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ABSTRACT

Crossbreeding is a common practice in poultry anidesbreeding. Conversely, this mating system
has not been widely adopted for breeding purpasédsiry cattle in temperate climates (except in New
Zealand), mostly because of the superiority of kohs for milk yield, the economic relevance ofthi
trait, the strong historical influence of purebte@eders and breed associations, and some bidlogica
aspects such as the low reproductive rate and ahg feneration interval of the cattle species.
Recently, the interest in crossbreeding aspectsbbas growing among dairy producers, and this
practice may be used to remove inbreeding depresstocumulated in the major dairy breeds, to
improve some economically important traits suckeadlity, health, longevity, and calving ease, dod
increase economic gains in countries where milkipgi systems have put a great emphasis on milk
solids. It appears important to estimate the exgokletvel of heterosis for traits of economic ingtrie
dairy cattle in order to evaluate the profitabilitfycrossbreeding.

Objectives of this work were a) to estimate crosstimg effects for milk yield traits and calving
interval in dairy cows (Chapter 2), b) to investegthe influence of the environment on the expogssi
of heterosis for milk yield traits, somatic cellbse, and age at first calving in dairy cattle (Clea3),
and c) to estimate the effect of different genasype age, live weight, price, and commercial valfie
purebred and crossbred calves sold for beef andoveduction (Chapter 4). The thesis started with a
introduction on crossbreeding in dairy cows (Chafpjefollowed by three contributions.

Chapter 2 provided a study to assess crossbreetfews for lactation milk, fat, and protein yield,
and calving interval in dairy cows reared in Ir@laiThe analysis showed that breed effects for
production traits were in favour of North Americlolstein Friesian cows, while for calving interval
were in favour of Friesian, Jersey, and Montbékabdeeds. The highest heterosis estimates for milk
yield traits were for crosses between North Ameriddolstein Friesian and Jersey, with first
generation cows giving 626 kg more milk, 25 kg miaeand 21 kg more protein than the average of
the pure parental breeds. Regarding calving intethia@ highest estimate was for crosses between
North American Holstein Friesian and Montbéliardath first generation cows showing 10 d less
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calving interval than the average of the parentaktls. Estimates obtained in this study could be
considered in the genetic evaluation model curyemth in Ireland.

Chapter 3 investigated the effect of the envirortialelevel of production on the expression of
heterosis for lactation milk, fat, protein, and jdiis protein yield, somatic cell score and agérsit
calving in primiparous Black and White dairy coweared in The Netherlands. Holstein Friesian,
Dutch Friesian and first generation crosses obdiairem the mating of these strains were studie@ Th
environments (low, medium, high) were defined oe Hasis of the herd production level. Holstein
Friesian produced more than Dutch Friesian. Fiestegation crosses showed comparable productions
to Holstein Friesian, especially in the low enviment. Estimates of heterosis for production traits
ranged between 2.4% for milk yield in the high eomment and 5.3% for fat yield in the low
environment, with decreasing percentages obsemethé traits when moving from the low to the
high environment. Overall, heterosis for somatitt seore and age at first calving were moderate.
Results emphasized that the highest non-additinetgeeffects for yield traits were expressed i@ th
most stressful environment, i.e. low level of proiion.

Chapter 4 investigated the effect of four purelgedotypes (Brown Swiss and Holstein Friesian
as dairy breeds, and Simmental and Alpine Grey @ gurpose breeds), and eight crossbred
genotypes derived from mating of previous four dareeds and two sire breeds (Limousin and
Belgian Blue) on age (d), live weight (kg), pri¢eu¢o/kg), and market value (Euro/calf) of calveklso
for veal and beef production during public auctioDsial purpose purebred calves were heavier and
presented higher price and market value than gmirgbreds (314 and 227 Euro/calf for Simmental
and Alpine Grey, and 189 and 203 Euro/calf for Bno@wiss and Holstein Friesian, respectively).
Crossbreeding with Limousin bulls increased liveghig price, and market value of calves from dairy
and Alpine Grey cows, but had a small influencepone and market value of calves from Simmental
cows. Crossbreeding with Belgian Blue bulls incegaprice and market value of calves much more
than Limousin, particularly when used on Brown Snasd Alpine Grey.

Key words: crossbreeding, dairy cows, heterosis
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RIASSUNTO

L’incrocio € il sistema riproduttivo di riferimenttelle produzioni avicole e della maggior parte di
quelle suinicole. In queste specie I'eterosi € onus utile e largamente sfruttato per migliorare la
produttivita e I'efficienza produttiva degli aninnahl contrario, nei climi temperati gli allevatodi
vacche da latte tradizionalmente hanno esclusoririo dalla gestione riproduttiva della loro maadr
(produzione della rimonta). L'unica eccezione éprapentata dalla Nuova Zelanda. | motivi alla base
di questa esclusione sono la superiorita dellaardtalstein per la produzione di latte, I'importanza
economica assunta da questo carattere in molte& rpedduttive, la forte influenza esercitata delle
associazioni di razza a livello mondiale e alcuaesaerazioni di carattere biologico come la bassa
efficienza riproduttiva e l'intervallo di generam® piuttosto lungo nella specie bovina. Tuttavia, i
panorama zootecnico € in continua evoluzione & néghi anni si € assistito ad un crescente irdsee
da parte degli allevatori nei confronti della pbgga di implementare I'incrocio in allevamentoal€
sistema riproduttivo puo essere utilizzato per oware gli effetti negativi della depressione da
consanguineita che, nelle maggiori razze da ladeagito su diversi caratteri di interesse economic
'accumulo di omozigosi e la conseguente depressida consanguineita sono il frutto della forte
pressione selettiva esercitata entro le razze pnwére, I'incrocio pud costituire un valido stremto
per il miglioramento dei caratteri funzionali a basereditabilita tra cui la fertilita, il fithestg
longevita e la facilita di parto. Infine, puo castie un modo per migliorare la qualita del latte i
termini di proteina e grasso in quelle realta dowestituenti del latte vengono premiati dai sistein
pagamento vigenti. La valutazione della redditiditain programma di incrocio deve essere preceduta
dalla stima dei livelli di eterosi per i carattedonomicamente rilevanti nelle bovine da latte.

Gli obiettivi della presente tesi sono stati ajnstie gli effetti dell'incrocio per i caratteri protivi
e per l'interparto in vacche da latte (Capitolo B),investigare I'influenza esercitata dallambent
sull’espressione dell’eterosi per caratteri pragiyttellule somatiche ed eta al primo parto inacree
da latte (Capitolo 3) e c) stimare I'effetto di éigi genotipi sull’eta, il peso vivo, il prezzo kdalore
commerciale di vitelli puri e meticci venduti pexr produzione di vitellone e vitello a carne bianca
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(Capitolo 4). La tesi inizia con un’introduzionell8ncrocio nel settore bovino da latte (Capitold, 1
seguita da tre contributi sperimentali.

Nel Capitolo 2 sono stati stimati gli effetti d@licrocio sulla produzione di latte, grasso e praei
e sull'interparto in bovine da latte allevate ilairda. L’analisi ha evidenziato che gli effettizazer i
caratteri produttivi sono stati in favore dellazazHolstein, mentre per I'interparto sono statiawore
delle razze Frisona, Jersey e Montbeliarde. Leespim alte di eterosi per latte, grasso e protsina
sono avute nei meticci Holstein x Jersey: gli imcrdi prima generazione hanno prodotto 626 kg di
latte, 25 kg di grasso e 21 kg di proteina in pilatéazione rispetto alla media delle razze patenta
pure. Per quanto concerne l'interparto, la stimeghia si &€ avuta nei meticci Holstein x Montbé&ler
gli incroci di prima generazione hanno evidenziat@a contrazione di 10 giorni di interparto rispetto
alla media delle razze parentali pure. Le stimenoite in questo studio potrebbero essere considerat
nel modello di valutazione genetica attualmentiézato in Irlanda.

Nel Capitolo 3 €& stato investigato I'effetto deftibiente (livello produttivo) sull’'espressione
dell’eterosi per la produzione di latte, grassmtgina e materia utile (grasso piu proteina), pygite
di cellule somatiche ed eta al primo parto in bevprimipare Pezzate Nere allevate in Olanda. |
genotipi presi in esame sono stati la Holsteifriaona Olandese e gli incroci di prima generazioae
queste due linee. Gli ambienti sono stati suddinigiassi, medi e alti sulla base del livello pribido
degli allevamenti. La Holstein ha manifestato prdaoi piu elevate rispetto a quelle della Frisona
Olandese. Gli incroci di prima generazione hanrndenziato produzioni simili a quelle della Holstein
soprattutto nell’ambiente basso. Le stime di efesmo risultate comprese tra il 2,4% per la
produzione di latte nel’ambiente alto ed il 5,3%r ja produzione di grasso nellambiente basso. Si
sono osservate percentuali di eterosi decrescentlatte, grasso, proteina e materia utile passando
dall’ambiente basso a quello alto. Complessivametiteelli di eterosi per le cellule somatiche’eta
al primo parto sono risultati moderati. | risulthinno messo in evidenza che gli effetti genetti n
additivi per i caratteri legati alla produzione sbno espressi maggiormente nelllambiente piu

stressante per tali caratteri, cioe quello basso.
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Nel Capitolo 4 e stato analizzato I'effetto del g&mo sull’eta (giorni), il peso vivo (kg), il pren
(Euro/kg) ed il valore commerciale (Euro/vitello) wtelli venduti nel corso di aste pubbliche e
destinati alla produzione di vitellone e vitell@@ne bianca. | genotipi puri erano rappresentatiuk
razze da latte (Brown Swiss e Holstein) e da dugeeraa duplice attitudine (Simmental e Grigia
Alpina), mentre i genotipi meticci erano di ottpitdiversi e sono stati ottenuti dall’accoppiamento
delle precedenti quattro razze materne con duesrpaterne (Limousin e Bianca Blu del Belgio). |
vitelli puri figli di razze a duplice attitudine B0 risultati piu pesanti e hanno evidenziato urzpoesd
un valore commerciale piu elevati rispetto a qudti vitelli puri di razze da latte (314 e 227
Eurolvitello rispettivamente per Simmental e Grigipina e 189 e 203 Euro/vitello rispettivamente
per Brown Swiss e Holstein). L'incrocio con tornousin ha incrementato il peso vivo, il prezzoled i
valore commerciale dei vitelli figli di vacche datte e della Grigia Alpina, ma ha avuto una modesta
influenza sui vitelli figli di vacche Simmental. ihtrocio con tori di razza Bianca Blu del Belgio ha
incrementato prezzo e valore commerciale dei vitablto piu di quanto non abbia fatto la razza
Limousin, soprattutto quando la prima é stataa##ta sulla Brown Swiss e sulla Grigia Alpina.

Parole chiave:incrocio, vacche da latte, eterosi
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INTRODUCTION

The idea of purebred selection in animal breediitf the aim of obtaining an improvement for
different characteristics assumed a great interetite second half of the 18th century (Wentworth,
1927). In that period, selection was seen not aslya powerful method to unify the characteristics
desired, especially in meat animals, but alsoitowate new variation. This idea was discoveretido
wrong in the following years and we know that sttet beyond certain limits tends to reduce the
genetic variability within a population.

The average heterozygosity in the offspring geraras increased or decreased depending on the
type of mating system performed, mainly within aetweeen populations. Increasing the level of
homozygosity often leads to a reduction in perforocgacalled inbreeding depression. Conversely,
improved performance in many cases accompaniesoggosity. Effects exploited by heterosis and
selection are opposite, but theoretical basis neagdmpared. Selection considers models based on the
inclusion of additive genetic effects for the esttian of breeding values, while heterosis requihes
use of the dominance model. There could be sitagtilo which neither the simple additive genetic nor
the dominance model can explain the data. Forrgmson, where the simplest conditions are not
sufficient, there is need of more comprehensivdyaea which consider, for example, interactions
with the environment or epistatic effects.

Crossbred animals may lead to an advantage if ecimatly important traits show heterosis, but
the mere evidence of non-additive genetic effectsot enough to state that crossbreds are be#ter th
purebred individuals. Since genotypes do not perfoequally under different production
circumstances, including different economic and agamial conditions, it appears important to
consider the environment in which genotypes aralyrimg. Falconer (1952) nicely explained this
situation, known as genotype by environment int&wac This is a crucial point that has to be bame
mind when deciding the mating strategies to be &bfm maximize the farm profit: the comparison

can not be at the individual animal level but & $lgstem level.



One of the most important concepts recently dislidsy many geneticists is that crossbreeding
does not reduce the need for pure animals. Thefue best purebred stock available is important,
and a continuous selection process has to be geathrwithin populations in order to make a
crossbreeding program a success (Wentworth, 19B% leads to the opportunity of exploiting
additive genetic effects from high merit individsiahnd non-additive genetic effects from genes

interactions.

THE INTEREST IN CROSSBREEDING DAIRY COWS

Crossbreeding has been widely and historically @manted in poultry (Morley, 1958) and swine
(Winters et al., 1937) breeding to generate comi@leanimals. These species rely heavily on hetsrosi
to improve productivity and efficiency of produatigHansen, 2006). Since the first half of the past
century, the practice of combining animals fronfediént genotypes has been also referred to improve
the economic value of cattle sold for meat purp®&ellips et al. (1942) reported results from atwo
years experiment in which purebred Shorthorn buéise mated to Hereford cows. Also, beef sires can
be used in crossbreeding schemes to produce ceosshlves from dairy cows with good economic
revenues. Fuller (1928) showed this opportunitigisrdairy-beef cross experiment, and evidenced that
crosses from beef sires x dairy cows had good feeétires and were appreciated by the market. A
well-known practice in Europe is to breed dairy ahl-purpose cows with beef bulls, adopting a
simple two-breed cross on animals not used to m®doe purebred replacements in dairy farms. The
final cross, known as “industrial cross”, is sotdthe commercial producers, with a better economic
advantage than that achievable from selling pucklbremals. Since heterosis generally occurs when
crossbreeding practice is applied, an increaskeo€dbmmercial value of the offspring is expected.

Crossbreeding oBos taurus dairy breeds with locaBos indicus cattle is a well-documented
strategy to enhance milk production in the trog€snningham and Syrstad, 1987). On the contrary, in
most temperate climates, crossbreeding has notwelmspread for breeding purposes in dairy cattle
except in New Zealand (Swan and Kinghorn, 1992;efsn et al., 2008). A purebred system
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improved by within breed selection is what the yaidustry has practiced for many years, largely
because of the increasing global dominance of Hioldtriesian types (Cunningham and Syrstad,
1987). The strong historical influence and traditiof purebred breeders and breed associations
(Weigel and Barlass, 2003), along with the scassestance to farmers from the scientific world, are
additive elements to the limited interest in crassding dairy cattle.

The genetic superiority of Holstein-Friesian cowsnpared with crossbred animals and other
breeds has encouraged its adoption in most coanvieere dairy cattle breeding has covered an
important role on livestock production and wherdkmiolume has been of great importance in
determining income for the dairy farm (L6pez-Vibabs, 1998). McAllister (2002) underlined that the
additive genetic advantage of Holstein animalsnidk volume is the main reason to explain the fact
that less than 5% of dairy cattle reared in thetéthStates are other than purebred Holstein. Inyman
production systems such as Canada, the UnitedsStsdev Zealand, and Australia, Holstein genes
have been increased at the expense of other brA&uts. the genetic structure of many European
countries such as France (Boichard et al., 19933, Netherlands (Van der Werf and de Boer, 1989),
and the United Kingdom (Akbas et al., 1993) hasld®nged by the introduction of North American
genes.

Despite the considerations above, crossbreedingpd@mme a hot topic at this time in dairy cattle
genetics, and the interest is rapidly increasingragndairy farmers, rising questions of practical
aspects of breed utilization (McAllister, 2002) namber of studies on the matter have been presented
in recent congresses, meetings, and symposia,centists have been involved in researches on this
field during the last 10-15 years. Several reasams behind the interest in crossbreeding. First,
inbreeding levels within the major dairy breeds aapidly accumulating (Weigel, 2001) and
crossbreeding may be an efficient way to cope with trend in dairy populations under selection and
to reduce the impact of the phenomenon of inbregdepression (Weigel and Barlass, 2003). Second,
direct payments for protein as well as fat in mamlk pricing systems encouraged some producers of
the Holstein herds to consider crossbreeding aslad improve milk nutrient content; this enhances
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the ability of other breeds and breed crosses mapete with the more productive Holstein strains on
an economic basis, especially in countries wheees industry is of great relevance or is gaining
importance. Third, easy access to genetic matémah almost anywhere in the world, strong
competition among breeds like the Holstein, BrowsisS and Jersey, and standardization of sire
evaluations are making crossbreeding viable. Fouseheral temperate countries have changed their
breeding criteria in recent years, and animalsare selected on the basis of economic indexegithat
not include only milk volume, but also consider dtional traits such as fitness, reproductive
performance, calving ease, and longevity (Lopetalibos, 1998; Boettcher, 2005; Sgrensen et al.,
2008). These traits are assuming a central raledacing farm costs, even if they are still secopta
milk yield (McAllister, 2002). The interest in futional traits is mostly due to their decline oveet
years, which derives from the strong historicaésgbn for milk volume and the antagonistic genetic
correlations between functionality and productiddodttcher, 2005; Sgrensen et al., 2008). In
particular, problems with fertility has led to aogiing need for female replacements in intensiveydai
farms, with a consequent increment of cows dispasal a reduction in the herd life of animals.
Crossbreeding, along with the economic emphasisngig traits other than production may be useful
to keep down the deterioration of secondary taits$ to enhance the farm net income.

A well-designed crossbreeding programme allows gneducer to combine the desirable
characteristics of the breeds involved in the ceoss$ provides a tool to increase health and effaye
in animals (VanRaden and Sanders, 2003). Moreaveingder demand for purebred animals, a better
quality of commercial animals, and a reduction raduction costs are expected by implementing an
effective crossbreeding strategy. In order to aefnprofitable programme, it appears important to
predict the performance of later generations o$ses from the earlier generations (Lépez-Villalgbos
1998). This implies that heterotic effects for tsadbf economic relevance in crosses between dairy

breeds should be known.
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THE THEORY OF CROSSBREEDING

Crossbreeding is known as a type of a larger @éassating systems called outbreeding. It is the
mating of animals from different breeds (Falconea Mackay, 1996) or the mating of individuals less
related than the average pair of animals in a @djoui (Cassell, 2007).

McAllister (2002) reported that the total genetiakaup of crossbreds can include additive effects,
dominance, maternal effects (both nuclear and tasopic), maternal heterosis, and recombination
effects. The theory of crossbreeding has been wideliewed by several authors in the past
(Dickerson, 1973; Sheridan, 1981; Hill, 1982), acmimprehensive reviews on practical results
obtained in beef cattle (Long, 1980), sheep (Nitt8i78), pigs (Sellier, 1976), and dairy cattler{®un,
1981) were also provided.

The main objectives for crossing animals are Dkt@in individuals intermediate between the two
parents (the averaging of breed effects), 2) tdoéixfhe genetic improvement and selection achieved
in other populations (“grading-up”), 3) to expldireed complementarity, 4) to exploit breed
differences, 5) to create synthetic/composite ls#iegs, and 6) to exploit heterosis. The attentidh

be mainly focused on heterosis in the followingtisec

Heterosis

The practice of combining individuals from diffetebreeds or strains leads to beneficial
physiological and production effects in the resigitoffspring. This is well-known and long estabéidh
in animal breeding. Cole (1927), discussing theegierfoundations in crossbreeding, argued that a
reliable and logical explanation of the benefitcombining individuals from different breeds is éds
on the recombination of complementary genes the¢ f@come segregated in the breeds themselves
by earlier close-breeding or in-breeding. The iasmeg proportion of homozygous loci in a given
population is the result of the mating of highlfated animals. Such an increase tends to sepaete t
breeds more and more, and to split animals belgngpnthe same breed into a number of distinct
strains. The main non visible consequence derik@d the mating of individuals genetically distast i
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the increment of “gene richness” in the crossess phenomenon conducts to a major possibility of
the animal to cope with stress due to environmattitahges.

For a long time geneticists used the expressionbrith vigour” or “mystical stimulation” to
describe the benefits visible in the progeny froiffiecent genotypes, but in 1914 Professor Shull,
during an invitation lecture in Gottingen (Germanyoposed for the first time the word “heterosis”.
In the same period he published a paper in whightdrm came to the attention of other geneticists
and scientists (Shull, 1914). Heterosis is defiagdhe difference between the average performance o
reciprocal crosses and the average of the pardfith@m and Pollak, 1985). The exploitation of this
bonus is probably the most important reason fdrisintg crossbreeding in animals, along with the
exploitation of additive effects from improved plred animals.

From a genetic point of view, heterosis quantifiee amount of non-additive genetic effects
occurring in a cross, being the result of inteawibetween alleles at the same locus (dominance) a
among alleles located on different loci (epistasi®)us, heterosis arises from the effects of gene
combinations, that is, the effects of pairs of geftéassell, 2007). Gene pairs are unique charsitsri
of individuals that are broken down and reformechegeneration. Also, heterotic effects expected in
the crossbred progeny depends upon the differancékbe frequencies of the different alleles at each
locus that contributes to the trait (McAllister,(); larger these differences, greater the heteusity
and the heterosis effects. This was already estaddliin the first half of the past century by Wesrtiv
(1927), who stated that “the best results from siseseding come when strains differing considerably
between themselves, but each largely homozygows been crossed”. Hence, the genetic cause of
heterosis relies on the genetic distance betwesanimals that are mated, and the exploitatiomef t
“hybrid vigour” depends largely on the “purity” tife lines crossed.

Scientific literature is often supportive of thendiaance model to explain heterosis (Cunningham,
1982), and it appears at the same time the onehwhast generally fits observed data, and is also th
simplest. This model assumes a linear relationBbitpreen heterosis and heterozygosity (Falconer and
Mackay, 1996), so that epistatic effects are négtb@and heterosis in first generation crosse$¥ (F
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depends on the difference in gene frequencieseipénents and on the degree of genetic dominance of
the trait. Under these assumptions, second geoeratbsses @ are expected to retain half of the
heterosis shown by the.FHowever, deviations from the dominance conditimese highlighted in the
past, and Cole (1927) reported that “the increasmiy roughly proportional inversely to the dego¢e
relationship; the amount that may be expected dapegredicted for different matings, but must be
determined by test”. These considerations, forredlahore than 80 years ago bring with them two
important concepts developed in the following yedr¥ the relationship between heterosis and
heterozygosity is not always straightforward, esglc when second generation crosses are
considered, and 2) the prediction of crossbreediifigcts is not simple, and often requires specific
experiments to be properly estimated. The deviatiom linear relationship between the crossbred
performance and heterosis is defined recombinaki®s, and describes the average fraction of
independently segregating pairs of loci in gamétesh both parents which are expected to be non-
parental combinations (Dickerson, 1969, 1973). Arghsuch as Sheridan (1981) and Hill (1982)
investigated models in which epistatic gene actimese included to offer partial explanations of
heterosis in those cases where dominance model rauesppear to fit well. Moreover, it is worth
mentioning that deviations from the dominance ctiowlé are not only due to interactions between
alleles at different loci, but also to the interastbetween heterosis and environment (Barlow, 1981
Bryant et al., 2007).

Several studies estimated non-additive geneticisffior milk yield traits and productive life in
dairy cattle. Estimates of general heterosis iniB& conditions were 3.4%, 4.4%, and 4.1% for milk,
fat, and protein yields, respectively, and 1.2%gdorductive life, a measure of longevity (VanRaden
and Sanders, 2003). A Canadian study conductedhenHblstein x Ayrshire cross population
(McAllister et al., 1994) provided heterosis estiesaranging from 16.5% to 20% for lifetime milk
productive traits and estimates greater than 2024hi® composite influence of these characteristics
and growth, health, and reproductive traits ontitifie annualized discounted net returns (ADNR)
(McAllister, 2002). In a French study on the Hoistg European Black and White cattle, heterosis
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reached 2 to 2.5% for yield traits (Boichard et #093). Under New Zealand current market values fo
milk, Lopez-Villalobos et al. (2000) demonstratéeé superior profitability of the rotational crosstr

herds per hectare when compared to purebred herds.

CROSSBREEDING SCHEMES IN DAIRY CATTLE

In general, the type of crossbreeding to be adopiggends on the reproductive rate of the
population. Animals such as pigs, rabbits, and tppalre characterized by medium-high reproductive
rates and short generation intervals, thus theiGgin of stratified schemes (the popular pyrarida
structure) and the exploitation of crossbreedirigot$ have been successful to obtain the improvemen
of reproductive performance in maternal lines aratlpctive characteristics in terminal lines. Thp to
of the pyramidal structure is represented by nlbards managed by breeding companies that
produce high genetic merit individuals, mainly tigh within breed/line selection. Genetic resources
so improved are replicated by breeders at the pligitilevel. At last, commercial producers take
advantage from the genetic improvement occurringhathigher levels and from crossing genetic
resources. Crossing systems such as three- antbfeed crosses are common, and this implicates that
the breeding companies have to maintain a propodigurebred animals.

The situation becomes more difficult in dairy aattiThe low reproductive rate and the long
generation interval of cows, along with the needirmireasing female replacements derived from
reproductive problems in dairy herds, made impdsghe application of a stratified breeding scheme,
because of the enormous number of purebred anithiishould be maintained. Also, the application
of crossing systems such as three- or four-breedses would be very difficult, so rotational
crossbreeding systems are required to exploit beaedl heterotic effects. These schemes allow
commercial farmers to produce crossbred femaleacephents from their own herds. Moreover, the
advantage of rotational crossing is that only predlsires are required, as crossbred dams are self-

replacing (Lopez-Villalobos, 1998). This simplifieerd management.
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Figure 1. Two-breed rotational crossbreeding scheme.

GENERATION HETEROSIS
0 SIRE DAM -
100% BroSwiss 100% Holstein

1 DAM SIRE 100%

50%]Istein : 50% Brown Swiss 100% Higils

\ /
2 SIRE DAM 50%
100% Brown Swiss 75% Holstein : 25% Brown Swiss

\ /

3 DAM 75%

62.5%0Bn Swiss : 37.5% Holstein

n 67% Holstein : 33% Brown Swiss 67%

67% Brown Swiss : 33% Holstein

Figure 2. Three-breed rotational crossbreeding scheme.

GENERATION HETEROSIS
0 SIRE DAM -
100% Jersey 100% Holstein
1 DAM SIRE 100%
50% Helst: 50% Jersey 100% Brown Swiss
~ -

2 SIRE DAM 100%

100% Holstein 5@Yown Swiss : 25% Holstein : 25% Jersey

~ ~

3 DAM 75%

62.5% Holstein : 12.9%sey : 25% Brown Swiss

57% Holstein : 29% Jersey : 14% Brown Swiss
n 29% Holsteitd% Jersey : 57% Brown Swiss 86%
14% Holstein : 57% Jersey : 29% Brown Swiss

For example, a two-breed rotational crossbreedaigme between Brown Swiss and Holstein
breeds proceeds by making a first cross with a Br8wiss sire and a Holstein cow (Figure 1). In the
next generation a backcross is made using a Holsted, in the third generation a Brown Swiss sre
used again. This alternate use of straightbred Br&@wiss and Holstein sires continues and at

equilibrium the breed composition stabilises at @'3nhe sire breed and 1/3 of the maternal graadsir
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breed. Such a systematic crossbreeding systemiexplt of the heterosis expressed in the first
Brown Swiss x Holstein cross. A similar approact d¢ee followed in the three-breed rotational
crossbreeding system using Jersey, Holstein andiiB&wiss straightbred sires to exploit 86% of the
heterotic effects (Figure 2).

Rotational crossbreeding systems can increase ribféapility of commercial herds, but wide
implementation of crossbreeding in the dairy industay reduce the number of bull mothers over the
years, penalising the rate of genetic gain of tht&es population (Lopez-Villalobos, 1998). The most
popular example where crossbreeding has been waldhpted is New Zealand. In this country,
Holstein-Friesian x Jersey crosses show highemeeine than purebred Holstein-Friesian and Jersey
cows, so that dairy farmers mate their cows tosbfibm another breed to generate crossbred
replacements with the aim of exploiting the effeatdreed and heterosis (Lopez-Villalobos, 1998),

regardless of the fact that the cross has diffesieatacteristics from the purebreds.
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ABSTRACT

The aim of the study was to assess crossbreedegtefor 305-d milk, fat, and protein yield, and
calving interval (CI) in Irish dairy cows (paritidsto 5) calving in the spring from 2002 to 200&t®
included 188,935 records for production traits 45d,125 records for Cl. The proportion of genes
from Friesian (FR), North American Holstein FrigsiHO), Jersey (JE), and Montbéliarde (MO)
breeds, and coefficients of expected heterosis HOXFR, HOxJE, and HOxXMO crosses were
calculated from the breed composition of cows’ ptse The model used to obtain estimates of
crossbreeding effects accounted for contemporasypgrage at calving, linear regression on genes
proportions for FR, JE, and MO, and linear regmsson coefficients of expected heterosis for
HOXxFR, HOxJE, and HOXMO crosses, as fixed effeants, cow and residual as random. Breed effects
for production traits were in favour of HO and velifferent from JE, while for Cl were in favour of
breeds other than HO. The highest heterosis estsmiar production were for HOXJE, with first
generation crosses giving 626 kg more milk, 25 kaggerfat, and 21 kg more protein than the average
of the parental breeds. Regarding ClI, the highssimate was for HOXxMO, with first generation
crosses showing 10 d less CI than the averageegbdrental breeds. Estimates obtained in this paper
could be applied in the genetic evaluation systéiretand.

Key words: breed effects, calving interval, dairy cattle dnesis, production traits

INTRODUCTION
Cattle breeding in Ireland relies on a multipliaitfybreeds and crosses, and the main genotypes are
North American Holstein FriesiatdQ), Friesian FR), Jersey E), Montbéliarde MO), and crosses
among them. During the last decades, the HO cows bacome popular around the world because of
their notable genetic merit for milk production. €lpopularity of this breed is massive in countries
where milk volume has been of primary relevancdetermining income for the dairy farm (Lopez-

Villalobos, 1998).
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In Ireland, the percentage of HO genes in youndshbemtering artificial insemination progeny
testing in 1980 was 8% (Cunningham, 1983), but pincgoortion in sires increased up to 80% at the
end of 1990s (Simm, 1998). The introduction of H@da at the expenses of FR genes has been
identified as a contributor to the declined repithe performance in spring-calving dairy herds
(Evans et al., 2006). It is well-established thaivg' fertility is of primary relevance in seasonal-
pasture systems where breeding and calving anmgctestto a limited time period of the year; faduo
conceive during the breeding season determinesrtangiceconomic losses and often leads the cow to
be culled (Holmes et al., 2007). Hence, suitabtemic indexes have been developed to help dairy
farmers identify the most profitable animals foedding dairy herd replacements, and milk production
and fertility are the key drivers of profit.

The exploitation of breeds other than HO or crosseslving HO and other genotypes may be a
valuable solution to meet the requirements of auypesased system and to cope with fertility
problems. Use of crossbreeding in dairy cattlettimeting dairy farmers in many countries including
Ireland, New Zealand, Australia, and the Unitedi€daand the interest is mostly in the benefits for
functional traits (Weigel and Barlass, 2003).

In the case of mixed-breed populations it appeaportant to estimate breed and heterosis effects,
and use this information to assess the profitghilitder purebred and crossbred scenarios. It i wel
known that a genotype ranking the best under cegigdduction and economic circumstances may
rank differently when the conditions change (Kahak, 1998). So, the choice of the breeds and/or
crossbreds to be adopted in a country is stroregfted to the local conditions and should be céyefu
assessed.

Genetic evaluations across breed are routinely atedpby the Irish Cattle Breeding Federation
(ICBF, Cork, Ireland). The current genetic evaloiatof dairy cattle adjusts for a coefficient of gead
heterosis as fixed effect. Using general heterosgans that the coefficient for each animal is
calculated on the basis of its total heterozygesitighout investigating the effect of specific bise
The inclusion of coefficients of specific heterosigshe model allows the assignment of heterozygosi
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effects according to the specific combinations efigs from sire and dam. The objective of this study
was to estimate breed and specific heterosis sffectmilk yield traits and calving interval in $h

spring-calving dairy cows.

MATERIALS AND METHODS

Data and editing procedure

Lactation records on 305-d milk, fat, and proteield; and information on calving intervaC()
for parities 1 to 5 were obtained from the cattleedling central database operated by ICBF. Records
on cows calving in the spring (January to Junenf@002 to 2006 were extracted, and animals with
unknown parents were not considered. Also, pamgittsany fraction of unknown genes, without any
information on their breed composition or havingy gercentage of beef genes were discarded.
Because a high number of sires and dams had anpageeof unknown genes, their removal greatly
reduced the number of exploitable records in sulsgiganalyses. Inconsistent production records
were removed as well as lactation lengths less @@aor greater than 450 d, and Cls between 1 and
280 or greater than 510 d. Records on cows thatfto calve again (i.e. with a subsequent CI etual
0) were treated as missing values in the analysispfoduction traits, while were omitted in the
analysis for Cl. Calving intervals were availalbe factation 1 to lactation 2, lactation 2 to ldica 3,
lactation 3 to lactation 4, lactation 4 to lactatl®, and lactation 5 to lactation 6. Ages at fisgigond,
third, fourth, and fifth calving were restricted hetween 20 and 40 months, 30 and 60 months, 45 and
76 months, 50 and 80 months, and 60 to 100 mongspgectively as in Evans et al. (2006). Age at
calving was grouped into the following classes: <24, 25-26, 27-33 and >33 months for parity 1,
<36, 36, 37-38, 39-43, 44-48 and >48 months fortypa, <48, 48, 49-50, 51-56, 57-61 and >61
months for parity 3, <61, 61-63, 64-71 and >71 rherfor parity 4, and <73, 73-75, 76-84 and >84
months for parity 5. Contemporary grou@®3) were defined as cows calving in the same herd-yea
and CGs with less than 5 animals were removed. fHgsirement was imposed both for production

and Cl datasets.
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Table 1. Number of records, herds, and contemporary gro@s) (for milk yield traits, and

distribution of records across years, months, damskes of age at calving, for parities 1 to 5.

Parity
ftem 1 2 3 4 5
Records 58,338 48,346 36,984 26,202 19,065
Herds 2846 2838 2748 2616 2453
CG 8947 8968 8493 7598 6670
Year of calving 2002 8674 7732 5792 4349 3204
2003 9895 8743 6918 4835 3673
2004 11,558 9547 7368 5140 3717
2005 13,163 10,165 7893 5570 3982
2006 15,048 12,159 9013 6308 4489
Month of calving January 11,387 8436 5919 3868 2753
February 22,712 16,521 11,553 8073 5658
March 15,463 12,312 9725 6805 5060
April 6062 7106 6001 4473 3321
May 2019 2984 2865 2219 1683
June 695 987 921 764 590
Age at calving (classes) 1 6976
2 14,114
3 15,964
4 13,713
5 7571
6 4750
7 8517
8 11,624
9 10,331
10 7736
11 5388
12 2738
13 5370
14 8106
15 8065
16 7752
17 4953
18 5644
19 7459
20 6447
21 6652
22 3877
23 5119
24 5416
25 4653

! Number of records for milk yield traits = 188,93%4,163 cows).
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Table 2. Number of records, herds, and contemporary groS) (for calving interval, and

distribution of records across years, months, damskes of age at calving, for parities 1 to 5.

Parity
ftem 1 2 3 4 5
Records 51,035 40,887 30,463 20,636 14,104
Herds 2646 2643 2537 2394 2206
CG 8292 8252 7680 6754 5685
Year of calving 2002 7647 6643 4869 3489 2400
2003 8917 7531 5769 3867 2817
2004 10,116 8114 6083 4020 2743
2005 11,504 8580 6474 4335 2885
2006 12,851 10,019 7268 4925 3259
Month of calving January 10,129 7389 5104 3226 7321
February 20,181 14,461 9921 6673 4439
March 13,420 10,357 8049 5459 3841
April 5112 5716 4725 3273 2250
May 1654 2240 2049 1516 1054
June 539 724 615 489 347
Age at calving (classes) 1 6180
2 12,613
3 14,027
4 11,860
5 6355
6 4220
7 7575
8 9918
9 8595
10 6408
11 4171
12 2432
13 4742
14 6871
15 6528
16 6333
17 3557
18 4843
19 5955
20 5024
21 4814
22 3225
23 3956
24 3942
25 2981

! Number of records for calving interval (Cl) = 15251(88,097 cows).

-29 -



Following editing of the data as above and someratidividual cow edits, 188,935 records from
104,163 cows for milk yield traits and 157,125 melsofrom 88,097 cows for Cl were available for
further analyses. The number of records, herds,Gaas, and the distribution of records across years,

months, and classes of age at calving, for paritiés 5, are in Table 1 for milk yield traits and i

Table 2 for CI.

Breeds proportions and coefficients of specific heterosis

Thirteen dairy breeds were identified in the Irjgbpulation and the proportion of genes was
calculated for each cow using the simple identity:
a’ =(a’+a’)l2,
wherea,” is the proportion of genes from breed i in thegeroy, a;° is the proportion of breed i in the
sire, andaid is the proportion of breed i in the dam. Breedstibns were expressed in increments of

1/32 by ICBF. Four dairy breeds (FR, HO, JE, and)M@re chosen among others to estimate breed
effects because the distribution of cows acrosssek of genes proportions was better than that for

other breeds, both for production traits (Tablet3) CI (Table 4).

Table 3.Distribution of cows across classes of breeds ptape for milk yield traits.

Clas Breed
HO FR JE MO

1 3345 12,672 102,783 101,814
2 2901 67,774 535 14
3 6449 15,741 185 202
4 18,880 4959 10 6
5 28,407 1224 1 ---
6 44,181 1793 649 2127

1 HO (North American Holstein Friesian), FR (FrieialE (Jersey), MO (Montbéliarde).
Z Classes of genes proportions for a given breeé wefined as: 1 = 0%, 2 = from 1 to 25%, 3 = frdrt@50%, 4 = from

51 to 75%, 5 = from 76 to 87.5%, 6 = from 88 to D0
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The proportion of FR, HO, JE, and MO genes withie and dam was required to add up to one.
Classes of genes proportions for a given breed defiaed as: 1 = 0%, 2 = from 1 to 25%, 3 = from

26 to 50%, 4 = from 51 to 75%, 5 = from 76 to 87,%% from 88 to 100%.

Table 4.Distribution of cows across classes of breeds ptapt for calving interval.

Clas Breed
HO FR JE MO

1 2909 10,465 86,874 86,086
2 2527 57,136 470 11
3 5597 13,520 165 169
4 16,162 4331 7 6
5 24,088 1069 1 ---
6 36,814 1576 580 1825

1 HO (North American Holstein Friesian), FR (FriegialE (Jersey), MO (Montbéliarde).
2 Classes of genes proportions for a given breee wefined as: 1 = 0%, 2 = from 1 to 25%, 3 = frdnit®50%, 4 = from

51 to 75%, 5 = from 76 to 87.5%, 6 = from 88 to 400
Coefficients of specific heterosis were calculatetiveen any pair of the 13 dairy breeds using the
following identity (Dickerson, 1973; Lidauer et,&006):
het? =ataf +aa’,
where het? is the coefficient of expected heterosis betweadatibns of breeds i and j in the progeny,

a;and a’ are proportions of breeds i and j in the sire, eetipely, anda” and ajd are proportions of

breed i and j in the dam, respectively. In totalbr8ed combinations were tested in order to idgntif
the most representative crossbreds in Irelandttare@ of them (HOXFR, HOXJE, and HOxMO) were
chosen among others to estimate specific hetesdf@sts because the distribution of cows across
classes of coefficients of expected heterosis vatebthan that for other breeds crosses, both for
production traits (Table 5) and CI (Table 6). Natiiction was made about reciprocal crosses, and
maternal effects (if present) were not estimatddsges of coefficients of heterosis were defined. as

=0, 2 =from 0.01 to 0.24, 3 = from 0.25 to 0.4% from 0.50 t0 0.74, 5 =from 0.75 to 1.
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Recombination effects were not investigated in thtisdy and a linear relationship between

heterozygosity and heterosis (the dominance medet)assumed (Falconer and Mackay, 1996).

Table 5. Distribution of cows across classes of coeffici@ftexpected heterosis for milk yield traits.

Breed cross
Clas$
HOxFR HOXxJE HOxMO
1 13,580 103,440 103,952
2 37,124 513 5
3 32,154 28 30
4 15,021 72 65
5 6284 110 111

! HOXFR (North American Holstein Friesian x FriegiaHOXJE (North American Holstein Friesian x Je)séyOxMO

(North American Holstein Friesian x Montbéliarde).
2 Classes of coefficients of heterosis are: 1 = 8,f&om 0.01 to 0.24, 3 = from 0.25 to 0.49, 4 enfr0.50 to 0.74, 5 =

from 0.75 to 1.

Table 6.Distribution of cows across classes of coeffici@ftexpected heterosis for calving interval.

Breed cross
Clasé

HOxFR HOXxJE HOxMO
1 11,263 87,462 87,920
2 31,195 451 5
3 27,376 20 27
4 12,898 64 55
5 5365 100 90

! HOXFR (North American Holstein Friesian x FriegiaHOXJE (North American Holstein Friesian x Je)séyOxMO

(North American Holstein Friesian x Montbéliarde).
2 Classes of coefficients of heterosis are: 1 = 8,f&om 0.01 to 0.24, 3 = from 0.25 to 0.49, 4 enfr0.50 to 0.74, 5 =

from 0.75 to 1.

Statistical analysis

A univariate model was applied to milk yield traisd CI using a direct sparse solver
implemented in the PEST package (Groeneveld el @90) instead of an iterative procedure so that

the standard errors for the covariates would bdyred. The model was the following:
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4 3
Yiikl = CG+ age+ Zﬂm breed, + Zﬁn het, + cow + Eijkl

m=1 n=1
whereyi is the th 305-d milk, fat, or protein yield, or Cl of animkl of agej and contemporary
groupi; CG is the fixed effect of contemporary groupagg is the fixed effect of age clagwithin

parity; 5., is the fixed linear regression coefficientyobn additive genetic breed effects for FR, JE, or
MO; B,is the fixed linear regression coefficient ywfon coefficients of expected specific heterosis

effects for HOXFR, HOXJE or HOXMO; cquvis the random effect of cok andgjq is the random
residual associated with observation ijkl. The esgron on HO breed proportion was omitted from the
model, in order to avoid linear dependencies anthaball other breeds would be compared with HO.

Random residual effects were assumed to be iddgficadependently, and normally distributed with

mean zero and variance’. The random cow effect would actually account fmrmanent

environment plus genetic effects that are not aat@ulifor by the fixed breed effects. The PEST
package (Groeneveld et al., 1990) requires thenitiefn of additive genetic and residual varianaas f
the traits in order to obtain reliable standara@eriof the BLUESs. Values of additive genetic vacies
were assumed 215,055%@03 kd, 177 kd, and 75 @for milk, fat, protein, and CI, respectively, and

values of heritability were assumed 0.35 for prdigunctraits and 0.04 for CI (Interbull, 2008).

RESULTS AND DISCUSSION
Descriptive statistics for milk yield traits and €ir parities 1 to 5 are summarized in Table 7.
Differences between first and fifth lactation cowsre in magnitude of 1395, 49, and 46 kg of milk,
fat, and protein yield, respectively, and betweecoad and fifth lactation cows were 434, 18, and 13
kg, respectively. Third, fourth and fifth paritiesimals highlighted similar levels of production.
Calving intervals did not appear to differ acrossites, with an average value of 378 d. Age ait fir

second, third, fourth, and fifth calving was 27, 84, 66, and 79 months, respectively.
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Table 7.Mean and standard deviation (SD) for 305-d milk, &d protein yield, calving interval (Cl),

and age at calving, for parities 1 to 5.

tem Parity
1 2 3 4 5
Milk (kg) Mean 6002 6963 7320 7423 7397
SD 1215 1385 1424 1405 1414
Fat (kg) Mean 228 259 273 277 277
SD 45 52 55 56 57
Protein (kg) Mean 201 234 246 249 247
SD 38 43 45 44 45
Cl (d) Mean 379 379 377 377 378
SD 38 38 38 38 38
Age at calving (mo) Mean 26.9 40.6 54.0 65.7 78.8
SD 4.1 5.5 6.5 5.9 7.4

Crossbreeding effects for 305-d milk, fat, and @irotyield are in Table 8. Estimates of breed
effects for these traits were all in favour of Hfe genotype reference in our study. The only egBm
close to zero was found for fat yield in JE, bus threed produced 1723 kg less milk and 33.5 kg les
protein than HO. Production levels were similar panng FR and MO, and these breeds performed
better than JE for milk and protein yield. On ageralE produced 1000 kg less milk and 12 kg less
protein than FR and MO, but around 25 kg moreHaiekstra et al. (1994) estimated positive breed
effects of 506, 14.6, and 12.8 kg of milk, fat, gobtein yield, respectively, of HO over Dutch
Friesian first lactation cows. Under New Zealanddibons, Ahlborn-Breier and Hohenboken (1991)
reported additive genetic breed differences fotald@an milk and fat yield between first lactatiorOH
and JE cows of 908 and 9.6 kg, respectively, irodavof the first breed. Estimates obtained in
Ahlborn-Breier and Hohenboken (1991) and Hoekstral.g(1994) were lower than those reported by
our research; however, they considered only priroys cows while we accounted for parities 1 to 5.
These results seem to confirm that JE is not coafparto HO for milk yield, but fat yield was of

similar magnitude in the two breeds and JE mayeherded in milk-pricing systems where emphasis
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is put on milk-solids. In a recent survey by Weiget Barlass (2003), dairy producers reportedfttiat

and protein percentages are much higher in JEithatiner breeds and breed crosses.

Table 8.Breed and heterosis effects (SE) for milk yieldtsrand calving interval (Cl).

Milk (kg) Fat (kg) Protein (kg) Cl (d)

Breed effects®

_FR 735 (22) -23.2 (0.8) -22.6 (0.6) 10.2j1

_JE 11723 (61) 0.7 (2.3) -33.5 (1.8) 10443

-MO 764 (42) -27.8 (1.6) 119.9 (1.2) 523)
Heterosis effecfs

- HOXFR +193 (16) +9.1 (0.6) +8.0 (0.5) 610.8)

- HOXJE +626 (80) +24.9 (3.0) +21.4 (2.3) U3t

- HOXMO +468 (73) +15.8 (2.7) +11.5 (2.1) -10450)

SE, standard error.

! Breed effects of HO were set to zero for compariso

2 FR (Friesian), JE (Jersey), MO (Montbéliarde).

¥ HOXFR (North American Holstein Friesian x FriediaHOXJE (North American Holstein Friesian x Jejs¢yOxMO

(North American Holstein Friesian x Montbéliarde).

Specific heterosis effects for milk yield traits ne@eall positive (favourable) in the different breed
crosses, with the highest estimates for HOxJE @ &8pl Coefficients of regression indicated thagtfir
generation crosses between HO and JE produced k26 milk, +24.9 kg of fat, and +21.4 kg of
protein compared to the average of their pureb@mis. The lowest estimates were for HOXFR,
while for HOXMO were between those of HOXFR and HBExResults from HOXFR were expected
since they are strains from the same breed. Intlaetmagnitude of heterosis depends on the dejree
genetic dominance of the trait analyzed, but itlso related to the genetic distance between the
parental breeds, so that, in general, the higherganetic distance the higher the heterosis affect
(Méki-Tanila, 2007).

Several studies investigated crossbreeding effeetsieen strains of Black and White cattle

populations. Van der Werf and de Boer (1989) regubheterosis of +123 kg of milk, +6.0 kg of fat,
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and +4.4 kg of protein in first lactation HO andtBhuFriesian crossbred cows. Similar estimates were
assessed by Boichard et al. (1993) who found h&itead +135 kg of milk, +5.6 kg of fat, +4.3 kg of
protein in HO x French Black and White cattle usiegords from parity 1 to 3, and by Akbas et al.
(1993) who reported values of +104 kg of milk, +kg3of fat, and +2.9 kg of protein in first lactati

HO and European Friesian crossbred cows. In oulystoeterotic effects for 305-d milk, fat, and
protein yield in HOXFR were in the magnitude of 318y of milk, +9.1 kg of fat, and +8.0 kg of
protein, respectively. These estimates appeardtehihan those found in past researches conducted
on crosses between HO and European Black and \&étiie populations, maybe indicating that under
pasture-based systems the percentage of hetesdsghier than under more intensive conditions. This
trend agrees with the review of Barlow (1981) tregiorted that percentage of heterosis is generally
greater in a stressful than in a supportive envirent. It is also worth noting that most of the stsd
considered only primiparous cows. The parity of sdwas an influence on the expression of heterosis
even if the relationship is not clear yet. Toucip€i992) reported that heterosis effects for naitid

fat yields in HO x Guernsey crossbreds were hidgbiesecond than for first lactation. In Donald ket a
(1977) these effects for 305-d milk and total shgelds in British Friesian x JE crosses increased
from first to second lactation. In a study on H@nown Swiss cows, Dechow et al. (2007) found that
heterosis for fat plus protein daily yield incrediseross lactations. Opposite trends were repdryed
McAllister (1986) for lactation yields of milk arfdt in HO x Ayrshire cows.

Regarding the effect of crossbreeding in crossdserothan HOxFR, Ahlborn-Breier and
Hohenboken (1991) estimated heterosis of +171 kyitkf and +10.3 kg of fat for lactation milk and
fat yield between first lactation HO and JE cowslemNew Zealand conditions. Heins et al. (2008)
analysed first lactation yields in pure HO and shwed cows from JE sires and HO dams. From the
study, crossbred animals produced 558 kg less Rikg less fat, and 15 kg less protein than pure HO
In a study conducted by VanRaden and Sanders (2008) United States, fat yield was slightly
higher in JEXHO crosses than in pure HO cows. Agrothsearch by Heins et al. (2006) determined
differences between pure HO and crossbred cows®@fsiMes and HO dams during first lactation for
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305-d production traits. Results revealed thatstyeesd animals produced 596 kg less milk, 12 kg less
fat, and 12 kg less protein than pure HO cows.

Breed effects for calving interval indicated alebds had shorter intervals (favourable) than HO
(Table 8). Calving interval in FR and JE was 1(hdrger than in HO cows, while it was 5 d shorter in
the case of MO. Also, estimates of heterosis effémt Cl were all negative (favourable). Coeffidgen
of regression indicated that first generation aedsetween HO and MO had a reduction in Cl of 10 d
when compared to the average of their purebrednfsgravhile for HOXFR and HOXJE these
coefficients were close to zero (-1.6 and -1.3espectively). A recent study by Wall et al. (2005)
highlighted that heterosis for CI in crosses betwe® and British Friesian cows was -1.6 d. In the
past, Donald et al. (1977) reported heterosis eséisnof -3.7% for Cl in British Friesian x JE, %a6n
Ayrshire x British Friesian, and -1.7% in AyrshixeJE crosses, while Vesely et al. (1986) found a
value of -0.9% in HO x Ayrshire crosses in Canaataj a difference of 5 d between pure HO and
Ayrshire cows. A large and unfavourable heterossnaate of +13 d for Cl was found in HO x

Guernsey crosses involved in the lllinois trial (Eboberry, 1992).

CONCLUSIONS

Our results suggested that breed and specific dm¢ereffects exist in the Irish dairy cattle
population. Estimates for HOXJE and HOxMO shouldrerpreted with caution because of the low
number of animals available to assess crossbreatiagts. Results seem to confirm that HO is the
breed of choice if the breeding objective emphasimék yield traits, while crosses involving HO and
JE or HO and MO may perform better than pure HOdband protein yields. In the case of Ireland a
great emphasis is given to fertility traits, andhak been found to be better in breeds other tt@an H
Estimates obtained in this paper could be considéweaccount for specific effects in the current
model of genetic evaluation run in Ireland. The Wlemige of specific heterosis along with estimated
breeding values routinely calculated by the ICB#] eandom permanent environmental effects would

provide the farmer with producing value, a usedl for making culling decisions.
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ABSTRACT

The effect of the environmental level of product{&NV) on the expression of heterosis for milk,
fat, protein, fat plus protein (FP) yields, somat&! score (SCS), and age at first calving (AF@sw
investigated in first lactation Black and White rigacows reared in The Netherlands, and officially
enrolled in the Dutch herd-book. Holstein Fries{#tF), Dutch Friesian (DF), and first generation
crosses obtained from the mating of HF sires andl®fs (HD) were involved in the study, and data
from animals with a first calving date between 199@d 2000 were used. The edited dataset accounted
for 22,930 cows with production information distribd in 3549 herds, and 11,055 cows with SCS
information distributed in 2071 herds. Adjustedngparous milk yield for each herd was obtained
using a model that accounted for fixed effectsertlhyear and month of calving, genotype, and age a
first calving. The overall average of all adjustadk productions was computed, and 3 ENV (low:
5389 kg of milk, medium: 6307 kg of milk, and higt837 kg of milk) were defined on the basis of the
overall mean + 0.5 SD. Once environments were ddfiall the traits were analyzed with a model that
accounted for fixed effects of ENV, herd nestechimtENV, age at first calving (except for AFC),
year and month of calving, genotype, and the ioteya between ENV and genotype. Least squares
means for the interaction effect were used to edgnheterosis and to evaluate its magnitude across
ENV. Holstein Friesian achieved productions higihan DF. First generation crosses showed levels of
production close to HF, especially in the low ENEStimates of heterosis for yield traits ranged
between 2.4% for milk in the high and 5.3% for ifatthe low ENV, with decreasing percentages
observed for all production traits when moving fréme low to the high ENV. Overall, heterosis for
SCS and AFC appeared moderate, with the excepfi®C& in the high ENV. Results emphasized
that the highest non-additive genetic effects fetdytraits were expressed in the most stressfW EN
i.e. low level of production.

Key words: Friesian strains, heterosis by environment intevacproduction, somatic cell score
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INTRODUCTION

A number of studies reported experiments with dyossding of dairy cattle in temperate climates
(Pearson and McDowell, 1968; Turton, 1981; Touchhet992), and a review on heterosis and
recombination effects for several traits of ecormneievance has been provided by Lépez-Villalobos
(1998). An increasing curiosity in the applicatioh this mating system has grown among dairy
producers, raising questions of breed utilizatibftAllister, 2002). Countries such as New Zealand,
The Netherlands and, more recently, USA have imphged national genetic evaluation schemes
including data from crossbred animals.

Well-designed crossbreeding programs may leadairadr to exploit desirable characteristics of
the breeds or strains involved, and to take adgentd heterosis for traits of economic relevance
(Lopez-Villalobos, 1998). The mating of differenergtypes increases health and efficiency in
animals, and the improvement of reproductive atre§s traits such as fertility, survival, and cadyvi
ease, seems to be an important aspect for implemgeatossbreeding in dairy cows (Heins et al.,
2006a,b), together with an achievable economic rdge in milk pricing systems where fat and
protein are rewarded (Weigel and Barlass, 2003).

However, genotypes do not perform equally unddedsht production and managerial conditions.
An interesting approach in evaluating the phenatypérformance of animals is to consider the
environment in which they are producing (Bryantakt 2005). Recent papers have emphasized the
existence of genotype by environme@tX E) interaction for production traits (Boettcher &t 2003;
Fikse et al., 2003), somatic cell score (Caluslet2806), and reproductive traits (Boettcher et al
2003; Kearney et al., 2004). In general, G x Eradgon arises when performances of different
genotypes are not equally influenced by differemfijmnments (Falconer and Mackay, 1996). The
scaling effect is one of them, and occurs wheresfices among animals for a given trait are larger
one environment than in another.

Similarly, in the past, several scientists disaugsiheoretical aspects of mating animals with

different genetic makeups (Sheridan, 1981; Cunrangh 1982; Hill, 1982) highlighted that
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environmental factors may influence the expressioheterosis in a crossbred population. Because of
this possible influence, the assessment of crosdbrg performance becomes more complicated. Hill
(1982), described heterosis by environmeéhk (E) interaction as a special case of G x E interactio

Sheridan (1981), citing the concept of genetic hustesis proposed earlier by Lerner (1954),
stated that “...the degree of heterosis shown by @icplar cross can be influenced by the
environment, since crossbred animals are expeotdz tboth more uniform and less influenced by
environmental factors than their purebred pardimat.” This implies that heterozygotes are expécte
to be less susceptible to external changes tharmoiygotes. Barlow (1981), in a comprehensive
review on the matter, reported that heterosis fostriraits appears to be greater in stressful raiize
in favorable conditions, and the nature of intecaxs depends on the species and trait considered in
the analysis. On the whole, H x E interaction ltabd evaluated in relation to the specific condgio
in which animals perform, so that it would be pbksito better understand where crossbred animals
can positively interact with the environment. Tagroach may be of interest from an economic point
of view.

A recent study has been conducted in New Zealarektablish the influence of environmental
conditions on the expression of heterosis for pectida traits (Bryant et al., 2007). Results eviceha
variation of non-additive genetic effects for ces$rom different genotypes and for the same type o
cross in different environments. However, literatlon H x E interaction for these traits is not
extensive, and is scarce for somatic cell sc8f@g and age at first calvingA¢C).

Aim of this study was to investigate the effecttloé environment on the degree of heterosis for
milk, fat, protein, fat plus proteirFpP) yields, SCS, and AFC using the Black and Whitpypation

reared in The Netherlands as case study.

MATERIALS AND METHODS

Data
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Data were obtained from the Dutch milk recordingatlase provided by the Nederlands Rundvee
Syndicaat (NRS, The Netherlands). Herd-yddly Y groups with at least one crossbred and one
purebred primiparous cow were extracted. Holsteieskan HF), Dutch FriesianF), and k crosses
obtained from these two strains of Black and WHaé&y cattle were the genotypes considered in the
study. In particular, only #primiparous crosses from HF sires x DF damMB) were used, because
the reciprocal crosses (DF sires x HF dams) wgneesented by a very low number of heifers.

Despite the common origin, during the period coed in this research, the DF and HF
populations in The Netherlands were different. Whoaking at the average breeding values for cows
born in 2000, it can be highlighted that the gendtfference between HF and DF for lactation milk,
fat, and protein yield was +335, +9, and +10 kgpeetively, in favour of HF (de Jong, personal
communication). Production statistics by NRS (208&@dilenced differences in average 305-d milk, fat,
and protein yield for HF and DF cows (all paritied) 2252, 84, and 72 kg, respectively. Harbers
(1997), underlined the need for the Netherlandsadjust the genetic evaluation for heterosis and
recombination losses of North American Holsteingssbred with Dutch Friesians, meaning that a
genetic differentiation of the two Black and Whigenotypes still existed. Hence, even if the America
strain is substituting the original Dutch one, [ipaars appropriate to consider DF and HF as two
different genotypes on which the effect of diffdreraring conditions (production levels) can be
investigated.

In The Netherlands, breed/strain codes from eaamarare stored on database as well as the
proportions of the genes from each breed/straie pitoportions of the genes from each breed are
given in classes from 1 to 8, so that each clapsesents 12.5% of genes (Harbers, 1997). Pure
animals from HF and DF, and Erosses were identified.

Production data comprised 305-d milk, fat, and girotyields, and average within 305-d SCS
recorded on first lactation cows calving betwee®Q@%nd 2000. Only cows with sire and dam
information were retained in the dataset. Incongplattations of 100 d or more extrapolated to 305

days by NRS were retained, as well as lactationls valid milk, fat, and protein yields produced on
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the same herd. Also, 305-d fat plus protein (FE)ywas derived by adding the corresponding fat and
protein yields for each cow, and age at first cey\{AFC) was calculated as the difference betwhen t
first calving date and the birth date. Heifers witRC less than 520 d or greater than 1070 d were no
considered in the subsequent analyses. At the énelliing procedure, a total of 22,930 cows
distributed in 3549 herds were available.

Collection of SCS data started during the 1990%hHa Netherlands, thus there were many cows
without SCS information. Average within 305-d SC&swobtained from the mean of the individual
SCC calculated as lg@CC/1000). Only cows with 3 to 15 SCC measuremeittsin the 305 days
were kept. At the end of the editing procedureptaltof 11,055 SCS cows distributed in 2071 herds

were available for statistical analyses of SCS.

Environmental production level (ENV)

Environmental levels of production were definedhgsihe adjusted 305-d milk yield estimate for
each herd. These were determined through the ube LM procedure of SAS (SAS Institute, 2004)
using a model that accounted for fixed effects eidhyear and month of calving, genotype (HF, DF,
and HD), and age at first calving. Least squareansd_SM) for each adjusted herd were used to
create 3 environment&KRV) according to the overall average milk yield e$filactation herds LSM *
0.5 SD. On this basis, herds were defined as low%280 kg), medium (5980 kg < x < 6780 kg), and
high (x> 6780 kg). Since available SCS data were less phaduction, different ENV were created
for the analysis of this trait: low & 5990 kg), medium (5990 kg < x < 6820 kg), and Higk 6820

kg) level of production.

Statistical analysis
Data were analyzed using the GLM procedure of SB8Y Institute, 2004) according to the
following model:

Yiimo = ENV; + herd;;i + CYic+ MC, + Gy + (ENV*G)im + ageén + &iikimno,
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where Yumno = 305-d milk, fat, protein, FP yields, averagehwit305-d SCS, or AFC; EN\£ fixed
effect of theith environmenti(= low, medium, high); heyd = fixed effect of thejth herd | =
1,...,3549 for yield traits and AFQ;=1,...,2071 for SCS) nested within thk environment; C¥ =
fixed effect of thekth year of calvingK = 1,...,11); MQ = fixed effect of thdth month of calvingl(=
1,...,12); G, = fixed effect of themth genotypert = HF, DF, HD); (ENV*GC), = fixed effect of the
interaction between thigh ENV and themth genotype; age= fixed effect of thenth class of age at
first calving f = 1,...,8, with classes of 30 days, and the first #re last being open classes of <720
and >900 d, respectivelyumno = random residual ~ N (67). The analysis of AFC did not include
the age at first calving effect. Least squares meaznthe interaction effect were used to estimate
heterosis as [(LSM - LSMapg) / (LSMag)] x 100, where LSM; is LSM for R crosses (HD), and
LSMag is the average LSM for the purebred parents (HFRR) involved in the cross. Since only one
of the two reciprocal crosses (HF sires x DF dames)e available, heterosis was calculated as the
deviation of the first cross from the mean of tleeegnts. Confidence intervals at the 95% level were

referred to for testing if differences in heterasiifects were significantly different from zero.

RESULTS AND DISCUSSION

Descriptive statistics for 305-d lactation traited@AFC for each ENV are in Table 1, along with
the number of cows of each genotype. The numbemohals per genotype was fairly low for DF,
particularly in the high ENV, while HF and HD accded for the highest number of heifers. An
average difference of 1948, 71, 66, and 137 kg éetwthe high and the low ENV was observed for
305-d milk, fat, protein, and FP yields, respedtiveMoreover, production evidenced a greater
variation in the high than in the low ENV when exgged in kg but not as percentage of the mean.
Concerning AFC, a reduction in 9 d was observetvéen the two extreme ENVs, and between the

low and the medium ENVSs.
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Table 1. Means (SD) for first lactation milk yield traitsn@ age at first calving (AFC), and

corresponding number of herds and cows for eaclm@maental level of production (ENV).

Trait? Cows (n)
ENV®  Milk Fat Protein FP AFC Herds
Total HF DF HD
(kg) (ko) (kg)  (kg)  (d) (n)

5389 243 185 428 806
Low 1064 6111 1660 1322 3129
(907)  (41) (30) (69) (83)

6307 280 217 498 797
Medium 1457 10344 3947 1263 5134
(930) (40) (30) 67 (77)

7337 314 251 565 797
High 1028 6475 3523 299 2653
(1094) (43) (34) (73) (74

%FP = fat plus protein yield; AFC = age at firstwiag).

PHF = Holstein Friesian; DF = Dutch Friesian; HD £dfosses between Holstein Friesian sire and Dutielsign dam.
‘ENV = Classification of herds based on their averfigt lactation milk production corrected for Heyear of calving,
month of calving, genotype (HF, DF, and HD), and agfirst calving (low: x 5980 kg, medium: 5980 kgx< 6780
kg, high:x> 6780 kg).

Table 2 shows the descriptive statistics for aweréartation SCS. Decreasing values were
evidenced when moving from the low to the high ENWth a reduction of 0.38 points between the
extremes. This trend can be probably considerathon effect, i.e. the somatic cells were ejecited
a higher volume of milk.

As expected, HF achieved higher milk, fat, proteimg FP yields than DF cows in all ENVs, while
for SCS no relevant differences between the twairstrwere observed, with the exception of a higher
value for DF in the high ENV (Figure 1). Estimafes SCS in crossbred cows were lower (favorable)
than HF across ENVs. For AFC, the lowest valuesvieand for HF, with a reduction of 29 and 36 d
when compared to DF in the medium and high ENVspeetively. Concerning milk yield traits and
AFC, differences among genotypes were greater wbempared within the high than within the low
ENV (Figure 1), indicating that they were not edyaifluenced by the environment and that a G x E
interaction existed. Probably, HF cows were morsgiwe to the limitations to production imposed by

the low ENV, characterized by inadequate managedadlitions in relation to their needs, and/or DF

cows were not able to fully exploit the advantagéghe high ENV. In a recent study from New
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Zealand, Bryant et al. (2007) observed a scalifigceffor milk, fat, and protein yields comparing
overseas HF and New Zealand Jersey breeds ovéramatk environments, suggesting that HF animals
were more adapted to an intensive feeding systemam environment where nutritional requirements

of animals can be better met.

Table 2. Means (SD) for first lactation average within 3CS and corresponding number of herds

and cows for each environmental level of produc{ieNV).

) Cows (n)
ENV
SCS (points) Herds (n) Total HF DF HD
Low 6.21 (1.18) 627 3137 1088 650 1399
Medium 5.96 (1.16) 837 4758 2130 508 2120
High 5.83 (1.18) 607 3160 1791 125 1244

®HF = Holstein Friesian; DF = Dutch Friesian; HD =dfosses between Holstein Friesian sire and Dutielsign dam.

PENV = Classification of herds based on their averfist lactation milk production corrected for Heyear of calving,
month of calving, genotype (HF, DF, and HD), and agfirst calving (low: x 5990 kg, medium: 5990 kg < x < 6820 kg,
high: x> 6820 kg).

Heterosis estimates and 95% confidence intervalsitk yield traits, SCS, and AFC in each ENV
are displayed in Figure 2. Overall, all productivaits revealed positive but decreasing levels of
heterosis when moving from the low to the high ENWth estimates ranging from 5.3% (fat yield in
the low ENV) to 2.4% (milk yield in the high ENVThis could be explained if we consider that the
low ENV is stressful for production traits becaumsanagement does not meet the need of genetically
highly productive cows such as HF. Thus, the higlheterosis values were expressed in the most
stressful environment. Barlow (1981), summarizimg ¢ffects of H x E interaction in animals, debated
that sub-optimal conditions let heterosis be bedtgiressed. For SCS, heterosis effects were negativ
(favorable) but significantly different from zeraly in the case of the high ENV. In the case of AFC

heterosis estimates were always very low and sagmifly different from zero in the medium and high

ENVs.
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Figure 1. Least squares means and standard errors for agl 3dilk, (b) fat, (c) protein, (d) fat plus
protein (FP) yields, (e) age at first calving (AF@nd (f) average within 305-d SCS for Holstein
Friesian (HF,0), Dutch Friesian (DF¢#), and k crosses between Holstein Friesian sire and Dutch

Friesian dam (HDm) in each environmental level of production (ENV).
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Heterosis effects for lactation yield traits areyweariable, ranging from slightly negative values
up to 10% (lopez-Villalobos, 1998). Ahlborn-Breier and HohenboK&991) reported estimates of 6.1
and 7.2% for milk and fat yield, respectively, sidata from primiparous HF, Jersey, and crossbred
cows. McAllister (1986) found estimates of 3.7,,3ahd 4.0% for milk, fat, and protein yield,
respectively, using data from HF, Ayrshire, andsstived primiparous cows. Heterosis estimates for
305-d milk yield traits using first lactation redsr were significant and about 2.5% in a study
conducted on DF x HF crosses between 1983 and h@8@n der Werf and de Boer (1989). In the
present research only first lactations were avkal&dr the analysis. However, the parity of cowsrse
to play an important role in the expression of fedes as reported by several authors (Donald gt al.
1977; McAllister, 1986; Touchberry, 1992; Dechowatt 2007), but the relation is not clear yet.
Touchberry (1992) and Dechow et al. (2007) repogedncrease of heterosis for production traits
across lactations, while opposite trends were exdelé by Donald et al. (1977) and McAllister (1986).
Anyway, these studies used different type of cresard this can have played an important roleén th
expression of heterosis across lactations. Regatdin E interaction, Bryant et al. (2007) estimated
heterosis effects ranging between 5.0 and 9.5%foduction traits in overseas HF x New Zealand
Jersey crosses, and trends of heterosis that ir@staopposite compared to those obtained in the
present research. However, the average level afugtmn in the study by Bryant et al. (2007) was
much lower than that in the present research.

In general, AFC showed very low estimates of haigrand significantly different from zero in the
medium and high ENVs, but without an appreciabéadr (Figure 2). Crossbreeding parameters for
AFC are known to be low and it is important to bsamind that this trait depends more on farmers’
decisions than on physiological aspects. Touchl{@892) reported heterosis effects of 1.1% for AFC.
More recently, Dechow et al. (2007) observed egesalose to 2.1 and 3.5% (favorable) using least
squares techniques. In the latter study, heteeffests for AFC varied across lactations and varied

depending on the breed of sire.
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Figure 2. Heterosis estimates and confidence interv&s<(0.05) for k crosses (HD) between
Holstein Friesian (HF) sires and Dutch Friesian D&ms for (a) 305-d milk, (b) fat, (c) protein) (d
fat plus protein (FP) yields, (e) age at first aady and (f) average within 305-d SCS in each

environmental level of production (ENV).
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Heterosis effects for SCS were negative (favoraldiese to zero in the low and medium ENVSs,
and significantly different from zero only in thegh one, with a value close to 5% (Figure 2).
However, this result should be interpreted withticaubecause of the fairly low number (n=125) of
DF cows available in the high ENV for the estimataf heterosis effects. Values close to zero f th
udder health indicator were provided by VanRademh @anders (2003) in the United States. Cassell
(2007) discussed that traits not much influencednbyeeding depression are expected to show less
non additive effects, and SCS could be recognizedree of these traits. However, Dechow et al.

(2007) reported heterosis effects close to 8% (tle) for SCS using least squares techniques.

CONCLUSIONS
Genotype effect for traits analyzed in Friesiarais of dairy cattle showed changes across
environments, and HF appeared to be better suiteidténsive conditions. Estimates of heterosis
varied across ENVs, with the largest effects obe@im the low ENV for production traits and in the
high ENV for SCS. The low ENV was the most strels&fu production. Hence, the highest heterosis
was expressed in the worst environment. Becausieree® of H x E interaction emerged from this
research, it can be argued that an advantage deule from the exploitation of genotypes posityel

interacting with the environment in which they preducing.
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ABSTRACT

The aim of this study was to investigate the effafctifferent breeds and breed crosses on age
(AC, d), live weight (LW, kg), price (PR, Euro/kgnd market value (MV, Euro/calf) of purebred and
crossbred calves sold for veal and beef produciibe.Kovieh wholesale cattle organization (Bolzano,
Italy) grouped calves from several dairy herds tedan the Trentino-Sudtirol region in Italy, anold
them by public auctions. Data on AC, LW, PR, and M¥m 96,458 calves were recorded from
January 2003 to December 2007, and consisted airé lreeds (two dairy, Brown Swiss (BS) and
Holstein Friesian (HF), and two dual purpose, Simtalke (SI) and Alpine Grey (AG)), and 8
crossbreds by crosses of Limousin (LI) and Beldgdure (BB) with the 4 dam breeds. Least squares
means for AC, LW, PR, and MV were calculated foedals and breed crosses with a model that
included fixed effects of herd of birth, age (exciEp AC), sex, and breed of the calf, year andsra
of auction, and interactions between the main &fféthe coefficients of determination of the models
were 0.41, 0.51, 0.84, and 0.82 for AC, LW, PR, Bhd respectively. Sex, age, and breed were the
most relevant sources of variation for LW (P < @.)0@hile breed and sex were the most important
sources of variation for AC, PR, and MV (P < 0.0(4s0, PR and MV were significantly influenced
(P < 0.01) by all the effects included in the modsicept for season by age interaction in the oase
MV. Market value of male was higher (P < 0.001)thiaat of female calves, with the exception of BS
(-21 Euro/calf) and HF (-15 Euro/calf) purebred esalDual purpose purebred calves were heavier (P
< 0.001) and presented higher (P < 0.001) PR andthM¥ dairy purebreds (MV of 314 and 227
Euro/calf for SI and AG, and 189 and 203 Euro/éafBS and HF, respectively). Calves from Sl and
AG dams had greater (P < 0.001) LW, PR and MV ttalwes from BS and HF dams. Calves from Sl
cows had greater (P < 0.001) LW, PR and MV thamesafrom AG cows. Crossbreeding with beef
bulls increased (P < 0.001) LW, PR, and MV of calMeom dairy and dual purpose dams.
Crossbreeding with BB bulls increased PR (+1.90G8 ®Euro/kg; P < 0.001) and MV (+140.5 + 2.7
Euro/calf; P < 0.001) of calves much more than LI.
Key words: beef and dairy breeds, calves, crossbreedingweight, market value, price
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INTRODUCTION

One reason for crossbreeding is to combine faverattibutes of two or more breeds that are
genetically different from each other, but have ptamentary qualities (Cartwright, 1970). A common
practice by farmers in the Alps is the use of beells for mating dairy cows not used to breed
replacements for the herd (25-30% of cows). Thigfice has been decreasing in the more specialized
herds because of fertility (Dal Zotto et al., 20@Rd longevity (Boettcher, 2005) problems, buthae t
near future it will be increased by the use of geseamen (Hohenboken, 1999; Cerchiaro et al., 2007).

Crossbreeding between dairy and beef cattle briegsl¥een investigated by several authors in the
past (Cundiff, 1970; Nelson et al., 1982) and, meaently, there has been a major research on this
subject in the US (Cundiff et al., 2001). In a veegent study, Wolfova et al. (2007) confirmed that
carcasses from beef x dairy crosses were much naluable than carcasses from purebred dairy
animals. Moreover, crossbreds showed better eatiagacteristics of the meat (Davies et al., 1992)
and greater dressing percentage (Gungor et al3)2b8n purebreds.

In the Trentino-Stdtirol region (northeast Itallggtmajority of purebred and crossbred calves from
dairy herds are sold at about 3 weeks of age byleshte cattle organizations that carry out public
auctions (about 500 calves per week). Purebrecesdhom dairy breeds (mainly Brown SwisS)
and Holstein FriesiarHF)) are destined to veal production (Cozzi, 200 hege calves are fed a milk
replacer and a small amount of roughage, and atglstered at 5-6 months of age. On the contrary,
the majority of the purebred dual purpose (mainignr8ental Gl) and Alpine Grey AG)) and
crossbred calves are destined to beef productioryoasg entire bulls and heifers using high
concentrate diets.

The objective of this study was to compare thecefté different breeds and breed crosses on age
at auction AC, d), live weight (W, kg), price PR, Euro/kg), and market valudy, Euro/calf) of

purebred and crossbred calves sold for veal anidpbeéuction.

MATERIALS AND METHODS
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Data

Data were provided by Kovieh, a wholesale cattiganization located in Bolzano province (ltaly)
close to the Austrian border. Information availablas AC (d), LW(kg), PR (Euro/kg), and MV
(Euro/calf) from 4 pure breeds: BS, HF, SI, and AGd 8 crossbred types derived from mating the 4
dam breeds (BS, HF, SI, and AG) with two sire daefeds: Limousinl() and Belgian BluegEB).
According to the European Union legislation, eachmal is provided with a passport since birth, and
information on sire and dam is registered. Onlyweslwith registered breeds of sire and dam, AC
between 7 and 50 d, and LW between 29 and 126 kg been considered. Following editing of the
dataset as above, 96,458 calves sold during 23Rlyvaections from January 2003 to December 2007

were analyzed.

Statistical Analysis
An ANOVA was performed on AC, LW, PR, and MV withet GLM procedure (SAS Inst. Inc.,

Cary, NC) using the following linear model:

Yikimno = 1 + herd + yeay + season+ sex + age, + breed + (breed x sex) + (breed x yeay) + (breed
X seasof) + (breed x age,) + (sex x yeaj) + (sex x seasoy) + (sex x age,) + (yeaj x seasox) +

(year x age,) + (seasonx agen) + Gjkimno,

where Yiumno IS 0bservation ijkimno for AC, LW, PR, or M\ is the overall mean; heri$ the fixed
effect of theith herd of birth of the calfi (= 1 to 8,634); yeaiis the fixed effect of thgth year of
auction { = 2003 to 2007); seaspis the fixed effect of thkth season of auctiok & Spring, Summer,
Autumn, Winter); sexis the fixed effect of théh sex of the calfl(= female and intact male); ages
the fixed effect of thenth class of age of calf at auction (young: 7-15tkerimediate: 16-31d, and old:
32-50 d); breegis the fixed effect of theth breed 1t = BS, HF, SI, AG, LIXBS, LIxHF, LIXSI,
LIXAG, BBxBS, BBxHF, BBxSI, BBxXAG); and igmno iS the random residual associated with

observation ijkimno. Also, first order interactiobstween the main effects were considered. Random
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residual effects were assumed to be identicallgependently, and normally distributed with mean
zero and variance’e. The effect of age at auction was not includetthénanalysis of AC.

Contrast estimates (xSE) for AC, LW, PR, and MV hwit sire and dam breeds, and their
interactions were also estimated, and a 5% leved vederred to for testing if estimates were

significantly different.

RESULTS AND DISCUSSION
The number of calves from different breeds and dremsses sold at weekly auctions are
displayed in Table 1. Purebred calves represer2e@P® of the total data set and ranged from 10%
(9,610 animals) for AG to 27.1% (26,133 animalg) B&. The number of calves sired by beef bulls
represented the remaining 37.1% of the total detausd varied from 3.8% for AG to 18.1% for BS
cows, reflecting the different use of crossbreediygfarmers of the different breeds of cows. The
number of calves sired by LI bulls was always lgms calves sired by BB bulls. This is particularly

true in the case of SI dams, with 285 calves dwetdl and 7,990 by BB bulls.

Table 1. Number of calve'sof different breeds and breed croésasd at auctions.

Dam breed
Sire breed
BS HF Sl AG

BS 26,133

HF 10,395

Sl 14,516
AG 9,610
LI 1,563 526 285 285
BB 15,929 5,845 7,990 3,381

1100% = 96,458 calves.
2 BS = Brown Swiss, HF = Holstein Friesian, S| = Biemtal, AG = Alpine Grey, LI = Limousin, BB = Befi Blue.
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Results from the ANOVA are summarized in Table 2e Toefficients of determination were 0.41,
0.51, 0.84, and 0.82 for AC, LW, PR, and MV, respety. All the main effects included in the model
significantly explained the variability of the 4aits P < 0.001). The two genetic effects (breed and
sex) were the most important, with the additionagé for LW. Also, the main effects of year and
season were relevant in explaining the variabiiity PR and MV. Due to the high number of data
analyzed, the majority of the interactions was highignificant @ < 0.001). Among them, breed by

sex was the most important for all the traits andiscussed.

Table 2. ANOVA for age at auction (AC, d), live weight (LWKQ), price (PR, Euro/kg), and market
value (MV, Euro/calf).

Trait
AC LW PR MV

R 0.41 0.51 0.84 0.82

RMSE' 6.87 7.21 0.84 67.62

Effects df F P F P F P F P
Herd 8,633 643 <0.001 591 <0.001 1.88 <0.001 3.48 <0.001
Year 4 31.35 <0.001 16.19 <0.00285.39 <0.001 216.95 <0.001
Season 3 13.68 <0.001 45.14 <0.0210.62 <0.001 207.53 <0.001
Sex 1 202.11 <0.001 957.640.001 1,496.47 <0.001 2,194.06 <0.001
Age 2 - - 450.51<0.001 124.31 <0.001 13.11 <0.001
Breed 11 66.14 <0.001 343.940.001 6,665.37 <0.001 5,509.82 <0.001
Breed*Sex 11 21.18 <0.001 13.45 <0.00273.94 <0.001 263.96 <0.001
Breed*Year 44 1.63 0.005 2.79 <0.00155.24 <0.001 53.96 <0.001
Breed*Season 33 3.25 <0.001 3.28 <0.0039.21 <0.001 16.63 <0.001
Breed*Age 22 - - 8.26 <0.00112.32 <0.001 7.39 <0.001
Sex*Year 4 0.78 0.537 1.07 0.368 131.89 <0.0086.76 <0.001
Sex*Season 3 2.21 0.084 148 0.216 14.68 <0.008.08 <0.001
Sex*Age 2 - - 584 0.003 18.96 <0.00117.87 <0.001
Year*Season 12 9.81 <0.001 6.65 <0.0M8.52 <0.001 156.54 <0.001
Year*Age 8 - - 3.74 <0.001 3.24 0.001 491 <0.001
Season*Age 6 - - 4.17 <0.001 3.01 0.006 1.98 0.064

'RMSE = root mean square error.
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Age of calves at auction varied, on average, fr@fc2 BBxBS and LIXBS to 26 d for AG calves

(Figure 1), LW ranged from 61 for HF to 69 kg foB¥BS and BBxSI (Figure 2), PR from 2.89 for BS

to 7.00 Euro/kg for BBxSI (Figure 3), and MV fror84for BS to 488 Euro/calf for BBxSI (Figure 4).

Figure 1. Least squares means (with SE whiskers) of agedioa (d) of calves of different breeds

and breed crosses.
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Figure 2. Least squares means (with SE whiskers) of livayhtgikg) of calves of different breeds and

breed crosses.
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Looking more specifically within the pure calvesjatl purpose were heavieP (< 0.001) and

showed higherR < 0.001) PR and MV than dairy. Market values wE88 and 203 Euro/calf for BS

and HF, and 314 and 227 Euro/calf for SI and AGpeetively, and Sl reached a higher MV compared

to the other pure breeds (Figure 4). This is ndf doe to the more favorable PR but also to théadrig

LW reached by Sl calves. Also, Sl calves exceeldedverage MV from BS and HF by 118 Euro/calf.
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This advantage can counterbalance a lower milk ymtioh of 358 kg in terms of income (0.33
Euro/kg was the price of milk in Italy during therpd of the study). In terms of income over feed
costs, the amount of milk counterbalanced wouldabdy be more than double taking into account the
reduction in feed requirements, especially in teahsoncentrate consumption. Also, considering the
positive effect of longevity, fertility, and somattell score that characterize the Sl breed, insesot
convenient to keep this breed if not in hard enwinents which heavily limit the potential of
specialized dairy breeds (De Marchi et al., 2007the case of the AG breed, the superiority of its
calves for MV is much less pronounced than thatthef SI breed. Nevertheless, for a correct
comparison with specialized dairy breeds from thehnical and economical point of view, it is
necessary to consider that the AG cows are mubkelighan those of the other three breeds; thdslea
to more cows, calves and lactations per hectareubivated land (Bittante et al., 2005). Also, the
higher fertility and longevity of the dual purpoaad BS breeds respect to HF is responsible for a
lower replacement rate, with the opportunity to enatsubstantial number of cows with beef bulls.
This opportunity is much lower and decreases awee for HF breed. Thus, crossbreeding with beef

bulls can further counterbalance a significant pathe higher amount of milk produced by HF cows.

Figure 3. Least squares means (with SE whiskers) of pricedflkg) of calves of different breeds and

breed crosses.
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Figure 4. Least squares means (with SE whiskers) of maraetev(Euro/calf) of calves of different

breeds and breed crosses.
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Regarding the effect of sire breed (Table 3), dyess calves highlighted lower AC (-1.45 £ 0.12
d; P <0.001), and higher LW (+3.96 £ 0.16 k< 0.001), PR (+1.95 £ 0.02 Euro/kg;< 0.001), and
MV (+142.1 = 1.5 Euro/calf; P < 0.001) than purelseand among crossbred combinations those from
BB were significantly superior than those from ltes for AC (-0.65 £ 0.21 d? < 0.01), LW (+2.66 %
0.28 kg;P < 0.001), PR (+1.90 + 0.03 Euro/kB;< 0.001), and MV (+140.5 £ 2.7 Euro/caR; <
0.001). In a recent study, Barham and Troxel (20@forted that the breed effect was highly
significant in explaining the selling price of fedattle sold at Arkansas auctions, and a diffexesf
$33.28 per 45.45 kg was found between the hightsteford x Charolais) and the lowest (Longhorn)
price. Limousin semen has been widely used becthiseéoreed combines a good meat production
ability with a small increase of calving difficulthA study by Comerford et al. (1987) highlightectth
the LI breed tended to have heavier calves with &zdving difficulty and higher survival rates than
other breeds and breeds combinations. More recehttyuse of BB semen has exceeded that of LI
because the double muscling of the breed is resgenf®r yielding well-conformed carcasses with

reduced fat content (Hanset et al., 1987; Uyttegbaet al., 1994).

-70 -



Table 3. Contrast estimates + SE within sire and dam bresus$ their interactions for age at auction
(AC, d), live weight (LW, kq), price (PR, Euro/kg@nd market value (MV, Euro/calf).

Trait

Contrast AC LW PR MV

Est. + SE Est. + SE Est. + SE Est. + SE
Sire breeds
[1] PB'vs (LI+BB)2 1.45+0.12*** -3.96 +0.16*** -1.95+0.02*** -142.1 + 1.5***
[2] LI vs BB® 0.65+0.21**  -2.66 +0.28** -1.90 + 0.03*** -140.5 + 2.7%**
Dam breeds
[3] (BS+HF) vs (SI+AGJ  -0.53 £0.18**  -1.09 + 0.23*** -0.85 + 0.03*** -50.6 + 2.1***
[4] BS vs HP -0.42 +0.18* 1.00 + 0.21*** -0.02 +0.02 3.6+2.0
[5] Sl vs AG -0.01 +0.29 2.09 + 0.38*** 0.53 + 0.04***  43.7 + 3.5%
Sire x dam breeds
[1] x [3] -0.41 £0.12%* -1.19+0.16** -0.17 £0.02** -11.4 + 1.5%**
[1] x [4] 0.92 +0.14** 0.31+0.17 -0.20 £ 0.02*** -13.4 +1.6***
[1] x [5] -0.35+0.19 1.95 +0.27***  0.40@03***  32.9 + 2.5%
[2] x [3] -0.09 +0.21 -0.09 +0.28 0.05 68 7.9 2.6
[2] x [4] -0.23+0.21 054 +0.27*  -0.090t03**  -10.8 + 2.5%**
[2] x [5] 1.01 £0.35**  -0.57 +0.49 0.00 +0b 2.7+46

* P <0.05, * P <0.01, *** P < 0.001.
'PB = purebred calve$PB vs (LI+BB) = contrast between purebred and dness calves®L| vs BB = contrast between

crossbred calves from the two beef bred(BS+HF) vs (SI+AG) = contrast between calves fromnydand dual purpose

dams,’BS vs HF = contrast between calves from dairy d48isys AG = contrast between calves from dual pueptans.

The impact of the two beef breeds on MV of crosdlwraves is displayed in Figure 5. The use of
LI semen on BS and AG dams increased the valueogEbreds by 100 Euro with the only exception
of those obtained from Sl cows, whose value wasgmally higher (+22 Euro) than that of their
purebred counterparts. On average, the value o$iB#} calves was 140 Euro higher than LI calves,
and 212 Euro higher than purebred calves. When aoedito the purebred counterparts, the use of BB
bulls on BS and AG cows enhanced the value of bress 250 Euro, and 200 Euro when used on HF
dams. Also, BBxSI crossbreds largely exceeded &tlppad calves (+173 Euro), i.e. much more than

the case of LIXSI calves. In general, with both tieef breeds the beneficial effect of crossbreeding
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from the economical point of view was maximum wW&8 and AG, and minimum with the SI cows. It
is possible that crossbreeding the dairy breegsosally with BB, increased largely the proportioi
calves weaned and fattened for beef productiorugersal, while this cannot be done in the casd of S

because both the purebred and crossbred calvesaamty used for beef and not for veal.

Figure 5. Increase of market value (Euro/calf) of crosstresgpect to purebred calves.

B00 |-

250 -

200 ~

150 + - - - - - - - | g

AR
PR AR
PR

100 e - I e B

7 ERRVREARAY
0

i
R
PR R
R
R

Market value (Euro/calf)

BS HF SI HF SI AG

Dam breed

Regarding the effect of dam breed (Table 3), cairas the two dual purpose breeds (Sl and AG)
were superior than those from the two specializadydreeds (BS and HF) for LW (+1.09 £ 0.23 kg;
P < 0.001), PR (+0.85 + 0.03 Euro/kg:< 0.001), and MV (+59.6 + 2.1 Euro/calf;< 0.001). Within
the dairy breeds, BS and HF produced calves withpemable PR and MVP(> 0.05). Nevertheless,
calves from BS had lower AC (-0.42 £ 0.18RJ< 0.05) and higher LW (+1.00 + 0.21 Kg;< 0.001)
than those from HF dams. Within the dual purposeds, S| produced calves heavier (+2.09 + 0.38
kg; P < 0.001), and with higher PR (+0.53 + 0.04 EurpfRg 0.001) and MV (+43.7 £ 3.5 Euro/calf;

P < 0.001) than those from AG dams. In general,éhesults confirmed that dual purpose breeds
produced calves with better commercial values #atialized dairy cows, because of heavier calves
and particularly higher price achieved at auctiBitténte et al., 2005). Also, this increase in ealu

depends on the fact that the majority of dual psepcalves are weaned and used for beef production

while dairy calves are almost all used for vealdoiaiion.
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Looking at the interactions between the sire anu @aeeds for the traits (Table 3), it is worth
noting that, as expected, crossbreeding with be#$ beduced differences between dairy and dual
purpose dam breed effects because dam breedserprerdy the 50% of the genome of crosshred
calves respect to the 100% of the purebred. Evguuiiébred BS calves presented higher AC, and
lower PR and MV than purebreds HF, crossbred cdhoes BS cows presented lower AC, and higher
PR and MV than those from HF. While purebred Sveslare characterized by superior LW, PR, and
MV than AG, in the case of crossbred calves thiegifices between the two dual purpose dam breeds
are almost negligible. The superiority of crossbeatives from dual purpose respect to those from
dairy dams was more pronounced for BB-sired thasildd calves in the case of MV, but not for LW
and PR. The superiority of crossbred calves fromdBf®s compared to HF was more pronounced for
BB-sired than LI-sired calves for LW, PR, and MVin&lly, the breed of sire showed significant

interactions with the two dual purpose breeds onthe case of AC.

Figure 6. Average differences between the market value (Eal®d of male and female calves of

different breeds and breed crosses.
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The sex effect showed that male calves were youaigauction (-1.85 + 0.13 d® < 0.001) and
had greater LW (+4.49 = 0.15 kB;< 0.001), PR (+0.65 £ 0.02 Euro/Kg< 0.001), and MV (+63.8 £
1.4 Euro/calf;P < 0.001) than female calves. Figure 6 illustrabesinteraction between sex and breed

of calves for MV. In the case of purebred calvesrirthe two specialized dairy breeds, the average
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value of males was slightly lower than females (@2t -15 Euro/calf for BS and HF, respectively).
This seemed to be due to a negligible gender efifeatalves destined to veal production, considagrin
that the production ceases before animals reaclpuherty. Moreover, it is possible that part of the
purebred heifer calves was bought by dairy farrfmrseplacements and not for beef production. In al
other cases, male exceeded female calves fromlIsBSl). to 104 Euro (LIXSI). While sex has a strong
impact on MV of LI and purebred calves, the supésicof males in BB-sired calves is not largely
influenced by the breed of the dam. Barham and dir@007) highlighted a significant influence of
calf sex in determining the selling price.

In conclusion, purebred calves from dual purposeds were heavier and obtained higher PR and
MV than purebred calves from dairy breeds. Thusy tbontributed positively to the farm income.
While calves from BS and HF were characterized lsymalar MV, those from Sl exhibited superior
LW, PR, and MV than those from AG, but it should dmnsidered that cows of the latter breed are
lighter than cows of the former and the stocking iia higher. Crossbreeding with LI bulls increased
LW, PR, and MV of calves from dairy and AG breedsit had a low impact on Sl cows.
Crossbreeding with BB bulls increased PR and M\talfies of both dairy and dual purpose breeds
much more than LI bulls. The highest increase in Waé produced when BB semen was used on BS
and AG cows and the lowest when used on Sl cowskéflavalue of male was higher than that of
female calves in the case of dual purpose puredbrard all crossbred calves but not in the case of
purebred dairy calves. This could be due to th&ehht proportion of calves used for veal and beef
production. Results highlighted that breed complaiarity (Cartwright, 1970) occurred and the use of
crossbreeding to exploit surplus replacements iry éi@&rds can guarantee a greater economic revenue
from selling crossbred calves. In the more spemdlidairy herds the use of crossbreeding has been
decreasing because of fertility and longevity peofis. However, this practice is expected to become
more popular in the next years as there is an asang interest in the use of sexed semen among dair

producers. This perspective would lead to moreydaiws available for mating with beef bulls.
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Crossbreeding effects in dairy cattle have resulidae evident (Chapters 2 and 3), particularly for
milk yield traits and calving interval.

The Irish study confirmed that the Holstein bregthie most productive, and it should be preferred
if the breeding goal gives relevant economic emighas milk yield. On the contrary, crosses
involving Holstein and Jersey or Holstein and Matidrde may be better than pure Holstein for fat
and protein yields. Calving interval has been fotmte shorter in breeds other than Holstein; ttais
is very important in Ireland because of the sedgmattern of milk production. The knowledge of thes
effects along with estimated breeding values, armlom permanent environmental effects are the
three elements to build an index called producialge, useful for making culling decisions.

In the Dutch study, crossbreeding effects changeosa environments, and the Holstein Friesian
strain resulted more adapted to intensive conditibteterosis values varied across the environments;
the highest effects were observed in the low enmwirent for milk yield traits and in the high for SCS
Because evidence of heterosis and environmenautien emerged, an advantage may derive from the
exploitation of genotypes positively interactinglwihe environment in which they are producing.

The study in Chapter 4 has shown a strong influerfidcee genotype on the commercial value of
calves. This was very important to know becausargel quota of the meat in Europe comes from
purebred dairy and beef x dairy crossbred calvesssbreeding with Limousin and Belgian Blue bulls
increased live weight, price and market value dfes from dairy and dual purpose breeds. The
highest market values were obtained in calves diseBelgian Blue bulls. The use of crossbreeding
with beef bulls to exploit surplus replacementdairy herds can be a viable system to provide the

farmer with an extra economic revenue.
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