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RESUMO

Integrar a produgdo agricola, pecudria e florestal apresenta beneficios econdmicos e
ambientais, com a possibilidade de intensificagdo produtiva e diversificagdo de renda do
produtor. Contudo, o aumento da complexidade dos sistemas integrados de produgdo
agropecuaria (SIPA) promove alteragdes na estrutura do componente pastoril e consequentes
mudangas na producao primaria e secundaria) de um sistema pastejado por bovinos. O objetivo
deste estudo foi avaliar a produgdo primaria e secundéria sob diferentes arranjos espago-
temporais de um SIPA, em trés estacdes do ano (inverno, primavera e verao). O experimento
foi conduzido por dois anos (2021/2022 e 2022/2023) em pastagens perenes de verdo e
pastagens anuais de inverno, pastejadas por novilhos de corte na area experimental do Nucleo
de Inovagdao Tecnologica em Agropecudria (NITA), Pinhais (PR), localizado na area de
protecdo ambiental do Rio Irai, que proibe o uso de agrotdxicos. Quatro tratamentos com
diferentes arranjos de integragdo foram conduzidos em um delineamento de blocos
casualizados, sendo eles lavoura-pecudria (LP), pecuaria-floresta (PF) e lavoura-pecuaria-
floresta (LPF), e um sistema com apenas pecudria (P), com trés repeticdes por tratamento. O
componente arbdreo foi caracterizado pelo cultivo de Eucalipto (Eucaliptus benthamii), e a
lavoura consistiu no cultivo de milho (Zea mays), sob plantio sem dessecacdao. O método de
pastoreio utilizado foi o continuo, com taxa de lotacdo varidvel, visando a manutencao da altura
da pastagem em 24 cm durante todo o periodo. Os sistemas sem arvore (P e LP) superaram os
sistemas com componente arboreo (LF e CLF) em termos de produgdo primaria, com pastagens
4 ¢cm mais altas no inverno, maiores massas de forragem (770 kg de MS ha™') nas médias de
inverno e primavera, e uma produgio total de forragem 1574 kg de MS ha™! maior para P e LP.
Os tratamentos P e LP apresentaram maiores taxas de lotacdo, com 262 kg a mais de peso vivo
(PV) por hectare durante o inverno e a primavera, e ganhos de peso vivo (GPV) 1,44 kg PV ha"
! maiores durante o inverno, em comparagio com PF e LPF. Nossos resultados demonstram
que os sistemas com arvores tiveram uma menor produg¢do primaria e secundaria,
principalmente durante o inverno. No entanto, todos os sistemas apresentaram capacidades
semelhantes em termos de produgdo de forragem e animal durante a primavera e o verao, o que
destaca a complexa interacdo entre influéncias sazonais e a produtividade dos sistemas
integrados e ressalta o potencial dos sistemas integrados, considerando o planejamento da
produgdo de forragem adaptado as variagdes sazonais no subtropico brasileiro.

Palavras-chave: Sistemas agrossilvipastoris; Oferta de forragem; Producdo animal a pasto.
Bovinos; Pastejo.



ABSTRACT

Integrating agricultural, livestock, and forestry production presents economic and
environmental benefits, allowing for increased productivity and income diversification for
farmers. However, the increased complexity of integrated crop-livestock-forestry systems
(ICLS) leads to changes in the structure of the pasture component and consequent alterations in
primary pasture production and secondary livestock production. The aim of this study was to
evaluate primary and secondary production under different spatial-temporal arrangements of
ILFS, across three seasons (winter, spring, and summer). The experiment was conducted over
two years (2021/2022 and 2022/2023) in perennial summer pastures and annual winter pastures,
grazed by beef steers in the experimental area of the Nucleus for Technological Innovation in
Agriculture (NITA), Pinhais (PR), located in the environmental protection area of the Irai River,
which prohibits the use of pesticides. Four treatments with different integration arrangements
were conducted in a randomized complete block design: crop-livestock (CL), livestock-forestry
(LF), crop-livestock-forestry (CLF), and a single livestock system (L), with three replicates per
treatment. The tree component consisted of Eucalyptus cultivation (Eucalyptus benthamii), and
cropping involved maize cultivation (Zea mays). Continuous grazing method was used, with
variable stocking rates to maintain pasture height at 24 cm throughout the period. Systems
without trees (L and CL) outperformed systems with tree components (LF and CLF) in terms
of primary production, with pastures 4 cm taller in winter, higher forage masses (770 kg DM
ha-1) in winter and spring averages, and a total forage production 1574 kg DM ha™! higher for
L and CL. Treatments L and CL had higher stocking rates, with 262 kg more live weight (LW)
per hectare during winter and spring, and live weight gains (LWG) 1.44 kg LW ha™! higher
during winter, compared to LF and CLF. Our results demonstrate that tree systems had lower
primary and secondary production, especially during winter. However, all systems exhibited
similar capabilities in terms of forage and animal production during spring and summer,
highlighting the complex interaction between seasonal influences and the productivity of
integrated systems, and underscoring the potential of integrated systems, considering forage

production planning adapted to seasonal variations in the Brazilian subtropics.

Keywords: Agrosilvopastoral systems; Forage supply; Animal production on pasture;
Cattle; Grazing.
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1. INTRODUCAO

De acordo com dados da ABIEC (Associagdo Brasileira das Industrias Exportadoras
de Carne; 2022), nos ultimos 30 anos, a pecudria brasileira passou por uma notavel evolucao
em sua eficiéncia, com um aumento de 183% na produtividade, enquanto a area de pastagens
utilizada diminuiu em 18%, atingindo aproximadamente 160 milhdes de hectares em 2022.
Desempenhando um papel fundamental na economia brasileira, a pecudria refletiu sua posi¢ao
de destaque, tornando o Brasil como o segundo maior produtor e principal exportador mundial
de carne bovina. O cenario de 2022 evidencia a resiliéncia e adaptabilidade do setor, com um
crescimento de 3,3% no rebanho, totalizando 202 milhdes de cabecas, e uma reducao de 5,7%
nas areas de pastagens, abrangendo aproximadamente 154 milhdes de hectares. O abate total
de bovinos atingiu 42,31 milhdes de cabecas, destacando a predominancia do sistema extensivo,
com 81,8% dos animais abatidos criados a pasto. Cerca de 18,72% da area total do pais é
dedicada a pecudria, refor¢ando o papel significativo desempenhado por esse setor na
configuracdo da paisagem agricola nacional. O setor enfrenta desafios, como a necessidade de
conciliar o aumento projetado de 1% no rebanho bovino com uma estimativa de reducao de 2%
na area de pastagem nos proximos dez anos (ABIEC, 2022).

No entanto, grande parte destas pastagens encontram-se em evidente e avangado grau
de degradagdo, com baixo rendimento forrageiro por area, principalmente devido a exploracao
intensa e sem o uso de praticas conservacionistas ou agrondmicas, como adubacdo e tratos
culturais necessarios (ARANHA et al., 2019). Diante desse cenario, a procura por alternativas
que revertam a perda da qualidade do solo, com o objetivo do aumento da producgdo vegetal em
conjunto com a produgdo animal, ¢ cada dia mais necessaria (ARANHA et al., 2019). Nesse
sentido, os sistemas integrados de produ¢do agropecudria (SIPA) oferecem alternativas reais
para recuperacdo destas areas (ARANHA, 2017). Os SIPA sdo sistemas planejados, que
envolvem interacdes temporais e espaciais, em diferentes escalas, com a exploracao agricola,
pecuaria e florestal dentro da mesma area, de forma sequencial ou concomitante (MORAES et
al.,2014)

Integrar em uma 4rea produgdo agricola, pecuaria e florestal possibilita a
diversificacao e potencializagdo do uso da area, aumentando a complexidade das interacdes
entre cada componente do sistema (MARTIN, 2018), que podem ser caracterizadas como

provisorias ou eventuais, nos quais a inser¢ao de um dos componentes (agricola, pecuario ou
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florestal) se d4 em um momento do processo; e verdadeiras ou permanentes, onde a sinergia
entre componentes € prevista desde o planejamento inicial. No primeiro caso, existe um enfoque
em um dos componentes do sistema (como a obtengdo de madeira, por exemplo), sendo os
demais tidos como componentes secundarios da renda. Ja no segundo, ndo hé énfase produtiva
em um componente isolado, mas sim um complemento entre todos (BUNGENSTAB, 2012).
Assim, a complexidade destas interacdes entre os diferentes componentes resulta em um
ambiente mais equilibrado, sustentavel e resiliente (MARTIN, 2018, BUNGENSTARB, 2012)

Dentre os beneficios dos SIPAs, incluem-se a reducdo de custos e riscos para o
produtor, com a diversificagdo e aumento da renda; melhoria na eficiéncia do uso do solo e
melhorias nas propriedades fisicas, quimicas e bioldgicas do solo (MORAES et al., 2014;
CARVALHO et al., 2010), com incremento nos estoques de carbono do solo (CARVALHO et
al., 2010); Reducdo do uso de agrotoxicos pela quebra do ciclo de pragas, doengas e plantas
daninhas (VILELA et al., 2008), além da redugdo dos impactos ambientais das atividades
produtivas ao reduzir a emissdo de GEE (gases de efeito estufa) (FRANCHINI et al., 2010;
BALBINO et al., 2011).

O sinergismo criado pela diversidade de rotagdes existentes nos SIPAs se soma com o
aproveitamento racional dos meios naturais ¢ multifuncionalidade das pastagens, trazendo
propriedades emergentes aos sistemas integrados, onde o resultado da contribui¢do de todo o
sistema ndo se reduz a soma dos efeitos isolados de cada componente presente no sistema
(MARTIN, 2018). Esse equilibrio entre crescimento produtivo e otimizagdo de recursos
representa um avango crucial no desenvolvimento sustentavel do setor, pautando-se em um
modelo mais eficiente e responsavel com os recursos naturais.

Diante do exposto, o presente estudo foi desenvolvido com a hipdtese de que a
integracao do sistema pastoril ao sistema silvicola pode ser gerenciada para promover uma
estrutura semelhante no pasto, embora reduza a produgdo de forragem principalmente durante
o inverno. Em contrapartida, espera-se que a integragcdo da pecudria a lavoura promova uma
estrutura aprimorada no pasto € uma maior produgdo de forragem. Nossa abordagem busca
avaliar a estrutura do pasto, a producdo de forragem e animal durante o inverno, primavera e
verdo, quando o sistema pastoril ¢ integrado a lavoura e/ou arvores. O objetivo do presente
trabalho foi avaliar a producdo forrageira e animal em diferentes arranjos de SIPA, em dois

ciclos produtivos (21/22 e 22/23) e em trés estagdes distintas: inverno, primavera e verao.
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O presente trabalho estd dividido em dois capitulos, sendo o primeiro capitulo uma
revisdo de literatura sobre os temas de maior relevancia, e o segundo capitulo na forma de artigo
cientifico, apresentado sob o titulo “Sward structure, herbage and beef production in multi-

species pasture in integrated crop-livestock systems in the Brazilian subtropics”.
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2. CAPITULOI-REVISAO DE LITERATURA

2.1. COMPORTAMENTO INGESTIVO DE BOVINOS EM PASTEJO

O processo de pastejo pode ser, a0 mesmo tempo, a causa e a consequéncia do ambiente
pastoril (CARVALHO et al., 2016). O comportamento ingestivo de bovinos pode ser avaliado
pelas variaveis de tempo de pastejo e taxa e massa de bocados, que sdo influenciados
diretamente pela estrutura do pasto, e concomitantemente, a extracao dos bocados modifica o
ambiente pastoril, alterando a interceptacdo luminosa do dossel e relagcdes de crescimento
vegetal (SOUZA et al., 2021; CARVALHO et al., 2016). O consumo de forragem, portanto, ¢
resultado de fatores como estrutura e acessibilidade do pasto, bem como de sua qualidade e
abundancia (CARVALHO et al., 2005)

A estrutura do pasto ¢ definida como a distribui¢do e disposi¢do da biomassa area da
planta, que resulta da dinamica de crescimento de todos os componentes morfoldgicos que
constituem a comunidade de plantas forrageiras (LACA & LEMAIRE, 2000), sendo este o
parametro principal que determina o consumo de forragem pelos animais em pastejo (NETO,
2019). Para Carvalho et al. (2001), as caracteristicas estruturais do pasto sdo uma consequéncia
de suas variaveis morfogénicas, que expressam o crescimento (taxa de aparecimento, taxa de
elongacao das folhas e sua duragdo de vida), que resultam por sua vez nas varidveis estruturais,
como tamanho e numero de folhas vivas por perfilho. Dessa forma, a estrutura do pasto nao s6
nos fornece informacdes sobre a quantidade de forragem, mas também como a forragem ¢
apresentada aos animais (NETO, 2019).

Dentre as principais caracteristicas associadas a planta que podem afetar a coleta da
forragem pelo animal, estdo a altura do pasto, a massa de forragem existente por unidade de
volume, a fibrosidade das laminas foliares, presenca de bainhas e colmos como barreiras a
desfolha e o teor de matéria seca. Tais caracteristicas serdo determinantes para o grau de
seletividade exercidos pelos animais, e para a eficiéncia na qual esta forragem serd colhida, e o
que determinard a quantidade total de nutrientes sendo ingeridos pelos herbivoros
(CARVALHO et al., 2005).

Normalmente, herbivoros em pastejo selecionam plantas e componentes morfoldgicos

que possam otimizar a ingestdo de nutrientes, colhendo sua exigéncia nutricional no menor
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tempo possivel, minimizando o gasto energético e ficando o menor tempo exposto a predadores
(CARVALHO, 2013; PYKE, 1984).

Bovinos tendem a manter um tempo total de pastejo relativamente estavel para atender
suas necessidades nutricionais didrias. Existindo condigdes ideais de quantidade e qualidade na
estrutura do pasto, o ruminante ird maximizar seu consumo. De acordo com Fraser ¢ Broom
(1997), o gado apresenta um padrao de alimentagdo que varia de 6 a 13h, e um tempo de
descanso em torno de 12h. No entanto, esses padroes podem ser alterados de acordo com a
oferta de forragem ou de areas sombreadas. Desta forma, os animais adotariam uma estratégia
de minimizacao de tempo de pastejo, colhendo uma maior quantidade de forragem, mesmo que
isso lhes confira a colheita de uma dieta de menor qualidade nutricional (MEZZALIRA, 2012;
GOMES et al., 2021).

Considerada a menor escala de decisdo do animal em pastejo, o bocado € a a¢do ou o
ato de apreensdo da forragem com os dentes. Laca & Ortega (1995) definiram o bocado como
o atomo do pastejo, e a eficiéncia do forrageamento no bocado de curto prazo refletira na
ingestdo e no consequente desempenho animal a longo prazo. Ou seja, o consumo da forragem
¢ constituido pelo somatério de cada acdo de captura da forragem em cada bocado, ¢ a
maximizacao do consumo passa pela oportunidade que o animal tem de acessar estruturas de
pasto ideais ao longo do periodo de pastejo. (MEZZALIRA, 2012; NETO, 2019; CARVALHO
etal.,2001).

A interacao entre o efeito da estrutura da pastagem sobre a ingestdo de forragem por
animais em pastejo foi descrita por Gordon e Illius (1992) como a resposta funcional classica,
descrita por uma fungao curvilinear, onde a medida em que se aumenta a massa de forragem,
aumenta-se também o consumo, at¢ um ponto de estabilizacao, representado pela saturagao do
animal em processar o alimento. A resposta funcional, é, portanto, definida como a relacdo
entre o consumo do animal e a disponibilidade de alimento (MEZZALIRA, 2012). As curvas
A, Be C (Figura 1) indicam ser possivel observar diferentes niveis de consumo para uma mesma
altura, massa de forragem ou indice de area foliar através de diferencas na arquitetura ou
qualidade intrinseca das forrageiras, ou com animais com diferentes condigdes corporais ou

potenciais genéticos (CARVALHO et al., 2001).

FIGURA 1 - RELACAO ENTRE AS CARACTERISTICAS DO PASTO E O CONSUMO DE
FORRAGEM POR HERBIVOROS EM PASTEJO.
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Consumeo (kg MS/dia)

Altura (cm)
Massa de forragem (kg MS/ha) —
indice de area foliar

Fonte: adaptado de CARVALHO et al., 2001

A eficiente utilizacdo dos recursos forrageiros ¢ altamente dependente do adequado
manejo, que proporcione estruturas de pasto favoraveis ao consumo dos herbivoros em pastejo,
atendendo suas exigéncias nutricionais e determinando sua taxa de ingestdo. No entanto, pela
heterogeneidade estrutural do ambiente pastoril, uma mesma massa de forragem pode ser
apresentada aos animais com diferentes combinagdes de altura e densidade, o que resultara em
diferentes niveis de ingestao (CARVALHO et al., 2009).

O comportamento ingestivo de bovinos pode ser descrito por diversas variaveis que
compdem o processo de pastejo. Dentre os componentes de curto prazo que mais se destacam,
pode-se citar a massa e taxa de bocados, e a taxa de consumo, que sdo direta ou indiretamente
influenciados pela estrutura do pasto; seja pela disponibilidade, que ira afetar a area e a
profundidade do bocado, ou por questdes estruturais da planta, que definira a forma com a qual
o animal usard os movimentos mandibulares para colheita, mastigacdo ou busca do alimento
(CARVALHO et al., 2001; SOUZA et al., 2021; MEZZALIRA, 2012).

A massa do bocado ¢ definida pela profundidade do bocado e pela area do bocado.
Hodgson et al. (1997, apud CARVALHO et al., 2001) descreveram que a massa do bocado ¢
influenciada diretamente pela resposta da profundidade do bocado a altura da pastagem,
apresentando nestas varidveis uma frequente relacdo de proporcionalidade ao longo de uma
ampla variacdo de alturas de pastagem. A profundidade do bocado é normalmente atrelada a
altura do pasto, apresentando uma relagcdo proporcionalmente direta. A taxa de bocados ¢

definida pelo numero de bocados pelo tempo de pastejo. A taxa de bocados e massa de bocados
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definem a ingestdo de matéria seca (MEZZALIRA, 2012; CARVALHO et al., 2001;
MEZZALIRA et al., 2014). Para Carvalho & Moraes (2005, apud CARVALHO et al., 2005) o
consumo diario ¢ um produto direto da taxa de ingestdo, sendo um processo cumulativo do
somatorio dos bocados colhidos.

Baumont ef al. (2004) consideraram a altura do pasto como o fator que mais afeta a
massa de bocado, ao desenvolver um modelo mecanistico para estimar a taxa de consumo ideal
a arquitetura da pastagem e consequente decisdo de alimentagdo dos animais. Os resultados
obtidos pelos autores consideram que os animais colhem a forragem em uma proporc¢ao
relativamente constante de 50% da altura do perfilho estendido. A preferéncia por altura
significa oportunidade de maiores taxas de ingestdo, além de potencializar a profundidade do

bocado (CARVALHO et al., 2001).

2.2.  EFEITOS DO METODO DE PASTOREIO

O processo de desfolhacdo durante o pastejo afeta a estrutura da pastagem e, por
conseguinte, o comportamento alimentar do animal, influenciando sua taxa de ingestdo de
forragem a curto prazo (FONSECA et al., 2012). O pastejo ¢ um processo de suma importancia,
com efeitos diretos na dindmica e no funcionamento dos ecossistemas pastoris (CARVALHO,
2013), e 0o manejo da pastagem deve ser baseado na interagdo planta-animal, e deve considerar
os processos envolvidos na producdo, utilizacdo e sustentabilidade da pastagem, assim como
no desempenho animal (LEMAIRE et al., 2011).

Praticas de manejo adotadas na utilizagao das pastagens afetam a estrutura do pasto que,
por sua vez, afeta o crescimento vegetal e os padrdes de comportamento e consumo de forragem
pelos animais (AMARAL, 2011). No contexto da regido sul brasileira, o pastoreio continuo e
rotativo sdo os mais comumente utilizados, e apresentam indices produtivos semelhantes
quando intensidade 6timas de pastejo sdo empregadas (BRISKE et al., 2008).

O método de pastoreio continuo ¢ caracterizado pela permanéncia dos animais em toda
area por um determinado periodo de tempo. J& o método rotativo ¢ caracterizado pela
permanéncia alternada dos animais em areas restritas do pasto por curtos periodos de ocupacao,
projetado para redistribuir a pressao de pastejo ao longo do tempo e do espaco, proporcionando
maior controle sobre a frequéncia, intensidade e uniformidade da desfolha da pastagem durante
um ciclo de pastejo (GILLEN et al., 1990; AMARAL, 2011). A taxa de lotagdao da pastagem

também esta diretamente ligada ao desempenho animal durante o pastejo, especialmente devido
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a sua influéncia sobre a pressdo de pastejo adotada, afetando caracteristicas estruturais da
pastagem como altura, indice de area foliar e porcentagem de material morto, impactando
diretamente o consumo de forragem pelo herbivoro em pastejo (ALMEIDA et al., 2002).

Segundo LACA (2009), independentemente do método de pastoreio, taxa de lotagao e
outros fatores de manejo, o processo de pastejo pode ser interpretado em uma escala espacial e
temporal, com uma série de bocados que removem um conjunto de plantas por unidade animal,
e que variam em fung¢ao da area de pastejo e que ¢ influenciada, por diferentes relagdes de causa
e efeito, por fatores bidticos e abidticos. O comportamento ingestivo dos animais pode gerar,
manter ou reduzir a heterogeneidade do pasto, e o conhecimento sobre este comportamento em
sistemas pastoris permite o uso adequado de estratégias de manejo (HAO et al. 2013).

Ao longo de sua evolugdo, as plantas forrageiras desenvolveram mecanismos de
resisténcia e adaptacdo ao pastejo como forma de assegurar sua sobrevivéncia e perpetuagdo da
espécie. Inimeros fatores, intrinsecos e extrinsecos, influenciam a dindmica de perfilhamento
de gramineas. Dentre os fatores intrinsecos, ou seja, aqueles relacionados com a propria planta,
pode-se citar a capacidade natural de perfilhamento e o estddio de desenvolvimento da planta.
Ja os fatores extrinsecos, influéncia dos fatores externos, como manejo do pasto, adubagdo,
temperatura, umidade e luz (SBRISSIA et al., 2007; DUCHINI, 2013).

A capacidade de regeneragdo da area foliar da planta forrageira apos a desfolhagdo ¢ a
principal caracteristica que assegura a producdo e a longevidade do pasto. Esta regeneracao
pode ocorrer pela emissao de folhas de meristemas apicais localizados abaixo do plano de corte,
ou a partir de gemas axilares, por meio do perfilhamento. A persisténcia de uma planta
forrageira estd relacionada com o aparecimento continuo de perfilhos, caracterizando a
intensidade com que a renovagdo destes ocorre sob condigdes especificas de manejo. Para
Hodgson (1990), o perfilho ¢ a unidade basica de desenvolvimento das gramineas, e o balanco
existente entre o aparecimento e a mortalidade de perfilhos determina o numero dessas unidades
de crescimento no dossel forrageiro (SANTOS et al. 2011; DUCHINI, 2019; ROCHA et al.,
2019). Em um unico perfilho ocorrem simultaneamente processos de crescimento (formacao e
expansao de folhas e alongamento de colmos) e de perda de tecidos (senescéncia e morte foliar).
A taxa de aparecimento, em conjunto com a taxa de sobrevivéncia de perfilhos, determina sua
densidade populacional e influencia a participacao de perfilhos de diferentes geracdes no pasto

(SANTOS et al. 2011; DUCHINI, 2019).
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Cada evento de desfolha representa um distirbio ao crescimento da planta, e interfere
na sua habilidade competitiva dentro do dossel, afetando nao s6 uma tinica planta, mas também
as plantas vizinhas, pela modificagdo no ambiente luminoso e alterado a competi¢ao por luz.
Sob desfolhagdes frequentes, normalmente associadas a manejos continuos com altas taxas de
lotagdo, a competi¢do por luz é pequena, devido a constante remogdo da area foliar. Nessas
condigoes, a planta tem a capacidade de desenvolver uma resposta fotomorfogenética a uma
disponibilidade de radiacdo mais ou menos constante, tendo em vista que apenas uma parte do
tecido foliar ¢ removido e a estrutura do dossel ndo sofre grandes alteragdes. Em situagdo de
lotagdes intermitentes, por outro lado, a competicao por luz aumenta continuamente durante o
periodo de rebrota, e a cada desfolhacdo ocorre uma modificagdo rapida na quantidade e na
qualidade da luz absorvida e na estrutura do dossel forrageiro. Estas modificacdes sdo
determinadas e influenciadas ela severidade e drasticidade do pastejo (SBRISSIA et al., 2007).

Apos uma desfolhagdo severa, o suprimento de carbono da planta se torna inferior a sua
demanda para manutengdo e crescimento. Este balanco de carbono torna-se negativo
temporariamente e passam a ser utilizadas as reservas organicas para respiragao e restituicao da
area foliar, até¢ que se desenvolvam novas folhas e a capacidade fotossintética do dossel seja
reestabelecida. Desta forma, o comportamento seletivo do animal em pastejo, caracterizado
pela remocgdo preferencial de espécies e/ou partes de plantas, afeta diretamente a
competitividade das diferentes plantas dentro da comunidade (SBRISSIA et al., 2007).

O manejo adequado consiste na administragao de quanto da forragem produzida sera
colhida, visando um equilibrio entre a necessidade da pastagem em manter uma quantia de area
foliar para a fotossintese e crescimento, e a necessidade do animal em pastejo em colher tal area

foliar para satisfazer suas exigéncias nutricionais e gerar desempenho (SEVERO, 2020).

2.3.  SISTEMAS INTEGRADOS DE PRODUCAO AGROPECUARIA

Como um grande player no mercado mundial, o Brasil enfrenta o desafio de equilibrar
a producdo agropecuaria e a protecdo ambiental. Nas décadas por vir, precisaremos suprir uma
grande parte da demanda global por alimentos, ainda garantindo que a expansdo agropecuaria
nao comprometa nossas areas de floresta (GIL et al., 2015). O setor pecuario enfrenta desafios
como a necessidade de conciliar o aumento projetado de 1% no rebanho bovino com uma

estimativa de redu¢do de 2% na area de pastagem nos proximos dez anos (ABIEC, 2022).
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Com o aumento crescente da demanda por alimentos, atividade agricola moderna
passou a se caracterizar por sistemas simplificados e padronizados de monocultura, com o uso
constante de recursos ndo renovaveis. Também, com a expansao das fronteiras agricolas, as
atividades agricolas, pecudrias e florestais tornaram-se cada vez mais intensificadas e
dissociadas, com crescentes impactos negativos no meio ambiente, como contaminacdo de
corpos d’agua, erosdo, e perda de biodiversidade. Esse modelo de produgdo prevalece em
propriedades rurais ao redor do mundo; no entanto t€ém mostrado cada dia mais sinais de
saturag¢do, devido a alta demanda por energia e recursos naturais. (BALBINO et al., 2011;
LEMAIRE et al., 2014)

De acordo com o boletim “the future of food and agriculture: trends and challenges” da
FAO (2017), no ano de 2050 a populagdo mundial atingird o marco de 9.1 bilhdes de pessoas.
A demanda por alimentos e outros produtos oriundos da agropecudria estd projetada para
aumentar 50% entre 2012 e 2050, enquanto os recursos naturais de quais a agricultura depende
estardo cada vez mais escassos: Produzir mais com menos ¢ a chave para o futuro. A ascensao
do Brasil como um dos lideres globais na produgdo e exportagdo de carne bovina ressalta a
importancia estratégica da pecudria para a seguranca alimentar global. Segundo a Food and
Agriculture Organization of the United Nations (FAO), cerca de 1,3 bilhdo de pessoas
dependem diretamente da producao animal para subsisténcia, reconhecendo as proteinas como
elementos essenciais em dietas sauddveis em todo o mundo (ABIEC, 2022).

No cendrio da pecudria, o manejo inadequado do rebanho, aliado a degradacdao de
pastagens, baixa reposi¢do de nutrientes e aos baixos investimentos tecnologicos tornaram-se
os principais sinais da baixa sustentabilidade da pecuaria, trazendo consequéncias como baixas
ofertas de forragem, reducgdo de indices zootécnicos e baixas produtividades de carne e leite por
hectare, gerando uma consequente ineficiéncia do sistema (BALBINO et al., 2011; AIDAR &
KLUTHCOUSKI, 2003).

Dentre as principais estratégias para a redugao da emissao dos GEE(gases do efeito
estufa), estdo a reducdo da queima de combustiveis fosseis, redugdo nos indices de
desmatamento e queimadas, além do manejo adequado do solo, possibilitando a maximizacao
do sequestro de carbono (BALBINO et al.,2011). A melhoria na qualidade fisica do solo, junto
com a elevagdo nos niveis de matéria organica, gerada com a introdu¢@o de pastagens em areas
agricolas com niveis adequados de fertilidade demonstram o potencial dos SIPA em reduzir o

impacto ambiental das atividades produtivas, ao reduzir as emissdes dos GEE (FRANCHINI e?
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al., 2010; BALBINO et al., 2011). Carvalho et al. (2010) demonstraram incremento nos
estoques de carbono do solo em sistemas de iLP (integragao lavoura-pecudria) sob sistema de
plantio direto (SPD), quando comparados a areas de SPD sem a presenga de espécies forrageiras
na rotacdo ou sucessdo de cultivo. Resultados obtidos por Portugal et al. (2023) reforgam que
sistemas integrados, quando bem geridos, sdo uma alternativa confidvel de agricultura
inteligente para o clima, possibilitando o aumento da producao de graos, carne ou madeira, sem
um aumento nas emissdes de GEE, como o CH4, proveniente da fermentacdo entérica de
bovinos.

Por todos estes motivos, os SIPA sdao considerados uma das seis praticas elegiveis para
o plano ABC. O Plano ABC ¢ uma iniciativa do governo federal, levando em consideracao a
Politica Nacional sobre Mudangas do Clima (PNMC), e que tem como objetivo geral promover
a reducdo das emissdes dos GEE na agricultura, possibilitando a adaptagdo do setor
agropecuario as mudangas climaticas e aumentando a resiliéncia dos sistemas produtivos e
comunidades rurais (MAPA, 2020; GIL et al., 2015)

Os SIPA sao citados na literatura como uma alternativa sustentavel, combinando em
uma mesma area a producao agricola, pecudria e silvicultural, e podem incluir culturas anuais
e/ou perenes, com diferentes espécies arboreas e variados espacamentos, densidades de plantio
e frequéncia de rotagdes de culturas (GIL et al., 2015). Moraes et al. (2017) evidencia que, no
sul do Brasil, os SIPA tém sido propostos pela diminui¢do dos riscos no negocio agricola, além
de servirem como alternativa com o menor interesse nas rotagdes com culturas de inverno.

A utilizagdo do componente arbéreo em sistemas integrados apresenta beneficios
econdmicos e ambientais, com a possibilidade de intensificagdo produtiva. Contudo, estes
sistemas geram uma maior heterogeneidade nas condigdes microclimaticas quando comparados
aos sistemas tradicionais de produ¢do a pleno sol, causando principalmente alteragcdes na
interceptacdo luminosa do dossel, influenciando diretamente na qualidade e producdo da
pastagem (CAMPOS, 2019).

Resultados obtidos por Gomes ef al. (2021) demonstram que diferentes densidades de
arvores em sistemas integrados influenciaram o comportamento ingestivo diurno, tempo total
de ruminagdo e tempo de descanso de novilhas nelore em pastagem tropical. Maiores tempos
de pastejo a pleno sol foram observados em sistema com menor densidade de arvores, enquanto
nos sistemas com maior densidade de arvores fora observado que as atividades de ruminagao e

6cio passaram a ser realizadas preferencialmente a sombra.
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2.4. INFLUENCIA DO SOMBREAMENTO

As discussdes sobre bem-estar animal e conforto térmico na pecudria aumentam,
especialmente em regides tropicais e subtropicais, onde a producdo de gado ocorre
predominantemente em pastagens e alta incidéncia de radiagdo solar nessas regidoes aumenta o
estresse térmico dos animais (KARVATTE JUNIOR et al., 2022). A adogao de sistemas de
produgdo que mitigam os efeitos adversos do clima quente pode proporcionar mais conforto e
melhorar os rendimentos do gado, tanto para racas europeias quanto para zebuinas e seus
cruzamentos (Leite da Silva et al., 2020). Curtis et al. (2017) reiteram que fatores
biometeorologicos como altas temperaturas do ar, umidade relativa e radiacdo solar podem
influenciar o comportamento do gado em relagdo ao tempo dedicado ao descanso e a
alimentacdo, pois o sombreamento nas pastagens cria uma barreira contra a radiag¢do solar e,
embora nao esteja diretamente relacionado a temperatura do ar, desempenha um papel essencial
na redu¢do do desconforto térmico nos animais (Souza et al., 2010; Domiciano et al., 2018).
Ademais, o componente arboreo promove maior sequestro de carbono por area aravel
(ARANHA et al., 2019) e pode mitigar os efeitos das mudangas climéaticas, proporcionando
abrigo contra a radiagdo solar em regides de baixa precipitacao e nebulosidade, reduzindo a
radiagdo liquida e a velocidade do vento, e desacelerando a evapotranspira¢do das plantas do
sub-bosque em sistemas silvipastoris (BOSI et al., 2020).

No entanto, para a produgao de forragem, a luminosidade incidente ¢ um fator limitante,
podendo afetar sua estrutura e composicdo nutricional. Em condi¢des de sombreamento,
forrageiras geralmente apresentam reducdo na producdo de matéria seca, aumento do teor de
fibra e modificagdes morfofisioldgicas, dependendo de sua tolerancia ao sombreamento e das
mudangas no nivel de irradiancia (ALVES et al., 2021). Para algumas espécies, devido a sua
plasticidade fenotipica - definida por Lemaire & Agnusdei (2000) como uma mudanga
progressiva e reversivel nas caracteristicas morfogénicas de plantas individuais, em resposta a
modificagdo no seu ambiente -, a presenca da sombra pode trazer efeitos positivos, como
melhores valores nutricionais, maiores areas foliares e maior relagao folha/colmo (SOARES et
al., 2009).

Mesmo representando uma alternativa promissora, os sistemas silvipastoris, por suas
condi¢des microclimaticas mais heterogéneas e dinamicas que as verificadas nos sistemas

tradicionais de producdo animal, tém dificultado a definicdo de praticas de manejo mais
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adequadas as forrageiras do sub-bosque (GARCEZ NETO et al., 2010). A implementa¢do das
arvores no sistema requer um planejamento criterioso € constante monitoramento para que se
minimizem as interacdes negativas, enquanto maximizam-se as positivas com o ambiente € 0s
sistemas de producio (PORFIRIO-DA-SILVA, 2018). A adaptagdo das espécies forrageiras em
um sistema silvipastoril ¢ altamente dependente de sua habilidade em crescer em condigdes
edafoclimaticas alteradas pela presencga das arvores no estrato vegetal superior (SOARES et al.,
2009).

Entre as variagdes microclimaticas, as modificagdes no ambiente luminoso influenciam
significativamente a produtividade do pasto (GARCEZ NETO et al., 2010), estando as plantas
sujeitas a periodos de sombra alternados com periodos de quase plena luminosidade, sendo esta
periodicidade determinada pelo espagamento entre arvores, tamanho da copa e altura da copa
em relacdo ao solo (VARELLA et al., 2019).

Normalmente, o sombreamento causado pelas arvores leva a redugdo na radiagdo
incidente e na relacdo do espectro da luz (como vermelho / vermelho-extremo), causando
alteracdes nas caracteristicas morfologicas na planta, o que influencia diretamente na
quantidade e qualidade da forragem produzida (GARCEZ NETO et al., 2010). Dentre as
modificagdes morfologicas reportadas na literatura como estratégias de tolerancia de plantas
forrageiras, pode-se citar: aumento da area foliar média e menor peso especifico foliar, com o
objetivo de se aumentar a capacidade de interceptacdo da radiacdo solar; maior densidade de
clorofila foliar (especialmente clorofila b), buscando o aumento da eficiéncia na absorcao
energética; aumento no teor de proteina bruta; maior relacao folha:colmo e parte aérea:raiz,
com alocagdo de reservas preferencialmente em estruturas de busca e de interceptagdo da
radiacdo; alteragao no angulo foliar para otimizacao da captura da radiacdo (VARELLA et al.,
2019).

Plantas cultivadas em sistemas de integragdo com componente arbéreo lidam com uma
forte redugdo na intensidade da radiagdo, particularmente, a radiagdo fotossintéticamente ativa
(400 - 700 nm), e, a0 mesmo tempo, sdo expostas a mudangas significativas na qualidade da
luz, como alteragdes nas proporg¢des entre a luz vermelha (V) e o vermelho-distante (VD) ou
razdo V/VD. Portanto, o desempenho de determinada espécie também dependera da habilidade
delas em tolerar ou superar a barreira imposta pelo sombreamento (VARELLA et al., 2019). A
percepcao da baixa razdo V/VD pelas espécies com estratégias de escape ao sombreamento

gera uma série de respostas conhecidas como “sindrome de escape ao sombreamento” (SAS ou
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‘shade avoidance syndrome’), conforme reportam Smith e Whitelam (1997 apud VARELLA
etal.,2019)

Devido a estratégias de adaptacao morfologica da planta forrageira em busca de luz,
como menor densidade de perfilhos e menor relagdao folha:colmo, em sistemas silvipastoris, a
presenca de sombra pode reduzir diretamente a produgdo de forragem. Alteragdes na estrutura
do pasto, considerada a causa-consequéncia do processo de pastejo (Carvalho et al., 2009), pela
presenga do componente arbdreo afetam a produgdo primaria e producdo secundaria, devido a

altera¢des no consumo de forragem (CAMPOS, 2019).



30

REFERENCIAS

ABIEC - Associagdo Brasileira das Industrias Exportadoras de Carne. Perfil da pecuaria no
Brasil. Retrieved January 08, 2024, from Beef report website: https://www.abiec.com.br/wp-
content/uploads/Beef-Report-2022 atualizado jun2022.pdf. 2022.

AIDAR, H.; KLUTHCOUSKI, J. Evolucao das atividades lavoureira e pecuaria nos
Cerrados. Integragdo lavoura-pecuaria. Santo Antdnio de Goids: Embrapa Arroz e Feijao,
2003. p.25-58.

ALVES, C. P. et al. Respostas morfofisioldgicas das plantas forrageiras sob manejo de
cultivo e pastejo: Uma revisao. Research, Society and Development, v. 10, n. 6, p.
e10610615405-e10610615405, 22 maio 2021.

AMARAL, G. A. Consumo de forragem e emissdo de metano por ovinos em ambientes
pastoris. Tese (doutorado em Zootecnia). Universidade Federal de Santa Maria, 2011)

BALBINO, L.C. et al. Evolugdo tecnoldgica e arranjos produtivos de sistemas de integragao
lavoura-pecudria-floresta no Brasil. Pesquisa Agropecuaria Brasileira, v.46, p.i-xii, 2011.

BOSI, C.; PEZZOPANE, J.R.M.; SENTELHAS, P.C. Silvopastoral system with Eucalyptus
as a strategy for mitigating the effects of climate change on Brazilian pasturelands. Anais da
Academia Brasileira de Ciéncias, v.92, 20180425, 2020. DOI:
https://doi.org/10.1590/0001-3765202020180425.

BRISKE, D. D. ef al. Rotational Grazing on Rangelands: Reconciliation of Perception and
Experimental Evidence. Rangeland Ecology & Management, v. 61, n. 1, p. 3—17, jan. 2008.

CAMPOS, B. M. Producdo animal agroecologica em sistemas integrados de produgao
agropecuaria. Dissertagdo (mestrado em producao vegetal). Universidade Federal do Parana,
2019.

CARVALHO, P. C. F., et al. Importancia da estrutura da pastagem na ingestao e selecao de
dietas pelo animal em pastejo. In: Mattos, W. R. S. (Org.). A produ¢do animal na visdo dos
brasileiros. Reuniao Anual da Sociedade Brasileira de Zootecnia, Piracicaba, 2001, p.853-
871.2001.

CARVALHO, P. C. DE F., GENRO, T. C. M., GONCALVES, E. N., BAUMONT, R. A
estrutura do pasto como conceito de manejo: reflexos sobre o consumo e a produtividade. In:
Reis, R. A. et al. (Orgs.). Volumosos na Producao de Ruminantes, Jaboticabal, Funep.
2005, p. 107-124.

CARVALHO, P.C.F.; TRINDADE, J.K; MEZZALIRA, J.C. et al. Do bocado ao pastoreio de
precisao: Compreendendo a interfase planta:animal para explorar a multifuncionalidade das
pastagens. Revista Brasileira de Zootecnia, v.38, p.109-122, 2009.



31

CARVALHO, P.C. de F. ef al. Managing grazing animals to achieve nutrient cycling and soil
improvement in no-till integrated systems. Nutrient Cycling in Agroecosystems, v.88,
p.259-273, 2010.

CARVALHO, P.C.F. Harry Stobbs Memorial Lecture: Can grazing behavior support
innovations in grassland management? Tropical Grasslands-Forrajes Tropicales, 1(2),
pp-137-155.2013.

CARVALHO, P. C. F. et al. Como a estrutura do pasto influencia o animal em pastejo?
Exemplificando as interacées planta-animal sob as bases e fundamentos do pastoreio
'rotatinuo'. In: SIMPOSIO SOBRE MANEJOESTRATEGICO DA PASTAGEM, 8., 2016,
Vigosa, MG. Anais [...]. Vigosa: UFV, 2016. v. 1, p. 303-333

CARVALHO, P. et al.. Forage and animal production on palisadegrass pastures growing in
monoculture or as a component of integrated crop—livestock—forestry systems. Grass and
Forage Science, v. 74, n. 4, p. 650-660, 21 out. 2019.

CURTIS, A.K., SCHARF, B., EICHEN, P.A., SPIERS, D.E., 2017. Relationships between
ambient conditions, thermal status, and feed intake of cattle during summer heat stress with
access to shade. Journal of Thermal Biology. 63, 104—111. https://doi.org/10.1016/].
jtherbio.2016.11.015.

DUCHINI, P. G. Dinamica do acimulo e do perfilhamento em pastos de aveia e azevém
cultivados puros ou em consércio. Dissertacdo (mestrado em ciéncia animal). Universidade
do Estado de Santa Catarina. Lages, 2013.

DOMICIANO, L.F., et al.., 2018. Performance and behaviour of Nellore steers on integrated
systems. Anim. Prod. Sci. 58, 920-929. https://doi.org/10.1071/AN16351.

FAO: Food and Agriculture Organization of the United Nations. The future of food and
agriculture: trends and challenges. Roma, 2017. Retrieved June 16, 2023. Avaliabe in:
https://www.fao.org/3/i16583e/i16583¢.pdf.

GIL, J.; SIEBOLD, M.; BERGER, T. Adoption and development of integrated crop—
livestock—forestry systems in Mato Grosso, Brazil. Agriculture, Ecosystems &
Environment, v. 199, p. 394-406, jan. 2015.

GILLEN R.L., MCCOBUM F.T., and BRUMMER J.E. (1990) Tiller defoliation patterns
under short duration grazing in tallgrass prairie. Journal of Range Management, 43, 95-99.

HAO, J., et al. (2013) Effects of rotational and continuous grazing on herbage quality, feed
intake and performance of sheep on a semi-arid grassland steppe. Arch. Anim. Nutr. 67: 62—
76.

FRANCHINL J. C. et al. Integraciao Lavoura-Pecuaria: Alternativa para diversificacio e
reducio do impacto ambiental do sistema produtivo no Vale do Rio Xingu. Londrina:
Embrapa Soja, 2010. 20 p. (Embrapa Soja. Circular técnica, 77). Retrieved June 20, 2023.
Avaliable in: http://www.cnpso.embrapa.br/ dowload/CT77VE.pdf.



32

GOMES, C. et al. Daytime ingestive behaviour of grazing heifers under tropical
silvopastoral systems: Responses to shade and grazing management. v. 240, p. 105360—
105360, 1 jul. 2021.

GORDON, I. J.; ILLIUS, A. W. Foraging strategy: From monoculture to mosaics. In:

Speedy, A.W.(Ed.). Progress in sheep and goat research. Wallingford: CAB International,
1992, p.153-178.

KARVATTE, N. et al. Spatiotemporal variations on infrared temperature as a thermal
comfort indicator for cattle under agroforestry systems. Journal of Thermal Biology, v. 97,
p. 102871, 1 abr. 2021.

LACA, E.A.; LEMAIRE, G. Measuring sward structure. In: Field and laboratory methods
for grassland and animal production research. Wallingford: CAB International, 2000.
p.103-122

LACA. E.A. ORTEGA, .M. Integrating foraging mechanisms across spatial and
temporal scales. In: International rangeland congresso, 5, 1995. Salt Lake City,
Proceedings... p. 129-132.

LACA E.A. New Approaches and Tools for Grazing Management. Rangeland Ecol.
Manage. 62: 407-417. 2019.

LEITE DA SILVA, W.A. et al., Shading effect on physiological parameters and in vitro
embryo production of tropical adapted Nellore heifers in integrated crop-livestock-forest
systems. Tropical Animal Health Production. 52, 2273-2281, 2020. https://doi.
org/10.1007/s11250-020-02244-3.

LEMAIRE, G.; HODGSON, J. G.; ABAD CHABBI. Introduction: food security and
environmental impacts - challenge for grassland sciences. 1 jan. 2011.

LEMAIRE, G., FRANLUEBBERS, A., CARVALHO, P. C. F., DEDIEU, B. Intregated
croplivestock systems: strategies to achieve synergy between agricultural production and
environmental quality. Agriculture, Ecosystems & Environment, v.190, n.4-8, 2014.
https://doi.org/10.1016/j.agee.2013.08.009

LEMAIRE, G.; AGNUSDEI, M. Leaf tissue turnover and efficiency of herbage utilization. In:
LEMAIRE, G.; HODGSON, J.; MORAES, A. et al. (Ed.) Grassland Ecophysiology and
Grazing Ecology. Wallingford: CAB International, 2000. p. 265-288.

MEZZALIRA, J C, et al. Behavioural Mechanisms of Intake Rate by Heifers Grazing Swards
of Contrasting Structures. Applied Animal Behaviour Science, vol. 153, 1 Apr. 2014, pp. 1-
9, https://doi.org/10.1016/j.applanim.2013.12.014.

MEZZALIRA, J.C. et al. The Ingestive behaviour of cattle in large-scale and its application to
pasture management in heterogeneous pastoral environments. Journal of Agricultural
Science and Technology, v.2, n.7, p.909-916, 2012.



33

MORAES, A. et al. Avancos técnico-cientificos em SIPA no subtropico brasileiro.
Congresso Brasileiro de Sistemas Integrados de Produgdao Agropecuaria, 1.; Encontro de
Integragdao Lavoura-Pecuaria no Sul do Brasil, 4. 2017. Cascavel. Pato Branco: UTFPR
Campus Pato Branco, 2017. p. 102—124. Retrieved June 20, 2023. Avaliable in:
http://www.utfpr.edu.br/cursos/coordenacoes/graduacao/patobranco/pb-
agronomia/documentos/materiais-de-apoio-do-curso/palestras-intensificacao-com-
sustentabilidade..

NETO, G. F. S. Precision bite: monitoring the ingestive behavior and defining a
management goal under the concepts of rotatinuous stocking. Dissertacdo (mestrado em
Zootecnia) Universidade Federal do Rio Grande do Sul, 2019.

PORTUGAL, T. B., et al. “Methane Emissions and Growth Performance of Beef Cattle
Grazing Multi-Species Swards in Different Pesticide-Free Integrated Crop-Livestock Systems
in Southern Brazil. Journal of Cleaner Production, vol. 414, 1 Aug. 2023, pp. 137536—
137536, https://doi.org/10.1016/j.jclepro.2023.137536.

PYKE, G. Optimal Foraging Theory: A Critical Review. Annual Review of Ecology and
Systematics, v. 15, n. 1, p. 523-575, 1 jan. 1984.

Fraser, A.F. & Broom, D.M. 1997. Farm animal behaviour and welfare., 3a ed., CAB
International, Wallingford, 1997, p. 446.

PORFIRIO-DA-SILVA, V. O componente arbéreo em sistemas integrados de producio
agropecuaria. In: SOUZA, E.D. de; SILVA, F.D. da; ASSMANN, T.S.; CARNEIRO,
M.A.C.; CARVALHO, P.C. de C.; PAULINO, H.B. Sistemas integrados de producao
agropecuaria no Brasil. Tubarao: Copiart, 2018. 692p.

RABEL, L. A. N. Caracteristicas do pasto e padroes de desfolha de Megathyrsus
maximus cv. aries em sistemas integrados de producio agropecuaria. Dissertagcdo
(mestrado em producdo vegetal). Universidade Federal do Parand, 2019.

ROCHA, G. O.; CHIZOTTTL F. H. M.; SANTOS, M. E. R.; SOUSA, B. M. L.; FONSECA,
D. M. Perfilhamento do capim-piata submetido a regimes de desfolhagdo intermitente

[tillering of piatd grass subject intermittent cutting]. Arq. Bras. Med. Vet. Zootec. 71
(06), 2019.

SANTOS, M.E.R.; FONSECA, D.M.; GOMES, V.M.; GOMIDE, C.A.M.; NASCIMENTO
JR, D.; QUEIROZ, D.S. Capim-braquiaria sob lotagdo continua e com altura tinica ou
variavel durante as estagdes do ano: morfogénese e dindmica de tecidos. Revista Brasileira
de Zootecnia, v.40,n.11, p.2323-2331. 2011.

SBRISSIA, A. F.; SILVA, S. C.; NASCIMENTO JR, D. Ecofisiologia de plantas forrageiras
e o manejo do pastejo. 24° Simposio sobre Manejo da Pastagem. FEALQ, Piracicaba, 3-5
de setembro de 2007.

SBRISSIA, A. F.; DUCHINI, P. G.; ECHEVERRIA, J. R.; MIQUELOTO, T.;
BERNARDON, A.; AMERICO, L. F. Produ¢ao animal em pastagens cultivadas em regides



34

de clima temperado da américa latina. Archivos Latinoamericanos de Produccion Animal.
Volumen 25(1-2): 2017.

SEVERO, P. 0. MORFOGENESE E DINAMICA DO PERFILHAMENTO DE TIFTON
85 SOB IRRIGACAO E DIFERENTES FREQUENCIAS DE DESFOLHACAO. Tese
(doutorado em zootecnia). Universidade Federal de Santa Maria. 2020.

SOUZA, A.P., et al., 2013. Classificagdo climatica e balang¢o hidrico climatologico no estado
de Mato Grosso. Nativa 1, 34-43. https://doi.org/10.14583/2318-7670. vO1n01a07.

SOUZA, E. C.; SALMAN, A. K. D.; CRUZ, P. G.; CARVALHO, G. A.; SILVA, F. R. F.
Ingestive behavior of Girolando heifers in integrated crop, livestock (ICL), and forestry
(ICLF) systems. Arq. Bras. Med. Vet. Zootec., v.73, n.3, p.703-710, 2021

VARELLA, A. C. et al. Manejo de pastagens subtropicais e temperadas para a integracao
floresta-pecudria. ILPF: inovacio com integracio de lavoura, pecuaria e floresta, cap. 26.
2019.

VILELA, L. et al. Integracao lavoura-pecuaria. In: FALEIRO, F.G.; FARIAS NETO, A.L. de
(Ed.). Savanas: desafios e estratégias para o equilibrio entre sociedade, agronegocio e recursos
naturais. Planaltina: Embrapa Cerrados; Brasilia: Embrapa Informaciao Tecnoldgica, 2008.
p.931-962.



35

3. CAPITULO II

Sward structure, herbage and beef production in multi-species pasture in integrated
crop-livestock systems in the Brazilian subtropics*

Bruna Aline Vacelik - Leandro Bittencourt de Oliveira -

Graphical abstract

Fig. 1 — Graphical abstract of the main results obtained in the study: frequency of optimal heights, sward
structure, herbage production, daily and total live weight gain, comparing the results of winter and spring/summer

season, and non-agroforestry and agroforestry systems.
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Highlights

- Better sward structure in winter for non-agroforestry systems;

- Higher live weight gain and stocking rate for non-agroforestry systems during winter;

- Similar herbage and animal production values during spring and summer for all systems,
demonstrating the resilience of the system.

- High forage and animal production values without the use of pesticides

! Artigo elaborado conforme as normas da revista Agroforestry Systems (Apéndice 1).
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Abstract

Integrating crop, livestock, and forestry production offers economic and environmental
benefits, enhancing production and diversifying the producer’s income. This study evaluated
primary and secondary production in integrated crop-livestock systems (ICLS) during winter,
spring, and summer over two years in Parana, Brazil. Treatments included crop-livestock
integration (CL), livestock-forestry integration (LF), crop-livestock-forestry integration (CLF),
and a livestock production system without integration with crops or trees (L). The unshaded
systems (L and CL) outperformed the systems with the tree component (LF and CLF) for
primary production, with 4 cm taller pastures in winter, greater forage masses (770 kg DM ha”
1) in winter and spring averages, and a total forage production 1574 kg DM ha™! higher for L
and CL. L and CL treatments presented higher stocking rates, with 262 more kg of live weight
(LW) per hectare (ha) during winter and spring, and live weight gain (LWG) 1,44 kg LW ha’!
higher during winter, compared to LF and CLF. Our results demonstrate that systems with trees
showed lower primary and secondary production, especially during winter. However, all
systems exhibited similar capabitilies in forage and animal production during spring and
summer season, wich underscores the intricate interplay between seasonal influences and the
productivity of the integrated systems and highlights the potential of integrated systems,
considering forage production planning adapted to seasonal variations in the Brazilian

subtropics.

Keywords: agrosilvopastoral systems, animal production, forage supply, livestock
productivity.
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Introduction

The expanding agricultural frontiers globally exhibit signs of saturation, causing
environmental issues such as water contamination, erosion, and biodiversity loss (Balbino et
al., 2011; Aidar & Kluthcouski, 2003). With a global population of 9.1 billion by 2050 and a
50% food demand increase (FAO, 2017), Brazil as a major player in the world market, largest
beef exporter and second biggest producer (ABIEC, 2022), faces the challenge to balance
agricultural production and environmental preservation.

Integrated crop-livestock systems (ICLS) are characterized by temporal and spatial
interactions at different scales, involving agriculture, livestock, and forestry. They offer a
planned and sustainable approach to managing agricultural areas (Moraes et al., 2014). These
systems provide diverse benefits, including cost and risk reduction for farmers, income
enhancement and diversification (Moraes et al., 2014; Carvalho et al., 2010), optimization of
land use (Zhang et al., 2019), improved soil structure (Duan et al., 2019), increased organic
matter content (Pardon et al., 2017), biological activity (Rivest et al., 2010), carbon
sequestration (SHI et al., 2018), reduced diseases and weed incidence and enhancements in the
physical, chemical, and biological properties of the soil (Franchini et al., 2010; Balbino et al.,
2011). Moreover, well-managed integrated systems are citated as a reliable option for climate-
smart agriculture (Portugal ef al., 2023) and can favor the inclusion of marginalized areas into
production systems, thus reducing the need to explore new areas, supporting agricultural
expansion while preserving existing biomes (Sgarbossa et al., 2020).

Silvopastural systems integrates trees, forage and livestock into one land area,
enhancing production diversification with various ecosystem benefits, including increased
carbon sequestration, nutrient cycling, water retention, while conserving biodiversity and
improving animal welfare (Amorim et al., 2023). However, these systems introduce complex
temporal and spatial interaction conditions compared to traditional full-sun production systems.
The coexistence of upper forest and lower annual plant species within the same production area
(upper - forest species and lower - annual species) can alter the interaction dynamics of the
plant community, affecting the microclimate of the understory (Sgarbossa et al., 2018). This
integration leads to morphological adaptations and changes in sward structure, which can result
in a direct reduction in forage production, grazing efficiency, and herbivore performance

(Varella et al., 2019; Carvalho et al., 2009). These adaptative resposes exhibited by forages
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include increases in specific leaf area (SLA) and tiller death (Gomez et al., 2013), and
a photoassimilate partitioning to aboveground parts (Rodrigues et al., 2016), and increased leaf
area index (LAI) (Santiago-Hernandez et al., 2016), and these alterations depend on factors
such as the angle of sunlight, canopy size, tree leaf area index, canopy architecture, and leaf
geometry (Righi et al., 2007; Pilau and Angelocci, 2015; Behling et al., 2016).

In ICLS, the influence of animals for the subsequent crop can be beneficial through the
effects of grazing, where pasture consumption stimulates plant growth, root development and
increased soil nutrient absorption, and with direct effects on nutrient cycling, through the
deposition of nutrients via animal feces and urine (Silva et al., 2014), and the reduction in
quantity of pasture residue returned to soil in these systems is compensated by the overall
positive effects of diversification on the agroecosystem (Carvalho et al., 2010).

While integrated systems may increase land-use efficiency, the proper arrangement of
the system's components is fundamental for capitalizing on existing synergies and enabling an
increase in animal productivity (Carvalho et al., 2019). In grazing-livestock farming, a key
challenge is managing pasture and grazing techniques to balance plant growth, herbage
consumption, and animal production (Costa et al., 2021). Portugal et al. (2023) assert that
simply increasing the diversity of integrated crop-livestock systems (ICLSs) isn't sufficient to
enhance agricultural system functioning. They propose that setting moderate grazing intensities
is crucial for this improvement, allowing grazers to selectively target and consume the most
digestible plant parts, particularly leaves, due to the optimal sward structure provided by the
system (Carvalho, 2013). Effective pasture management and grazing intensity adjustments
influence pasture persistence, production levels per animal and area, and the maintenance of
high herbage intake rates and quality, crucial for optimal animal performance, which hinges on
an optimal canopy structure (Fonseca et al., 2012; Euclides et al., 2018).

Based on the evidence that shading from the forest component can negatively impact
pasture structure, our hypothesis posits that integrating the pastoral system with the silvicultural
system reduces primary productivity and subsequent pasture animal production, especially
during winter, and livestock with crops integration is expected to enhance sward structure and
increase herbage production, with consequent increases in pasture-based animal production.
Our objective was to assess sward structure, forage, and animal production throughout winter,
spring, and summer in different arrengements of integrated crop-livestock systems over two

production cycles (2021/22 and 2022/23).
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Materials and Methods

All procedures involving animals were approved by the Commission for Ethics in the

use of animals of the agricultural sciences sector of the Federal University of Parana
(014/2021).

Experimental area

The study was carried out from July 16, 2021, to April 15, 2023, as part of a long-term
ICLS experiment started in 2013. The experimental site is located in Pinhais, Parand, Brazil
(25°23'30" S latitude, 49°07'30" W longitude, 900 m.a.s.l.). According to the Kdppen
classification, the region's climate is Cfb, characterized by an average annual precipitation of
1400 mm, an average minimum temperature of 12.5°C, and an average maximum temperature
of 22.5°C (Fig. 3). The experimental area is part of the Environmental Protection Area of the
Irai River, a territorial unit created by State Decree No. 1.753/96, under Law 6.938/81, which

prohibits the use of pesticides.

Fig. 2 — Average temperature and monthly accumulated precipitation in the municipality of Pinhais, PR,

in 2021-22 and 2022-23, data obtained from SIMEPAR meteorological station (SIMEPAR, 2023).
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The long-term experiment is characterized by different combinations of pasture, crop
and forest components in ICLS. In 2013, a perennial pasture (Guinea grass - Megathyrsus
maximus cv. Aries) and Eucalyptus trees (Eucalyptus benthamii) were planted, following the

topographic level of the land. The arboreal component was initially spaced 14 m between rows
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and 2 m between plants, with the row spacing set to accommodate a planter for winter and
summer crop seeding. The lower branches of the eucalyptus trees were pruned in 2015, at 21
months, and in 2016 at and 33 months after planting to reduce shading. In 2017, a thinning
operation was conducted, removing approximately 45% of the trees in the area, as described by
Porfirio-da-Silva et al. (2018). In 2019, another tree row was removed, resulting in the current
spacing of 28 m between rows and 11 m between plants. The forest component management
followed the guidelines described by Kruchelski et al. (2021) in both evaluated grazing cycles.

Pastures of all systems were sown and fertilized similarly each year. During the autumn-
winter period, black oat (4vena strigosa) was overseeded using a no-till direct seed drill without
desiccation of the perennial pasture. In 2021, the black oat cultivar EMBRAPA 139 was seeded
on May 15" at a density of 80 kg ha™! of seeds. In 2022, overseeding was performed on May 1°
at a density of 90 kg ha! of seeds. In both years, seeding was done with a mechanized planter
with a row spacing of 0.17 m, and the winter pasture was fertilized with 200 kg ha™! of urea
during oat tillering.

The cool season pasture primarily consisted of black oat accompanied by other
spontaneous grasses, such as Italian ryegrass (Lolium multiflorum). The warm season pasture
primarily consisted of Guinea grass, accompanied by other spontaneous perennial species, such
as alexandergrass (Urochloa plantaginea), giant star grass (Cynodon plectostachyus),
limpograss (Hemarthria altissima), brachiaria (Urochloa spp.), in addition to other species

weeds plants.

Experimental design

The experiment was carried out using a randomized complete block design with three
replicates. Treatments consisted of three ICLS combinations crop-livestock integration (CL);
livestock-forest integration (LF); and crop-livestock-forest integration (CLF) and one non-
ICLS treatment that consisted of pure livestock production (L). The evaluation period covered
two grazing cycles, the first from July 16, 2021, to April 18, 2022, totaling 276 grazing days,
and the second from July 8, 2022, to April 15, 2023, with 281 grazing days spanning three
distinct seasons: winter, spring, and summer in both years. All evaluated systems had the same
number of grazing days. The autumn season was not evaluated in this study as the animals left
the experimental area for black oat’s establishment; the autumn days prior to oat’s seeding, in

April, were added to the summer season in both grazing cycles.
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The total area of 20.9 ha was divided into 12 paddocks (experimental units) of 1.74 +
0.30 ha each. The blocking factor was created based on the slope of the terrain and drainage

patterns, with blocks divided by a divergent contour line (Fig. 3).

Fig. 3 — Experimental area of the NITA, with treatment and blocks divisions (see text), located at the Canguiri
Experimental Farm of the Federal University of Parana (Pinhais, PR).

All treatments were grazed by beef steers during the warm and the cool season. LF
system consisted of beef steers grazing warm-season perennial pastures and cool-season annual
pastures, intercropped with eucalyptus tree alleys. CL system involved a rotation of oat as cool-
season cover crop, maize cultivation under no-tillage practice, and steers grazing cool-season
annual pastures and warm-season perennial pastures. The CLF system consisted of a rotation
of'a cool-season cover crop, maize cultivation under no-tillage practice, and steers grazing cool-
season annual pastures and warm-season perennial pastures, intercropped with tree alleys. Both
CL and CLF treatments used the ley farming technique, with three years of grazing and one
year of maize crop during the warm season (Fig. 4). In the winter preceding the sowing of
agricultural crops, there is no grazing. To facilitate no-till planting without herbicides, both in
winter and summer, overseeding technique is used. In winter, frost acts as a natural desiccant
during the sowing of black oats over the perennial summer pasture, while in summer, grain

crops are sown after the black oat cycle (Dominischek et al., 2018)
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Fig. 4 — Schematic representation of NITA experimental protocol arrangement for the evaluated treatments, in
previous years, including 2013 with the beginning of the experiment, 2019 with the last maize crop in the CL and

CLF systems, and the evaluated period (2021/22 and 2022/23).
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The pasture was managed using the continuous stocking method with variable stocking
rate. The grazing management was based on the Rotatinuous stocking concept (Carvalho et al.,
2016) and considered the average management target of 24 cm height for both cool and warm
season pastures. This approach aimed to maximize intake rates and consequently animal
performance, as proposed by Carvalho (2013). During the stocking season, sward height was
measured every 15 days using a sward stick (Barthram, 1985). The sward height was measured
at 150 places following a pre-defined transect in each paddock. At each site, the grass species
touched by the stick was measured and identified. Afterwards, frequency height distributions
were calculated for each target species (Avena strigosa for cool season; Megathyrsus maximus
for the warm season and both species for the spring). Subsequently, adjustments to the stocking
rate (SR) were implemented using the put-and-take method (Mott and Lucas, 1952), adding or
removing animals in the paddocks as needed to maintain sward heights as close to the target as
possible.

Herbage mass (HM) and herbage accumulation rate (HAR) evaluations were conducted
every 28 days. The HM (kg ha ! of dry matter [DM]) was estimated by placing three randomly

located metal frames (0.5 x 0.5 m) in each paddock and cutting all the herbage inside each
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frame at ground level. The herbage accumulation rate (HAR) was determined using grazing
exclusion cages (Klingman et al., 1943), with three grazing exclusion cages per paddock, placed
in representative areas of the paddock. In the LF and CLF, the cages were placed between the
rows of trees at an average distance of six meters from the tree lines. Biomass cuts were
conducted every 28 days, at ground level in the area inside the cage using a metal frame
measuring 0.25m?. The collected herbage samples were oven-dried at 55°C for 72 hours and
weighed on a precision scale (0.001 g) to determine DM. HAR was calculated by the difference
between the mass inside the cage (at the 28th) and from outside the cage (previous cut), divided
by the numbers of days (HAR kg ha™! day™!). Herbage density (HD) was obtained by dividing
the HM by the sward height, adjusting its units (kg DM m™). The total herbage production
(THP) was calculated by multiplying the HAR by the number of days in each period, summed
to the initial HM (kg ha™'). Herbage allowance (HA) was obtained by the ratio of average HM
to the corresponding stocking rate (SR) of the paddock, expressed in kg DM per kg of live
weight (LW) (Sollenberger et al., 2005). The leaf blade allowance was calculated as the ratio
of leaf mass to the paddock's stocking rate (kg DM per kg LW).

Morphological separation was performed by collecting three biomass samples at ground
level in each treatment, using a metal frame with an area of 0.25m?2. Subsequently, the botanical
and structural separation of the components of the target pastures was carried out, namely: leaf
mass and stem of grasses, senescent material, and other species, whether forage or not,
expressed in kg DM ha™!. The leaf stem ratio was calculated as the ratio between the dry mass

of leaf blades and the dry mass of stems.

Livestock management

At the beginning of each stocking season, a new group of 36 steers, with similar patterns
of weight, breed, and age were randomly allocated to paddocks (7+10 months of age; 140+170
kg of live weight). The three test steers within each productive year (cool and warm seasons)
remained in the same paddock throughout the stocking season. The animals had access to fresh
water and ad [ibitum mineral salt in their paddocks, and the control of endo and ectoparasites
was performed according to Molento et al., (2013).

From the beginning to the end of the two stocking periods of each productive year, the
steers were weighed every 28 days. The average daily gain (ADG, kg animal’ day™') was
calculated by the difference between the final and initial live weight (LW) of each test steer,
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divided by the number of grazing days in each stocking period. The stocking rate (SR, kg ha™')
was determined by adding the live weight of the test steers and the put-and-take steers,
multiplied by the number of days they stayed in their paddocks, and then dividing by the
paddock area. Consequently, the live weight gain per area (LWG, kg ha'! day™) for each
stocking period was derived from the SR per hectare and the average ADG of the three test

steers in that period.

Statistical analysis

All statistical analyses were performed using the software R 4.2.0 package “Exp.Des”.
The assumptions of normality were checked using the Shapiro-Wilk test, and variance
homogeneity was assessed using the Bartlett test. When necessary, results were transformed by
root square or logarithmic functions. The variables were subjected to analysis of variance
following a two-factor model, considering system % season (Equation 1) with a significance
level of 5% (p < 0.05). Systems and seasons of the year were considered fixed effects. When
significant differences were detected, means were compared using the Tukey test (p < 0.05).

Yijk = m+ Bk + Gi + Aj + GAij + Eijk (Equation 1)

Where Yijk = observed value in the experimental plot; m= overall average of all
measurements; Bk= effect of the block factor; Gi= effect of the system factor; Aj= effect of the
season factor GAij= effect of interaction between system (G) and season (A) and Eijk=random
error component.

Results

Sward structure and herbage production

During winter, black oat and other plant species (non-grasses) constituted, on average,
57% and 22% of the pasture across all systems, respectively (Figure 5). In winter, integrated
systems with trees exhibited a higher frequency of guinea grass and a lower contribution from
other grasses compared to full-sun systems (L and CL). In spring, the frequency of black oat
was consistent at 7% across all systems, and frequency of guinea grass increased in all systems

compared to winter, with LF and CLF systems showing a two times higher frequency compared
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to other systems. As there is no black oat in summer, the frequency of guinea grass averaged

73% in LF and CLF systems, while it was 36% in L and CL systems.

Fig. 5 — Frequency of Black Oat, Guinea grass, other grasses and other species in Livestock (L); Livestock-
Forestry (LF); Crop-Livestock (CL) and Crop-Livestock-Forestry (CLF) in ICLS, in winter, spring and summer
season.
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significant differences between status for each season by Tukey test (p < 0.05).

In winter, the height was, on average, 4 cm higher in CL (0.28 m) compared to LF and
CLF (0.24 m). In spring the height was 0.17 m similar across all systems. During the summer,
pasture height was 2 cm higher for CLF (0.28 m), compared to CL (0.22 m) (p = 0.0005; Figure
6).
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Fig. 6— Black Oat and Guinea grass heights in Livestock (L); Livestock-Forestry (LF); Crop-Livestock (CL) and

Crop-Livestock-Forestry (CLF) in ICLS, in winter, spring and summer season.
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*Capital letters indicate significant differences between seasons for each treatment, lowercase letters represent

significant differences between treatments for each season by Tukey test (p < 0.05).

During winter and summer, 58% of height points of black oat and guinea grass were

within the 0.18 to 0.30 m management range, with no significant different between systems. In

spring, 39% frequency of height points was between 0.18 to 0.30 m height. While the frequency

of height points < 0.18 m was 56% in spring and 21% in the average of winter and summer

(Figure 7).
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Fig. 7 — Frequency of heights of Black Oat and Guinea grass IN Livestock (L); Livestock-Forestry (LF); Crop-
Livestock (CL) and Crop-Livestock-Forestry (CLF) in ICLS, in winter, spring and summer season.
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*Capital letters indicate significant differences between seasons for each status, lowercase letters represent

significant differences between status for each season by Tukey test (p < 0.05).

In winter and spring, average herbage mass was 86% and 48% higher in L and CL
compared to LF and CLF, respectively (Table 1). In summer, herbage mass was 1917 kg ha™!
similar across all systems. On average, leaf mass was 548 kg ha™' similar among systems. Leaf
mass was 16% and 41% higher in winter compared to summer and spring, respectively (Table
2). In winter, average stem mass was 567 kg ha™! higher for L and CL compared to LF and CLF.
In spring and summer, stem mass was similar among systems (Table 1). In winter, on average
across systems, senescent material was 191 kg ha™! higher in L and CL compared to LF and
CLF. In winter and spring, senescent material mass was on average 247 kg ha™! lower for LF

compared to summer (Table 1).
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Table 1 — Herbage mass, stem mass and dead material mass in ICLS, in winter, spring and summer season.

Seasons
Systems Winter Spring Summer
Herbage mass (kg ha™!)
L 186034 1803abA 196834
LF 10598 131058 191734
CL 222334 185934 18753
CLF 11328 11658 196034
Stem mass (kg ha')
L 905 53728 649248
LF 3898 35228 78734
CL 103034 60228 61438
CLF 412b8 35228 74334
Dead material mass (kg ha™')

L 31224 28734 4403
LF 1798 2068 41234
CL 4273 4354 26134
CLF 177°A 25184 32634

*Averages followed by the same capital letter on the column and lowercase on the row do not differ among
themselves by Tukey test (p<0.05).

Variables such as other materials mass and leaf stem ratio did not show significant
interactions between systems and seasons (p > 0.05; Table 2). Herbage density was, on average,
0.61 kg DM m? between systems. Across seasons, herbage density was 36% higher for spring
and summer, compared to winter.

Herbage allowance was 2.5 kg DM™! kg LW™! similar across systems, and 0.8 and 1.4 kg
DM kg LW higher in winter compared to spring and summer, respectively. Leaf blade
allowance was 0.5 kg DM kg LW! similar across systems and seasons (Table 2).

On average across systems, herbage accumulation rate was 28% higher in L compared
to the average of the other systems. In spring, the herbage accumulation rate was 25% higher
compared to summer. The total herbage production was 1573.6 kg ha' higher in L and CL
compared to LF and CLF, and similar between seasons (Table 2).

Table 2: Herbage Density (HD; kg DM m?), Leaf Mass (LM; kg ha™!), Other Materials Mass (OMM; kg ha™'),
Leaf:Stem Ratio (L:S ratio), Herbage Accumulation Rate (HAR; kg ha''day™', Herbage Allowance (HA; kg DM
kg LW), Leaf Blade Allowance (LBA; kg DM kg LW) And Total Herbage Production (THP kg ha!) in Livestock
(L), Livestock forestry (LF), Crop-Livestock (CL), Crop-Livestock-forestry (CLF), in winter, spring and summer
seasons.

Systems (Sy) Seasons (S) p value
L LF CL CLF  Winter Spring Summer Sy S SyxS§S
HD 0.66  0.57 0.65 0.54 0.48>  0.62% 0.69*  0.350 0.000 0.176
LM 605 542 537 509 639*  453° 5528 0.472 0.008 0.072
OMM 419 326 649 312 407 334 510 0.074 0.286 0.580

L:S ratio 1.1 1.4 1.1 1.1 1.1 1.3 1.1 0.086 0.248 0.154
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HA 2.5 2.5 2.7 23 3.32 2.5° 1.9 0.392 0.000 0.789
LBA 0.5 0.6 0.5 0.5 0.7 0.5 0.5 0.807 0.105 0.995
HAR 63.7*  43.7¢ 58.78  46.2°  55.3% 5892 47.1°  0.000 0.014 0.452
THP 6317 4352° 5801*  4619° 5449 4977 5391 0.000 0.287 0.338

* Averages followed by the same do not differ among themselves by Tukey test (p<0.05).

Animal production

The average daily gain was 0.857 kg an™' day™! similar between systems. The average
daily gain was 38% higher in winter (1.05 kg an! day!) than average of spring and summer

(0.760 kg an™!' day™). (Figure 8; p = Sy= 0.884; S= 0.000; SyxS= 0.744)

Fig. 8 — Average Daily Gain of steers in Livestock (L); Livestock-Forestry (LF); Crop-Livestock (CL) and Crop-
Livestock-Forestry (CLF) in ICLS, in winter, spring and summer season.
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*Capital letters indicate significant differences between seasons by Tukey test (p < 0.05).

During winter, the average stocking rate was 89% lower in LF and CLF, compared to L
and CL, respectively (341.6 vs 646.6 kg ha'!), and 44% lower during the spring (497.2 vs 715.3
kg ha!). In the summer, stocking rate was similar between all systems, with an average of
1094.8 kg ha™! (Table 3; p = 0.00095).

In winter, the LWG was 81% greater for L and CL compared to LF and CLF (3.22 vs
1.77 kg ha'! day™"). In spring and summer, LWG was 1.98 kg ha™! day!, similar between systems
(Table 3; p = 0,00023).
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TABLE 3 — Stocking Rate and Live Weight Gain of steers in Livestock (L); Livestock-Forestry (LF); Crop-
Livestock (CL) and Crop-Livestock-Forestry (CLF) in ICLS, in winter, spring and summer season.

Seasons
Systems Winter Spring Summer
Stocking rate (kg ha')
L 6708 6588 103734
LF 3288 4638 110324
CL 62328 77228 101434
CLF 35508 5328 122634
Live weight gain (kg ha™!' day™)
L 3.3 1.8 2.0%8
LF 1.6%4 1.5%4 2.1%4
CL 3,104 1.928 2.3
CLF 1.9%AB 1.5%8 2.7A

* Averages followed by the same capital letter on the column and lowercase on the row do not differ among
themselves by Tukey test (p<0.05).

Discussion

Sward structure

The analysis of frequency of species on pasture composition in different integrated
systems revealed significant seasonal patterns (Figure 5). In winter, there was a prevalence of
black oat (57%) and other plant species (22%) in the pasture, with integrated systems featuring
trees showing (LF and CLF) a higher frequency of guinea grass and a lower contribution from
other grasses compared to full-sun systems (L and CL). In spring, the frequency of black oat
remained consistent at 7% across all systems, while the frequency of guinea grass increased
compared to winter. Notably, in LF and CLF systems, this frequency was twice as high
compared to other systems. With the absence of black oat in summer, the frequency of guinea
grass averaged 73% in LF and CLF systems, while it was 36% in L and CL systems. The results
indicate that the presence of trees in LF and CLF treatments contributes to the maintenance of
guinea grass throughout the seasons. This phenomenon can be attributed to the microclimate
generated by the trees, providing protection against winter frosts and favoring faster regrowth
in spring and summer.

Spring forage emptiness is a challenge faced by Brazilian livestock. With winter forages
declining their production and summer species not yet at their maximum productivity, we have
lower forage supply and nutritional value of the pasture available to the animals (Malaguez et

al., 2017). In this study, it was observed that the presence of trees contributed to maintaining
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the summer forage (Guinea grass) throughout the seasons, consequently reducing this spring
forage gap and maintaining levels of forage and animal production during this period.

During the winter, there was an average 4 cm lower in the height of black oat in LF and
CLF (Figure 6). However, the height remained within the range of 0.18 and 0.30 m established
by Mezzalira et al. (2014) for black oat — with an average of 0.24 m in LF and CLF systems.
As part of the protocol design, in all systems, regardless of their specific arrangement, at least
three animals were kept. Adjustments in stocking rate, made to maintain pasture height, were
carried out solely by allocating or removing the regulator animals, based on their live weight
and the pasture’s carrying capacity. This difference in sward height, consequently, resulted in
lower herbage mass in the tree-integrated systems. However, all systems maintained a similar
herbage density.

Kunrath et al. (2020), evaluating four heights (10, 20, 30, and 40 cm) of a black oat +
annual ryegrass mixture found a high correlation between height and forage mass, which
increased by 88.7 kg DM per hectare for each centimeter of sward height. In this study, we
observed during the winter period, the herbage mass of black oat was higher in L and CL; (Table
1), which had the greatest heights in the same season (Figure 6).

Similar results in height differences were found by Oliveira et al. (2022) with Urochloa
decumbens and Eucalyptus, showing lower forage heights in systems integrated with trees
compared to single pasture systems. Tullio (2015), evaluating CLF and CL systems in cool
season pasture (4vena strigosa + Lolium multiflorum), also found lower sward heights (three
centimeters less) in the system integrated with the tree component.

Across all systems, the majority of height measurements ranged between 0.18 and 0.30
meters (Figure 7). This optimal management height was determined by Mezzalira et al. (2014)
for black oat in “Rotatinous” stocking, aiming to maximize the animal’s intake rate and
consequent performance, by allowing grazers to selectively target and consume the most
digestible plant parts, particularly leaves, due to the optimal sward structure provided by the
system (Carvalho, 2013). This illustrates the feasibility of implementing the “Rotatinuous”
stocking in continuous grazing scenarios, with the development of a sward structure conducive
to maintaining high ingestion rates. The major frequency of lower heights (>0.18 m) observed
in the spring in all systems and lower frequency of points with optimal management heights (<
0.18 to 0.30 m), are probably due to the transition from the end of the black oat cycle to the

start of guinea grass regrowth. Sward height, for grazing herbivores, signifies the amount of
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available biomass, with opportunities for high intake and greater bite depths (Carvalho et al.,
2001; Mezzalira et al., 2018), and when grazing animals encounter sward structures that
significantly restrict bite size, they struggle to maintain intake rates, leading to competition for
time between grazing, rumination, and other activities, consequently reducing the daily intake
(Hodgson et al., 1997). In spring it was possible to observe a smaller average daily gain (ADG)
(<38%; Figure 8) compared to winter, but similar summer.

During the summer period, sward height (Figure 6) and herbage mass (Table 1) were
similar between systems. Baungratz et al. (2019) observed higher herbage masses in the full-
sun treatment, compared to a silvopastoral system (Cordia trichotoma and Peltophorum
dubium) in Aruana pasture (Megathyrsus maximus cv Aruana), and higher canopy heights for
the silvopastoral system.

According to Carvalho ef al. (2001), the greater the height and forage mass, the fewer
the apprehension movements and the greater the chewing movements. Aranha et al. (2019),
evaluating Urochloa brizantha cv Marandu in ICLS with two tree densities (CLF, 196 and 448
trees ha™!) and in full sunlight (CL), found higher forage mass in the full sunlight treatment
compared to those integrated with trees.

For sward structural variables, similar leaf mass was found among all systems.
Differences in leaf mass (16 and 41% higher in winter compared to summer and spring,
respectively; Table 2) may have occurred due to the forage structure of the season, with black

oats in the cool season period and Guinea grass in the warm season period.

Herbage production

Total herbage production was similar between seasons (Table 2) demonstrating the
system’s capacity to produce 15.817 kg DM ha™! throughout the year, but it was 36% higher in
full sunlight systems (L and CL) compared to ICLS designs with trees (Table 2). Taiz et al.
(2015) reported that increased competition for water and radiation results in lower biomass in
shaded environments, as observed in this study, specially during the winter period. In tree-
integrated systems, there is a reduction in radiation intensity, especially in the
photosynthetically active range, requiring plant adaptation to cope with changes in light quality,
influencing morphological characteristics and forage production. Tolerance strategies include
adjustments in leaf area, specific leaf weight, chlorophyll density, crude protein content and

leaf:stem ratio, with reserve allocation and changes in leaf angle (Garcez Neto et al., 2010;
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Varella et al., 2019). Oliveira et al. (2022) in a meta-analysis that included Eucalyptus spp. and
Urochloa spp. showed lower FM and forage density in silvopastoral systems (SPS), compared
to grass monoculture, lower pasture heights in SPSs with closer tree row spacing (1-14m), likely
due to reduced light and growth limitation. In contrast, SPSs with wider tree row spacing
(>28m) had greater pasture height, as plants could grow taller to reach higher strata and capture
more light. FM and FA have a direct influence in the SR, which in turn influences AWG; and
lower values of those variables resulted in lower SR and AWG, but equal values of ADG
between systems in their meta-analysis.

Herbage allowance is described as in instantaneous measure of forage availability per
unit demand, and is an interesting tool to explain different performances among treatments, as,
given an amount of herbage mass per unit area, it has a direct influence on stocking rate (Moojen
et al.,2021). In this study, HA was 0.8 and 1.4 kg DM kg LW™! higher in winter compared to
spring and summer, respectively, with no statistically significant differences between systems.
The leaf blade allowance was similar for systems and seasons (Table 2). Carvalho et al. (2001)
state that forage allowance is directly related to the animals grazing selection opportunity, both
in plant species and in the portion to be consumed, allowing for the ingestion of a diet richer in

nutrients and with lower energy expenditure.

Animal production

With high herbage allowance values in all systems during the two grazing cycles (Table
2), steers had the opportunity to select and consume strata of better quality, directly influencing
the ADG values, which also did not differ between systems, with an average of 0.857 kg an™!
day™.

The ADG was directly affected by the seasons, with a 38% higher ADG in winter (1.05
kg an’! day'1) compared to spring and summer (Figure 9), similar to the results found by
Kunrath et al. (2020). These results can be explained by the difference in the HA (Table 2) and
composition of the animals' diet, with the majority consisting of C3 plants in winter and C4
plants in spring and summer (Portugal et al., 2023). It is important to highlight that the
metabolic pathway of C4 plants often results in an increased rate of lignin deposition in plant

tissues, and this alteration can significantly influence forage intake and digestion by ruminants

(Archimede et al., 2011).
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Mainly during winter, the SR was higher in L and CL (average 647 kg LW ha™)
compared to the average of LF and CLF (342 kg ha''; Table 3). The SR was adjusted to maintain
sward height close to an average of 24 cm for black oats and guinea grass in all systems, as
presented previously in this study. Crestani (2023) reported a 47% higher stocking rate in L,
and Tullio (2015) presented higher stocking rates (1119 kg LW ha™') for the system without the
forest component, against 877 kg LW ha'! in the tree-pasture system. Furthermore, Portugal et
al., (2023) in the beginning of same protocol did not reported differences in stocking rates
between systems (L, LF, CL and CLF) but also observed a SR higher during the summer
compared to winter, similar to what was observed in this study. The variations in stocking rates
can be attributed to differences in HAR among the systems. Specifically, during the winter
season, L and CL systems exhibited a higher sward height (Figure 7), herbage mass (Table 1),
HAR and THP (Table 2) compared to LF and CLF. The presence of trees in LF and CLF
systems likely contributed to a decrease in available sunlight, impacting the photosynthetic
activity and overall productivity of the pasture, resulting in decreased height, forage mass, and
total forage production in these systems.

As for LWG, Oliveira et al. (2022), in their meta-analysis, reported that LWG is directly
affected by the SR, which is, in turn, influenced by HAR. Therefore, with lower values of HAR
and THP, animal production is consequently reduced. In this study, we observed the highest
values of LWG and SR in the same systems and seasons where higher heights, FM, and THP
were observed using sward height as criterion of management. Our results demonstrated 81%
higher LWG for L and CL during the winter compared to LF and CLF, but with no differences
between systems in the spring and summer (Table 3).

Therefore, this study showed that systems integrated with the forestry component
usually have lower rates of primary and secondary production, especially in the winter period.
However, in the summer period, these systems present production rates equal to those in full
sun, demonstrating that, on rural properties in the Brazilian subtropics, there is the possibility
of using different integration arrangements, considering a forage production planning
appropriate to the different conditions offered throughout the year and also highlighting the
productive capacity and lower environmental impact of integrated crop-livestock systems in

multi-specific pastures and without the use of pesticides to control pests, diseases or weeds.
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Conclusion

In a subtropical environment in southern Brazil, systems integrated with the arboreal
component (LF and CLF) exhibited lower herbage production in annual cool season pastures,
with consequent reduction in pasture-based animal production, compared to crop-livestock
integration and single livestock. Nevertheless, during summer and spring, all systems,
irrespective of their specific configurations, exhibited comparable herbage and animal
productivity. This suggests that despite seasonal fluctuations, the integration with an arboreal
component does not significantly hinder the overall productivity. These findings underscore the
robustness and adaptability of integrated systems, emphasizing their potential for sustainable
agricultural practices in subtropical regions, maintaining the system’s production throughout
the seasons in multi-specific pastures without the use of pesticides, and the integration with the
arboreal component can be and alternative for spring forage emptiness in southern Brazil. While
our findings partially support the initial hypothesis, they also point to the need for further
investigation into the specific mechanisms underlying the observed seasonal fluctuations and

their implications for integrated system management.
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