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META-ANALISE DO DESEMPENHO REPRODUTIVO DE NOVILHAS E
VACAS PRIMIPARAS DE CORTE"

Autora: Lidiane Raquel Eloy
Orientadora: Dra. Carolina Bremm

Resumo: O obijetivo foi avaliar, por meio de uma abordagem meta-analitica, quais os
principais fatores que influenciam no desempenho produtivo e reprodutivo de novilhas
e vacas primiparas de corte. Para tanto, foram utilizados, de forma agregada, dados
de 3.933 novilhas e vacas primiparas de corte, provenientes de 29 estudos
(dissertacdes e teses) e 43 experimentos. As informacdes relacionadas a metodologia
e aos resultados de cada trabalho foram tabuladas em planilha, constituindo a
sistematizacdo dos dados. Por meio dos dados disponibilizados, trés artigos foram
realizados. No primeiro deles, as varidveis independentes analisadas foram: idade das
novilhas (14 ou 24 meses de idade) e vacas primiparas (24 ou 36 meses de idade) no
momento em que foram expostas a reproducéo, tipo de pastagem (pastagens de ciclo
hiberno-primaveril ou natural) e tipo racial (taurinas ou mesticas). As variaveis
respostas foram os pesos e escores de condi¢cdo corporal ao inicio e final do periodo
reprodutivo e a taxa de prenhez. Maiores pesos corporais ao inicio do acasalamento e
taxa de prenhez foram observados nas novilhas expostas a reproducéo aos 24 meses
(325,25+1,55 kg e 73,84+1,41%), nas mesticas (321,41+2,15 kg e 70,88+1,63%) e nas
que pastejaram pastagens de ciclo hiberno-primaverii no pré-acasalamento
(318,34+2,01 kg e 82,43+1,60%). Maiores pesos corporais foram observados nas
vacas primiparas expostas a reproducdo aos 36 meses de idade (376,09+1,55 kg),
nas mesticas (373,56+1,54 kg) e nas que pastejaram pastagens de ciclo hiberno-
primaveril (377,80£2,29 kg). A maior prenhez foi observada nas primiparas aos 24
meses de idade (83,44+3,03%, nas taurinas (88,53+2,61%) e nas que pastejaram
pastagens de ciclo hiberno-primaveril (77,68+1,93%). No segundo trabalho, a taxa de
prenhez foi considerada a variavel resposta. Foram realizadas analises de sub-grupos
entre categoria animal (novilhas e vacas primiparas), idade das fémeas no momento
em que foram expostas a reproducdo (14, 24 ou 36 meses de idade), tipo de
pastagem (pastagens de ciclo hiberno-primaveril ou natural) e tipo racial (taurinas ou
mesti¢cas). Novilhas e vacas primiparas, expostas a reproducdo apresentaram maior
taxa de prenhez (80,24%). No terceiro trabalho, a varidvel resposta foi a taxa de
prenhez.Fatores explanatérios foram categoria animal (novilhas ou vacas primiparas),
peso corporal ao inicio do periodo reprodutivo, ganho médio diario durante a
reproducdo, tipo racial (taurinas e mesticas) e taxa de lotagcdo. O peso ao inicio da
reproducdo influenciou 93,1% da taxa de prenhez. Por meio da presente meta-andlise,
a idade a qual as fémeas foram expostas a reproducéo, a raga, o tipo de pastagem
utilizada no pré-acasalamento, o peso corporal ao inicio da reproducdo e a taxa de
lotacdo sdo fatores que influenciam o desempenho produtivo e reprodutivo de novilhas
e vacas primiparas de corte no sul do Brasil.

Palavras-chave: peso corporal, pastagem de ciclo hiberno-primaveril, pastagem
natural, taxa de prenhez
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META-ANALYSIS OF REPRODUCTIVE PERFORMANCE OF HEIFERS AND
PRIMIPAROUS COWS!

Author: Lidiane Raquel Eloy
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Abstract: The aim was to evaluate, through a meta-analytical approach, the main
factors that influence the productive and reproductive performance of heifers and
primiparous cows. We used, in aggregate, data from 3,933 heifers and primiparous
cows from 29 studies (dissertations and theses) and 43 experiments. The information
related to the methodology and the results of each work were tabulated in a
spreadsheet, constituting the systematization of the data. Through the available data,
three articles were made. In the first one, the independent variables analyzed were:
age of heifers (14 or 24 months of age) and primiparous cows (24 or 36 months of age)
at the time they were exposed to reproduction, type of pasture (winter-spring cycle or
natural pasture) and breed (Taurine or crossbred). The variables responses were the
weight and body condition scores at the beginning and end of the reproductive period
and the pregnancy rate. Larger body weights at the beginning of the breeding season
and pregnancy rate were observed in heifers exposed to reproduction at 24 months
(325.25+1.55 kg and 73.84+1.41%), in crossbreed (321.41+2,15 kg and 70.88+1.63%)
and in those that grazed winter-spring cycle pastures in pre-mating (318.34+£2.01 kg
and 82.43+1.60%). Higher body weights were observed in the primiparous cows
exposed to the breeding season at 36 months of age (376.09+1.55 kg), in the
crossbreed (373.56+1.54 kg) and in those that grazed hiberno-spring cycle
(377.80+2.29 kg). The highest pregnancy was observed in the primiparous cows at the
24 months of age (83.44+3.03%), in the taurine (88.53+2.61%) and in those that
grazed winter-spring cycle pastures (77.68+1.93%). In the second study, the
pregnancy rate was considered the response variable. Was evaluated analysis of
subgroups between animal categories (heifers and primiparous cows), age of females
at the time of the breeding season (14, 24 or 36 months of age), type of pasture
(winter-spring cycle or natural pasture) and breed (Taurine or crossbreed). Heifers and
primiparous cows, exposed to reproduction, had a higher pregnancy rate (80.24%). In
the third study, the response variable was the pregnancy rate. Explanatory factors were
animal category (heifers or primiparous cows), body weight at the beginning of the
breeding season, average daily gain during the breeding season, breed (Taurine and
crossbreed) and stocking rate. Through the present meta-analysis, the age at the
which females were exposed to the breeding season, breed, type of pasture used in
pre-mating, body weight at the beginning of the breeding season and stocking rate are
factors that influence productive performance and reproductive performance of heifers
and primiparous beef cattle in southern Brazil.

Key-words: body weight, natural pasture, pregnancy rate, winter-spring cycle pasture

'Doctoral Thesis in Animal Science, Faculdade de Agronomia, Universidade Federal
do Rio Grande do Sul, Porto Alegre, RS, Brazil (144p.), March, 2017
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1. INTRODUCAO

A exploracdo pecuaria no Rio Grande do Sul (RS) caracteriza-se por ser
realizada extensivamente, baseada em pastagens naturais, com baixos indices
de produtividade e ciclo longo, associados a um baixo custo operacional e nivel
tecnologico (Pilau, 2007). Manejos inapropriados como o excesso de lotagéo e
a falta de técnicas mais especificas em determinados momentos, para algumas
categorias animais, tém conduzido a indicadores de baixa produtividade
(Fagundes et al., 2003; Potter & Lobato, 2004; Quadros & Lobato, 1997; Rosa
et al., 2012). No entanto, existem possibilidades de manejo para a redugéo da
idade de abate, bem como a idade ao primeiro servi¢o, permitindo o incremento
dos indices produtivos e reprodutivos da pecuaria brasileira.

A ocorréncia da puberdade marca o inicio da atividade reprodutiva da
novilha. E o0 momento a partir do qual a fémea esta apta a reproducéo, sendo
esta uma das caracteristicas de extrema importancia para a eficiéncia
reprodutiva do rebanho (Rovira, 1974; Brinks, 1984). E o culminar de um longo
processo de desenvolvimento reprodutivo, que comeca bem antes do
nascimento da bezerra. Este desenvolvimento, principalmente dos tecidos e
funcdes, estdo associados ao eixo enddocrino-reprodutivo, incluindo hipotalamo,
hipofise anterior e ovarios (Gasser, 2013).

Fatores genéticos e ambientais influenciam o desenvolvimento da
puberdade. Os fatores genéticos compreendem variagdes entre racas, suas
cruzas e até mesmo entre tipos animais de uma mesmo grupo racial (Martin et
al., 1992), podendo o tamanho a idade adulta ser determinante. Grupos
genéticos ou vacas de maior peso e tamanho na idade adulta atingem a
puberdade a idades mais tardias em relacdo a grupos genéticos com menor
tamanho e peso adulto (Owens et al., 1993).

Nos fatores ambientais destaca-se a nutricdo com influéncia direta no
ganho de peso e a idade a puberdade (Patterson et al., 1992). As pastagens
naturais representam a base da exploracdo pecudria, sendo caracterizada por
variacbes na composicao, estrutura e especialmente, pela sazonalidade da
producdo e qualidade (Boldrini, 1997). As consequéncias desta sazonalidade
podem afetar os indices zootécnicos da pecuéria, especialmente o peso e o
desenvolvimento das fémeas (Beretta & Lobato, 1996), além das taxas de
desfrute (Beretta et al., 2001) .

A limitacdo nutricional em determinadas épocas do ano, principalmente
durante os periodos de maior exigéncia das novilhas, pode comprometer o seu
desenvolvimento e, consequentemente, influenciar o periodo de inicio da
manifestacdo da puberdade (Rocha & Lobato, 2002). O correto manejo da
pastagem, a correcao da acidez e a fertilizagcdo do solo melhoram os campos e
aumentam sua producgdo. Alternativas para assegurar adequada taxa de
crescimento e sucesso reprodutivo seriam a utilizacdo de pastagens cultivadas
e/ou melhoradas, sobretudo as gramineas e leguminosas, atendendo a
demanda por forragem com adequada disponibilidade e qualidade, permitindo
maior periodo de ocupacdo da pastagem, com aumento da capacidade de
suporte (Nabinger & Paim, 1985; Lobato, 2009).

Aliado ao uso de pastagens cultivadas, o fornecimento de suplementos é
uma alternativa utilizada para reduzir as variagdes na producéo de forragem no
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decorrer da estacdo de pastejo e tém como objetivo suprir um déficit na
qualidade ou quantidade de pasto (Elizalde, 2003). O fornecimento de
suplementos energéticos a bovinos de corte em pastejo possibilita aumento no
ganho de peso individual e por unidade de area, bem como um melhor escore
de condicao corporal e peso corporal, condicdes que permitem o acasalamento
com menor idade (Potter et al., 2010).

Novilhas em situacdo metabdlica adequada, com maior consumo de
energia, onde estas tém peso e condi¢cdo corporal suficiente, aumentam o0s
niveis de glicose, insulina e fator de crescimento | (IGF-1) (Yelich et al., 1995;
Santos & Amstalden, 1998). Esses metabdlitos potencializam os efeitos das
gonadotrofinas (LH e FSH) nas células ovarianas (Sirois & Fortune, 1988).

No momento do surgimento de fatores associados a maturidade
fisiolégica, o sistema nervoso central detecta relacbes neuro-endocrinas
favoraveis e ocorre producdo de LH, o qual conduz ao desenvolvimento
folicular mais intenso, com presenca de um foliculo dominante e a ocorréncia
da ovulacgéo (Sirois & Fortune, 1988).

A analise conjunta de dados experimentais possibilita uma melhor
precisdo na avaliacdo dos efeitos dos tratamentos e constitui uma ferramenta
para unir resultados isolados, buscando novas relacbes ainda nao
evidenciadas. Isso se deve a uma andlise fundamentada, em uma quantidade
maior de informacfes, acompanhada do aumento de comparacdes entre temas
(Lovatto et al., 2007). Nos estudos com animais em pastejo, a logistica
complexa e o elevado custo em conduzir esses experimentos podem também
estimular a redefinicdo das unidades experimentais, na busca de alternativas
para aumentar os graus de liberdade da analise (Fisher, 1999). Uma
ferramenta disponivel para ser utilizada é o agrupamento de dados
experimentais, denominado de abordagem meta-analitica.

Neste contexto, nesta tese serdo abordados os principais fatores que
influenciam o desempenho reprodutivo de novilhas e vacas primiparas de
corte, por meio de uma base de dados consolidada, com énfase em uma
abordagem meta-analitica, apresentados em capitulos. No primeiro capitulo
sera apresentada a revisdo bibliografica sobre meta-analise e manejo do
rebanho de cria no RS. No segundo capitulo, serdo apresentadas andlises
estatisticas classicas, considerando como variaveis peso e escore de condi¢cao
corporal ao inicio e final do periodo reprodutivo e taxa de prenhez de novilhas e
vacas primiparas de corte. O terceiro capitulo contera informacgdes de prenhez
de novilhas e vacas primiparas de corte, explorando analises de grupo e sub-
grupos. No Uultimo capitulo serdo apresentados os modelos que melhor
representem os dados, considerando como variavel dependente, a taxa de
prenhez de novilhas e de vacas primiparas de corte e, como fatores
explanatoérios, classe da idade das fémeas no periodo reprodutivo, peso
corporal ao inicio do periodo reprodutivo, taxa de lotacdo, tipo de pastagem no
pré-acasalamento e tipo racial. E, em seguida, serdo apresentadas as
consideracdes finais da tese.



2. REVISAO BIBLIOGRAFICA

2.1. Meta-analise

A meta-analise € uma maneira de combinar resultados de varios
estudos, que abordam a mesma questdo de pesquisa, gerando assim,
estimativas que resumem as informacdes retiradas de apenas um amplo
estudo (Rodrigues & Ziegelmann, 2010). Uma meta-andlise visa extrair
informacéo adicional de dados preexistentes por meio do reagrupamento de
resultados de diversos trabalhos e pela aplicagcdo de uma ou mais técnicas
estatisticas. E um método quantitativo que permite combinar os resultados de
estudos realizados de forma independente (podendo ser extraidos de trabalhos
publicados ou néo), sintetizando as suas conclusdes, ou mesmo extrair uma
nova concluséo (Luiz, 2002).

Para que os resultados de uma meta-analise tenham significado e
possam ser aplicados, os estudos que compdem os dados devem ser o
resultado de uma revisdo sistematica. Essa revisdo sistematica consiste de um
conjunto de regras para identificar estudos sobre uma determinada questao e,
em seguida, selecionar quais deles serdo incluidos ou ndo na meta-analise
(Rodrigues & Ziegelmann, 2010).

Quando sao realizadas andlises estatisticas, os testes usados, em
alguns casos, ndo sdo adequados por serem dependentes do tamanho da
amostra. A meta-analise permite ampliar o enfoque, a direcdo e a magnitude
dos efeitos entre os estudos. Outro aspecto critico das analises tradicionais é
gue elas nao possuem ferramentas capazes de incluir as diferentes condicdes
experimentais como fator de variagédo. Isso evidencia que, sem o ajuste dessas
diferencas por meio de ferramentas apropriadas, os resultados ndo serdo
compilados na base de dados de forma coerente e confiavel. A meta-analise
possibilita uma estimativa imparcial do efeito do tratamento que,
individualmente n&o permite estabelecer conclusbes por falta de poténcia
analitica (baixo n), permite 0 aumento da precisdo, aumentando as chances de
evidenciar diferencas entre tratamentos (Lovatto et al., 2007).

A primeira meta-analise da histéria é atribuida ao estatistico inglés
Karl Pearson, que em 1904 publicou, em uma revisdo médica, um artigo no
gual havia coletado dados de onze estudos relevantes sobre imunidade e
mortalidade por febre tiféide entre soldados que serviam em varios locais do
Império Britanico. A meta-andlise de Pearson consistia em calcular coeficientes
de correlacdo para cada um dos onze estudos e, em seguida, sintetizar os
coeficientes em dois subgrupos, produzindo uma correlacdo média para cada
grupo. Os motivos relatados por Pearson para a combinacdo de estudos séo,
ainda hoje, as principais razbes para o0 uso da meta-andlise. O principal
argumento que o autor utiliza € que muitos dos estudos sdo pequenos para
permitir uma conclusdo confidvel, fazendo com que o tamanho do erro seja
grande e o poder do estudo seja baixo. A partir de Pearson, na metade do
século XX, varios estatisticos contribuiram para refinar a metodologia de
sintese da pesquisa (Tabela 1).



Tabela 1. Trabalhos realizados refinando as metodologias de sintese da

pesquisa

Ano  Autor Titulo

1931 Tippet, L.H.C The method of statistics.

1932 Fischer, R.A. Statistical methods for research workers.

1934 David, F.N. On the p-test for randomness.

1937 Cochran, W.G. Problems arising in the analysis of a series of
similar experiments.

1942 Wallis, W.A. Compounding probabilities from independent
significance tests.

1949 Lancaster, H.O. The combination of probabilities arising from data
in discrete distributions.

1950 Pearson, E.S. On guestion raised by the combination of tests
based on discontinuous distributions.

1951 Wilkinson, B. A statistical consideration in psychological
research.

1952 Baker, P.C. Combining tests of significance in cross
validation.

1952 Brozek, J.; Tiede, Reliable and questionable significance in a series

K. of statistical tests.
1952 Eysenck, H.J. The effects of psychotherapy: an evaluation.
1953 Jones, L.V, Models for testing the significance of combined
Fiske, D. results.
1954  Birnbaum, A. Combining independent tests of significance.
1954 Mosteller, F.; Selected quantitative techniques.
Bush, R.R.
1954 Sadoka, J.M.; Testes of significance for a series of statistical
Cohen, B.H; tests.
Beall, G.
1955 Beecher, H.K;; The powerful placebo.
Boston, M.D.

1955 Goods, I.J. On the weighted combination of significance.

1958 Liptak, T. On the combination of independent tests.

1959 Sterling, T.C. Publication decisions and their possible effects of
inference draw from tests of significance or vice
versa.

1959 Zelen, M.; Joel, On the weighted compounding of the two

L.S. independent significance tests.
1969 Gilass, G.V,; Measures of association in comparative
Hakstian, A.R. experiments: Their development and
interpretation.

1971 Light, R.J.; Smith, Accumulating evidence: Procedures for resolving

P.V. contradictions among different research studies.

1972 Glass, G.V,; Consequences of failure to meet assumptions

Peakham, P.D.; underlying fixed effects analysis of variance and

Sandres, J.R.

covariance.
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Tabela 1. Continuagao...

1976 Glass, G.V. Primary, secondary and meta-analysis of
research.
1977 Glass, G.V. Integrating findings. The meta-analysis of
research.
1979 Gilass, G.V,; Meta-analysis of the relationship between class
Smith, M.L. size and achievements.
1980 Pillemer, D.B.; Synthesizing outcomes: How to use research
Light, R.J. evidence from many studies.
1980 Smith, M.L.; Meta-analysis of class size and its relationship to
Glass, G.V. attitudes of instruction.

Curiosamente, a primeira meta-analise para avaliar o efeito de uma
intervencao terapéutica em saude foi publicada em 1955 por Beecher, para
avaliar o efeito do placebo. Na época, o0 método estatistico para a sintese de
estudos ainda ndo havia sido nominado, recebendo varias designacées como

"sintese de pesquisa", "visdo de conjunto” ou "overview", "revisdo sistematica",
"combinacdo de estudos”, "evidéncia cumulativa". O termo meta-analise so foi
proposto em 1976 pelo psicologo Glass, que assim o definiu: "uma analise
estatistica de grandes cole¢des de resultados de estudos individuais com o
propdsito de integrar os achados destes estudos". Glass teve também o mérito
de deslocar as tentativas de integracdo dominantes baseadas em valores de
probabilidade, introduzindo o conceito de tamanho do efeito para fundamentar
a integracdo na comparacdo de diferencas padronizadas entre 0 grupo
experimental e o controle.

Na década de 80, a meta-andlise comecou a ser utilizada na area
médica. Questdes como o tratamento de doengcas como coracdo e cancer
passaram a ser respondidas com o uso da meta-analise (Whitehead, 2002). A
meta-analise se desenvolveu inicialmente nas ciéncias sociais, na educacéo,
na medicina e, mais tarde, na agricultura. Os primeiros trabalhos que se
interessaram pela problematica da combinacdo dos resultados de varios
experimentos independentes foram realizados por Cochran (1954). O método
publicado por Mantel & Haenszel (1959) se tornou um dos principais nessa
area.

Foi recentemente que o interesse pela meta-analise se intensificou.
A evolugdo dos ultimos 51 anos das publicagBes cientificas internacionais
(indexadas PubMed) e nacionais (indexadas Scielo) tratando de meta-analise
sdo mostradas nas Figuras 1, 2 e 3. Em nivel internacional houve uma
evolucdo exponencial das publicacdes, passando de duas em 1966 para
16.439 em 2016. Nessa mesma base, foram publicados 119.939 artigos, sendo
desses, 4.425 artigos pertencentes a area das Ciéncias Agrarias. O cenario
nacional ndo seguiu essa tendéncia. O primeiro artigo sobre o tema surgiu em
1994 alcancando em 2016, 22 publicacdes. Foram publicados 204 artigos até
fevereiro de 2017, sendo apenas 5 na area das Ciéncias Agrarias, publicados
nos anos de 2007 (1), 2011 (1), 2012 (2) e 2016 (1).

A meta-analise € uma ferramenta de ampla utilizagdo, pois
possibilita, além de trabalhar com estudos publicados ou néo, trabalhar com os
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dados originais de cada trabalho. A meta-analise tem recebido cada vez mais
atencdo como uma técnica estatistica Gtil para a integracao de resultados de
pesquisas diferentes sobre um determinado tema: Metodologias importantes
tém aparecido (Glass, 1976) e, cole¢cbes de meta-analise comecaram a ser
produzidas (Walberg & Haertel, 1980).
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Figura 1 — Trabalhos sobre meta-andlise publicados em revistas internacionais
indexadas (PubMed)
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Figura 2 — Trabalhos sobre meta-anélise publicados em revistas internacionais
indexadas (PubMed) na area de Ciéncias Agrarias
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Figura 3 — Trabalhos sobre meta-analise publicados em revistas nacionais
indexadas (Scielo)

O uso de dados brutos é vantajoso em termos de precisdo, suporta
informacOes ausentes ao acaso e permite a imputacdo bem-sucedida em
valores perdidos, considerando a sua margem de erro. Sua grande limitacédo
refere-se ao fator logistico, este vinculado ao acesso aos bancos de dados
originais de pesquisas primarias (Luiz, 2002).

Segundo Lovatto et al. (2007), alguns procedimentos devem ser
realizados quando se trabalha com meta-andlise, sédo eles: definir o objetivo,
sendo essa a fase que determina todo o processo meta-analitico; sistematizar
as informac®es; codificar, filtrar e analisar os dados. A andlise de dados pode
ser realizada de forma grafica que serve para dar uma ideia da
heterogeneidade dos dados. A forma do meta-dispositivo pode ser realizada
por meios de histogramas do conjunto de tratamentos e de experimentos sobre
a variavel explicativa para dar uma ideia da distribuicdo dos resultados da
pesquisa. Em funcdo da diversidade de dados no momento da analise, é
conveniente, entdo, considerar a escolha do sistema de ponderagdo de
experimentos.

Em meta-analise existem basicamente dois tipos de modelos que
podem ser adotados, 0 modelo de efeito fixo e o de efeito aleatorio (Sousa &
Ribeiro, 2009). No modelo de efeito fixo assume-se que o efeito de interesse &
0 mesmo em todos os estudos (Borenstein et al., 2009) e que as diferencas
entre eles sdo devidas apenas a variabilidade interna de cada estudo (ao erro
amostral) (Borenstein et al., 2009). Seja J o numero de estudos de uma meta-
analise e Y; o efeito observado no estudo j com j=1,2,..., J, 0 modelo de efeito
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fixo € dado por Yj =0y + €, onde, € é o erro aleatorio do estudo j e By € o efeito
comum a todos os estudos chamado de medida meta-analitica. Supde-se que
0s erros aleatorios apresentam distribuicdo normal com média O e variancia 01-2
conhecida (esta variancia é o quadrado do erro padrdo estimado no estudo j) e
€ por este fato que as medidas de efeito dos odds ratio (OR — razdo de
probabilidade) e risco relativo (RR) sdo calculadas em escala logaritmica.
Neste modelo a estimativa pontual de maxima verossimilhanca para 6y € uma
média ponderada entre as medidas de efeito de cada estudo. A ponderacéo de
cada estudo é inversamente proporcional a medida de variabilidade estimada
no estudo, sendo que esta medida de variabilidade tem relagéo direta com o
tamanho da amostra. Ou seja, quanto maior for o tamanho da amostra, menor
€ a variabilidade estimada e, consequentemente, maior o peso do estudo na
estimacdo da medida meta-analitica 6y (Rodrigues, 2010; Rodrigues &
Ziegelmann, 2010). Esse tipo de modelo é adequado quando acreditamos que
o efeito de tratamento € idéntico entre os estudos, quando o objetivo for estimar
um efeito de tratamento para uma populacédo especifica e ndo extrapolar para
outras populagoes.

Quando a medida de efeito é proveniente de dados binarios (OR ou
RR), a estimacédo de 8y também pode ser calculada com recurso ao método de
Mantel-Haenszel, sendo que a diferenca deste método reside no célculo da
ponderacdo de cada estudo. No caso onde os estudos envolvidos apresentam
tamanhos de amostra pequeno e as estimativas das variancias utilizadas na
ponderacdo sdo muito pobres, o método de Mantel-Haenszel é mais utilizado
(Rodrigues, 2010; Rodrigues & Ziegelmann, 2010).

Para além dos modelos de efeitos fixos, existem ainda os modelos
de efeito aleatério que pressupde a existéncia ndao apenas da variacao dentro
de cada estudo, mas também a variacdo entre os estudos, ou seja, considera
que os efeitos dos estudos ndo séo iguais, mas que sdo conectados por meio
de uma distribuicdo de probabilidade, geralmente suposta normal (Borenstein
et al., 2009). O modelo de efeito aleatorio € dado por Y; = 0y + (; + €, onde, ¢ é
o erro aleatorio do estudo j; {; é o efeito aleatério de cada estudo j; Oy € a
medida meta-analitica. Nesse tipo de modelo existe a suposicdo de que 0s
erros aleatérios tém distribui¢do normal com média 0 e variancia o}* conhecida
e os efeitos aleatérios tém distribuicdo normal com média 0 e variancia T2
desconhecida, sendo que 12 representa a variabilidade entre os estudos e deve
ser estimado. Pode ser utilizado quando o pesquisador combina varios estudos
com 0 mesmo objetivo, mas que nao foram conduzidos da mesma maneira, por
exemplo. Neste caso, € possivel extrapolar para outras populacdes, o que
torna a andalise mais abrangente. Embora o modelo de efeitos aleatérios possa
parecer melhor por ser mais abrangente, devem ser tomados alguns cuidados.
Se o numero de estudos for muito pequeno, a estimativa da variancia entre 0s
estudos néo tera uma boa precisao.

Para a escolha do melhor modelo devemos sempre levar em conta
que quando nao ha, nem diversidade e nem heterogeneidade importantes, os
estudos com maior poder estatistico possuem maior peso. Utiliza-se o método
de efeitos fixos, que pressupde que todos os estudos apontaram o mesmo
efeito. Quando ha diversidade e heterogeneidade, é utilizado o modelo de
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efeitos aleatorios, que distribui 0 peso mais uniformemente, valorizando a
contribuicdo dos estudos pequenos (Lau et al., 1997).

Quando se decide combinar estudos através de uma meta-analise &
porque foram selecionados aqueles estudos semelhantes em relacdo a
caracteristicas importantes. Seguindo esse principio parece natural a
suposicdo do modelo de efeito fixo que considera que o efeito de interesse
deve ser o0 mesmo em todos os estudos. Mas existem razdes para que 0S
estudos nédo sejam considerados idénticos quanto ao efeito de interesse
(Rodrigues & Ziegelmann, 2010).

Em meta-analise, quando a variabilidade entre os estudos n&o é
apenas aleatodria, dizemos que os estudos sdo heterogéneos. A avaliacdo da
heterogeneidade tem papel importante na escolha do modelo da meta-analise
e, portanto, deve ser realizada antes da escolha do modelo.

As maneiras mais usuais de se verificar a existéncia de
heterogeneidade em meta-analise sdo pelo teste de Q de Cochran ou pela
estatistica 12 de Higgins & Thompson. O Teste Q de Cochran apresenta como
hipétese nula a afirmacao de que os estudos que compdem a meta-analise sdo
homogéneos. Sob esta hip6tese nula, Q segue uma distribuicdo qui-quadrado
com J-1 grau de liberdade, onde J € o numero total de estudos que compdem a
meta-analise. Uma deficiéncia desse teste € possuir um baixo poder quando o
namero de estudos que compdem a meta-analise € pequeno. Por outro lado,
quando o numero de estudos é muito grande, ele pode detectar uma falsa
heterogeneidade (Higgins & Thompson, 2002). O teste Q de Cochran é dado
por:

Q=X Wj(Yj— M)

Onde Wij é o peso do estudo j, Yj € a medida de efeito do estudo j e
6u é a estimativa para a medida meta-analitica. O valor de p calculado indica
se a heterogeneidade € significativamente, ou ndo, diferente de zero. Alguns
autores argumentam que a heterogeneidade por menor que seja encontra-se
sempre presente, pelo que ndo tem sentido testar apenas a sua presenca, mas
quantifica-la (Mulrow et al., 1997; Berwanger et al., 2007). E foi nesse sentido
que foi desenvolvida a estatistica I2. Proposta por Higgins & Thompson (2002)
como uma forma mais direta de verificar a existéncia de heterogeneidade
atraves da proporcao. A estatistica |2 € dada por:

12 (%) = Q - (J-1) * 100%.

Q

Ela pode variar de valores negativos a 100%. Quando o valor for
negativo ele é igual a 0. A significancia de |2 é equivalente a significancia de Q
(Dinnes et al., 2005). Higgins et al. (2003) sugerem uma escala em que um
valor de I2 proximo a 0 indica ndo heterogeneidade entre os estudos, proximo a
25% indica baixa heterogeneidade, proximo a 50% indica heterogeneidade
moderada e acima de 75% indica alta heterogeneidade entre os estudos.

O forest plot € a representacdo grafica de uma meta-analise. Sua
funcdo é a de sumarizar em uma unica figura todas as informacdes sobre o
efeito dos tratamentos e a contribuicdo de cada estudo para a analise, com
informacgdes individuais dos estudos incluidos na meta-analise (Berwanger et
al., 2007; Rodrigues & Ziegelmann, 2010). Para cada estudo o grafico
apresenta a medida de efeito e seu intervalo de confianga, sendo que a medida
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de efeito é representada por um simbolo que pode, por exemplo, ser um
quadrado, um circulo, ou qualquer outra figura. O tamanho deste simbolo é
proporcional ao peso do estudo na meta-andlise. Quanto maior o peso, maior o
tamanho do simbolo da medida de efeito. Também é exibida em torno da
medida de efeito uma linha horizontal que € o seu intervalo de confianca, sendo
que quanto maior esta linha, maior € a variabilidade dentro do estudo
(Ramalho, 2005).

O grafico funnel plot é utilizado para visualizacdo da presenca de
viés de publicacdo, € um unico diagrama de disperséo das estimativas de efeito
de intervencdo de estudos individuais (eixo horizontal) plotados contra a
precisdo do estudo (eixo vertical) (Sterne & Harbord, 2004). O erro padréo €
usado como medida do tamanho do estudo e o nome funnel plot surge porque
a precisdo do efeito de intervencéo estimado aumenta a medida que o tamanho
e a precisao do estudo aumentam (Sterne & Harbord, 2004). Estimativas de
efeitos de estudos pequenos séo apresentados de forma mais ampla na parte
inferior do gréfico (Sterne & Harbord, 2004). Na auséncia de viés, o grafico
deve assemelhar-se aproximadamente a um funil simétrico (invertido). Se
houver viés, por exemplo, porque estudos menores sem efeitos
estatisticamente significativos permanecem inéditos, resultara em uma
aparéncia assimétrica do grafico do funil e um intervalo sera evidente em um
canto inferior do grafico (Sterne & Harbord, 2004).

2.2. Manejo do rebanho de cria no Rio Grande do Sul

A pecuaria no Rio Grande do Sul (RS) € caracterizada pela baixa
taxa de prenhez e, consequentemente, baixa taxa de desmame, com
crescimento lento ao longo dos anos, independente das mudancas na
economia e tecnologia disponivel (Pilau, 2007). Essas baixas taxas de prenhez
e de desmame, séo causas que acabam impedindo o maior desenvolvimento
do setor pecuario no RS, podendo estar associadas ao pobre manejo das
pastagens naturais, com excesso de lotacédo, e a falta de manejo nutricional
diferenciado para as categorias com exigéncias nutricionais diferentes
(Fagundes et al., 2003; Potter & Lobato, 2004; Quadros & Lobato, 1997; Rosa
et al., 2012).

O desempenho reprodutivo € a caracteristica econdmica mais
importante em um rebanho de vacas de corte (Wiltbank, 1994). Conforme
Trenkle & Willham (1977), o desempenho reprodutivo é cinco vezes mais
importante que o crescimento e, pelo menos, dez vezes mais importante do
que o produto carne.

As pastagens naturais representam a base da exploracdo pecuaria,
sendo caracterizada por variagbes na composi¢ao, estrutura e, especialmente,
devido a diversidade de solos, a sazonalidade de producdo e a qualidade
(Boldrini, 1997). Consequentemente, o manejo dos campos devera ser dirigido
ao tipo de pastagem, época do ano e localizacdo da area (Moraes et al., 1995).
As consequéncias desta sazonalidade podem afetar os indices zootécnicos da
pecuaria, especialmente o peso e o desenvolvimento corporal das fémeas
(Beretta & Lobato, 1996), além das taxas de desfrute (Beretta et al., 2001).
Esta participacdo é mais importante no Rio Grande do Sul, cuja superficie de
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solo em 2004 detinha 62% em cobertura de pastagens naturais (IBGE, 2004),
reduzido para cerca de 23% da superficie (41.054,61 km?) (Hasenack et al.,
2010). Cerca de 8,3 milhdes de hectares (89,4% do total) da exploracédo de
bovinos de corte ainda conta com a pastagem natural como seu principal
recurso forrageiro. Essa reducéo se da, basicamente, pelo aumento nas areas
destinadas a agricultura, refletindo na busca dos produtores por uma atividade
de maior rentabilidade em relacdo a pecuaria. Mesmo com a diminuicdo na
area total ocupada pelas pastagens naturais e com a manuteng¢do do rebanho
bovino, essa exploracdo se da por meio do aumento da taxa de lotacdo
(Maraschin & Jacques, 1993; Moraes et al., 1995).

A taxa de lotacdo é considerada uma variavel importante, que esta
relacionada as decis6es de manejo, devido ao seu profundo impacto causado
sobre a vegetacdo sob pastejo e aos animais, pois interfere na oferta de
forragem, no consumo de pasto e no desempenho animal (Bransby &
Maclaurin, 2000; Sollenberger et al., 2012). A medida que a taxa de lotac&o
aumenta, a oferta de forragem diminui até determinado ponto, onde a
totalidade de forragem consumida € igual a totalidade de forragem disponivel.
A partir desse ponto o desempenho animal diminui a medida que a taxa de
lotacdo aumenta (Petersen et al., 1965). Isso ocorre, basicamente, porque 0s
animais sao forcados a consumir uma forragem de baixa qualidade, abaixo da
necessidade de consumo, e sem terem a oportunidade de seletividade (Martz &
Gerrish, 1995). A razdo pelas quais elevadas ofertas de forragem, em
condicBes de baixa pressdo de pastejo, proporcionam altos ganhos de peso
corporal é, além do maior consumo voluntario, um pastejo seletivo da dieta
(Hodgson, 1990). Segundo Minson (1991), existe uma relacdo significativa
entre a quantidade de forragem disponivel e o consumo voluntario de animais
em pastejo. O pastejo descontrolado, sem adequado manejo das pastagens
naturais, pode provocar um empobrecimento do solo pela diminuicdo da
cobertura superficial e, consequentemente, a erosdo hidrica (Gradwell, 1960;
Federer et al., 1961; Gradwell, 1966).

Em muitas situacdes, a oferta de forragem, embora em quantidade
adequada ndo apresenta qualidade bromatolégica condizente para suprir as
necessidades nutricionais de determinadas categorias animais. A
disponibilidade energética e o teor de proteina sédo baixos, havendo em
contrapartida, excesso de fibra e de conteddo celulésico nédo digestivel,
comprometendo a taxa de passagem e o consumo animal (Freitas et al., 1976).

Segundo Lupatini & Neumann (2002), a utilizagdo racional das
pastagens € fundamental para obtencdo de indices zootécnicos que garantam
a otimizagdo da produtividade por animal e por area e, principalmente,
adequados do ponto de vista econdmico. Para se obter indices zootécnicos
que garantam a otimizacdo da produtividade por animal e por éarea e,
principalmente, adequados do ponto de vista econdmico, a utilizagédo racional
das pastagens é de fundamental importancia.

Além disso, a dificuldade de se fazer um manejo racional das
pastagens, devido a estacionalidade de producdo, pode gerar uma grande
diferenca na capacidade de suporte entre os periodos Otimos e criticos
(Lupatini & Neumann, 2002). Segundo Demment & Van Soest (1985), o
desempenho animal é determinado pelo valor nutritivo da forragem e pelo nivel
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de consumo. Esse, por sua vez, € afetado pela oferta e qualidade da forragem,
pois quando essa é baixa, os mecanismos fisicos de regulagdo do consumo
impedem a ingestdo total de matéria seca (MS) necesséaria para atender as
exigéncias nutricionais do animal.

Segundo Rovira (1974) e Brinks (1984), a ocorréncia da puberdade
marca o inicio da atividade reprodutiva da novilha e € o momento a partir do
qual a fémea esta apta a reproducédo. Gasser (2013), afirma ser a puberdade o
culminar de um longo processo de desenvolvimento reprodutivo, esse que
comeca antes do nascimento da bezerra. O desenvolvimento de tecidos e
funcBes estdo associados ao eixo enddcrino-reprodutivo, incluindo hipotalamo,
hipéfise anterior e ovarios. O desenvolvimento do eixo hipotalamo-hipdéfise é
imperativo para novilhas atingirem a puberdade, sendo a base de programas
de desenvolvimento de novilhas de corte para reposi¢cao (Hersom et al., 2013).

As principais alteragfes fisioldgicas e anatdbmicas desencadeadoras
da puberdade estédo relacionadas com o aumento na producdo de esteroides
sexuais (progesterona e estroégeno) pelas gbnadas, em resposta ao aumento
na liberacdo de gonadotrofinas (hormonio luteinizante — LH e horménio foliculo
estimulante — FSH) pela hipdfise, o qual é controlada pela secrecdo
hipotalamica de GnRH (hormdnio liberador de gonadotrofina) (Emerick et al.,
2009). Segundo Yelich et al. (1995) e Santos & Amstalden (1998), fémeas
bovinas em situacdo metabdlica adequada, com maior consumo de energia,
onde estas tém peso e condicdo corporal suficientes, aumentam os niveis de
glicose, insulina e fator de crescimento | — tipo insulina (IGF-l). Esses
metabolitos potencializam o efeito do LH e FSH nas células ovarianas (Spicer &
Echternkamp, 1995). Segundo Sirois & Fortune (1988), quando surgem fatores
associados a maturidade fisiolégica, o sistema nervoso central detecta relacdes
neuro-enddcrinas favoraveis, ocorrendo a producédo de LH, conduzindo a um
desenvolvimento folicular mais intenso, com presenca de foliculo dominante e
ocorre a ovulacéo.

A leptina, hormdnio proteico secretado pelo tecido adiposo, é outro
metabdlito que indica o estado nutricional em bovinos (Barb & Kraeling, 2004,
Chehab et al., 1996; Cheung et al., 1997; Strobel et al., 1998) e est4 associado
com o aumento da concentragao de LH (Amstalden et al., 2000; Cunningham et
al., 1999; Garcia et al., 2003). A leptina age sobre o eixo hipotalamo-hipofise e
inibe a liberacdo de neuropeptideo Y, o qual estimula a liberacdo de GnRH
(Barb, 1999; Foster & Nagatini, 1999).

Simeone & Lobato (1996), também avaliaram o efeito da lotacdo
animal em pastagem natural no desempenho reprodutivo de vacas primiparas
de corte, mantidas em taxas de lotacdo de 270,0 e 382,5 kg de peso corporal
(PC)/ha e obtiveram taxas de prenhez de 69,8% e 51,7%, respectivamente.
Fagundes et al. (2003), igualmente avaliaram o efeito de duas taxas de lotag&o
em pastagem natural no desempenho de vacas primiparas de corte e
obtiveram em vacas mantidas na menor taxa de lotacdo (280,0 kg de PC/ha) a
prenhez de 67,7%, superior a taxa de maior lotacdo (360,0 kg de PC/ha) de
22,6%.

Adequacbes nas taxas de lotacdo utilizadas em pastagem natural
conduzem a melhores resultados produtivos, o que torna o sistema mais
rentavel e ecologicamente sustentavel ao longo do tempo. Taxas de lotacbes



24

mais baixas determinam melhores ofertas de forragem, o que permite a
obtencdo de melhores condi¢cdes corporais e, consequentemente, condigdes
fisiolégicas para os animais desempenharem suas funcdes produtivas e
reprodutivas (Lobato et al., 2010).

A limitacdo nutricional em determinadas épocas do ano,
principalmente durante os periodos de maior exigéncia das novilhas, pode
comprometer seu desenvolvimento e, consequentemente, influenciar o periodo
de inicio da manifestacdo da puberdade (Rocha & Lobato, 2002). A correcéo
da acidez, a fertilizacdo do solo e o correto manejo da pastagem, melhoram os
campos e aumentam sua producao. Alternativas para assegurar adequada taxa
de crescimento e sucesso reprodutivo seriam a utilizacdo de pastagens
cultivadas e/ou melhoradas, com a introducdo de gramineas e leguminosas,
atendendo a demanda por forragem com adequada qualidade e
disponibilidade, permitindo maior periodo de utilizacdo da pastagem, com
aumento da capacidade de suporte (Nabinger & Paim, 1985; Lobato, 2009).

O crescimento dessas pastagens hibernais entre os meses de maio
a junho pode, muitas vezes, nao ser suficiente para possibilitar a sua utilizacao
neste periodo. No RS, a maioria das pastagens de inverno sao utilizadas no
periodo compreendido entre os meses de junho até novembro. Nos meses de
junho a julho, a utilizacao de pastagens ditas de estacéao fria € prejudicada, pois
seu crescimento é quase nulo com temperaturas inferiores a 10°C (Jacques,
1993). Segundo Lobato et al. (1998), a utilizacdo de pastagens de ciclo
hiberno-primaveril, pode ser uma alternativa para aumentar a taxa de prenhez
em vacas primiparas de corte e reduzir o periodo de anestro pés-parto.

Cachapuz et al. (1990), ao trabalharem com vacas primiparas de
corte em diferentes sistemas alimentares, observaram similaridade nas taxas
de prenhez. Lobato & Barcellos (1992) observaram maiores valores de taxa de
prenhez de 77,9% para vacas mantidas em pastagem melhorada em
comparacao aquelas mantidas apenas em pastagem natural.

Aliado ao uso de pastagens cultivadas, o fornecimento de
suplementos é uma alternativa utilizada para reduzir as varia¢cdes na producao
de forragem no decorrer da estacdo de pastejo e ttm como objetivo suprir um
déficit na qualidade ou quantidade de pasto (Elizalde, 2003). O fornecimento de
suplementos energéticos a bovinos de corte em pastejo, possibilita aumento no
ganho de peso individual e por unidade de area, bem como um melhor escore
de condicao corporal e peso corporal, condicdes que permitem o acasalamento
com menor idade (Poétter et al.,, 2010). Desse modo, é de fundamental
importancia estabelecer parametros de manejo e producao, inseridos em nossa
realidade de ambiente, com efetividade e viabilidade técnica/econémica para
que se possa incrementar de forma significativa o desempenho da pecuaria
regional e nacional (Menegaz et al., 2008).

A escolha do tipo e do nivel de suplemento a ser utilizado depende
do objetivo do sistema de producdo. Quando o objetivo é maximizar o
desempenho individual, os niveis de suplemento devem ser minimizados,
possibilitando incrementos no ganho de peso dos animais. Neste caso,
incrementos na taxa de lotacdo ndo sao almejados, pois a base forrageira € um
alimento de menor custo, enquanto que uma boa resposta em desempenho
individual depende de suplementos de alta qualidade (Lobato & Pilau, 2004).
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Segundo Rovira (1996), a vaca primipara de corte € mais sensivel a
limitac&o nutricional do que a vaca adulta, pois a mesma precisa ter atendidas
as suas exigéncias de mantenca, crescimento e producao de leite, além de
retomar a atividade sexual. Corah et al. (1975), ao trabalharem com dois niveis
de energia pré-parto em vacas primiparas, baixo e alto, observaram nas vacas
alimentadas com alto nivel de energia, intervalos pds-parto mais curtos em
comparacao aquelas alimentadas com baixo nivel de energia. Apds 40 dias do
parto, 41% e 26% das vacas alimentadas com alto e baixo nivel de energia,
respectivamente, manifestaram sinais de estro. Ao inicio do acasalamento, as
mesmas apresentaram 74% e 56% de estro, respectivamente.

O peso das fémeas também é conhecido por ter um efeito
significativo sobre a taxa de prenhez (Spitzer et al., 1995; Shorten et al., 2015).
O peso ao parto € considerado como um bom indicativo do subsequente
desempenho reprodutivo de vacas de corte (Rovira, 1974; Corah et al., 1975;
Polli & Lobato, 1985; Cachapuz et al., 1990). Rovira (1974), determinou em
vacas Hereford primiparas aos trés anos de idade, indices de prenhez de 95,
53, 50 e 0%, com pesos ao parto de 419, 341, 320 e 269 kg, respectivamente.
Lobato; Zanotta Jr; Pereira Neto (1998), determinaram prenhez de 95,2%,
86,4%, 56,7% e 35,0%, com peso ao parto de vacas primiparas de trés anos
de idade, de 410, 376, 370 e 359 kg, respectivamente.

O desempenho reprodutivo esta associado ao escore de condi¢ao
corporal (Bossis et al., 2000), que ao parto € fator do desempenho reprodutivo
subsequente de vacas de corte (Morrison et al., 1999), o qual € preciso e de
alta rentabilidade para estimar as reservas de energia ou gordura vegetal em
vacas de corte (Wagner et al., 1988). E também o principal fator que determina,
além da concepcdo durante a estacao reprodutiva, a duracdo do parto-primeiro
estro (Wiltbank et al., 1962). No periodo de pés-parto, a condi¢éo corporal pode
afetar o crescimento e a persisténcia do foliculo dominante (Rhodes et al.,
1995).

A determinacdo de escores de condicdo corporal deve ser vista
como uma forma efetiva de manejo no desempenho reprodutivo, sendo que
esta varia em funcdo da quantidade e qualidade forrageira, e da quantidade e
tipo de suplemento alimentar fornecido aos animais, principalmente no inverno.
O peso corporal nem sempre reflete as mudancgas no estado nutricional, sendo
que a condi¢do corporal é o melhor indicativo para se acompanhar o estado
nutricional da vaca (Lobato & Magalh&es, 2001).

Segundo Pilau & Lobato (2008), pastos de alta qualidade podem ser
utilizados com o intuito de evitar o baixo peso ao parto de primiparas, para
obter ganho de peso elevado no periodo inicial da gestacdo e aumento na
condicao corporal. A subnutricdo pré-parto, para reduzir o peso ao nascer do
bezerro como forma de evitar a distocia, pode aumentar o intervalo parto-
concepcao (Short et al., 1990), reduzir o peso ao desmame dos bezerros
(Corah et al., 1975) e a producgéo de leite (Bellows & Short, 1978), sendo esses
efeitos mais graves em primiparas do que em vacas adultas (NRC, 1996).

A relagéo ideal entre 0 manejo dos pastos e dos rebanhos de cria,
no entanto, ndo é alcancada na grande maioria nas propriedades do Rio
Grande do Sul. Exclusivamente em pastagem natural, no Rio Grande do Sul,
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as novilhas tém idade entre 30-36 meses ao inicio do primeiro acasalamento
(Nabinger et al., 2005).

Um manejo ideal resultaria numa vaca gestante nas primeiras
semanas da estagao reprodutiva, parindo e desmamando um bezerro saudavel
e ainda repetindo prenhez e concebendo no inicio do periodo reprodutivo
subsequente, considerando um periodo de doze meses. Para isso ocorrer com
as fémeas em reproducdo, as vacas devem ser manejadas para parir com
condicdo corporal entre 3,5 e 4,0 (escala 1 a 5) e ser alimentadas para
minimizar as perdas de reservas corporais durante o inicio da lactacdo (Lobato,
2003).

O anestro € outro fator que influencia o desempenho reprodutivo das
fémeas. Segundo Wiltbank (1983), as vacas que parem mais cedo possuem
maiores chances de obter altas taxas de prenhez. Vacas que haviam parido do
dia 1 ao 20, 21 ao 40, 41 ao 60 e 61 ao 93 dentro da estacdo de paricdo
obtiveram indices de reproducdo de 88%, 81%, 84% e 67%, respectivamente
(Wiltbank et al., 1985).

A reducdo da idade de acasalamento das novilhas é uma
necessidade para melhorar a eficiéncia biolégica dos rebanhos, pois altera a
estrutura do rebanho de cria, reduz o intervalo de geracdes e diminui a
participacdo de animais em recria na composicao do rebanho (Menegaz et al.,
2008). Desde algumas décadas € considerado que, para as novilhas
alcancarem a puberdade aos 13/15 meses de idade devem ter entre 60 a 65%
do seu peso corporal adulto esperado (Patterson et al., 1992; NRC, 1996).
Dessa forma, o enfoque tradicional para o desenvolvimento de novilhas na pos-
desmama fixou-se em padrées de ganho de peso que permitissem que as
mesmas alcangassem ou excedessem esse alvo.

Novilhas que alcancam a puberdade mais jovens e,
consequentemente, podem ser acasaladas mais jovens, tendem também, se
bem alimentadas, a conceberem cedo nas outras estacdes de acasalamento e
desmamam terneiros mais pesados (Lobato et al., 2000). Quando se deseja
realizar o primeiro acasalamento aos 13/15 meses de idade, algumas metas
mais rigorosas e em menor periodo de tempo devem ser cumpridas (Carrillo,
2001). Maior peso ja ao desmame e a idade de 12-14 meses S80 necessarios
(Pilau et al., 2008). Segundo Schillo et al. (1992), o peso ao desmame e o
planejamento nutricional sdo os determinantes da idade a puberdade.

Buskirk et al. (1995) enfatizaram que a probabilidade das fémeas
ficarem puberes antes do inicio da reproducdo é maior, uma vez que 0 peso a
desmama e os ganhos no pés-desmame sdo aumentados. Assim, novilhas que
atingem a puberdade mais cedo tem um maior niumero de estros antes da
época de reproducdo, tem uma maior concepcdo e concebem no inicio da
mesma (NRC, 2000). Para novilhas atingirem a puberdade e emprenhar aos
13/15 meses de idade, deve-se ter condi¢cdes adequadas de manejo e nutricdo
(Rovira, 1996; Rocha & Lobato, 2002). Para que seja atingida a maturidade
sexual de novilhas a essa idade, sdo recomendados ganho de 0,400 a 0,800
kg/dia na fase de recria (Beretta & Lobato, 1998).

Com a reducdo da idade do primeiro acasalamento, € possivel
melhorar a eficiéncia reprodutiva do rebanho por meio da maior e mais precoce
pressdo de selecdo, diminuindo o intervalo de geracbes, com retorno mais
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rapido dos investimentos (Vaz & Lobato, 2010). Mas, o primeiro parto aos
22/24 meses de idade torna a vaca primipara ainda mais vulneravel em
comparacao aquelas recriadas para iniciar a fase reprodutiva em idades mais
avancadas, em virtude da necessidade de maiores taxas de ganho de peso em
menor periodo de tempo, em contraste com 0 menor tamanho corporal, o que
pode também resultar em elevadas taxas de distocia (Pilau & Lobato, 2009).

Manter uma fémea no rebanho durante um ano sem produzir e
parindo somente aos trés anos de idade pode ndo ser viavel economicamente.
No entanto, para se antecipar a idade de inicio do acasalamento das novilhas
deve-se antes adaptar as condi¢cbes de manejo e alimentacdo para que estes
animais tenham bons ganhos de peso e desenvolvimento até o fim do segundo
acasalamento. Caso ndo alcancem o desenvolvimento desejavel nas diversas
etapas, o programa de antecipacdo do primeiro acasalamento sera inutil
(Morris, 1980; Nufiez-Domingues, 1991).

Potter et al. (1998) avaliaram a produtividade e economicidade de
diferentes sistemas produtivos: novilhas prenhes aos 14/15 meses, 24/26
meses e 36/37 meses de idade e concluiram que, independente do sistema
alimentar utilizado no periodo outono/inverno, o “sistema um ano” apresentou
aumento na taxa de desfrute, maior eficiéncia de estoque e maior producéo de
kg de peso corporal por hectare. Além disso, concluiram que os sistemas com
uso de tecnologias mais intensivas tém os melhores resultados quando
comparados com o “sistema tradicional” de pecuaria de corte.
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3. HIPOTESES E OBJETIVOS

A hipétese central do trabalho propde que a analise conjunta de
experimentos constitui-se em uma alternativa para unir resultados isolados,
buscar novas relagées ainda n&o evidenciadas, apontar ou refor¢car o uso de
praticas de manejo no rebanho de cria do Rio Grande do Sul, para proporcionar
aumentos na taxa de natalidade e repeticado de prenhez.

Neste sentido, o objetivo geral foi caracterizar e analisar possiveis
relacbes ndo aparentes nos estudos de forma individualizada, por meio de um
estudo meta-analitico, em dados oriundos de 43 experimentos realizados de
1976 a 2015, com manejo do rebanho de cria no Rio Grande do Sul.

Os objetivos especificos foram:

1. Avaliar, utilizando métodos meta-analiticos, alguns dos fatores de
maior influéncia no desempenho produtivo e reprodutivo de
novilhas e vacas primiparas de corte no Sul do Brasil;

2. Avaliar, por meio de meta-andlise, a taxa de prenhez de novilhas
e vacas primiparas de corte, submetidas a uma analise geral e
de subgrupos dos fatores que podem afetar esses indices;

3. Avaliar, por meio de uma abordagem meta-analitica, os fatores
que influenciam a taxa de prenhez de novilhas e vacas
primiparas de corte, por diferentes modelos.



CAPITULO Il

Reproductive performance of heifers and primiparous cows: a meta-analysis

Este capitulo € apresentado de acordo com as normas de publicacdo da
Revista Brasileira de Zootecnia.
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Reproductive performance of heifers and primiparous cows: a meta-analysis

Abstract: The objective of the present study was to identify and evaluate some
determinant factors of the reproductive performance of heifers and primiparous cows,
taurine or crossbreed, in southern Brazil through a meta-analytic approach. We used 29
studies (dissertations or theses) comprising 43 experiments performed between 1976
and 2015, with 3544 females composing the database. Crossbreed heifers at 24 months
of age with previous grazing on winter-spring cycle pastures presented greater body
weight and better body condition at the beginning of the reproductive period and a
higher pregnancy rate than heifers at 14 months of age previous grazing on natural
pastures. The highest pregnancy rate was observed in primiparous taurine cows at 24
months with previous grazing on winter-spring cycle pastures. The reproductive
performance of heifers and primiparous beef cows in southern Brazil is influenced by

factors such as pasture type, female age class and breed category.

Key words: animal age, body condition score, body weight, natural pasture,

pregnancy rate, winter improved pasture

Introduction

Cattle herds in Southern Brazil are present in almost all areas of natural pastures,
which are characterized by growth during the summer cycle and reduced quality and
availability in the fall-winter period. Inadequate management of these pastures results in

low rates of production and reproduction. Cattle rearing in Rio Grande do Sul is
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inefficient in this regard, as the records of the Secretary of Agriculture, Production and
Supply (SEAPA) indicate a total of 1.34 million heifers with 24 months of age and of
1.36 million with 36 months in this region (SEAPA, 2016).

A reduction in the age at the first reproductive period causes changes in herd
structure because it reduces the interval between generations and the participation of
unproductive animals in the herd composition (Roso et al., 2009). Reducing the age of
heifers at first calving has yielded faster returns on investment and increased the length
of the productive life in cows (Short et al., 1999).

When adopting adequate nutritional management, reducing the age at first
calving of heifers, as well selecting breeds or crosses that are best adapted to the local
environmental conditions, can improve biological efficiency and the reproductive
indexes. Such improvements are necessary for the intensification of livestock farming in
southern Brazil.

To increase the productivity and economics of beef cattle farming, methods to
increase the average weaning rate of 52.13% of the Rio Grande do Sul State herd
(SEAPA, 2016) are needed. This weaning rate is very low, and primiparous cows have
poorer reproductive performance. This poor performance is due to the longer post-
partum anestrus in these cows due to growth and first lactation and is exacerbated when
the nutritional level is low (Menegaz et al., 2008).

The combined analysis of experimental data from multiple studies allows better
precision in the evaluation of the effects of the treatments and unites isolated results,
potentially revealing previously unidentified relationships. These benefits are possible
due to an informed analysis, a greater amount of information, and increased

comparisons among themes (Lovatto et al., 2007). In studies of grazing animals, the
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complex logistics and high cost of conducting experiments can stimulate the
redefinition of experimental units in an attempt to increase the analysis degrees of
freedom (Fisher, 1999). One tool that is used to analyze grouped experimental data is
meta-analysis.

The objective of the present study is to use meta-analytical methods to evaluate
some of the factors that have the greatest influence on the reproductive performance of

heifers and primiparous cows in southern Brazil.

Material and methods

As the present study is a meta-analytical study, the data used were obtained from
the published literature, and animals were not used by the authors in this project.

Between 1976 and 2015, several experiments were conducted at the Agronomic
Experimental Station of the Federal University of Rio Grande do Sul and at private
farms in the State of Rio Grande do Sul to investigate the factors that affect the
pregnancy rate of heifers and primiparous cows (Table 1). Data included records from
29 studies (dissertations or theses) involving 43 experiments (some studies involved
more than one experiment).

The climate in all of the experiment areas is subtropical. The explanatory factors
that were considered were the following: animal category (heifers or primiparous cows),
age class of females at the beginning of the reproductive period (14, 24 or 36 months),
breed category (taurine or crossbreed) and pasture type (winter-spring cycle or natural).

The considered response variables were the following: weight and body condition score
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at the beginning and end of the reproductive period and pregnancy rate of heifers and
primiparous cows.

Data from each heifer and primiparous cow were made available in the general
database in an incomplete block design. The records stored in the database contained
details of each study (for example, experiment number, author name and year of each
experiment). The total number of animals represented in the initial database was 3544.
Some variables were highly correlated, and not all combinations of treatments were
included in each experiment. Works that used supplementation were excluded, as were
studies with insufficient information (Schwarzer et al., 2015). As a result, 2559 females
were included in the final database.

Statistical analyzes were performed using SAS (Statistical Analysis System,
version 9.4). Studies or experiments were considered as random factors to compose the
statistical model. A normality test was performed (P>0.05). Due to non-normally
distributed data, mean weight and body condition score at the beginning and end of the
breeding season and pregnancy rate of heifers and primiparous cows were compared
using the Kruskal-Wallis test, adopting 5% as the maximum significance level. A mixed
model was constructed using the MIXED procedure with animal category, age class at
the beginning of the breeding season, pasture type and breed category as fixed effects.
Where differences were observed, the means were adjusted and compared by Ismeans
using a t test. Structural selection tests were performed using the Akaike Information
Criterion (AIC) to determine the model that best represented the data. The interactions
between pasture type and breed category, between pasture type and age class of
primiparous cows exposed to breeding and between breed category and age class were

retained in the model when significant at the 5% level (P <0.05).



96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

34

Results

At the beginning of the reproductive period (Table 2), higher weights were
observed in crossbreed heifers than in taurine heifers, in heifers with previous grazing
on winter-spring pasture than in heifers grazed on natural pasture, and in heifers mated
at 24 months than in heifers mated at 12 months. At the end of the reproductive period
(Table 2), crossbreed heifers with previous grazing on winter-spring pasture and mated
at 24 months of age presented higher body weight.

The body condition score at the beginning of the reproductive period (Table 2)
in the classification by Lowman et al. (1976) (1 to 5 scale) was higher in crossbreed
heifers than in taurine heifers and in heifers with previous grazing on winter-spring
pasture than in heifers with previous grazing on natural pasture. However, the score was
similar in heifers with first reproductive period at 14 or 24 months of age.

There was a difference in body condition score (BCS) at the end of the
reproductive period (Table 2) between crossbreed and taurine heifers, between the two
pre-grazing pasture types and between the two age classes at the first breeding season.
The pregnancy rate was higher (Table 2) in crossbreed heifers than in taurine heifers, in
heifers previously grazed on winter-spring pasture than in those grazed on natural
pasture and in heifers exposed to reproduction at 24 months than in those mated at 12
months.

The highest weight at the beginning of the reproductive period (Table 3) was
observed in crossbreed primiparous cows at 36 months of age with previous grazing on
winter-spring cycle pastures. There was interaction (P=0.0317) of calving age and

pasture type in the previous winter and spring on weight at the end of the reproductive
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period in taurine and crossbred primiparous cows. The highest weight was exhibited by
crossbreed cows at 36 months of age (390.70+1.55 kg), which was 7.35% higher than
the weight of taurine cows at 36 motnhs. The highest weight at the end of the breeding,
in the summer months, was exhibited by crossbreed cows with previous grazing on
pastures of the winter-spring cycle (390.76+£2.36 kg) and was 4.43% higher than the
weight exhibited by those grazed on natural pasture or by taurine cows grazed on winter
pasture. The lowest weight at the end of reproduction was observed in taurine cows,
which were always managed on natural pasture (338.94+8.54 kg).

There was no difference in body condition score at the beginning of the
reproductive period (Table 3) between crossbreed and taurine primiparous cows.
Primiparous cows with previous grazing in winter-spring pasture had a higher BCS than
did those grazed on natural pasture, and primiparous cows at 24 months of age had a
higher BCS than did those at 36 months.

Body condition at the end of reproduction was similar (Table 3) between
crossbreed and taurine primiparous cows. Primiparous cows previously grazed on
winter-spring cycle pasture and those that were exposed to reproduction at 24 months of
age obtained higher body condition at the end of the reproductive period compared with
those maintained on natural pasture and exposed to reproduction at 36 months of age,
respectively.

Taurine primiparous cows achieved a higher pregnancy rate (Table 3) than did
crossbreed cows (55.65+1.59%), as did primiparous cows with previous grazing on
winter-spring cycle pasture compared with those grazed on natural pasture. Primiparous

cows at 24 months had more pregnancies than did those at 36 months of age.
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Discussion

Nutrition in bovine females is important because it directly affects aspects of
their physiology and reproductive performance (Sartori and Guardieiro, 2010). Heifers
grazed previously on winter-spring pasture and on natural pasture at the end of the cycle
presented 318.34+2.01 kg and 295.01+2.28 kg of body weight, respectively,
corresponding to 70.74% and 65.55% of adult weight, respectively, considering 450 kg
as the average weight of adult cows. These percentages were above the minimum
established by the NRC (1996) of 60% and 65% for Bos taurus and Bos indicus,
respectively, at the beginning of the first breeding season. Freetly et al. (2011) obtained
Bos taurus and Bos indicus heifers at puberty with 56 to 58% and 60% of adult weight,
respectively. Larson et al. (2011) observed good reproductive rates in heifers with 55%
of adult weight among uniform herds with high selection pressure and good nutrition
conditions. In more intensive livestock systems, genetic selection for reproduction at
younger ages, with emphasis on calf rearing, has increased the possibility of pregnancy
at lower adult weight percentages (Gasser, 2013; Hersom et al., 2013) as have the lower
nutritional requirements of these animals (Funston and Larson, 2011).

Bittencourt et al. (2005) concluded that 73% of variation in pregnancy rate can
be explained by body weight at the beginning of reproduction in rearing heifers at 14
months of age. When considering the breed category, i.e., taurine or crossbreed, the
weights observed in the present study at the beginning of reproduction were consistent
with the range proposed by Rovira (1996) of 280 to 300 kg for British breeds and
crossbreeds, which were sufficient to obtain high pregnancy rates rapidly at the

beginning of the breeding season. Heifers of larger genetic groups of adult size reach
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puberty at later ages than do those of smaller size and lower adult weight (Owens et al.,
1993).

Crossbreed heifers with pre-grazing on winter-spring pasture had a higher body
condition score than previous grazing on natural pasture during the reproductive period
as a result of their greater nutritional status and higher on fat reserves, independent of
body weight and digestive tract content (Morris and Wilton, 1976). Moreover,
crossbreed animals are more resistant to stress caused by climatic environmental
factors, such as humidity and temperature and have greater resistance to ticks and
higher growth potential (Frisch and Vercoe, 1984). Gains in body condition have also
been attributed to better nutrition by Short et al. (1990) and Cutaia et al. (2003), which
allows heifers exposed to reproduction at 24 months of age to be in better body
condition and at higher weight than heifers at 14 months, which are still growing
(Freetly, 1999).

In restricted feeding conditions, nutrition should be increased to obtain good
reproductive performance of heifers that are submitted to reproduction at earlier ages
(Semmelmann et al., 2001). Animal performance is conditioned by several factors such
as genetics, pre-mating feeding, feed intake and nutritive value, and conversion
efficiency (Gomide and Gomide, 2001). When the goal is to reduce age at first mating,
there is a need to prioritize adequate nutritional levels so that heifers at mating have
achieved the necessary weight. Adequate weight results in regular endocrine function
and the adequate release of reproductive hormones, which promote a satisfactory and
concentrated pregnancy rate at the beginning of the reproductive period (Garcia et al.,
2003; Emerick et al., 2009). Pregnancy rates of 82.43% in heifers with pre-grazing on

winter-spring pasture and of 56.04% in heifers grazed on natural pasture are attributed
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to the growth achieved, with minimum weight at the beginning of the breeding season.
These conditions increase the likelihood of achieving good results with respect to the
factors evaluated here (animal category, age class of females at the beginning of the
breeding season, breed category and pasture type). The weight and nutritional level
imposed on heifers are parameters highly related to the triggering of sexual activity
(Wiltbank, 1969; Hess et al., 2005; Nepomuceno, 2013). Above a certain critical body
weight, other factors are more relevant for obtaining higher reproductive indexes,
including individual or herd intrinsic fertility, paternal and maternal effects, and racial
and heterosis effects (Wiltbank, 1969; Rodrigues et al., 2002).

Greater development of steers, such as heifers, is obtained in natural pastures of
the State of Rio Grande do Sul when they are managed to receive a high daily supply,
specifically, 12-13% of body weight, as determined by Maraschin et al. (1997) and
Santos et al. (2008). If this occurs from 12-13 months of age, until 18-20 months of age,
heifers will reach greater levels of development, with gains of 100-120 kg during the
period. These gains along with those obtained in winter-spring cycle pastures and higher
weaning weights, which are common in herds of greater genetic quality and animal
management (Restle et al., 1999; Lobato, 2003), allow heifers to initiate the
reproductive period in better condition and reach higher reproductive performance, with
more beneficial effects in subsequent reproductive seasons (Scaglia, 1997).

Heifers reared at 24 months of age presented a 73.84% pregnancy rate, which
was higher than exhibited by heifers at 14 months (56.23%) and the result of their
higher body weight at the beginning of reproduction. According to Freetly (1999), the
bovine female presents active growth until the four years of age Under similar nutrition

conditions, older heifers have a higher probability than do younger heifers of cycling
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before breeding begins. This may increase the probability of conception since the
conception rates are higher in heifers that have undergone three or more estrus cycles
before the reproductive period (Byerley et al., 1987). According to Gasser et al. (2006),
reproductive development measured by the early onset of puberty may be due to an
accelerated growth rate resulting from an increased density of dietary energy. A higher
gain rate in the post-weaning period promotes an increase in the concentration,
frequency and pulses of LH in the pre-pubertal period (Gasser et al., 2016), which is a
necessary event for puberty to occur (Schillo et al., 1992).

The higher pregnancy rate of crossbreed heifers relative to taurine heifers
observed in the present meta-analysis, may be related to genetic factors, which are
responsible for the great variation in body weight evolution at this stage of
development. According to Patterson et al. (1992), heifers of larger adult races reach
puberty at a higher number of days of age and at a higher body weight relative to heifers
of races of smaller size and lower weight gain. Genetic factors are determinant in the
reproductive process and underlie heterosis, which is manifested by the greater
adaptation to the environment and superior reproductive ability of mestizo animals over
purebred ones (Turnle et al., 1968; Sollecito et al., 2016). Steffan et al. (1985) observed
pregnancy rates of 59.0% and 84.3% for taurine and crossbreed heifers, respectively.
Laster et al. (1976) observed a 15.9% higher pregnancy rate in crossbreed heifers than
in taurine ones due to the former's greater body development. Restle et al. (1999)
analyzed different genetic groups and observed that crossbreed heifers were 25% older
than taurine heifers.

Pregnant heifers should reach 75% of adult weight at the end of the autumn,

80% of adult weight after calving and 85% of adult weight at the beginning of the
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subsequent mating period (Rovira, 1981). At the beginning of the reproductive period,
the weights of primiparous cows with previous grazing on winter-spring cycle pasture
were higher (377.80 kg) than cows grazed previously on natural pasture (368.40 kg),
representing 83.96 and 81.87% of adult weight, respectively. These weights are slightly
lower than the weight required for primiparous herds in which adult cows have an
average body weight of 450 kg.

The reduction of the nutritional level or fodder supply in the months prior to
delivery with the objective of reducing calf birth weight to avoid losses due to dystocia
can increase the delivery-conception interval (Short et al., 1990; Dunn & Moss, 1992),
reduce milk yield and reduce the calf weaning weight (Corah et al., 1975; Bellows and
Short, 1978; Kroker and Cummins, 1979). However, low pre-partum nutritional levels
over the last three months may allow fetal gains only, with marked growth at this stage
of gestation (Spitzer, 1986). According to Spitzer (1986), heifers with low development
up to this point should have greater gains in the postpartum and reproductive periods. In
situations where pastures are inadequately managed such that the supply and quality of
forage in the winter are low, in the final third of gestation, heifers may have adequate
weight at the first service but equal or lower weight at delivery and at the second service
(Carrillo, 2001). This can prevent primiparous cows from reaching the weight necessary
for adequate reproductive performance.

Natural pastures are characterized by variations in the composition, structure and
diversity of soils, which oscillate in quantity and quality throughout the year (Boldrini,
1997). On natural pasture, without adequate stocking practices and forage supplies
(Bransby and Maclaurin, 2000; Sollenberger et al., 2012), primiparous cows present

lower productive and reproductive index values than they do on winter-spring cycle
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pasture, as observed in the present meta-analysis. When cows are subjected to food
restriction, the levels of glucose, insulin and IGF-I are low, and there is no stimulus for
the release of GnRH through the hypothalamus and no stimulation and release of
gonadotrophins. Under such conditions, the ovary is less sensitive to gonadotrophic
stimuli and does not produce estrogen and progesterone; consequently, the cow does not
enter estrus (Schillo, 1992; Sartori and Mollo, 2007).

Nutrition directly influences fertility by affecting the supply of specific nutrients
required in the processes of ovulation, fertilization, embryonic survival and gestation. In
addition, nutrition indirectly influences the circulation of hormones and metabolites that
are required for the success of these processes (Robinson et al., 2006). Fertility is also
influenced by factors such as race, weight and body condition (Spitzer, 1986; Short et
al., 1990; Cutaia et al., 2003), which, if appropriate, allow normal reproductive
functioning.

The performance of primiparous cows is determined by nutrition and, when they
present a higher body condition score, consequently they also present a higher
pregnancy rate (Meneghetti and Vasconcelos, 2008; Bohnert et al., 2013; Ferreira et al.,
2013). Even the primiparous cows presented differences in body condition between
pasture types and age classes (2.97 and 2.68 points in winter-spring cycle pasture and
natural pasture, respectively, and 2.90 and 2.77 points in primiparous cows at 24 and 36
months of age, respectively). The cows' scores at the beginning of reproduction were
lower but very close to the score of at least 3.0 points recommended by Lowman (1985)
to obtain good reproductive indexes. Lobato (2003) recommends that primiparous cows
have a minimum body condition score of 3.0 to reach at least 3.5 to 4.0 at the beginning

of the second breeding season. According to Wettemann (1994), there is a high
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correlation between body condition at birth and immediate reproductive performance.
Cows with good body condition at calving return to early estrus and have higher
conception rates. In addition, females with adequate pre-calving nutrition have a shorter
first-calving interval than do those with a low nutritional level (Wiltbank et al., 1962;
Spitzer, 1986). The postpartum nutritional level has little effect on the reproductive
performance of cows with good body condition at calving, and primiparous cows must
maintain a body condition of 3.5 or higher to have an adequate pregnancy rate (Oliveira
et al. 2006).

The importance of achieving adequate weights and body condition scores at
partum, improving them if necessary before the beginning of reproduction, and
maintaining them during the reproductive season is related to the time required for
conception (Spitzer et al., 1995). Cows who conceive later have a later onset of
reproduction and less time for conception in the period that follows (Freetly, 1999).
Body condition at birth is likely the most important factor affecting reproductive
performance according to Morrison et al. (1999) and Donzelli et al. (2010), and it may
be correlated with body condition at the beginning of the subsequent mating period
(Sampedro et al., 2000). According to Bohnert et al. (2013), cows exhibiting
malnutrition during pregnancy and with a body condition of 2.5 and 3.5 at delivery
presented pregnancy rates between 79.3% and 91.6%, respectively. According to Rice
(1991), the high nutrient demands of lactation and the inhibitory effects of calf feeding
on GnRH secretion and gonadotrophins are more significant in cows of low body
condition.

Nutrition and, consequently, weight and body condition score are factors that

influence the pregnancy rate of primiparous cows. The lowest pregnancy rate was
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observed in primiparous cows at 36 months of age and can be attributed to the longer
duration spent on natural pasture than spent by primiparous cows at 24 months of age.
Under these conditions, excessive stocking promotes low forage offer and the inability
of animals to ingest sufficient fodder daily to achieve adequate reproductive
performance. According to Dhuyvetter (1995), environmental factors and management
practices can alter animal growth rate and development, thus influencing size scores.
Animals exposed to low nutritional levels show slower development and lower stature
than average whereas those managed under high nutritional levels develop more rapidly
(Buttram and Willham, 1989). Relative to large animals, small animals reach
physiological maturity earlier, at a lower weight and with a higher level of fat in the
carcass (Lawrence, 2016). In the period in which the growth rate decreases and the fat
deposition process begins, the large-size animal continues its growth phase (Mckiernan,
2005).

The higher pregnancy rate observed in the primiparous taurine cows might be
due to the stronger selection experienced by these females. Brazilian cattle herds are
composed of 9.8% pure breeds (SEBRAE, SENAR, FARSUL, 2005), the majority of
which are of European origin and owned by breeders. The group of crossbreed
primiparous cows comes from a larger group subjected to lower selection pressure and a
more advanced age at puberty. A less advanced age at puberty positively interacts with
the reproductive characteristics of a female throughout its useful life (Martin et al.,
1992), which might explain the differences observed in the present work. According to
Vercoe and Frisch (1981), animals of breeds that are better adapted to the local

environment and climate perform better.
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Conclusions

The type of pasture, age and breed category are factors that influence the
productive and reproductive performance of heifers and primiparous cows in southern
Brazil. Heifers and primiparous cows with previous grazing in winter-spring cycle
pasture have higher weights, body condition scores and pregnancy rates than do those
with previous grazing in natural pasture. It can be concluded from the meta-analysis that
crossbreed heifers and primiparous taurines grazed on winter-spring cycle pasture have
higher pregnancy rates because they have higher nutritional levels than those grazed on

natural pasture.
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Table 1 - Summary of studies included in the database, with n (number of animals), location, animal category, breed category, age class, and pasture type in

southern Brazil

Year, Author n Location Animal Breed category Age class Pasture type
category
1976, Cachapuz 43 Dom Pedrito Primiparous Taurine 36 Natural pasture
1976, Cachapuz 14 Dom Pedrito Primiparous Taurine 36 Common vetch (Vicia sativa)
1976, Deresz 59 Pelotas Primiparous Taurine 36 Natural pasture
1976, Deresz 51 Pelotas Primiparous Taurine 36 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesicolosum)
1984, Zanotta Jr. 41 Pelotas Primiparous Crossbreed 36 Natural pasture
1984, Zanotta Jr. 43 Pelotas Primiparous Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
1986, Polli 50 Eldorado do Sul Primiparous Crossbreed 36 Natural pasture
1986, Ribeiro 70 Cachoeira do Sul Heifer Crossbreed 24 Natural pasture
1990, Albospino 23 Eldorado do Sul Heifer Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesicolosum)
1991, Moraes 60 Dom Pedrito Primiparous Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Sorghum (Sorghum bicolor)
Bird’s-foot trefoil (Lotus corniculatus)
1991, Quadros 69 Dom Pedrito Heifer Crossbreed 24 Natural pasture
1992a, Magalhées 78 Rosario do Sul Primiparous Crossbreed 36 Natural pasture
1992a, Magalhées 74 Rosério do Sul Primiparous Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
1992b, Magalhdes 39 Dom Pedrito Primiparous Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)

Bird’s-foot trefoil (Lotus corniculatus)
White clover (Trifolium repens)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis, and

Trifolium polimorphum
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Year, Author n Location Animal category Breed category  Age class Pasture type

1992b, Magalhées 19 Dom Pedrito Primiparous Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Bird’s-foot trefoil (Lotus corniculatus)
White clover (Trifolium repens)

1994, Gottschall 114 Séo Gabriel Primiparous Crossbreed 36 Natural pasture

1994a, Beretta 61 Eldorado do Sul Heifer Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesicolosum)

1994b, Beretta 52 Eldorado do Sul Primiparous Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesicolosum)

1995, Simeone 119 Bagé Heifer Crossbreed 36 Natural pasture

1996, Pereira Neto 23 Eldorado do Sul Heifer Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf ryegrass (Trifolium vesicolosum)

1996, Pereira Neto 39 Eldorado do Sul Heifer Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf ryegrass (Trifolium vesicolosum)

1997, Rocha 249 Dom Pedrito Heifer Crossbreed 14 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Red clover (Trifolium pratensis)
Bird’s-foot trefoil (Lotus corniculatus)

1998, Mller 20 Eldorado do Sul Primiparous Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf ryegrass (Trifolium vesicolosum)

1998, Miiller 30 Eldorado do Sul Primiparous Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesicolosum)

2001, Fagundes 87 Itaqui Primiparous Crossbreed 36 Natural pasture

2002, Potter 32 Quarai Heifer Crossbreed 24 Natural pasture

2002, Potter 32 Quarai Heifer Taurine 24 Natural pasture

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis, and

Trifolium polimorphum
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Year, Author n Location Animal Breed category Age class Pasture type
category
2004, Lopes 39 Eldorado do Sul Heifer Crossbreed 36 Black oats (Avena strigosa)
Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
Pearl millet (Pennisetum americanum)
2005, Freitas 19 Séo Gabriel Heifer Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird's-foot trefoil (Lotus corniculatus)
2005, Freitas 43 Séo Gabriel Heifer Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird's-foot trefoil (Lotus corniculatus)
2005, Souza 64 Dom Pedrito Primiparous Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird's-foot trefoil (Lotus corniculatus)
2006a, Menegaz 120 Uruguaiana Heifer Crossbreed 24 Natural pasture
2006a, Menegaz 60 Uruguaiana Heifer Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
2006b, Menegaz 74 Uruguaiana Primiparous Crossbreed 36 Natural pasture
2006b, Menegaz 69 Uruguaiana Primiparous Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
20074, Pilau 89 Tupanciretd Heifer Taurine 14 Black oats (Avena strigosa)
Annual ryegrass (Lolium multiflorum Lam.)
2007b, Pilau 30 Tupanciretd Primiparous Taurine 24 Black oats (Avena strigosa)

Annual ryegrass (Lolium multiflorum Lam.)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis, and

Trifolium polimorphum
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Year, Author n Location Animal Breed category Age class Pasture type
category
2007c, Pilau 38 Tupanciretd Primiparous Taurine 24 Black oats (Avena strigosa)
Annual ryegrass (Lolium multiflorum Lam.)
2008a, Tanure 119 Quarai Heifer Crossbreed 24 Natural pasture
2008b, Tanure 75 Quarai Primiparous Crossbreed 36 Natural pasture
2010, Rosa 161 Dom Pedrito Heifer Taurine 24 Natural pasture
2010, Rosa 80 Dom Pedrito Heifer Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
2010, Silva 142 Bagé Heifer Taurine 14 Annual ryegrass (Lolium multiflorum Lam.)
2015, Souza 49 Julio de Castilhos Heifer Taurine 14 Black oats (Avena strigosa Schreb.)

Palisade grass (Urochloa brizantha)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis, and Trifolium

polymorphum



62

Table 2 — Mean and standard error of body weight at the beginning (BWB) and end of the
reproductive period (BWE), body condition score at the beginning (BCSB) and end of the

reproductive period (BCSE) and pregnancy rate (PR)

BWB BWE BCSB BCSE PR

Breed category*
Crossbreed 321.41+2.15a  355.69+2.25a  3.62+0.03a 3.86+0.03a  70.88+1.63a
Taurine 287.11+2.18b  310.17+2.11b  3.38+0.03b  3.43+0.03b 61.77+1.97b
Pasture type*
Winter-spring  318.34+2.01a  349.39+1.96a  3.60+0.03a 3.72+0.03a  82.43+1.60a
Natural 295.01+2.28b  324.77+2.43b  3.481£0.02b 3.60+0.03b  56.04+1.74b
Age class (months)*
14 262.99+2.85b  293.82+3.02b  3.48+0.03  3.56+0.03b  56.23+2.81b

24 325.25+1.55a  352.81+1.66a 3.52+0.03  3.69+0.03a 73.84+1.41a

*P<0,05. *Different letters between column values within a particular comparison (e. g.
Crossbreed vc Taurine; Winter-spring cycle pasture vs natural pasture and 14 or 24 months)

differ significantly from each other by the Bonferroni test
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Table 3 — Mean and standard error of body weight at the beginning (BWB), body condition

score at the beginning (BCSB) and end of the reproductive period (BCSE) and pregnancy rate

(PR) of heifers
BWB BCSB BCSE PR
Breed category*
Crossbreed 373.56+1.54a 2.85+0.04 2.97+0.03 55.65+1.59b
Taurine 363.37+3.61b 2.81+0.03 3.00+0.03 88.59+2.61a
Pasture type
Winter-spring 377.80£2.29a 2.97+£0.03a 3.15+0.03a 77.68+1.93a
Natural 368.40+1.80b 2.68+0.04b 2.87+0.03b 47.59+1.94b
Age class (months)

24 348.64+2,89b 2.90+0.04a 3.16+0.04a 83.44+3.03a
36 376.09+1,55a 2.77+0.03b 2.94+0.03b 56.38+1.59b

*P<0,05. ®Different letters between column values within a particular comparison (e.g.,
Crossbreed vs. Taurine; Winter-spring cycle pasture vs natural pasture and 14 or 24 months)
differ significantly from each other by the Bonferroni test
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Abstract: This study aims to evaluate the relationship between the pregnancy rate of female
beef cattle in southern Brazil and other factors such as age at mating, animal category, breed
and type of pasture before mating. Data from 29 dissertations and theses were analyzed,
representing 2862 bovine females exposed to reproduction in southern Brazil. The pregnancy
rate is different when beef cattle females are mated at 14, 24 or 36 months of age. The
database showed that the pregnancy rate is similar for heifers or primiparous cows (67.38%),
crossbred or Taurine cattle (68.20%), and those maintained in winter or natural pasture

(65.52%).

Additional keywords: forest plot, heifers, heterogeneity, pregnancy rate, primiparous cows

Introduction

The occurrence of puberty marks the beginning of the reproductive activity of the heifer. It is

the moment that the female is able to reproduce, which is one of the characteristics of
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extreme importance for the reproductive efficiency of the herd (Rovira, 1974; Brinks, 1984).
Genetic and environmental factors influence the development of puberty. Genetic factors
include breeds, their crossing and even type of animal within the same breed group (Martin et
al., 1992). Among genetic factors, size at adulthood may be a determinant (Owens et al.,
1993). Nutrition stands out among environmental factors, with direct influence on weight
gain and age at puberty.

Meta-analysis is a powerful analytic method that integrates the results from many
studies to provide a more robust estimate of the effects of an investigation (Duffield et al.,
2012b; Lean et al., 2014). It allows the examination of heterogeneity or variability of
responses to better target knowledge gaps, provide more effective interventions, and resolve
hypotheses about the action of an intervention (Golden and Lean, 2016). The use of meta-
analysis in the animal science literature is an important tool to synthesize treatment effects
across multiple studies, particularly when biologically or economically important effects may
be difficult to detect without large sample sizes (Donner et al., 2001; Duffield et al., 2012a).

Identifying solutions and using them to increase the average herd birth rate is the main
option for increasing the productivity and economics of beef cattle herds in southern Brazil.
This birth rate is considered low, and a cow with its first calf on the hoof presents a worse
reproductive performance, since it shows a more prolonged postpartum anestrus in relation to
the adult cows, a factor that worsens when the nutritional level is low. The objective of the
present study is to provide information on the pregnancy rate of female beef cattle in southern

Brazil by factors that may affect these indexes through a meta-analysis.

Materials and methods

Data collection



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

67

Several experiments were conducted at the Agronomic Experimental Station of the Federal
University of Rio Grande do Sul and on private properties in the State of Rio Grande do Sul
to investigate the effects of several factors on the pregnancy rate of heifers and primiparous
beef cows (Table 1) between 1976 and 2015. The data include the records of 26 studies
(dissertations or theses) and 44 experiments (some studies had more than one experiment).
The climate in all places studied is subtropical humid. Explanatory factors considered were
animal age and category, breed and type of pasture before mating.

The records stored in the database contained detailed descriptions of each reference
(e.g., experiment number, author name and year of each experiment). The total number of
animals was 3544 in the initial database. Data without adequate information were excluded,
leaving 2862 animals in the database. Information used was age at mating (14 months [4
studies], 24 months [14 studies] or 36 months [14 studies]); animal category (heifers [15
studies] or primiparous cows [17 studies]); breed (Crossbreed [24 studies] or Taurine [13
studies]) and type of pasture (natural [16 studies] or winter pasture [23 studies]). Some

studies involved more than one breed and type of pasture.

Statistical analyses

We used the Freeman-Tukey double arcsine transformation method for meta-analysis of
pooled proportion estimates, and 95% confidence intervals were calculated within a random
effect model framework using the metaprop function of the R meta package to synthesize
data, determine averages within groups, and evaluate within-group heterogeneity. In the
forest plot graphs, points to the left of the vertical line represent a reduction in the outcome,
and points to the right of the line indicate an increase in the outcome variable. Each square

represents the mean treatment effect for that study. The upper and lower limit of the line
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connected to the square represent the upper and lower 95% confidence intervals for the
treatment effect. Forest plots are presented only for selected output variables but were used
for the interpretation of each output variable. The weighting of a study is estimated by the
inverse of the variance of the treatment effect (Lean et al., 2009). The box sizes are
proportional to the inverse variance of the estimates. The size of the square box reflects the
relative weighting of the study to the overall treatment effect estimate, with larger squares
representing greater weight. The boxes draw attention to the studies with the greatest weight.
The vertical line represents the mean difference of 0 or no effect.

Variations among the studies were assessed using a x* (Q) test of heterogeneity (Egger
and Smith, 2001). The heterogeneity is based on the clinical diversity of the herds,
differences in study design and analytical methods, and statistical variation around responses
(Lean et al., 2009). Identifying the presence and sources of the heterogeneity improves the
understanding of the responses to the pregnancy rate. The heterogeneity of the results among
the trials was quantified using the 12 statistic (Higgins and Thompson, 2002), which quantifies
the impact of heterogeneity on a meta-analysis using mathematical criteria that are
independent of the number of studies and the treatment effect metric. The |2 statistic is a
transformation of the square root of the y* heterogeneity statistic divided by its degrees of
freedom and describes the proportion of total variation in the study estimates that is due to
heterogeneity (Higgins et al., 2003). Negative values of 12 were assigned a value of 0;
consequently, the value I2 lies between 0 and 100% (Higgins et al., 2003). An 12 value of 0%
indicates no heterogeneity among the studies; a value near 25% indicates low heterogeneity;
a value near 50% indicates moderate heterogeneity; and a value of 70 to 100% represents

considerable heterogeneity (Higgins and Thompson, 2002; Higgins et al. 2003). A 12 value
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was also produced, which is an estimate of the between-study variance in a random effects
meta-analysis (Higgins and Green, 2011).

The presence of publication bias was investigated using contour-enhanced funnel
plots, which are a single scatter plot of the intervention effect estimates from individual
studies (horizontal axis) plotted against the study precision (vertical axis; Light and Pillemer,
1984; Sterne and Harbord, 2004). Standard error is used as the measure of study size, and the
name "funnel plot" arises because the precision of the estimated intervention effect increases
as the size and precision of the study increase (Sterne and Harbord, 2004). Effect estimates
from small studies scatter more widely at the bottom of the graph, and the spread narrows for
larger studies (Sterne and Harbord, 2004). In the absence of bias, the plot should
approximately resemble a symmetrical (inverted) funnel. If there is bias, for example,
because smaller studies without statistically significant effects remain unpublished, this will
lead to an asymmetrical appearance of the funnel plot, and a gap will be evident in a bottom

corner of the graph (Sterne and Harbord, 2004).

Results

Analysis of Data of the Pregnancy Rate in Southern Brazil

The metaprop command pools proportion and presents a weighted sub-group and overall
pooled estimates with inverse-variance weights obtained from a random effects model. The
overall meta-analytical estimate of the pregnancy rate was 67.3% (95% CI — 59.5-74.7) (Fig.
1). As noted, 12 statistics indicated high heterogeneity for the estimates of the pregnancy rate
between studies for overall analysis as well as for individual studies (12=94.5, p<.0001), with

a high variability of the pregnancy rate, ranging from 8.8% to 96.9%. Because of these high
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12 values, we performed several sub-group analyses (for example, by animal age, category,
breed or type of pasture) to address this issue.

Significant sub-group heterogeneity was observed in the pregnancy rate by age at
mating, animal category, breed and type of pasture. Significant differences in the pregnancy
rate were observed in the sub-group analysis by age at mating. In the sub-group analysis by
animal category, breed and type of pasture, there were no significant differences in the
pregnancy rate (Table 2). Fig. 2 shows the funnel plot of the overall estimates of pregnancy
rate for each study. The publication bias of the adopted 29 studies was assessed by Egger’s
test. Fig.s 3 to 6 present the study of specific proportions with 94.5% exact confidence
intervals for each study, for the sub-group and for the 12 statistic that describes the percentage

of total variation due to inter-study heterogeneity.

Age of animal at mating

Females mating at 14, 24 or 36 months of age (Table 2) presented a weight of study of 9.4%,
47.0% and 43.6%, respectively. The highest proportion value for the pregnancy rate of
mating females at 14 months of age was observed in the work of Souza, C.B.O. (2015), with
values of a 77.6% confidence interval (58.7% CI: 35.9-77.6). When females were mated at 24
months of age, an average pregnancy rate of 80.0% was observed, with a variation in the
confidence interval from 40.4 to 96.9% with lower and higher values in the pregnancy rate,
by Rosa, A.A.G. (2010) and Pétter, B.A.A. (2002), respectively. The mean pregnancy rate for
females mated at 36 months of age was 54.0%, ranging from an 8.8% confidence interval
[Gottschall, C.S. (1994)] to a 96.1% confidence interval [Deresz, F. (1976)]. The highest

pregnancy rate was observed when females were mated at 24 months of age (Fig. 3).

Type of pasture
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When type of pasture was considered for heifers and primiparous cows, there were no
significant differences in the pregnancy rate (Table 2). Heifers and primiparous cows
maintained in natural pasture presented values ranging from an 8.8% to a 96.9% confidence
interval in pregnancy rate (Fig. 4). When females were kept in winter pasture, the lower value
in pregnancy rate was 21.4% (Cl: 4.7% to 50.8%), and the higher value was 96.1% (CI: 86.5
to 99.5%), found in Cachapuz, J.M.S. (1976) and Deresz, F. (1976), respectively. Although
females kept in winter pasture had a 21.0% higher pregnancy rate than females kept in natural

pasture, no differences were observed between the two feeding systems.

Animal category and breed

There were no significant differences in the pregnancy rate by animal category (Table 2). The
proportions of heifers and primiparous cows were 73.9% and 60.9%, ranging from a 63.8 to
an 83.9% confidence interval and a 59.5 to a 74.7% confidence interval, respectively (Fig. 5).
There were no significant differences in pregnancy rate by breed (Table 2). Values of the
pregnancy rate ranged from 8.8% to 95.0% and 21.4% to 96.9% for Crossbred and Taurine

cattle, respectively (Fig. 6).

Discussion

Knowing how to work with the heterogeneity that exists among the results of a meta-analysis
study is an important challenge. Heterogeneity can be overcome by using random effects
models that consider variability within and between studies and by stratified analysis of the
sub-groups of homogeneous studies (Gillen et al., 2010). Literature databases are inherently
statistically unbalanced, so it is necessary to make sure that the research question is

approached with the available data (Sauvant et al., 2008). In the present study, the available
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data suggest that the pregnancy rate was influenced by age at mating at which females,
independent of whether they were heifers or primiparous, were exposed to reproduction. The
average pregnancy rate in this study was 67.3%, which is been 22.6% higher than the average

pregnancy rate in the State of Rio Grande do Sul, Brazil (SEAPA, 2016).

Age at mating

In the State of Rio Grande do Sul, Brazil, the average age at which females are mating is 27.8
months of age (Rocha et al., 2007). Puberty occurs in a specific physiological state of the
animal, independent of chronological age (Patterson et al., 1992). According to Freetly
(1999), heifers who conceive later in their first breeding season will consequently have later
parturitions and thus difficulties in reconceiving during the second breeding season. Heifers
with adequate nutrition may be mated for the first time at 13-16 months of age and may give
birth at 24 months of age without adverse effects on the subsequent reproductive process, but
always allowing a satisfactory development until calving and during the second breeding
season (Rovira, 1974). The higher pregnancy rate of females at 24 months of age can be
explained because they were submitted to better nutritional conditions, allowing better

pregnancy rates when compared to females at 14 or 36 months of age.

Type of pasture

Nutrition plays an important role in affecting the aspects of physiology and reproductive
performance in the bovine female (Sartori and Guardieiro, 2010). In addition, the nutritional
level affects reproductive performance, especially at the onset of puberty, restarting the cycle
of postpartum luteal activity and maintaining the estrus cycles (Patterson et al., 1992), which

may be the explanation for the equality of pregnancy rate when comparing natural and winter
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pastures. To improve the indexes of pregnancy in southern Brazil, where females are
maintained in natural pasture, the use of a protein-energetic supplement is necessary, since
the natural pasture does not meet the requirements of these animals in the autumn-winter
period. On the other hand, when females are kept in winter pasture, they are much more
likely to reach the potential weight gain and thus to increase the reproductive indexes. In
addition, the use of energy supplements, whose carbohydrate source shows degradation rates
that are synchronized as well as possible with the release of nitrogen by the rumen
microorganisms (Rearte and Pieroni, 2001), increases the average daily gain and the body

condition score, allowing the mating of heifers at a lower age (Potter et al., 2010).

Animal category and breed

The reproductive axis integrates nutritionally related signs that directly and indirectly affect
reproduction (Hess et al., 2005). Heifers, or even cows, without food restrictions have high
levels of glucose, insulin and IGF-I, stimulating the release of GnRH by the hypothalamus,
which stimulates the release of gonadotrophins. The gonadotrophins in the ovary will
stimulate it, and it will have more sensitivity to the gonadotrophic stimuli, thus promoting the
production of estrogen and progesterone and, consequently, presenting estrus (Schillo, 1992;
Hafez and Hafez, 2004; Sartori and Mollo, 2001). Even when studying different breeds, no
differences were observed, since genetic differences among beef cattle often are not sufficient
to determine differences in body weight and age at puberty, especially when they come from

a uniform nutritional level (Paterson et al., 1991).

Conclusion
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This meta-analytic approach allowed the combination of the results of different published
works about factors that influenced the reproductive performance of beef cattle. The
pregnancy rate is influenced by several factors. In southern Brazil, the factor that most
influences these indexes is the age at mating under the conditions of the studies that are part

of the database.
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Table 1 - Relation of studies of database with n (humber of animals), location, animal category, breed, age at mating and type of pasture in southern Brazil

Year/Author n Location Animal Breed Age at Type of pasture
category mating
(months)
1976, Cachapuz 43 Dom Pedrito Primiparous Taurine 36 Natural pasture (NP)
1976, Cachapuz 14 Dom Pedrito Primiparous Taurine 36 Common vetch (Vicia sativa)
1976, Deresz 59 Pelotas Primiparous Taurine 36 Natural pasture
1976, Deresz 51 Pelotas Primiparous Taurine 36 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
1984, Zanotta Jr. 41 Pelotas Primiparous  Crossbreed 36 Natural pasture
1984, Zanotta Jr. 43 Pelotas Primiparous  Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
1986, Polli 50 Eldorado do Sul Primiparous  Crossbreed 36 Natural pasture
1986, Ribeiro 70 Cachoeira do Sul Heifers Crossbreed 24 Natural pasture
1990, Albospino 23 Eldorado do Sul Heifers Crossbreed 14 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
1991, Moraes 60 Dom Pedrito Primiparous  Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Sorghum (Sorghum bicolor)
Bird’s-foot trefoil (Lotus corniculatus)
1991, Quadros 69 Dom Pedrito Heifers Crossbreed 24 Natural pasture
1992a, Magalhées 78 Rosério do Sul Primiparous  Crossbreed 36 Natural pasture
1992a, Magalhaes 74 Rosario do Sul Primiparous  Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
1992b, Magalhées 39 Dom Pedrito Primiparous Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)

Bird’'s-foot trefoil (Lotus corniculatus)
White clover (Trifolium repens)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis,
Trifolium polymorphum
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Year/Author n Location Animal Breed Age at Type of pasture
category mating
(months)
1992b, Magalhées 19 Dom Pedrito Primiparous  Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Bird’s-foot trefoil (Lotus corniculatus)
White clover (Trifolium repens)
1994, Gottschall 114 Séao Gabriel Primiparous  Crossbreed 36 Natural pasture
1994a, Beretta 61 Eldorado do Sul Heifers Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
1994b, Beretta 52 Eldorado do Sul Primiparous  Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
1995, Simeone 119 Bageé Heifers Crossbreed 36 Natural pasture
1996, Pereira Neto 23 Eldorado do Sul Heifers Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf ryegrass (Trifolium vesiculosum)
1996, Pereira Neto 39 Eldorado do Sul Heifers Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf ryegrass (Trifolium vesiculosum)
1997, Rocha 249 Dom Pedrito Heifers Crossbreed 14 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Red clover (Trifolium pratensis)
Bird’s-foot trefoil (Lotus corniculatus)
1998, Miiller 20 Eldorado do Sul Primiparous Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf ryegrass (Trifolium vesiculosum)
1998, Miiller 30 Eldorado do Sul Primiparous  Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
2001, Fagundes 87 Itaqui Primiparous  Crossbreed 36 Natural pasture
2002, Pdotter 32 Quarai Heifers Crossbreed 24 Natural pasture
2002, Pdotter 32 Quarai Heifers Taurine 24 Natural pasture

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis,

Trifolium polimorphum



Table 1... Continued

Year/Author n Location Animal Breed Age at Type of pasture
category mating
(months)
2004, Lopes 39 Eldorado do Sul Heifers Crossbreed 36 Black oats (Avena strigosa)
Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
Pearl millet (Pennisetum americanum)
2005, Freitas 19 Sao Gabriel Heifers Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird’s-foot trefoil (Lotus corniculatus)
2005, Freitas 43 Sao Gabriel Heifers Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird’s-foot trefoil (Lotus corniculatus)
2005, Souza 64 Dom Pedrito Primiparous  Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird’s-foot trefoil (Lotus corniculatus)
2006a, Menegaz 120 Uruguaiana Heifers Crossbreed 24 Natural pasture
2006a, Menegaz 60 Uruguaiana Heifers Crossbreed 24 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
2006b, Menegaz 74 Uruguaiana Primiparous  Crossbreed 36 Natural pasture
2006b, Menegaz 69 Uruguaiana Primiparous  Crossbreed 36 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
2007a, Pilau 89 Tupanciretd Heifers Taurine 14 Black oats (Avena strigosa)
Annual ryegrass (Lolium multiflorum Lam.)
2007D, Pilau 30 Tupanciretd Primiparous Taurine 24 Black oats (Avena strigosa)

Annual ryegrass (Lolium multiflorum Lam.)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis,
Trifolium polimorphum
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Year/Author n Location Animal Breed Age at Type of pasture
category mating
(months)

2007c, Pilau 38 Tupancireta Primiparous Taurine 24 Black oats (Avena strigosa)

Annual ryegrass (Lolium multiflorum Lam.)
2008a, Tanure 119 Quarai Heifers Crossbreed 24 Natural pasture
2008b, Tanure 75 Quarai Primiparous  Crossbreed 36 Natural pasture
2010, Rosa 161 Dom Pedrito Heifers Taurine 24 Natural pasture
2010, Rosa 80 Dom Pedrito Heifers Taurine 24 Annual ryegrass (Lolium multiflorum Lam.)

White clover (Trifolium repens)
2010, Silva 142 Bagé Heifers Taurine 14 Annual ryegrass (Lolium multiflorum Lam.)
2015, Souza 49 Julio de Castilhos Heifers Taurine 14 Black oats (Avena strigosa Schreb.)

Palisade grass (Urochloa brizantha)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis, Trifolium

polymorphum
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Table 2. Tests of heterogeneity of beef cattle female pregnancy rate in southern Brazil

Variables Heterogeneity Taur2 Degrees of 12 P
statistic freedom

- --Age at mating (months)
14 56.57 0.0376 4 94.7 0.0016
24 183.96 0.0390 21 89.1
36 382.36 0.0794 19 95.3

-- ----Animal category--------
Heifer 339.71 0.0561 21 94.1 0.0935
Primiparous 422.56 0.0786 23 94.8

- Breed
Crossbreed 539.95 0.0679 28 95.0 0.4848
Taurine 238.27 0.0689 16 93.7

- Type of pasture before mating
Natural pasture 462.89 0.0889 17 96.5 0.0643

Winter pasture 269.29 0.0423 27 90.3




Study Events Total Proportion 95%-Cl Weight
Albospino B.H.J.C. (1990) 17 23 0.7391 [0.5159;0.8977] 21%
Beretta V. (1994a) 47 61 0.7705 [0.6450; 0.8685] 2.3%
Beretta V. (1994b) 28 52 0.5385 [0.3947; 0.6777] 2.3%
Cachapuz J.M.S. (1976) 10 43 0.2326 [0.1176;0.3863] 2.3%
Cachapuz J.M.S. (1976) 3 14 0.2143 [0.0466; 0.5080] 2.0%
Deresz F. (1976) 47 59 0.7966 [0.6717;0.8902] 2.3%
Deresz F. (1976) 49 51 0.9608 [0.8654; 0.9952] 2.3%
Fagundes J.I.B. (2001) 34 87 0.3908 [0.2879; 0.5013] 2.4%
Freitas S.P.G. (2005) 12 19 0.6316 [0.3836; 0.8371] 2.1%
Freitas S.P.G. (2005) 20 43 0.4651 [0.3118; 0.6235] 2.3%
Gottschall C.S. (1994) 10 114 0.0877 [0.0429;0.1554] 2.4%
Lopes D.C. (2004) 16 39 0.4103 [0.2557; 0.5790] 2.2%
Magalhaes F.R. (1992a) 51 78 0.6538 [0.5376; 0.7580] 2.3%
Magalhaes F.R. (1992a) 52 74 0.7027 [0.5852; 0.8034] 2.3%
Magalhaes F.R. (1992b) 37 39 0.9487 [0.8268; 0.9937] 2.2%
Magalhaes F.R. (1992b) 16 19 0.8421 [0.6042; 0.9662] 2.1%
Menegaz A.L. (2006a) 109 120 0.9083 [0.8419; 0.9533] 2.4%
Menegaz A.L. (2006a) 57 60 0.9500 [0.8608; 0.9896] 2.3%
Menegaz A.L. (2006b) 38 74 0.5135 [0.3944; 0.6315] 2.3%
Menegaz A.L. (2006b) 43 69 0.6232 [0.4983; 0.7371] 2.3%
Moraes A.A.S. (1991) 51 60 0.8500 [0.7343; 0.9290] 2.3%
Muller A. (1998) 17 20 0.8500 [0.6211;0.9679] 2.1%
Muller A. (1998) 24 30 0.8000 [0.6143;0.9229] 2.2%
Pereira Neto O.A. (1996) 21 23 0.9130 [0.7196; 0.9893] 2.1%
Pereira Neto O.A. (1996) 32 39 0.8205 [0.6647;0.9246] 2.2%
Pilau A. (2007a) 32 89 0.3596 [0.2605; 0.4682] 2.4%
Pilau A. (2007b) 20 30 0.6667 [0.4719;0.8271] 2.2%
Pilau A. (2007c) 27 38 0.7105 [0.5410; 0.8458] 2.2%
Polli V.A. (1986) 5 50 0.1000 [0.0333;0.2181] 2.3%
Potter B.A.A. (2002) 28 32 0.8750 [0.7101;0.9649] 2.2%
Potter B.A.A. (2002) 31 32 0.9688 [0.8378;0.9992] 2.2%
Quadros S.F. (1991) 60 69 0.8696 [0.7668;0.9386] 2.3%
Ribeiro A.L. (1986) 21 70 0.3000 [0.1962; 0.4213] 2.3%
Rocha M.G. (1997) 114 249 0.4578 [0.3948; 0.5219] 2.4%
Rosa A.A.G. (2010) 65 161 0.4037 [0.3272;0.4838] 2.4%
Rosa A.A.G. (2010) 68 80 0.8500 [0.7526;0.9200] 2.3%
Silva M.D. (2010) 106 142 0.7465 [0.6667;0.8157] 2.4%
Simeone A. (1995) 73 119 0.6134 [0.5198;0.7013] 2.4%
Souza A.N.M. (2005a) 49 64 0.7656 [0.6431;0.8625] 2.3%
Souza C.B.O. (2015) 38 49 0.7755 [0.6338; 0.8823] 2.3%
Tanure S. (2008a) 89 119 0.7479 [0.6601; 0.8230] 2.4%
Tanure S. (2008b) 54 75 0.7200 [0.6044;0.8176] 2.3%
Zanotta Jr R.L.D. (1984) 21 M 0.5122 [0.3513;0.6712] 2.3%
Zanotta Jr R.L.D. (1984) 39 43 0.9070 [0.7786; 0.9741] 2.3%
Random effects model 2862 << 0.6727 [0.5945; 0.7465] 100.0%

Heterogeneity: /2 = 95%, © = 0.0667, p < 0.01 ! ‘ ' ! ! '
0 02 04 06 08 1 1.2

Figure 1. Forest plot of pregnancy rate of heifers and primiparous beef cows i

southern Brazil
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Freeman-Tukey Double Arcsine Transformed Propaortion

Funnel plot of overall estimates of pregnancy rate in southern Brazil
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Figure 3. Forest plot of pregnancy rate of heifers and primiparous beef cows to sub-
group age at mating in southern Brazil
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Figure 4. Forest plot of pregnancy rate of heifers and primiparous beef cows to sub-

group type of pasture before mating in southern Brazil
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Figure 5. Forest plot of pregnancy rate to sub-group animal category in southern

Brazil
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CAPITULO IV

Meta-analysis of reproductive performance of heifers and primiparous cows

Este capitulo é apresentado de acordo com as normas de publicacdo do Journal of
Animal Science.
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ABSTRACT: The aim of this study was to evaluate the relationship between the pregnancy
rate of heifers and primiparous cows in Southern Brazil, with animal category, average daily
gain during the breeding season, stocking rate, type of pasture before mating and body weight
at the beginning of the breeding season. Taurine females had higher pregnancy rate than
crossbreed females. Heifers and primiparous cows managed in natural grasslands had a
decreased in pregnancy rate with the increase of stocking rate. The pregnancy rate of the
heifers and primiparous cows increased with increasing of the average daily gain during the
breeding season. In Southern Brazil, different stocking rate levels promote changes in
pregnancy rate. Use of cultivated or improved natural pastures promote higher pregnancy

rate, as well as allows increase in stocking rate at the regional level.

Key words: beef cattle, body weight, breeding season, pregnancy rate, stocking rate
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INTRODUCTION

Livestock production in Southern Brazil is characterized by a low pregnancy rate that
has remained stagnant over many years (Pilau, 2007), regardless of multiple changes in
economy and technology (IBGE, 2017). Low pregnancy rates prevent the full development of
the livestock sector in Rio Grande do Sul State, and might be associated with incorrect
pasture management, overstock and a lack of differential nutritional management for
categories with different requirements. Stocking rate is considered the most important
decision in grazing management because it affects the herbage allowance, intake and animal
performance (Sollenberger et al., 2012). Nutritional limitation during periods of high
requirement can compromise development and delay puberty of heifers, as well as inhibit
ovulation of cows (Rocha & Lobato, 2002).

Time at which puberty occurs relative to the start of breeding season is what
determines the pregnancy rate in the first breeding season of heifers (Sparke & Lamond,
1968). The cow's ability to repeat pregnancy in subsequent years and remain in the herd, and
hence, her lifetime productivity is influenced by time of pregnancy in the first breeding
season. Puberty of heifers is influenced by factors related to management of the annual cycle
of production, as well as the physiology (production and release of hormones) and its genetic
(breed and size of mature age) (Day, 2015). In addition to the use of pastures, the body
weight at the beginning of the breeding season is associated with animal nutrition and it is an
important factor influencing the reproductive performance of heifers and beef cows (
Richards et al., 1986; Osoro & Wright, 1992; Roso et al., 2009).

Natural grasslands constitute the feed basis for heifers and primiparous cows in Rio

Grande do Sul. These pastures are characterized by spring-summer growth, with quality and
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availability reduced in autumn and winter seasons. Cultivated and improved pastures are
utilized to satisfy the nutritional requirements of cattle, especially during the cooler months
when natural pasture growth is limited. Combined with cultivated and improved pastures,
supplements may be used to increase average daily gain of grazing animals and to promote
greater reproductive development (Frizzo et al., 2003).

Although fundamental cattle physiology and its relation to nutrition is well known,
there is not sufficient information about how nutrition and management factors play out,
specifically under natural grasslands conditions. In particular, few studies have been done to
evaluate the relative effects of stocking rate and other nutritional management factors on
pregnancy rates at the regional level (Gottschall & Lobato, 1996; Simeone & Lobato, 1996;
Quadros & Lobato, 1996; Fagundes et al., 2003; Pdtter et al., 2010; Sartori & Guardieiro,
2010). The lack of single studies with regional scope is understandable because such studies
with livestock are logistically complex and extremely expensive.

An alternative to specific comprehensive studies is to conduct a pooled analysis of
data (Duffield et al., 2012; Lean et al., 2014) from multiple experiments that address the
same research question using equivalent response and explanatory variables, that is, a meta-
analysis (Schwarzer et al., 2015). Meta-analysis requires care in process of systematize
results of research but has the advantage of increasing the results precision, decreasing
resources and research time and increasing the degrees of freedom in the analysis (Fisher,
1999; Lovatto et al., 2007). The aim of the present study was to integrate information from
multiple studies of factors that affect pregnancy rates in Rio Grande do Sul under production
conditions. In specific, we hypothesize that pregnancy rate is influenced by several factors.
Firstly, we take an approach where pregnancy rate is analyzed as a function known proximate

factors such as body weight, category and changes in body weight per day during the
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breeding season. Second, we hypothesize that stocking rate influences the pregnancy rate,
and that it interacts with the use of cultivated or improved pastures and supplementation.
However, our emphasis is not in testing hypotheses but in quantifying the effects of multiple
factors and deriving estimates of what changes in management might be most effective to

define priorities to increase pregnancy rate at the regional level.

MATERIAL AND METHODS
Data used in this paper were obtained from published literature. No animals were used

by the authors in conducting this project.

Study Sample

Several experiments were conducted at the Agronomic Experimental Station of
Federal University of Rio Grande do Sul and in private properties in State of Rio Grande do
Sul, Southern Brazil, to investigate the effects of several factors on pregnancy rate of heifers
and primiparous cows (Table 1) between 1976 and 2015. The data include records of 29
studies (Dissertations or Thesis) and 43 experiments (some studies had more than one
experiment). According to Koéppen, the climate in all places is subtropical humid.
Explanatory factors considered animal age at the beginning of the breeding season, animal
category, animal weight at the beginning and end of the breeding season, body condition
score at the beginning and end of the breeding season, racial type, stocking rate, type of

pasture before and after mating and use of feed supplement.

Data organization and calculated variables
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The records stored in the database contained detailed descriptions of each reference
(e.g., experiment number, author name and year of each experiment). The total number of
animals was 3933 in initial database. Information used was age at the beginning of the
breeding season (14 to 36 months, 24.55+7.47 months), animal category (heifers [2257] or
primiparous cows [1676]), animal weight at the beginning (315.43+£55.93 kg) and end of the
breeding season (337.34+53.40 kg), body condition score at the beginning (3.25+0.60) and
end of the breeding season (3.36+0.60), breed (Angus [306], Braford [499], Brangus [323],
Crossbreed [1843], Devon [110], Hereford [767], Taurine [20], and Zebu [65]), stocking rate
(200 to 800 kg of body weight per hectare (kg BW/ha), 337.32+54.68 kg BW/ha), type of
pasture before and after mating, (cultivated [2050]; improved [324] or natural pasture [1559])
and use of feed supplement before of the breeding season (commercial feed - 0.7, 1.0 and
1.5% and sorghum silage + urea - ad libitum). Due to the variability in the data, breed was
classified in crossbreed and Taurine and supplement was classified in yes or not. Works with
800.0 kg of body weight per hectare were excluded from statistical analysis, remaining the
stocking rate data of 200 to 463.5 kg of body weight per hectare (336.85+54.92 kg BW/ha).
Works without value of weight at the beginning of mating or without information about
pregnancy rate were excluded from statistical analysis. Data without adequate information

were excluded, leaving 2982 animals in database.

Statistical Analysis
Data for each heifer and primiparous cow were available in a general database,
allowing use of an incomplete block design. Some variables were highly correlated and not

all treatment combinations were present in each experiment. Because of this and with basis in
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literature, some variables were excluded, not composing the final database (Schwarzer et al.,
2015). As the quantitative data had different units of measure, these data were standardized.

Statistical analyses were conducted using R (R Development Core Team, 2015). Due
to variability in data and the similarity between some characteristics in these variables, some
of them were grouped. Grouped variables were breed (Crossbreed and Taurine) and
supplement (absence or presence). Generalized linear models (GLM) based on the logit link
function are generally recommended (Agresti, 2002) for binary data. The GLM has been
extended to include random effects in called generalized linear mixed models (GLMM)
(Sauvant et al., 2008). Because not all treatment combinations were present, we used
experiment or study as a random effect, which is analogous to considering each study as an
incomplete block (Senn et al., 2011). Akaike's Information Criterion (AlICc) was used as a
summary measure that combines fit and complexity to choose the best model (lowest AlCc
value) fitted the data (Akaike, 1974).

In this analysis, we take an approach where pregnancy rate is first analyzed as a
function of known proximate factors such as animal body weight and category. Breed was
added to account for inherent differences in breeds that could modulate the effects of body
weight. Then, body weight at the beginning of the breeding season was analyzed as a
function of nutritional and environmental conditions.

A preliminary statistical analysis (P<0.05) was conducted to test several models.
Model development for pregnancy rate (PR) proceeded by simplification of a full model. The
full model, expressed as a logistic equation for the generalized linear mixed-effects model
(glmer) function of the Ime4 package (Bates et al., 2014) was

PR ~ categ + start.bw + breed:start.br + categ:s.dwt + s.dwt:breed + s.dwt:start.ow +

I(startow’2) + I(s.dwtr2) + (1|Work),
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where all continuous variables were standardized, PR is pregnancy rate, categ is
animal category, start.bw is weight at the beginning of the breeding season, s.dwt is daily
weight gain, I(start.bw”2) is squared weight at the beginning of the breeding season,
I(s.dwt"2) is daily weight gain squared, interactions breed*start.ow, categ*s.dwt,
s.dwt*breed, s.dwt*start.ow and Work is random effect, respectively. Non-significant effects

were identified by likelihood ratio tests and removed (P>0.05).

RESULTS

Effects of proximate causal factors on pregnancy rate

The model for pregnancy rate selected by the lowest AICc was:

PR ~ categ + start.bw:breed + s.dwt + I(start"2) + (1|Work). The most important
factor affecting pregnancy rate was body weight at the beginning of the breeding season,
which also had a significant interaction with breed, accounting for 93.1% of the pregnancy
rate variation explained by the generalized mixed model (Table 2).

Pregnancy rate increased steeply with increasing body weight at the beginning of the
breeding season for crossbreed and Taurine females. Taurine females had higher pregnancy
rate than crossbreed females. Taurine females starting mating season with an average weight
of 440.0 kg or more and had an expected pregnancy rate of 99.0%. While crossbreed females,
when mated with the same weight has an expected pregnancy rate of 91.0% (Figure 1).

The second largest contribution was due to average daily gain during the breeding
season, accounting for 3.5% of the explained variation (Table 2). Pregnancy rate increased as
the average daily gain increases. In the lowest and highest average daily gain, expected

values for pregnancy rate were 47 and 83%, respectively.
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The last contribution was due to animal category, showing that when all covariates are
at their average values for both categories, pregnancy rate was 25 percentage points higher
for heifers than for primiparous cows (80 vs. 55%). This factor accounted for 3.4% of the

explained variation (Table 2).

Effects of stocking rate not mediated by proximate factors

The model was: PR ~ start.ow + s.dwt + s.sr + I(start.ow”2) + start.bw:s.sr + categ +
(1|Work).

In a second model we included stocking rate (s.sr; Figure 2), pasture conditions and
supplementation and several of their interactions. The purpose of this model was to assess the
effects of stocking rate and its interactions that are not mediated by the other proximate
factors. This is an explanatory analysis because the data are observational with respect to
factors that vary among works. The questions answered by the second model is whether
stocking rate has effects on pregnancy rate that are not effected through body weight and
weight change during the breeding season

Stocking rate appears to have an effect on pregnancy rate that is not explained by any
the other variables. Even after controlling for effects of starting body weight and weight
change during the breeding season, when body weight at the beginning of the breeding
season is higher than average, pregnancy rate declines with increasing stocking rate. This
effect of stocking rate appears to be restricted to the range of starting body weight where
pregnancy rate no longer responds to body weight.

The most important factor affecting pregnancy rate when considered stocking rate in
the model was body weight at the beginning of the breeding season, which also had a

significant interaction with stocking rate, accounting for 94.9% of the pregnancy rate
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variation explained by the generalized mixed model (Table 3). The second largest
contribution was due to animal category, accounting 2.6% of the explained variation (Table
3). Pregnancy rate was greater in heifers than in primiparous cows, it could be observed
values around 80% of pregnancy rate for heifers and 55% for primiparous cows.

The third contribution was due to average daily gain during the breeding season. This
factor accounting 2.5% of the explained variation (Table 3). The pregnancy rate increases as
the average daily gain increases. In the lowest and highest average daily gain, mean values of

47 and 83% for pregnancy rate were observed.

Body weight at the beginning of the breeding season

The model was: start.bw ~ categ + breed + past + s.sr + past:s.sr + past:I(s.sr"2) +
(1|Work)

The model for body weight at the beginning of the breeding season (start.bw; Figure
3) are based on the idea that there are differences in animal size due to breed and animal
category, but for any given category and breed combination, the actual body weight at the
start of breeding depends on the nutrition received prior to breeding. Supplementation prior
to breeding did not have detectable effects on body weight at the beginning of the breeding
season. Breed and animal category had effects that were independent of the effects of
stocking rate. There was a significant interaction between pasture grazed prior to breeding
and stocking rate on body weight. Body weight declined at high stocking rate in natural
pastures, but it was not affected by the range of stocking rates studied in cultivated or
improved pastures.

Thirty nine percent of the variation in initial body weight was explained by the fixed

effects of the model. An additional 41% was explained by variation among works. This
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reflects the fact that multiple factors determine pregnancy rate, many of which are not closely
related to body weight, animal category or breed. Other factors measured, such as weaning
method, were considered and did not have detectable effects on pregnancy rate. This last
point has to be considered with caution, because the different weaning methods were not
represented across a good range of values in all other factors. The same cautionary note

applies for artificial insemination.

Change in body weight during the breeding season

The model was: s.dwt ~ past + s.sr + I(s.sr * 2) + (1 | work).

The last factor affecting pregnancy rate was the change in body weight during the
breeding season. This was analyzed as a function of pasture type and stocking rate during the
breeding season. The most important factor affecting the changes in body weight during the
breeding season in the model was stocking rate (Figure 4), accounting for 56.3% of the
variation explained by the generalized mixed model. The another factor contributing was due
to type of pasture before mating. This factor accounting 43.1% of the explained variation.
The higher value to average daily gain during the breeding season was observed when heifers
and primiparous cows were maintained in cultivated pastures than natural or improved

natural pastures.

DISCUSSION

Effects of proximate causal factors on pregnancy rate

Our initial hypothesis that pregnancy rate is a function of body weight at the

beginning of the breeding season, animal category and changes in body weight per day was
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supported by the analysis. The most important causal factor influencing the pregnancy rate
was the body weight at the beginning of the breeding season interacting with breed, where
Taurine females had higher pregnancy rate than crossbreed females (Figure 1). The
pregnancy rate is influenced by nutrition, because it affects, directly, aspects of physiology in
beef cows (Sartoti & Guardieiro, 2010), mainly in periods of higher requirements, such as, in
pre and postpartum. These periods correspond to lower availability of natural grasslands,
which is characterized by variation in composition, structure and, especially, due to soil
diversity, seasonality of production and quality (Mezzalira et al., 2012; Neves et al., 2009).
Females with adequate metabolic status, with higher body weights, increase the levels of
glucose, insulin and growth factor I (IGF-1) (Yelich et al., 1995; Santos & Amstanden, 1998),
potentiating the effect of gonadotrophins (LH and FSH) (Spicer & Echternkamp, 1995), with
ovulation occurring (Sirois & Fortune, 1988).

Smaller animals reach physiological maturity earlier, at a lower weight and with
greater fat deposition in the carcass in relation to the larger animals (Owens et al., 1993).
When the growth speed decreases and the process of fat deposition begin, larger animals are
still in the growth phase (Mckiernan, 2005). In addition, the higher pregnancy rate observed
in the taurine females can be explained by the greater selection carried out in the herds from
which these females proceed. The cattle herd in Rio Grande do Sul state is composed of 9.8%
pure breeds (SEBRAE, SENAR, FARSUL, 2005), where the majority are from european
females and in the possession of genetic producers.

To improve the biological efficiency of the herd, it is necessary for the heifer to reach
puberty and mating as early as possible. These characteristics become more important as the
production system becomes more intensive and competitive. Reducing the age of conception

of females alters the structure of the herd, reducing the interval between generations and
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reducing the participation of unproductive animals in the composition of the herd (Potter et
al., 1998; Beretta et al., 2001).

During the breeding season, the weight gains are important to get reproductive
success. The higher weight in this period is associated with food intake in exact quality to
regulate the ovarian activity, correlating with higher pregnancy rates (Vieira et al., 2005).
According to Carter & Cox (1973), there is greater biological efficacy in females who
calving first at two years, rather than three or more years of age. Adequate weights at the
beginning of the breeding season are decisive for a faster conception speed (Wiltbank et al.,
1962). According to the same authors, at the end of the mating, they are indicators of the final
reproductive performance of the cows, as they may show a better nutritional level and greater
gains during mating, allowing higher pregnancy rates. The lower pregnancy rate of
primiparous cows than heifers may be related to the stress of calving and the combined
effects between growth and first lactation of the primiparous ones, responsible for the low
reproductive response when these cows are submitted to periods of pre or postpartum feeding

restriction (Spitzer et al., 1995).

Effects of stocking rate not mediated by proximate factors

The most important factor influencing the pregnancy rate not mediated by proximate
factors was the body weight at the beginning of the breeding season interacting with stocking
rate, where higher stocking rates had lower pregnancy rate (Figure 2). Lower stocking rates
allow greater development of the animal, due to the higher forage accumulation, making it
possible for females to have more food available (Euclides & Euclides Filho, 1998). When
used for animal production, the stocking rate is an important variable that is related to

management, due to its impact on animals and vegetation under grazing (Bransby &
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Maclaurin, 2000; Carvalho & Batelho, 2009). As the stocking rate increases, the herbage
allowance decreased to a point where the total amount of forage consumed is equal to the
accumulation rate. From this point on, animal performance decreases as the stocking rate
increases (Petersen et al., 1965; Neves et al., 2009; Mezzalira et al., 2012).

According to Martz and Gerrish (1995), high stocking rates determine a reduction in
the herbage allowance, the animal performance decreases because the animals are forced to
consume low quality forage. In pre and postpartum, higher stocking rates make it difficult to
recover the cow's body condition after calving, compromising the reproductive performance
of the cow and the productivity of the next cycle (Osoro, 1989).

The utilization of winter cultivated pastures is fundamental in the region to getting of
animal production indexes that guarantee the optimization of productivity per animal and per
area and, principally, adequate economic point of view (Lupatini & Neumann, 2002).
Inadequate management practices, such as excessive stocking rate and the lack of specific
management for certain animal categories have led to low productivity indicators. However,
there are possibilities for reducing the age of slaughter and the age at first service, which may
allow the increase of productive and reproductive indices (Potter et al., 2000; Beretta et al.,
2002).

In the present study, we observed that when heifers and primiparous cows are
mantained in optimal conditions of grazing and nutrition, they can express its maximum
reproductive performance and the subsequent reproductive performance (Rovira, 1974).
Thus, early breeding can reduce the costs of replacements. Reaching puberty is a long
process in reproductive performance of heifers and primiparous cows, which begin before of

birth of same animals. This performance consists of the tissues and functions associated with
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the endocrine reproductive system, besides hormones that allow the acquisition and

maintenance of reproductive functions and capacities (Gasser, 2013).

Body weight at the start of breeding season and changes in body weight during the breeding
season

The most important factor influencing the body weight at the beginning of the
breeding season was stocking rate interacting with type of pasture before mating (Figure 3).
The most important factor affecting the changes in body weight during the breeding season in
the model was stocking rate (Figure 4). Lowest weight at the beginning of the breeding
season in this study is within of minimum weight, 50-57% of adult weight, recommended in
first breeding season, with detriment to their life-long reproductive performance (Funston &
Deutscher, 2004; Roberts et al., 2009). Heifers and primiparous cows maintained on previous
grazing in improved management conditions (cultivated or improved pastures), shown a
quadratic response in body weight. In other hand, we observed a typical response of declining
in body weight and average daily gain during the breeding season when these females
remained in natural pasture. The decreased in these factors may be the result of the forage
availability, which enables lower availability of food for animals. Lower stocking rates allow
the animal to select better quality diets, and the selection grows in importance when the
pasture matures (Trindade et al., 2016).

According to Frizzo et al. (2003), the number of animals per unit area allows for
greater forage accumulation rate. The nutritive value of the forage, as well as the level of
consumption, affected by herbage allowance, determines the animal performance (Van Soest,
1982; Trindade et al., 2016), that are associated with body weight and their changes occurred

during the breeding season (Schillo, 1992). In the southern Brazil, there are critical periods in
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the natural pasture herbage allowance, reaching in the winter months a deficit of 60% in
digestible protein and 23% in total digestible nutrients in total herbage available (Freitas et
al., 1976). These results reinforce the fact that it is impossible during the year to maintain the
same stocking rate, and it is necessary to adjust them adequately during the months of higher
forage yield, allowing better pasture availability during the more rigorous months (Machado
& Kichel, 2004).

The crossbreeding between cattle breeds increases the productivity of livestock
activity (Alencar et al., 1997). In Southern Brazil the seasons are well defined, mainly in
terms of temperature, with hot summer and cold winter (Bergamaschi et al., 2003).
Crossbreed animals are better adapted to the environment than pure animals, presenting
better development in the growth phase, resulting in higher body weight (Pereira et al., 2000).

Body weight at the beginning of the breeding season is an easily measurable variable
and can be used by the producer for decision making. The effects of pregnancy rate
influenced by several factors analyzed in this study are based on short-term tests. Therefore,
these effects can be related to changes in forage quality and quantity within the season and to
difference in social structure and movement of the herds. If the treatments were applied for
longer terms, then vegetation structure and composition, as well as quality and quantity per
animal would likely exhibit further changes that could results in different relationships
between pregnancy rate and the factors evaluated, as well as different interactions among

explanatory variables.
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Table 1 - Relation of studies of database with n (number of animals), location, coordinated geographic, precipitation and type of pasture in

southern Brazil

Author n Local Coordinated  Precipitation  Type of pasture*
geographic (mm/year)
Albospino, 1990 23 Eldorado do Sul 30°527/51°39" 1332 Italian ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
Azambuja, 2003 216  Arambaré 31°11'/51°74" - Natural pasture
Beretta, 1994 113  Eldorado do Sul 30°52'/51°39' 1398 Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
Cachapuz, 1976 57 Dom Pedrito 30°99'/54°70" 1376 Natural pasture
Common vetch (Vicia sativa)
Deresz, 1976 110  Pelotas 30°58'/50°40" 1285 Natural pasture
Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
Fagundes, 2001 87 Itaqui 29°24'/56°47" 1500 Natural pasture
Freitas, 2005 350  S&o Gabriel 30°33'/54°32" 1193 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird's-foot trefoil (Lotus corniculatus)
Gottschall, 1994 114  S&o Gabriel 30°33/54°32" 1512 Natural pasture
Lopes, 2004 39 Eldorado do Sul 30°52'/51°39" 1446 Black oats (Avena strigosa)

Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)
Pearl millet (Pennisetum americanum)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis,
Trifolium polymorphum



Table 1... Continued

119

Author n Local Coordinated  Precipitation  Type of pasture*
geographic (mm/year)

Magalhaes, 1992 210  Rosério do Sul 30°25'/54°92' 1550 Annual ryegrass (Lolium multiflorum Lam.)
Marques, 2001 231  Eldorado do Sul 30°52'/51°39" 1440 Black oats (Avena strigosa)

Annual ryegrass (Lolium multiflorum Lam.)

Arrowleaf clover (Trifolium vesiculosum)
Menegaz, 2006 323 Uruguaiana 29°76'/57°09' 1500 Natural pasture

Annual ryegrass (Lolium multiflorum Lam.)

White clover (Trifolium repens)

Bird's-foot trefoil (Lotus corniculatus)
Moraes, 1991 60 Dom Pedrito 30°99'/54°70" 1300 Annual ryegrass (Lolium multiflorum Lam.)

White clover (Trifolium repens)

Sorghum (Sorghum bicolor)

Bird's-foot trefoil (Lotus corniculatus)
Mdiller, 1998 50 Eldorado do Sul 30°52'/51°39' 1440 Annual ryegrass (Lolium multiflorum Lam.)

Arrowleaf clover (Trifolium vesiculosum)
Nardon, 1985 65 Eldorado do Sul 30°52'/51°39' 1398 Annual ryegrass (Lolium multiflorum Lam.)

Arrowleaf clover (Trifolium vesiculosum)
Pereira Neto, 1996 62 Eldorado do Sul 30°52'/51°39' 1332 Annual ryegrass (Lolium multiflorum Lam.)

Arrowleaf clover (Trifolium vesiculosum)
Pilau, 2007 234 Tupanciretd 29°03'/53%48' - Black oats (Avena strigosa)

Annual ryegrass (Lolium multiflorum Lam.)
Polli, 1986 71 Eldorado do Sul 30°52'/51°39' 1398 Natural pasture

Annual ryegrass (Lolium multiflorum Lam.)
Arrowleaf clover (Trifolium vesiculosum)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis,
Trifolium polymorphum
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Author n Local Coordinated  Precipitation  Type of pasture*
geographic (mm/year)
Patter, 2002 92 Quarai 30°26'/56°01" 1356 Natural pasture
Annual ryegrass (Lolium multiflorum Lam.)
Bird's-foot trefoil (Lotus corniculatus)
Quadros, 1991 69 Dom Pedrito 30°99'/54°70" 1540 Natural pasture
Ribeiro, 1986 70 Cachoeira do Sul 30°03'/52°89' 1621 Natural pasture
Rocha, 1997 394  Dom Pedrito 30°44'/54°4T7" 1450 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Red clover (Trifolium pratensis)
Bird's-foot trefoil (Lotus corniculatus)
Rosa, 2010 241  Dom Pedrito 30°44'/54°47" 1300 Natural pasture
Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)
Bird's-foot trefoil (Lotus corniculatus)
Silva, 2010 142  Bagé 31°22'/54°39" 1300 Annual ryegrass (Lolium multiflorum Lam.)
Simeone, 1995 119 Bagé 31022'/54°39' 1350 Natural pasture
Souza, 2005 64 Dom Pedrito 30°99'/54°70" 1376 Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens L.)
Souza, 2015 49 Julio de Castilhos 29°23'/53°68' - Black oats (Avena strigosa Schreb.)
Palisade grass (Urochloa brizantha)
Tanure, 2008 194  Quarai 30°26'/56°01" 1356 Natural pasture
Zanotta Jr, 1984 84 Pelotas 30°58'/50°40" 1285 Natural pasture

Annual ryegrass (Lolium multiflorum Lam.)
White clover (Trifolium repens)

*Natural pasture with prevalence of Bahiagrass (Paspalum notatum), Dallisgrass (Paspalum dilatatum), Axonopus affinis, Andropogon lateralis,

Trifolium polymorphum
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Table 2 - Analysis of variance of the general model for pregnancy rate

Variables Sum of squares df F value P
stard.bw! 2349171 1 2349171 bkl
I(Start.bW"Z)2 48.1520 1 48.1520 kel
s.dwtd 11.0622 1 11.0622 falalel
categ4 10.6959 1 10.6959 **
start.ow:breed” 6.0204 1 6.0204 *
breed® 2.7131 1 2.7131

Weight at the beginning of the mating period; “Squared weight at the beginning of the
breeding season; 3average daily gain during the breeding season, kg/day; *Animal
category; °Interaction between weight at the beginning of the breeding season and
breed; ®Type of breed; ***P<0.0001; **P<0.001;* P<0.05; P<0.1
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Table 3 - Analysis of variance of the pregnancy rate model with stocking rate

Variables Sum of squares df F value P
stard.bw? 227.2157 1 227.2157 kel
I(Start.bW"Z)2 59.9102 1 59.9102 kel
categ?® 8.0469 1 8.0469 wx
s.dwt* 7.9235 1 7.9235 kel
s.sr° 6.2234 1 6.2234 *
start.bw:s.sr’ 4.5634 1 4.5634 *

Weight at the beginning of the breeding season; “Squared weight at the beginning of
the breeding season; 3Animal category; *kg/day; °Stocking rate; ®Interaction Between
weight at the beginning of the breeding season and stocking rate; ***P<0.0001;
**P<0.001;* P<0.05; P<0.1



123

Pregnancy rate
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Standardized body mass at start of breeding
Figure 1 — Interaction between body weight at the beginning of the breeding season and

Breed to pregnancy rate of heifers and primiparous cows (Sint: crossbreed, Taur:

Taurine females)
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Figure 3 — Interaction between stocking rate and type of pasture to body weight at the
beginning of the breeding season of heifers and primiparous cows (PCult: cultivated,

PNat: natural pasture, PNMelh: improved pasture)
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CONSIDERACOES FINAIS

Com base na meta-andlise realizada, a idade a qual as fémeas foram
expostas a reproducdo, a raca, O tipo de pastagem utilizada no pré-
acasalamento, o peso corporal ao inicio da reproducdo e a taxa de lotacdo
foram os fatores que mais influenciaram o desempenho produtivo e reprodutivo
de novilhas e vacas primiparas de corte no sul do Brasil. O presente estudo
pode ser considerado inovador, visto que é uma primeira abordagem, realizada
com o uso da meta-analise, que buscou avaliar diferentes formas de andlises
estatisticas para uma mesma base de dados, com a utilizacdo de dados brutos.
Uma das grandes limitagBes existentes quando néo utilizamos a meta-analise é
o tamanho dos estudos individuais, uma vez que, ao utilizarmos essa
metodologia, essa limitacdo ndo é relevante, pois a precisdo do estudo é
aumentada, buscando novas relacbes que ndo foram evidenciadas
anteriormente.

A partir do primeiro trabalho, onde a analise estatistica classica foi
abordada, os principais resultados foram:

- Novilhas mesticas, com pastejo prévio em pastagens de ciclo hiberno-
primaveril aos 24 meses de idade apresentaram maior peso corporal ao inicio e
peso e escore ao fim do periodo reprodutivo, bem como maior taxa de prenhez;

- O maior peso corporal ao inicio do periodo reprodutivo foi observado
nas vacas primiparas aos 36 meses de idade, mesticas e com pastejo prévio
em pastagens de ciclo hiberno-primaveril,

- Novilhas e vacas primiparas com pastejo prévio em pastagens de ciclo
hiberno-primaveril apresentaram maiores desempenhos produtivo e reprodutivo
em comparacao aquelas em pastejo prévio em pastagem natural.

Com base no segundo trabalho, onde a andlise estatistica abordada foi
a utilizacdo de sub-grupos, obtivemos os seguintes resultados:

- A maior taxa de prenhez foi observada em novilhas e vacas primiparas
de corte aos 24 meses de idade;

- Nao foram observadas diferencas para prenhez de novilhas e vacas
primiparas, quando considerados os fatores raga e tipo de pastagem no pré-
acasalamento.

JA no terceiro trabalho, considerando a estatistica por meio da
modelagem, podemos observar que:

- O peso corporal ao inicio do acasalamento foi a variavel de maior
influéncia no desempenho reprodutivo de novilhas e vacas primiparas;

- A maior taxa de prenhez foi observada nas fémeas taurinas conforme
aumenta o peso corporal ao inicio do acasalamento;

- Novilhas e vacas primiparas em pastejo prévio em pastagem natural
melhorada possuem maior peso corporal ao inicio do periodo reprodutivo.
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