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Introdução Geral 

 

Em áreas fragmentadas do Cerrado é comum a ocorrência de espécies de 

gramíneas exóticas invasoras (Pivello et al. 1999a; Pivello et al. 1999b; Beuchle et al. 

2015), principalmente aquelas de origem africana, que foram introduzidas devido à sua 

alta capacidade de forrageamento (Pivello et al. 1999b). A introdução de espécies exóticas 

impacta diretamente o potencial de recrutamento de plantas nativas em função de sua alta 

competitividade (Pivello et al. 1999a; Hoffmann & Haridasan, 2008; D’Antonio et al. 

2011; Horowitz et al. 2013). Este impacto negativo pode levar a menor ocorrência de 

espécies nativas (Pivello, 2011) e interferir na eficácia de projetos de restauração 

ecológica (Pivello et al. 1999a; Levine et al. 2003; Sampaio et al. 2015). Por outro lado, 

a utilização de espécies nativas potencialmente alelopáticas (que liberam substâncias 

químicas no meio), com capacidade de interferir no crescimento de espécies exóticas pode 

contribuir para a eficiência de um projeto de restauração (Brown et al. 2008; Cummings 

et al. 2012; Ning et al. 2016). 

As espécies exóticas invasoras apresentam alta capacidade de crescimento, grande 

produção de sementes viáveis, e facilidade para rebrotar, como é o caso da espécie 

africana Andropogon gayanus Kunth. (Sampaio et al. 2015) (Fig. 1). Entretanto, existem 

espécies nativas ruderais que podem apresentar comportamento semelhante, como por 

exemplo, a gramínea Andropogon bicornis L. (Pastore et al. 2012), que promove rápida 

cobertura em áreas degradadas de Cerrado (Zanin & Longhi-Wagner, 2001; Pastore et al. 

2012) (Fig. 2). As espécies ruderais geralmente possibilitam o início da sucessão 

ecológica por promover a preparação do solo, tanto em áreas degradadas quanto em áreas 

nativas, e contribuem para a chegada de espécies consideradas intermediárias (Meiners et 

al. 2012). Por isso, tem-se despertado o interesse por parte de pesquisadores para o uso 

de A. bicornis na restauração de áreas degradadas do Cerrado (Filgueiras & Fagg, 2008; 



Jacobi et al. 2008; Rodrigues et al. 2009; Neri et al. 2011; Sampaio et al. 2015). Nas áreas 

de ocorrência de A. bicornis é notável a redução da gramínea exótica Melinis minutiflora 

P. Beauv., que está presente em áreas não colonizadas por A. bicornis, sugerindo a 

existência de algum tipo de interação entre essas espécies. 

Figura 1: Gramínea exótica Andropogon gayanus Kunth. em fragmento de Cerrado 

localizado no Campus Darcy Ribeiro da Universidade de Brasília-DF (15º 16’ 48.15” S, 

49º 47’ 50.81” W). 

 

 



Figura 2: Fragmento de Cerrado localizado no munícipio de Rubiataba-GO (15º 10’ 

18.77” S, 49º 48’ 14.31” W) dominado pela gramínea nativa Andropogon bicornis L. 

 

As plantas podem interagir com seus vizinhos por vários caminhos, entre eles a 

competição e a alelopatia (Fernandez et al. 2016). Conforme Szczepanski (1977), 

competição refere-se à influência causada por organismos que promovem a redução ou 

retirada de recursos no ambiente, o que limita o desenvolvimento de outros organismos. 

Já na alelopatia, organismos da comunidade têm o crescimento e/ou desenvolvimento 

prejudicados ou estimulados, devido à liberação e adição de substâncias químicas no 

ambiente por outros indivíduos (Rice, 1984; Ferreira, 2004; Pires & Oliveira, 2011).  

A competição e a alelopatia são fenômenos ecológicos que dificilmente podem 

ser avaliados de maneira isolada em condições de campo (Inderjit & Moral, 1997; 

Oliveira, 2009; Reigosa et al. 2013). A competição de recursos, por exemplo, pode 

intensificar a resposta alelopática de uma planta sobre outra, evidenciando que o ambiente 

competitivo pode influenciar no nível em que as plantas induzem determinada relação 

alelopática (Blum, 1999; Uesugi et al. 2019). Desta forma, experimentos em laboratório 



representam ferramentas importantes para investigações alelopáticas iniciais (Reigosa et 

al. 2013) e exclusão dos efeitos da competição, mas, para manter as condições mais 

próximas das naturais, alguns aspectos devem ser considerados (ver mais abaixo).  

As substâncias químicas liberadas nas relações alelopáticas são compostos 

secundários denominados aleloquímicos (Pires & Oliveira, 2011). De modo geral, todas 

as partes das plantas podem conter compostos secundários com atividade alelopática 

(Souza Filho & Alves, 2002). Eles podem ser encontrados em folhas (Noor et al. 1995; 

Alves et al. 2002; Tefera, 2002; Allem et al. 2014; Lopes et al. 2018), caules, raízes (Alves 

et al. 2002; Tefera, 2002), flores (Tefera, 2002), sementes (Kato-Noguchi & Tanaka, 

2004), frutos (Alves et al. 2002) e cascas (Alves et al. 2002; Kato-Noguchi & Tanaka, 

2004), mas sua repartição não é igualitária (Alves et al. 2002) e sofre variação em relação 

a qualidade e quantidade nas distintas partes da planta, no espaço e no tempo (Harbone, 

1972). Em estudos de alelopatia, comumente tem-se utilizado folhas e raízes 

(Wandscheer & Pastorini, 2008; Gatti et al. 2010; Moosavi et al. 2011; Lopes et al. 2018), 

pois representam a principal fonte de compostos que afetam o sistema radicular das 

espécies alvo (Wu et al. 2009). 

Os meios de liberação diferem entre as espécies (Friedman, 1995), mas, no geral, 

são liberados pelas plantas doadoras por meio da lixiviação, volatilização, decomposição 

da matéria orgânica (Souza Filho & Alves, 2002) e/ou exsudação (Souza Filho & Alves, 

2002; Hierro & Callaway, 2003). Eles podem ser absorvidos pelas espécies alvo através 

das raízes ou ainda pela epiderme foliar (Souza Filho & Alves, 2002).  

Os aleloquímicos podem promover alterações em processos fisiológicos e 

bioquímicos que levam ao comprometimento do crescimento e desenvolvimento das 

plantas (Gniazdowska & Bogatek, 2005).  A germinação de sementes também pode ser 

afetada por aleloquímicos (Lopes et al. 2018; Aguilar-Franco, 2019), contudo, os efeitos 



dos tratamentos com aleloquímicos, no geral, interferem menos na germinação das 

sementes das espécies-alvo do que no crescimento inicial (Ferreira, 2004; Reigosa et al. 

2013). O estágio de plântula tem se mostrado uma etapa crítica do desenvolvimento 

devido à sua alta sensibilidade (Fenner, 2000; Adkins et al. 2007). Em plantas do Cerrado, 

os aleloquímicos de espécies doadoras têm afetado tanto o crescimento da parte aérea 

quanto da parte radicular de plântulas alvo (Allem et al. 2014; Lopes et al. 2018).  

Os efeitos alelopáticos tendem a ser mais fortes entre plantas que não apresentam 

histórico de coevolução (Reigosa et al. 1999) do que entre as que coexistem a mais tempo 

(Callaway & Ridenour, 2004). Hierro & Callaway (2021) explicam que isso se deve ao 

reconhecimento bioquímico existente entre espécies que já coexistiram ou coexistem há 

algum tempo. De maneira contrária, as plantas que não coexistiram geralmente não 

reconhecem as substâncias produzidas pela espécie vizinha. Por isso, aleloquímicos 

liberados por espécies nativas tendem a resultar em maiores efeitos em espécies exóticas, 

e espécies exóticas tendem a ser mais prejudiciais às espécies nativas (Cummings et al. 

2012; Ning et al. 2016).  

A teoria de novas armas “Novel Weapon Hypothesis” (NWH), proposta por 

Callaway & Ridenour (2004), explica que isto ocorre devido aos aleloquímicos 

produzidos serem desconhecidos pelas espécies que não compartilham sua história 

evolutiva. Assim, aleloquímicos produzidos por espécies exóticas podem favorecer a 

invasão em ambientes novos, sem impactar plantas vizinhas em seu ambiente de origem 

(Hierro & Callaway, 2003). Por outro lado, plantas nativas podem usar as “novas armas” 

em resposta ao aparecimento de espécies exóticas, possibilitando a resistência da 

comunidade nativa a invasões – “Homeland Security Hypothesis” (Cummings et al. 

2012). Tal comportamento já foi observado para algumas espécies nativas do Cerrado 

(Allem et al. 2014; Lopes et al. 2018). 



 O Cerrado, considerado um hotspot de biodiversidade mundial (Myers et al. 

2000), é caracterizado por formações florestais, savânicas e campestres que se 

concentram principalmente na porção central do país (Ribeiro & Walter, 2008), onde 

representa o segundo maior bioma em extensão cobrindo cerca de 25% do território 

brasileiro (Klink & Machado, 2005; Silva et al. 2008). Apesar da ocorrência deste 

mosaico de vegetação, o Cerrado é constituído principalmente por savanas, representando 

a de maior extensão da América do Sul (Eiten, 1972) e a mais diversificada do mundo 

(Ratter et al. 2003). 

Nas savanas do Cerrado, a família Poaceae é uma das mais representativas 

(Bourlière & Hadley, 1983; Tannus & Assis, 2004; Munhoz & Felfili, 2006), e nesses 

ambientes, as espécies graminosas desempenham diversos benefícios ecológicos 

(Filgueiras, 1986), como a rápida cobertura do solo (Arrieta & Ortiz, 2009). Algumas 

espécies ainda apresentam potencial para recuperar áreas degradadas, devido à sua grande 

produção de sementes com altas taxas de germinação (Aires et al. 2013), e para o 

forrageamento da vida silvestre (Filgueiras, 1992). Ademais, podem ofertar biomassa 

combustível (Kauffman et al. 1994; Miranda et al. 2002) que favorece a ocorrência de 

queimadas naturais em ecossistemas suscetíveis ao fogo – fire prone ecosystems (Klink 

& Solbrig, 1996; Dos Santos et al. 2021). Espécies ocorrentes nos ambientes suscetíveis 

ao fogo, como savanas, tendem a apresentar alta produção de aleloquímicos (Williamson 

et al. 1992), o que está associado a redução da produção de biomassa nas proximidades 

da planta doadora ou como consequência das injúrias causadas nas plantas queimadas 

(Williamson et al. 1992; Aktepe & Küçük, 2021).   

Englobado na família Poaceae, encontra-se o gênero Andropogon que é 

constituído por espécies distribuídas principalmente na África e América tropical 

(Clayton & Renvoize, 1982). A maior diversidade do continente americano é encontrada 



no Brasil, especialmente no Cerrado (Zanin & Longhi-Wagner, 2006). No Brasil, existem 

34 espécies pertencentes ao gênero Andropogon, as quais se distribuem por vários tipos 

de formações vegetais no país, incluindo ambientes antropizados. A exemplo, pode-se 

citar a espécie exótica A. gayanus e a nativa A. bicornis (Zannin, 2020). 

A. gayanus é uma das espécies exóticas mais dominantes em áreas em processo 

de restauração (Liaffa, 2020), e A. bicornis é citada entre as espécies com potencial para 

a restauração de áreas degradadas no Cerrado, devido a seu rápido crescimento e 

capacidade de colonizar ambientes perturbados (Filgueiras & Fagg 2008; Rodrigues et al. 

2009; Jacobi et al. 2008; Neri et al. 2011; Sampaio et al. 2015). Em função da ocorrência 

de A. gayanus em áreas sob restauração e do uso de A. bicornis para essa finalidade, torna-

se importante avaliar potenciais propriedades alelopáticas dessas espécies. Além disso, 

deve-se considerar espécies coexistentes para fortalecer o entendimento das relações 

alelopáticas em ambientes naturais (Inderjit & Callaway, 2003), por isso, selecionou-se 

como espécies alvo nativas aquelas que também estão presentes em áreas de restauração 

do Cerrado, como Andropogon fastigiatus Sw. (capim rabo-de-burro) (Rodrigues et al. 

2009; Zanin & Longhi-Wagner 2011; Pellizzaro et al. 2017) e a arbustiva Lepidaploa 

aurea (Mart. ex DC.) H. Rob. (Pellizzaro, 2016; Lopes et al. 2018). O uso de A. fastigiatus 

também possibilita avaliar a resposta alelopática em função do histórico evolutivo com 

as espécies doadoras. Os aleloquímicos de plantas tendem a promover menores impactos 

em seus pares congenéricos, devido à exposição histórica comum aos aleloquímicos 

(Thiébaut et al. 2019). 

Para incrementar o entendimento das relações alelopáticas, utilizou-se também 

como espécies alvo, gramíneas não originárias do Cerrado: M. minutiflora e Stapfochloa 

elata (Desv.) P.M. Peterson, que possibilitam a comparação da resposta alelopática em 

função da proximidade biogeográfica. S. elata tem origem biogeográfica mais próxima 



das espécies alvo do que M. minutiflora e, por isso, em teoria, estaria coexistindo a mais 

tempo com elas. O maior tempo de coexistência entre espécies permite maior 

reconhecimento bioquímico de substâncias produzidas (Hierro & Callaway, 2021), além 

do desenvolvimento de defesas químicas (Callaway & Ridenour, 2004).   

Estudos in situ relataram que A. gayanus libera de suas raízes inibidores 

alelopáticos da nitrificação, o que suprime a atividade de bactérias que oxidam a amônia 

(Lata et al. 2004; Subbarao et al. 2007, 2012), o que pode influenciar no crescimento e/ou 

desenvolvimento de espécies vizinhas. Contudo, até o momento, não há trabalhos 

experimentais que evidenciem a influência direta de A. gayanus em outras espécies por 

meio da liberação de aleloquímicos. Para plântulas de A. bicornis isso foi evidenciado por 

meio de experimentos laboratoriais com extratos aquosos de folhas, caules e raízes, a 

produção de aleloquímicos (Lima et al. 2017). Contudo, vale ressaltar que a evidência 

fitotóxica em condições de laboratório nem sempre condiz com a capacidade alelopática 

em condições naturais, já que podem superestimar o efeito das substâncias que, após 

liberadas no solo, pode ser menor do que o observado em laboratório (Inderjit & Nilsen, 

2003). Isso ocorre porque os microorganismos presentes no solo podem transformar os 

aleloquímicos, promovendo redução na intensidade de seus efeitos (Chen, 1992; Li et al. 

2017). Ademais, os aleloquímicos liberados podem alterar as propriedades do solo, 

afetando a composição e diversidade de sua microbiota (Liu et al. 2018). Assim, o solo, 

por ser a região de interação radicular da planta, deve ser considerado nos experimentos 

de investigação de potencial alelopático (Inderjit & Callaway, 2003). Seu uso pode 

promover respostas mais próximas do que ocorre em campo e representar as reais 

concentrações de substâncias bioativas no ambiente ao redor das espécies alelopáticas 

(Reigosa et al. 2013). 



Os estudos de avaliação de potencial alelopático devem considerar as condições 

mais próximas do ambiente natural, por isso os estudos in situ são os mais recomendados. 

Entretanto, em campo, é difícil separar os efeitos de aleloquímicos de outras relações 

ecológicas e fatores ambientais (Ferreira, 2004; Inderjit & Nilsen, 2003; Reigosa et al. 

2013). Devido a isso, metodologias experimentais semi-naturais em que se utiliza o 

material vegetal fragmentando, que representa uma forma de liberação de aleloquímicos 

por meio da lixiviação e decomposição (Souza et al., 2007; Pina et al., 2009; Allem et al., 

2014), associado ao uso do solo que envolve o sistema radicular da planta doadora no 

campo (Calaway & Aschehoug, 2000, Cummings et al. 2012), tem sido determinadas 

para melhor representar as condições de campo. O material vegetal caído e lixiviado 

influencia no pH do solo, na condutividade elétrica, na disponibilidade de matéria 

orgânica e nutrientes que afetam principalmente o crescimento de espécies alvo, o que 

evidencia que o material vegetal e o solo são alguns dos fatores determinantes do 

potencial alelopático (Batish et al. 2002; Hassan et al. 2014).  

Diante do exposto, esta tese tem como objetivo investigar os efeitos alelopáticos 

de folhas e raízes de A. bicornis e A. gayanus, adicionados ao solo, em duas espécies 

nativas do Cerrado, a graminosa A. fastigiatus e a arbustiva L. aurea, e em duas espécies 

não originárias do Cerrado, M. minutiflora e S. elata. Adicionalmente, testou-se os efeitos 

na espécie cultivada, Lactuca sativa var. Grand Rapids TBR. (alface), considerada 

modelo em estudos de alelopatia (Ferreira, 2004; Tigre et al. 2012).  

 

 

Objetivos 

 



Objetivo geral  

• Avaliar o potencial alelopático de lixiviados de folhas e raízes de duas espécies 

de gramíneas congenéricas (A. bicornis e A. gayanus) ocorrentes em áreas em 

restauração do Cerrado. 

 

Objetivos específicos 

• Investigar o potencial alelopático de folhas e raízes de A. bicornis e A. gayanus 

adicionados ao solo. 

• Verificar alterações nos padrões de crescimento inicial (crescimento e biomassa 

da parte aérea e radicular, número de folhas e raízes) das espécies alvo 

desencadeadas pela adição de folhas e raízes no solo. 

• Relacionar as respostas alelopáticas com o histórico evolutivo entre as espécies. 

 

 

 

 

 

 

 

 

 

 



Hipóteses 

 

Baseado na hipótese de seguridade do ambiente - Homeland Security Hypothesis 

(Cummings et al. 2012), a espécie doadora nativa (A. bicornis) não deverá afetar o 

crescimento inicial de plântulas de L. aurea e A. fastigiatus (espécies alvo nativas), mas 

deverá promover maiores impactos no crescimento inicial de M. minutiflora e S. elata 

(espécies alvo não originárias do Cerrado), principalmente daquela de origem 

biogeográfica mais distante (M. minutiflora) do que na de origem mais próxima (S. elata), 

com quem estaria coexistindo a mais tempo.  

De modo contrário, baseado na hipótese de novas armas - Weapon Hypothesis 

Callaway & Ridenour (2004), a espécie doadora exótica (A. gayanus) deverá promover 

maior inibição no crescimento inicial de L. aurea e A. fastigiatus (espécies alvo nativas) 

do que em M. minutiflora e S. elata (espécies alvo não originárias do Cerrado). Entre as 

espécies alvo nativas, os menores efeitos deverão ser notados entre A. gayanus e A. 

fastigiatus que são espécies congenéricas. 

 

 

 

 

 

 

 

 

 

 



Organização/ Contextualização da Tese  

 

O doutorado se inicia com uma proposta de estudar germinação e crescimento 

inicial de espécies nativas, mas devido à pandemia e restrições de acesso à universidade 

a proposta foi bastante alterada para viabilizar sua execução. Assim, o primeiro artigo 

publicado (Anexo 1) é decorrente das ideias do projeto inicialmente proposto, e o segundo 

artigo (submetido, corpo da tese) é decorrente do projeto efetivamente conduzido durante 

o período pandêmico.  

No primeiro ano de doutorado (2019), o projeto foi apresentado e os experimentos 

iniciados. Parte desses experimentos foi realizada durante a disciplina de Ecofisiologia 

da Germinação, o que resultou em um artigo sobre germinação de sementes nativas do 

Cerrado publicado em colaboração com outros alunos do programa de Pós Graduação em 

Botânica (Anexo I). 

No entanto, no ano seguinte (2020), o ápice da pandemia promoveu o fechamento 

dos laboratórios, o que inviabilizou e comprometeu o tempo de execução dos 

experimentos ainda necessários para o desenvolvimento do projeto inicial. Diante desse 

cenário, e sem perspectivas de retorno do funcionamento dos laboratórios, a preocupação 

com prazos desencadeou um senso de observação do novo laboratório disponível (própria 

casa). Com isso, a partir de uma ida casual ao campo, observou-se que A. bicornis, uma 

das espécies doadoras utilizadas neste estudo, apresenta um comportamento semelhante 

ao de exóticas (descritos na introdução geral), o que foi o gatilho para iniciar a elaboração 

de um novo projeto de pesquisa que ainda fosse exequível no período restante. 

Dessa forma, foi necessária a escrita e execução de um novo projeto que atendesse 

às condições disponíveis naquele momento, por isso, buscou-se avaliar o potencial 

alelopático de espécies nativas do Cerrado. Os dados resultantes dessa pesquisa foram 



apresentados neste trabalho como forma de artigo, o qual foi submetido em periódico 

científico, e comporá um dos manuscritos produzidos durante o período de doutorado. A 

tese conta também com o material suplementar, que compreende dados não incluídos no 

artigo, e anexos da tese, que incluem publicações já realizadas e participações em eventos 

científicos. 
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Resumo 

A invasão bem sucedida de espécies exóticas pode estar relacionada às suas propriedades 

alelopáticas, que podem atuar dificultando o recrutamento de espécies nativas (hipótese 

de novas armas). De fato, as espécies nativas também podem produzir aleloquímicos 

prejudiciais a espécies exóticas, contribuindo assim com a resistência da comunidade à 

invasão (hipótese de segurança interna). Andropogon bicornis é uma gramínea nativa de 

ampla ocorrência em áreas nativas e degradadas do Cerrado e empregada na restauração 

ecológica. Sua congenérica A. gayanus é uma gramínea africana que invadiu savanas 

nativas e degradadas do Cerrado. O presente estudo avaliou os efeitos alelopáticos de A. 

gayanus e A. bicornis sobre o crescimento inicial de duas espécies nativas (A. fastigiatus 

e Lepidaploa aurea) e duas espécies exóticas (Melinis minutiflora e Stapfochloa elata) 

de ampla ocorrência em diversas fisionomias do Cerrado. Folhas ou raízes das espécies 

doadoras (Andropogon) foram misturadas com amostras de solo coletadas nas mesmas 

áreas onde interagem espontaneamente com suas espécies-alvo nas proporções de 0,75, 

1,5 e 3% (serapilheira/volume de solo). Descobrimos que a exótica A. gayanus inibiu o 

crescimento de todas as espécies-alvo, corroborando a hipótese de novas armas. A nativa 

A. bicornis estimulou o crescimento das duas espécies nativas e de S. elata, mas inibiu o 

crescimento da exótica M. minutiflora, corroborando assim a hipótese de segurança 

interna. Nossos estudos indicam que a alelopatia pode contribuir com o sucesso da 

invasão do Cerrado por A. gayanus. Por outro lado, aleloquímicos produzidos por A. 

bicornis inibiram o crescimento de M. minutiflora, sugerindo que A. bicornis pode ajudar 

a controlar a propagação desta gramínea exótica. Conclui-se que a alelopatia pode 

representar um componente importante das interações entre espécies nativas e exóticas, e 

que as propriedades alelopáticas das espécies nativas podem ser consideradas no controle 

de espécies exóticas espalhadas por áreas nativas e degradadas do Cerrado. 

 

Palavras-chave: Alelopatia, crescimento, gramíneas invasoras, interação entre plantas, 

serapilheira, Cerrado 
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Abstract 

 

The successful invasion of exotic species might be related to their allelopathic properties, 

which could hamper the recruitment of native species (novel weapon hypothesis). Also, 

native species might produce allelochemicals harmful to exotic species, thereby 

contributing with community resistance to invasion (homeland security hypothesis). 

Andropogon bicornis is a native grass of wide occurrence over savannas of the Cerrado 

biome in Brazil and employed in ecological restoration. Its congeneric A. gayanus is an 

African grass that has invaded native and degraded areas within this biome. The present 

study assessed the allelopathic potential of A. gayanus and A. bicornis on the initial 

growth of two native (A. fastigiatus and Lepidaploa aurea) and two exotic species 

(Melinis minutiflora and Stapfochloa elata) of wide occurrence over the Cerrado. Leaves 

or roots of the donor (Andropogon) species were each mixed with soil samples collected 

in the same areas where they spontaneously co-occur with their target species at ratios of 

0.75, 1.5 and 3% (litter/soil volume). We found that the exotic A. gayanus inhibited the 

growth of all target species, what agrees with the novel weapon hypothesis. The native A. 

bicornis stimulated the growth of the two native species and S. elata but inhibited the 

growth of the exotic M. minutiflora, in line with the homeland security hypothesis. Our 

studies suggest that allelopathy might have a part in the invasive process of A. gayanus. 

On the other hand, the allelopathic potential of A. bicornis inhibited the growth of M. 

minutiflora, suggesting that A. bicornis might help to control the spread of this exotic 

grass. We conclude that allelopathy might be involved in the interactions between native 

and exotic species and be properly used in controlling the spread of exotic species over 

native and degraded areas of the Cerrado. 

Keywords: Allelopathy, growth, invasive grass, plant interaction, plant litter, savanna 
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1. Introduction 

Invasions by exotic species have disrupted native vegetation and compromised 

global biodiversity (Vilà et al., 2011; Linders et al., 2019). In particular, neotropical 

savannas have been largely invaded by African grasses (Pivello et al., 1999a; Pivello et 

al., 1999b; Barbosa et al., 2008; Lannes et al., 2012). Currently, more than 44% of native 

areas of the Cerrado biome (the Brazilian savanna) have been replaced by African grass 

species (Mapbiomas, 2022). Invasive species can interfere with soil microbiota, fire 

regimes (D’Antonio and Vitousek, 1992), nutrient cycling (Gaertner et al., 2014) and 

recruitment of native species (Hoffmann and Haridasan, 2008; Almeida-Neto et al., 

2010). The effects of invasive species on plant recruitment and growth can reduce native 

species’ distribution (Velazco et al., 2019) and even eradicate them from their original 

areas (Martins et al., 2017; Thomas et al., 2018), resulting in ecological imbalances due 

to changes in the structure and composition of the community (Pivello et al., 1999a; 

Hoffmann and Haridasan, 2008; D’Antonio et al., 2011; Lorenzo et al., 2012; Horowitz 

et al., 2013; Sharma et al., 2017).  

Studies suggested that allelopathy might play a part in successful invasion by 

exotic species (Callaway and Aschehoug, 2000; Callaway and Ridenour, 2004; Del 

Fabbro et al., 2014). Allelopathy is a phenomenon that involves the release of chemical 

compounds (allelochemicals) by donor plants, which can positively or negatively 

influence the growth and development of neighbors, also referred as target species (Rice, 

1984; Pires and Oliveira, 2011). Allelochemicals can be released into the environment 

via leaching from shoot, root exudation, and decomposing plant material (Rice, 1984; 

Djurdjević et al., 2011; Hassan et al., 2014).  

 The susceptibility of the target species to allelochemicals might be linked to their 

shared evolutionary history (Callaway and Ridenour, 2004; Cummings et al., 2012; 



Thiébaut et al. 2019). Species with the same evolutionary history tend to be less 

susceptible to their own allelochemicals (Callaway and Ridenour, 2004) than those that 

evolved in different geographical regions (Reigosa et al., 1999).  

Due to the lack of mechanisms of defense against unknown chemical compounds, 

the allelochemicals of invading species tend to have a greater, usually negative effect on 

species occurring in the invaded region than on species with which they coexist in their 

region of origin (Hierro and Callaway, 2021). This relationship led to the concept of the 

novel weapons hypothesis (Callaway and Ridenour, 2004). According to the hypothesis, 

species that coexist or have previously coexisted develop greater tolerance to 

allelochemicals produced by each other than species that have no historic of coexistence 

(Hierro and Callaway, 2021).  

On the other hand, native species might adapt themselves to the invaders by 

producing allelochemicals (Callaway et al., 2005; Goergen et al., 2011; Inderjit et al., 

2011; Cummings et al. 2012), and these adaptations might increase the resistance of 

native to exotic species as a function of the time since invasion (Inderjit et al., 2011). This 

relationship led to the concept of the homeland security hypothesis. According to this 

hypothesis, exotic species would be sensitive to allelochemicals produced by native 

species, what would reduce the growth and impacts of invasive species on natural 

communities (Cummings et al., 2012).  Consequently, allelopathic effects are expected to 

be milder between plant species that have a long period of coexistence than between 

species which coexistence resulted from invasion (Callaway and Aschehoug, 2000; 

Callaway and Ridenour, 2004; Cummings et al., 2012; Del Fabbro et al., 2014; Ning et 

al. 2016). 

The present study investigated the allelopathic potential of leaves and roots of two 

congenerics, the exotic A. gayanus and the native A. bicornis on the initial growth of two 



native (Andropogon fastigiatus Sw. and Lepidaploa aurea (Mart. Ex DC.) H. Rob.) and 

two exotic species (Melinis minutiflora P. Beauv. and Stapfochloa elata (Desv.) P.M. 

Peterson) of wide distribution in the Cerrado. We investigated: (1) Whether the two exotic 

target species are more sensitive to phytotoxic compounds produced by the native A. 

bicornis than to those produced by the exotic A. gayanus; (2) Whether the two native 

target species are less sensitive to phytotoxic compound produced by the native A. 

bicornis than to those produced by the exotic A. gayanus. 

 

2. Material and Methods 

2.1. Donor species  

Andropogon gayanus Kunth. (locally known as gamba grass) is one of the most 

common African species in the Cerrado (Sampaio and Schmidt, 2013). It was introduced 

into the region as forage in the 1980s (Zanin and Longhi-Wagner, 2011), has fruits year-

round (Thomas and Andrade, 1984) with around 604 ± 81 seeds per inflorescence and 

presents a high dispersal capacity (Musso et al., 2019), which may have contributed to its 

broad distribution across different environments. Due to its adaptation to drought and 

acidic soil (Thomas and Andrade, 1984), this species also invades areas under ecological 

restoration and usually compromises restoration processes (Sampaio et al., 2015; Liaffa, 

2020). 

Individuals of A. gayanus were shown to produce a considerably high biomass 

(Thomas and Andrade, 1984), reduce native species richness (Flores et al., 2005), affect 

soil seed bank dynamics and increase fire intensity (Marinho and Miranda, 2013). The 

impacts of this exotic grass on ecosystem dynamics and its rapid spread over conservation 

units (Sampaio and Schmidt, 2013) suggest that this species might benefit from some 

species-specific attribute that contributes with its invasion process. In the light of the 



novel weapons hypothesis (Callaway and Ridenour, 2004), allelopathy could be behind 

its impacts on the dynamics of native vegetation.  

On the other hand, allelochemicals produced by native species might in some way 

control the spread of exotic invaders, thus allowing native communities to resist invasions 

(Cummings et al., 2012). This possibility finds strong evidences in studies with native 

species (Cummings et al., 2012; Hou et al., 2012; Ning et al., 2016), including those from 

the Cerrado (Allem et al., 2014; Lopes et al., 2018; Grossi et al., 2021). As such, and in 

the light of the homeland security hypothesis (Cummings et al., 2012), it might be relevant 

to check whether native donor species exhibit greater allelopathic potential against exotic 

than against natives. 

Andropogon bicornis L. (commonly known as donkey's tail grass) is a ruderal 

species native to the Cerrado (Pastore et al., 2012) that typically occurs at sites under 

early stages of succession and can rapidly cover degraded areas (Zanin and Longhi-

Wagner, 2011). The rapid growth and ability to colonize disturbed areas point A. bicornis 

as suitable for using in restoration programs conducted in Cerrado physiognomies 

(Filgueiras and Fagg, 2008; Jacobi et al., 2008; Rodrigues et al., 2009; Neri et al., 2011; 

Sampaio et al., 2015). 

 

2.2. Native target species 

Andropogon fastigiatus (Poaceae) is a native species of considerable distribution 

over the Cerrado (Zanin and Longhi-Wagner, 2011). Its rapid growth and high survival 

rate promote ~30% soil coverage within one year after planting, what contributes with 

the establishment of other native species, such as Aristida riparia Trin, Lepidaploa aurea 

and Schizachyrium sanguineum (Retz.) Alston (Pellizzaro et al., 2017). Andropogon 

fastigiatus also colonizes disturbed areas, typically along roadsides, where it can form 



dense populations (Zanin and Longhi-Wagner, 2011). Seeds of A. fastigiatus were 

collected in the municipality of Alto Paraíso de Goiás (14° 10' 11.4" S 47° 51' 34.7" W), 

in January 2020, and kept under dry storage in paper bags for one year at a temperature 

of 18/28 °C in a dark room at the Rede de Sementes do Cerrado, Brasilia, DF. 

Lepidaploa aurea is a native, ruderal subshrub of the Asteraceae family (Lorenzi, 

2008), which presents rapid growth and ability to colonize degraded areas (Farias et al. 

2002). Seeds of L. aurea were collected in native Cerrado fragments at the Darcy Ribeiro 

Campus of the University of Brasília (15º 16’ 48.15” S, 49º 47’ 50.81” W), in July 2021 

and were rapidly used in the experiments.  

 

2.3. Exotic target species 

Stapfochloa elata (synonyms: Chloris elata Desv., C. dandyana C.D. Adams 

and C. polydactyla (L.) Sw.) (Pereira and Barreto, 1985) is a native grass from an 

indigenous reserve in Colombia (Brazilian Biodiversity Information System, 2021). 

Firstly cited in 1788 by Swartz (Pereira and Barreto, 1985), this species is frequently 

found along roadsides and open areas, and is well adapted to nutrient-poor soils, such as 

those of the Cerrado (Carvalho et al., 2005). Generally associated with secondary 

vegetation (Pereira and Barreto, 1985), this species flowers almost all year-round 

(Kissmann and Groth, 1997) and produces more than 90,000 seeds per plant, which are 

easily carried by the wind (Brighenti et al., 2007). Due to its efficient reproductive 

capacity, S. elata has been recognized as a weed in sugarcane (Carvalho et al., 2005) and 

citrus fruit crops (Villela et al. 2021). Seeds were collected from anthropized areas in the 

municipality of Rubiataba, GO (15º 10’ 18.77” S, 49º 48’ 14.31” W), in February 2021, 

and immediately used in the experiments. 



Melinis minutiflora was introduced accidentally in Brazil in the 19th century via 

the slave trade (Filgueiras, 1990), and is currently one of the most common African 

grasses in the Cerrado (Hoffmann et al., 2004; Durigan et al., 2007). Its fast spread over 

the Cerrado has caused a sharp decline in its biodiversity (Durigan et al., 2007) and 

changed the fire dynamics of this biome (Hoffmann et al., 2004). This species can 

disperse over 81,000 seeds per square meter of soil (Durigan et al., 2007), and the seeds 

present a considerably high viability and germination rate (Martins et al., 2009; Aires et 

al., 2014). Seeds were also collected from anthropized areas in the municipality of 

Rubiataba.  

 

2.4. Plant material of the donor species and preparation of the substrates 

Leaves and roots of the native A. bicornis were collected from at least ten 

individuals randomly selected from five different populations occurring in the 

municipality of Rubiataba (15º 10’ 18.77” S, 49º 48’ 14.31” W), in an area formerly used 

for raising livestock. Leaves and roots of the exotic A. gayanus were collected from at 

least ten individuals randomly selected from five different populations occurring in an 

anthropized area of Cerrado in the University of Brasília campus (15º 16’ 48.15” S, 49º 

47’ 50.81” W). Leaves and roots of both donor species were collected during the rainy 

season between November 2020 and January 2021. To simulate and speed the natural 

drying and decomposing of the plant material in the field, the leaves and roots of each 

species were dried in an oven at 60°C for 72 h (Lopes, 2016). After, the plant material 

was separately chopped into 3 to 5cm fragments to ease their incorporation into the soil 

samples taken from the same areas where the donor and target species spontaneously 

occur (see table 1). Soil was collected from the base of the donor plant to avoid possible 

allelochemicals from other plants. Before mixing, the soil of each site (see below) was 



sieved and dried at 18/28°C for 72 hours before use, reaching around 56% of moisture. 

These procedures followed the methodology as described in Allem et al. (2014). 

 

Table 1. Analysis of soil samples collected in the experimental areas. Results of the 

analysis of soils sampled in the collection area of the native donor Andropogon bicornis 

L. (municipality of Rubiataba, Goiás - 15º 10’ 18.77” S, 49º 48’ 14.31” W) and of the 

exotic donor Andropogon gayanus Kunth. (Darcy Ribeiro Campus of the University of 

Brasília - 15° 46' 29.5" S, 47° 52' 6.9" W). 

 

Variable 

 

Soil sampling site 

Native Exotic 

pH  5.3 6.3 

Organic matter 1.7 dag/Kg 1.4 dag/Kg 

C 1 dag/Kg 0.8 dag/Kg 

P 1.9  mg/dm3 0.5  mg/dm3 

K 36.5  mg/dm3 42.9  mg/dm3 

S 1  mg/dm3 2.3  mg/dm3 

Ca 1.6 c/dm3 3.1 c/dm3 

Mg 0.5 c/dm3 0.2 c/dm3 

Al 0.4 c/dm3 <0.1 c/dm3 

N 0.1 % 0.05 % 

B 0.13 mg/dm3 0.17 mg/dm3 

Cu 1.3 mg/dm3 0.6 mg/dm3 

Fe 394 mg/dm3 54 mg/dm3 

Mn 29.3 mg/dm3 6.8 mg/dm3 

Zn 1.57 mg/dm3 2.45 mg/dm3 

Sand 

 

49.8 % 55.2 % 



 

 

 

 

 

Fifteen soil samples were collected from each of the two sites under study. The 

soil samples were collected at random but covering much of each site from a depth 

between 0-10cm with the aid of a hoe. These samples were separately homogenized per 

site and stored for up to five days in a thermic container at low temperature. Five samples 

of 250g from each site were sent for soil analysis (Centro de Tecnologia Agrícola e 

Ambiental, Campo Análises) following standard procedures for soil analysis (Manaus: 

Embrapa Amazônia Ocidental, 2005). 

We decided to collect soil samples from the same sites where donor and target 

species spontaneously co-occur due to the importance of considering the interaction of 

the donor plant, in particular its rhizosphere, with the soil microbiota (Lorenzo et al., 

2013).  

The leaves and roots of the donor species were separately incorporated into the 

soil at ratios of 0.75, 1.5 and 3%. These ratios were calculated according to the amount 

of litter produced by each donor species per month per square meter of soil. For the exotic 

donor (A. gayanus) the amount of plant litter produced is between 81.7 and 229 grams 

per square meter (Thomas and Asakawa, 1993). For the native donor (A. bicornis) the 

absence of this information in literature prompted us to check for it under field conditions. 

For that, between August-September 2020 ten adult individuals were randomly selected 

in the same experimental area and any plant material fallen around them was gently 

removed; as well, the soil surrounding each individual was cleaned from debris. One 

Silt 

 

30.2 % 11.4 % 

Clay 

 

20 % 33.4 % 



month later, the litter produced in 1 square meter surrounding each individual were taken 

and dried in an oven at 60°C for 72 h. Based on the amounts recorded, we estimated a 

production of litter between 82 and 164 grams per square meter. 

 So, assuming a soil depth of 1 cm, where most of seedling roots are located during 

their initial establishment, a soil volume of 0.01m3 (1m2 × 0.01m, or 10 L) would be 

directly influenced by the plant litter. Considering that 1 L of red latosol (the most typical 

soil type of the Cerrado) weighs approximately 1.090 Kg (Allem et al., 2014), the 

percentage of plant material per unit of soil volume would be between 0.75 and 1.5 %. 

The treatment of 3% was also included in order to assess the eventual effect of 

accumulated litter on seedling growth. The experiments were all conducted at the 

Laboratório de Termobiologia L.G. Labouriau of the University of Brasilia, Federal 

District, Brazil. 

 

2.5. Bioassays  

The mixtures of plant material and soil at different proportions (0.75, 1.5 and 3%) 

were separately conditioned in 200 mL plastic flasks. The controls consisted of seedlings 

planted in plastic flasks containing only soil as substrate (0%). Seeds of the target species 

were previously germinated in Petri dishes lined with filter paper and moistened with 

distilled water in incubators (Eletrolab EL202/3LED) set to provide a temperature regime 

of 17/27°C (night/day) under a 12-hour photoperiod (white light). After a few days, 

seedlings of each target species were selected by uniformity of size (around 1cm) and 

randomly distributed among the flasks (filled with the mixtures, or only with soil) in order 

to homogenize seedling sizes for the growth experiment. Three seedlings of each target 

species (pseudo-replicates) were separately planted in each of ten plastic flasks 

(replicates) per each combination of target species x donor species x treatment. 



The seedling growth experiment was conducted in the same incubator and under 

the same parameters of germination experiment as described above. The flasks were 

irrigated daily with 10 mL of distilled water to keep the substrates wet during the 

experimental period. This experiment was carried out for 13 days, except for L. aurea, 

whose slower growth required 18 days to reach comparable sizes (see below). At the end 

of the experiments, the shoot and root length of the target plants were measured using a 

digital pachymeter (Mitutoyo). Additionally, the number of leaves and lateral roots were 

counted for each seedling, and 15 seedlings from each experiment were randomly chosen 

to determine total dry biomass. The 15 seedlings used to determine total dry biomass were 

randomly selected from 5 flasks. Considering that seedling growth in each control was 

inherently different because they were constituted by combinations of different species 

(target species) grown in different substrates (soil origin), and in order to make the results 

comparable between each other the seedlings growth parameters in each treatment were 

thus relativized in relation to their respective controls, according to Ribeiro and Borghetti 

(2013). 

Thus, the percent of inhibition or promotion of seedling growth in each of the 

treatments in respect to their respective controls was calculated according to the equation:  

% inhibition/promotion = (XT * 100/ XC) -100 

Where, XT is the average growth in the treatment and XC is the average growth in the 

control. 

 

2.6. Statistical Analyses 

Generalized linear mixed models (GLMMs) were used to compare the growth 

parameters of the target species, with the following predictive variables: donor species 

(exotic or native), treatments (roots or leaves) and ratios (0, 0.75, 1.5, 3%); and the 



response variables: shoot and root growth, total dry biomass, number of leaves and lateral 

roots.  

For the analysis the results of the pseudo-replicates were averaged within each 

replicate, and replicates were included as random effect in the models. Analyses were 

performed in R software, version 4.1.3 (R Core Team, 2022) using the following 

packages: glue, tidyverse, readxl, carData, car, MASS, lsmeans, 

LMERConvenienceFunctions, lme4, multcomp, outliers, MuMIn, lmerTest, TMB, 

glmmTMB, performance, patchwork and see. 

 

3. Results 

3.1. Effects of the donor species on the growth of native target species 

Treatments prepared with roots of the native donor (A. bicornis) promoted shoot 

growth in A. fastigiatus between 20 and 31% (P<0.05, table 2, Fig. 1a), but those prepared 

with leaves inhibited root growth between 22 and 29% (Fig. 1a). These same treatments 

had no significant effect on the growth of L. aurea seedlings (table 2, Fig. 1b).  

 

 

 

 

 

 

 

 

 

 



Table 2. Statistical analysis of growth parameters. Generalized linear mixed models 

(GLMMs) testing the influence of leaves and roots of Andropogon bicornis L. (native 

donor) and Andropogon gayanus Kunth. (exotic donor) incorporated into the soil on the 

shoot and root growth, total biomass and number of leaves and roots of the native target 

species Andropogon fastigiatus Sw. and Lepidaploa aurea (Mart. Ex DC.) H. Rob.  

 

Note: Confidence level: 0.95. 

              NATIVE DONOR EXOTIC DONOR 

Target species Variable Treatment Estimative ± SE p-value Estimative ± SE p-value 

 
 

 

 
 

 

 
 

 

 
 

Andropogon fastigiatus Sw. 

 0.75% 0.6 ± 0.05 0.2 -0.1 ± 0.05 <0.01 

Shoots 1.5% 0.12 ± 0.05 <0.05 -0.2 ± 0.05 <0.001 

 3% -0.07 ± 0.05 0.1 -0.1 ± 0.05 <0.05 

 Plant part  0.2 ± 0.3 <0.001 -0.007 ± 0.04 0.8 

 0.75% -0.1 ± 0.05 <0.01 -0.2 ± 0.06 <0.001 

Roots 1.5% -0.1 ± 0.05 <0.05 -0.2 ± 0.06 <0.001 

3% -0.2 ± 0.05 <0.001 -0.2 ± 0.06 <0.001 

Plant part  -0.1 ± 0.04 <0.01 -0.05 ± 0.04 0.1 

 

Total biomass 

 0.75% -0.1 ± 0.04 <0.01 -0.06 ± 0.04 0.1 

 1.5% -0.7 ± 0.04 0.08 -0.1 ± 0.04 <0.05 

3% -0.11 ± 0.04 <0.01 0.01 ± 0.04 0.8 

Plant part  0.06 ± 0.03 0.052 0.01 ± 0.03 0.7 

 

 

Leaves 

 0.75% 0.06 ± 0.1 0.5 -0.09 ± 0.76 1 

 1.5% 0.07 ± 0.1 0.5 -0.25 ± 0.75 0.8 

3% -0.01 ± 0.1 0.8 -0.001 ± 0.76 0.9 

Plant part  0.09 ± 0.1 0.2        0.08 ± 0.11 0.7 

 

Lateral roots 

 0.75% 0.3 ± 0.2 0.1 -0.04 ± 0.4 1 

 1.5% 0.5 ± 0.2 <0.01 -0.7 ± 0.4 0.5 

3% 0.2 ± 0.2 0.2 0.6 ± 0.4 0.4 

Plant part  0.8 ± 0.1 <0.001 -0.3 ± 0.6 0.08 

 
 

 

 
 

 

 
 

 
 

 

Lepidaploa aurea (Mart. Ex 
DC.) H. Rob. 

 0.75% 0.9 ± 0.02 0.2 -0.1 ± 0.02 <0.001 

Shoots 1.5% -0.03 ± 0.03 0.2 -0.1 ± 0.02 <0.001 

 3% 0.03 ± 0.03 0.8 -0.2 ± 0.02 <0.001 

 Plant part  0.01 ± 0.02 0.4 -0.08 ± 0.02 <0.001 

 0.75% 0.9 ± 0.05 0.5 -0.2 ± 0.04 <0.001 

Roots 1.5% 0.04 ± 0.06 0.8 -0.3 ± 0.04 <0.001 

3% -0.01 ± 0.06 0.4 -0.4 ± 0.04 <0.001 

Plant part  0.07 ± 0.04 0.1 -0.08 ± 0.03 <0.01 

 

Total biomass 

 0.75% 0.05 ± 0.07 0.4 -0.05 ± 0.03 0.1 

 1.5% 0.06 ± 0.07 0.4 -0.2 ± 0.03 <0.001 

3% 0.03 ± 0.07 0.6 -0.3 ± 0.03 <0.001 

Plant part  0.05 ± 0.05 0.2 -0.08 ± 0.02 <0.01 

 

 

Leaves 

 0.75% -0.08 ± 0.1 0.4 -0.1 ± 0.1 0.2 

 1.5% 0.09 ± 0.1 0.3 -0.1 ± 0.1 0.8 

3% 0.05 ± 0.1 0.6 -0.1 ± 0.1 0.9 

Plant part  -0.04 ± 0.07 0.5        -0.2 ± 0.07 <0.01 

 

Lateral roots 

 0.75% 0.2 ± 0.3 0.4 1.6 ± 0.4 <0.001 

 1.5% 0.6 ± 0.2 <0.05 1.9 ± 0.4 <0.001 

3% 0.2 ± 0.3 0.4 1.7 ± 0.4 <0.001 

Plant part  0.2 ± 0.2 0.2 -0.7 ± 0.2 <0.001 



 

Treatments prepared with leaves of the exotic donor (A. gayanus) reduced the 

shoot and root growth of A. fastigiatus seedlings between 8 and 25%, and 19 and 26%, 

respectively (Fig. 1c). These same treatments reduced shoot and root growth of L. aurea 

seedlings between 7 and 17%, and 25 and 34%, respectively (Fig. 1d). Treatments 

prepared with roots of the exotic donor also inhibited shoot and root growth of A. 

fastigiatus between 14 and 18%, and between 26 and 35%, respectively (Fig. 1c). These 

same treatments reduced shoot and root growth of L. aurea seedlings between 19 and 

26%, and between 32 and 48%, respectively (P<0.001, table 2, Fig. 1d). In general, 

Fig. 1. Relative growth of native species. Influence of leaves and roots of Andropogon bicornis L. (native donor - a, 

b) and Andropogon gayanus Kunth. (exotic donor - c, d) incorporated into the soil on the shoot and root growth of 

the native target species Andropogon fastigiatus Sw. and Lepidaploa aurea (Mart. ex DC.) H. Rob. Seedlings were 

grown for 13 days (except L. aurea which was grown for 18 days) at a temperature regime of 17/27°C (night/day) 

under a 12-hour photoperiod (white light). Level of significance (probability) of the effects of treatments in respect 

to control: * significant at 5%; ** significant at 1%; *** significant at 0.1%. Data not marked with asterisks are not 

significant. GLMMs (Confidence level: 0.95). 

 
 



treatments prepared with roots of the exotic donor were more harmful to seedling growth 

of native species than those prepared with roots of the native donor (Fig. 1). 

 Treatments prepared with leaves of the native donor decreased total biomass of 

A. fastigiatus seedlings between 15 and 21% (P<0.01, table 2, Fig. 2a), but had no effect 

on total biomass of L. aurea (Fig. 2b); leaves and roots of the exotic donor reduced 

biomass of A. fastigiatus seedlings between 10 and 20%, and between 6 and 16%, 

respectively (P<0.05, table 2, Fig. 2c) and of L. aurea seedlings between 27 and 31%, and 

between 15 and 40% respectively (P<0.001, table 2, Fig. 2d). For the exotic donor, 

treatments prepared with roots were slightly more harmful to seedling growth than those 

prepared with shoots (P<0.01, table 2, Fig. 2d).  

Fig. 2. Biomass incorporation of native seedlings. Influence of leaves and roots of Andropogon bicornis L. (native 

donor - a, b) and Andropogon gayanus Kunth. (exotic donor - c, d) incorporated into the soil on the total biomass 

of the target native species Andropogon fastigiatus Sw. and Lepidaploa aurea (Mart. Ex DC.) H. Rob. Seedlings 

were grown for 13 days (except L. aurea which was grown for 18 days) at a temperature regime of 17/27°C 

(night/day) under a 12-hour photoperiod (white light). Level of significance (probability) of the effects of 

treatments in respect to control: * significant at 5%; ** significant at 1%; *** significant at 0.1%. Data not marked 

with asterisks are not significant. GLMMs (Confidence level: 0.95). 

 



Treatments prepared with leaves and roots of the native donor did not affect the 

number of leaves but increased the number of lateral roots of A. fastigiatus (P<0.01, table 

2, Fig.  3a) and L. aurea seedlings (P<0.05, table 2, Fig. 3b). Treatments prepared with 

leaves and roots of the exotic species did not affect the number of leaves and lateral roots 

of A. fastigiatus (table 2, Fig. 3c), however, they reduced the number of leaves (P<0.01), 

and increased the number of lateral roots of L. aurea (P<0.001, table 2, Fig. 3d).  

 

Fig. 3. Number of leaves and lateral roots of the target species under the influence of donor species. Influence of 

leaves and roots of Andropogon bicornis L. (native donor - a, b) and Andropogon gayanus Kunth. (exotic donor - 

c, d) incorporated into the soil on the number of leaves and lateral roots of target native species Andropogon 

fastigiatus Sw. and Lepidaploa aurea (Mart. Ex DC.) H. Rob. Seedlings were grown for 13 days at a temperature 

regime of 17/27°C (night/day) under a 12-hour photoperiod (white light). Level of significance (probability) of the 

effects of treatments in respect to control: * significant at 5%; ** significant at 1%; *** significant at 0.1%. Data 

not marked with asterisks are not significant. GLMMs (Confidence level: 0.95). 

 

 



3.2. Effects of the donor species on the growth of exotic target species 

Treatments prepared with leaves of the native donor inhibited the shoot growth of 

M. minutiflora between 20 and 26% (P<0.05), and root growth between 5 and 17%  (table 

3, Fig. 4a). By contrast, treatments prepared with roots of the native donor had minimal 

impact on M. minutiflora growth (P<0.001, table 3, Fig. 4a) and varied from promotion 

to inhibition of shoot (P<0.05, table 3, Fig. 4b) and root (P<0.01, table 3, Fig. 4b) growth 

of S. elata at higher ratios.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Statistical analysis of growth parameters. Generalized linear mixed models 

(GLMMs) testing the influence of leaves and roots of Andropogon bicornis L. (native 

donor) and Andropogon gayanus Kunth. (exotic donor) incorporated into the soil on the 

shoot and root growth, total biomass and number of leaves and roots of the exotic species 

Melinis minutiflora P. Beauv. and Stapfochloa elata P.M. Peterson. 

Note: Confidence level: 0.95. 

 

              NATIVE DONOR EXOTIC DONOR 

Target species Variable Treatment Estimative  ± SE p-value Estimative  ± SE p-value 

Melinis minutiflora P. 
Beauv. 

 

  

 0.75% -0.01 ± 0.04 0.1 -0.2 ± 0.04 <0.001 

Shoots 1.5% -0.002 ± 0.04 0.9 -0.2 ± 0.04 <0.001 

 3% -0.009 ± 0.04 <0.05 -0.2 ± 0.04 <0.001 

 Plant part  0.004 ± 0.03 0.8 -0.02 ± 0.03 0.4 

 0.75% -0.1 ± 0.05 <0.01 -0.07 ± 0.08 0.3 

Roots 1.5% -0.2 ± 0.05 <0.001 -0.03 ± 0.08 0.6 

3% -0.1 ± 0.05 <0.01 -0.2 ± 0.08 <0.05 

Plant part  0.07 ± 0.04 0.07 -0.03 ± 0.06 0.5 

 

Total 

biomass 

 0.75% -0.4 ± 0.08 <0.001 0.006 ± 0.05 0.8 

 1.5% -0.3 ± 0.08 <0.001 0.04 ± 0.05 0.4 

3% -0.4 ± 0.08 <0.001 0.05 ± 0.05 0.3 

Plant part  -0.03 ± 0.05 0.5 0.01 ± 0.03 0.6 

 

 

Leaves 

 0.75% 0.01 ± 0.1 0.8 0.0002 ± 0.8 1 

 1.5% 0.04 ± 0.1 0.7 0.3 ± 0.8 0.8 

3% 0.05 ± 0.1 0.6 -0.06 ± 0.7 0.7 

Plant part  -0.03 ± 0.08 0.6      0.2 ± 0.01 0.8 

 

Lateral roots 

 0.75% -0.1 ± 0.1 0.3 -0.5 ± 0.1 <0.001 

 1.5% -0.1 ± 0.1 0.3 -0.4 ± 0.1 <0.01 

3% -0.4 ± 0.1 0.001 -0.6 ± 0.1 <0.001 

Plant part  -0.1 ± 0.09 <0.05 -0.1 ± 0.1 <0.01 

Stapfochloa elata P.M. 

Peterson 

 
 

 

 0.75% 0.1 ± 0.07 <0.05 -0.08 ± 0.03 <0.05 

Shoots 1.5% 0.07 ± 0.07 0.3 -0.06 ± 0.03 0.09 

 3% -0.03 ± 0.07 0.5 -0.1 ± 0.03 <0.01 

 Plant part  -0.09 ± 0.05 0.07 -0.02 ± 0.02 0.4 

 0.75% 0.2 ± 0.07 <0.01 -0.1 ± 0.05 <0.05 

Roots 1.5% 0.1 ± 0.07 0.1                    -0.1 ± 0.05 <0.05 

3% 0.09 ± 0.07 0.2 -0.2 ± 0.05 <0.001 

Plant part  -0.04 ± 0.05 0.4 -0.1 ± 0.03 <0.001 

 

Total 

biomass 

 0.75% 0.1 ± 0.05 0.051 -0.02 ± 0.06 0.7 

 1.5% 0.1 ± 0.05 <0.05 0.02 ± 0.06 0.7 

3% 0.2 ± 0.05 <0.001 -0.08 ± 0.06 0.2 

Plant part  0.09 ± 0.03 <0.01 -0.02 ± 0.04 0.6 

 

 

Leaves 

 0.75% 0.08 ± 0.1 0.5 -0.04 ± 0.1 0.7 

 1.5% 0.1 ± 0.1 0.2 -0.03 ± 0.1 0.7 

3% 0.2 ± 0.1 0.1 -0.09 ± 0.1 0.4 

Plant part  -0.03 ± 0.1 0.7      0.008 ± 0.09 0.9 

 
Lateral roots 

 0.75% 0.02 ± 0.2 0.9 0.3 ± 0.2 0.1 

 1.5% -0.3 ± 0.2 0.1 0.2 ± 0.2 0.3 

3% -0.4 ± 0.2 0.06 0.009 ± 0.2 0.9 

Plant part  -0.6 ± 0.1 <0.001 -0.4 ± 0.1 <0.01 



 

 

Treatments prepared with leaves and roots of the donor exotic reduced the shoot 

growth of M. minutiflora seedlings between 22 and 29%, and between 21 and 32%, 

respectively (P<0.001, table 3, Fig. 4c), and inhibited root growth between 16 and 17%, 

and between 18 and 24%, respectively (P<0.05, table 3, Fig. 4c). These same treatments 

inhibited the shoot growth of S. elata seedlings between 7 and 11%, and between 8 e 14%, 

respectively; and root growth between 3 and 18%, and between 23 and 26%, respectively 

(P<0.05, table 3, Fig. 4d). Once again, treatments prepared with roots were more harmful 

to growth of the target species than those prepared with leaves (P<0.001, table 3, Fig. 4).  

Substrates prepared with leaves and roots of the native grass reduced the biomass 

of M. minutiflora between 31 and 54%, and between 25 and 48%, respectively; by 

Fig. 4.  Relative growth of exotic species. Influence of leaves and roots of Andropogon bicornis L. (native donor - 

a, b) and Andropogon gayanus Kunth. (exotic donor - c, d) incorporated into the soil on the shoot and root growth 

of target exotic species Melinis minutiflora P. Beauv. and Stapfochloa elata P.M. Peterson. Seedlings were grown 

for 13 days at a temperature regime of 17/27°C (night/day) under a 12-hour photoperiod (white light). Level of 

significance (probability) of the effects of treatments in respect to control: * significant at 5%; ** significant at 1%; 

*** significant at 0.1%. Data not marked with asterisks are not significant. GLMMs (Confidence level: 0.95). 



contrast, they increased biomass of S. elata seedlings (P<0.001, table 3, Figs. 5a and b). 

Treatments prepared with leaves and roots of the exotic grass did not affect biomass of 

both M. minutiflora and S. elata seedlings (table 3, Figs. 5c and d). 

 

Treatments prepared with plant material of the native donor did not affect the 

number of leaves but decreased lateral roots of M. minutiflora seedlings (P<0.001, table 

3, Fig. 6a); these treatments did not significantly affect the number of leaves and lateral 

roots of S. elata seedlings (table 3, Fig. 6b). Treatments prepared with leaves and roots of 

the donor exotic did not influence the number of leaves of M. minutiflora and S. elata 

seedlings, but significantly reduced the number of lateral roots for M. minutiflora 

seedlings (P<0.01, table 3, Figs. 6c and d).  

 

Fig. 5. Biomass incorporation of exotic seedlings. Influence of leaves and roots of Andropogon bicornis L. (native 

donor - a, b) and Andropogon gayanus Kunth. (exotic donor - c, d) incorporated into the soil on the total biomass 

of target exotic species Melinis minutiflora P. Beauv. and Stapfochloa elata P.M. Peterson. Seedlings were grown 

for 13 days at a temperature regime of 17/27°C (night/day) under a 12-hour photoperiod (white light). Level of 

significance (probability) of the effects of treatments in respect to control: * significant at 5%; ** significant at 1%; 

*** significant at 0.1%. Data not marked with asterisks are not significant. GLMMs (Confidence level: 0.95). 

 



 

4. Discussion 

4.1. Effects of the donor species on the growth of native target species 

Treatments prepared with roots of the native grass (A. bicornis) promoted shoot 

growth of the native A. fastigiatus and increased lateral root profusion for both A. 

fastigiatus and L. aurea seedlings. Although the treatments prepared with leaves of the 

native inhibited root growth and reduced total biomass for A. fastigiatus, these negative 

effects could be counteracted by the positive effects on shoot growth and lateral root 

profusion. Taking together, the overall effect of the native grass on the initial growth of 

the native species approaches varied between -16 and 19% for A. fastigiatus and between 

-2 and 6% for L. aurea. Previous studies reported that allelochemicals may promote plant 

Fig. 6. Number of leaves and lateral roots of the target species under the influence of donor species. Influence of 

leaves and roots Andropogon bicornis L. (native donor - a, b) and Andropogon gayanus Kunth. (exotic donor - c, 

d) incorporated into the soil on the number of leaves and lateral roots of the exotic species Melinis minutiflora P. 

Beauv. and Stapfochloa elata P.M. Peterson. Level of significance (probability) of the effects of treatments in 

respect to control: * significant at 5%; ** significant at 1%; *** significant at 0.1%. Data not marked with asterisks 

are not significant. GLMMs (Confidence level: 0.95). 

 



growth of congeneric species (Loayza et al., 2017; Thiébaut et al., 2019), what might 

explain the growth stimulus of A. fastigiatus by A. bicornis reported in the present study. 

 Indeed, our results suggest that the plant litter (containing both leaves and roots) 

of A. bicornis might not inhibit seedling growth of the two target species under field 

conditions; instead, it might stimulate the initial growth of L. aurea and the number of 

leaves and lateral roots for both native species, indicating that the potential allelopathic 

properties of A. bicornis might not arrest the initial establishment of both native species 

in the field. A larger number of lateral roots might optimize nutrient uptake from the soil 

by increasing the absorption area of the root system (Pélissier et al., 2021). Such potential 

allelopathic effects of the native grass on other native species might also contribute with 

restoration approaches, for example, because the fast development of native species, in 

particular L. aurea (Lopes et al., 2018) would be desirable in order to overcome the 

potential negative impacts of exotic species that usually establish faster and impair soil 

coverage by native ones (Sampaio et al., 2015; Liaffa, 2020). If so, allelopathic studies 

with an ecological approach might contribute with the management and conservation of 

natural areas (Bensusan, 2006). However, since potentially allelopathic interactions are 

mediated by several factors, including competition (Del Fabbro et al., 2014), field studies 

are extremely important to unravel how allelopathy could effectively interfere with plant 

growth and community dynamics under natural conditions (Uesugi et al., 2019). 

In contrast with the effects produced by the native donor, we found that treatments 

prepared with leaves and roots of the exotic donor A. gayanus reduced shoot and root 

growth and total biomass of both native species, suggesting that plant litter of the exotic 

grass might inhibit the initial growth of these native species under field conditions. 

Although the number of lateral roots of L. aurea was slightly increased by the exotic 



donor, the number of leaves were sharply reduced, so the overall effect of A. gayanus on 

seedling differentiation varied from positive to negative.  

Previous studies showed that delayed root growth compromises seedling survival, 

and such allelopathic interferences might ultimately affect the composition of 

communities (Facelli and Picket, 1991; Catalán et al., 2013; Arroyo et al., 2015). As the 

root system is generally the first plant tissue to come into contact with substances in the 

soil (Chung et al., 2001, Maraschin-Silva and Aquila, 2006), allelochemicals tend to have 

a greater effect on root than shoot growth parameters (Tawaha and Turk, 2003; Wakjira 

et al., 2005), and we have found evidence for this in the present study.  

Soil by itself may have also contributed for the growth stimulus we observed 

among native species (table A.1), as native species are in theory better adapted to Cerrado 

soils than exotic ones (Furley and Ratter, 1988; Lopes and Guilherme, 2016). The higher 

aluminum content and more acidic soil of the area where the donor and target natives 

coexist might benefit the growth of native in comparison to exotic species. So, native 

species might benefit when grown in more acidic soils (as the donor native’s area) in 

comparison to less acidic soils (donor exotic’s area).  

The fact that the treatments prepared with exotic plant material reduced the initial 

growth and seedling biomass of native species might be related to the fact that the 

potentially allelochemical compounds produced by the exotic grass are not recognized or 

are more harmful to native species than allelochemicals eventually produced by native 

donors (Hierro and Callaway, 2021). This suggests that allelochemicals produced by A. 

gayanus might somewhat facilitate its invasion of areas previously covered by native 

species, such a finding agrees with the novel weapons hypothesis (Callaway and 

Ridenour, 2004). The studies of Yuan et al. (2021) showed a similar pattern of allelopathic 

response as ours. They showed that exotic species promoted greater effects on the growth 



of natives, and native donor species promoted greater effects on exotic target species. 

Their results supported both the novel-weapons hypothesis and the homeland-security 

hypothesis. However, they did not find a response associated with coevolution (Yuan et 

al., 2021). 

 

4.2. Effects of the donor species on the growth of exotic target species 

Substrates containing leaves and roots of the donor native reduced root growth, 

total biomass, and the number of lateral roots of M. minutiflora seedlings, indicating a 

potentially negative allelopathic effect of A. bicornis on the growth of this African grass. 

In contrast to their positive effects on the growth of native seedlings, the negative impacts 

of the native donor on the growth of M. minutiflora substantiate the homeland security 

hypothesis, which suggests that the lack of shared evolutionary history (Callaway and 

Ridenour, 2004) and biochemical recognition (Hierro and Callaway, 2021) might make 

exotic invaders more susceptible to chemical compounds produced by native species 

(Cummings et al., 2012). Similar response patterns were reported in other studies 

(Cummings et al., 2012; Hou et al., 2012; Lopes et al., 2018; Ning et al., 2016), and 

indicate the potential use of A. bicornis in hampering the growth and spread of this exotic 

grass over both native and degraded areas of the Cerrado.  

Melinis minutiflora represents a very undesirable species in areas under ecological 

restoration, since its rapid growth patterns and fast spread hinders the establishment of 

native species and compromises restoration efforts (Sampaio et al., 2015; Liaffa, 2020). 

Native species, such as Caryocar brasiliense Cambess., Qualea parviflora Mart. and 

Eugenia dysenterica DC. were shown to reduce the germination and initial growth of M. 

minutiflora through the release of chemical compounds by their leaves (Aires, 2007). 

Considering the positive effects of A. bicornis on seedling growth of some native species 



and the negative impacts on seedling growth of this exotic grass, the use of C. brasiliense, 

Q. parviflora, E. dysenterica and A. bicornis in areas under restoration represent a 

promising approach to control the spread of exotic species, in particular M. minutiflora. 

In contrast to the negative effects of A. bicornis on the growth parameters of M. 

minutiflora, this donor native had a positive effect on the growth of S. elata. Considering 

that the biogeographical origin of the South American S. elata is closer than that of the 

African M. minutiflora, our findings demonstrate that this native donor might have a 

milder allelopathic impact on species with a closer biogeographic origin and/or that have 

coexisted for longer than on species from more distant regions (Callaway and Aschehoug, 

2000; Callaway and Ridenour, 2004; Cummings et al., 2012; Del Fabbro et al., 2014; 

Ning et al. 2016). A longer period of coexistence between species might contribute for a 

better biochemical recognition of allelochemicals produced by each other (Hierro and 

Callaway, 2021) and, consequently, for the potential development of chemical defenses 

(Callaway and Ridenour, 2004).  

The exotic A. gayanus reduced seedling growth of the exotics M. minutiflora and 

S. elata. The negative effects between exotic species were previously reported by Barbosa 

et al. (2008); they showed that the African grass Brachiaria decumbens (Ness) Stapf. 

reduced the germination of caryopses of M. minutiflora through the release of 

allelochemicals. This might help to explain the displacement of M. minutiflora by B. 

decumbens in Cerrado areas (Pivello et al., 1999a and 1999b). Since all three exotic 

grasses have similar physiological characteristics, such as rapid growth and efficient 

photosynthesis and reproduction (Brighenti et al., 2007; Durigan et al., 2007; Martins et 

al., 2009; Aires et al., 2014; Musso et al., 2019), our studies suggest that the potential 

allelopathic effects of A. gayanus on the initial growth of M. minutiflora and S. elata 

might provide this exotic grass a competitive advantage over the other two and 



consequent predominance in areas under invasion. However, our results contrast with the 

novel weapon hypothesis, since the African donor significantly reduced the initial growth 

of the other two exotics, in particular the African target species, what would not be 

expected to occur between species which share a close biogeographical origin (Callaway 

and Ridenour, 2004). It was shown that root exudates of A. gayanus inhibit biological 

nitrification (Subbarão et al., 2007), which might compromise N availability in soil and 

consequently arrest plant growth (Tothill et al., 1985). This might explain why roots 

of A. gayanus had a stronger influence than leaves on the initial growth of all target 

species, including the exotic M. minutiflora. Also, it is important to mention that our 

studies were conducted using Cerrado’s soil as substrate, which chemical and 

physical properties are distinct from the African soils where these species come 

from (Scholes, 1997). Consequently, the potential allelophatic interactions between 

exotic donor and exotic targets reported here might not represent what might be observed 

among exotic species in their natural regions of occurrence. In this sense, in situ 

studies might provide new insights about the dominance of A. gayanus in respect 

to M. minutiflora and S. elata in their areas of occurrence and the involvement of 

allelopathy in their interactions.  

 

5. Conclusions 

The donor native Andropogon bicornis had no significant effect on the initial 

growth of the native species Andropogon fastigiatus and Lepidaploa aurea; moreover, it 

promoted the growth of Stapfochloa elata, a grass species not native of the Cerrado but 

with a close biogeographic origin, and inhibited the growth of the African Melinis 

minutiflora, suggesting that through the release of allelochemicals A. bicornis might 

contribute with community resistance to invasion by African grasses. Taking together, 



our results are in line with the homeland security hypothesis. However, field studies are 

necessary to check if such effects persist under natural conditions.  

On the other hand, the donor exotic Andropogon gayanus inhibited the initial 

growth of both native and exotic species. Our findings partially agree with the novel 

weapon hypothesis, because such an inhibitory effect among the African grasses would 

not be expected. On the other hand, the negative effects on the initial growth of both 

native and exotic species might be contributing with its successful and fast spread over 

tropical South America. Important to mention that our studies compared the effects of 

two congeneric donor species, hence the exotic-native comparison is not phylogenetically 

biased. Our findings reinforce the need to consider allelopathic interactions in 

management efforts of native and exotic species in both natural ecosystems and disturbed 

areas, particularly those under restoration, where the control of invasive species is 

essential for the conservation of the native vegetation and restoration success. 
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Material suplementar da tese  

 

Para melhor compreender o potencial alelopático das espécies doadoras estudadas 

neste trabalho, avaliou-se também a influência dos tratamentos no crescimento da 

cultivada Lactuca sativa var. Grand Rapids TBR. No entanto, os dados não foram 

adicionados ao artigo, por isso foram apresentados em sessão isolada. 

 

Evidência alelopática das espécies doadoras na cultivada Lactuca sativa var. Grand 

Rapids TBR. 

Os tratamentos preparados com folhas da doadora nativa (A. bicornis) reduziram 

o crescimento da parte aérea e radicular de L. sativa entre 15 e 30%, e entre 35 e 41%, 

respectivamente (P<0.001, tabela 4, Fig. 7a). Já os tratamentos preparados com raízes 

reduziram o crescimento da parte aérea e radicular entre 8 e 13%, e entre 14 e 21%, 

respectivamente. Similarmente, os tratamentos preparados com material vegetal da 

doadora exótica (A. gayanus) também reduziram o crescimento de plântulas de L. sativa 

(P<0.001, tabela 4, Fig. 7b). A parte aérea sofreu redução entre 15 e 23%, e a parte 

radicular sofreu redução de até 31% no tratamento contendo 1,5% de folhas da doadora 

exótica. Nos tratamentos contendo raízes da doadora exótica, a parte aérea foi reduzida 

em até 32% e a parte radicular entre 19 e 35%. Os tratamentos preparados com material 

vegetal da doadora nativa reduziram a biomassa total de plântulas de L. sativa (P<0.001, 

tabela 4, Fig. 8a) em até 23% no tratamento mais extremo, sendo que os tratamentos 

preparados com o material vegetal da doadora exótica não influenciaram nessa variável. 

Os tratamentos apresentaram mínimos efeitos no número de folhas e raízes laterais da 

espécie cultivada (P<0.001, tabela 4, Fig. 9a e b).  

 



Tabela 4. Modelos generalizados mistos (GLMMs) testaram a influência de folhas e 

raízes de Andropogon bicornis L. (doadora nativa) e Andropogon gayanus Kunth. 

(doadora exótica) incorporadas ao solo no crescimento aéreo e radicular, na biomassa 

total, no número de folhas e raízes da espécie cultivada Lactuca sativa var. Grand Rapids 

TBR. 

Note: Confidence level: 0.95. 

 

 

 

              NATIVE DONOR EXOTIC DONOR 

Target species Variable Treatment Estimative  ± SE p-value Estimative  ± SE p-value 

 

 
 

 

 

 

 

 
 

 
 

Lactuca sativa var. Grand 

Rapids TBR.  

 0.75% -0.1 ± 0.02 <0.001 -0.08 ± 0.05 0.1 

Shoots 1.5% -0.06 ± 0.02 <0.05 -0.2 ± 0.05 <0.001 

 3% -0.2 ± 0.02 <0.001 -0.2 ± 0.05 <0.001 

 Plant part  0.1 ± 0.02 <0.001 -0.001 ± 0.03 0.9 

 0.75% -0.2 ± 0.04 <0.001 -0.09 ± 0.05 0.06 

Roots 1.5% -0.2 ± 0.04 <0.001 -0.3 ± 0.05 <0.001 

3% -0.3 ± 0.04 <0.001 -0.2 ± 0.05 <0.001 

Plant part  -0.1 ± 0.03 <0.001 -0.04 ± 0.03 0.2 

 

Total biomass 

 0.75% -0.2 ± 0.08 <0.01 -0.15± 0.1 0.1 

 1.5% 0.03 ± 0.08 <0.05 -1.9 ± 0.1 0.051 

3% -0.18 ± 0.08 <0.001 -0.4 ± 0.1 0.6 

Plant part  0.2 ± 0.06 <0.001 -0.7 ± 0.07 0.4 

 

 

Leaves 

 0.75% -0.3 ± 0.7 0.9 -0.03 ± 0.1 0.7 

 1.5% -0.0008 ± 0.7 1 -0.08 ± 0.1 0.4 

3% -0.001 ± 0.7 1 -0.05 ± 0.1 0.6 

Plant part  0.001 ± 0.001 0.9        -0.05 ± 0.07 0.4 

 
Lateral roots 

 0.75% 0.08 ± 0.1 0.4 -0.1 ± 0.4 0.8 

 1.5% 0.1 ± 0.1 0.3 -1.9 ± 0.4 0.06 

3% 0.1 ± 0.1 0.1 -0.9 ± 0.4 0.3 

Plant part  0.5 ± 0.07 <0.001 -1.5 ± 0.6 0.1 



 

 

Fig. 7. Influência de folhas e raízes de Andropogon bicornis L. (doadora nativa - a) e Andropogon gayanus Kunth. 

(doadora exótica - b) incorporado ao solo no crescimento da parte aérea e radicular da espécie cultivada Lactuca 

sativa var. Grand Rapids TBR. As plântulas foram crescidas por 13 dias em regime de temperatura de 17/27°C 

(noite/dia) com fotoperíodo de 12h (luz branca). Nível de significância (probabilidade) dos efeitos dos tratamentos 

em relação ao controle: * significativo a 5%; ** significativo a 1%; *** significativo a 0.1%. Dados não marcados 

com asteriscos não foram significativos. GLMMs (Nível de Confiança: 0.95). 



 

 

Fig. 8. Influência de folhas e raízes de Andropogon bicornis L. (doadora nativa - a) e Andropogon gayanus Kunth. 

(doadora exótica - b) incorporado ao solo na biomassa total de Lactuca sativa var. Grand Rapids TBR. As plântulas 

foram crescidas por 13 dias em regime de temperatura de 17/27°C (noite/dia) com fotoperíodo de 12h (luz branca). 

Nível de significância (probabilidade) dos efeitos dos tratamentos em relação ao controle: * significativo a 5%; ** 

significativo a 1%; *** significativo a 0.1%. Dados não marcados com asteriscos não foram significativos. GLMMs 

(Nível de Confiança: 0.95). 

 



 

 

 

 

 

 

 

 

 

Fig. 9. Influência de folhas e raízes de Andropogon bicornis L. (doadora nativa - a) e Andropogon gayanus Kunth. 

(doadora exótica - b) incorporado ao solo no número de folhas e raízes laterais de Lactuca sativa var. Grand Rapids 

TBR. As plântulas foram crescidas por 13 dias em regime de temperatura de 17/27°C (noite/dia) com fotoperíodo 

de 12h (luz branca). Nível de significância (probabilidade) dos efeitos dos tratamentos em relação ao controle: * 

significativo a 5%; ** significativo a 1%; *** significativo a 0.1%. Dados não marcados com asteriscos não foram 

significativos. GLMMs (Nível de Confiança: 0.95). 

 



Cronogramas 

Cronograma I: Cronograma inicial (antes da pandemia) 

 

 

 

 

 

 

 

 

 

 

 
 

 

Semestre/ Atividades 1º/2019 2º/2019 1º/2020 2º/2020 1º/2021 2º/2021 1º/2022 2º/2022 

Elaboração e defesa do projeto X        

Obtenção de créditos em disciplinas X X X      

Coleta de material  X X      

Realização de experimento 1   X X     

Realização de experimento 2    X X    

Realização de experimento 3     X X X  

Análise de dados      X X X X  

Exame de qualificação      X   

Divulgação científica (eventos)    X   X  

Elaboração de artigo     X X X  

Defesa final da Tese        X 



Cronogama II: Cronograma atualizado em função da realidade pandêmica 

 

 

 

 

 

 

 

 

 

 

 

Período/ 

Atividades 

1º/2019 2º/2019 1º/2020 2º/2020 1º/2021 2º/2021 1º/2022 2º/2022 1º/2023 

Elaboração e defesa 

de projeto de tese 

X         

Obtenção de 

créditos em 

disciplinas 

X X X       

Coleta de material  X X X X     

Mudança de projeto   X       

Escrita de novo 

projeto 

  X X      

Coleta de material    X X     

Realização de 

experimentos 

   X X X    

Análise de dados    X X X X   

Escrita de texto para 

qualificação 

   X X X X   

Exame de 

qualificação 

       X  

Divulgação 

científica (eventos) 

   X   X   

Elaboração do artigo 

de germinação 

 X X X X     

Publicação do artigo 

de germinação 

    X     

Elaboração de artigo 

de alelopatia 

      X X  

Submissão do artigo 

de alelopatia 

        X 

Escrita da tese   X X X X X X X 

Defesa da tese         X 



Anexos da tese 

 

Anexo I: Artigo produzido dentro do plano de trabalho originalmente proposto e antes de 

ser modificado em decorrência da pandemia 

 



 



 

















 



 

Anexo II: Resumo apresentado no 71º Congresso Nacional de Botânica 

 

 

Anexo III: Resumo expandido apresentado na 74ª REUNIÃO ANUAL DA SBPC 

 

 



Anexo IV: Artigo resultante da coleta de dados realizada durante o mestrado, escrito 

durante o período pandêmico e publicado na Revista American Journal of Botany durante 

o doutorado. 

 


