite for

production potential and resistance to environmental stress, the BX is intennediate

for both of these traits. The present study included these same genotypes for the

same reasons. Although "Belmont" Brahmans have always consisted of both high

and low grade, no previous study has ever investigated the influence of Brahman

content on productivity. Separating Brahmans into high and low grade categories

has demonstrated that Brahmans of different content also have different patterns

of growth and fertility. Previous studies from other locations in northern Australia

(e.g. Fordyce et al., 1989; Holroyd et al.., 1990a,b) have also found that Brahman

content is an important c.onsideration in the analysis of both growth and fertility

of beef cattle.

Growth

The effects of genotype on the calf s day of birth, birth weight and age

adjusted weights at weaning, 365 days and 550 days for HS, BX and Brahmans

reported in previous studies (Frisch and Vercoe, 1984; Hetzelet al., 1990; Burrow

et al.., 1991) are confmned with this study. In general, the HS are born earlier

and heavier than the other genotypes but from then on have the lowest growth

rates of any of the genotypes (Table 6). Previous reports have shown the

Brahmans are born latest and lightest but after weaning have superior growth

rates. At weaning the BX is usually the heaviest genotype but it is intennediate

for the other three growth parameters. The various changes in rank have been

explained in terms of the differences in growth potential and resistance to

environmental stress between Bos taurus, Bos indicus and the Bos taurus x Bos

indicus crossbred (see Frisch and Vercoe, 1981,1984).
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However, Table 6 also shows that separating the Brahmans into two lines

based on Brahman content identifies two distinct patterns of growth within the

Brahmans. These differences can be explained in terms of growth potential and

resistance to environmental stress. Although BL calves are born earlier than BH

calves, the differences are not significant The issue of gestation length is

complicated because BL and BH calves can be born to either BL or BH dams.

However, liveweights associated with the maternal environment (BWT or WWT)

show that the BL are significantly heavier than BH, indicating that the growth

potential of the BL is higher than that of the BH and similar to that of the BX.

Because the post-weaning growth of the BL approaches that of the BH in the poor

years, it can be concluded that the level of resistance to environmental stress of

the BL also approaches that of the BH. By FWT, the difference between BL and

BH has been largely removed and both lines are heavier (p=O.06) than BX (Table

6).

The superiority of the BL for perfonnance in growth rate supports the use

of this genotype in the industry herds of northern Australia. Beef producers in

this region have generally stabilised their herds at between ~ and 7/eth Brahman

content because herds of lower or higher Brahman content experience reduced

growth rates in their calves (Lapworth et aI., 1976).

At present the proportion of Brahman purebreeding is not considered in

genetic evaluation models of growth that are used in the across-herd Brahman

GROUP BREEDPLAN analysis (Schneeberger et aI., 1991). In other studies of

other breeds the proportion of purebreeding was found to be a significant

component in the analysis of liveweight data Studies of growth rates in which

this effect has been shown to be significant include those of Molina et ale (1982)

with Romosinuano from Costa Rica (latitude lOON), Graser and Hammond (1985)

with Simmentals from southern Australia and Lubritz et at. (1987) with Chianina

from Louisiana (latitude 30°N). Another potential source of variation not taken
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into account, for the GROUP BREEDPLAN analyses, is the differences between

the recently imported Indu-Brazil from Brazil and Brahmans bred in Australia.

Anecdotal infonnation indicates that the Indu-Brazil is a large framed, late

maturing Bos indicus and is significantly different from Australian Brahmans.

Although the Indu-Brazil only contributed a relatively small number of sires to the

GROUP BREEDPLAN analysis of 1993 and 1994 (Anonymous, 1993,1994), the

sire trait leaders, for all traits, were almost exclusively of Indu-Brazil origin. The

evidence from studies of the proportion of pure breeding (e.g.. Graser and

Hammon~ 1985) and from Table 6 suggests that not accounting for various

proportions of Brahman breeding and various proportions of Indu-Brazil breeding

would be ignoring important sources of variation in the analysis of growth rates

for Brahman GROUP BREEDPLAN.

Fertility

Rankings of HS, BX and Brahman (combined BL and BH) for pregnancy

rate (Table 7) are the' same as found in recent studies of fertility on "Belmont"

(Frisch et al., 1987; Mackinnon et al., 1989). As with the growth parameters

(Table 6) separating Brahmans into high and low grade gave two distinctly

different performance levels for fertility. The pregnancy rate of BL was similar

to HS and both were substantially higher than the pregnancy rate of BH. The

higher rates of reproduction of the BL over the BH thus supports the use of low

grade Brahman herds in northern Australia. The relatively high pregnancy rate of'

BL (Table 7), coupled with the high growth rates of BL calves (Table 6), makes

the BL a better productive option for northern Australia than either BX, HS or

BH. Peacock et ale (1969) also found that low grade Brahmans (between ~ and

7hth Brahman content), at Florida (latitude 20°N) had higher growth and weaning

rates than either purebred Brahmans or purebred Shorthorns.

Some of the higher productivity ofBL (Tables 6 and 7) could be explained

by heterosis resulting from progeny of % content being born to F1 Brahman x HS
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dams. However, as only a small number of animals originated from F I dams, the

influence of heterosis was considered to be minor. Nevertheless, the higher

perfonnance of BL over BH as seen at "Belmont" and at other locations in the

tropics and subtropics warrants the separation of Brahmans into categories based

on the proportion of Brahman breeding in genetic evaluation models. The above

fmding suggest that the method used by Graser and Hammond (1985) for the

genetic evaluation of Simmentals, that differed in grade, should also be applied

to Brahmans.

4.2.3 Age of dam and previous lactational status

In the dry tropical environment of northern Australia, both the age of the

dam and her previous lactational status are factors that affect growth and fertility.

Growth

The highly si~ificant and consistent effects of AGEPLS on CBDAY,

BWT, WWT, YWT and FWT (Table 8), support the results of numerous earlier

studies from the tropics in which both age of dam and previous lactational status

affect both time of calving and calf growth rate to 18 months of age (Berruecos

and Robinson, 1968; Thorpe et al.., 1981; Rudder et al., 1982a; Frisch and Veroce,

1984; Hetzel et al., 1990; Mackinnon et al., 1991; Ahunu et al., 1993; Fordyce et

aI., 1993a). Therefore, production systems that retain non-pregnant cows in their

breeding programs must include both maternal effects, as fIXed effects to describe

models of calf's time of birth, and growth rate to at least 18 months of age.

Fertility

As with the growth parameters, AGEPLS was a highly significant effect

in the analysis of pregnancy rate (Table 9). The significantly higher reproductive

rates of both 3 year old maidens and non-lactating cows, over lactating cows,

confrrms previous reports from tropical environments (Holroyd et al., 1977; Frisch
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et aI., 1987; Anderson et al., 1988; Fordyce et aI., 1989; Mackinnon et al.., 1989).

The significantly higher pregnancy rates of maidens and non-lactating cows

compared to lactating cows demonstrates the effect of lactational anoestrus (fable

9). The alternating high and low pregnancy rate for 3, 4, 5, 6 and 7 year old cows

is consistent with the high degree of post-partum anoestrus (low pregnancy rate)

occurring after a high pregnancy rate (Table 9). Table 9 indicates that lactational

anoestrus is greatest in growing cows (4 year oIds) and is less important once

cows have reached their mature size (7-9 year aIds). This indicates that cows that

have yet to reach maturity, partition available nutrients between milk production

and their requirements for maintenance, growth and resumption of oestrus.

The relationships between pregnancy rate and IWT, MWGD and DAYOC

are complex. The alternating high and low pregnancy rate occurs despite an

increasing IWT and a constant MWGD. The alternating pregnancy rate is also

inconsistent with DAYOC. In general, cows with early born calves have been

shown to have higher pregnancy rates (Table 11). However, 4 year old cows,

despite their early DAYOC, are most prone to lactational anoestrus and achieve

the lowest pregnancy rate (Table 9). Furthermore, the significant reduction in

pregnancy rate after the cows have reached 9 years of age is related to some

ageing process. This ageing process seems unlikely to be related to poor

dentition, as surmised by Holroyd (1977) and Anderson et ala (1988) because the

aged cows on "Belmont" do not have the need to walk long distances for feed and

water and this age class had the heaviest IWT, and similar NIWGD and DAYOC

to the other lactating cows. There is an indication that the 4 year old non

lactating cows (i.e. cows that didn't conceive as 3 year old maidens) are

genetically sub-fertile, because factors such as IWT, :MWGD and DAYOC do not

explain the relatively low pregnancy rates of this group (Table 9). The

unexpected drop in fertility of non-lactating 4 year old cows has also been

reported by Mackinnon (1988).
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Fertility of maidens in different genotypes

The differences in pregnancy rates between maidens of any genotype are

small and non-significant (Table 10). Compared to the three Bos indicus derived

genotypes, the HS show typical Bos taurus attributes by their earlier HBDAY

(Table 10). The relatively low growth rate of Bos taurus heifers compared to Bos

indicus heifers~ reported in other studies in the tropics (Seifert, 1975; Burrow et

al., 1991) are also shown in this study by the low IWT's of HS heifers (Table 10).

However., once the HS heifers have reached. 26 months of age their growth rate

during the breeding season (MWGD) are not different from the other genotypes.

Fertility of lactating cows in different genotypes

Unlike the small differences between the maidens of different genotypes,

the differences for lactating cows were large and highly significant. The ranking

of HS, BX and Brahman (Table 11) for fertility has been reported previously

(Frisch et al., 1987; Mackinnon et al., 1989). As with the comparison between

HS maidens and the maidens of other genotypes (Table 10), HS lactating cows

have lower IWT but a similar MWGD to the lactating cows of the other genotypes

(Table 11). Despite the lower IWT, the HS achieve the highest pregnancy rate.

A more detailed discussion of the relationship between HS, BX and Brahman and

IWT, MWGD and DAYOC can found in Frisch et al. (1987).

As the present study separated Brahmans into high and low grade, the

discussion on genotype differences for lactating cow fertility will focus on the

reproductive perfonnance of BL and BH cows. Compared to Brahmans of high

grade, Brahmans of low grade had higher pregnancy rates, IWT and MWGD as

well as an earlier DAYOC (Table 11). Of particular interest was the large

difference in MWGD as, unlike the other genotypes, lactating BH cows barely

gained any weight during the breeding season. Hohenboken et ale (1971) and

Richardson et al. (1977) have shown that changes in weight of lactating cows
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during early lactation are negatively related to milk yield. Hence, the small

MWGD of the BH (Table 11) was not surprising given the reports of the

relatively high levels of milk production of high grade Brahmans when compared

to Bos taurus beef breeds (Hentges and Howes, 1963; Holmes et al., 1968; Brown

et aI., 1993c).

The allocation of years into environmental categories also highlighted the

differences between maidens and non-lactating cows on one hand and lactating

cows on the other. Unlike maidens and non-lactating cows, lactating. cows

displayed a large variation in pregnancy rate between good., average and poor

years. A pregnancy rate of 75.8% in lactating cows in good years (fable 12)

resembles the pregnancy rate that would be achieved in a temperate environment

(Reid., 1990). The corresponding pregnancy rates in the poor years (fable 12)

resembles the high stress environments of the tropics (Galina and Arthur, 1989b;

Chenoweth, 1994).

Once lactating cows had reached a mean IWT of about 450 kg at the start

of the breeding season on "Belmont", th~ cows will achieve high pregnancy rate

(fable 12). These pregnancy rates were achieved. even if the MWGD was low.

Conversely, if the IWT was low (390 kg) it does not matter if the MWGD was

relatively high (0.30 kg/day) since the pregnancy rates will still remain low. This

was further evidence that the short-tenn nutritional status during the breeding

season (MWGD) was of less importance than the long-tenn nutritional status

(IWT) and confinned work by Richardson et al. (1975), Steenkamp et al. (1975)

from Africa and Anderson et ale (1988) from northern Australia.

Fertility of non-lactating cows in different genotypes

Separating the Brahmans into high and low grade identified two distinct

patterns for pregnancy rate, IWT and MWGD for non-lactating cows (Table 13).

Apart from MWGD, which was relatively high and not different between the two
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lines, the pregnancy rate and IWT was again in favour of BL. Indeed the

pregnancy rate of BL was not different from either HS or BX.

4.2.4 Sex of calf

Growth

Male calves were born later and had superior growth rates, especially at

older ages, than female calves (Table 14). This pattern has been reported in

numerous other studies from both tropical and temperate regions (Bair et al.,

1972; Barlow and O'Neill; 1978; Pell anq. Thayne, 1978; Fordyce et al., 1993a).

Fertility

Preliminary analysis of the effect of sex of calf on fertility found no

significant effect, as was found in other studies (Warnick et al., 1967; Aaron et

al., 1990; Aaron and Thrift, 1990).

4.3 Interactions

In the present analysis, the four genotypes provided a range in Brahman

content from zero (HS) to purebred (BH) and this enabled the investigation of

interactions between genotype and the other fIXed effects. The significant

interactions between genotype and environmental category, maternal environment

and sex of calf are discussed in detail. The occurrence of the interactions has

implications for genetic improvement programs for this region.

4.3.1 Interaction between genotype and environmental category

A number of studies and reviews have been concerned with both the

growth and reproductive performance of different genotypes in different

environments (e.g. Bolton et ai., 1987a; Setshawaelo, 1990; Morris et al., 1993)

and how to handle these interactions in genetic evaluation procedures (e.g. Notter,

1991; Cameron, 1993).
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Growth and Fertility

Grouping years into environmental categories enabled the investigation of

the sensitivity of the genotypes to the different environmental categories. Vernon

et al. (1964), Frisch et aI. (1987) and ltulya et al. (1987) used similar

environmental categories to investigate an interaction between genotype and

environment. For the same reason, Frisch and Vercoe (1984) artificially imposed

three different levels of environmental stress onto a single calf crop of HS, BX

and Brahman on "Belmont" by using the following three treatments: pasture fed

with no con~ol of parasites (high stress environment); pasture fed and control of
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resistance to environmental stress (HS) perfonns relatively better in the better

environment and relatively poorly in the poor environment The genotype of

intermediate production potential and lev~l of adaptation (BX) has an intennediate

perfonnance in both categories of environment If the growth and reproductive

rates of BL and BH were averaged, the average perfonnance of the combined

lines would be similar to the Brahmans in the two previous studies on "Belmont".

The Brahmans, despite their low growth potential, achieved the highest growth

rates in the high stress environment because of their high degree of resistance to

environmental stress (Frisch and Vercoe, 1984). In years of high environmental

stress the Brahmans had similar calf crops to the HS (selected line) and BX but

were significantly below the HS and BX in the years of low environmental stress

(Frisch et al., 1987).

However, dividing Brahmans into high and low grade revealed that the two

lines had different levels of production potential but similar levels of resistance
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to environmental stress. In the good years, the BWf of the BL is the same as that

of the BX and significantly heavier than that of the BH (Figure 1), which provides

evidence that the potential for growth of the BL is closer to that of the BX than

of the BH. That reproduction potential of the BL is also closer to the BX than

BH is indicated in Figure 5. For average and good years, the BX and BL had

similar and significantly higher pregnancy rates than BH. Hence the data indicate

that the production potential of the BL is similar to that of the BX and higher than

that of the BH.

The growth performance of the BL compared to BH in the poor years

provided an indication that the level of resistance of both genotypes is similar.

The WWT, YWr and FWT of BL calves in the poor years were consistently

heavier than the BH (Figures 2, 3 and 4 respectively). Similarly, in tenns of

fertility the BL achieved the higher pregnancy rate than BH in the poor years

(Figure 5). In addition, the BL has both higher IWT (Figure 6) and MWGD

(Figure 7) than the BE; but the difference is greatest in the poor years. The higher

IWT and MWGD of the BL would contribute to the higher pregnancy rate of this

genotype, especially in the poor years.

A distinctive feature of the BL is that for both the post-calving weights of

calves (Figures 2, 3 and 4) and pregnancy rates (Figure 5) there is very little

variation between good and poor .years. Hence, the relatively high productivity

of low grade Brahmans discussed earlier is confinned by the consistency of

perfonnance over a range of environmental conditions. Because of their relatively

high levels of resistance to environmental stress the BL is able to realise a high

proportion of its production potential, which is greater than that of the BH.

However, a contributing factor to this high level of consistency could be heterosis

in those %th Brahmans born to F I Brahman x HS cows which consisted of about

10% of the herd.
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4.3.2 Interaction between genotype and maternal environment

Growth and Fertility

The interaction between genotype and maternal environment (AGEPLS) is

significant for both WWT (Figure 8) and pregnancy rate (Figure 9) and, as also

noted by Franke and Oviedo (1992), the variation in the effect of genotype is

primarily related to the proportion of Brahman. However, the AGEPLS effects

on WWT are opposite to the effects on pregnancy rate.

The AGEPLS effects are significantly higher in the HS than in the two

Brahman lines and intermediate in the BX (Figure 8). This confmns studies that

have shown ·age-of-darn effects for growth rates of calves to be less in Bos indicus

derived breeds than in Bos taurus breeds (Seifert, 1975; Brown et al., 1993a,b).

Conversely, for pregnancy rate, the AGEPLS effect for HS was minor

compared to the effects in the Brahman derived genotypes (Figure 9). This has

also been shown by Mackinnon (1988). However, not shown previously has been

the differences in the AGEPLS effect between low and high grade Brahmans.

Although all classes of AGEPLS for BH
t

were lower than for BL, those BH cows

that were 4 years of age and lactating were particularly prone to low reproductive

rates. That factors other than IWT and MWGD are associated with this low

pregnancy rate is indicated by the relatively high IWT and MWGD of BH cows

(Figure 9). Despite the 4 year old lactating BH cows being 35 kg heavier and

having no difference in MWGD to the comparable HS cows, the pregnancy rate

of BH cows was 25.4% compared to 71.4% for the HS cows.

4.3.3 Interaction between AGEPLS and environmental category

Growth and Fertility

In the environment on "Belmont" the combination of age of dam and

previous lactational status has been shown to be a significant fixed effect for all

growth parameters (Table 8). When the overall means for all lines, in all years,
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are considered, the effects of the maternal environment on growth are reduced as

the calf ages (Table 8). Similar fmclings have been reported for previous studies

in the tropics (e.g. Seifert, 1975). Figure 10 shows that on "Belmont" whether or

not the effects of the maternal environment have largely disappeared by 550 days

of age depends upon the type of year. In the good years, correcting FWT for

maternal effects would not be necessary. However, in the poor years, not

adjusting FWr for the effects of AGEPLS would be ignoring significantly higher

levels of environmental variation. If the FWT in poor years is not corrected for

AGEPLS up to 18 kg differences between the classes of AGEPLS will be

incorrectly taken as a genetic difference.

As with the growth parameters, the effects of the maternal environment on

pregnancy rate also varies with environment conditions (Figure 11). This figure

illustrates that the effects of lactational anoestrus are most pronounced in poor

years. Compared to maidens and 5+ year old non-lactating cows, the 4 year old

lactating cows also declined in pregnancy rate in the poor years but this decline

was not related to either their lWT (Figure 12) or MWGD (Figure 13) in poor

years. The decline in pregnancy rate occurred despite a relatively high rwr of

390 kg and a MWGD of 0.4 kg/day.

Rollins and Wagon (1956), Meyer (1992) and Waldron et al. (1993) have

shown that ignoring maternal effects can significantly inflate the estimate of h2 for

preweaning growth traits. It follows that ignoring significant maternal effects on

either post-weaning growth traits or reproductive traits would also distort the

estimate of h2 for these traits. This suggests that using either a standard set of

adjustment factors or not adjusting for the interaction between AGEPLS and

environmental category would be inadequate for models of genetic evaluation of

productivity in this environment.
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4.3.4 Interaction between genotype and sex of calf

Growth

It is well documented that male calves have higher growth rates than

female calves but in environmentally stressful conditions the difference in growth

rates between males and females may be either small or reversed (Frisch, 1981;

De Nise et al.., 1988). Males are more affected than females because males are

less resistant to environmental stress than females (Frisch, 1981) and this lower

resistance is related to testosterone (Frisch and Hunter, 1990a,b). Compared to

males of the Brahm~. derived genotypes, HS males have lower levels of

resistance and higher levels of testosterone (Frisch and Hunter, 1990b) and

therefore the difference between male and female in the HS is small compared to

the corresponding difference in the Brahman derived genotypes (Figure 14). This

suggests that in the dry tropics, there should be a simultaneous adjustment of

growth rates for sex of calf and genotype. This was also a conclusion of Franke

and Oviedo (1992) from their studies of growth rates of calves in the sub-tropics.

4.4 Covariates

The independent variables associated with time of calving (CBDAY,

HBDAY and DAYOC) were found to describe a cause-and-effect relationship with

productivity. Additionally, the independent variables, IWT and MWGD, were

significantly related to fertility.

4.4.1 Time of birth

The day on which a cow calves has a simultaneous effect on the growth

rate of that calf and the cow's subsequent fertility..

Growth

The onset of the wet season nonnally occurs about the middle of the

calving period and hence the early born calve's are usually born in the dry season

and the late born calves are usually born in the wet season. The change from the
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unfavourable dry season to more favourable wet season environment is responsible

for the positive regressions of CBDAY on both BWT and WWT (Table 6). By

weaning, the early born calves have had longer exposure to ecto- and endo

parasites than the late born calves. Furthennore, dams of the early born calves,

calve and approach peak: lactation during the dry season whereas dams of the late

born calves calve and reach peak: lactation after the wet season has commenced.

All of these factors contribute to early born calves growing at a slower rate than

late born calves.

Positive regressions of time of calving on calf growth rates to weaning

have also been found by Rudder et al. (1975), Seifert (1975), Newman and Deland

(1991) and Fordyce et ale (1993a,b). Negative regressions (i.e. early born calves

heavier than late born calves) would have agreed. with the findings of Lesmeister

et ale (1973), Seifert et al. (1974), Keller and Brinks (1978) and Rudder et al.

(1982a). The implications for models of genetic evaluations are that time of birth

is a significant covari~te but whether the effect is positive or negative is specific

for the production system.

Because a single time of weaning is used in the production system of

"Belmont", calves born at the end of the calving period are weaned relatively early

compared to calves born at the beginning of the calving period. The shorter

nursing period of the late born calves is reflected in the negative regression

coefficients of CBDAY on both YWT and F\VT (Table 6). However, the

regression coefficient is larger on YWT than on FWT (Table 6) and this indicates

the CBDAY effect diminishes as the calf ages. Hence, 12 months after weaning,

the effect of CBDAY still needs to be considered for models of growth in the

tropics.

The change from pOSlt1ve (pre-weaning) to negative (post-weaning)

relationships, shown in Table 6, have also been shown by Rege and Siboniso
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(1993) for various genotypes of beef cattle in Zimbabwe (latitude 20°8).

Fertility

The time of birth of heifers also has implications for the parameters of

fertility but the effect is not consistent between the genotypes. The within

genotype regressions of the percentage pregnant on HBDAY can be grouped on

Brahman content (Table 10). Whereas heifers of zero Brahman content (HS) are

more fertile if they are born late, heifers of Brahman derivation are less fertile if

they are born at the end of the calving period. These within genotype regressions

have not been reported previously. The difference in the regression coefficients

suggest that the heifers of some Brahman content have not reached puberty by the

time of their fJISt breeding season. Conversely, all HS heifers have reached

puberty earlier, as shown by D'Occhio et al. (1994). However, the early born

heifers consist of heifers born to non-lactating cows and the late born heifers were

born to lactating cows (Table 8). This suggests that, unlike the three Brahman

derived genotypes, non-lactating HS cows are genetically less fertile than their

lactating contemporaries. Alternatively, ~e non-lactating HS cows are less

adapted to a tropical environment than the lactating HS cows and the lower levels

of resistance to environmental stress in these lactating cows is reflected in their

lower reproductive rates in maidens. This further suggests that, unlike BX, BL

and BH cows, retention of non-lactating HS cows in the breeding program, would

be detrimental to the genetic improvement of the fertility of HS maidens. Culling

non-lactating HS cows would remove those cows whose heifer progeny would

have a reduced pregnancy rate as maidens. This would not be the case for the

three Brahman derived genotypes. Furthennore, these differences suggest that

there may also be corresponding differences in the genetic parameters for fertility

between the HS and the BX, BL and BH.

The day of calving is also an important consideration for the genetic

improvement of the fertility of lactating cows. The negative relationship between
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pregnancy rate and DAYOC shown in Table 11 agrees with numerous other

studies in the tropics (Buck et al.. , 1976; Holroyd, 1985; Frisch et .at.,

O'Rourke et al.. , 1991a,b,1992). The negative regressions highlight the """....... ..."....... -"'''' ...,...''"''..

of early calving in the tropics and suggest that genetic improvement

should aim at reducing the DAYOC.

However, using EBV's for days to calving in order to increase the

calving rate of lactating cows may have little impact on the fertility of ...""""""~~y,,,..

Brahmans of high grade. The low reproductive rates of this genotype (Table 1

and especially of 4 year old cows (Figure 9), coupled with the exception,ally

MWGD of these cows (Table 11), would suggest that most cows of this geniotype

will only rebreed when their calves are weaned. Hence, early w·eaning

commonly employed as a means of increasing reproductive rate (L.aster et

1973a; Schlink et al., 1988; Lusby et al., 1991). It is hypothesised that the

proportion of BH cows that do rebreedwithout the calf being weaned would

a similar rwr and MWGD to the BX and BL and this warrants

investigation. Using EBV's for days to calving for BH cows to

successful at reducing the days to calving in the small proportion ·o,f cows

rebreed but this procedure will. be much less successful in the cows

lactational anoestrus. Hence EBV's for days to calving is n,'o't to

significantly increase the reproductive rate of BH cows because of the

of lactational anoestrus in this genotype.

However, genetic improvement programs for BH cows that also aim ata

target mating weight of around 430 kg and a MWGD of about O.2kglday rnn,'I'*,!,.....

at leas'4 increase the pregnancy rate of BH cows compared to that of BX

cows. This approach is likely to be successful, providing that the

stimulus, known to influence post-partum anoestrus (Wettemann et

Carruthers et aI., 1980; Bluntzer et aI., 1989) is the same between BX, BL
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will only rebreed when their calves are weaned. Hence, early weaning is

commonly employed as a means of increasing reproductive rate (Laster et al.,

1973a; Schlink et aI., 1988; Lusby et aI., 1991). It is hypothesised that the small

proportion of BH cows that do rebreed without the calf being weaned would have

a similar IWT and MWGD to the BX and BL and this warrants further

investigation. Using EBV's for days to calving for BH cows is likely to be

successful at reducing the days to calving in the small proportion of cows that

rebreed but this procedure will be much less successful in the cows that exhibit

lactational anoestrus. Hence EBV's for days to calving is not likely to

significantly increase the reproductive rate of BH cows because of the high degree

of lactational anoestrus in this genotype.

However, genetic improvement programs for BH cows that also aim at a

target mating weight of around 430 kg and a MWGD of about 0.2 kg/day should.

at least, increase the pregnancy rate of BH cows compared to that of BX and BL

cows. This approach is likely to be successful, providing that the sucking

stimulus, known to influence post-partum anoestrus (Wettemann et a1., 1978;

Carruthers et aI., 1980; Bluntzer et ai., 1989) is the same between BX, BL and



89

BH cows. The author could find no evidence in the literature that the negative

effects of the sucking stimulus are stronger in high grade Brahmans compared to

low grade Brahmans. The evidence from the present study adds to the concerns

of Davis (1993) and Frisch (1993) that the genetic improvement of reproduction,

and especially of high grade Brahmans, will come from sources other than EBV's

for days to calving.

4.4.2 Indices for fertility

Body condition score, cow liveweight going into the breeding season, and

change in weight during ~e breeding season, have been shown to be useful

indices for fertility in the tropics (Doogan et aI., 1991; De Rouen et al., 1994 and

see review by Randel, 1990). Although condition scores were not measured on

the cows in the present study, in general, IWT and MWGD were shown to be

significant covariates with pregnancy rate (Tables 10, 11 and 13). The

relationship between these two indices and pregnancy rate was always positive,

agreeing with numerous other studies in the tropics (Richardson et al., 1975; Buck

et al., 1976; Goddard et al., 1980; Frisch et aI., 1987; Mackinnon et al., 1989;

MacGregor and Swanepoel, 1992). However, IWT and MWGD must be looked

at separately because these two indices do not necessarily have positive effects

simultaneously. For instance, statistically adjusting pregnancy rate of HS lactating

cows for their high MWGD would reduce pregnancy rate of HS lactating cows but

because this genotype has the lowest IWT, adjusting for IWT then increases

pregnancy rate (Table 11).

Genetically increasing the IWT of maidens, by selecting for high growth

rate in the presence of environmental stress, will generally increase their

pregnancy rates (Table 10). However, the relationship between pregnancy rate and

IWT is stronger in BH maidens than in other maidens and this suggests that

increasing the target IWT of BH maidens above 326 kg will increase their
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pregnancy rates more so than increasing the IWT of the other genotypes.

Increasing the target weight of Bos indicus heifers, to increase reproductive rates,

was also one of the key recommendations of Chenoweth (1994) in his review of

reproduction in female Bos indicus cattle.

Use of environmental categories has shown that the relationship between

pregnancy rate and IWT is not consistent for all environmental conditions (fable

11). The relatively small effect of changes in IWT in good years is because of

the relatively high IWT in those years (fable 12). Conversely in poor years

increasing the IWT of lactating cows has a greater influence on pregnancy rate.

Thus selection for increased levels of resistance, would effectively increase IWT

and therefore, pregnancy rate in the poor years.

In both lactating and non-lactating cows MWGD was a highly significant

covariate for pregnancy rate (Tables 11 and 12). The response in pregnancy rate

from an increase in MWGD would be small but nevertheless this is still a genetic

improvement option that could be pursued.

4.5 Conclusions

Artificially improving the environment of northern Australia is one means

by which an increase in the productivity of beef cattle can be achieved. An

alternative is to develop a genotype that is highly productive in this region. One

strategy that can be used to develop such a genotype is to select replacement

breeding stock based on EBV's. However, as discussed in Chapter 1, a successful

application of the mixed model technology can only be achieved if the models

used to generate EBV's are an accurate reflection of both the production system

and environment. There is ample evidence in the literature that models of growth

and fertility of Bos taurus in a temperate environment are not transferable to Bos

indicus in a tropical environment.
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The variables of growth and fertility, chosen for genetic

improvement, do not always identify those traits that will maximise

genetic gain in on-farm productivity;

There is a lack of clear and unambiguous defInition of both

genotype and environment;

The variability between years and between seasons is such that

there is a lack of consistency within the components of models of

growth and fertility.

ii.

iii.

The survey of the literature acknowledges a large body of evidence of the

factors that should be considered in the construction of models of growth and

fertility. However, nominating these factors as components of genetic evaluation

models is not straight forward in the tropics. Problems arise for the following

three reasons;

i.

The traits chosen for genetic improvement should match both the

production system and environment of the region. This thesis presents a case for

the production systems of northern Aus~a. For these late-weaning systems,

traits for growth that should be targeteq. are birth weight and a 200 day weaning

weight, a 365 day yearling weight and a 550 day weight Traits for fertility, in

such a system, should be traits such as pregnancy rate, calving rate or calf crop

and not days to calving. However, if the system is based on early weaning then

a 100 day weaning weight should replace the 200 day weight and days to calving

could be considered as a trait for fertility.

Having identified the appropriate dependent variables, the next step in the

construction of a model is to nominate the appropriate fixed effects, interactions

and covariates. It has now been established that the improvement of an animal's

productivity in a specific environment, requires the genetic improvement of those

traits detennining productivity in that environment, and not some other
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environment (see Falconer, 1989). However, in the dry tropics, beef cattle can be

subjected to good and poor environmental conditions, not only between years, but

also within a year. Environmental categories (see section 3.1.1) clearly defined

the yearly variation in the growth and fertility data. Similarly, weighing calves

at the ages of 365 and 550 days coincided with growth rates at the end of the

nonnal dry and wet seasons respectively. Hence, environmental categories and

weighing ages at 365 and 550 days were able to defme the environmental

conditions of this region.

The frequency and severity of poor years, and the low growth rates of

calves to their yearling weight, designates that the genotypes used in this region

must possess relatively high levels of resistance to environmental stress. For this

reason the cattle used in this region are of varying Brahman content. However,

the genetic evaluation models currently used in the tropics ignore Brahman content

as a main effect. The recent infusion of other Bos indicus breeds (e.g. Indu

Brazil) into the northern herd, likewise has been ignored. That the genotype of

the northern herd can be defmed on Br~man content (EX, BL and BH) is

demonstrated in section 3.1.2. Defming genotype in this way enabled the

investigation of the relationship of Brahman content with the other fixed effects

and covariates. These data suggest that the inclusion of Brahman content would

provide a clear and unambiguous definition of genotype for models of genetic

evaluation.

In northern Australia, the low reproductive rates in general., and the

presence of high grade Brahmans in particular, has meant that a significant

proportion of herds can consist of cows that were non-lactating in the previous

breeding season. However, models currently being used for genetic evaluation of

both growth and fertility ignore the effect of previous lactational status and use

only age of dam as a main effect. Whereas only age of dam is applicable for

temperate environments, section 3.1.3, provides evidence that both age of dam and
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previous lactational status should be considered for models that are to be used in

the tropics. Moreover, age of dam/previous lactational status has a significant

effect on post-weaning growth rates but by 18 months of age the effect is only

significant in those years defmed as poor.

The large number of significant interactions (Figures 1 to 14) and the

significant covariates (Tables 6, 10, 11 and 13) indicates that there isa high

degree of complexity in the biology of beef production in this environment.

However, within this complexity there was a consistent pattern in the growth ,an,d

fertility data that was explained by factors such as environmental category, level

of Bos indicus content, maternal erivironment, day of calving, sex of calf ,and the

indices of fertility, IWT and MWGD. These data imply that the accuracy of

EBV's for both growth and fertility will be seriously compromised if a simple

model and/or a single set of correction factors were to be applied to ,all ta

emanating from tropical Australia. These data suggest that the model and

correction factors should be specific for the production system (early versus

weaning), season (365 and 550 day weights), type of year (good versus

genotype (Bos taurus versus Bos indicus and within Bas indicus, high content

versus low content), sex of calf and maternal environment (both age of dam and

previous lactational status).

Once the appropriate fIXed effect have been identified, the final step in the

genetic evaluation procedure would be to include genetic tenns (random effects)

into the models~ Genetic evaluation models that incorporate rall of these factors

are viewed as a means by which not only the accuracy of the predication of

genetic merit, but also the take-up rate o·f the technology in northern Australia can

be increased Furthennore, genetic improvement programs for growth and "(."""'''th1~''

could also consider exploiting the benefits of heterosisan'd improving the

productivity in the poor years and seasons by increasing the level of resistance to

environmental stress. Beef producers who employ strategies that simultaneously
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improve the environment and the genetic performance of their cattle will ensure

that their improvement in on-fann productivity is both substantial and sustainable.
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