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RESUMO

RESPOSTA DOS DIPLOPODES E QUILOPODES A INTENSIDADE DO
PASTEJO EM SISTEMA INTEGRADO DE PRODUCAO DE SOJAE
BOVINO DE CORTE

AUTORA: Helena Wichineski Trombeta
ORIENTADOR: Rodrigo Josemar Seminoti Jacques

A integracdo lavoura-pecudria é uma alternativa para intensificar o uso das terras e aumentar a
producdo sustentavel de alimentos. Os dipldpodes e quilépodes do solo desempenham funcgdes
essenciais ao ecossistema e sdo bioindicadores da qualidade ambiental. Este estudo avaliou a
resposta dos dipldpodes e quildépodes do solo ao incremento da intensidade do pastejo em uma
integracdo lavoura-pecuaria, cultivada por 13 anos com a sucessdo soja-pastagem. O
experimento foi conduzido em uma area de 23 hectares, que no inverno é cultivada com Avena
strigosa + Lolium multiflorum para o pastejo continuo dos bovinos nas alturas de 10, 20, 30 e
40 cm e no verdo é cultivada com Glycine max para a producdo de grdos. Os diplopodes e
quilépodes foram coletados em pitfall traps por dois anos, em duas amostragens apos 0 pastejo
e duas apds a colheita da soja. Os diplopodes foram identificados a nivel de familia e género.
Um total de 403 quilépodes e 99 dipldpodes foram coletados, totalizando quatro datas de coleta.
A intensificacdo do pastejo reduziu a abundancia de quilopodes, e a abundancia e a riqueza de
diplopodes no solo. Nas alturas de pastejo de 30 e 40 cm houve maior riqueza de dipldpodes,
os quais foram identificados como pertencentes aos géneros Catharosoma, Leptodesmus e a
familia Psoudonannolenidae. A altura de pastejo de 30 cm permite conciliar maior abundancia
e riqueza de diplépodes e quildépodes no solo com maior producdo animal, o que contribui para
a sustentabilidade da integracao lavoura-pecuaria.

Palavras-chave: Diplopoda. Bioindicadores. Chilopoda. Intensificacdo sustentavel. Pastejo.



ABSTRACT

DIPLOPODS AND CHILOPODS RESPONSE TO GRAZING
INTENSITY IN INTEGRATED SYSTEM FOR SOYBEAN AND BEEF
CATTLE PRODUCTION

AUTHOR: Helena Wichineski Trombeta
ADVISOR: Rodrigo Josemar Seminoti Jacques

Crop-livestock integration is an alternative for intensifying land use and increasing sustainable
food production. Millipedes and centipedes of soil perform essential ecosystem functions and
are bioindicators of environmental quality. This study evaluated the response of the millipedes
and centipedes of the soil to the increase of grazing intensity in a crop-livestock integration,
cultivated for 13 years with soybean-pasture succession. The experiment was conducted in an
area of 23 hectares, which in winter is cultivated with Avena strigosa + Lolium multiflorum for
continuous grazing of cattle at heights of 10, 20, 30 and 40 cm and in summer is cultivated with
Glycine max for grain production. Millipedes and centipedes were collected in pitfall traps for
two years, in two samples after grazing and two after soybean harvest. Millipedes were
identified at family and genus level. A total of 403 centipedes and 99 millipedes were collected,
totalling four collection dates. The grazing intensification reduced the abundance of centipedes,
and the abundance and richness of millipedes in the soil. In the grazing heights of 30 and 40 cm
there was greater richness of millipedes, which were identified as belonging to the genera
Catharosoma, Leptodesmus and the Psoudonannolenidae family. The grazing height of 30 cm
allows to reconcile greater abundance and richness of millipedes and centipedes in the soil with
higher animal production, which contributes to the sustainability of crop-livestock integration.

Keywords: Diplopoda. Bioindicator. Chilopoda. Sustainable intensification. Grazing.
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1. INTRODUCAO

Modelos produtivos mais eficientes € que apresentem menos riscos econdmicos e
ambientais tendem a se tornar cada vez mais frequentes no cenario agricola. Por isto, os
sistemas integrados de producao agropecuaria (SIPA) sdo reconhecidos como alternativas para
a intensificagdo sustentavel na producdo agricola e pecuaria (CARVALHO, et al., 2014). Eles
retnem diversas qualidades que permitem um ganho de eficiéncia na producao de alimentos,
sem que se utilize mais area, agua ou outros insumos. Na regido sul do Brasil, um modelo de
SIPA que vem sendo adotado com frequéncia pelos produtores rurais € a integragdo lavoura-
pecuaria (ILP), através da producdo de grios no periodo do verdo e bovinos no periodo de
inverno. Esta associagdo permite maior eficiéncia no uso do solo, uma vez que muitas destas
areas somente eram utilizadas no inverno para a producdo de massa seca para o plantio direto
do verdo. Dessa forma, as perspectivas para ado¢ao do SIPA, tanto a nivel global quanto a nivel
nacional sdo promissoras, visto que este sistema apresenta impactos positivos na produtividade
e na rentabilidade tanto da producdo agricola quanto pecudria, além de melhoria da qualidade
ambiental (SALTON et al., 2014; SILVA et al., 2008).

Entretanto, quando manejado de maneira inadequada o SIPA pode trazer prejuizos ao
ambiente (OLIVEIRA et al., 2004). Os principais problemas observados estdo relacionados ao
excesso de carga animal na pastagem (MARCHAO et al., 2009). Quando ha um niimero elevado
de animais na 4rea, ocorre uma drastica diminui¢cdo da biomassa de parte aérea das plantas, o
que resulta em compactagdo, exposicdo do solo e alteracdo dos regimes de umidade e
temperatura (CECAGNO et al., 2015). Estes efeitos aumentam os riscos de erosao, e de déficits
hidricos e nutricionais nas plantas, tendo efeito direto no desenvolvimento radicular das plantas
(RAKKAR et al., 2017). Além disso, esta pratica pode resultar em prejuizos como a perda da
capacidade produtiva, através da degradagdo das propriedades fisicas, quimicas e biologicas do
solo.

Embora o SIPA venha sendo amplamente discutido e diversas pesquisas relacionadas a este
sistema tem sido realizado, pouco se conhece sobre a relagdo entre o SIPA e os propriedades
biologicas do solo, especialmente sobre a meso € macrofauna. A fauna do solo realiza diversos
servicos ecossistémicos, como a degradacdo e a incorporacao dos residuos vegetais, a
mobilizacdo e ciclagem dos nutrientes, o aumento do teor de matéria organica no solo, a
formag¢do dos agregados, a bioturbag@o, o controle bioldgico, entre outros (FERREIRA et al.,
2007; COYLE et al., 2017). Assim, se o uso € 0 manejo do solo prejudicarem a fauna do solo,

a realizagdo de todos estes servigos estara comprometida. Por isto, o manejo do SIPA deve



buscar também o aumento da abundéncia e da diversidade da fauna do solo, para que mais
servigos ecossistémicos ocorram e em maior magnitude, melhorando a produtividade
agropecuaria ¢ a qualidade ambiental.

A fauna do solo ¢ sensivel as praticas de manejo, aos impactos ambientais causados pelo
Homem ¢ as transformacgdes ocorridas naturalmente no ecossistema, como variagdes de clima,
solo e vegetagdo (FERREIRO; FU, 2016). Por ser um bioindicador, a fauna do solo apresenta
uma resposta mais rapida a variacdo no ecossistema e € mais sensivel para indicar distarbios,
se comparada com as propriedades quimicas ou fisicas. Por isto, no SIPA a fauna do solo pode
ser utilizada estrategicamente para indicar o limite entre a intensifica¢do e a degradacdo do
agroecossistema.

Nesse sentido, foi desenvolvido um projeto de pesquisa nos anos de 2014, 2015 e 2016
com o intuito de conhecer a diversidade e a atividade dos organismos da meso e macrofauna do
solo em um Sistema Integrado de Producao Agropecuaria. O SIPA em que foi desenvolvida a
pesquisa foi implantado em 2001 e desde entdo foram obtidos diversos dados sobre a produgio
de bovinos e de soja, caracteristicas fisicas e quimicas do solo, entre outros. Entretanto, poucos
estudos haviam considerado a biologia do solo. Por isto, foram avaliados diversos atributos
microbioldgicos (respiracdo do solo, atividade de enzimas, conteudo de carbono, fosforo e
nitrogénio na biomassa microbiana e quociente metabodlico), além da abundancia e diversidade
da meso e macrofauna epiedafica e hemiedafica.

Entre os organismos da fauna do solo, os miridpodes representam um dos maiores grupos
e sdo responsaveis por diversos servigos ecossistémicos no ambiente (WILSON; ANDERSON,
2004). Dentre as Classes pertencentes ao Subfilo Myriapoda, a Diplopoda e Chilopoda sdo as
de maior importancia, pois se apresentam em maior niumero e diversidade em comparacao as
classes dos Symphyla e Pauropoda. Devido a sua grande representatividade, estes organismos
desempenham um papel fundamental, principalmente no que se refere a decomposi¢cdo de
residuos organicos (BATTIROLA et al., 2018; FERNANDEZ et al., 2016), ao controle
biologico (LENTEREEN, 2012) e estimulo a atividade microbiana no solo (MASSE et al.,
2017).

Os diplépodes e quilopodes apresentam baixa tolerancia e alta sensibilidade as mudancas
ocorridas no ambiente, apresentando-se como excelentes bioindicadores da qualidade do solo
(DIEKOTTER et al., 2010). O potencial bioindicador dos diplépodes e quilépodes tém sido
demonstrado em diversos estudos (MASSE et al., 2017; ZAGATOO et al., 2017; BHADURI
etal., 2018; HABASHI; WAEZ-MOUSAVI, 2018; SUAREZ et al., 2018; BOWIE et al., 2019).
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Apesar de sua importancia ecoldgica e capacidade bioindicadora, pouco se sabe sobre o
comportamento destes organismos em &reas agricolas, em especial em sistemas integrados de
producdo agropecudria. Portanto, este trabalho objetivou conhecer a resposta dos diplopodes e
quilépodes do solo ao incremento da intensidade do pastejo em um sistema integrado de

producdo agropecuéria, cultivado com soja no verao e aveia preta + azevém no inverno.



2. REVISAO DE LITERATURA

2.1. SISTEMAS INTEGRADOS DE PRODUCAO AGROPECUARIA

Os sistemas integrados de producédo agropecuaria (SIPA) vém ganhando cada vez mais
espaco no cenario agricola brasileiro e mundial. Buscando estratégias para alimentar a crescente
populacgéo, os sistemas integrados surgem como uma alternativa mais sustentavel na producéo
de alimentos (CARVALHO et al., 2018). Os SIPAs tém sido reconhecidos internacionalmente
como uma opcao para alcangar, de forma concomitante a intensificacdo da producdo com a
sustentabilidade ambiental. Além disso, geram maior eficiéncia econémica, reduzindo riscos e
custos de producdo, oferecendo maior seguranca quanto as flutuacdes de mercado e as
instabilidades climéticas (GARRET et al., 2017).

Segundo Carvalho et al. (2014), o SIPA é planejado para explorar sinergismos e
propriedades emergentes, frutos de interacdes nos compartimentos solo-planta-animal-
atmosfera, em areas que integram producéo agricola e pecuaria. Os SIPAs promovem interacdes
ecoldgicas no espago e no tempo entre os diferentes componentes (grdos, pastagem e gado)
(ASAI et al., 2018), tornando o ecossistema mais eficiente na ciclagem de nutrientes, pois
preserva 0s recursos naturais, melhora a qualidade do solo e gera um aumento da biodiversidade
(LEMAIRE et al., 2014).

A integracdo sinérgica entre os diferentes componentes do SIPA, resultante do seu
manejo adequado, proporciona servigos ecossistémicos que conduzem a uma qualidade do solo
superior, viabilizando a melhoria na estrutura, infiltracdo de agua, maior eficiéncia na ciclagem
de nutrientes e sequestro de carbono, além de uma maior biodiversidade (LEMAIRE et al.,
2014). Os resultados encontrados por Franzluebbers et al. (2014) comprovam que sistemas de
producdo mais complexos e diversificados sdo superiores a sistemas mais simples no que diz
respeito a qualidade do solo, atividade bioldgica e diversidade da fauna do solo.

O SIPA apresenta um grande potencial para intensificacdo da produgédo de forma mais
sustentavel, entretanto, esse potencial depende do manejo (MORAES, et al. 2014). O
planejamento do arranjo dos componentes no tempo e no espaco, as caracteristicas
edafoclimaticas e a combinacdo de diferentes culturas agricolas devem ser considerados
(CARVALHO, et al. 2014). Quando ndo conduzidas de maneira sustentavel, as praticas
agricolas causam perdas significativas na biodiversidade, do mesmo modo, a perda de

biodiversidade pode impactar expressivamente na reducdo da produtividade agricola (LANZ et
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al., 2018). Sendo assim, o ponto chave no manejo do sistema é definir o quanto o0 mesmo pode
ser intensificado sem prejudicar os demais servicos ecossisttmicos (KUNRATH et al., 2014).

O sucesso de um SIPA que integra lavoura e pecuaria esta diretamente relacionado com
a intensidade de pastejo empregada (CARVALHO et al. 2010). De acordo com Carvalho et al.
(2011), em intensidade de pastejo apropriada, 0 SIPA traz diversos beneficios para o ambiente.
A intensidade de pastejo também esta relacionada com o residuo da biomassa remanescente
apos a fase de pastagem, além de afetar a fisica, a quimica e a biologia do solo, o0s quais séo
caracteristicas centrais na producéo animal e de grdaos (CARVALHO et al. 2010). Deste modo,
a definicdo da intensidade de pastejo a ser utilizada é a principal pratica de manejo a ser
observada para que o sistema de integracdo lavoura-pecuaria seja mais produtivo e sustentavel.

Em um SIPA manejado de maneira adequada, integrando os componentes de producgédo
e conduzindo o sistema de forma sustentavel, é possivel que diversos beneficios ambientais
sejam alcancados. O SIPA pode ser uma importante ferramenta na recuperacdo de areas
degradadas, aumento da resiliéncia ecoldgica, prestacao de servigos ecossistémicos, protecdo e
conservacdao dos recursos naturais, além de proporcionar melhorias na qualidade do solo,
através do aumento na incorporacdo de carbono, ciclagem de nutrientes e diversidade biolégica
(FAO, 2010; FRANZLUEBBERS, 2014; LEMAIRE, 2014).

Por outro lado, quando néo séo utilizadas préaticas de manejo adequadas, o sistema fica
suscetivel as perdas econdmicas e ambientais. O pastejo em excesso pode ocasionar problemas,
como a reducdo da cobertura e aumento da compactacao do solo, consequentemente afetando a
resisténcia a penetracdo das raizes e assim, a produtividade vegetal, principalmente das culturas
de grdos sucessoras (ASSMAN; PIN., 2008). Do mesmo modo, o pastejo intensivo esta
diretamente relacionado com menores estoques de carbono no solo (SOUZA et al., 2010), isto
porque a reducdo na cobertura do solo e o menor acimulo de massa seca acarretam em
temperaturas mais altas, o que acelera a atividade microbiana e a decomposi¢do da matéria
organica (CARVALHO et al., 2018). A produtividade de carne e/ou leite também é afetada
pelo pastejo intensivo, pois ha uma drastica diminui¢do na biomassa do pasto, e assim menor
ingestdo de alimento e menor desempenho no ganho de peso dos animais (TOWNSEND et al.,
2012). Sendo assim, € essencial que se utilize uma intensidade adequada de pastejo, tendo em

vista que a sustentabilidade e a produtividade do sistema séo dependentes deste fator.



22. A FAUNA DO SOLO COMO BIOINDICADORA DA QUALIDADE DO
AMBIENTE

O solo é um sistema aberto, complexo e dindmico, que desempenha dentre muitas
fungBes as interages ecoldgicas responsaveis pela manutencdo da vida (KAMPF; KURI,
2012). O solo € responsavel pela prestacdo de servigos ecossistémicos de regulacdo (do clima,
através do controle do fluxo de gases de efeito estufa, sequestro de C e &gua) (LAVELLE et al.,
2006), de abastecimento (alimento, vestuario, agua, madeira e combustivel) e de manutencéao
(ciclagem de nutrientes, habitat, biodiversidade) (ADHIKARI; HARTEMINK, 2016). Sendo
assim, o solo tem um papel fundamental na prestacdo de servicos ecossistémicos.

Para que o solo consiga realizar suas fungdes adequadamente, é necessario que 0 mesmo
se encontre em condicGes saudaveis. Entretanto, devido a intensificacdo do uso do solo, tanto
através da agricultura quanto da urbanizacdo, a qualidade do solo vem sendo afetada
negativamente (FERREIRO; FU, 2016). Neste sentido, existe uma necessidade crescente de
definir limites sustentaveis na producdo agricola, especialmente no que se refere a preservacéo
dos recursos naturais como o solo. A fim de estabelecer estes limites, os indices de qualidade
do solo avaliam as diferentes funcdes do solo, através de atributos quimicos, fisicos e bioldgicos
(CHAVES et al., 2017).

Os indicadores de qualidade do solo sdo considerados eficientes quando capazes de
proporcionar um alerta antecipado sobre as mudangas no ecossistema ou diagnosticar as causas
de um problema ambiental (FERREIRO; FU, 2016). A fim de selecionar os indicadores que
proporcionem um monitoramento efetivo e imediato, Dale et al. (2008) selecionaram uma série
de critérios, que auxiliam na escolha dos indicadores ecoldgicos a serem utilizados. Segundo
os autores, os indicadores devem ser (i) facilmente medidos, (ii) sensiveis ao estresse do
sistema, (iii) responder ao estresse de forma previsivel, (iv) ser antecipatdrios, (v) prever
mudancas que podem ser evitadas através de praticas de manejo, (vi) ser integrativos e (vii) ter
resposta conhecida a disturbios naturais, antropogénicos e ao longo do tempo.

As propriedades quimicas e fisicas tém sido as principais indicadoras na avaliagdo da
qualidade do solo (FERREIRO; FU, 2016). Entretanto, as propriedades biologicas e
bioquimicas do solo tendem a responder de forma mais répida e eficiente as a¢des de manejo e
perturbagdes no ambiente (RICHES et al., 2013). O componente biologico do solo esta presente
em importantes processos ecologicos, tais como manutencao e ciclagem de nutrientes (YAN et
al.,, 2012), sintese de substancias humicas, degradacdo de xenobioticos, fixacdo de N
(FERREIRO; FU, 2016), bioturbacéo, degradacdo de matéria organica (SANTORUFO et al.,
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2012), formag&o de agregados e estrutura do solo (BOTINELLI et al., 2015), além de viabilizar
que os processos microbioldgicos sejam mais eficientes (CARDOSO et al., 2013).

A atividade bioldgica é diretamente afetada pelo uso e manejo do solo (MAHARJAN et
al., 2017) e as funcBes ecossistémicas do solo sdo altamente dependentes da biodiversidade
presente no mesmo (MENTA et al., 2018). Por isto, utilizar a fauna do solo como bioindicadora
de qualidade é uma abordagem integradora, capaz de refletir mudangas ecolégicas no tempo e
no espago.

Souza et al. (2016) afirmam que a intensidade e o grau de interferéncia das praticas de
manejo em sistemas agricolas tém efeito direto sobre os organismos da fauna do solo. Em
sistemas integrados de producdo agropecuaria, a diversificacdo da vegetagdo, juntamente com
a insercdo de animais no sistema proporcionam condicGes favoraveis para uma maior
abundancia e diversidade dos organismos da fauna do solo. Silva et al. (2008) avaliaram 0s
efeitos de diferentes sistemas de manejo sob os organismos da fauna do solo, relatando que
apos dois anos em sistema integrado de producgdo agropecudria, ha uma recomposi¢do da fauna
do solo. O aumento na biodiversidade em areas de producdo agricola tem inimeros efeitos
benéficos, tanto para a resiliéncia ambiental do sistema quanto em relacdo a produtividade, pois
a biodiversidade presente no ambiente é correlacionada com a produtividade do mesmo
(LEMAIRE et al., 2014; WALL et al., 2015).

Nesse contexto, praticas de manejo que proporcionam maior biodiversidade no solo
devem ser estimuladas. Quando o SIPA € aliado ao plantio direto (SPD), € possivel observar
um aumento na diversidade da fauna do solo, principalmente devido a presenca da palhada do
SPD (MARCHAO et al., 2009). Em sistemas convencionais, a fauna do solo é negativamente
afetada pela destruicdo de habitats, exposicdo a predadores e condi¢des edafoclimaticas
desfavoraveis (LAVELLE; SPAIN, 2001). Além disso, os agroecossistemas com plantio direto
favorecem a ocorréncia de predadores naturais no solo, como os quilépodes (BENITO, 2004).
A maior densidade desses artrépodes contribui para o controle de pragas agricolas, o que pode
reduzir o uso de inseticidas em sistemas cultivados. De acordo com Marchao et al. (2009), as
areas com producéo continua de gréos ou de pastagem sao as que apresentam menor diversidade
e abundancia de organismos da fauna do solo, do mesmo modo, comumente sdo estas areas que

apresentam maiores problemas em relacdo a pragas, perda na fertilidade e erosao do solo.



2.3. OS DIPLOPODES E QUILOPODES NA ECOLOGIA DO SOLO

O Subfilo Miryapoda representa um dos maiores grupos de organismos da fauna do solo
(WILSON; ANDERSON, 2004). Dentre as Classes pertencentes a este Subfilo, a Diplopoda e
Chilopoda s&o as de maior importancia, pois se apresentam em maior nimero e diversidade em
comparacao as classes dos Symphyla e Pauropoda. Os diplopodes e quilépodes sdo importantes
componentes da fauna do solo. Eles atuam direta e indiretamente em diversas funcdes
ecossistémicas, o que afeta propriedades quimicas, fisicas e bioldgicas do solo. Esses
organismos sdo encontrados em uma grande variedade de ambientes (GOLOVATCH; KIME
2009) e seu estudo fornece informacdes sobre a estrutura do habitat, por isto sdo considerados
importantes indicadores de alteraces na paisagem.

A Classe Diplopoda é a que possui maior importancia para o solo (GOLOVATCH;
KIME, 2009). Com cerca de 12.000 espécies registradas e uma estimativa de cerca de 80.000
espécies no planeta, eles representam a terceira maior Classe de artropodes terrestres, perdendo
apenas para Insecta e Arachnida (GOLOVATCH, 2005). Sdo organismos de habitos
alimentares diversos, entretanto, a maioria das espécies sdo consideradas detritivoras (MINELI;
GOLOVATCH, 2001). Os diplépodes costumam ser encontrados em ambientes como o solo e
a serapilheira, sdo considerados cosmopolitas, mas estdo especialmente presentes em regides
tropicais. (SILVA et al.,, 2017). Os diplépodes, também conhecidos como milipedes, sdo
responsaveis pela decomposicdo de 5-10% dos residuos organicos em ambientes de clima
temperado (SMIT; AARDE, 2001) e uma importancia ainda maior em locais de clima tropical
(BATIROLLA et al,, 2009). A comunidade de diplépodes representa um importante
componente da fauna do solo, principalmente devido a influéncia que exerce na decomposicédo
de residuos organicos, afetando a dindmica do carbono e dos nutrientes no solo (SMIT;
AARDE, 2001).

Estes organismos sdo conhecidos como “jump-starting” decompositores pois sdo
responsaveis pelo processo de decomposicao inicial dos residuos organicos (MADZARIC et
al., 2017). Através da alimentacdo da serapilheira, os diplopodes tornam a area superficial do
residuo maior, facilitando a decomposi¢do por microrganismos e a mineralizacdo dos nutrientes
necessarios para o crescimento das plantas (SNYDER; HENDRIX, 2008). De acordo com

Toyota & Kaneko (2012) ha uma mudanca de habitos alimentares durante o periodo de vida

1 “jump-start” expressio do inglés que significa iniciar ou melhorar algo rapidamente.
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dos diplopodes, sendo que no periodo inicial de vida eles se alimentam de solo e,
posteriormente, em fase adulta passam a se alimentar de residuos orgénicos. Estes processos
contribuem na mineralizacdo e mobilizacdo de nutrientes, além de afetar os atributos quimicos
e fisicos do solo.

As fezes geradas pelos diplépodes também podem contribuir na estruturacdo do solo,
além disso, quando frescas, sdo provaveis hotspots? de atividade microbiana (SNYDER;
HENDRIX, 2008). O estudo realizado por Dangerfield & Milner (1996) sugere que a
decomposicdo dos pellets fecais de diplopodes pelos microrganismos é consideravelmente
maior do que a decomposic¢do direta dos residuos organicos. Isto porque segundo McBrayer
(1973), o tamanho das particulas nos pellets fecais chega a ser 600% menor do que as particulas
dos residuos de serapilheira, o que facilita o trabalho dos microrganismos na mineralizacéo dos
nutrientes.

Smit & Aarde (2001) apontam que os processos de decomposicdo de residuos tém
ligacdo direta com a composicédo e riqueza de espécies dos diplépodes, apresentando efeitos
especificos na liberacdo de nutrientes no solo. De acordo com os autores, as maiores densidades
de diplopodes no solo refletem numa liberacdo acelerada de nutrientes como N, P, K e Mg. Do
mesmo modo, Silva et al. (2017) relataram que 0 aumento na densidade de diplépodes no solo
resultou em um aumento significativo na quantidade de N, além de que o P disponivel ¢é
conservado em situacGes onde hd maiores densidades desses organismos. Neste contexto, é
possivel afirmar que quanto maior a diversidade e abundancia de diplopodes no solo, maior
sera a liberacdo e ciclagem de diferentes nutrientes no sistema.

Os Chilopodas, também conhecidos como centipedes, representam a segunda classe
mais importante do subfilo Myriapoda. Estes organismos séo predadores que habitam o solo e
estdo presentes nos mais diversos ambientes (EDGECOMBE; GIRIBET, 2007). Durante o dia
o0s centipedes costumam ficar sob a palhada, embaixo de pedras e no subsolo, enquanto que no
periodo da noite eles saem para predar artropodes menores. Os centipedes podem apresentar de
14 a 177 pares de pernas, o que faz com que eles se movimentem rapidamente pelo solo.
Apresentam um par de antenas longas e um par de patas modificadas na forma de forcipulas,
gue possuem glandulas venenosas. Os centipedes imobilizam suas presas injetando veneno
atraves destas glandulas (EDGECOMBE; GIRIBET, 2007).

Por serem predadores de artropodes menores, os centipedes desempenham um papel

fundamental na ecologia do solo (BERG; HEMERIK, 2004), influenciando nas comunidades

2 Os hotspots microbianos sdo pequenas por¢des de solo onde 0s processos microbianos ocorrem mais rapidamente
do que o normal por um curto periodo de tempo.



de meso e macroinvertebrados (TRUCCHI et al., 2009). Apesar de serem menos diversos do
que os diplopodes, eles sdo extremamente sensiveis as mudancas no ambiente. Sendo assim, a
composicao e a estrutura das comunidades de quilépodes podem servir como ferramentas na
caracterizacdo de ambientes naturais e/ou que sofreram acdes antrdpicas. Elie et al. (2018)
observaram que os quilépodes séo diretamente afetados pela perda de matéria organica no solo,
de modo que um ano ap6s o inicio do experimento, a espécie de quilopodes avaliada
desapareceu do sistema, evidenciando seu uso como bioindicadores de disturbios da MO no
solo. Assim como os diplépodes, os quilépodes tém sido utilizados em diversos estudos na
avaliagdo de impactos na qualidade do solo (BERG; HEMERIK ,2004; TRUCCHI et al., 2009;
PAOLETTI et al., 2010; SCHREINER et al., 2012; LESNIEWSKA; LESNIEWSKI, 2016;
ZAGATTO etal., 2017).

A diversidade e abundancia dos diplopodes e quilépodes varia bastante em sistemas
cultivados, mas os sistemas mais complexos e de manejo conservacionista sdo 0s que
apresentam melhor desempenho. Os diplopodes e quilépodes se encontram em maior
diversidade e abundancia quando praticas conservacionistas como o plantio direto sdo adotadas
(SILVA et al., 2008; MARCHAO et al., 2009). O tipo de manejo agricola empregado além de
afetar a composicdo da comunidade de miridpodes no solo, também afeta as funcgdes
ecossistémicas desempenhadas por esses organismos. Quando manejado através de meios
sustentaveis, os miriapodes sdo afetados positivamente, e portanto ha um efeito direto sobre a
decomposicdo da matéria organica, ciclagem de nutrientes e atividade bioldgica do solo
(STASIOV et al., 2014).

Os sistemas agricolas e as praticas de manejo podem alterar as comunidades de
diplépodes e quildpodes no solo, através da disponibilidade de abrigo e alimento (LOPEZ et
al., 2015). A intensificacdo do pastejo altera 0 microhabitat dos organismos do solo, de modo
gue a fragmentacdo e a dispersdo da serapilheira reduzem a diversidade da fauna do solo e
aumenta a selecéo de espécies (DENNIS et al., 2015). Os diplépodes fazem parte do grupo dos
primeiros organismos a agir na decomposicao da materia organica, o que significa também que
estes sdo os primeiros elementos da fauna do solo atingidos quando h& algum tipo de alteracdo
na paisagem.

Outros dados também demonstram uma alta abundancia e diversidade desses
organismos em sistemas integrados de producéo agropecuéaria (ZAGATTO et al., 2017) e de
plantio direto (SILVA et al., 2008). Porém, os estudos envolvendo os miridpodes em

agroecossistemas, especialmente na integracdo lavoura-pecuaria, ainda séo raros. Desta forma,
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ainda hd uma grande demanda de conhecimento sobre seu comportamento, a forma que eles

sdo afetados pelas praticas de manejo e como utiliza-los na determinacéo da qualidade do solo.

Figura 1 - Representacdo esquematica das relagGes entre os sistemas integrados de producéo agropecuaria
(SIPA), bioindicadores e diplépodes e quilopodes do solo.
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3. HIPOTESE

Devido ao crescimento da populacdo mundial e a reducdo de areas agricultaveis, a
intensificacdo da agricultura em areas ja utilizadas tem se tornado um imperativo. Porém, as
praticas agricolas intensivas modificam a paisagem e podem reduzir a resiliéncia das areas
alteradas (LIMA et al., 2017), desafiando a sustentabilidade dos agroecossistemas. O uso e 0
manejo do solo resultam em alteracdes nas propriedades fisicas, quimicas e bioldgicas, com
destaque para a diversidade dos organismos da fauna do solo. A perda da biodiversidade do
solo prejudica o funcionamento dos agroecossistemas, de modo que 0s servigos ecossistémicos
prestados pela biologia do solo ocorrerdo em menor escala ou deixaréo de ocorrer. Portanto,
um desafio da agricultura atual € conciliar a intensificacdo produtiva com a sustentabilidade.

Desse modo, existe a necessidade de se estabelecer limites sustentaveis para a pratica
agricola. A avaliacdo dos componentes bioldgicos do solo através dos bioindicadores permite
que se conheca a estrutura e 0 comportamento da fauna do solo, o que viabiliza a identificagdo
de problemas e op¢des de gestdo dos sistemas produtivos. Por serem importantes componentes
da fauna do solo e por desempenharem func@es vitais na ecologia deste ambiente, os diplopodes
e quilépodes se apresentam como potenciais indicadores de alteracGes em sistemas de producao
agricola. Dessa forma, justifica-se a realizacdo deste estudo, que testou a seguinte hipotese:

“As diferentes intensidades de pastejo em um SIPA com sucessdo soja-pastagem,
modificam o solo, a vegetacdo e a deposicdo de residuos na superficie, 0 que resulta em

alteracdes na abundancia e diversidade das comunidades de diplopodes e quilépodes.”



4. OBJETIVOS

41. OBJETIVO GERAL

Avaliar a resposta dos diplopodes e quilépodes do solo ao incremento da intensidade do
pastejo em um sistema integrado de producéo agropecuaria, cultivado com soja no verao e aveia

preta + azevém no inverno.

4.2. OBJETIVOS ESPECIFICOS

1. Conhecer a influéncia do aumento da intensidade do pastejo de bovinos na densidade e
a diversidade de diplépodes e quilépodes de um SIPA, cultivado com soja no verdo e aveia
preta + azevém para o pastejo dos bovinos no inverno;

2. Identificar diplopodes e quilépodes que possam ser empregados como bioindicadores
na avaliacdo das condicGes ecoldgicas do solo em sistemas integrados de producédo
agropecuaria.



S. ARTIGO: HOW DO CENTIPEDES AND MILLIPEDES RESPOND TO
GRAZING INTENSITY IN AN INTEGRATED CROP-LIVESTOCK SYSTEM
WITH SOYBEAN-PASTURE SUCCESSION?3

ABSTRACT

Centipedes and millipedes promote important ecosystem functions, especially biological
control and organic residues degradation. However, the intensification of land use in
agricultural areas can reduce the abundance and diversity of these organisms. To
understand the effect of grazing intensification on communities of centipedes and
millipedes, we sampled these organisms in a long-term integrated crop-livestock system
(ICLS) experiment cultivated for 13 years with soybean (Glycine max) in the summer and
a mixture of black oat (Avena strigosa) + Italian ryegrass (Lolium multiflorum) grazed by
beef cattle in the winter. Treatments consisted of different grazing intensities defined by
sward heights of 10, 20, 30, and 40 cm under continuous stocking method, and no grazing
control treatment. We used monoliths to collect centipedes and millipedes in the 0-10 cm
and 10-20 cm soil layers, and pitfall traps to collect specimens on soil surface. Samplings
were conducted for two years at two distinct moments of the ICLS: immediately after
cattle removal from the pasture in 2014 and 2015 (post-grazing), and after soybean
harvest in 2015 and 2016 (post-soybean). To evaluate the diversity of millipedes, was
performed an extra sampling with pitfall traps in 2018 (post-grazing). Total of 498
centipedes and 217 millipedes were collected with the two methods. We observed a
greater abundance of both centipedes and millipedes in the post-grazing environment and
at lower grazing intensities in the 0-10 cm soil layer, which is probably due to the greater
availability of pasture biomass. No significant effects of sward height were observed on
centipede and millipede abundance in the 10-20 cm soil layer or in samples from the
pitfall traps. We showed that the increase in sward height benefits the abundance of
centipedes and millipedes in the 0-10 cm of soil layer. We also report the occurrence of
millipedes of genera Catharosoma Silvestri, 1897, Leptodesmus De Saussure, 1859 and
Pseudonannolene Silvestri, 1895 in the integrated crop-livestock system, and Rhinocricus
Karsch, 1881 and Catharosoma in the no grazing pastures. Finally, grazing sward heights
of 30 cm allow for the reconciliation of soil centipedes and millipedes communities
abundance and diversity with animal production intensification, contributing to the
environmental sustainability of the ICLS. +

Keywords: Diplopoda, Chilopoda, Myriapoda, agriculture, sustainable intensification.

3 Artigo elaborado de acordo com normas de formatacao para submissdo a Journal: Applied Soil Ecology.
Manuscript Number: APSOIL-D-23-00661
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5.1. 1.INTRODUCTION

Integrated crop-livestock systems (ICLS) can be an alternative to increase
sustainable food production in a global scenario of reduced arable land (Peterson et al.,
2020). ICLS that combine agriculture cycles for grain production with cattle grazing and
are well managed may result in higher plant and animal productivity (Kunrath et al.,
2020), greater input- and land-use efficiency (Farias et al., 2020), and improve soil quality
(Cecagno et al., 2016; de Faccio Carvalho et al., 2018). On the other hand, the excess
animal load in the pasture cycle reduces the residues of cover crops, increases soil
compaction, alters soil moisture and temperature regimes, and reduces soil physical,
chemical, and biological quality (Bartz et al., 2014; Maharjan et al., 2017; Rakkar et al.,
2017).

The intensification of soil use may lead to a reduction in the abundance, diversity,
and activity of edaphic organisms (Liu et al., 2017) and to the loss of ecosystem services
that are fundamental to environmental quality, which may increase the dependence on
external inputs to maintain plant and animal production (de Faccio Carvalho et al., 2021).
Thus, although ICLS are expected to produce more food per unit area, the design and
management of these systems must be carefully executed to promote synergistic
interactions among its components instead of an over-intensification, which may lead to
environmental degradation (de Faccio Carvalho et al., 2018; Schut et al., 2021).

Due to its ecological importance and its high sensitivity to environmental
disturbances, soil fauna may be used to indicate the limit between land-use intensification
and environmental degradation. Among soil fauna organisms, the Subphylum Myriapoda
represents one of the largest groups and plays essential roles in soil and environment

(Wilson and Anderson, 2004). Classes Diplopoda (millipedes) and Chilopoda



(centipedes) are usually present in greater number and diversity in agricultural areas
compared to Classes Symphyla and Pauropoda (Minelli and Golovatch, 2017). Millipedes
act in the decomposition of organic waste, nutrient cycling (Fernandéz et al., 2016;
Battirola et al., 2018), and in the stimulation of microbial activity (Snyder; Hendrix,
2008). The centipedes are predators and have a fundamental role in biological control
(van Lenteren, 2012). Centipedes and millipedes also have low tolerance and high
sensitivity to changes in the environment, which makes them excellent bioindicators of
soil quality (Snyder and Hendrix, 2008; Diekoétter et al., 2010; Zagatto et al., 2017;
Bhaduri et al., 2018; Suérez et al., 2018).

Despite their importance, there is still a need to know the biodiversity and
behavior of Myriapoda communities in agricultural areas, and in integrated crop-livestock
systems. Compared to other edaphic fauna groups, there are few studies about these
organisms, especially in Latin American conditions. Therefore, we aimed to evaluate the
response of soil centipedes and millipedes to grazing intensity in an integrated crop-
livestock system cultivated for 13 years with soybeans, in summer, and a mix of black
oat + Italian ryegrass cover crops grazed by beef cattle, in winter. We predict that the
intensification of land use (heavier grazing intensities, or lower sward heights) has a
negative effect on the abundance of centipedes and millipedes. We expect that lower
grazing intensities (or higher sward heights) benefit the abundance and diversity of these
organisms, either by the greater offer of cover crops residues that benefit the millipedes,
or by the presence of other soil fauna organisms that are part of the food chain of the

centipedes.

5.2. 2. MATERIAL AND METHODS
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5.2.1. Study site

The study was carried out as part of a long-term integrated crop-livestock system
(ICLS) experiment established in 2001 at the Espinilho Farm, in the municipality of in a
long-term S&o Miguel das Missoes, Rio Grande do Sul State, Brazil (28° 56’ 14.00"S, 54°
20'50.61" W, 465 m a.s.l.). The experimental site is characterized by a slightly undulated
topography and the soil is classified as Oxisol (Rhodic Hapludox, Soil Survey Staff 1999).
The climate is humid subtropical (Cfa, Képpen classification system) with an average
annual precipitation of 1850 mm well distributed throughout the seasons, and an average
annual temperature of 19°C (Schuster et al., 2019).

The area was covered by native grassland and used for extensive beef cattle
production for decades. In 1993, the native grassland was converted to no-till soybean
(Glycine max L.) cropland succeeded by black oats (Avena strigosa Schreb.) for soil cover
and seed production in the winter. In 2001, 22 ha started being managed as an ICLS with
annual rotation of soybean production, in summer (November to April), and beef cattle
production on mixed black oats + Italian ryegrass (Lolium multiflorum Lam.) pastures, in
winter (May to October) (Kunrath et al., 2014). Each year, soybean was sown after the
animals were removed from the experimental site. The pasture species were established
immediately after soybean harvest. Black oats were drill-seeded at 60 kg ha™ and 35 kg
ha! seeding rates in 2014 and 2015, respectively. Italian ryegrass resulted from previous-
year self-seeding (volunteer plants) plus supplementary broadcast seeding at 30 kg ha™
and 25 kg ha* seeding rates in 2014 and 2015, respectively (Kunrath et al., 2020).

The experimental design was a randomized complete block with three replicates.
The treatments consisted of four grazing intensities, totaling 12 paddocks ranging from
0.8 to 3.6 ha. Grazing intensities were defined by average sward heights in winter: 10 cm,

20 cm, 30 cm, and 40 cm. Two 0.1 ha control plots (without grazing) were allocated



among the blocks. The grazed paddocks were managed under continuous stocking with
variable stocking rate: three tester animals (crossbred Angus x Nelore steers) with initial
body weight of ~200 kg remained in the paddocks over the entire stocking period and
put-and-take animals (Mott and Lucas, 1952) were used to adjust the observed sward
height to their nominal targets. The average sward height of each paddock was obtained
by periodically measuring 100 random points with a sward stick (Barthram, 1985). For

more details of this experiment, see Kunrath et al. (2020).

5.2.2. SOIL MILLIPEDE  AND CENTIPEDE SAMPLING  AND
IDENTIFICATION

The abundance and diversity of centipedes and millipedes in the ICLS was
assessed at four sampling dates. Two samplings were performed immediately after cattle
removal from the area (“post-grazing”; November 05-11, 2014 and November 1-7,
2015), and two samplings were performed immediately after soybean harvest (“post-
soybean”; April 29— May 06, 2015 and May 06-13, 2016). The collecting points were
allocated in a grid of 60 m x 36 m in the center of each grazed paddock. The grid consisted
of three 60 m transects spaced 18 m apart. Three collection points were allocated in each
transect, totaling nine collection points per paddock. The collections were performed at
the same sites over the four sampling dates, determined by RTK GPS (1-cm accuracy,
HiperPro, Topcon, Singapore). The study was carried out according to the Authorization
for Activities with a Scientific Purpose number 4345-6 (SISBIO) issued by the Ministry
of the Environment of Brazil.

The hemiepiedaphic centipedes and millipedes were collected by using soil
monoliths (25 x 25 x 20 cm), according to the standard Tropical Soil Biology and Fertility

Programme (TSBF) sampling protocol (Anderson and Ingram, 1993). The soil was
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collected in two layers (0-10 cm and 10-20 cm), placed into a plastic bag, and the
macroarthropods were manually collected in the laboratory. Following the same sampling
design of TSBF, we also sampled epiedaphic centipedes and millipedes with pitfall traps
(9 cm @ x 20 cm, with cover) containing 500 mL of 70% ethyl alcohol (v/v). In each
sampling date, the traps remained in the field for 7 days. To collect adult millipedes for
taxonomic determination, we performed an extra sampling with the same grid (in grazed
paddocks - 10, 20, 30, and 40 cm; and in control paddocks — without grazing), and the
pitfall traps remained for thirty days in the field (from May 04 — June 04, 2018). All
organisms were preserved in 80% ethyl alcohol solution. Centipedes’ taxa were not
determined but the millipedes were identified at the level of order, family, and genus at
the Laboratory of Diversity and Systematics of the University of Vale do Rio dos Sinos

(UNISINOS), Brazil.

5.2.3. .SOIL PROPERTIES

Soil samples (0-10 cm layer) were collected to evaluate the relationship between
soil chemical and physical properties and myriapods abundance and diversity. The
sampling was performed after grazing (November 2014) and after soybean harvest (April
2015), at the same nine collection points per paddock. The determined physical properties
were soil total porosity, macroporosity and microporosity on tension table (Donagema et
al., 2011); bulk density, using the volumetric ring method (Blake and Hartge, 1986); and
gravimetric humidity, by drying the soil in an oven at 105 °C to constant weight. The
determined chemical properties were organic matter, pH (water 1: 1); P and K (Mehlich-
1), Ca, Mg and Al (KCI 1 mol L), and soil moisture (Donagema et al., 2011). We also
collected the residual forage shoot at the end of the stocking period (“post-grazing”) and

litter following soybean harvest (“post-soybean”). The samples were collected using a



metallic square (25 x 15 cm), at three points per paddock, and oven-dried at 65°C until

reaching constant mass for the determination of biomass.

5.24. STATISTICAL ANALYSIS

All statistical analyses were performed in R version 4.1.1 (R Core Team, 2021).
The effect of grazing intensity (sward heights of 10, 20, 30 and 40 cm) on the abundance
of centipedes and millipedes were tested using generalized linear models with a Poisson
distribution. With this model, we analyzed the effect of the environment, comparing the
post-grazing and post-soybean. For this analysis, we considered the total abundance per
paddock, in which the nine sampling points per paddock were summed and considered a
single point. Therefore, we obtained 48 sampling points, 24 points for the environment
post-grazing and 24 for post-soybean. The coefficient of determination (R?) of the fitted
models was calculated based on the likelihood-ratio test, using the 'r.squaredLR' function
of the MuMIn package (Barton, 2020). The Shannon diversity index was calculated using
the BiodiversityR package to estimate the diversity of millipedes in the different grazing
intensities (Kindt and Coe, 2005).

Redundancy analysis (RDA) was performed to analyze the relationship between
the abundance of centipedes and millipedes with environmental variables (Oksanen et al.,
2020). Before the RDA analysis, chemical, physical, and land cover variables were
selected according to a PCA analysis, and the collinearity (variables with correlation >0.8
were excluded). Data on macroporosity, microporosity, total porosity, bulk density,
phosphorus, potassium, pH, organic matter, soil moisture, and plant dry mass (shoots and
litter) were log-transformed, and the abundance data was transformed according to
Legendre and Gallagher (2001). To access the significance of the model, we performed

an ANOVA-like permutation test.
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5.3. RESULTS

5.3.1. . Abundance of centipedes and millipedes

The data obtained from soil monoliths showed a significant response of centipedes
and millipedes to grazing intensification and to the environment (post-grazing vs. post-
soybean) in the 0-10 cm soil layer (Table 1; Fig. 1a and 1c). For centipedes, we collected
481 individuals, 282 of which in the 0-10 cm soil layer and 199 in the 10-20 cm soil layer.
In the 0-10 cm soil layer, we observed greater abundance (56%) in the post-grazing
environment (56%; p < 0.001) and in the sward height of 40 cm (35.8%; p < 0.05) (Fig.
1a). In the 10-20 cm soil layer, we did not observe a significant effect of grazing intensity
or the environment, although 53.7% of centipedes were found in the post-soybean
environment and 31.2% in the sward height of 30 cm (Fig. 1b).

For millipedes, we collected 194 organisms, 155 of which in the 0-10 cm soil layer
and 39 individuals in the 10-20 cm soil layer. We also observed greater abundance
(63.2%) in the post-grazing environment (< 0.001) and in the sward height (< 0.01) of 40
cm (60.0%) in the 0-10 cm soil layer (Fig. 1c). A similar behavior of centipedes occurred
with millipedes in the 10-20 cm soil layer, with 64.1% of millipedes being collected in
the post-soybean environment and 35.9% in the sward height of 30 cm, despite the lack
of statistical difference (Fig. 1d). In the pitfall trap samplings, we collected only 17
centipedes (64.7% post-soybean) and 23 millipedes (56.5% post-soybean). In this method
of sampling, no significant responses to grazing intensification and environment were
observed (Table 1, Fig. 1e and 1f).

The redundancy analysis (RDA) showed that the environmental variables

explained a lower proportion of the total variation in the abundance of centipedes and



millipedes in the 0-10 cm layer, in both post-grazing and post-soybean environments (Fig.
2). In the post-grazing (Fig. 2a), the environmental variables explained 16.64% of the
total variation, mainly driven by the forage residual biomass (Dm) that explained 8.13%
of the total variation (F = 4.9577, p = 0.007) being associated with the millipede
abundance. Organic matter (Om) explained 3.85% (F = 2.2444, p = 0.11) and potassium
3.99% (F =2.314, p =0.112). However, the fitted model of RDA for the selected variables
showed no statistical significance (F = 1.4256, p = 0.106). In the post-soybean
environment (Fig. 2b), 11.56% of the total variation was explained by the environmental
variables, although no statistical significance was observed (F = 1.5365, p = 0.101).
Between the variables, total soil porosity and macroporosity explained most of the
variance (2.32% of the total variation, F = 2.3934, p = 0.095; 2.52% of the total variation,
P = 2.6138, p = 0.098, respectively). The variables P and K were positively associated

with millipede abundance (<1% of the total variation, not significant).

5.3.2. Millipede diversity

The extra longer sampling (30 days) resulted in the collection of 37 millipedes in
the grazed paddocks, which belonged to three orders, four families, and four genera with
four species (one nominal and three morphospecies) (Table 2). Lighter grazing intensities
showed greater richness (sward heights of 30 and 40 cm) and diversity (sward height of
30 cm) (Table 2). At 30 cm and 40 cm sward heights, we observed the occurrence of the
species of the genera Catharosoma, Leptodesmus, and Pseudonannolene. The species
Catharosoma intermedium comprised 78.4% of the millipedes collected at the
experimental site. At the sward height of 10 cm, only individuals of the Pseudonannolene
were observed. Moreover, five individuals of the genus Rhinocricus were collected

exclusively in no grazed paddocks (60 cm pasture height).
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5.4. 4.DISCUSSION

Information on the abundance and diversity of centipedes e millipedes in
agricultural areas is still incipient in Latin American. To our knowledge, this is the first
study about the occurrence of centipedes and millipedes in the integrated crop-livestock
systems (ICLS) of subtropical Brazil, although ICLS are used over approximately 3.9
million hectares in this region (Rede ILPF, 2021).

The results based on generalized linear models support that the abundance of
centipedes and millipedes in the 0-10 cm soil layer is influenced by grazing intensity and
the environment (pasture or soybean crop). Greater sward heights and the post-grazing
environment benefit the abundance of these organisms because it is directly related to the
amount of food available and the environmental conditions. Centipedes are predators of
smaller arthropods, like meso and macroinvertebrates (Berg and Hemerik, 2004; Trucchi
et al., 2009), and may have found greater prey availability at greater sward heights, as
suggested by Klarner et al (2017). In this sense, the greater amount of plant residues
deposited on the soil as a result of lighter grazing intensities provides a favorable
environment for millipedes’ occurrence (Battirola et al., 2018). According to the
Redundancy Analysis, millipedes are more conditioned by the amount of biomass (dry
mass of pasture) than centipedes, since they play an extremely important role in the initial
process of residues decomposition in the soil (Smit and van Aarde, 2001). Millipedes
reduce the specific surface area of residues, facilitating the decomposition by
microorganisms, the mineralization (Snyder and Hendrix, 2008), and the release of
nutrients to the soil (Silva et al., 2017; Smit and van Aarde, 2001).

The greater abundance of centipedes and millipedes in the 0-10 cm layer in post-
grazing indicates that the pasture environment provides better conditions for communities

of these organisms compared to soybean cultivation. Regarding the type and quality of



cover crops present in the area, it was to be expected an opposite response. According to
Suzuki et al. (2013), the abundance of millipedes in an environment may reflect the type
of litter present, as these organisms have food preferences for more easily degradable
residues, such as soybean straw, which has a lower C/N ratio. In this sense, StaSiov et al.
(2021) point out that the litter with higher nitrogen content promoted a greater abundance
of millipedes, as well higher nitrogen content in soil promoted greater diversity of
millipedes.

However, other factors that potentially affect soil communities are also present in
this area and may harm centipedes and millipedes, mainly during soybean cultivation.
The soybean crop is managed with herbicides, fungicides, and insecticides in large
quantities and repeatedly, and these practices alter the communities of myriapods
reducing their abundance and diversity (Hill et al., 2017; Gunstone et al., 2021).
Nonetheless, during the pasture cycle, there is a greater variety of food for the edaphic
organisms through the cultivation of mixed cover crops (black oat and ryegrass) and the
deposition of cattle manure that may support the food web of millipedes (Rémbke et al.,
2010; Pecenka and Lundgren 2018). In addition, manure plates also allow the
development of other macro and microinvertebrates that are potential prey for centipedes
(ROmbke et al., 2010; Pecenka and Lundgren 2018).

Our study did not find significant relationships between the abundance of
millipedes and centipedes with chemical and physical soil properties. However, it is
important to highlight that other studies have shown that soil properties influence the
myriapods community. The organic carbon and soil moisture have been reported to
promote the abundance of millipedes (Marché&o et al., 2009; Manhées et al., 2013; Zagatto
et al., 2017). Moreover, the soil pH may lead to the presence and abundance of certain

species of millipedes (Ashwini and Sridhar, 2006; Stasiov et al., 2021).
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In this regard, it is noteworthy that in the samplings carried out in the 10-20 cm
soil layer, we observed a greater abundance of centipedes and millipedes in the
postsoybean environment, although without statistical differences among the
environments (soybean vs. pasture). This fact might be related to the soil moisture and
temperature conditions. Ashwini and Sridhar (2006) reported a positive relation of soil
moisture and soil temperature with millipede abundance. Soil moisture tends to decrease
and temperature tends to increase in the topsoil layer, especially at lower sward heights
(10 cm), where the amount of residues covering the soil is poor (Martins et al., 2016).
Also, Oxisols have shown a low amplitude of soil temperature around 12 cm soil layer,
so the subsurface layer can have better moisture and temperature conditions for
centipedes and millipedes communities (Bogyo et al., 2015).

Data on the diversity of millipedes demonstrate the dominance of the species of
the genus Catharosoma, found in greater abundance at grazing intensities of 20, 30 and
40 cm. This genus has been reported in the Rio Grande do Sul State, in environments
such as forests (Rodrigues et al., 2020) and floodplains (e.g., Pantanal Biome) where
Callisthene fasciculata is a monodominant species (Santos-Silva et al., 2019). The species
of the genus Leptodesmus occurred only in treatments with grazing intensities of 30 and
40 cm. Its occurrence was reported in Araucaria and Pinus forests in Southern Brazil, but
not in agricultural environments (Rodrigues et al., 2017), which may suggest that pastures
(post-grazing) offers edaphic and environmental conditions close to these forest areas.

The millipedes of the genus Pseudonannolene were observed in the 30 and 40 cm,
and they were the only ones in the 10 cm high grazing, indicating tolerance to land-use
intensification. In Brazil, there are reports of the occurrence of the species of the
Pseudonannolene in different ecosystems, from agroecossystems (Boock and Lordello,

1952) to caves and karst regions (Fontanetti, 1996; Iniesta et al., 2023). These reports



indicate that the organisms are cosmopolitan and can be found in the most diverse
environments, associated with highly conserved environments as well as intensively
disturbed ones. We also sampled control paddocks — without grazing, which were not
added to the analysis due to sampling effort. However, it is important to report that
millipedes of the genus Rhinocricus were collected only in these plots. This genus has
been reported as a bioindicator of contaminated soils (Souza and Fontanetti, 2011,
Fontanetti et al., 2012) and was sampled in more abundance in soil forestry with low
disturb (Rodrigues et al., 2017). This genus was sampled at the least impacted paddocks,
in which no cattle handling is applied, and the pasture is cultivated as a cover crop for the
soybeans production in summer. This suggests that millipedes from these taxa are
potential bioindicators for agroecosystems. However, it is important to point that the
records of the millipede's taxa occurred in an exploratory way in our study, and further
studies are needed to verify the potential for indicating environmental changes by these
genera and families.

Our results indicate that in integrated crop-livestock systems, the adoption of
pasture management practices such as adequate grazing intensities may enhance the
environment through greater availability of food and habitats for soil fauna. In this way,
higher sward heights provide more favorable environmental conditions for centipedes and
millipedes, which may promote their ecology processes in greater magnitude,
contributing to environmental sustainability.

Considering the productive responses in this ICLS crop production, the average
soybean grain yield has shown little variation between treatments over the years, being
2.88; 2.86; 2.83; 3.09 Mg ha! following sward heights of 10, 20, 30, and 40 cm,
respectively (de Albuquerque Nunes et al., 2021). On the other hand, meat production

varied widely between treatments, as a result of increasing stocking rates from the lightest
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to the heaviest grazing intensity, being 510, 428, 311, and 183 kg of live weight ha™ on
average, respectively (de Albuquerque Nunes et al., 2021). Therefore, although managing
black oat + ryegrass pastures at the sward height of 10 cm represents the greatest
production intensification, this practice leads to loss of centipede and millipede
biodiversity, as well as chemical and physical degradation of the soil (de Andrade Bonetti
etal., 2019).

The grazing intensity of 40 cm, in turn, resulted in greater abundance and diversity
of millipedes, and abundance of centipede; however, it showed lower meat production
per area and lower profitability. At the sward height of 20 cm, there is a greater abundance
of centipedes and millipedes than at 10 cm, although the richness of millipedes is lower.
When grazing is managed at 30 cm, there is greater abundance and richness of these
organisms, which allows reconciling the maintenance of biodiversity and food
productivity. Adjusting the stocking rates in an ICLS is a fundamental management to
seek the sustainability of this system and benefit the soil centipede and millipede

communities and their functionalities in the agroecosystems.

5.5. CONCLUSION

Grazing intensity management in integrated crop-livestock systems affects the
abundance of centipedes and millipedes in the 0-10 cm soil layer. Higher sward heights
provide greater environmental conditions that increase the abundance of these organisms
in the post-grazing compared to the post-soybean environment. In the pasture
environment, the millipede diversity comprises the occurrence of the species of the genera
Catharosoma, Leptodesmus, and Pseudonannolene , with a greater richness of millipedes
being sheltered in pastures managed at 30 and 40 cm sward height. This implies that

moderate to light grazing intensities (30 cm sward height) allow for the reconciliation of



soil centipedes and millipedes communities abundance and diversity with animal
production intensification in the integrated crop-livestock system, aligned with the idea

of sustainable intensification of food production.
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Table 1. Summary of the generalized linear models (GLM) testing for the effect of grazing
intensity (sward heights of 10, 20, 30 and 40 cm in winter) and environment (post-grazing
vs. post-soybean) on the abundance of centipedes and millipedes in an integrated
soybean-beef cattle system. Samples were collected using the Tropical Soil Biology and
Fertility Programme (TSBF) protocol and pitfall traps. Model: Response ~ Sward height

+ Environment (post-grazing, post-soybean).

Sampling Response Intercept Sward height ~ Environment R?

TSBF Centipede 0-10 1.535™ 0.022" -0.242" 0.360
Centipede 10-20 0.939" 0.009 0.151 0.071
Millipede 0-10 -0.132 0.071" -0.542™ 0.850
Millipede 10-20 -2.069 0.035 0.579 0.180

Pitfall traps  Centipede -3.149™ 0.042 0.606 0.120
Millipede -1.644 0.019 0.262 0.030

*kk

p-value ("< 0.05, “< 0.01 and "< 0.001).



Table 2. List of orders, families, and species/morphospecies of millipedes in an integrated

crop-livestock system with cattle grazing at different intensities in winter (sward heights

of 10, 20, 30 and 40 cm) and soybean culture in summer. Sampling was carried out for

30 days using the pittfall trap method, after cattle removal from the pasture.

Grazing Total
Order Family Species H’
intensity abundance
Spirostreptid Pseudonannolen
10 cm Pseudonannolenidae 2 #
a e sp,
Catharosoma
20cm  Polydesmida Paradoxosomatidae 7 #
intermedium
Catharosoma
Polydesmida Paradoxosomatidae 9
30 cm intermedium
Spirostreptid 0.72
Pseudonannolenidae Pseudonannolene ¢ 1
a
Polydesmida Chelodesmidae Leptodesmus sp. 2
Catharosoma
Polydesmida Paradoxosomatidae 13
intermedium
40cm  Spirostreptid Pseudonannolen 0.60
Pseudonannolenidae 1
a e sp.
Polydesmida Chelodesmidae Leptodesmus sp. 2
60 cm Catharosoma
Polydesmida Paradoxosomatidae 5
(no intermedium 0.69
grazing) Spirobolida  Rhinocricidae Rhinocricus sp. 4

# Shannon index returned zero values.
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Fig. 1. Abundance of centipedes and millipedes integrated crop-livestock system with
cattle grazing at different intensities in winter (sward heights of 10, 20, 30 and 40 cm)
and soybean culture in summer. Sampling was carried out after cattle removal from the
pasture (post-grazing) and after soybean harvest (post-soybean) using the Tropical Soil
Biology and Fertility Programme (TSBF) protocol in the (0-10 cm soil layer: (a) and (c);

and in the 10-20 cm soil layer: (b) and (d); and using pitfall traps (e) and (f).

Fig. 2. Redundancy Analysis (RDA) relating the environmental variables to the
abundance of centipedes and millipedes collected using the Tropical Soil Biology and
Fertility Programme (TSBF) protocol in the 0-10 cm soil layer of an integrated crop-
livestock system with cattle grazing at different intensities in winter (sward heights of 10,
20, 30 and 40 cm) and soybean culture in summer. Sward heights were plotted as
centroids values (points). The RDA comprised 58 observations in post-grazing (a) and
103 observations in post-soybean (b), after excluding missing values for some
environmental variables. Macroporosity (Ma), total porosity (Tp), organic matter (Om),

soil moisture (Sm), bulk density (Bd), dry mass (Dm), pH, phosphorus (P), and potassium

(K)



6. CONSIDERACOES FINAIS

Este estudo permitiu conhecer a influéncia da intensidade de pastejo sobre os
diplépodes e quilopodes do solo de um Sistema Integrado de Producdo Agropecuaria,
com sucessao soja-pastagem. Os resultados encontrados evidenciam a importancia do
manejo com intensidades de pastejo reduzidas ou moderadas, e associado a cobertura
permanente do solo, visando manter e promover a abundéncia e riqueza de diplopodes e
quilépodes. Este trabalho é pioneiro na avaliacdo do impacto de sistemas integrados de
producdo agropecudria sobre diplépodes e quilopodes, fornecendo importantes
informacdes a respeito da ocorréncia destes organismos em solos agricolas do noroeste
do estado do Rio Grande do Sul. Tais resultados também instigam por respostas sobre as
relacfes ecoldgicas que diplopodes e quilopodes estabelecem com os demais elementos
no sistema produtivo, além de demonstrar seu potencial bioindicador. Dessa forma, dar-
se-a avanco no conhecimento sobre o servico ecossisttmico que os dipldopodes e
quilépodes desempenham em agroecossistemas, especialmente quando manejados de

forma intensiva.
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