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RESUMO

A inclusdo da forragem em sistemas de produgdo de leite
baseados em ragdo totalmente misturada (RTM) reduz os custos
com a alimentagdo, traz beneficios a saide do rebanho e reduz o
impacto ambiental. O presente estudo objetivou avaliar o efeito do
pastejo de azevém (Lolium multiflorum Lam.) combinado com o
uso de RTM parcial em comparagdo a RTM sobre a emissao de
metano, a ingestdo de matéria seca (IMS) e o desempenho das
vacas no terco médio de lactagdo. Os tratamentos experimentais
foram 100% RTM (controle), RTM parcial + 6h de pastejo
continuo (09:00-15:00h) ¢ RTM parcial + 6 h de pastejo
divididos em dois periodos de trés horas (09:00 — 12:00 h; 15:30 —
18:30h). Doze vacas F; (Holandés x Jersey; 132 + 44 DEL) foram
divididas em seis lotes e distribuidas em um Quadrado latino com
trés periodos de 21 dias (15 dias de adaptacdo e 6 de dias
avaliagdo). O pasto utilizado foi o azevém e a RTM foi composta
de 80% de silagem de milho, 18% farelo de soja, e 2% de mistura
mineral e vitaminas (na matéria seca, MS). A mesma mistura foi
utilizada para as vacas com acesso ao pasto. A IMS total (média =
16,1 kg MS/dia) e a produgdo de leite (média = 20,0 kg leite/dia)
foram similares entre os tratamentos, entretanto, a IMS de pasto
(7,4 vs. 6,0 kg/d) e o tempo de pastejo (+ 40 min/d) foram
superiores nas vacas com acesso ao pasto por dois periodos de 3h
quando comparadas as vacas com acesso ao pasto por 6h
continuas. A emissao de metano foi maior (656 vs. 547 g/d) nas
vacas confinadas do que nos animais recebendo RTM parcial +
pasto. A inclusdao de pasto de azevém na dieta de vacas leiteiras
recebendo RTM manteve o desempenho animal e reduziu a
emissao de metano entérico. A propor¢ao de forragem pastejada
aumentou nas vacas com acesso ao pasto quando o periodo de
acesso foi dividido em dois periodos apos a ordenha da manha e a
ordenha da tarde.

Palavras-chave: IMS pasto. Metano. Pastejo.Vacas leiteiras.






ABSTRACT

The inclusion of pasture in dairy feeding systems based on a
total mixed ration (TMR) reduces feed costs, benefits herd
health and reduces environmental impact. The present study
aimed to evaluate the effect of ryegrass pasture (Lolium
multiflorum Lam.) combined with a partial TMR or a TMR on
the enteric methane emissions, dry matter intake (DMI), and
performance of dairy cows from mid- to late lactation. The
experimental treatments included 100% TMR (control), partial
TMR + 6 h of continuous grazing (0900 — 1500 h) and partial
TMR + 6 h of grazing that was divided into 2 periods of 3 h
after milking (0900 — 1200 h; 1530 — 1830 h). Twelve F; cows
(Holstein x Jersey; 132 + 44 days in milk) were divided into 6
lots and distributed in a 3 x 3 Latin square design with 3
periods of 21 d (15 d of adaptation and 6 d of evaluation).
Ryegrass pasture was used, and the TMR was composed of
80% corn silage, 18% soybean meal, and 2% mineral and
vitamins mixture, based on dry matter (DM). The same mixture
was used for cows with access to pasture. The total DMI
(average = 16.1 kg/d) and milk production ( average = 20.0
kg/d) were similar for all cows; however, the pasture DMI (7.4
vs. 6.0 kg/d) and grazing period (+ 40 min/d) were higher in
cows that had access to pasture for 2 periods of 3 h compared
to those that grazed for a continuous 6 h period. Methane
emission was higher (656 vs. 547 g/d) in confined cows than in
those receiving partial TMR + pasture. The inclusion of
ryegrass pasture in the diet of dairy cows maintained animal
performance and reduced enteric methane emissions. The
percentage of grazed forage in the cow’s diet increased when
access to pasture was provided in 2 periods after morning and
afternoon milking.

Key-words: Dairy cow. Grazing. Methane. Pasture DMI.
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1 INTRODUCAO

Em sistemas de producdo de ruminantes, o pasto
representa uma fonte barata de nutrientes, pois estes animais
sdo capazes de digerir a celulose em maior amplitude que
outras espécies. O manejo adequado na utilizacao de alimentos
volumosos, como pastagens e forragens conservadas, reflete no
desempenho dos animais e consequentemente no custo de
produgdo. A inclusdo da forragem pastejada em sistemas que
utilizam a RTM reduz os custos com a alimentagdo, promove
melhorias quanto a saide do rebanho (SORIANO; POLAN;
MILLER, 2001) e pode interferir na emissao de gases do efeito
estufa (GEE), por exemplo, o metano.

Do ponto de vista produtivo, o uso de dietas mistas,
incluindo o uso de pasto + RTM, eleva o consumo de matéria
seca (MS) e o desempenho de vacas leiteiras de alta producao
em comparagdo a suplementacdo com alimentos concentrados,
mas pode nao ser suficiente para a manutencao do seu
desempenho em comparagdo a animais recebendo
exclusivamente RTM (KOLVER; MULLER, 1998; BARGO et
al., 2002a). Entretanto, o uso deste tipo de dieta para vacas
leiteiras em pastejo a partir do ter¢o médio de lactagdo ainda
merece ser estudado. Deve-se considerar, contudo, que além do
potencial e estadio de lactagdao do animal, a resposta produtiva
ao uso de dietas mistas depende de condigdes de manejo,
como, a oferta de forragem, o tempo de acesso ao pasto € o
nimero didrio de sessdes de pastejo (PEREZ-RAMIREZ;
PEYRAUD; DELAGARDE, 2009). O momento de acesso ao
pasto pode ser utilizado como ferramenta de manejo visando
aumentar a propor¢do do tempo gasto em pastejo e a
velocidade de ingestdo (CHILIBROSTE et al., 2015), isto ¢
possivel porque os ruminantes possuem a capacidade de alterar
o comportamento ingestivo quando uma restri¢do no tempo de
pastejo ¢ imposta (CHILIBROSTE et al., 2007).
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Em termos ambientais, a produgdo de metano pelos
ruminantes relaciona-se principalmente com a quantidade e a
qualidade do alimento consumido (BENCHAAR; POMAR,;
CHIQUETTE, 2001). Logo, esta diretamente relacionada com
o manejo alimentar utilizado. Em relacdo ao uso de
suplementagdo com RTM, O’Neill et al. (2012) trabalharam
com silagem de milho e pastos de azevém perenes tipicamente
utilizados na Europa e ndo encontraram diferenca na emissao
de metano (g CHs/kg MS consumida) entre animais mantidos
apenas em pastejo ou suplementados com RTM. Contudo, o
impacto dos diferentes sistemas alimentares em situagdes
classicamente encontradas no sul do Brasil ainda merece ser
investigado.

Desta forma, objetivou-se com o presente trabalho
avaliar os efeitos do uso da forragem pastejada e o momento de
acesso ao pasto combinado com o uso de RTM em comparagao
ao uso exclusivo de RTM sobre a ingestdo, o desempenho e a
emissao de metano de vacas leiteiras no ter¢co médio de
lactagao.
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2 REVISAO BIBLIOGRAFICA
2.1 USO DE SUPLEMENTACAO EM PASTEJO

Em sistemas de producdo de leite onde a forragem
pastejada faz parte da dieta dos animais o custo de produgao ¢
menor. Entretanto, hd épocas do ano em que a taxa de acuimulo
de forragem ¢ baixa sendo insuficiente para manter o
desempenho de vacas em lactagdo.

Além disso, dependendo do potencial de producao das
vacas, o desempenho produtivo pode ser prejudicado devido a
limitagdes a IMS e energia dos animais mantidos somente em
pasto (KOLVER; MULLER, 1998). Estudos sugeriram que
essas limitagdes estariam relacionadas a regulagao do consumo,
como o enchimento ruminal (ALLEN, 2000), as exigéncias
nutricionais do animal (KOLVER, 2003), as caracteristicas
estruturais do pasto ofertado e limitagdes no tempo de acesso
ao pasto (HODGSON, 1985).

A partir de tais limitagdes o uso de suplementacio pode
ser utilizado com o objetivo de diminuir as variagdes no
desempenho animal nas épocas com baixa oferta de pasto
otimizando o uso da terra (BARGO et al., 2003). No entanto,
com o uso da suplementacdo a IMS de pasto diminui devido a
taxa de substituicao (TS), ou seja, para cada kg de alimento
fornecido como suplemento o animal deixa de consumir uma
determinada quantidade de pasto.

Algumas hipoteses sobre as causas da TS sdo
levantadas. Entre elas podem-se citar os efeitos negativos da
suplementagdo sobre o ambiente ruminal e a digestibilidade
dos componentes fibrosos, a relacdo entre a exigéncia € o
consumo de energia metabolizdvel (DIXON; STOCKDALE,
1999) e as reducdes no tempo em pastejo com o fornecimento
da suplementacdo (BARGO et al., 2002b).

A TS ¢ varidvel devido as caracteristicas e manejo do
pasto (oferta, massa, altura, qualidade), caracteristicas do
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animal (nivel de producdo, estddio lactagdo) e do suplemento
oferecido (quantidade e tipo) (DIXON; STOCKDALE, 1999).
Normalmente os valores de TS em ruminantes sdo altos em
forragens de alta digestibilidade, provavelmente devido aos
mecanismos metabdlicos que controlam a ingestdo voluntéria,
reduzindo o consumo da forragem Dbase (DIXON;
STOCKDALE, 1999; BARGO et al.,, 2003). Desta forma,
maiores valores de TS sdao esperados quando oferta-se
suplemento com pasto de melhor qualidade e maior oferta.
Quanto ao tipo de suplementagdo, menores valores sao
esperados com a suplementacdo baseada em concentrados do
que em relagdo a suplementacdo com volumosos, como
silagem de milho (STOCKDALE, 2000).

A suplementacao com forragem conservada para vacas
leiteiras em pastejo pode ser utilizada visando reduzir as
variacoes de consumo durante as estagdoes do ano, permitindo a
intensificagdo da produgdo. Todavia, a resposta produtiva a
suplementagao ird depender da oferta e qualidade do pasto e da
qualidade da silagem oferecidos, os quais irdo determinar a TS
e a IMS total (PHILLIPS, 1988).

Grande parte das variacdes entre a resposta produtiva
esperada e a observada pode ser explicada pela TS. Com a
suplementagdo de silagem de milho o consumo de MS de pasto
reduz de 0,4 kg/kg MS ingerida do suplemento em baixas
ofertas até 1,1 kg/kg MS ingerida do suplemento em altas
ofertas de pasto (DELAGARDE et al., 2011), afetando
diretamente a resposta marginal (kg de leite a mais por kg de
MS de suplemento consumido) da suplementacdo sobre a
produgdo de leite didria. Menores incrementos na producdo
diaria de leite sao observados devido a maiores TS (BARGO et
al., 2003). Normalmente, quando a forragem conservada ¢
fornecida para animais em baixas ofertas de pasto ha aumento
da producdo de leite diaria e da IMS total (DELAGARDE et
al., 2011). No entanto, quando ndo ha restri¢des na oferta de
pasto a IMS total depende do valor nutritivo da forragem
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conservada ofertada em comparagcdo ao pasto (PHILLIPS,
1988).

Em recente estudo Miguel et al. (2014) relataram o
aumento linear na IMS total e na producdo de leite quando
vacas leiteiras em pastejo de azevém sdo suplementadas com 0,
4 ou 8 kg MS de silagem de milho. Entretanto, ndo houve
diferenga na IMS de pasto. Tal resultado foi explicado pela
baixa TS encontrada devido a biomassa pré-pastejo ser
limitante ao consumo de pasto. No mesmo sentido, Pérez-
Prieto; Peyraud; Delagarde (2011) concluiram que ¢ possivel
aumentar a IMS total e a producdo de leite utilizando
suplementagdo com silagem de milho em altas ofertas de pasto
quando a forragem pastejada possui menor valor nutritivo que
o suplemento ou baixa massa de forragem pré-pastejo.

Relevando o valor nutritivo da dieta, Hernandez-
Mendo; Leaver (2010) ao fornecerem silagem de milho e pasto
ad libitum sugeriram que os ruminantes possuem a capacidade
de escolha de uma dieta de melhor valor nutritivo. Neste caso o
consumo da forragem pastejada representou em média 70% do
consumo total sendo que o pasto apresentou maior
digestibilidade, energia metabolizdvel e proteina bruta em
comparagao a silagem de milho.

Além do oferecimento da silagem como Unico
suplemento ou fornecida separadamente do concentrado, as
forragens conservadas compdem a maior parte da RTM.
Quando comparamos o uso de RTM vs. pastejo para vacas de
alta producado ¢ possivel observar maior IMS total, consumo de
energia e¢ producao de leite nos animais recebendo RTM
(KOLVER; MULLER, 1998; O’NEILL et al., 2011).

A utilizagdo da RTM como suplemento para animais
em pastejo estd relacionada com a fermentagdo ruminal mais
estavel devido a menor variagio no pH ruminal, e
consequentemente menor influéncia sobre a digestdo da fibra
em comparagcdo aos animais suplementados com alimento
concentrado fornecido separadamente (WALES et al., 2013).
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Em trabalho comparando o desempenho de vacas em
lactagdo recebendo RTM, pasto + RTM ou pasto +
concentrado, Bargo et al. (2002a) encontraram desempenho
intermedidrio para os animais recebendo pasto + RTM, os
quais consumiram 1,5 kg MS a menos que o tratamento RTM e
3,6 kg MS a mais que os animais recebendo suplementacgao
com concentrado. Estes resultados se refletiram sobre a
producao de leite didria, - 6,1 kg leite/dia que a RTM e + 3,5
kg de leite/dia que o pasto + concentrado.

No mesmo sentido, Vibart et al. (2008) avaliaram o
efeito de diferentes propor¢des de RTM : pasto (100:00; 79:21;
68:32; 59:41) sobre o desempenho. A maior IMS de pasto com
a reducdo da propor¢do da RTM na dieta ndo foi capaz de
manter a IMS total e a producao de leite didria em comparagao
as vacas recebendo apenas RTM, sendo esta resposta atribuida
pelos autores ao tempo restrito de acesso ao pasto ¢ 7h/d) e o
maior gasto de energia com a atividade de pastejo.

Em resumo, o uso da suplementagdo com forragem
conservada para animais em pastejo ¢ uma opc¢do em
propriedades leiteiras quando a disponibilidade de pasto nao ¢
suficiente para atender as exigéncias nutricionais da vaca ou
para ser utilizada visando a intensificacdo do sistema de
producdo. No entanto, para a maxima resposta produtiva e para
compensar os custos adicionais com a utilizacio da
suplementagdo deve-se considerar a oferta e a qualidade do
pasto e do suplemento, além do potencial genético e do estadio
de lactagdo das vacas.

2.2 COMPORTAMENTO INGESTIVO EM PASTEJO

A distribuicdo das atividades dos ruminantes em
pastejo, ruminagdo e descanso, por exemplo, resulta de uma
sériec de decisdes de ‘“quando” iniciar o pastejo, ‘“qual”
intensidade e frequéncia, e “como” distribuir os eventos ao
longo do tempo (GREGORINI, 2012). Os fatores que



25

influenciam tais decisdes estdo ligados as caracteristicas do
animal (estado fisioldgico), a regulagdo consumo (fome e
saciedade), as caracteristicas do pasto, ao tempo de acesso ao
pasto e ao fornecimento de suplementacio (CHILIBROSTE;
GIBB; TAMMINGA, 2005), os quais influenciam diretamente
o consumo diario total.

Segundo, Forbes (2005) o comportamento ingestivo
esta relacionado com a integracdo de mecanismos de regulagao
do consumo de curto e longo prazo. Em curto prazo os
mecanismos relacionados a uma refeicdo (tamanho e
frequéncia) sdo diretamente associados com as caracteristicas
do alimento consumido. O controle em longo prazo, 24 horas
ou mais, depende principalmente das exigéncias nutricionais.

De forma geral, Allden; Whittaker (1970) relataram que
o consumo diario (CD, g/dia) de pasto ¢ o produto do tempo
gasto em pastejo (TP, min) e da taxa de ingestao (TI, g/min em
pastejo):

CD =TP XTI

Sendo que a TI ¢ o produto da taxa de bocados (TB,
bocado/min) e da massa de forragem consumida por bocado
(MB, g):

TI =TB X MB

Logo, o bocado ¢ considerado a menor escala no
processo de pastejo (CARVALHO, 2013), sendo que a massa
do bocado ¢ a varidvel que estd mais diretamente associada
com as condi¢des do pasto, altura, propor¢ao de folhas e massa
(ORR et al., 2004). Normalmente, a massa do bocado declina
com a menor massa ou altura do pasto (HODGSON, 1985).
Quando a altura do pasto ou a massa sdo limitantes resultando
em diminuicdo da massa do bocado a taxa de bocados tende a
aumentar devido a menor manipulacdo e mastigagdo da
forragem colhida (LACA; UNGAR; DEMMENT, 1994).
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Entretanto, esta adaptacdo muitas vezes ndo ¢ suficiente,
havendo declinio da taxa de ingestao.

A principal resposta compensatdria quando algum fator
estrutural do pasto ¢ limitante (por exemplo, a altura) ¢ o
aumento no tempo de pastejo € o menor o tempo de ruminacao
(GIBB et al., 1997). Entretanto, mesmo aumentando o tempo
de pastejo vacas em lactacio nem sempre sdo capazes de
compensar totalmente a reducdo na taxa de ingestdo, € o
consumo diario ¢ reduzido.

Os ruminantes apresentam de trés a cinco eventos
diarios de pastejo, sendo que as duas principais refei¢des
ocorrem no inicio da manha e no final da tarde. Nestas
refei¢des o consumo corresponde a 60 — 80% da ingestao didria
total sendo esperadas maiores taxas de ingestdo (BAUMONT
et al., 2000). Neste sentido, justifica-se a realizagdo de estudos
que investiguem a possibilidade do manejo do pastejo de vacas
leiteiras coincidir com os periodos de maior taxa de ingestdo
podendo interferir positivamente no desempenho de vacas
leiteiras.

Movendo vacas leiteiras para novos piquetes apds a
ordenha da manha ou da tarde, Orr et al. (2001) e Abrahamse;
Tamminga; Dijkstra (2009) observaram mudangas no padrao
de pastejo. Com acesso ao novo piquete apos a ordenha da
tarde a atividade de pastejo foi menos fragmentada, além disto,
os autores discutiram que esta forma de manejo poderia
resultar em maior consumo de carboidratos soltveis devido a
mudanga na composi¢ao do pasto ao longo do dia. A IMS total
ndo variou entre os tratamentos ¢ 18 kg MS/vaca), mas nos
animais com acesso ao pasto apos a ordenha da tarde houve
maior consumo de MS na primeira sessdo de pastejo (15,8 vs.
12,1 kg MS/vaca) (ORR et al.,, 2001). Maiores teores de
carboidratos soluveis sdo encontrados no pasto no fim do dia

em comparacdo aos teores encontrados pela manha
(DELAGARDE et al., 2000).
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Além da estrutura e do momento de acesso ao pasto, o
fornecimento de suplementacdo também pode afetar o
comportamento em pastejo. Bargo et al. (2003) em revisdo
sobre a suplementacao de vacas leiteiras em pastejo, discutiram
que com o fornecimento de suplementagdo concentrada ¢
observada uma reducdo no tempo em pastejo, sendo essa
reducdo maior em altas ofertas de suplemento (BARGO et al.,
2002b). De outra forma, nao sdo observados efeitos diretos da
suplementagdo sobre a massa e a taxa de bocados. Com o uso
de suplementagdo com forragem conservada ¢ esperada
reducdo no tempo de pastejo de aproximadamente 35 min/kg
de silagem consumida em situag¢des de elevada TS (PHILLIPS;
LEAVER, 1985). Além disso, a taxa de ingestdo também pode
diminuir devido a menor motivagdo para pastejar (PEREZ-
PRIETO; PEYRAUD; DELAGARDE, 2011a). Em relag¢ao ao
comportamento de animais em pastejo recebendo
suplementagdo com RTM parcial, Bargo et al.(2002b) nao
encontraram diferengas no tempo em pastejo entre a ordenha
da manha e da tarde quando comparado com vacas em lactagao
recebendo suplementacdo com concentrado (4,3 horas).

Como ja mencionado acima, ¢ possivel utilizar o tempo
e momento de acesso ao pasto como ferramenta de manejo
visando o desempenho animal devido as alteracdes no
comportamento. As adaptagdes no comportamento ingestivo
com a restricdo no tempo de acesso ao pasto sdo bem
estabelecidas e dentre as principais adaptagdes, esta o aumento
no tempo de pastejo, na propor¢do do tempo gasto em pastejo,
aumento na taxa de ingestdo e na eficiéncia de pastejo
(IMS/hora de acesso ao pasto) ( PEYRAUD; DELAGARDE,
2013; CHILIBROSTE et al., 2015). Entretanto, essas
adaptacdes devem ser analisadas com cautela, uma vez que
estudos reportaram significativa redugdo na produgao de leite e
IMS de vacas em lactagdo com 4 horas de acesso ao pasto +
suplementagdo em comparacdo a 8 horas de acesso +
suplementagdo, concluindo que o tempo de acesso de 4 horas



28

foi insuficiente para as adaptagdes no comportamento manter o
desempenho (PEREZ-RAMIREZ; DELAGARDE; DELABY,
2008; MATTIAUDA et al., 2013).

As respostas do uso desta ferramenta de manejo sobre o
desempenho, IMS e producdo de leite, podem variar com o uso
de suplementagdo, a oferta e valor nutritivo do pasto e o
potencial produtivo das vacas. Comparando animais mantidos
somente a pasto € com restricdo no tempo de acesso de 9 horas
sem suplementagdo, Pérez-Ramirez; Peyraud; Delagarde
(2009) encontraram redugdes na IMS e na producgdo de leite
dos animais com restricio. Em contrapartida, Gregorini et al.
(2009) restringiram o tempo de acesso ao pasto em 8 horas e
ndo encontraram diferenga significativa sobre a IMS,
atribuindo esta resposta a oferta nao limitante de pasto ¢33 kg
MS/vaca.dia). Utilizando suplementagdo concentrada, 3 kg MS
de concentrado/vaca/dia + 9 horas de acesso ao pasto, Kennedy
et al. (2009) ndo encontraram reducdes na producao de leite,
mas houve redugdo na IMS de pasto e total em comparagdo aos
animais sem restricao de acesso ao pasto.

Dividindo o tempo restrito de acesso ao pasto, por
exemplo, utilizando duas sessdes de pastejo apos cada ordenha,
as adaptagdes no comportamento e a eficiéncia de pastejo
podem ser maximizadas. Comparando 9 horas com 2,75 + 2,75
horas de acesso ao pasto (PEREZ-RAMIREZ; PEYRAUD;
DELAGARDE, 2009), ou 4,5 + 4,5 horas; 3 + 3 horas a 22
horas de acesso ao pasto (KENNEDY et al., 2009) nao houve
diferengas quanto ao consumo de pasto, consumo de MS total e
producao de leite, independente do uso de suplementagcdo. Em
ambos os estudos houve aumento na proporc¢do do tempo gasto
em pastejo ¢ 90%) e na taxa de ingestdo ¢ 33%). Estas
adaptacdes demostraram maior motivagdo dos animais para
pastar quando o tempo de acesso ao pasto por secao de pastejo
¢ reduzido.
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2.3 EMISSAO DE METANO

As principais emissdes de GEE na produgdo de
ruminantes se devem a emissao de metano entérico a partir da
fermentag¢do ruminal, e de 6xido nitroso a partir da aplicacao
de adubos, fertilizantes sintéticos e dejetos dos animais. No
Brasil, as emissdes do setor em termos de CO,eq representam
37% das emissoes totais dos GEE, destes, 62% ¢ proveniente
da emissdo de metano, sendo que a atividade leiteira representa
a segunda principal fonte deste GEE (MCTI, 2014).

Além do impacto ambiental, a produgdo de metano no
ruminante representa uma fonte de perda de energia. Esta perda
varia de 2 a 12% da energia bruta consumida e estd diretamente
ligada ao consumo total e a qualidade do alimento consumido
(JOHNSON; JOHNSON, 1995). Neste sentido, ¢ relevante
considerar estratégias de alimenta¢do que proporcionem menor
emissdo de metano em sistemas de produgdo de leite, sendo
possivel reduzir o impacto da atividade sobre o meio ambiente
no que diz respeito a emissao de GEE.

2.3.1 Metanogénese

Cerca de 90% do metano produzido pelos ruminantes ¢é
de origem ruminal e eliminado pela eructacao, sendo o restante
oriundo da fermentagdo no intestino grosso (MURRAY;
BRYANT; LENG, 1976). A fermentagao ruminal do alimento
pelos microrganismos (bactérias, protozoarios, fungos) resulta
na producao de acidos graxos volateis (AGV) os quais sao
utilizados como fonte de energia pelo animal, e na producao de
gases, CO, e metano.

A fermentagdo ruminal é um processo oxidativo, no
qual cofatores (NADH; NADPH; FADH) s3ao reoxidados
(NAD; NAPD; FAD) por meio de reagdes de desidrogenacao
liberando hidrogénio para o meio ruminal. A retirada de H, do
meio ruminal depende da atividade das bactérias metanogenas
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(Archaea) que o utilizam para reduzir CO, em metano: CO; +
H, = CH4 + 2 H,O (MARTIN; MORGAVI; DOREAU, 2010).
Se o H, ndo fosse retirado do meio ruminal pelas metandgenas
ele iria se acumular, impedindo a reoxidagdo do NADH.
Consequentemente, haveria morte bacteriana e cessamento da
fermentagao ruminal (MANNETIJE; JONES, 2000).

A taxa de formagdo de metano ¢ diretamente
relacionada com a concentragdo de H, no fluido ruminal
(JANSSEN, 2010), a qual ¢ relacionada com a propor¢ao de
AGYV produzidos, acetato, propionato e butirato. A producao de
acetato e butirato dependem da retirada de H, do meio ruminal,
logo, a produgdo de metano vai ser diretamente proporcional a
produgdo de acetato (MANNETIJE; JONES, 2000).

Neste sentido, estratégias para mitigar a emissdao de
metano visam manipular diretamente ou indiretamente a
liberagao e utilizacdo de H, no ambiente ruminal. Revisdes
sobre o assunto destacam como estratégias a manipula¢do do
ambiente ruminal, da dieta e do desempenho produtivo dos
animais (BOADI et al., 2004; MARTIN; MORGAVI,
DOREAU, 2010).

2.3.2 Efeito do consumo e composicio da dieta sobre a
emissio de metano

A IMS ¢ considerada o principal fator que afeta a
emissdao de metano (BENCHAAR; POMAR; CHIQUETTE,
2001). A maior produ¢do de metano com o aumento da IMS
pode ser explicada pelo maior consumo de substrato
fermentavel, incluindo maior consumo de matéria organica
(MO) e de carboidratos estruturais e nao estruturais (amido;
fibra em detergente neutro (FDN)) (MOE; TYRRELL, 1979;
BENCHAAR; POMAR; CHIQUETTE, 2001). Trabalhos
comparando o efeito de diferentes dietas sobre a emissdo de
metano atribuem a maior emissdo de metano a maior IMS.
Vacas em lactacdo alimentadas com RTM emitiram 146 g
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CHy/dia e consumiram 5,4 kg MS/dia a mais que animais em
pastejo (O’NEILL et al., 2011).

A variagdo individual na emissdo de metano segundo
Garnsworthy et al. (2012) aumenta at¢ a décima semana de
lactacdo, sendo consistente com o aumento esperado da IMS
com o progresso da lactagdo. Neste sentido, Robertson;
Waghorn (2002), observaram maior emissdo de metano (g/dia)
e IMS em animais no inicio da lactagdo e alimentados com
RTM em comparacao a animais em pastejo.

A producao diaria de metano também pode ser
relacionada com o consumo diario (g CHs/kg MS consumida)
sendo possivel comparar os dados obtidos relevando a
composi¢ao do alimento consumido, excluindo o efeito da IMS
sobre a emissdo. A composicao do alimento consumido pode
afetar diretamente a produg¢do de metano, por exemplo, a
digestibilidade da matéria organica (DMO), o teor de FDN ¢ o
teor de proteina bruta (PB) afetam a emissdo de metano por
unidade de alimento consumido (BENCHAAR; POMAR;
CHIQUETTE, 2001).

O’Neill et al. (2011) compararam a emissao de metano
entre animais recebendo RTM e em pastejo, observaram uma
menor producdo de CH4 por kg de MS consumida nos animais
em pastejo, atribuindo isto ao maior teor de MO digestivel da
forragem pastejada em relacdo a RTM (830 vs. 768 g/kg de
MS). O consumo de dietas com maior DMO provoca a redugao
do pH ruminal, diminui o crescimento de microrganismos
metanogénicos, a digestibilidade da fibra e o tempo de retengao
ruminal (PINARES-PATINO et al., 2003; LEE et al., 2004).
Consequentemente, uma menor producdo de metano ¢
esperada.

Considerando sistemas em pastejo, Wims et al. (2010)
reportaram que € possivel mitigar a emissao de metano a partir
do manejo de pastos de alto valor nutritivo. Neste caso, o
manejo do pasto com menor massa pré-pastejo proporcionou a
selecdo de uma forragem com maior propor¢do de folhas,
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maior digestibilidade e teor de PB. O teor de PB da dieta afeta
a producao de metano porque sua fermentagdo ruminal produz
menos metano que a fermentagdo dos carboidratos (CONE;
VAN GELDER, 1999).

Além dos fatores expostos acima, a producao de metano
e a relacdo g CHu/kg de MS consumida podem ser afetadas
pelo consumo de FDN e pela qualidade da fibra na dieta (FDA:
FDN) (AGUERRE et al., 2011; FREDEEN et al., 2013). Dietas
com maiores teores de fibra aumentam a produ¢do de acetato e
consequentemente produzem mais metano (BENCHAAR;
POMAR; CHIQUETTE, 2001). Em relagdo a composi¢do da
fibra, Hindrichsen et al. (2004) mencionaram que a
hemicelulose afeta negativamente a producdo de metano
devido a menor lignificacdo da fibra e/ou pelo fato que a
hemicelulose solivel aumenta a produgao de propionato.

A partir de um modelo para predizer a emissdao de
metano, Benchaar; Pomar; Chiquette (2001) avaliaram o efeito
de diferentes estratégias de manejo alimentar sobre a emissao
de metano. A emissdo pode ser reduzida de 9 — 40%,
dependendo do manejo utilizado. Como j& mencionado, a
emissdo de metano ¢ dependente do alimento ingerido, devido
a propor¢do de AGV produzidos e/ou pela extensao da
fermentagdo ruminal. Entretanto, além do manejo alimentar,
em longo prazo, a busca por melhores indices produtivos na
producdo de ruminantes representam uma boa alternativa
visando a menor emissdao de metano por unidade produzida
(leite ou carne).
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3 HIPOTESES
3.1 HIPOTESE GERAL

A inclusdo de forragem pastejada de bom valor
nutritivo em dietas para vacas leiteiras recebendo RTM no
terco médio de lactagdo possibilita a manuten¢do do consumo
total de matéria e a mitigagdo da emissao de metano.

3.2 HIPOTESES ESPECIFICAS

O uso de dietas mistas incluindo azevém anual + RTM
parcial para vacas leiteiras no terco médio de lactagdo
possibilita producao de leite individual e composi¢do do leite
equivalente a vacas recebendo exclusivamente RTM.

Animais com acesso ao pasto por trés horas apds cada
ordenha apresentardo maior propor¢do do tempo gasto em
pastejo e maior consumo da forragem pastejada em
comparagdo aos animais com acesso ao pasto por seis horas
continuas.
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4 ARTIGO - RYEGRASS PASTURE COMBINED WITH
PARTIAL TMR REDUCES ENTERIC METHANE
EMISSIONS AND MAINTAINS THE PERFORMANCE
OF DAIRY COWS DURING MID TO LATE
LACTATION

4.1 INTRODUCTION

The inclusion of grazed pasture in dairy feeding systems
based on TMR can reduce feed costs (SORIANO; POLAN;
MILLER, 2001; TOZER; BARGO; MULLER, 2003) and
benefit herd health. The milk production of cows that received
supplementation with a partial TMR in pasture-based systems
was increased compared to that of cows that consumed solely a
pasture diet (MIGUEL et al., 2014; O’NEILL et al., 2012).
Further per-cow advantages have also been found during
periods of low pasture accumulation rate or in areas with low
grazing availability (WALES et al., 2013). Additionally, a
mixed diet, including grazed pasture + partial TMR, improved
the DMI and milk production of high-producing dairy cows
compared to supplementation with concentrate (BARGO et al.,
2002). However, comparisons of the effects of a TMR and a
mixed diet, such as annual ryegrass pasture and a partial TMR,
on dairy cows with low energy requirements, such as during
mid- to late lactation, are scarce.

In terms of environmental impact, cows that grazed high-
quality pastures in early lactation produced similar or lower
methane emissions per kilogram of DMI than cows that
received exclusively a TMR (O’NEILL et al., 2011,
ROBERTSON; WAGHORN, 2002). Similarly, compared with
cows that consumed solely a pasture diet, cows that grazed
high-quality pastures during mid- to late lactation did not have
lower enteric methane emissions per unit of DMI when they
received TMR supplementation (O’NEILL et al., 2012).
Additionally, the daily amount of time spent at pasture and in
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certain grazing sections (after a.m. or p.m. milking) affected
the proportion of pasture in total DMI (ORR et al., 2001). This
effect occurs because ruminants change their ingestive
behavior when the time available to graze is restricted
(CHILIBROSTE et al.,, 2007); under these conditions,
ruminants increase the proportion of time spent grazing and the
intake rate (PEREZ-RAMIREZ et al., 2008, 2009). However,
how these effects influence enteric methane emissions has not
been sufficiently studied.

Thus, the aim of this work was to compare the enteric
methane emissions and milk production of dairy cows in mid-
to late lactation that grazed pastures at different times of day
and that received partial TMR or TMR only. We hypothesized
that a mixed diet (graze pasture + partial TMR) could maintain
milk production and mitigate methane emissions compared
with TMR. We further hypothesized that access to pasture after
a.m. and p.m. milking would increase the proportion of pasture
in total DMI and mitigate methane emissions.

4.2 MATERIAL AND METHODS
4.2.1 Treatments, Experimental Design and Animals

All procedures were approved by the Santa Catarina State
University Ethical Committee, protocol n°. 01.77.14. The
treatments included the following: 100% TMR; 6 h of
continuous access to pasture between morning and afternoon
milking (0900 to 1500 h) + supplementation with partial TMR
(6 h); and 6 h of access to pasture divided into 2 periods of 3 h
after each milking (0900 to 1200 h and 1530 to 1830 h) +
supplementation with partial TMR (3+3 h). The TMR was a
mixture based on the DM of corn silage and soybean meal and
was balanced for net energy and protein as recommended by
INRA (2007). The same mixture was used in all treatments.
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The chemical composition and energy value of the supplements
are presented in Table 1.

The mixture was offered twice daily in amounts 20%
greater than the amount consumed the previous day. Cows
received TMR after the morning and afternoon milking. The
cows in the 6 h treatment group received partial TMR after the
afternoon milking, while those in the 3+3 h group received it
after each grazing event. The TMR and partial TMR were
offered in a covered feed trough in an outdoor facility with 2
cows/pen. The remaining mixture was considered refused and
removed from the barn once daily (0700 h). Water and
minerals were continually available indoors and during
grazing.

Table 1 - Chemical and nutritive value of the corn silage and
TMR offered to dairy cows with or without access to
annual ryegrass pastures.

Item Corn silage TMR'
DM, g/kg fresh 250 275
Chemical composition, g/kg
oM 950 928
CP 83 157
NDF 504 425
ADF 257 224
Nutritive value
NEL, Mcal’kg DM 1.58 1.67
PDIN, g/kg of DM 52.0 98.3
PDIE, g/kg of DM 71.0 86.7

Fonte: Produgdo do proprio autor, 2016.

"TMR composition: 800 g/kg DM corn silage; 180 g/kg DM soybean meal; 20
g/kg DM mineral and vitamin supplement that contained 21% Ca, 6% P, 2% S,
7% Na, 3.5% K, 15 mg Co/kg, 700 mg Cu/kg, 200 000 IU vitamin A/kg, 1500 TU
vitamin E/kg, and 50 000 IU vitamin D/kg.

The treatments were compared according to a 3 X 3 Latin
Square design that was replicated twice. Each experimental
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period lasted 21 d, with a 15 d adaptation period and a 6 d
measurement period. Twelve multiparous Holstein x Jersey F;
cows were separated into 6 homogeneous groups (experimental
unit) according to milk production (19.4 + 2.3 kg/d), lactation
stage (132 + 44 d) and BW (501 £ 52 kg) 1 week before the
start of the experiment.

4.2.2 Pasture and Grazing Management

The study was performed in Lages, SC, Brazil
(50.18°W, 27.47°S; 920 m altitude) and was conducted from
August 26 to November 5, 2014. An area that contained 6.5 ha
of annual ryegrass (Lolium multiflorum Lam.) pasture was
seeded in April 2014, after the corn crop (Zea mays) harvest.
Thirty days before the start of the experiment and immediately
after each experimental period, the experimental area was
fertilized with 50 kg N/ha supplied as urea.

The grazing method was strip grazing, and the area
allocated daily to each treatment group was calculated from a
daily estimate of pre-grazing pasture mass (PM; see pasture
measurements) to give each cow 35 kg DM/d. One uniform 2.0
ha paddock was split into 4 0.4 ha paddocks; 2 were assigned
to the 6 h treatment group, and 2 were assigned to the 3+3 h
treatment group. The same paddock was grazed 3 times, once
per period. After each period, the entire area was mowed to
standardize pasture regrowth between treatments. Between the
period intervals (2 periods of 15 d), the cows grazed ryegrass
pastures and were supplemented daily with 10 kg DM of partial
TMR. During the experiment, the mean temperature was
17.0°C, and the total rainfall was 147 mm. The 10-year
climatic averages of temperature and rainfall were 14.5°C and
161 mm, respectively.
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4.2.3 Animal Measurements

Milk production was recorded for each cow at each
milking. Milk composition (fat, protein and MUN content) was
measured on each of the last 6 d of each period by infrared
spectrophotometry (International IDF Standard 141C:2000).
The BW was measured at the beginning and end of each
experimental period.

The cows’ pasture intake was estimated as the difference
between the total biomass at pre-grazing and post-grazing
(LANTINGA; NEUTEBOOM; MEIJS, 2004) on each of the
last 6 d of each period. Their TMR and partial TMR intake
were quantified daily as the difference between the quantity
supplied and the orts on each of the last 6 d of each period and
averaged.

Individual balances for NE; and protein truly digested in
the intestine with energy-limiting microbial synthesis in the
rumen (PDIE) were calculated according to the INRA (2007).
Theoretical NEL requirements were calculated from the pre-
experimental BW and the expected 4% FCM production during
the experiment. The calculation of theoretical PDIE
requirements included these 2 factors and the pre-experimental
milk protein concentration. The expected 4% FCM production
during the experiment was calculated by applying a monthly
persistency of 90% from the pre-experimental 4% FCM
production. Net energy and PDIE supplies were calculated
from the intake of pasture, corn silage, and soybean meal and
from the concentrations of NE and PDIE, respectively. The
digestive interactions between forage and concentrates were
considered in these calculations by assuming a negative effect
of the percentage of concentrate on the energy digestibility
(INRA, 2007). Energy balance was calculated because the
experimental periods were too short to measure changes in
body condition score or BW.
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The daily pattern of grazing time was analyzed individually
for each cow through visual observations that were made every
5 min. The rumination time was quantified with the same
methodology and at the same time as grazing time when the
cows were at pasture (PENNING; RUTTER, 2004). No
behavior was recorded outdoors when the cows were milked or
fed the supplement. The pasture intake rate (g DM/min) was
calculated by dividing the mean daily pasture intake per group
by the mean of daily grazing time per group.

Daily methane emission was measured individually using
the sulfur hexafluoride (SFg) tracer technique described by
Johnson et al. (1994). Of the data from 36 individual
measurements, 14% were considered outliers and were not
used in the statistical analysis. The SF¢ permeation tubes used
in the experiment had an average permeation rate (PR) of 4.93
+ 0.36 mg/d at the time of their deployment in the reticulum,
and breath samples were collected after 21 d of tube
deployment. The SF¢ permeation rate was measured by placing
permeation tubes in 39°C water bath and measuring the daily
weight loss during six weeks. The air sampling system used
stainless steel cylinders (0.5 L volume) as the sample collection
devices, and sample flow was regulated by a brass ball bearing
(GERE; GRATTON, 2010). The cylinders were cleaned with
high purity nitrogen gas (N;) and pre-evacuated (< 0.5 mb)
prior to each sample collection. The flow regulators were
calibrated to allow a remaining vacuum in the canister of
approximately 500 mb at the end of the sample collection
period (5 d). The inflow restrictor was located just above the
animal’s nostrils and included a double filter to protect against
water and dust. In addition to the breath samples, 4 background
air samples (2 at paddock and 2 indoors) were collected in each
period using a sampling system that was placed approximately
2 m above the ground. The periods of gas collection were
selected to match the evaluation period for herbage DMI
during the last 5 d of each period.
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After the collection period, the pressure in each tube was
measured. Each sample was then diluted with N,, and the
pressure was measured again to obtain the final pressure in the
tube. Breath and background samples were analyzed for
concentrations of methane (ppm, parts per million by volume)
and SF¢ (ppt, parts per trillion by volume) by gas
chromatography (Shimadzu 2010, Japan) using flame
ionization (250°C) and electron capture (350°C) detectors,
respectively. Three standards of methane and SF¢ mixtures
were used to calibrate the gas chromatograph and to track its
performance over a range of 5-20 ppm and 30-1000 ppt for
methane and SFg, respectively.

Estimates of methane emissions over the sample collection
period were calculated using the tracer technique. The specific
PR of SF¢ and the methane/SF¢ ratio for mixed ratios (v/v) in
breath samples were used after correcting for background gas
concentrations (JOHNSON et al., 1994). For this purpose, the
PR of SF¢ was expressed per day; consequently, the emission
estimates corresponded to daily emissions.

4.2.4 Feed and Pasture Measurements

Samples of the offered TMR and partial TMR were
collected twice daily from the 15™ to the 20™ d in each period.
These samples were combined to create a composite sample for
each period. Samples of the orts for each lot were collected
during the last 6 d of each period and were used to create
composite samples for the lot and period. All samples were
dried in an oven for 72 h at 60°C and ground (Solab SL-31,
Piracicaba, Brazil) through a 1 mm screen for subsequent
chemical analyses.

The pre- and post-grazing PM above ground level was
estimated using a rising plate meter (Farmworks®, F200
model, New Zealand) that was calibrated based on DM

content, taking into account the plate area (0.1 m?
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(MANNETIJE; JONES, 2000). For calibration, during each
experimental period, samples from 12 points were cut with
scissors at ground level before and after grazing. The samples
were dried in an oven for 72 h at 60°C. At the end of
experiment, PM was recalculated using one equation to
estimate the pre-grazing PM and one equation to estimate the
post-grazing PM:

Pre-grazing PM (kg DM/ha) = 88.6 + 355.7 pre-grazing sward
height (cm)
(n=36,R*=0.81)

Post-grazing PM (kg DM/ha) = 91.1 + 230.1 post-grazing
sward height (cm)
(n=36 R*=0.83)

The pre-grazing extended height of the tallest leaf blade
and sheath were measured on 100 randomly selected tillers on
days 16, 18 and 20. The post-grazing leaf and sheath extended
heights were measured on days 17, 19 and 21 on 100 tillers per
treatment.

The morphological and chemical compositions of the
sward were determined on days 16, 18 and 20. Twenty
handfuls of randomly selected herbage (~800 g fresh) were cut
at the average post-grazing extended tiller height. This pasture
was considered to represent the pasture selected by grazing
cows and was separated into 2 smaller subsamples. One
subsample was dried in an oven for 72 h at 60°C with forced
ventilation and stored for chemical analyses. The chemical
composition of the selected pasture was estimated based on the
post-graze tiller height, as proposed by Delagarde et al. (2000).
The other subsample was used for morphological classification
(ryegrass only). The ryegrass was separated into leaf blades,
pseudostems, stems, flowers and dead tissue, if any was
present. Each constituent was dried in an oven for 72 h at 60°C
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to determine the morphological composition of the pasture on a
DM basis.

4.2.5 Chemical Analyses

The DM content was determined by drying the samples
at 105°C for 24 h. The ash was quantified by combustion in a
muffle furnace at 550°C for 4 h, and the OM was quantified by
mass difference. The total N was assayed using the Kjeldahl
method (Method 984.13; AOAC 1998). The NDF
concentration was assessed according to Mertens et al. (2002),
except that the samples were weighed in filter bags and treated
with neutral detergent in ANKOM A220 equipment (ANKOM
Technology, Macedon NY, USA). This analysis included
alpha-amylase but did not include sodium sulfite because
sodium sulfite also destroys lignin, thereby reducing its
recovery (VAN SOEST, 1994). The concentrations of ADF
and ADL were analyzed according to AOAC (1998).

4.2.6 Statistical Analyses

The data were subjected to variance analysis using PROC
MIXED of Statistical Analysis Systems (SAS Institute 1999).
The animal variables, averaged per group and period (n = 18)
were analyzed using the following model:

Y= 4 + group; + period; + treatmenty + e;jc

Where Y, u, group;, period;, treatmenty and e;,
represent the analyzed variable, the overall mean, the random
effect of the group, the random effect of the period, the fixed
effect of the treatment and the residual error, respectively.

The pasture variables were averaged per treatment and
period (n = 12) and analyzed using the following model:
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The effects of the treatments were tested by orthogonal
contrasts that compared the TMR treatment versus the average
of'the 6 h and 3+3 h treatments and the 6 h treatment versus the
3+3 h treatment. Values of P < 0.05 were considered
significantly different, and values between 0.05 and 0.10 were
considered to have a tendency to differ.

4.3 RESULTS

The pre-grazing PM, pre-grazing sward height and
pasture allowance (PA) were similar between the treatments
that included ryegrass pasture (Table 2). The NDF and ADF
content did not differ in the offered ryegrass pasture, but the
CP content was lower (P < 0.05) in the pastures that were
offered to cows for a continuous 6 h period compared to that in
pastures that were offered in 2 sessions, each 3 h. The post-
grazing PM, post-grazing sward height and NDF, ADF and CP
content of the selected pasture did not differ between the
ryegrass pasture treatments (Table 3). The energetic value of
the selected pasture and protein truly digested in the intestine
were similar between treatments, averaging 1.55 Mcal of
NE/kg DM and 96 g/kg DM, respectively.

The cows’ milk production, FCM, milk fat and milk
protein production did not differ between treatments. The milk
fat concentration (P < 0.05), milk protein concentration (P <
0.05) and MUN concentration decreased (P < 0.001) in cows
that had access to ryegrass pasture compared to cows that
received exclusively TMR (Table 4). However, these
parameters did not differ between cows that had access to
pasture for a continuous 6 h period and those that were offered
pasture after each milking.



44

Table 2 - Pre-grazing pasture characteristics and composition
of offered pasture swards when the pasture was
grazed by dairy cows during 2 time periods

throughout the day.
Treatment
Ttem 6h 3+43h  SEM  p.yajue
Pre-grazing
Pasture mass, kg DM/ha 2706 2696 43.4 0.937
Pre-grazing sward height
Rising plate meter 26.8 26.7 0.48 0.937
Extended tiller, cm 42.6 42.3 0.89 0.812
Extended sheath, cm 21.7 20.7 0.52 0.202
Extended lamina, cm 20.9 21.6 0.48 0.320
Offered area, m*cow per day 124 125 3.58 0.843
Pasture allowance, kg DM/d
Above ground level 333 334 0.05 0.449
Green material 30.3 29.6 0.13 0.012
Live lamina 83 8.7 0.35 0.515
Offered pasture
Chemical composition, g’kg DM
DM, g/kg 154 145 2.88 0.063
oM 911 909 1.86 0.417
Cp 145 162 4.11 0.022
NDF 547 536 5.63 0.194
ADF 277 283 6.08 0.540

Fonte: Produgédo proprio autor, 2016.

The total DMI was similar between treatments, averaging
16.1 kg/d, but the pasture DMI increased (+ 1.4 kg DM/d; P <
0.05) and the DMI of partial TMR decreased (0.9 kg DM/d; P
< 0.01) when cows had access to ryegrass pasture after each
milking compared to when cows had access to pasture for a
continuous 6 h period (Table 5). The total grazing time and the
proportion of time spent grazing increased (P < 0.001) by 40
min/d and 11%, respectively, in cows that had access to
ryegrass pasture after each milking compared to cows that
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grazed ryegrass pasture after the morning milking only. The
pasture DMI rate was similar between ryegrass pasture
treatments, averaging 26 g DM/min.

The daily enteric methane emissions (-110 g/d; P < 0.05),
the enteric methane emission per kilogram DMI (P < 0.05) and
NDF consumed (P = 0.05), and the enteric methane emission
per kilogram of milk yield (P < 0.05) and the proportion of
gross energy intake (P < 0.05) decreased in cows with access to
ryegrass pasture + partial TMR compared to cows that received
TMR exclusively (Table 6).

Table 3 - Post-grazing pasture characteristics and nutritive
value of selected pasture when the pasture was
grazed by dairy cows during 2 time periods
throughout the day.

Treatment
Item 6h 333h  SEM  pyalue

Post-grazing pasture mass, kg DM/ha 2098 2020 3049  0.115

Post-grazing sward height
Rising plate meter 20.0 192 033 0.115
Extended tiller, cm 26.7 25.1 0.67 0.154
Extended sheath, cm 16.1 15.1 047 0211
Extended lamina, cm 10.6 100 044 0373
Selected pasture
Chemical composition, g’lkg DM
CP 171 169  0.65 0.120
NDF 354 348 4061 0411
ADF 135 122 654 0.181
Nutritive value
OM digestibility 0.73 0.74  0.003 0.891
NE;, Mcal’kg DM 1.54 1.55 0002  <0.01
PDIN, g/kg DM 111 110 049 0.273
PDIE, glkg DM 96 96 0.15 0.046

Fonte: Produgdo préprio autor, 2016.



Table 4 - Milk production and composition in dairy cows that received TMR exclusively or partial
TMR with annual ryegrass (Lolium multiflorum Lam.) strip-grazing during 2 time periods

throughout the day
Treatment Contrast
(P-value)
Item TMR 6h 3+3 h TMR vs. 6 vs. 3+3
SEM grazing h
Milk production, kg/d 19.5 20.0 20.2 0.39 0.192 0.728
4%FCM production, kg/d 20.5 20.2 20.5 0.35 0.859 0.579
Milk fat production, g/d 838 805 819 16.9 0.249 0.557
Milk protein production, g/d 649 654 665 11.0 0.455 0.525
Milk fat concentration, % 4.34 4.04 4.08 0.09 0.042 0.782
Milk protein concentration, % 3.35 3.28 3.30 0.01 0.024 0.396
MUN, mg/dL 22.8 18.9 19.5 0.48 <0.001 0.408
SCC, x10°/mL 168 125 124 17.8 0.084 0.965
BW, kg 521 519 516 1.67 0.078 0.271

Fonte: Producédo proprio autor, 2016.
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Table 5 - Dry matter intake, energy balance and grazing behavior of dairy cows that received TMR or
partial TMR with annual ryegrass (Lolium multiflorum Lam.) strip-grazing during 2 periods

throughout the day.
Treatment Contrast (P-value)

Item TMR 6h 3+3 h SEM  TMR vs. grazing 6 vs.3+3 h
DM, kg/d

Pasture - 6.0 7.4 0.25 - 0.036

TMR 16.4 9.7 8.8 0.18 <0.001 0.007

Total 16.4 15.7 16.2 0.29 0.292 0.413
NDF intake, kg/d 6.6 6.0 6.0 0.12 0.010 0.995
OM intake, kg/d 15.2 14.6 14.8 0.27 0.176 0.497
NE_ supply, Mcal/d* 27.8 25.9 26.2 0.47 0.017 0.669
NE, balance, Mcal/d 4.2 2.5 2.6 0.39 0.009 0.844
Grazing time, min/d - 240 280 3.96 - <0.001
Ruminating time, min/d - 76 43 2.24 - <0.001
Proportion of time spent grazing - 0.66 0.77 0.01 - <0.001
Pasture DMI rate, g/min - 25.7 26.2 0.66 - 0.655

Fonte: Produgdo préprio autor, 2016.

Ly
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Table 6 - Enteric methane production of lactating dairy cows
that received TMR or partial TMR with annual
ryegrass (Lolium multiflorum Lam.) strip-grazing
during 2 time periods throughout the day.

Treatment Contrast (P-value)
Item TMR 6h 3+3h SEM TMR Vs. 6 vs.
grazing 3+3h
Methane
g/d 656 590 503 33.8 0.049 0.110
g/kg of DMI 417 374 312 200 0.024 0.054
g/kg of NDF 1045 973 829 541 0.058 0.086
g/kg of milk yield 342 300 253 1.93 0.045 0.138
% Gross energy 113 98 8.6 0.56 0.013 0.140
intake

Fonte: Produgédo proprio autor, 2016.

4.4 DISCUSSION

This study aimed to compare dairy cows during mid- to
late lactation; one group received TMR, while the second
group grazed high-quality pasture under grazing management
conditions that did not restrict pasture intake and were
supplemented with partial TMR. We cannot explain the lower
CP content in the 6 h treatment pasture compared with the 3 +
3 h treatment pasture. However, the selected pasture for each
treatment displayed similar CP content, approximately 17% on
average, which is sufficient to avoid N restrictions to microbial
growth (PEYRAUD; DELAGARDE, 2013). The NDF
averaged less than 40%, with an energy concentration greater
than 1.5 Mcal NE/kg DM, consistent with the typical
characteristics of pasture with good energetic value
(PEYRAUD; DELAGARDE, 2013). Similarly, under grazing
management conditions without restrictions on pasture intake,
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annual ryegrass must have a pre-grazing herbage mass greater
than 2000 kg DM/ha (MIGUEL et al., 2014) and a post-grazing
leaf lamina height of no less than 10 cm (Ribeiro Filho et al.,
2011). In the current study, the pre-grazing herbage mass, post-
grazing herbage mass and post-grazing leaf lamina height
were, on average, 2700 kg DM/ha, 2060 kg DM/ha and 10.3
cm, respectively.

4.4.1 DMI and Grazing Behavior

The maintenance of the total DMI when animals had
access to pasture can be explained, at least in part, by the
energy value, structural characteristics, and management
conditions of the grazed forage. Feed supplementation with
preserved forage has been shown to negatively influence
pasture intake in cows with access to pasture in the early
growing season (organic matter digestibility / OMD = 0.71);
however, when cows had access to pasture in the late growing
season (OMD = 0.65), silage supplementation had a positive
effect on the total DMI and ME (BARGO et al., 2003). In this
study, the average OMD of ingested forage was 0.73,
demonstrating the potential of pasture with OMD > 0.7 to
maintain DMI and milk production in cows during mid-
lactation.

The absence of constraints due to the structural
characteristics of the forage or the management of forage
consumption was reflected in the herbage intake rate and
pasture intake. Under severe grazing conditions, some studies
have observed an herbage intake rate close to 16 g DM/min,
whereas values > 20 g DM/min are typical of better quality,
freely grazed pasture (Rook et al., 1994; Perez-Prieto and
Delagarde, 2012). In this study, the average herbage intake rate
was > 25 g DM/min.

The pasture DMI was 20% lower in animals that had
access to pasture for a continuous 6 h period compared with
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those that received the 3 + 3 h treatment. This result may be
explained by differences in substitution rate (SR) and
behavioral factors. It is well known that using concentrate
supplementation SR is caused by negative associative effects in
the rumen or grazing time (BARGO et al., 2003). Moreover,
the relationship between SR and corn silage supplementation is
dependent on PA; SR increases as PA increases (PHILLIPS,
1988). In the current study, the concentrate content and PA
were similar between the 6 h and 3 + 3 h treatments, averaging
10.5% of DMI and 33 kg DM/d, respectively. Thus, the
consumption of grazed forage seemed to be directly associated
with the ingestion period of the main daily meals, during which
consumption can reach 60-80% of the total daily intake
(BAUMONT et al., 2000). During grazing, pasture intake is
associated with environmental factors (dawn and dusk) and
with stimuli such as milking (GREGORINI; TAMMINGA;
GUNTER, 2006). Therefore, access to pasture after milking
may have encouraged the animals to graze for a longer period,
thereby increasing the grazing efficiency from 1.0 to 1.2 kg
DM/h; this increase could have then contributed to the higher
consumption of grazed forage. Shorter grazing periods can
increase grazing efficiency (DM consumed per hour of access
to pasture) due to the increased period devoted to grazing
activity (KENNEDY et al., 2009; PEREZ-RAMIREZ et al.,
2009).

4.4.2 Milk Production and Milk Composition

The maintenance of milk production with the inclusion of
pasture in the diet is closely related not only to the total DMI
but also to the stage of lactation and the production potential of
the animals. Bargo et al. (2002) evaluated highly productive
cows (44.9 = 7.5 kg/d) and observed that confined animals
produced 19% more milk than animals that received partial
TMR + pasture due to the lower energy consumption and
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higher energy expenditure of grazing animals (KOLVER;
MULLER, 1998). In our study, even with the lowest
consumption of NE;, cows that had access to pasture did not
exhibit lower milk production than cows that were fed
exclusively with TMR. In addition, the energy balance was
positive for all treatments, indicating that energy consumption
among animals that had access to pasture was sufficient to
meet the maintenance and production requirements of this
stage of lactation and for this level of production.

Although the milk fat concentration of the control cows
were higher than those of the cows that had access to pasture,
the mean values in all cows were greater than 4.0%. The fat
level can be at least partially explained by the relatively low
levels of concentrate (approximately 13.0 % of the total DMI)
in all of the experimental diets. The decreased milk fat content
in the grazing lactating cows that were supplemented with
partial TMR compared to those that received exclusively TMR
may be associated with the level of NDF in the diet
(ELGERSMA et al., 2004; MORALES-ALMARAZ et al.,
2010). In this study, the percentage of NDF decreased from
41% to 37% of the total DM in animals that had access to
pasture compared with animals that were fed with TMR. At an
average of 20.3 mg/dL, the MUN levels were higher than the
level of variation (9.1 - 17.1 mg/dL) reported by other authors
(Bargo et al., 2002; Fontaneli et al., 2005; Vibart et al., 2008).
This result does not have a satisfactory explanation, but the
approach of Faverdin and Vérite (1998) to estimate the MUN
concentration was based on the balance of degradable nitrogen
in the rumen (relationship between degradable protein and
nitrogen required for microbial growth in the rumen). The
difference between the intake of degradable nitrogen and the
amount of nitrogen required for microbial growth in the rumen
was positive in all treatments, with an average of 300 g/d.
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4.4.3 Enteric Methane Emissions

The higher daily production of methane in animals that
were fed TMR compared to those that received the other
treatments cannot be attributed to differences in the daily
intake of DM because DMI was similar between treatments;
this result differs from observations made in previous studies
(O'NEILL et al., 2011, 2012; HASSANAT et al., 2013). Thus,
in the present study, the higher emission of methane in animals
that were fed the TMR compared to those that received the
partial TMR treatments was correlated with the NDF content
and ADF:NDF relationship.

The NDF intake was greater in the TMR compared to
the partial TMR treatments (6.6 vs. 6.0 kg/d). Aguerre et al.
(2011) observed that dairy cows that ingested an average of 6.0
kg NDF/d emitted 593 g of methane per day, with a positive
correlation between methane emission and NDF consumption.
In the present study, the average NDF consumption was 6.2
kg/d, and the average daily emission of methane was 583 g/d.
The ADF:NDF relationship was greater in the TMR diet
compared to that of the pasture + partial TMR diet (0.52 vs.
0.46). These results indicate that the ryegrass pasture contained
more rapidly degradable cell wall carbohydrates than the corn
silage. Increasing the dietary fiber content is known to decrease
the molar ratio of propionate and to increase the release of
hydrogen for methanogenic Archaca (BENCHAAR; POMAR;
CHIQUETTE, 2001). Additionally, the higher daily emission
of methane of the animals that received the TMR resulted in
higher energy loss relative to the energy consumed. These
results agree with a comprehensive review published by Boadi
et al. (2004). Compared to the fermentation of soluble sugars,
the fermentation of structural carbohydrates results in the loss
of a considerable amount of gross energy in the form of
methane. According to Johnson and Johnson (1995), this loss
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varies between 2% and 12% of the gross energy consumed. In
this study, these values ranged between 8.6% and 11.3%.

4.5 CONCLUSION

Providing mid- to late lactation dairy cows that were
receiving a TMR access to annual ryegrass pasture for 6 h/d
enabled the consumption of 42% of the total DMI from
pasture, maintained milk production and mitigated enteric
methane emissions. Providing access to pasture after morning
and afternoon milking is a method to increase the proportion of
pasture in the total DMI.
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5 CONSIDERACOES FINAIS

Para finalizar, serdo brevemente mencionados alguns
aspectos de relevancia no que diz respeito a metodologia
utilizada, as dificuldades encontradas e sobre a importincia
deste estudo para o desenvolvimento da pecudria regional.

Entre as dificuldades encontradas pode-se citar as
instalagdes para o fornecimento de RTM e RTM parcial, uma
vez que ndo foi possivel utilizar alimentacdo individual. Isto se
refletiu na escolha do método para estimar o consumo da
forragem pastejada: diferenca entre a biomassa pré e pods-
pastejo, considerando o lote como a unidade experimental. No
entanto, foi possivel constatar que o método empregado
representa uma boa alternativa para estimar a IMS de pasto
além de apresentar baixo custo em comparacdo ao uso de
indicadores, como os n-alcanos (MACOON et al.,, 2003;
PENNING; RUTTER, 2004). O sucesso destes resultados pode
ser atribuido, ao menos parcialmente, ao método de pastejo em
faixas com medicdes didrias da quantidade de forragem
desaparecida, porque a taxa de acimulo e o tamanho da area
podem ser importantes fontes de erro. O numero de medigdes
realizadas por lote (repeti¢do) e periodo também merece ser
destacado. Neste trabalho, a realizacdo de seis medigdes por
repeticdo experimental em cada periodo permitiu a obtencao de
uma média cuja confiabilidade do resultado se mostrou
satisfatoria.

Outra dificuldade encontrada foi em relagdo ao niumero
reduzido de animais, principalmente para a realizacdo das
medidas de emissdo de metano. Uma das dificuldades na
utilizacao da técnica do marcador SF¢ para estimar a emissao
de metano ¢ a ampla variacio nos dados entre animais
(PINARES-PATINO et al., 2011; STORM et al., 2012).
Consequentemente, um nimero maior de animais poderia ser
necessario para provar a diferenca entre tratamentos. Contudo,
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mesmo com estas limitagdes foi possivel observar diferenca
significativa entre os tratamentos utilizados.

Finalmente, pode-se dizer que os dados gerados com a
pesquisa apresentam aplicabilidade no cenario da produgdo de
leite na regido sul do pais, especialmente no estado de Santa
Catarina onde predominam sistemas em pastejo. Considerando
o pasto a principal fonte de nutrientes, o manejo do tempo de
acesso ao pasto € o uso de suplementagdo com RTM sdo
ferramentas que permitem flexibilizar a utilizagdo da forragem
pastejada ao longo do ano a partir da disponibilidade de pasto e
do estadio de lactagdo dos animais. Além disso, este trabalho
demonstra que em condigdes tipicas de alimentacdo utilizadas
nos sistemas de produ¢do regional o uso da forragem pastejada
pode contribuir para a mitigacao da emissao de GEE.
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