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RESUMO

ESTUDO RETROSPECTIVO LONGITUDINAL SOBRE PRODUCAO E
COMPOSICAO DO LEITE NA MESORREGIAO NOROESTE RIO-GRANDENSE

AUTOR: Sirineu José Sicheski
ORIENTADOR: Dr. Jodo Pedro Velho

A producdo de alimentos de origem animal como carne, leite e seus derivados, deve ser
intensificada em escala global e de forma sustentavel. Aqui, nosso objetivo foi avaliar a
producdo de leite, composicdo quimica (extrato seco total, extrato seco desengordurado,
gordura, proteina e lactose), contagem de células somaticas e contagem bacteriana total, em
relacdo a estacdo (verdo, outono, inverno e primavera) em uma propriedade rural no
municipio de Palmeira das Missdes, Rio Grande do Sul, entre janeiro de 2009 e dezembro de
2016. Este estudo de caso foi delineado como uma retrospectiva longitudinal. A principal
variavel analisada foi a producdo de leite por hectare por més, pois isso é de suma importancia
na avaliacdo de uma propriedade rural. O estudo retrospectivo longitudinal consecutivo ao
longo de 8 anos serve para enfatizar que a execucdo organizada das atividades relacionadas a
pecudria e producdo de leite reduz os coeficientes de variacdo referentes a composicdo do
leite. Em outras palavras, € mais facil manter a qualidade do leite, além da geracdo de receita
extra por meio do bénus de qualidade do leite. As instrucdes normativas dos nimeros 51 e 62
do Ministério da Agricultura, Pecuaria e Abastecimento servem como um guia para ajudar o0s
produtores de leite a melhorar os sistemas de produgdo como um todo, ja que a atividade €
multifatorial por natureza.

Palavras-chave: Lactose. Produtores de leite. Preco do leite. Sistema de producéo. indice de
temperatura-umidade.



ABSTRACT

LONGITUDINAL RETROSPECTIVE RURAL STUDY ON THE EFFECT OF
SEASON ON MILK PRODUCTION AND MILK COMPOSITION IN MESOREGION
NOROESTE RIO-GRANDENSE

AUTHOR: Sirineu José Sicheski
ADVISOR: Dr. Jodo Pedro Velho

The production of foods of animal origin such as meat, milk, and their derivatives must be
intensified on a global scale in a sustainable way. Here, our objective was to evaluate milk
production, chemical composition (total dry extract, defatted dry extract, fat, protein, and
lactose), somatic cell count, and total bacterial count, in relation to season (summer, fall,
winter, and spring) on a rural property in the municipality of Palmeira das Missdes, Rio
Grande do Sul, Brazil between January 2009 and December 2016. This case study was
delineated as a longitudinal retrospective. The main variable analyzed was the production of
milk per hectare per month, as this is paramount in the evaluation of a rural property. The
consecutive longitudinal retrospective study over the course of 8 years serves to emphasize
that the organized execution of the activities related to animal husbandry and milk production
reduces the coefficients of variation referring to the composition of the milk. In other words, it
is easier to maintain milk quality, in addition to the generation of extra revenue by way of a
bonus milk quality. The normative instructions from Nos. 51 and 62 of the Ministério da
Agricultura, Pecuéria e Abastecimento serve as a guide to help milk farmers to improve milk
production systems as a whole, as the activity is multifactorial by nature.

Keywords: Lactose. Milk farmers. Milk prices. Production system. Temperature-humidity
index.
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1 INTRODUCAO

O termo agribusiness (agronegdcio) surgiu pela primeira vez em 1957, nos Estados
Unidos, a partir das contribui¢cdes de John Davis e Ray Goldberg. Os estudiosos atrelaram o
agronegocio a um conjunto de operagdes envolvidas na fabricacdo e distribuicdo de
suprimentos agricolas. Até o momento, agricultura e pecuéria eram entendidas de forma
isolada e independentes. E a partir dessa contribuicdo o agronegdécio ficou entendido, como
uma forma sistémica e integrada de producdo (BATALHA; SILVA, 2007).

Lopes e Neves et al., (2012) afirmam que “o agronegdcio globalizado derrubou
fronteiras, ultrapassou diferentes linguas e costumes, e criou um mundo inteiramente novo e
diferente”.

Em uma analise sobre o agronegdcio, realizada por Rocha e Couto (2012), os autores
constataram que em termos de producéo, os brasileiros ndo enfrentam dificuldades. Todavia,
no mercado internacional hd quatro segmentos principais que merecem atencdo: politicas
agricolas internacionais; exigéncias para comercializacdo; conjuntura de precos; e a
dependéncia de importacGes. Esses quatro fatores sao responsaveis pela restricdo do potencial
produtivo e competitivo do agronegdcio brasileiro no exterior.

De acordo com o Centro de Estudos Avancados em Economia Aplicada (CEPEA —
ESALQ, 2018), o agronegécio movimentou R$ 1,41 trilhdes no ano de 2017, ou seja, 21,59%
do Produto Interno Bruto (PIB) total brasileiro, e a pecuaria apresentou participacdo de
R$433,5 bilhdes, equivalente a 6,61% do total. O Ministério da Agricultura, Pecuéaria e
Abastecimento (MAPA), em estudo sobre as projecdes do agronegoécio (2013) para 0s
préximos dez anos elenca o grdo de soja e o leite entre os produtos com maior potencial de
crescimento, producéo e dinamicidade do agronegocio brasileiro.

Com alta representatividade no agronegdcio, a cadeia produtiva do leite constitui uma
das mais importantes do setor (GONCALVES et al., 2009). Segundo Zuge et al. (2008), a
disponibilidade de éareas agricultaveis aliadas a abundancia de agua doce s@o fatores
determinantes para colocar o Brasil como destaque na exportacao de lacteos.

Conforme Auad (2010), o cenario mundial indica o agronegdcio como sendo o carro-
chefe para o desenvolvimento comercial e industrial. Da mesma forma, Jorge (2011), afirma
gue muitos analistas internacionais, indicam que o Brasil serd, dentro de alguns anos, o maior
produtor mundial de alimentos, em decorréncia de suas vantagens competitivas.

Figueiredo (2016) afirma, que “agropecudria brasileira tem pagado as contas da

na¢do”. Mesmo que algumas cadeias produtivas apresentem produgdes de nicho e de
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subsisténcia com pequena representacdo econdmica, a agropecuaria possui grande significado
social em todas as regides brasileiras.

Conforme Pacheco et al., (2012), o agronegdcio do leite e de seus derivados ocupa um
papel relevante no suprimento de alimentos e na geracdo de emprego e renda para a
populacdo. De acordo com dados do Instituto Brasileiro de Geografia e Estatistica (IBGE,
2016), o Rio Grande do Sul é o segundo maior produtor de leite do pais, com uma
produtividade anual que corresponde a aproximadamente a 12% da producéo nacional. Esse
dado ressalta a importancia da atividade leiteira para a economia gaucha e mostra que o
produtor deve estar atento ao sistema agroindustrial do leite, nos niveis internacional,
nacional, estadual e regional.

A producdo leiteira como atividade econémica e social é fomento para o
desenvolvimento do pais, tanto sob o ponto de vista produtivo como para as relacdes politicas
e sociais que se estabelecem na construcdo da cidadania (DALCIN; TROIAN; OLIVEIRA,
2008).

Fraga et al., (2016) contextualizam a producdo leiteira como uma das bases da
agricultura regional, extremamente importante para a manutencdo de muitas familias no
campo, contribuindo para a economia local. Existe uma grande necessidade de aumentar a
produtividade leiteira, baseada na produgdo com baixo custo, melhorando a eficacia dos
sistemas de producdo. Conforme Neves e Conejero (2007), cada vez mais as atividades serdo
focadas para estratégias de producdo com foco em sistemas interligados, segundo os autores,
esse sera 0 agronegocio mundial.

Desta forma, nosso objetivo foi avaliar a producdo de leite, composi¢do quimica,
contagem de células somaticas e contagem bacteriana total do leite em relagdo as estacBes do
ano de uma propriedade rural de Palmeira das Missdes, Rio Grande do Sul, Brasil, entre
janeiro de 2009 e dezembro de 2016. O estudo esta estruturado em cinco partes, a primeira
parte inicia com o capitulo introdutorio com referencial tedrico composto por uma
contextualizagcdo geral do assunto; o segundo capitulo traz o artigo submetido ao periddico
Journal of Rural Studies; na sequéncia, o capitulo trés estdo as consideracGes finais e

sugestdes para futuros estudos na area.
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2 REFERENCIAL TEORICO

2.1 DIAGNOSTICO DA PRODUCAO DE LEITE NO RIO GRANDE DO SUL, BRASIL,
2015 E 2017

Nesta secdo do artigo sdo apresentadas e abordadas algumas caracteristicas da Cadeia
Produtiva do Leite (CPL) no Estado do Rio Grande do Sul. O Instituto Gadcho do Leite
(IGL), Associacdo Riograndense de Empreendimentos de Assisténcia Técnica e Extensdo
Rural (EMATER/RS) e Associacdo Sulina de Crédito e Assisténcia Rural (ASCAR) em 2015
realizaram pesquisa nos 497 municipios (100%) do Estado do Rio Grande do Sul. Utilizando
metodologia semelhante no ano de 2017 (491 municipios — 99%) a EMATER/RS e ASCAR
repetiram a pesquisa, de modo que a combinacdo de ambos os resultados permite avaliar a
dindmica da CPL no Rio Grande do Sul nesse curto espaco de tempo.

Um dos ndmeros que mais atraem atencdo do leitor nos referidos relatorios € a
variacdo do numero de familias de produtores rurais que reduziu de 198.467 para 173.706, ou
seja, houve um decréscimo de 24.761 (-12.5%) familias que tinham algum vinculo com a
producdo de leite. Considerando somente as propriedades rurais que vendem leite para as
indUstrias, cooperativas ou queijarias (Tabela 1) a reducéo foi 18.959 (-22,58%), repercutindo

sobre os demais parametros avaliados.

Tabela 1 — Pardmetros avaliados em produtores que vendem leite para inddstrias,
cooperativas ou queijarias no Rio Grande do Sul, Brasil

Parametros avaliados Ano de 2015 Ano de 2017

Numero de produtores que vendem leite para indUstrias,

. . 83.975 65.016
cooperativas ou queijarias
Area média das propriedades dos produtores de leite no 19.0 19.1
Rio Grande do Sul, Brasil (Hectare) ’ ’
NUmeros de vacas leiteiras no Rio Grande do Sul 1.170.181 1.068.577
Produtividade por vaca (Leite/vaca/ano) 3.576,3 3.839,0
Producdo diaria média por vaca (L.itro) 11,7 12,6
Producdo de leite anual média por propriedade (Litro) 49.835,9 63.097,0
Producdo de leite mensal média por propriedade (Litro) 4.153 5.258,1
Producdo de leite diaria média por propriedade (Litro) 138,4 1729
Producdo diaria média no Rio Grande do Sul (Litros) 11.539.811,3 11.309.937,5
Producdo de leite anual no Rio Grande do Sul (Litros) 4.184.972.183 4.102.315.774

Fonte: Elaborado pelos autores com base nos Relatérios Socioecondmicos da Cadeia Produtiva do Leite no Rio
Grande do Sul de 2015 publicado pelo IGL, EMATER/RS, ASCAR e de 2017 publicado pela EMATER/RS e
ASCAR.
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A area media das propriedades rurais praticamente manteve-se constante, aumentando
em apenas 0,1 hectares. O nimero de vacas reduziu 8,68%, mas observa-se que houve
melhora no rendimento por vaca e por propriedade. Provavelmente, os aumentos da producao
de leite por vaca séo explicados pela composicdo dos rebanhos que, somando vacas das ragas
Holandés e Jersey, ultrapassam 74% na média do rebanho do Rio Grande do Sul nos dois
anos avaliados (2015 e 2017).

A especializacdo do rebanho é de fundamental importancia, mas se considerarmos que
a maior parte da nossa genética é proveniente da América do Norte, principalmente dos
Estados Unidos da América (EUA) percebe-se que hd como aumentar consideravelmente a
producdo por meio de melhorias ambientais que séo representadas sobre tudo por alimentacéo
e nutricdo do rebanho.

Na Tabela 2 verificam-se alteracdes na estratificacdo dos produtores de leite, em
funcdo, do volume diario. Em 2015 os trés primeiros estratos somavam 61,2% do total.
Enquanto que em 2017 os mesmos estratos representam 54,9%, demonstrando que ha
tendéncia de aumentar a producdo de leite por propriedade rural, uma vez que geralmente o
lucro por litro de leite produzido é pequeno, minimo e até mesmo ausente, de modo que é

necessario ter escala para aumentar a rentabilidade da propriedade rural.

Tabela 2 — Estratificacdo dos produtores de leite em funcéo do volume diario de produgéo no
Rio Grande do Sul, Brasil, para os anos de 2015 e 2017 referentes aos produtores
que vendem leite para inddstrias, cooperativas ou queijarias ou que processam a
producdo em agroindustria propria legalizada

Estratos 2015 2017
Total Percentual Total Percentual

Até 50 litros por dia 20.089 23,9 11.657 17,9
Entre 51 e 100 litros por dia 17.881 21,2 12.975 19,9
Entre 101 e 150 litros por dia 13.632 16,2 11.170 17,1
Entre 151 e 200 litros por dia 10.383 12,3 8.982 13,8
Entre 201 e 300 litros por dia 9.504 11,3 8.587 13,2
Entre 301 e 500 litros por dia 7.118 8,5 6.720 10,3
Entre 501 e 1.000 litros por dia 4.195 50 3.923 6,0
Entre 1.0001 e 2.500 litros por dia 1.055 1,3 1.018 1,6
Mais de 2.500 litros por dia 322 0,4 170 0,3
Total 84.179 100,0 65.202 100,0

Fonte: Relatérios Socioecondmicos da Cadeia Produtiva do Leite no Rio Grande do Sul de 2015 publicado pelo
IGL, EMATER/RS, ASCAR e de 2017 publicado pela EMATER/RS e ASCAR.

Na Tabela 3 verifica-se que as pastagens séo a principal fonte de alimentacdo dos

rebanhos. No relatério de 2017 também foram determinados os sistemas de producéo,
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chegando-se aos seguintes numeros: a base de pasto 62.331 (95,6%) sistema onde 0s animais
permanecem livres durante todo o dia, com acesso a pastagem, embora possam receber
alimentacdo em algum tipo de instalacdo, apos as ordenhas; semiconfinamento 2.175 (3,3%)
sistema no qual os animais permanecem presos por mais de seis horas por dia, mas sdo soltos
por algumas horas quando tém acesso a pastagem; e confinamento total 696 (1,1%) sistema
no qual os animais permanecem presos durante todo o dia, em algum tipo de galpéo (Tie Stall,

Free Stall ou Compost Bedded Pack Dairy Barn), recebendo 100% da alimentacéo no cocho.

Tabela 3 — Tecnologias utilizadas no Rio Grande do Sul, Brasil, para os anos de 2015 e 2017
referentes aos produtores que vendem leite para industrias, cooperativas ou
queijarias ou que processam a producdo em agroindustria prépria legalizada

Estratos 2015 2017

Total Percentual Total Percentual
Utilizam pastagem anual de inverno 79.554 94,5 62.761 96,3
Utilizam pastagem anual de veré&o 72.276 85,8 55.765 85,5
Utilizam silagem de verdo ou inverno 67.396 80,0 55.104 94,5
Utilizam inseminagdo artificial (1A ou 64.891 77,1 52.703 80,8
IATF)
Realizam pastoreio 52.056 61,8 45.263 69,4
rotativo/rotacionado
Utilizam gramineas perenes de verdo 48.807 58,0 40.833 62,6
Fornecem ragdo conforme a producgéo 20.894 24,8 20.064 30,8
da vaca
Fazem controle leiteiro por vaca, no 11.415 13,6 11.321 17,4
minimo mensal
Produzem leguminosas 6.932 8,2 5.290 8,1
Utilizam irrigacdo de pastagens 2.240 2,7 2.240 3,4
Total 84.179 100,0 65.202 100,0

Fonte: Relatorios Socioecondmicos da Cadeia Produtiva do Leite no Rio Grande do Sul de 2015 publicado pelo
IGL, EMATER/RS, ASCAR e de 2017 publicado pela EMATER/RS e ASCAR.

Apesar dos baixos valores de semiconfinamento e confinamento a utilizagdo do uso de
silagem é bem significativa, demonstrando que mesmo os rebanhos que estdo basicamente na

pastagem ainda recebem suplementagdo com volumoso conservado.
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Figura 1 — Producéo de leite em percentual pelas mesorregides no Rio Grande do Sul em 2016

Mesorregioes - RS

1-Noroeste Rio-grandense
2-Nordeste Rio-grandense
3-Centro Ocidental Rio-grandense
4-Centro Oriental Rio-grandense
5-Metropolitana de Porto Alegre
6-Sudoeste Rio-grandense
7-Sudeste Rio-grandense

78 %
1281 %

Fonte: Preparado pelos autores (IBGE, 2018).

De acordo com IBGE (2018), as mesorregifes do Rio Grande do Sul que mais
produziram leite no ano de 2016 sdo a Noroeste e Nordeste (Figura 1), alcancando 77,38% da
produgdo total, enquanto as mesorregides Centro Oriental e Metropolitana produzem
aproximadamente 22,61%, demonstrando que h& concentracdo na producdo de leite nas duas
primeiras regiBes citadas, as quais tambeém concentram as maiores producées de soja (Glycine

max.) e milho (Zea mays) do estado.
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2.2 REVISAO DE LITERATURA E CONSIDERACOES SOBRE A PRODUCAO DE
LEITE NO RIO GRANDE DO SUL, BRASIL

A fim de organizarmos a revisdo de literatura, elaboramos um mapa conceitual,
resumido, sobre os principais fatores que impactam sobre a produgédo de leite no Estado do
Rio Grande do Sul (Figura 2), principalmente com foco na propriedade rural, pois sabemos
que por mais que tentemos fazé-lo completo faltardo informacGes, em funcdo, da
complexidade que permeia a cadeia produtiva do leite, sobretudo em paises emergentes como
€ 0 caso do Brasil, em que as condi¢bes mercadolégicas variam bastante ao longo dos anos e
das décadas e assim dificulta o planejamento da atividade a médio e longo prazo. A fotografia
contida no mapa conceitual é da propriedade estudada e apresentada na secdo (4)
metodologia, a qual representa parte consideravel das propriedades de leite do Rio Grande do
Sul, pois como consta na Figura 1 a producdo de leite concentra-se nas mesorregides Noroeste
e Nordeste em que o relevo das regides é coxilhas com algumas partes mais acidentadas, ou
seja, as areas ndo sdo planas e, portanto € necessario maneja-las com curva de nivel para

preservar o solo.
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Figura 2 — Mapa conceitual resumido sobre alguns fatores que interferem com a producdo de alimentos (forragens), melhoramento genético,
desempenho das vacas em lactacdo e composicdo do leite nas condi¢des do Rio Grande do Sul, Brasil

6. A composicio do leite € resultante da integragio 1. A disponibilidade e local da
dos metabolismos, ou seja, ¢ fundamental a vaca terra para producgio de leite ¢ de
consumir, digerir e metabolizar os nutrientes, fundamental importancia visto

orquestrados  de acordo com a programacio
genética.

que ha fatores como relevo,
condi¢oes meteorologi cas,
congervacio e fertilidade do solo,
preco sdo imprescindiveis para
definir o sistema de produgio
possibilitando retorno compativel
ao local de produgio.

.

5. O consumo voluntario,
o estado sanitario e
imunologico do animal,
bem como a atividade do
sistema reprodutivo sdo
resultantes da interagio
enfre  homeostaze e
homeorhesis, as (uais
integram todos os
metabolismos.

2. O planejamento forrageiro
deve contemplar a produgio de
pastagens, fenos, silagens e parte
dos  cereais utilizados na
formulagio dos concentrados.

3. Atualmente, o melhoramento genético das vacas de
leite tem sido para reduzir os nutrientes necessarios
para mantenca e maximizar a produgio. Porém,
quando as vacas precisam pastejar parte dos nutrientes
também sdo destinados para deslocamento. A genética
vegetal deve ser compativel com a genética animal, de
modo a otimizar o desempenho das vacas em lactagio.

4. O consumo voluntario ¢ influenciado por varios fatores como,
por exemplo, exigéncias nutricionais, nao nufricionais (tamanho do
bocado, taxa de bocados e tempo de pastejo), oferta de pastagem,
enchimento ruminal, disponibilidade de metabolitos, condigdes
meteorologicas, escore de condicio corporal, entre outros. A
determinacio do consumo em pastejo € algo complexo. Assim,
muitas vezes a vaca nao consome todos os nutrientes necessarios.

Fonte: Preparado pelos autores.
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Um dos principais fatores que determina as caracteristicas da atividade leiteira é a
localizacdo geogréafica da propriedade, visto que o sistema de produgdo escolhido (a pasto,
semi-confinado ou confinado) deve ser determinado com base nas seguintes particularidades:
preco das terras, relevo (tipo, conservacdo e fertilidade do solo), continentalidade (umidade
relativa do ar, precipitacdo pluviométrica, temperatura e altitude), disponibilidade de agua e
capacidade de producdo de alimentos volumosos e concentrados para alimentagédo e nutricdo
do rebanho, em funcéo, de interferirem no custo de producéo. Entretanto, verifica-se que no
Rio Grande do Sul parte dos produtores de leite ndo tem conseguido fazer um planejamento
adequado, repercutindo no abandono da atividade conforme apresentado na tabela 1.

Contudo, segundo estudo realizado por Trennepohl (2010), a pecuaria leiteira € a
atividade priméaria com maior impacto na economia local, em relacdo aos outros produtos
agricolas. Conforme o autor, para cada unidade de valor bruto da producédo de leite, gera-se
um impacto de 1,166 no valor adicionado da economia estadual do Rio Grande do Sul. Esse
impacto é resultado da soma do indice multiplicador de impacto da producéo leiteira de 0,790
de valor adicionado, com o indice de 0,375 por unidade de Valor Bruto da Produc¢édo - VBP,
cujo indice deveria ser utilizado na construcdo das politicas publicas governamentais em
funcéo do impacto social da cadeia produtiva do leite.

Até 1950, a terra foi percebida como uma possibilidade de expandir a riqueza das
nacdes, sendo que os economistas aderiam ao conceito de que a renda oriunda da producgéo
determinaria o preco da terra, posterior a esse periodo, o preco elevou-se acima da renda
(MALASSISE et al.,, 2016). Esse aumento de precos, acima dos ganhos produtivos foi
chamado de “paradoxo do preco da terra”, que atribuiu outros fatores, além da renda da terra,
para compreender o comportamento do preco (FERRO; CASTRO, 2013).

De acordo com Belik (2015), uma das formas mais seguras de promover 0
desenvolvimento rural é a adaptacdo de programas publicos e privados para diferentes
realidades, por meio de formulacdo de politicas regionais e de caréater tecnoldgico, visando
reduzir as desigualdades e levando em consideracdo o carater heterogéneo da producéo
agropecuaria. No mesmo sentido Costa et al., (2013) comentam sobre a necessidade de
conhecer e compreender as peculiaridades dos diferentes sistemas de produgdo de gado
leiteiro, para a construcédo e implementacdo de politicas publicas e programas de extensao que
visem o crescimento da indudstria de laticinios. Assim elencam algumas prioridades: ajudar na
infraestrutura e préaticas para o cumprimento da legislacdo dentro dos padrdes exigidos pela
lei; fomentar o uso de sistemas eficientes para melhorar o0 manejo de pastagens, agua e

sombra; e controlar e prevenir problemas de saude com o rebanho.
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Em funcdo das vacas serem ruminantes é importante potencializar a fermentacéo
ruminal, bem como a ruminacdo propriamente dita através da presenca de alimentos
volumosos que apresentem fibra fisicamente efetiva (VAN SOEST, 1994).

Segundo Tambara et al. (2017) a producdo de carne, leite e/ou |& baseado em
pastagens é influenciada pelas varia¢fes na producdo e composicdo das forrageiras em funcédo
das estacOes do ano, principalmente durante os vazios forrageiros tradicionais de outono e
primavera. Para garantir indices zootécnicos satisfatérios é imprescindivel haver pastos de
qualidade ao longo do ano. A combinacdo de gramineas e leguminosas melhoram a
palatabilidade, valor nutricional e incrementam a produtividade (OLIVO et al., 2016).

Avaliando a producdo e a composicdo do leite de 259 rebanhos leiteiros (165.311
observacdes), pertencentes aos cooperados de quatro cooperativas localizadas na Regido
Noroeste do Rio Grande do Sul, entre janeiro de 1998 e julho de 2003, Noro et al., (2006)
verificaram producgdo didria média de leite anual de 19,36 litros por vaca, constituidos por
3,54% de gordura, 3,12% de proteina e 4,52% de lactose e com escore de células somaticas da
ordem de 3,57 (escala de 0 a 9). Considerando a producdo diaria média de leite anual
verificada, evidencia-se que os rebanhos leiteiros do Noroeste Galcho apresentam alto mérito
genético, assim as condi¢fes ambientais precisam ser avaliadas constantemente, a fim de
alcancar a expressao maxima dos genotipos e, sobretudo evitar distdrbios metab6licos como,
por exemplo, cetose, decorrente de baixo consumo de alimentos e/ou dietas com baixa
concentracdo energetica. Capper et al., (2009) demonstraram que entre 1944 e 2007 (63 anos)
a producéo de leite média por lactacdo nos Estados Unidos da América passou de 2,074 para
9,193 quilogramas, ou seja, um incremento de 443%, cujo aumento é decorrente do
melhoramento genético e mudancas nas racas, mas também por alteracdes nos sistemas
produtivos passando de forragens (pastagens e fenos) + concentrado para racdo totalmente
misturada (silagem de milho, silagem de alfafa e concentrado), de modo a proporcionar
quantidade suficiente de nutrientes para expressdo do genétipo e fendtipo. Como o0s
produtores brasileiros adquirem sémen de touros selecionados por empresas de genética norte-
americanas é possivel que o potencial genético mencionado por Capper et al., (2009) ja esteja
disponivel no Brasil, mas em funcdo do ambiente ndo ter sido adequado em 100% das
situacOes ndo ocorre a maxima expressao fenotipica.

Ponderando que o produtor rural almeje produgdo e composicdo do leite conforme as
médias supracitadas para todo o seu rebanho, além de uma bezerra por vaca por ano, é
imprescindivel cuidados especiais na alimentacdo e nutricdo das vacas de leite, bem como das

condigdes que proporcionam bem-estar animal.
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A nutricdo de bovinos de leite pode ser definida amplamente como o uso dos
componentes de alimentos para 0s processos de mantenca, crescimento, reproducdo, lactacao
e saude; a nutricdo aplicada é a selecdo e a distribuicdo de alimentos e ingredientes para
fornecer as quantidades e o equilibrio corretos de nutrientes necessarios para um 6timo
desempenho produtivo e reprodutivo (DRACKLEY et al., 2006).

O grande desafio na alimentacdo do ruminante de alta produtividade é aumentar sua
capacidade de ingestdo de alimento, para suprir suas necessidades nutricionais, sem prejuizo
aos processos fisioldgicos no rumen, ou seja, mantendo a atividade de ruminagdo, com um
consumo adequado do alimento volumoso. A planta inteira de milho, verde ou na forma de
silagem, permite maior consumo face ao teor relativamente baixo de FDN menos de 50%,
pois menor teor de FDN significa FDN de maior taxa de fermentacdo, ou seja, um
esvaziamento mais rapido do rumen (VELHO et al., 2006).

Em recente revisdo bibliografica sobre os efeitos do estresse por calor sobre o bem-
estar de gado leiteiro Polsky e von Keyserlingk (2017) relagé&o entre os efeitos imediatos do
estresse térmico ambiental e os trés principais construtos do bem-estar animal: (1)
funcionamento bioldgico e salude (ofegante (comportamento estereotipado); | comportamento
estral (aumento de anestro); | produgao de leite; 1 fome e sede; 1 frustracdo; 1 agressao; 1
mal-estar) e (3) vida natural (1 adaptagdes evolutivas; T comportamento de agrupamento; 1
busca de sombra), considerando o nimero de dias em que o indice de temperatura-umidade
(THI) excede o limiar de conforto (> 72).

Bauman e Currie (1980) conceituaram homeostase e homeorhesis conforme inserido

abaixo:

O controle do metabolismo durante a gestagdo e a lactagcdo envolve dois tipos de
regulacdo - homeostase e homeorhesis. O controle homeostdtico envolve a
manutencdo do equilibrio fisioldgico ou a constancia das condi¢es ambientais
dentro do animal. A homeorhesis ¢ o controle orquestrado ou coordenado no
metabolismo dos tecidos corporais, necessario para suportar um estado fisiologico.
A regulacdo do particionamento de nutrientes durante a gestagdo envolve controles
homedrreticos decorrentes do conceito. Isso garante o crescimento do concepto (feto
e membranas fetais) e do Gtero gravido, bem como o desenvolvimento da glandula
mamaria. Com o inicio da lactagdo, muitos talvez até tecidos mais maternos passam
por adaptagdes adicionais para apoiar a lactagdo. As adapta¢des coordenadas nas
taxas de lipogénese e lipdlise no tecido adiposo sdo exemplos de importantes
controles homeorréticos de particionamento de nutrientes que sdo necessarios para
suprir as necessidades mamarias de sintese lactea.

Como em sistemas de producdo de leite eficientes a vaca na maior parte do tempo da

lactacdo (305 dias) também deve estar gestando entdo a interacdo entre homeostase e
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homeorhesis é permanente e dindmica, ainda mais quando as vacas sdo acometidas por
estresse pelo calor. Porém, os problemas em vacas de leite ndo se resumem apenas ao estresse
pelo calor, mas tem haver com as condi¢fes ambientais, uma vez que o ciclo das pastagens é
influenciado pelas condicdes meteoroldgicas variaveis no decorrer das estaces do ano, de
modo que no outono e primavera ha vazios forrageiros classicos quando os sistemas séo
baseados essencialmente em pastagens, mesmo com suplementacéo estratégica. Logo, no dia-
a-dia da atividade é necessario potencializar o consumo voluntario, mas ha diversos fatores
que agem prejudicando 0 mesmo e assim as demais respostas sdo influenciadas em cascata.

Durante a fase de balanco energético negativo caracterizado pela limitada capacidade
de consumo de alimentos e alta exigéncia nutricional repercute em mobilizagdo de reservas
corporais (NRC, 2001), as quais precisam ser recuperadas em curto espago de tempo. Caso
contrario, havera prejuizos sobre os indices produtivos da lactacéo e reprodutivos ao longo da
vida util da vaca (PRYCE et al., 2001; CHEBEL et al., 2018), repercutindo sobre a receita
financeira da propriedade rural (SANTOS; LOPES, 2014). Todavia, em condigdes tropicais
ndo apenas os fatores supracitados interferem nas exigéncias nutricionais de mantenca e
producdo, mas também as condi¢bes meteoroldgicas, sobretudo a interacdo temperatura e
umidade relativa do ar que impactam sobre as exigéncias nutricionais de mantenca e também
sobre o consumo de alimentos (NRC, 2001; TYLUTKI et al., 2008).

Assim como os fatores climéticos, as condi¢bes do relevo também devem ser
consideradas na producdo leiteira, pois diminuem consideravelmente o aporte de nutrientes
para producdo de leite de vacas em pastejo. O deslocamento das vacas lactantes gera gasto
energético o que acaba por influenciar nas exigéncias nutricionais desses animais. Segundo
Fox et al. (2004), quando o animal se desloca por uma distancia plana, o gasto energético é de
0.621 megacalorias para cada 1,000 metros, enquanto que o deslocamento em aclive e/ou
declive demanda 6.69 megacalorias para cada 1,000 metros percorridos.

A reducédo do consumo de alimento em virtude de fatores ambientais ocorre quando as
condicOes térmicas estdo fora da zona termoneutra, que se situa entre 5 a 20°C (NRC, 2001).
Conforme Collier et al., (2017) o estresse € um evento ou condi¢do externa que afeta o
sistema bioldgico, de modo que a resposta do animal a um estresse envolve o gasto de energia
para remover ou reduzir o impacto do estresse, aumentando as exigéncias de mantenca o que
resulta em perdas na producdo. Assim, vacas em estresse térmico e em inicio de lactacéo,
sofrem um déficit nutricional que em consequéncia acarreta redugdo da producgdo leiteira e

perda de condicao corporal, em funcdo da mobilizacdo de reservas corporais (NRC, 2001).
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A mobilizacdo de gordura corporal quando excessiva induz a um aumento no plasma
de &cidos graxos ndo-esterificados que sdo captados pelo figado, levando ao desenvolvimento
do figado gorduroso (esteatose hepatica). A fertilidade de vacas com sindrome do figado
gordo é geralmente baixa, podendo chegar a taxas de concepcao ao primeiro servigo inferior a
50% ocorrendo uma reducdo estimada de um porcento na taxa anual de concepcdo (PETIT,
2009). O figado gordo é um dos principais distdrbios metabdlicos de muitas vacas leiteiras no
inicio da lactacdo e esta associado a diminuicdo do estado de saude e do desempenho
reprodutivo, em casos graves, a producao de leite e a ingestdo de alimentos diminuem (BOBE
etal., 2004).

No estudo sobre indicadores-referéncia de sistemas de producdo de leite, os autores,
Oliveira et al., (2007), realizam a analise, baseados no perfil tecnologico, em indicadores
zootécnicos, indicadores econémicos e no tamanhos das propriedades. Estes autores
classificaram os indicadores da seguinte forma:

Indicadores de tamanho: a producdo diaria de leite, a area total, nimero de vacas em
lactacdo, total de vacas, total do rebanho, total de unidades animais, mao-de-obra total,
fornecimento de concentrado para o rebanho e capital total investido.

Indicadores zootécnicos: produtividade por vaca em lactacdo, produtividade por total
de vacas, relacdo de vacas em lactacdo pelo total de vacas, relacdo de vacas em lactagdo pelo
total do rebanho, taxa de lotacdo, numero de vacas em lactagdo por area, produtividade da
terra e produtividade da méo-de-obra.

Indicadores econdmicos: renda bruta da atividade leiteira (RBA), renda bruta do leite
(RBL), participacdo da renda bruta do leite na renda bruta da atividade, prego do leite, custo
operacional efetivo (COE) da atividade leiteira, custo operacional total (COT) da atividade
leiteira, custo total da atividade leiteira, margem bruta da atividade, margem liquida da
atividade, lucro da atividade, custo operacional efetivo por litro de leite, custo operacional
total por litro de leite, custo total por litro de leite, margem bruta por litro de leite, margem
liquida por litro de leite, lucro por litro de leite, gasto com concentrado para o rebanho em
relagdo ao valor da producdo de leite, gasto com mé&o-de-obra em relacdo ao valor da
producdo de leite, participacdo do COE na RBA, participacdo do COT na RBA, taxa de
remuneracdo do capital investido e capital investido na atividade em relacdo a produgdo diéria
de leite.

Quanto aos indicadores de eficiéncia econdmica, Lopes et al., (2008), considera para

avaliacdo e comparacdo, a margem bruta, a margem liquida e o resultado. Para Silveira et al.,
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(2011), na anélise de indicadores econdmicos, deve-se avaliar o valor presente e a taxa interna
de retorno.

De acordo com Santos e Lopes (2014), é grande o nimero de propriedades que sédo
geridas com empirismo, pela falta de conhecimento sobre os custos de producdo, que
deveriam dar suporte, para a gestdo. Os produtores necessitam conhecer a realidade onde
estdo atuando. Para, a partir da identificagdo e mensuragdo dos custos de produgédo, poder
realizar o planejamento da propriedade, com estratégias de identificacdo de gargalos, reducéo
de custos, maximizacdao de recursos e lucros.

De acordo com Oliveira et al., (2007), identificar os indicadores é uma forma de
instruir o processo de tomada de deciséo, com informagdes esclarecedoras sobre a viabilidade
econbmica de sistemas de producdo de leite.

Salientamos que as proposi¢cbes do trabalho e metodologia consta no artigo

apresentado do proximo capitulo.
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3 ARTIGO: LONGITUDINAL RETROSPECTIVE RURAL STUDY ON THE
EFFECT OF SEASON ON MILK PRODUCTION AND MILK COMPOSITION IN
R10 GRANDE DO SUL, BRAZIL

ABSTRACT

The production of foods of animal origin such as meat, milk, and their derivatives
must be intensified on a global scale in a sustainable way. Here, our objective was to evaluate
milk production, chemical composition (total dry extract, defatted dry extract, fat, protein, and
lactose), somatic cell count, and total bacterial count, in relation to season (summer, fall,
winter, and spring) on a rural property in the municipality of Palmeira das Missdes, Rio
Grande do Sul, Brazil between January 2009 and December 2016. This case study was
delineated as a longitudinal retrospective. The main variable analyzed was the production of
milk per hectare per month, as this is paramount in the evaluation of a rural property. The
consecutive longitudinal retrospective study over the course of 8 years serves to emphasize
that the organized execution of the activities related to animal husbandry and milk production
reduces the coefficients of variation referring to the composition of the milk. In other words, it
is easier to maintain milk quality, in addition to the generation of extra revenue by way of a
bonus milk quality. The normative instructions from Nos. 51 and 62 of the Ministério da
Agricultura, Pecuaria e Abastecimento serve as a guide to help milk farmers to improve milk
production systems as a whole, as the activity is multifactorial by nature.
Keywords: Lactose, Milk farmers, Milk prices, Production system, Temperature-humidity

index
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1. Introduction

The production of animal products such as meat, milk, and their derivatives must be
intensified globally to meet increasing market demand. However, this growing demand must
be met in a sustainable manner (i.e., following the three pillars of sustainability: economically
viable, environmentally correct, and socially just) (Tedeschi et al., 2015). This is especially
important, as in 2030, the global population will exceed eight billion people (Samir and Lutz,
2017), further increasing to greater than nine billion in 2050 (Alexandratos and Bruinsma,
2012). At the same time, there has been an increase in life expectancy not only reflected in the
greater number of years lived, but also in social changes related to culture and health care
(Salomon et al., 2012), increased income (Valin et al., 2014), and increased urbanization
(Smith, 2017) all necessitating improved food security (Seto and Ramankutty, 2016). Thus, it
is crucial to understand the impacts of food production on human health (Patz et al., 2005, Liu
et al., 2015, Tedeschi et al., 2017). For example, by naturally altering the fatty acid profile of
milk and its derivatives, it is possible to provide healthier foods to the human population via
improved nutraceutical characteristics (da Silva et al., 2007, Ferlay et al., 2013; Oeffner et al.,
2013; Puppel et al., 2013), in addition to adding value to the products sold.

Owing to the socioeconomic and nutritional importance of the Productive Milk Chain
(PMC), the Ministério da Agricultura, Pecuaria e Abastecimento (MAPA) of Brazil,
normative instructions Nos. 51 and 62 (Brasil, 2002; Brasil, 2011) have standardized—and
sought to improve—the composition and quality of the milk produced in Brazil. However, it
is known that milk production is the result of the interaction between multiple factors, such as
soil availability and soil fertility (Mueller et al., 2014; Gerssen-Gondelach et al., 2017); waste
management, nutrients, and the mitigation of greenhouse gases (Asselin-Balencon et al.,
2013; Holly et al., 2017; Veltman et al., 2017); the availability, quality and water use

(Coimbra et al., 2012; Willers et al., 2014; Kraub et al., 2015; Palhares and Pezzopane, 2015);
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pasture production (Henz et al., 2016; Roche et al., 2017; Tambara et al., 2017); silage
production (Hentz et al., 2017; da Silva et al., 2018); cow genetics (da Silva et al., 2015;
Hardie et al., 2017; Rangel et al., 2018); feeding systems (Larsen et al., 2010; Fajardo et al.,
2015; Virbat et al., 2017); the health status of the mammary gland (Busanello et al., 2017
Gongcalves et al., 2018), among several other parameters.

The aforementioned information highlights the truly dynamic nature of milk
production, and how a systemic and integrated approach to the industry could increase
efficiency. However, this holistic and integrated approach is challenging, as there is a need to
coalesce information on the many factors that interact with one another. Therefore, it is
necessary that the rural producer has technical assistance in the short, medium, and long term.
In short, providing assistance to rural farmers to help streamline such a dynamic approach to
milk production would help increase profitability in developing countries.

Stirmer et al. (2018) concluded that for milk production in the municipality of
Chapada in the Northwest Region of Rio Grande do Sul, there is a strong relationship between
climatic variables and monthly production, milk pricing, and composition, where
approximately 10.2% of the variation in milk composition, monthly production, and pricing
are explained by a set of climatic variables (temperature, solar radiation, rainfall, and the
temperature-humidity index).

However, the influence of climatic variables on milk composition and quality occurs
indirectly, primarily owing to the effect of heat stress on milk cows (Gantner et al., 2017),
which results in substantial metabolic changes (e.g., reduction in lipolysis, increased
glycolysis, increased catabolism of amino acids). Furthermore, long-term heat stress also

interferes with immune and inflammatory functions (Min et al., 2017).
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Thus, our objective was to evaluate milk production, chemical composition, somatic
cell count, and total bacterial milk count in relation to season on a rural property in Palmeira

das Missdes, Rio Grande do Sul, Brazil between January 2009 and December 2016.

2. Methodology

2.1. Database and herd management practices

The data used in the present study (January 2009 to December 2016) originated from
the Escola Estadual Técnica Celeste Gobbato (EETCG), Palmeira das Missbes, Rio Grande
do Sul, Brazil, which performs secondary vocational training of Técnicos em Agropecuéria.
The results were generated in the Unidade Educativa Bovinocultura de Leite (UEBL), and the
case study was delineated as a longitudinal retrospective. The Holstein herd management and
production conditions between January 2009 and December 2012 were described by Haygert-
Velho et al. (in press). We note that the production system between January 2013 and

December 2016 is the same as described in the aforementioned article.

2.2 Milk composition

For milk analysis, two to four samples of the cooling tank were collected monthly by
the company that buys the milk from the Escola Estadual Técnica Celeste Gobbato and sent
for analysis to the Servico de Anélise de Rebanhos Leiteiros (SARLE) of the Universidade de
Passo Fundo (UPF), certified by the Ministério da Agricultura, Pecuaria e Abastecimento
(MAPA) of Brazil. To determine amounts of the total dry extract (TDE), defatted dry extract
(DDE), lactose, fat, and protein, the samples were analyzed by near-infrared Raman
spectroscopy (NIRS, Bentley 2000, Bentley Instruments, USA) according to I1ISO 9622.

Somatic cell count (SCC) and total bacterial count (TBC) were determined using flow
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cytometry (Somacount 300, Bentley Instruments, USA), according to ISO 13366-2. Both

methods are prescribed in INMETRO IEC 17025: 2002.

2.3. Temperature-humidity index (THI)

The temperature-humidity index (THI) was calculated according to official data from
the meteorological database of the Instituto Nacional de Meteorologia (INMET) for the
Estacdo Meteoroldgica Automatica de Palmeira das Missdes (Longitude: O 53 19 4.976;
Latitude: S 27 55 13.364; Altitude: 614m asl), which is nearly 2 km from the UEBL -
EETCG management center. The climate of the region is characterized as Cfa (subtropical
humid with hot summers and without defined dry season), according to the Kdppen
classification system, with average an annual rainfall of 1,029 mm (Alvares et al. 2013). The
formula used to determine the THI according to Kibler (1964) is presented below:

THI = 1,8 xTa — (1 — RH) X (Ta — 14,3) + 32

where
Ta — mean daily temperature (°C)
RH — mean daily relative air humidity as a fraction of the unit (%).
Oliveira Neto et al. (2001) recommend three classes to assess heat stress through THI:
threshold values for mild stress THI = 72 — 79, moderate stress THI = 80 — 89, and severe

stress THI = 90 — 98. However, we had to use only two classes smaller and greater than 72%.

2.4. Deflation of milk price

The indice Geral de Precos—Disponibilidade Interna (IGPD-DI), published by the
Instituto Brasileiro de Economia (IBRE) linked to the Fundacdo Getulio Vargas (FGV), was
used to carry out the deflation of the milk values, which measures the behavior of milk prices
in the Brazilian economy. The IGP-DI is a weighted arithmetic average between the indice de

Precos no Atacado (IPA), which measures the variation of wholesale prices, and the indice de
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Precos ao Consumidor (IPC), and measures the price oscillation by the retail sector and

NPM
IGP-DI

* 100 was

consumer services (IBRE — FGV, 2016). The Real Price of Milk RPM =

determined as follows: where NPM = Nominal Price of Milk. The base date used was
12/2016. Figure 1 shows the nominal and real prices of milk, considering the evaluation

period of the EETCG herd (January 2009—December 2016).

——Nominal milk price -=-Real milk price

Milk price (BRL/L)
e =
g g 2

o
[y
=3

0.00
1/09 8/09 3/10 9/10 4/11 10/11 5/12 11/12  6/13 1/14 7/14 2/15 8/15 3/16 9/16

Month and Year
Figure 1. Nominal and real prices of milk, between January 2009 and December 2016, in

Palmeira das Missoes, Rio Grande do Sul, Brazil.

This variable has great importance in an open economy and exerts a strong influence
on other macroeconomic variables (Grijé, 2005). According to Bresser-Pereira (2012), a
competitive exchange rate stimulates export-oriented investments and correspondingly
increases domestic savings. Almeida and Bacha (1999) distinguish the real exchange rate
from the effective exchange rate, where the first refers to the deflated value of the price in the
national currency of a unit of foreign currency taken as a reference. The real effective
exchange rate is the deflated value of the domestic currency price of a weighted average of

foreign currencies (Figure 2).
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——Exchange rate -=-Real exchange rate
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Figure 2. Real exchange rate (BRL/USD): 01/2009 to 12/2016.

0.60

0,50

Milk price (USD/L)
e °

2
iy
<]

0.10

0,00
1/09 8/09 3/10 9/10 4/11 10/11 5/12 11/12 6/13 1/14 7/14 2/15 8/15 3/16 9/16

Month and Year

Figure 3. Real price of milk (USD/liter) in Palmeira das Missdes, Rio Grande do Sul, Brazil:

01/2009 to 12/2016.

2.5. Statistical analyses

The statistical analyses (Table 1) and the non-parametric Kendall method (PROC
CORR of SAS; SAS Institute, 2012) were performed between the variables in the database:
milk production per hectare per month, milk price in USD, total dry extract (TDE), defatted

dry extracted (DDE), fat, protein, lactose, somatic cell count (SCC), total bacterial count
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(TBC), hours in the month with THI below and above 72. These methods were used because
variables such as SCC and TBC presented extreme values, and were not normally distributed.

In the sequence, the variables described above were compared between the seasons
and years. In order to verify the influence of climatic seasons on the results, years were
segmented considering the southern hemisphere as follows: summer (January, February, and
March), fall (April, May, and June), winter (July, August, and September), and spring
(October, November, and December). First, all the variables were verified in relation to the
normality of the data by means of histograms (SAS PROC UNIVARIATE). Subsequently, a
generalized linear mixed model (PROC GLIMMIX in SAS) was applied to the following
variables that presented a normal distribution: milk yield per hectare, milk price in USD,
TDE, DDE, fat, protein, and lactose, using month as a random effect and a variance-
covariance matrix of the unstructured type to model the repeated measurements, where this
matrix resulted in the best fit of the model. Thus, a normal distribution was used to model
these variables as follows:

Yijg = a+Bi+v; + 6k + i

where,

Y;jx = value of the response variable within the i"" season, j™ year, and k™ month;

a = value of intercept, common to all observations;

B; = fixed effect of the i season of the year with i = 4;

y; = fixed effect of the j™ year with j = 8;

8, = random effect of the k™ month with k = 12;

&;ji, = random error associated with observation.

For the other variables that did not present a normal distribution (SCC, TBC, hours in
the month with THI below and above 72), a model similar to the previous model was used

with the same variance-covariance structure and same fixed and random effects. However, the
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distribution used was the lognormal, which allowed the best adjustment of the data. The
model was performed as follows:

log(Yijx) = a+ Bi +v; + 6k + €k

where,

log(Y;j) = value of the response variable transformed into a natural logarithm within
the i"" season, j year, and k™" month;

a = intercept value, common to all observations;

B; = fixed effect of the i season of the year with i = 4;

y; = fixed effect of j" year with j = 8;

8, = random effect of the k™ month with k = 12;

& = random error associated with observation.

The averages obtained as a result of this second modeling were retransformed and
presented in the original scale of each variable. In addition, for both models, the residuals
were checked for normality by means of histograms (PROC UNIVARIATE of SAS), and
when the p-value was significant, the Tukey-Kramer comparison test was used to differentiate
between the seasons and years. Statistical differences were considered significant at the 0.05

(5%) level of probability.
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3. Results

Table 1 demonstrates the amplitude of the variables (minimum, maximum, and the
coefficient of variation) in relation to the average of the evaluated parameters. Our analyses
show that the production of milk per hectare exhibited monthly amplitudes of 322, 375, 381,
and 439 liters of milk per hectare, for summer, fall, winter, and spring respectively. These
amplitudes are considered normal and are a result of the multifactorial nature of this variable
and of differences in seasonal decisions (i.e., the number of lactating cows that can be altered
by alimentary, nutritional, reproductive management, and also by the commercialization of

animals).
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Table 1. Descriptive statistical analysis of variables affecting milk production on a seasonal basis in the present study.
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Seasons?
Variable Summer Fall Winter Spring
Min Mean Max C.V. Min Mean Max C.V. Min Mean Max C.V. Min Mean Max C.V.
MPHM (L)?2 364 514 686 22.57 313 505 688 18.65 502 639 883 16.06 384 565 823 19.28
PM (US$/L)3  0.261 0.399 0.506 18.81 0.304 0.429 0.526 14.72 0.242 0.417 0.516 16.98 0.240 0.396 0.480 16.17
9 0 7 6 0 7 4 9 3 1 3 0
TDE (%)* 11.29 11.61 12.21 2.22 11.33 11.93 12.50 2.39 11.76 11.97 12.57 1.64 11.13 11.79 12.18 2.52
DDE (%)° 8.07 8.34 8.81 2.27 8.17 8.48 9.09 2.80 8.38 8.64 8.96 2.12 8.05 8.45 8.74 2.12
Fat (%) 3.04 3.27 3.46 3.58 2.53 3.45 3.76 7.64 2.87 3.33 3.61 5.36 2.95 3.34 3.52 4.66
Protein (%) 2.77 3.01 3.24 3.97 2.97 3.13 3.47 4,17 2.99 3.16 3.33 2.94 2.80 3.05 3.34 4.65
Lactose (%) 4.27 441 4.57 1.66 4.24 441 4.60 1.86 4.38 4,52 4.82 2.19 4.28 4,43 4.60 1.96
SCC 141 304 696 45.77 158 284 464 29.84 93 260 446 35.89 142 304 598 43.65
(x1000/mL)
6
TBC 8 131 730 153.9 12 35 211 116.7 8 112 811 183.0 7 96 498 132.1
(x1000/mL) 8 2 7 7
7
THI less than 31 53 81 24.55 50 90 100 13.07 84 93 100 4.99 43 66 92 20.57
72 (%)8
THI greater 19 47 69 27.16 0 10 50 119.7 0 7 16 67.60 8 34 57 40.70
than 72 (%)?

1

1Season = 1: Summer = January, February, March; 2: Fall = April, May, June; 3: Winter = July, August, September; 4: Spring = October, November, December. Seasons
according to the Southern Hemisphere. 2MPHM = Milk production per hectare per month (Kg). PM (USD/L) = Price of milk (USD/L). “TDE (%) = Total dry extract
(%).°DDE (%) = Defatted dry extract (%). $SCC (x1000/mL) = Somatic cell count (x1000/mL). “TBC (x1000/mL) = Total bacterial count (x1000/mL). 8THI less than 72 (%)

= Temperature-humidity index less than 72 (%). °THI greater than 72 (%) = Temperature-humidity index greater than 72 (%).
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The price of milk in US dollars was highly variable between the minimum and
maximum values (Summer = 0.2619 USD and 0.5067 USD; Fall = 0.3046 USD and 0.5267
USD; Winter = 0.2424 USD and 0.5163 USD, and Spring = 0.2401 USD and 0.4800/L USD,
respectively). This is likely the result of fluctuations in the free market driven by supply and
demand during the eight years of this longitudinal retrospective study. In Brazil, milk prices
are usually defined by the company, with negotiation. The changes in the amplitude of the
value per liter of milk were not only higher as a result of the bonus received for the quantity
produced, but also because of the composition of the milk, which despite the differences
between seasons (detailed below), still met the standards of buyer.

The variables TDE, DDE, fat, protein, and lactose (Table 4) exhibited reduced
coefficients of variation over the years and seasons. The composition of milk is largely
dependent on herd genetics. However, feed and nutritional management contributed to the
observed increases in these variables, as the milk bonus is paid in accordance with the fat and
protein contents of the milk, in addition to the SCC and TBC values. Here, we show that the
SCC and TBC vary widely and are not normally distributed. Although there are values that
are considered high, the average values demonstrate the potential for standardization in the
production system, as the maximum values are punctual. These trends are normal under
production conditions and over the eight consecutive years of evaluation (2,920 d).

As expected, the THI also exhibited high coefficients of variation, owing to the
meteorological conditions of Palmeira das Missdes — RS, where there are large variations in
temperature and humidity on both a daily and monthly basis.

Table 2 shows the following correlations: TDE is highly correlated with DDE; fat is
weakly and moderately correlated with DDE and TDE, respectively; protein is weakly
correlated with the price of milk (in USD) and fat, mean with DDE and TDE; lactose is

weakly correlated with milk yield per hectare, the price of milk (in USD), TDE, and protein,
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and is mean with DDE. THI<72 was weakly correlated with milk yield per hectare, the price
of milk (in USD), fat and lactose, and average with DDE, TDE and protein. In contrast,
THI>72 exhibited the same Kendall correlations as THI<72, but with the opposite

relationships.



245  Table 2. Kendall correlation coefficients and probabilities between the variables examined in the present study.
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. THI less
M(PLI){lM PM (USD/L)2  TDE (%)* DDE (%)* Fat (%) Pr(%/t(sm La(%zsse (x10385mL)5 (x1ogg/CmL)6 th(?)/r;)ZZ t’{llé-llli %rze?;/:)rs

MPHM (L’ 1 0.0923 -0.0362  0.0356 -0.1000 -0.1080  0.2179 -0.0615 -0.0365 0.1975 -0.1975
0.1827 0.6046 06113  0.1523  0.1222  0.0021 0.3754 0.5992 0.0044 0.0044
PM (USD/L)? 1 -0.0583  -0.0216 -0.0529 0.1494 -0.1664  -0.0524 -0.0786 0.1635 -0.1635
0.4049 0.7575  0.4491  0.0325  0.0187 0.4493 0.2584 0.0184 0.0184
IDE (%)’ 1 0.6269  0.5285 0.5535  0.2646 0.0257 -0.0569 0.3179 -0.3179
<.0001  <.0001 <.0001  0.0002 0.7139 0.4176 <.0001 <.0001
DDE (%)* 1 0.1470  0.5936  0.5059 -0.0235 0.0242 0.3059 -0.3059
0.0376 <.0001  <.0001 0.738 0.7307 <.0001 <.0001
Fat (%) 1 0.2783  -0.1007 0.0669 -0.1086 0.2489 -0.2489
<.0001  0.1582 0.3388 0.1214 0.0004 0.0004
Proteln (%) 1 0.1431 0.0824 -0.0953 0.3212 -0.3212
0.0451 0.2387 0.1742 <.0001 <.0001
Lactose (%) 1 -0.2529 0.0931 0.1813 -0.1813
0.0004 0.1899 0.0105 0.0105

sce 1 -0.0696 -0.0518 0.0518

(x1000/mL)> 0.3171 0.455 0.455
TBC 1 -0.0938 0.0938
(x1000/mL)¢ 0.1774 0.1774

THI less than 1 -1
72 (%)’ <.0001
1

THI greater
than 72 (%)8

246  MPHM = Milk production per hectare per month (Kg). 2PM (US$/L) = Price of milk (US$/L). 3STDE (%) = Total dry extract (%).*DDE (%) = Defatted dry extract (%). °SCC
247 (x1000/mL) = Somatic cell count (x1000/mL). STBC (x1000/mL) = Total bacterial count (x1000/mL). "THI less than 72 (%) = Temperature-humidity index less than 72 (%).

248  STHI greater than 72 (%) = Temperature-humidity index greater than 72 (%).
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Milk production per hectare per month varies (P < 0.0057) depending on the season
(Table 3), being higher in winter in comparison to fall and summer, but does not significantly
differ (P > 0.05) from spring. There were no significant differences noted between summer,
fall, and spring (P > 0.05). Milk production and total solids per hectare per year were: 6,893
and 800; 8,336 and 972; 6,886 and 806; 6,104 and 722; 6,853 and 822; 5,598 and 667; 6,107
and 731; 6,500 and 774, respectively for the years 2009, 2010, 2011, 2012, 2013, 2014, 2015
and 2016, demonstrating constancy in annual production despite THI interference and the

effects of several other factors on variation in pasture quantity and quality.
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257  Table 3. Statistical analysis of seasonal milk production in Escola Estadual Técnica Celeste Gobbato,
258  Palmeira das MissoOes, Rio Grande do Sul, Brazil.

Variable Season! Adjusted Lower CI Upper CI P-value
mean
. _ Summer 513.53 B 459.14 567.93
M“khpmdu“‘o“ Fall 504.69 B 450.30 559.08 0.0057
per hectare per Winter 639.20 A 584.81 693.60 '
month (Kg)
Spring 564.63 AB 510.23 619.02
Summer 0.3990 0.3838 0.4520
Price of milk Fall 0.4290 0.3949 0.4631 0.4533
(USD/L) Winter 0.4179 0.3622 0.4303 )
Spring 0.3963 0.3649 0.4331
Summer 11.61B 11.46 11.75
Total dry extract Fall 11.93A 11.78 12.07 0.0059
(%) Winter 11.97A 11.83 12.12 '
Spring 11.79AB 11.64 11.93
Summer 8.34B 8.26 8.42
Defatted dry Fall 8.48B 8.40 8.56 0.0001
extract (%) Winter 8.65A 8.57 8.73 '
Spring 8.45B 8.37 8.52
Summer 3.27 3.16 3.38
Fat (% Fall 3.45 3.34 3.55 0.1457
at (%) Winter 3.33 3.23 3.44 '
Spring 3.34 3.23 3.45
Summer 3.01B 2.94 3.08
) Fall 3.13 AB 3.06 3.20
Protein (%) ) 0.0200
Winter 3.16 A 3.09 3.23
Spring 3.05 AB 2.98 3.12
Summer 441B 4.37 445
Fall 441B 4.37 4.45
Lactose (%) ) 0.0011
Winter 452 A 4.48 4.56
Spring 443 B 4.39 4.47
Summer 278 221 349
Somatic cell count Fall 272 216 342 0.7761
(x1000/mL) Winter 242 193 304 '
Spring 279 222 351
Summer 50 34 75
Total bacterial Fall 26 17 39 0.0675
count (x1000/mL) Winter 44 29 66 '
Spring 51 34 77
Summer 51C 47 55
Temperature- Fall 89 A 82 97
humidity index less . <0.0001
than 72 (%) Winter 93 A 86 101
Spring 65B 60 70
Summer 46 A 33 63
Temperature-
iditv i Fall 6B 4
humidity index <0.0001
greater than 72 Winter 6B
(%)

Spring 30A 22 42
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1Season = 1: Summer = January, February, March; 2: Fall = April, May, June; 3: Winter = July, August,
September; 4: Spring = October, November, December. Seasons according to the Southern Hemisphere.
Different uppercase letters after averages in the same line indicate significant differences (Tukey-Kramer test, P
< 0.05).

There were no differences (P > 0.05) in milk prices, fat contents, SCC, and TBC per
season. Fat, SCC, and TBC are the main parameters evaluated in the subsidy, as they affect
the price received for milk.

Amounts of TDE contents differed on a seasonal basis (P < 0.05), where amounts were
found to be significantly lower in summer in comparison to fall and winter, but do not differ
significantly (P > 0.05) from spring. There were no significant differences in TDE between
fall, winter, and spring (P < 0.05). Our analyses also show that DDE content is significantly
higher in winter in comparison to the other seasons of the year (P < 0.05), while there were no
significant differences noted in DDE between summer, fall, and spring (P > 0.05). The protein
content of milk significantly differed between summer and winter (P < 0.05), but did not
differ between the other seasons (P > 0.05). Milk exhibits a higher percentage of lactose in the
winter (P < 0.05) in comparison to the other seasons, which are not significantly different
from one another (P > 0.05). The variable THI < 72, was highest in the fall and winter seasons
but were not significantly different between them (P > 0.05) from each other. However, THI <
72 in fall and winter are significantly higher than both spring and summer (P < 0.0001). The
percentage of THI > 72 is significantly greater in the spring and summer than in fall and
winter (P < 0.0001), while there is no significant difference between spring and summer or
fall and winter (P > 0.05).

Figures 4 and 5 show the milk production per hectare and per month; however, in
Figure 4, the graph is continuous (January 2009-December 2016) to emphasize that this
parameter is quite variable over the years, as milk production is an important factor in
planning investments in the operation. Figure 7 shows the same data from January to

December of each year so that similar behaviors can be observed on a seasonal basis.
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287  Visualizing the data in this way shows that in the last two months of autumn (May and June),
288  milk production per hectare per month was beginning to increase, whereas in winter, yields
289  were the highest owing to the pastures having better nutritional quality (Table 4) and the
290  lowest percentage of THI > 72.
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292
293  Figure 4. Visualization of milk production/hectare/month from January 2009 to December

294  2016.
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297  Figure 5. Visualization of milk production/hectare/month between January and December for
298  each year evaluated.
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4. Discussion

In the region of Palmeira das Miss@es, Rio Grande do Sul, Brazil, the valorization and
commercialization of land is based on the price of soybeans (Glycine max), as soybeans
occupy the largest area for cultivation, with an appreciation that follows the international
market. Currently, price land has reached the importance of 1,000 bags of 60 kg of soybean
per hectare. Therefore, the greater the value of land, the greater the need to optimize
productivity per hectare. Thus, the knowledge of milk yield per hectare per month and/or year
is of fundamental importance in order to be able to evaluate the efficiency of a given dairy
operation, and compare it with other agricultural activities. Above all, this knowledge permits
the more accurate and precise evaluation of the crop-livestock system. Although the
importance of this variable in the evaluation of production systems is clear, it is rarely
determined under production conditions or during research in Rio Grande do Sul.

Most of studies on dairy cow management and feeding are conducted over short
experimental periods, using static statistical designs (e.g., Latin square and crossover) that
only allow the modeling of empirical effects of a particular nature (Martin and Sauvant,
2002). Despite this, it is well accepted that knowledge of milk cow nutrition should be based
on dynamic models, as the lactation curve is a reflection of the interdependence of the
different stages of lactation. To study the effects of the following three parameters on
lactation via a meta-analysis: DMI (dry matter intake; 10.1-24.7 kg DM/day), RMP (raw milk
production; 15.5-44.4 kg/cow/day), and LW (live weight; 320-573 kg), Martin and Sauvant
(2002) selected 37 studies published between 1959 and 1999 and confirmed that over the
course of this 40 period, the variables had increased on the order of: 6.6 kg for DMI, 15.3 kg
for RMP, and 51 kg in LW as a result of genetic improvement and better management
conditions. These improvements resulted in an annual increase of 165 kg in milk per lactation

at 44 weeks. They concluded that the models to be used should consider: voluntary intake and



325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

43

production, the mobilization of body reserves in the initial phase of lactation, and the effect of
a nutritional plan that does not meet the energy requirements of the cows in the initial phase
of lactation, as this results in decreased milk production and a decreased amount of fat in the
subsequent stages of lactation. Longitudinal retrospective studies allow for evaluations that
can be extrapolated to rural properties. According to Bello and Renter (2018) reproducible
results are the nucleus of scientific integrity in modern research, which require
interdisciplinary work in the animal sciences in order to maximize the reproducibility of the
research results.

The report by EMATER and ASCAR (2017), which evaluated the Productive Milk
Chain (PMC) of nearly all the municipalities of in the State of Rio Grande do Sul, states that
it is possible to calculate the milk production per hectare per year (3.324 liters); however, this
should be interpreted with parsimony, as this value may not apply to semi-confinement and
total confinement systems. In the present study, the semi-confinement system studied
averaged 6,666 liters of milk per hectare per year over the course of eight years. Therefore,
the average production of the milk producers in the state of Rio Grande do Sul, Brazil, is
approximately 50% lower than that of the property investigated in the current study.

It should be noted that the value of 6,666 liters of milk per hectare per year refers only
to milk production. However, by converting the monetary amounts received from the
marketing of heifers and surplus cows in milk, an additional 1,481 liters per hectare is added
on average per year, resulting in an increase of 22% (reaching 8,147 liters of milk per hectare
per year).

Regarding the optimization of the land, if we transform the value received by the
monthly milk production into the value paid per 60 kg bag of soybeans in the same period and
region, we are able to verify that the average quantity of soybean bags over a period of eight

years would be 100.6 bags of soybeans per hectare per year, which is double the state's
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average soybean vyield (50.1 bags per hectare in 2015) (FEEDADQS, 2015). If we analyze
only the production and area indices, it is possible to affirm that the study area is more
efficient than the average of the other properties of Rio Grande do Sul. However, it is
important to note that this conclusion should not be based only on these two indicators, as
they do not allow us to conclude whether production is sustainable.

The results we present here highlight the importance of season on the composition of
milk; however, as the variation in the contents of fat, protein, and lactose are correlated with
TDE and DDE, and are influenced by the THI, we will discuss them together. The discussion
of these parameters together is justified by the concepts of homeostasis and homeorhesis
according to Bauman and Currie (1980), where the final composition of the milk in the
expansion tank is the result of the interaction between all the metabolic functions of the cow,
as well as the characteristics of the herd (e.g., the lactation phase). The relatively small
variation in the constituents of milk is largely attributed to the nutritional management
strategy (i.e., semi-confinement), as more than 50% of the nutrients are consumed in the
trough and with less variation than that in the pastures, which are altered by photosynthetic
conditions.

Gongcalves et al. (2018) evaluated Brazilian databases and found that the somatic cell
count results in daily losses, even with values of only 12,400 cells per milliliter. Therefore,
somatic cell counts need to be reduced in Brazilian commercial herds as a way of increasing
cow and per hectare performance, as investments in genetics and land are currently high. The
total bacterial count must be decreased, as it is a reflection of hygiene practices during
milking and the cooling of the milk. The mean values of SCC and TBC observed in the
present study could be reduced; however, considering that they are the averages of eight
consecutive years, and are in accordance with normative instructions Nos. 51 and 62 (Brasil,

2002; Brasil, 2011), are values to be reached by the highest farmers. Considering all of the
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results presented in the present article, it is possible to appoint the Escola Estadual Técnica
Celeste Gobbato as a technology diffusion center for rural producers in the region, by way of

training courses that could substantially assist rural dairy operations.

5. Conclusions

This consecutive longitudinal retrospective study, performed over the course of eight
years, serves to emphasize that the execution of activities related to dairy farming in a planned
manner reduces the coefficients of variation in the composition of the milk. Thus, a more
holistic and integrative approach makes it easier to maintain milk quality, as well as generates
extra revenue from the receipt of the bonus. The normative instructions, Nos. 51 and 62 of the
Ministério da Agricultura, Pecuéria e Abastecimento (Brasil, 2002; Brasil, 2011) serve as a
guide for milk farmers to improve milk production systems as a whole, and since the activity
is multifactorial by nature, only improving one or two indexes will not yield optimal results.
In addition, it has become clear that the seasons interfere with milk production; however, with
the use of conserved silage throughout the year and with an increased supply of concentrate, it
is possible to minimize or even nullify the effect of the traditional fodder voids of fall and
spring. Furthermore, the temperature and humidity index increases the frequency of heat
stress in summer. The management of milk production systems on the rural property
investigated in the present study has made it possible to produce, on average, 6,666 kg of milk
per hectare per year (twice the state average), although it is still possible to improve
performance by more intense use of a fully integrated agricultural production system, which

recycles more nutrients.
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4 CONSIDERACOES E SUGESTOES PARA FUTUROS TRABALHOS

A realizacdo do estudo foi essencial para compreensdo dos sistemas de producao de
leite de modo geral. O estudo bibliografico baseado em importantes autores da area permitiu
aprofundar teorias atuais e fazer uma retrospectiva longitudinal do tema.

Quando se trata de producdo de leite, sabemos que estamos trabalhando com seres
vivos, que tem suas peculiaridades e que ha formas de otimizar a producéo, todavia, ndo ha
“receita de bolo”, € preciso conhecer cada local, animal, produtor e suas especificidades para
poder compreender e posteriormente diagnosticar as melhores formas de producéo, com as
melhores técnicas e melhor genética.

O setor de producdo de leite vem passando por modificacdes, estando mais acentuadas
no periodo atual. Diante do contexto, se faz necessario reavaliar conceitos e formas de pensar.
Em decorréncia das muitas faces da producéo de leite, surge a cada instante adaptacfes nos
sistemas produtivos, dificultando o processo de definicdo dos sistemas, bem como, um risco
de erro a classificagdo basica em sistema a pasto, semi-confinado e confinado.

H& uma demanda para adaptar os conceitos estudados na teoria para a realidade diaria
dos produtores. Considerando o sistema produtivo como um todo, observando o manejo
alimentar, percebe-se que as fontes de matéria seca ingeridas pelo animal ndo séo suficiente.
E possivel identificar que de modo geral, as pastagens sdo utilizadas mais para descanso do
animal do que para a fonte de nutrientes, assim a vaca demanda do fornecimento via cocho da
totalidade ou quase totalidade da necessidade do aporte nutritivo, pois o fato de o animal estar
no pasto, ndo significa que ele esteja consumindo.

Sendo assim, é possivel de forma empirica e por meio da observacdo subjetiva,
compreender que a reduzida ingestao de nutrientes via pastoreio, ndo percebida pelo produtor,
acarretando num rebanho com escore corporal baixa ou inferior ao ideal, independente da fase
em que a vaca se encontra, desencadeando uma série de complicacdes decorrentes da ma
nutricdo, como por exemplo, baixa producao de leite e reproducao.

Foram utilizados dados de uma Unica propriedade, para fazer inferéncias da producéo
e composicao do leite, em relagédo a continentalidade, estaces do ano e sistemas de producéo.
Foi constatado que para cada ambiente ha uma genética que melhor se adapta. E necessario
ter a percepcdo e conhecimento para identificar como deve ser 0 manejo em cada propriedade,
necessitando de uma viséo sistémica do todo produtivo. Com tanta heterogeneidade, em um
unico setor, had demanda de mais recursos destinados a pesquisa e extensdo. Cabe a academia,
fornecer subsidios de informacéo confiavel, libertando produtores de assisténcias vinculadas a
comercializacdo de produtos.
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from the reviewers, and vice versa. More information is available on our website. To facilitate
this, please include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information,
such as the authors' names or affiliations.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with
na editable file of the entire article. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. The electronic text
should be prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-
check' functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to ‘the
text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.

Methods that are already published should be summarized, and indicated by a reference. If
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quoting directly from a previously published method, use quotation marks and also cite the
source. Any modifications to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in
the Introduction and lay the foundation for further work. In contrast, a Calculation section
represents a practical development from a theoretical basis.

Results

Results should be clear and concise

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion
of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.
Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eqg. (A.2), etc.; in a
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig.
A.l, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

« Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration. Present the
authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lowercase superscript letter immediately after the author's name and in front
of the appropriate address. Provide the full postal address of each affiliation, including the
country name and, if available, the e-mail address of each author.

 Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e-mail address is given

and that contact details are kept up to date by the corresponding author.
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* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally
more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution of
96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example
Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of
their images and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points
that convey the core findings of the article and should be submitted in a separate editable file
in the online submission system. Please use 'Highlights' in the file name and include 3 to 5
bullet points (maximum 85 characters, including spaces, per bullet point). You can view
example Highlights on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of").
Be sparing with abbreviations: only abbreviations firmly established in the field may be

eligible. These Keywords will be used for indexing purposes.
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Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyyl]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the
United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that
provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for
small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers
of e are often more conveniently denoted by exp. Number consecutively any equations that
have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors build footnotes into the text, and this feature may be used. Should this not be
the case, indicate the position of footnotes in the text and present the footnotes themselves
separately at the end of the article.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.
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* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate
source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for
line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as ‘graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of
500 dpi is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution
is too low.

* Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of
whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate your preference for color: in print or online
only. Further information on the preparation of electronic artwork.

Figure captions
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Ensure that each illustration has a caption. A caption should comprise a brief title (not on the
figure itself) and a description of the illustration. Keep text in the illustrations themselves to a
minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body.
Be sparing in the use of tables and ensure that the data presented in them do not duplicate
results described elsewhere in the article. Please avoid using vertical rules and shading in
table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full
citation details are not yet known, but the article is available online. A DOI is guaranteed
never to change, so you can use it as a permanent link to any electronic article. An example of
a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James
D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab
beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in
the same style as all other references in the paper.

Web references
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As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.
Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data references
should include the following elements: author name(s), dataset title, data repository, version
(where available), year, and global persistent identifier. Add [dataset] immediately before the
reference so we can properly identify it as a data reference. The [dataset] identifier will not
appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word
processor plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style.

If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking
the following link:

http://open.mendeley.com/use-citation-style/journal-of-rural-studies

When preparing your manuscript, you will then be able to select this style using the Mendeley
plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following

examples:
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References

References in the text should be cited as follows: (Jones, 2005), (Jones and Smith, 2006),
Smith (2004). Three or more authors should be cited as (Jones et al., 1980). If more than one
work by the same author is cited in a particular year the reference should be labelled
alphabetically, i.e. (Jones, 1980a; 1980b).

A full reference list should be typed double-spaced in alphabetical order at the end of the
paper, in the form given below:

Cloke, P., Goodwin, M., Milbourne, P. and Thomas, C., 1995. Deprivation, poverty and
marginalization in rural lifestyles in England and Wales. Journal of Rural Studies 11, pp. 351-
366.

Bell, M., 1994. Childerley: Nature and Morality in a Country Village. , University of Chicago
Press, Chicago.

Murdoch, J. and Pratt, A., 1997. From the power of topography to the topography of power.
In: Cloke, P. and Little, J., Editors, 1997.Contesting Countryside Cultures, Routledge,
London.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese
oak wilt disease and surrounding forest compositions. Mendeley Data, V1.
http://dx.doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.
Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the file in one of our
recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total.
Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your
files: you can choose any frame from the video or animation or make a separate image. These
will be used instead of standard icons and will personalize the link to your video data. For

more detailed instructions please visit our video instruction pages. Note: since video and
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animation cannot be embedded in the print version of the journal, please provide text for both
the electronic and the print version for the portions of the article that refer to this content.
AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available. Authors of this journal will automatically receive an invitation e-
mail to create an AudioSlides presentation after acceptance of their paper.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about
available data visualization options and how to include them with your article.
Supplementary material

Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received (Excel or PowerPoint files will appear as such online). Please submit your material
together with the article and supply a concise, descriptive caption for each supplementary file.
If you wish to make changes to supplementary material during any stage of the process,
please make sure to provide an updated file. Do not annotate any corrections on a previous
version. Please switch off the 'Track Changes' option in Microsoft Office files as these will
appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings. To
facilitate reproducibility and data reuse, this journal also encourages you to share your
software, code, models, algorithms, protocols, methods and other useful materials related to
the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and

reference list. Please refer to the "References" section for more information about data
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citation. For more information on depositing, sharing and using research data and other
relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission
system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods) associated
with your manuscript in a free-to-use, open access repository. During the submission process,
after uploading your manuscript, you will have the opportunity to upload your relevant
datasets directly to Mendeley Data. The datasets will be listed and directly accessible to
readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw
data into one or multiple data articles, a new kind of article that houses and describes your
data. Data articles ensure that your data is actively reviewed, curated, formatted, indexed,
given a DOI and publicly available to all upon publication. You are encouraged to submit
your article for Data in Brief as na additional item directly alongside the revised version of
your manuscript. If your research article is accepted, your data article will automatically be
transferred over to Data in Brief where it will be editorially reviewed and published in the
open access data journal, Data in Brief. Please note an open access fee of 500 USD is payable
for publication in Data in Brief. Full details can be found on the Data in Brief website. Please

use this template to write your Data in Brief.
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Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is confidential.
The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before replying,
as inclusion of any subsequente corrections cannot be guaranteed. Proofreading is solely your
responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For na extra charge, paper offprints can be ordered via the offprint order form which is
sent once the article is accepted for publication. Both corresponding and co-authors may order
offprints at any time via Elsevier's Webshop. Corresponding authors who have published their
article open access do not receive a Share Link as their final published version of the article is

available open access on ScienceDirect and can be shared through the article DOI link.
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Visit the Elsevier Support Center to find the answers you need. Here you will find everything
from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article
will be published.
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