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SOMBRA MODIFICA AS RESPOSTAS COMPORTAMENTAIS E FISIOLOGICAS DE
VACAS LEITEIRAS DE BAIXA A MEDIA PRODUCAO EM PASTAGENS DE
SISTEMAS DE INTEGRACAO LAVOURA PECUARIA FLORESTA

RESUMO

A producdo de leite no Brasil concentra-se principalmente na regido tropical, com
caracteristicas climaticas de altas temperaturas, umidade do ar elevada e ventos fortes, que sdo
caracteristicas que afetam o conforto e bem estar de vacas em lactagdo em sistemas de
pastagens. Nestas condi¢des o fornecimento de sombra ¢ essencial para mitigar os efeitos do
excesso de calor recebido através da radiacdo solar direta, principalmente nas horas mais
quentes do dia. Os sistemas de Integracdo Lavoura Pecuaria Floresta (ILPF) beneficiam tanto
os animais em condi¢des de bem estar, quanto o desenvolvimento da graminea forrageira,
mitigacdo de emissdo de gases de efeito estufa, além de produzir produtos madeireiros € nao
madeireiros, visando o beneficio econdmico do produtor. Vacas em lactagcdo expostas a estresse
por calor em ambientes de pastagens mudam seus comportamentos na tentativa de manter o
equilibrio homeostatico de troca de calor interno com o ambiente. Tempos destinados a
ruminagdo, ocio e atividades, assim como a producao de leite, sdo afetados de acordo com o
ambiente em que o animal se encontra. As caracteristicas morfoldgicas de cor de pelame, pele,
espessura do pelo podem auxiliar na reducdo da carga térmica incidente em condi¢des de
incidéncia direta de radiacdo solar e altas temperaturas para vacas leiteiras em sistemas de
producao a pasto. Caracteristicas fisioldgicas, como temperatura corporal, temperatura retal e
escore de ofegacao, podem ser prejudicadas em ambientes de maior desafio para os animais. O
objetivo deste trabalho foi avaliar as respostas comportamentais e fisiologicas de vacas Gir e

Girolando em sistemas de Integracdo Lavoura Pecuaria Floresta (ILPF) e a pleno sol.

Palavras-chaves: Estresse por calor. Comportamento animal. Caracteristicas morfoldgicas.



SHADE MODIFIES BEHAVIORAL AND PHYSIOLOGICAL RESPONSES OF LOW TO
MEDIUM PRODUCTION DAIRY COWS AT PASTURE IN AN INTEGRATED CROP-
LIVESTOCK-FOREST SYSTEM

ABSTRACT

Milk production in Brazil is concentrated mainly in the tropical region, with climatic
characteristics of high temperatures, high air humidity and strong winds, which are factors that
affect the comfort and well-being of lactating cows in pasture systems. Under these conditions,
the presence of shade is essential to mitigate the effects of excess heat received through direct
solar radiation, especially during the hottest hours of the day. The Crop-Livestock Forest
Integration (ICLF) systems benefit both the animals in welfare conditions, the development of
forage grasses, mitigation of greenhouse gas emissions, and the production of wood and non-
wood products for the producer's economic benefit. Lactating cows exposed to heat stress in
pasture environments change their behavior in an attempt to maintain the homeostatic balance
of exchanging internal heat with the environment. Rumination, idleness and activity times, as
well as milk production, are affected by the environment the animal is exposed to. Physiological
characteristics, such as rectal temperature, panting score, among others, may be impaired in
more challenging environments for the animals. The morphological characteristics of coat
color, skin, and hair thickness can help reduce the incident thermal load in conditions of direct
solar radiation and high temperatures for dairy cows in pasture production systems. The
objective of this study was to evaluate the behavioral and physiological responses of Gir and

Girolando cows in integrated crop-livestock-forest (CLI) systems and in full sun.

Keywords: Heat stress. Animal Behavior. Morphological Characteristics
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CAPITULO 1 - CONSIDERACOES GERAIS
1 INTRODUCAO

No Brasil, as propriedades leiteiras predominam em sistemas de pastagens, e as variagdes
climéaticas podem interferir no desempenho produtivo, comportamento, saide e bem-estar dos
animais (STIVANIN et al., 2019). A maioria das doencas que acometem vacas de leite tem
inicio antes mesmo de apresentar sinais clinicos, e as mudangas comportamentais e queda no
desempenho sdo sinais que podem detectar precocemente doengas mais graves no rebanho

(BRASSEL et al., 2019).

Como alternativa para promover conforto e bem estar para os animais em pastagens, o
sistema de Integracdo Lavoura Pecuaria Floresta (ILPF) é empregado em diversas propriedades
na regido do Cerrado, como alternativa para mitigar os efeitos da incidéncia direta de radiagao
solar, altas temperaturas e ventos, que por sua vez, promovem condigdes de estresse por calor
em vacas leiteiras de alta produgdo (STIVANIN et al., 2019). Os animais homeotérmicos
necessitam de condi¢des de conforto em seu ambiente de produg@o para manter em equilibrio
a energia interna produzida e a energia perdida para o ambiente, através de mecanismos de
dissipacdo de calor que sdo ativados em condigdes de desconforto tanto para animais
submetidos a temperaturas baixas, quanto para animais em condi¢des de estresse por altas

temperaturas (ALVES et al., 2019).

A avaliagdo das caracteristicas morfologicas, presentes nas ragas mais adaptadas ao
clima do Cerrado, como Gir e Girolando, assim como as mudangas comportamentais e
fisioldgicas que estes animais apresentam em condi¢des de estresse por calor, sdo estimativas
fundamentais para garantir que a produgao leiteira se mantenha nas diferentes épocas do ano,
principalmente nos meses mais quentes, promovendo conforto térmico, bem estar dos animais

e longevidade nos rebanhos (FACANHA et al., 2010).

2 REVISAO DE LITERATURA

O Cerrado ¢ o segundo maior bioma do Brasil, com uma area de 203,4 milhdes de
hectares, 84,4 milhdes de hectares sdo destinados a agricultura e pecudria, e destas areas 27,8%
sdo utilizadas para a produgdo de leite (PARENTE et al., 2017). Grande parte da sua produgdo
¢ proveniente de pequenas propriedades, em que o sistema de produgdo, mesmo em dias atuais,

nao segue um modelo padronizado, e o uso de sistemas a pasto predomina na producao de leite



(MCMANUS et al., 2014). Grande parte da atividade pecudria do pais se encontra em baixa
produtividade, com qualidade do pasto abaixo do esperado, areas degradadas e a falta de
tecnologias para intensificar a produg¢do no Cerrado tem gerado prejuizos econdOmicos e
ambientais (VILELA et al., 2018). Durante as ultimas cinco décadas a produgao de leite foi sete
vezes maior, com aumento de 30 milhdes de toneladas no pais, com contribuicao de 27,8%
dessa producdo na regido do Cerrado, gerando um aumento de 337,5% da produgdo de leite
nacional (SKORUPA et al., 2019). O potencial de produgdo do Cerrado tem sido prejudicado
pelas condigdes de baixa produtividade das éareas degradadas, e o uso de tecnologias e
estratégias de manejo que visem o aumento da producdo sustentdvel de leite no Cerrado, com
condi¢des de conforto e bem estar para os animais de producdo, tem sido tema de planos

governamentais, estratégias politicas e pesquisas cientificas (VILELA et al., 2018).

O clima do Cerrado possui duas estagdes bem definidas com verdo chuvoso nos meses
de outubro a abril e o inverno seco que abrange os meses de maio a setembro, caracteristicos
do clima tropical. No nos meses de outubro a abril a predominancia das chuvas atingem até
90% da capacidade de precipitacdo do ano. A temperatura média anual varia de 18 a 27 °C,

com minima de 8 °C e méxima de 34 °C (BOLFE et al., 2020).

Os animais homeotérmicos dependem da “zona de termoneutralidade”, faixa em que em
temperatura ambiente, o animal seja capaz de dissipar calor em maior quantidade que produzi-
lo metabolicamente (SILVA, 2009). Em condigdes de termoneutralidade, o animal se encontra
livre de estresse por frio ou por calor. Vacas leiteiras com composi¢do genética de origem
europeia possuem zona de conforto entre 1 a 16 °C, enquanto vacas com composicdo genética
de origem zebuina sdo consideradas em conforto térmico em temperaturas de 10 a27 °C (MAIA
et al., 2005) O aumento da temperatura ambiente acima da faixa de termoneutralidade, ativa
mecanismos termorreguladores como aumento da frequéncia respiratdria e evaporativa de
vacas de leite, e pode chegar a niveis em que os mecanismos de compensag¢do se tornam
ineficientes em manter a temperatura corporal interna dos animais em equilibrio, levando a
queda na ingestao de alimentos, diminui¢do do peso corporal, queda na producao de leite, e

hipertermia, podendo levar os animais a obito (ALVES et al., 2019).

O Indice de Temperatura ¢ Umidade (ITU), avalia os fatores ambientais que podem
interferir na produtividade e conforto térmico de animais de produgao, indica que vacas de alta
producao de leite se encontram em estresse por calor a partir de ITU de 72 a 74, e estdo sujeitas
a estresse intenso em ITU acima de 84 (MAIA et al., 2008). As definigdes de valores de ITU

caracteristicos do conforto térmico variam entre diversos autores. Hahn et al. (1997) caracteriza



conforto térmico em vacas de média produgdo e ambiente de clima temperado com valores de
ITU iguais ou menores que 70, e acima de 71 a 78 valores considerados criticos, de 79 a 83

valores que indicam perigo e acima de 83 os valores de ITU sao considerados emergéncia.

A busca por ambientes sombreados ¢ uma das mudancas no comportamento de vacas de
producdo quando submetidas a condi¢des de altas temperaturas e incidéncia de radiacdo solar
(KARVATTE JR. et al., 2016). O uso de espécies arboreas em sistemas de producao de leite a
pasto tem sido empregado na regido do Cerrado, como tentativa de amenizar as influencias de
variagoes de temperatura, umidade, incidéncia de radiagdo solar direta nos animais, assim como

precipitagdes ao longo do ano (BALBINO et al., 2011).

Vizzotto et al. (2015) afirmam que em ambientes sombreados por arvores ¢ possivel
reduzir a temperatura em até 2.8 °C. Diversos autores observaram que em dias quentes, a
sombra contribui para manuten¢do do conforto térmico dos animais (MCMANUS et al., 2014,

DA COSTA et al., 2020).

O sistema de Integracdo Lavoura Pecuaria Floresta (ILPF) tem apresentado resultados
positivos na producdo e sustentabilidade de propriedades leiteiras, o manejo das culturas e
pastagens adequadamente, proporcionam melhoria de 4reas em processo de degradacdo ou
pouco produtivas (CORDEIRO et al., 2015). O cultivo de graos e pastagens, assim como as
espécies arboreas contribuem para o sequestro de carbono atmosférico por via fotossintética e
incorporacdo de CO2 em matéria organica no solo (KICHEL et al., 2019). Além dos beneficios
que o sistema proporciona para solo e para os animais, os beneficios econdmicos podem ser
encontrados em produtos madeireiros e ndo madeireiros ao longo dos ciclos de producdo

(BALBINO et al., 2011).

A classificacdo dos sistemas de integragdo varia de acordo com os objetivos do produtor,
com as condig¢des climaticas da regido, além do tipo de solo e espécies arboreas e gramineas a
serem utilizadas nos sistemas (MAGALHAES et al., 2018). A integragao Lavoura-Pecuaria
(ILP) também conhecida como sistema Agropastoril, integra os componentes de pasto
(agricola) e pecudria em consdrcio, na mesma area durante varios anos, ou em sucessao,
intercalando os componentes, e at¢é mesmo utilizando-os em sequéncia. No sistema de
integragdo Pecuaria-Floresta (IPF), também conhecido como sistema Silvipastoril, incorpora o
componente arboreo (florestal) nos sistemas de produgdo animal e de pastagens em consorcio,
comumente utilizado em regides de dificil manutencdo de lavoura, o que se diferencia do

sistema de integracdo Lavoura-Floresta (ILF) ou sistema Silviagricola, em que o consorcio dos
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componentes florestal e agricola se ddo em periodos anuais ou perenes. J4 o sistema de
integracdo Lavoura-Pecuaria-Floresta (ILPF) ou Agrossilvipastoril, estudado neste trabalho,
integra os componentes agricola e pecuario em consoércio, rotacdo ou até mesmo sucessao, €

nele sao incluidos o componente florestal (KICHEL et al., 2019; SKORUPA et al., 2019).

Em estudo realizado em S3o Carlos SP, Pezzopane et al. (2019) avaliaram sistemas
silvipastoris com diferentes espécies de arvores para sombreamento de vacas leiteiras, e
encontraram diferencas significativas em ambientes de sombra por arvores nativas, ¢ sombra
por eucaliptos se comparados a ambientes de pleno sol. O ambiente composto por arvores
nativas foi caracterizado por arvores espagadas a 17 m em orientagdo Norte-Sul, 12 a 20 m de
altura, com disposi¢do de trés linhas e espacamento de 2.5 m? entre linhas totalizando 545
arvores/ha!. No ambiente de sombras por eucaliptos, foram utilizados a espécie Eucaliptus
urograndis em orientacao Leste-Oeste, em linhas tnicas espacadas a 15 m entre linhas, com 2
m entre as arvores nas linhas, totalizando 333 arvores/ha’ com altura de 20 a 25 m
(PEZZOPANE et al., 2019). Esses autores observaram que os valores de temperatura do ar,
umidade, e carga térmica radiante foram influenciados dentro dos ambientes de acordo com a
estrutura das arvores, em que, a disposicdo entre linhas em ambiente de arvores nativas
influenciou nos valores de ITU e ITGU, quando comparados a ambientes de pleno sol, durante
o verdo. Dentre os ambientes de sombra, o sistema de arvores nativas apresentou melhores
indices de conforto térmico se comparado ao sistema de eucaliptos, devido ao arranjo com
linhas triplas de arvores nativas e a projecao da sombra nos animais. Karvatte Jr. et al. (2016),
por outro lado, observaram maiores condigdes de conforto térmico, com maior movimento do
ar que adentrou em sistemas silvipastoris de linhas tnicas, com maior espacamento entre as

arvores € menor densidade.

Pezzopane et al. (2019) sugerem que a inser¢cao do componente florestal causa alteragdes
no microclima do sistema de produgao, e devido a limitagao de entendimento sobre os processos
de implantacdo e utilizagdo dos sistemas de integragdo, a quantificagdo dos efeitos sinérgicos
decorrentes dessa integracao ¢ escassa no Brasil. Em experimento realizado por Magalhaes et
al. (2018) em Sinop, MT, em area de ILPF, foram estudados os indices de conforto térmico em
sistemas silvipastoris em condi¢des de clima Cerrado/Amazonia. A é4rea utilizada com renques
de eucaliptos foi dividida em trés sistemas, com componente animal de bovinos de corte. O
espacamento dos eucaliptos foi de 30 m entre arvores, com 3,5 m de espago entre linhas em
cada renque e de 3 m de espago entre as arvores na mesma linha, totalizando 270 arvores/ha.

Um dos sistemas foi composto de renques simples, em que o renque central foi distanciado 37
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m dos renques de bordadura. Nos sistemas de renques triplos, com 25% de ocupacdo da area
total por eucaliptos, a distdncia do renque central para os renques de bordadura foi de 30 m. Os
resultados obtidos por estes autores foram uma reducdo de 10 a 20% da carga térmica radiante
em sistemas sombreados por renques triplos, indicando maiores indices de conforto térmico

para os animais (MAGALHAES et al., 2018)

Vacas Gir em condi¢des de estresse por calor em regides do Cerrado, apresentaram
efeitos fisiologicos e reprodutivos positivos quando submetidas a ambientes sombreados por
eucaliptos (MARTINS et al., 2021). Segundo estes autores, a sombra no sistema ILPF
favoreceu a diminui¢cdo da temperatura do ar e a interceptacdo da radiacdo solar em até 26%

devido ao arranjo das arvores no sistema, promovendo condi¢des de conforto aos animais.

As caracteristicas morfologicas de vacas leiteiras sdo influenciadas diretamente pelo
ambiente (FACANHA et al., 2010). Lees et al. (2019) afirmam que epiderme pigmentada, pelos
curtos, claros e assentados, assim como menor densidade do pelame sdo caracteristicas que
aumentam a protecdo contra a incidéncia de radia¢dao solar e auxiliam na termolise. Estes
autores observam que em animais de pelagem pigmentada, ha maior protecdo dos efeitos da
radiacdo ultravioleta, mesmo absorvendo com maior facilidade a radiagao incidente. A pelagem
preta tem capacidade de absortancia (razdo entre a energia radiante absorvida e a energia
radiante incidente) de até 93%, enquanto que em pelagens brancas, sem melanina, a capacidade
de absortancia é de 35% (SILVA et al. 2003). Silva et al. (1988) trabalhando com vacas
Holandesas em sistemas a pasto, observaram queimaduras na epiderme das areas brancas das
vacas, enquanto que vacas com pelame predominante escuro, permaneciam ao sol em pastejo

durante as horas mais quentes do dia.

Em estudo realizado por Alfonzo et al. (2016) analisando diferengas fisiologicas e
morfoldgicas entre animais Holandeses e Girolando em condigdes de estresse térmico, foram
encontradas diferencas significativas entre as caracteristicas morfométricas entre vacas
Girolando e Holandesas, com menores valores de comprimento de corpo, largura do dorso e do
flanco, e circunferéncia toracica das vacas Girolando quando comparadas a vacas Holandesas.
Estes autores sugerem que racas puras sao menos adaptadas as alteragdes climaticas, devido a
maior dificuldade em perder calor interno para o ambiente, enquanto animais menores de ragas
mesticas, como a raga Girolando, possuem maior facilidade em perder calor para o ambiente
(ALFONZO et al., 2016). Vacas Holandesas por serem maiores fisicamente, retem calor interno

por mais tempo devido a maior exposi¢do do corpo a luz solar. Além disso, esses animais
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(Holandeses) possuem maior espessura ¢ densidade do pelame, dificultando a perda de calor

interno (ALFONZO et al., 2016; Lees et al., 2019).

Faganha et al. (2010) afirmam que animais com menor isolamento térmico, com
caracteristicas de densidade e espessura do pelame, comprimento dos pelos, tém maior

vantagem em ambientes de clima tropical, desde que apresentem epiderme pigmentada.

As caracteristicas fisiologicas de menor produgdo de calor interno e maior dissipacdo de
calor corporal para o ambiente, de vacas zebuinas, favorecem a adaptagdo de vacas leiteiras em
ambientes de altas temperaturas (MAIBAM et al., 2018). Alteragdes na temperatura retal,
temperatura corporal, frequéncia respiratéria e cardiaca, assim com o escore de ofegacdo, sao
mudangas fisiologicas que sofrem influéncia das variagdes de ambiente (LEES et al., 2019).
Maibam et al. (2018) sugerem que as diferencas entre as ragas zebuinas e europeias em func¢ao
da tolerancia a ambientes de condigdes de estresse por calor, sdo dadas pela maior densidade e
ao tamanho das glandulas sudoriparas de vacas de grupo genético Bos indicus, que possuem
revestimento da epiderme mais fino, aumentando o fluxo de calor interno para o ambiente, se
comparadas a animais Bos tauros, que possuem revestimento de pelame mais espesso, com
camadas mais densas, o que reduz a troca de calor corporal com o ambiente pela condugdo e
convecgdo. A producdo de calor metabdlico também apresenta influéncia do grupo genético,
sendo esta, maior em animais de alta producdo de leite (Bos fauros) enquanto que em animais
de menor producdo de leite (Bos indicus) o calor produzido metabolicamente ¢ reduzido, e a

tolerancia ao calor ¢ favorecida (STUMPF et al., 2021).

Em estudo realizado em Minas Gerais, na regido do Cerrado, comparando as respostas
fisiologicas de vacas Holandesas e Girolando de diferentes graus de sangue em ambiente de
estresse por calor, foram observados que o escore de ofegacdo de vacas Girolando (50%
Holandesas e 50% Gir) foi menor que o escore de ofegacdo de vacas Girolando (75%
Holandesas e 25% Gir) quando submetidas a pastagens a pleno sol, com altas temperaturas e
incidéncia direta de radiacao solar (STUMPF et al., 2021). Estes autores, encontraram valores
de temperatura retal mais elevadas para vacas com maior percentagem de grupo genético
taurino (Holandesas 75% e Holandesas 100%), quando comparadas aos animais com maior
percentagem de grupo genético zebuino, que apresentaram temperatura retal dentro do esperado
em condigdes normais (38°C) (SILVA et al., 2003), o que pode ser sugerido que vacas
Girolando, com maior percentagem de grupo genético zebuino, sdo mais eficientes em ativar

os mecanismos de dissipagdo de calor para o ambiente e manter a homeotermia.
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De Almeida Cardoso et al. (2021) observaram alteracdes na frequéncia respiratéria e
sudorese de vacas Girolando (1/2 Holandesa x Gir; 3/4 e 5/8) em condi¢des ambientais acima
da zona de conforto térmico para vacas leiteiras em sistemas de pastagens, sendo que a maior
taxa de transpiracdo, assim como menores valores de temperatura superficial e frequéncia
respiratoria, foram encontrados em vacas 1/2 sangue se comparadas as vacas 3/4 e 5/8
Girolando, demonstrando maior sensibilidade ao calor de vacas com maior grau de sangue
taurino. A medida que a temperatura corporal de vacas leiteiras aumenta até 42 °C, inimeros
efeitos sd@o observados nas fungdes fisiologicas, como dano direto nas células devido ao
aumento da permeabilidade das membranas, aumento na taxa metabdlica e redugdo do fluxo
sanguineo para o corpo, € em condi¢cdes de aumento extremo de temperatura (acima de 42 °C)

o sistema homeostatico atinge limites criticos e pode resultar em obito (LEES et al., 2019).

Dentre as caracteristicas a serem mensuradas para verificar o estresse térmico em animais,
a mensuracao da temperatura retal, utilizando termometros clinicos, podem ser invasivos e
causar estresse nos animais durante as avaliagdes (ISOLA et al., 2020). Daltro et al. (2017)
sugerem o uso de termografia infravermelha como alternativa moderna, segura e ndo invasiva
para avaliar as condigdes de estresse térmico em vacas de acordo com as mudangas do fluxo

sanguineo e variagdes de temperatura em todo o corpo do animal.

Em estudo realizado comparando vacas Holandesas e Girolando em sistemas de pastagens,
utilizando imagens termograficas para avaliar as caracteristicas fisiologicas dos animais em
condi¢cdes de estresse por calor, foram encontradas correlagdes positivas entre as medidas de
temperatura retal, frequéncia respiratoria e cardiaca e escore de ofegagdo com as medidas
termograficas de olho e ubere, indicando que a medida que a temperatura dessa areas
aumentam, os parametros fisiol6gicos aumentam em resposta ao estresse por calor (DALTRO

etal., 2017).

Para manter o menor gasto energético na dissipa¢do de calor para o ambiente, vacas
leiteiras procuram sombra em ambientes de pastagens, aumentando a producao de leite em até
20% se comparadas a animais que ndo dispdoem de ambientes sombreados e sofrem com a
incidéncia de radiacdo solar direta (VIZZOTTO et al., 2015). Ricci et al. (2013) afirmam que
de 3 a 4 horas apo6s a ingestdo de alimento, ocorre o pico de producdo de calor metabdlico de
vacas, influenciado pela quantidade de alimento consumido. Neste sentido, ao alimentar o
animal entre 17 e 18 horas da tarde, aproxima o animal da fase decrescente da curva de produgao
de calor, conciliando a produgao de calor metabolico com as temperaturas mais amenas do dia

para melhores condi¢des de bem-estar para os animais.
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O animal em estresse por calor muda seu comportamento, assim como as diversas
mudangas fisioldgicas na tentativa de amenizar a produgdo de calor interna, produgdo esta, que
tem sido observada em menores quantidades quando os animais se encontram em ambientes
com sombra arborea, com comportamentos de tempos de atividade, pastejo e dcio diferentes de

animais expostos ao sol (LOPES et al., 2016).

Mader et al. (1999) definem o comportamento de 6cio como descanso ou repouso, sem
ingestdo de agua ou alimentos, ¢ até mesmo sem ruminar. Existe uma interagdo entre
temperatura ambiente elevada e o tempo despendido em oOcio de vacas leiteiras (GLASER,
2008). Na tentativa de diminuir a produgdo de calor metabdlico, vacas sob temperatura e
umidade relativa do ar elevadas, reduzem o tempo em pastejo, ruminacdo, e aumentam o tempo
despendido em 6cio (PIRES et al., 2004). Estudos indicam que os comportamentos de descanso
ou 6cio consomem até 10 horas diarias de uma vaca em sistema de pastagem (DAMASCENO
etal., 1999, PIRES et al., 2004, RICCI et al., 2013). Os animais procuram a sombra e aumentam
o tempo despendido em 6cio nas horas mais quentes do dia, principalmente no verao, com picos
de ingestdo de alimento no inicio da manha e final da tarde, e maiores frequéncias de 6cio entre
os horarios de 11 horas da manha e as 14 horas da tarde (DAMASCENO et al, 1999). Nos
periodos da noite, o comportamento dos animais ¢ de se afastar um dos outros, na tentativa de

aumentar a dissipagao de calor para o ambiente (MADER et al., 1999).

Pires et al. (2004) afirmam que temperaturas e umidade relativa do ar entre 13 a 18 °C e 60
a 70% respectivamente, sdo condi¢des ideias para criagdo de vacas leiteiras a pasto. Segundo
Collier et al. (2012) o estresse térmico diminui a imunidade dos animais, aumentando liberagao
de cortisol, um hormdnio imunossupressor, além disso, pode aumentar a incidéncia de acidose
ruminal, devido ao aumento da perda de CO2 pela respiracao e a redugdo do fluxo de tampao
salivar para o rumen em decorréncia da diminui¢do de tempo deitado € menor ruminacao,
impactando na saude, bem estar e desempenho de animais de produ¢do. O estresse por calor
atua na reducdo do consumo e no aumento da energia de manutengdo, potencializando o efeito

negativo e diminuindo a energia para ganho de peso (COLLIER et al., 2012).

O estresse por calor, impacta a eficiéncia reprodutiva de vacas leiteiras reduzindo a
producdo de leite, o desempenho reprodutivo e a longevidade dessas vacas no sistema, devido
ao maior descarte, € consequentemente, reduzindo a lucratividade do setor de producao de leite
(MACHADO et al., 2015). Diante deste contexto, ¢ necessario promover mudangas estratégicas
de manejo e ambiente para garantir condi¢des de conforto térmico aos animais em sistemas de

pastagens nas regides de clima tropical.
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3 OBJETIVOS
3.1 Objetivo Geral

Avaliar as respostas comportamentais e fisiologicas de vacas leiteiras Gir e Girolando
em sistemas de pastagens submetidas a ambientes de sombra por sistema de Integragcdo Lavoura

Pecuaria Floresta e ambiente de pleno sol.
3.2 Objetivos Especificos

Avaliar as caracteristicas morfoldgicas por mensuragdo de pelo e pelame de vacas Gir e

Girolando em ambientes de sombra por ILPF e a pleno sol;

Avaliar carateristicas fisioldgicas de temperatura superficial através de termografia,
temperatura retal e escore de ofegacdo de vacas Gir e Girolando em ambientes de sombra por

ILPF e a pleno sol;

Avaliar os comportamentos de 6cio, ruminagdo e pastejo através de observacao visual

de vacas Gir e Girolando em ambientes de sombra por ILPF e a pleno sol.
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Simple Summary: The husbandry of high-producing dairy cattle on pasture in tropical regions
promotes heat stress and alters physiological and behavioral parameters. However, it is unknown
how the physiological and behavioral responses of cows more adapted to tropical environments
under heat stress conditions, with lower milk production under shaded pasture or full sun con-
ditions. To respond to these questions, Gyr dairy and Girolando cows (5/8 Holstein 3/8 Gyr,
and 17 Holstein L Gyr) were evaluated in full sun and under natural shade from trees.
Behavioral, physiological, and morphological variables were measured, and it was concluded that
shaded pasture for dairy zebu cows promotes animal welfare by mitigating animal surface tempera-
ture and increasing rumination time.

Abstract: Under conditions of high temperature, humidity, and incidence of solar radiation, dairy
cows use behavioral changes as a strategy to decrease the metabolic heat production at pasture.
The objective of this study was to evaluate the behavioral and physiological responses of Gyr and
Girolando (5/8 Holstein 3/8 Gyr, and 1iHolstein 1 %yr) dairy cows submitted to environments

with and without shade. The experiment was conducted at Embrapa Cerrados (Technology Cen-
ter for Dairy Zebu breeds—CTZL), Brasilia, Distrito Federal—Brazil, with 48 Gyr and Girolando
cows total in the lactation group, with low to medium milk production, in full sun or shade with
Eucalyptus urograndis (267 plants/ha~1). The physiological and behavioral characteristics evaluated
were panting score, superficial temperature, and time spent grazing, ruminating, and lying down.
Other traits included skin and coat thickness, hair diameter, density and length, and predominant
coat color. In addition, body measurements, such as body length, the height of withers, chest cir-
cumference, and shin circumference, were measured. Shaded cows had 34% longer rumination
times than cows in full sun (p = 0.01). With a temperature-humidity index ranging from 79 to 83,
the rumination time was 1.7 times higher in cows under shade (p = 0.01) during a 24-h period of
observation. There were no significant differences in the grazing time between the environments, but
lying time was 23% longer in cows under the sun (p = 0.01). The panting score was not influenced by
the environment (p = 0.17). Girolando cows had a 35% higher panting score than Gyr cows (p = 0.01)
regardless of the environment. The panting score increased two and a half times during the afternoon
compared with the morning (p = 0.01). The surface and rectal core temperatures had significant

Animals 2021, 11, 2411. https://doi.org/10.3390/ani11082411

https://www.mdpi.com/journal/animals

21


https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani11082411?type=check_update&version=2
https://www.mdpi.com/article/10.3390/ani11082411?type=check_update&version=2
mailto:natani.reis@ufu.br
mailto:eis@ufu.br
mailto:alvaro.neto@embrapa.br
mailto:juaci.malaquias@embrapa.br
mailto:fernando.macena@embrapa.br
mailto:artur.muller@embrapa.br
mailto:carlos.martins@embrapa.br
mailto:luizcarlos.balbino@embrapa.br
mailto:mazocco.lucas@gmail.com
mailto:anacsouza.agro@gmail.com
mailto:gabrielalberto.mv@gmail.com
mailto:concepta@unb.br
mailto:isabel.ferreira@embrapa.br
mailto:eira@embrapa.br
https://doi.org/10.3390/ani11082411
https://doi.org/10.3390/ani11082411
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ani11082411
https://www.mdpi.com/journal/animals

Animals 2021,11, 2411

220f13

differences between treatments and time of the day. Body measurements were not different between
cows in both environments, but there was a difference between breeds. The use of trees in pastures
with a silvopastoral system for dairy zebu cows is indicated to improve grazing behavior, as well as
time spent ruminating and lying down.

Keywords: ingestive behavior; dairy; heat stress; morphological characteristics; pasture

1. Introduction

Dairy production in the Cerrado (savannah) biome in central Brazil is mainly at
pasture. This region’s climate has a high potential for forage production. Still, high
temperatures, humidity, and intense solar radiation affect the farmer’s ability to maintain
balanced milk production throughout the year [1], as the climate affects the productivity
and longevity of dairy cows [2,3].

Girolando animals are preferably adopted by all types of farmers (small to large)
due to the productivity and rusticity of these animals when exposed to a tropical climate,
especially in summer [4]. The Holstein and Gyr breeds represent almost 80% of the coun-
try’s milk production [1]. In environments with a higher incidence of radiation, high
temperatures, and humidity, the combination of genetics and environment determines im-
portant parameters that benefit the production levels of the Girolando breed at pasture [5,6].
Dairy cows under heat stress conditions acquire metabolic heat from radiant energy in
large quantities. Combined with the low heat exchange of the animal with the environment,
this leads to an increase in body temperature, reduces dry matter intake and, consequently,
lowers milk yields [7].

The use of trees in a pasture-based dairy system has been applied in many farms in
the Cerrado region [8]. This integrated crop-livestock-forestry (ICLF) system leads to land
use intensification, increasing productivity and profit. Product diversity, such as wood
and resin production increases, thereby improving soil conservation, providing shade
for animals, and nutrient dynamics for forage crops. In addition to the positive impact
on the microclimate to improve thermal comfort for the animals, the use of eucalyptus
trees contributes to the economic activity, with a sustainable system, producing animal
by-products and wood products throughout the year, and with a future return, in line
with the producer’s aims. In areas where the natural resources preservation, as well as
the sustainable system, are under pressure, the demand to establish practices that offer
alternatives of economic and social profitability are being studied and adopted in the
livestock system [8,9].

High temperatures, humidity, and solar radiation incidence [10] are considered stress
factors for dairy cattle. The use of natural or artificial shade in the pasture production
system protects animals from intense solar radiation and modifies their radiation balance.
Natural shading with tree species can reduce the incident radiant heat load on the animals
by 30% [11]. In addition, shade use for dairy pasture production is an essential resource to
increase the quantity and quality of oocytes and embryos produced in vitro [12].

However, the influence of the ambiance offered by tree shade in a silvopastoral system
on dairy cows at lower milk yields needs to be investigated to understand the impact
on the tropical production environment fully. It is hypothesized that zebu dairy cows
in tropical pastures can experience heat stress, even if they present low to medium milk
production. Natural shade is expected to favor the behavior of zebu dairy cows during
grazing and lying down, and consequently, promote better welfare in tropical environments.
Thus, the objective of this study was to evaluate the behavioral and physiological responses
of Gyr and Girolando dairy cows submitted to grazing systems with shade in ICLF and full
sun systems.
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2. Material and Methods

The experiment was conducted at Embrapa Cerrados (Center of Technology for Dairy

Zebu breeds—CTZL), Brasilia, DF, (15"57'09" S, and 48°08°12” W), the central region of
Brazil, in the Cerrado biome, from February 2017 to February 2019.

2.1. Treatments and Experimental Area Description

Two environments (treatments) were used to examine heat stress in dairy cows in
a total area of 16 hectares. Half the area (8 hectares) was the control treatment (animals
kept at pasture in full sun), and the other half consisted of pasture-crop-forest integration
(animals kept at pasture under the shade of Eucalyptus urograndis). Pasture in both cases
was Panicum maximum cv. Mombacga. The 20 m-high eucalyptus trees, providing a shaded
environment, were arranged in single rows with 1.5 m between trees and 25 m between
rows, arranged approximately in the east-west direction, totaling 267 trees/ha with 8%
tree cover area. The implementation of trees in this arrangement follows the technical
recommendations of Embrapa 2019, taking into account the characteristics of the system as
a whole, involving space for crops, animals, and machinery [13].

2.2. Animals and Experimental Design

The experiment was approved by the Ethics Committee on Animal Use of Embrapa
Cerrados (CEUA/Embrapa Cerrados), Brasilia—DF, Protocol No. 533-2541-1/2017. The ex-
perimental design was fully randomized with two treatments, the control in full sun and
the shade under eucalyptus trees. Forty-eight Gyr and Girolando cows (24 of each breed)
were used while in their lactation period during the two years of the experiment. Each cow
was considered an experimental repetition. The average yield did not correct for the fat of
Gyr and Girolando cows (5/8 Holstein 3/8 Gyr, and 12Holstein 12Gyr), and was 10 and

15 L.day 1, respectively.

2.3. Animal Measurements

Skin and coat thickness, as well as hair diameter, density, length, and color, were mea-
sured according to Silva’s method [14]. Skin (ST) and coat thickness (CT) were measured
using an adipometer graduated in tenths of millimeters, taken from the upper region of the
animal’s body close to the scapular region and the dorsum, flank, and hind leg. For hair
count (HC), hair samples were collected from the upper central region of the scapula in an
area of approximately 1 cm? and collected with pliers to remove all hairs. The collected
hairs were placed in paper envelopes and identified for later count and measurement of
the ten longest hairs. The hairs were spread on a sheet of white paper for dark-colored
hairs and a black surface for white hair samples, using tweezers and needles [14]. For hair
length (HL), ten of the longest hairs were selected from each sample, measured with a ruler,
and averaged.

The pigmentation of the skin, after trichotomy, and coat were evaluated by the CIELAB
system using a colorimeter (Minolta® model CR-10, Tokyo, Japan) once a year. The col-
orimeter, composed of a CIE photoresistor (Lab), detects the intensity of light reflected
by the epidermis when the spotlight is directed at it. The L* values refer to luminosity
(0 = black and 100 = white), the red-green component as the a* chroma (red color intensity)
and the yellow-blue component the b* chroma (yellow color intensity) [15]. Three consecu-
tive measurements were taken, and the average skin and coat were taken from 33 cows,
16 in full sun and 17 in shade, and these cows were 16 Gyr cows and 17 Girolando cows,
during their lactation periods, dry or in-calf cows from the same lot were not measured.

Body measurements were taken from these same 33 animals with similar lactation
phases. These included withers height (WH) as the highest point of the interscapular
region, using a tape measure; body length (BL) from the tip of the pallet to the ischial
tuberosity, using a hipometer; and shin (SC) and chest circumference (CC) with a tape
measure [16,17].
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The evaluations of animal behavior at pasture were made by direct visual observation,
for 24 h uninterrupted, in 16 cows, 8 of each treatment (full sun and shade) and breed
(4 Gyr and 4 Girolando), on eleven different dates in spring-summer and autumn seasons
over two years. For this purpose, four trained observers kept watch. Two observers were
assigned to each treatment and were placed to avoid interference in the cow’s behav-
ior, with observation shifts of 6 h. Binoculars, chronometers, and flashlights were used.
Each observer reported grazing time by the direct visual observation method [18].
The ethogram recorded the animal’s immediate activity, classifying grazing as the act
of selecting grazing sites, bolus seized and handled; ruminating when the animal exhibits
regurgitation and re-cordering of the bolus, the time between swallowing and regurgitation;
and lying down when the animal is without activity or jaw movements. The observations
were taken every 10 min, and the four animals of each genetic breed per treatment were
evaluated during this period.

Thermography surface temperatures and panting scores were obtained from 34 cows
on 17 dates from January to November 2017, with 18 animals under the full sun (8 Gyr
and 10 Girolando) and 16 under shade (8 Gyr and 8 Girolando). Thermographic photos
were obtained using an infrared camera T3000 series (FLIR® Systems Inc., Wilsonville,
OR, USA), with an emissivity coefficient of 0.98, temperature range (20 to 400 °C) and
accuracy of +/ 2%. For each animal, two photos were taken (lateral view of the whole
body and udder) for each period: morning (7 a.m.) and afternoon (3 p.m.), ata distance of
approximately two meters from the animal. The FLIR QuickReport®v. 1.2 software was
used for the data analyses of thermographic images in each region of the animal’s body
(udder, croup, flank, eye, neck, and muzzle). A veterinary clinical thermometer was used
to take the rectal temperature.

The panting score was measured in the morning and afternoon in their respective
paddocks with natural shade or direct solar radiation and determined on a scale of zero
to four, where zero means a normal breathing animal, 1: slightly increased, 2: moderate
panting, 3: strong panting, and 4: severe panting [19].

2.4. Thermal Index Acquisition in Natural Shade and Full Sun

Climatic and microclimatic parameters (air temperature and humidity, dry and wet
bulb temperatures, rainfall, wind speed) were obtained in both environments through
weather stations with touchscreen display ITWH 1080 INSMART for the computation
of thermal indexes. The black globe temperature was taken with a portable black globe
thermometer ITWG2000 (INSTRUTEMP, Measuring Instruments Ltd., Sao Paulo, SP, Brazil).
With a globe sensor from 0 °C to 80 °C, dry bulb sensor from 0 °C to 50 °C, relative humidity
(RH) from 0% to 100% RH, with a resolution of 0.1 °C/0.1% RH and accuracy of 1 °C.
These were placed in the shade of the ICLF treatment and in full sun. Measures were taken
every hour from 7 a.m. to 5 p.m.

The temperature and humidity index (THI), calculated by the formula AT + 0.36 X TDP
+ 41.5 and the black globe temperature and humidity index (BGHI), calculated from the
formula BGT + 0.36 XTDP + 41.5, were determined, with AT as the ambient temperature,
BGT as the black globe temperature, and TDP as the dew point temperature [20,21].

THI was classified as normal (<74), alert (75-78), danger (79-83), and emergency (>84)
to analyze its effect and interactions on behavioral response variables. The air temperature
was classified into two categories (above and below 30 °C) for physiological reasons due to
the dissipating of 80% of the latent body heat through evaporation from the skin [22].

2.5. Statistical Analysis

Behavioral variables were analyzed using a mixed model procedure, with the fixed
effects of breed and treatment groups, the interactions (genetic breed *treatment), milk
yield as a covariate, random effect of cow, and date of evaluation as a repeated measure in
conditions of THI classification (normal, alert, danger, and emergency) and temperature

classification (above and below 30 °C). Surface temperatures by thermography and rectal
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core temperatures were analyzed by PROC MIXED considering the fixed effect of treatment
(full sun and shade), time of day (morning and afternoon), and the interactions of these
factors, cow as a random effect, dates of sampling as a repeated measure in time for each
season (rainy and dry), and milk yield as a covariate. The genetic breed was included in
the model as a fixed effect, but without a significant effect, it was removed. The Bayesian-
Schwarz criterion (BSC) was used to choose the best fits of the models.

Color, skin, coat thickness, and hair number data were analyzed using PROC GLM,
considering the treatment and genetic breed effects and interactions. In all cases, the least
squared means were compared by Tukey’s test at 5% probability.

Body measurements were analyzed considering the effect of treatment and genetic
breed and tested for the interaction of the two factors by variance analysis. The F test was
used to determine significance between factors.

Panting scores were tested by Kruskal-Wallis Test with p < 5% considered significant,
considering separate effects of the treatment (full sun and shade), genetic breed (Gyr and
Girolando), season (dry and rainy), and day period (morning and afternoon).

The normality of the behavioral and physiological data was tested by the Shapiro-Wilk
test. All data presented a normal distribution.

All statistical analyses were carried out in SAS v 9.4 (Statistical Analysis System
Institute, Cary, NC, USA).

3. Results

The maximum BGHI obtained in the study (88.9) was in the dry season during the
afternoon period in the full sun treatment. There were no significant interactions between
the time of day and treatment for environmental variables (p = 0.63). THI values in the
rainy season showed an effect for time of day (p = 0.01), with higher values in the afternoon
(78). In the dry season, there was an effect of the shade and time of day (p = 0.01) (Table 1).

Table 1. Black globe humidity index (BGHI), temperature and humidity index (THI), air temperature (TA), and black globe
(BG) temperature (°C) obtained from the full sun and shade environment with Integrated Crop-Livestock-Forestry (ICLF) in

the morning and afternoon, during the dry and rainy seasons.

Parameter  Season Morning Momi Afternoon At Significance
orning ernoon . )
Full Sun Shade Full Sun Shade Treatment Time of Day Treat X Time
BGHI Dry 814 £12 764 £14 889 £ 1.1 824 £ 1.0 0.01 0.01 0.63
Rainy 821 +£23 796 %11 859 £ 1.7 803 £ 19 0.04 0.23 0.41
THI Dry 760 £08 720+ 0.8 82.0 £ 0.9 80.0 £ 0,8 0.01 0.01 0.17
Rainy 738 £13 723 £13 78.0 £ 1.4 755 £ 1.4 0.15 0.01 0.70
AT D.ry 26808 240 %07 315+ 09 307 £ 0.7 0.03 0.01 0.19
Rainy 24509 234 +£09 286 £ 1.0 266 £ 1.0 0.14 0.01 0.65
Dry 321 +£11 279 +£11 386 £ 1.1 329 £ 1.1
BG ) 0.01 0.01 0.51
Rainy 317 £15 297 £ 16 350 £ 1.8 302 £ 16 0oe P 040

ICLF—integrated crop-livestock-forestry. Morning = 7 a.m. Afternoon = 3 p.m.

The THI was mitigated with shade by 2.5% to 5.2%. In the dry season, trees re-
duced the ambient temperature (AT) by 2.5% in the afternoon and 7.6% in the morning
(p = 0.01). In the rainy season, the AT changed both in the morning and afternoon
(p = 0.01). The time of day and treatment affected the black globe temperature (BGT)
in the dry season, reducing it by 14.7% in the afternoon (p = 0.01). The BGT did not vary
due to treatment (p = 0.05) and time of day (p = 0.27) in the rainy season, probably because
the weather had a higher cloud cover and had more mist (Table 1).

The hair number was unaffected by breed (p = 0.70) and environment (p = 0.80).
The hair of Girolando cows was longer (0.14 mm) than Gyr cows (p = 0.01).
However, length did not differ between treatments (p = 0.36). Skin (p = 0.78) and coat

25



Animals 2021,11, 2411

260f13

(p = 0.56) color were not different between environments. Gyr coat color (a = red color
intensity) was 2.2 times higher than Girolando (p = 0.01) (Table 2).

Table 2. Average length of the 10 longest hairs, number of hairs per cm?, and skin and coat color (Silva, 2000) of Gyr and

Girolando cows in full sun and ICLF shade production systems.

Parameter Full Sun Shade p-Value * Gyr Girolando p-Value *
Number of hairs 805 + 108 795 + 153 0.8 791 % 67 809 + 175 0.70
(hair/cm*)
Size 10 > hair (mm) 0.53 £ 0.10 0.60 £ 0.20 0.36 0.49 £ 0.05 0.63 £ 0.20 0.01
Skin color 7.8 7.1 0.78 9.6 5.3 0.09
Fur color 13.8 12.6 0.56 18.4 8.3 0.01

* Tukey-Kramer test at 5% probability; ICLF—integrated crop-livestock-forestry; p—level of significance.

Body measurements (wither height, chest circumference, body length, and shin cir-
cumference) did not differ between cows in the full sun and shade ICLF treatments but
showed differences between breeds (Table 3).

Table 3. Average skin thickness, body length, wither height, shin, and thoracic length according to
the genetic group of cows.

Parameter Gyr Girolando p-Value *
Skin thickness (cm) 0.62 0.61 0.83
Body length (m) 1.42 1.63 0.01
Wither height (m) 1.29 1.40 0.01
Shin circumference (cm) 214 209 0.68
Thoracic circumference (cm) 1.76 2.01 0.01

* Tukey-Kramer test at 5% probability.

Girolando were longer, taller, and had a higher chest circumference than Gyr cows.
Gyr cows exposed to full sun showed higher coat thickness (0.27 cm) than Gyr cows in the
shade ICLF (Table 4).

Table 4. Mean coat thickness (cm) according to treatments full sun and ICLF with shade and
genetic breed.

Genetic Breed

Treatment Gyr Girolando
Coat thickness in full sun (cm) 1.09 A2 0.9142
Coat thickness in shade (cm) 0.82 Ba 0.95 42

A, B Different capital letters in the columns indicate statistical difference by Tukey test at 5% significance; ?

Different lowercase letters in the rows indicate statistical difference by Tukey test at 5% significance; ICLF—
integrated crop-livestock-forestry.

Cows under shade spent 29% to 34% more time ruminating compared to those in full
sun at <30 ‘Cand >30 °C, respectively. When the THI was at danger levels, the rumination
time of cows under shade was 1.7 times higher than those in the sun. There were no

significant differences between treatments for grazing times, but time spent lying down
was 19% longer in the ICLF (Table 5) than in the sun.
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Table 5. Mean time, in minutes, of ingestive behavior during 24 h, of dairy cows under full sun and shade ICLF and under

different categories of air temperature and THI.

Ingestive Behavior Air Temperature Full Sun Shade p-Value
Grazing <30 °C 4848 £ 146 506.6 + 14.9 0.72
>30 °C 518.7+ 19.5 520.14+ 19.5 0.99
p-Value 0.5155 0.9496
Ruminati <30°C 301.0 £ 13.0 404.1 £ 13.7 0.01
umination >30 °C 3125+ 16.4 404.4+ 16.8 0.01
p-Value 0.9403 1.000
Lying down <30°C 561.0 £ 13.6 456.0 + 14.1 0.01
>30 °C 520.5+ 17.8 455.6+ 18.0 0.05
p-Value 0.2712 1.000
THI Classes
Normal 4928 £ 1934 502.5 £ 1464 0.99
Grazing Alert 4862 £ 2234 545.6 £ 27.34 0.54
Danger 509.6 £ 27.3 4 510.0 £ 27.34 0.99
Normal 269.0 £ 140 B 3842 £ 1068 0.01
Rumination Alert 388.7 £ 1624 4243 £ 19.8 4B 0.73
Danger 269.6 £ 14.0 B 468.7 £ 1994 0.01
Normal 561.8 £ 163 4 4798 £ 1234 0.01
Lying down Alert 4775 £ 189 B 4025 £ 2318 0.13
Danger 5853 £ 1634 4243 £23.048 0.01

A B Distinct capital letters in the column differ by the Tukey Kramer test at 5% significance level; ICLF—integrated crop-livestock-forestry;
THI—temperature-humidity index.

The evaluation of the effect of genetic breed and interaction with THI classes and
treatment on rumination had no significant differences (p = 0.29; p = 0.94 and p = 0.21,
respectively). These effects on idleness were only from genetic breed (p = 0.02; Gyr = 506
min and Girolando = 470 min), the interaction with THI classes and treatment had p = 0.12
and p = 0.35, respectively. The same response pattern was observed for intake (genetic
breed p = 0.01; Gyr = 483 min and Girolando = 530 min; interaction with THI classes
p = 0.18 and interaction with treatment p = 0.13).

The response pattern was similar when rating temperature below and above 30 °C.
There was no effect of interactions on rumination, idleness, and ingestion. Gyr cows spent
more time in idleness (521 min) than Girolando cows (470 min) (p = 0.01). The Girolando
cows spent more time in the pasture ingestion (531 min) than the Gyr cows (477 min)
(p =0.01).

Shade interfered positively with cows’ rumination when the temperature was classi-
fied below and above 30 °C and in THI, indicating alert and dangerous situations. Both at
normal and dangerous THI levels, cows in the full sun spent longer lying down (Table 5).

Surface temperatures at different parts of the body were significantly lower in shaded
cows, and there was also a time-of-day effect, with lower temperatures in the morning.
Cows in full sun and the afternoon had higher surface temperatures. The rectal temperature
of cows was higher in the afternoon, in full sun (0.7 °C) and ICLF (0.6 °C) (Table 6).
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Table 6. Average surface temperature by thermography and rectal temperature in Gyr and Girolando
cows in full sun and shade ICLF in the morning and afternoon in different body sites.

Region Morning Afternoon Significance *
Full Sun Shade Full Sun Shade Treatment  Period Treat X Per

Udder 325 £0.1 316 £0.2 358 £0.1 346 £0.2 0.01 0.01 0.30
Croup 322 0.3 31.7 £0.3 354 £0.3 340 £0.3 0.01 0.01 0.18
Flank 32.8 £ 0.2 323 £0.2 357 £0.2 348 £0.2 0.01 0.01 0.52
Neck 323 £0.2 321 £0.2 356 £0.2 343 £0.2 0.01 0.01 0.04
Eye 328 £0.2 324 £0.2 358 £0.2 346 £0.2 0.01 0.01 0.08
Muzzle 29.8 £ 0.3 287 £0.3 334 £0.3 31.7 £0.3 0.01 0.01 0.36
Rectum 37.5 £ 0.07 379 £ 0.0 38.2 £ 0.0 38.5 £ 0.0 0.01 0.01 0,83

* Tukey-Kramer test; ICLF—integrated crop-livestock-forestry.

ICLF and season did not affect the cow’s panting score. Girolando cows had a 35%
higher panting score than Gyr cows, independent of the treatment. The panting score
increased two and a half times in the afternoon compared to the morning period (Table 7).

Table 7. Panting scores of Gyr and Girolando dairy cows in full sun and shade ICLF obtained in the
dry and rainy seasons in the morning and afternoon periods.

Mean Panting Score

Environment Full Sun Shade ICLF s.e. Significance *
0.92 0.84 0.04 0.16
Genetic Breed Gyr Girolando
Season 0'.75 1.00 0.04 0.01
Rainy Dry
iod 0.97 0.81 0.04 0.03
Perio Morning Afternoon )
0.51 1.28 0.03 0.01

* Non-parametric Kruskal-Wallis test. s.e.—standard error; ICLF—integrated crop-livestock-forestry.

4. Discussion
4.1. Thermal Index Obtained in Natural Shade and Full Sun

The maximum BGHI (88.9) that occurs in the dry season during the afternoon period
in full sun (Table 1) is considered an emergency [21]. Most THI values were in the range of
79 to 84, indicating danger. Such conditions above the thermoneutral zone suggest that
animals probably suffer heat stress. Despite high THI values, tree shade helped to mitigate
this rate by 7.3%. Similar results were reported in studies where the presence of shade in
the pasture mitigated THI values by 3.7% [22], and under THI conditions at 72, the yield
of milk and feed intake started to decline. When THI values reached 76 or higher, the
decrease in milk yield is clearly reduced [23].

In the rainy season, THI values were influenced only by the time of day (morning
and afternoon), and in the dry season, THI changed with the time of day and treatment
(presence of shade) (Table 1). THI in both periods was above 72, indicating stressful
conditions for dairy cows [24]. THI was lower in the morning shaded treatments but even
so was considered critical, while in the afternoon, with sun exposure, it reached a level
considered dangerous [25]. THI was mitigated by shade by 2.5% to 5.2%. Trees in dry
seasons reduced ambient temperatures (AT) in the afternoon by 2.5% and in the morning
by 7.6%. These values indicate that even under heat stress conditions, with a THI above
72, the shade density of the trees present in the shade environment helps to reduce the
thermal discomfort by at least 4 °C in the dry period of the year. Similar results were found
in which an environment shaded by eucalyptus in an ILPF system, THI values are reduced
by up to 2.7% when compared to full sun environments [26]. Even in shaded conditions,
THI values throughout the year were above expected for thermal comfort (72), reaching
values of 75 during the hottest hours of the day and up to 81 in full sun [26].
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During the rainy season, the AT changed in both morning and afternoon periods
(Table 1).

4.2. Morphological Characteristics of Skin, Coat and Body Measures of Cows in Shaded ICLF
and Full Sun Systems

Determination of coat pigmentation and skin color, according to the colorimeter read-
ings, presents a color scale with a value of 0 for black and 100 for white color according to
Muller’s method [15]. Skin and coat color were not different between the two environments.
The Gyr coat colors were 2.2 times lighter than Girolando (Table 2). Crossbred cows, with
zebu genetic composition, tend to present a more pigmented epidermis with lighter hair
as a result of natural selection, increasing protection of deeper tissues from short-waves
ultraviolet radiation, which crosses the thin layer of the coat easily [27].

Animals that present a thinner coat possess accelerated excess body heat dissipation
via radiation. As this radiation passes through the coat, it is detained by the melanin
granule layer of the epidermis, evidencing a favorable selection of light coat and dark skin
characteristics in addition to physical structure and quantity of hairs by area unit of the
coat [28,29].

Gyr cows exposed to full sun presented 32% thicker coats (Table 4) than Gyr cows in
the ICLF. Some studies have shown that long hair can be a heat insulator, serving as a buffer
between the environment and the animal’s body [30,31]. An important point to note here
is that, in the dry season, although the temperature is high during the day, it can fall well
below 10 °C at night [32,33], as skies in this region at this time of year do not have cloud
cover, so a lot of heat is lost from the earth’s surface by radiation. While Girolando cows
contain Bos taurus taurus genes, and therefore may show a higher resistance to these colder
temperatures, Gyr (Bos taurus indicus) do not have an adaptation to low temperatures [34].
This may have stimulated coat growth in the unshaded pastures, while the cows in the
shaded areas would not have undergone the same stress.

However, observations in more animals are needed to verify how the environment can
affect coat thickness in each season. These results suggest a difficulty for Gyr cows to lose
heat, and the coat cover should be as thin as possible, with short, thick, and well-seated
hairs to facilitate latent and sensible heat loss [6,10,35,36].

Some characteristics, such as shorter and less dense hair in crossbred cows, with lower
values during the summer, are considered appropriate for optimizing evaporative and
convective thermolysis, based on high temperatures and humidity during summer when
higher heat stress is observed [37]. An adequate coat, therefore, provides physiological
adjustments to heat stress, such as losing heat through vasodilation and faster sweating
into the atmosphere, since the thicker the coat and the longer the hair, the more thermal
insulation the animal will have, consequently affecting heat dissipation [10].

Several coat characteristics are preferable for cows in tropical climates, such as short,
high-density coats, high diameter, and light-colored hair with an inclination less than
40°, and pigmented skin [38,39]. These characteristics allow more protection from solar
radiation and heat stress, contributing to animal comfort and better production under field
conditions [40].

4.3. Animal Behavior and Ingestion

Cows in the shade spent 29% to 34% more time ruminating than in full sun (Table 5),
indicating that those in full sun tend to spend more idle time. In a study conducted in
Brazil, significant differences in time lying down, rumination, and looking for shade in
dairy cows in different pasture systems were found [7]. Higher rumination and lying times
were found in cows with available shade. Cows in the full sun spent most of their time
close to water sources, with fewer rumination times, especially on days with higher THI
during the afternoon, as a strategy to increase heat loss by both convection and conduction
while standing or lying down on a moist, cold surface [41].

Beef cattle under shade in a silvopastoral system were seen to change their ingestive
behavior during warmer months of the year. Also time spent resting or lying down was
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longer for animals under sun exposure in hotter periods of the year with temperatures
above 29 °C, in an attempt to reduce the excess metabolic heat produced [42].

4.4. Surface and Rectal Temperatures

The internal rectal temperature of cows under full sun and shade remained within the
physiologically normal range. The normal value was considered to be up to 38.5 °C [43].
The surface temperature measured at different parts of the body remained within the
normal range. These responses suggest that cows under the full sun could adapt to
environmental challenges to perform heat loss to maintain thermal balance. As the cows
in the sun had more idle time and reduced rumination, this reduces their metabolic heat
output [10]. However, the higher rectal temperature of the cows in the sun indicates that
they were unable to dissipate body heat, even without reaching the physiological threshold
for heat stress. This indicates that the reduced metabolic heat production was not sufficient
to overcome increased stress caused by environmental factors, especially at the hotter times
of the day.

4.5. Panting Score

The panting score has been determined as a good indicator of stress in cattle [44,45].
The shade and season did not affect the cow’s panting score. Girolando cows had a
slightly increased panting score than Gyr cows, regardless of environment. In the af-
ternoon, the panting score was two and a half times higher than in the morning period
(Table 7). One of the main mechanisms in heat dissipation is the panting behavior in dairy
cows, and this mechanism has a negative correlation with wind speed [19]. The increased
rate of respiration is indicative that these animals are losing heat in an attempt to main-
tain homeothermy. In a study conducted in Sao Paulo—Brazil, with Girolando animals,
summer and winter seasons affected the gland activities responsible for sweating and
increased panting scores to control the body temperature of those cows during summer.
Under heat stress conditions, those animals lose water through increased sweating and
panting, leading to dehydration and reduction in production performance [23].

Girolando cows presented better adaptive responses by activating a heat loss mecha-
nism, through increased panting, to high temperatures in the dry season compared to Gyr
cows [19]. Although the number of hairs was not statistically different between breeds,
the lighter coat color, pigmented skin, shorter hair and thinner cover, and larger body
measurements were observed in the Girolando breed, indicating better ability to dissipate
excess body heat during the experimental period [39,45]. Larger animals have a lower
metabolic rate than smaller ones [46], and animals with longer, thinner appendages show
increased heat loss [47].

When in environments shaded by trees, animals spent more time grazing and ruminat-
ing than animals in full sun. While in the shade, there was no difference between time spent
lying down above and below 30 °C, in the sun, animals tended (not significantly) to spend
less time lying under the higher temperatures. This would be to increase sensible water
loss, increase body surface area exposed to air movement or convection, and dissipate heat
to the environment. Thus, medium to low production Gyr and Girolando cows tolerate
heat but show behavioral changes to maintain homeothermy.

The presence of tree shade in the pasture of an integrated production system for zebu
dairy cows was found to promote the cow’s well-being by increasing rumination and
reducing their skin temperature. However, it did not affect behavioral parameters, such
as panting score and grazing times. This may be due to the adaptation of these breeds to
these environment, since crossbred Gyr (with Holstein-Friesian and Simental) cows were
more productive in the Cerrado system than purebred Gyr for calf and milk production, as
well as reproductive traits [48], and while genetic group and environment (sun and shade)
did not affect rectal temperature, respiration rate was increased in crossbred animals [2].
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5. Conclusions

Environmental parameters indicate heat stress conditions for dairy cows in all seasons,
with the most challenging conditions in the afternoon and during the dry season for the
Cerrado biome. The use of trees in pastures of a silvopastoral system for dairy zebu
cows is recommended to improve animal behavior parameters, such as ingestive behavior,
rumination, and time spent lying down, as well as to improve cow’s welfare in the shade
group by providing shelter from hot sunny environments.
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