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RESUMO

MONTEIRO, Larissa Cassemiro Pacheco, M.Sc, Universidade FederalicdsaV
Fevereiro de 2016.DIVERSIDADE MICROBIANA NA RIZOSFERA DE
PLANTAS EM COMPETICAO. Orientador: Mauricio Dutra Costa. Coorientadores:
Marcelo Nagem Valério de Oliveira e Marcos Rogério Tétola.

As plantas exercem influéncia sobre as populacfes microbianasadaso&s raizes e,

por meio da exsudacédo radicular, promovem mudancas na comunidade microbiana do
solo. Quando duas plantas encontram-se em competicdo, a estruturaudadaoen
microbiana rizosférica difere daguela observada nas monoculturas. Os dirersus

de microrganismos presentes na rizosfera desempenham papéis importapteteque
influenciar positiva ou negativamente o desenvolvimento das plansasitemcdes por

elas estabelecidas. Assim, 0 objetivo deste trabalho foi awaligrupos taxonémicos
microbianos presentes no solo rizosférico de plantas em competicdo e em monocultivo e
relaciona-los comas atividades de promocdo de crescimento ja relatadas. Os
experimentos foram realizados em casa de vegetacdo do Departadento
Microbiologia, da Universidade Federal de Vigosa. Duas espécies deasulfea mays

L. e Glycine max (L.) Merr., e trés espécies de plantas daninpasatdm conyzoides

L., Ipomoea ramosissima (Poir.) Choisy, e Bidens pilosa L., foram avali@d®NA

de células presentes no solo rizosférico foi extraido e, em seguid@aliaada a
amplificacdo por PCR do gene rRNA 16S e da regido ITS de fungos, setpuida
sequenciamento conduzido na plataforma lllumina MiSeq. Para as andstisolo
rizosférico de Zea mays em monocultura e em competicdo com pliamiasias foram
obtidas 200.408 sequéncias de bactérias, 3.062 sequéncias de arqueias e 528.560
sequéncias de fungos. Ja para as amostras de solo rizosférico de @Glgsi foram
obtidos 210.376, 3.107 e 371.526 sequéncias de bactérias, arqueias e fungos,
respectivamente. Em todos os tratamentos avaliados o maior niumero @elegnid
Taxondmicas Operacionais (UTOs) foi registrado para bactérias, segufdogids e

por ultimo de arqueias. Muitas das UTOs encontradas sdo compartiftadaslos os
tratamentos. No entanto foi possivel classificar taxonomicanmeuelas que sao
exclusivas em cada tratamento. Os resultados mostram que os filestdeaBmais
abundantes foram Proteobacteria, Actinobacteria, Acidobacteria, Verrucbmmie
Cloroflexi. Crenarchaeota foi o filo mais abundante de Archaea e Ascomycdta o fi

mais abundante de Fungi. O filo Glomeromycota, que compreende todosgos fun
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micorrizicos arbusculares, também foi observado. Esses fungos apreiseptatantes
papéis ecologicos, incluindo a promocdo de crescimentos de plantasriaBacté
envolvidas na ciclagem do nitrogénio também foram identificadas, cerogidantes

de amonia pertencentes ao Filo Nitrospirae e as arquéias pertenaentgsipo
Thaumarchaeota (Filo Crenarchaeota), e as bactérias fixadoras de ritrogéni
pertencentes as ordens Rhodobacterales e Rhizobiales, e a familia Faankrace
competicao entre culturas e plantas daninhas altera os perfis daidade microbiana
associada a rizosfera dessas plantas, ficando evidente a capapidads plantas
possuem em influenciar a comunidade microbiana a ela associadatarréc
microrganismos especificos a depender da condicdo de competicdo. A ca®unida
microbiana rizosférica, por sua vez, pode interferir na modulacdo dessagdes,

afetando a habilidade competa das plantas.



ABSTRACT

MONTEIRO, Larissa Cassemiro Pacheco, M.Sc, Universidade Feder¥lcdsa,
February, 2016.MICROBIAL DIVERSITY IN THE RHIZOSPHERE OF
PLANTS IN COMPETITON. Adviser: Mauricio Dutra CostaCo-advisers: Marcelo
Nagem Valério de Oliveira and Marcos Rogério Totola.

Plants have a strong influence on the microbial populations associaltetheiit roots
and, by radicular exudation, they promote changes in the soil micrabrahenity.
When two plants are in competition, the structure of the rhizospheric biacro
community differs from that observed in monocultureSeveral groups of
microorganisms present in the rhizosphere play important roles that camebosit
negatively influence the growth of plants and the interactions edtedliby them. The
objective of this work was to evaluate the microbial taxa prasethie rhizosphere of
plants in competition and in monoculture and relate them with grpraimoting
activities already reported. The experiments were conducted in a greendiotise,
Department of Microbiology, Universidade Federal de Vigcosa. Two crop spge&
mays L. e Glycine max (L.) Merr., and three species of weed Agareonyzoides L.,
Ipomoea ramosissima (Poir.) Choisy, and Bidens pilosa L., were evaluaee@NA
from cells present in the rhizospheric soil was extracted, and PCRfiaatijgih of the
bacterial 16S rRNA gene and fungal ITS region were carried out to perforrnsemue
through the lllumina MiSeq platform. For Zea mays rhizosphere soil in monoculture and
in competition with weeds 200,408 sequences were obtained for bacteria,f®,062
archaea and 528,560 for fungal. For Glycine max rizospheric soil, 21@B30F and
371,526 sequences were obtairied bacteria, archaea and fungi, respectively. In all
treatments evaluated, most of the Operational Taxonomic Units (OWHs)ye
identified within bacteria, followed by fungi and archaea. Many Odtdsshared by all
treatments, however it was possible to classify taxonomically tthageare exclusive

for each treatment. Our results show that the most abundant phyla efiBacere
Proteobacteria, Actinobacteria, Acidobacteria, Verrucomicrobia, and Cloroflexi.
Crenarchaeota was the most abundant phylum of Archaea and Ascomycotasthe m
abundant phylum of Fungi. The Glomeromycota phylum, which comprises all
mycorrhizal fungi, was also reported. These fungi have important ecologies,
including plant growth promotion. Bacteria involved in nitrogen cycling weds®

identified, such as the ammonia-oxidizer bacteria belonging to tihespiitae phylum
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and archaea belonging to Thaumarchaeota group (Crenarchaeota Phylum); and
nitrogen-fixing bacteria belonging to Rhodobacterales and Rhizobiales orders and
Frankiaceae family. The competition between crops and weeds causgg<ivathe
microbial communities in the rhizosphere associated with thesésgigghlighting the

ability of plants to influence the associated microbial communityebyuiting specific
microorganisms, depending on the competition conditions. The rhizospheric nicrobia
community, in turn, can interfere in the modulation of this interaction, aftethe

compettive ability of plants.
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INTRODUCAO GERAL

O Brasil € um dos lideres mundiais na producéo e exportacao de varios produtos
agropecuarios, liderando o ranking das vendas externas de soja (MAPA, 2015)éA soja
a cultura agricola brasileira que mais cresceu nas Ultimadéc@slas e corresponde a
49 % da area plantada com graos. O pais € também o terceiro maior prochdal
de milho, com mais de 66 milhdes de toneladas produzidas na safra 2011/2012
(CARVALHO et al., 2014). No entanto essas culturas sdo amplamentdasfegtala
presenca de plantas daninhas.

As plantas daninhas competem diretamente com as culturas por nytAgotes
espaco e luz e, também, indiretamente, quando sdo hospedeiras aterpatia
patdgenos e insetos, podendo ainda dificultar ou impedir a colheita me@ahiRia\,
et al.,, 2014). A competicdo por nutrientes € um dos principais fatores quamimit
crescimento e a producgéo das plantas cultivadas (CARVALHO et al., 2014).

A competicdo entre plantas € influenciaddagspécie da planta daninha e sua
densidade nas areas cultivadas (FARIA et al., 2014). As plantas amrtathbém
podem interferir na producéo das culturas pela producdo de compektpéatios, que
sdo metabdlitos secundarios produzidos pelas plantas que interferersciroemé das
plantas competidoras, sendo uma das principais ferramentas noeestadaaio bem-
sucedido das plantas daninhas no ambiente (SAFDAR et al., 2014).

A cultura do milho, apesar de ser considerada competitiva por promover um
sombreamento intenso do solo, é afetada quando em competicdo comdaaimhaas,

0 que ocasiona reducado do crescimento e da produtividade dos graos (MELO, 2012).
Estima-se que as perdas na cultura, em fungao da competicdo, podamacg % no
sistema de plantio convencional e até 100 % no sistema de plantio dir®@YACHO

et al., 2011), com reducbes de até 90 % do rendimento dos graos (CARVALHQ et al
2007).

A cultura da soja é também afetada pela interferéncia de plamatha
acarretando perdas de qualidade e produtividade dos graos (FIALHO, 2013). Quando as
plantas de soja se encontram sob competicdo com plantas daniohlasraatende, de
maneira geralaincrementar sua altura como forma de aumentar a captacéo ddoadia
solar e sombrear as plantas daninhas (SILVA et al., 2009). No entanto, oacié@mul
massa seca, a area foliar e a relacéo folhas/ramos séo reduzidos (SILVA et al., 2009).

A rizosfera é atualmente definida como a regido do solo que radefieéncia

direta das raizes, possibilitando a proliferacdo microbiana. Essa neg&dorno das
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raizes funciona como um habitat dindmico que apresenta comunitiéciebianas
complexas, que desempenham muitas funcgdes importantes, tanto emssisaIreas
como em sistemas agricolas, participando das transformacdes da or@@nica e dos
ciclos biogeoquimicos (MELO, 2012).

As raizes das plantas sdo responsaveis pela incorporacdo de compostos de
pequeno peso molecular que sdo potencialmente valiosos na rizosferdingermi
estabelecimento de interacdes entre as raizes e 0s microrgapres@stes no solo.
Essas interagbes podem influenciar positivamente o crescimentorda p&a uma
variedade de mecanismos (BAIS, 206

A identificacdo das possiveis interacfes entre plantas dcosrganismos do
solo, que podem beneficiar ou prejudicar a convivéncia entre plantas darinhas
culturas, sdo de extrema importancia para o sucesso da implantagiutencado da
lavoura. O conhecimento de como $@ds interacdes entre os microrganismos do solo
e as plantas, bem como quais sdo 0s grupos microbianos predominantes e seus papéis na
manutencao e sobrevivéncia das espécies vegetais, pode contribuirgoaesso dos
programas de manejo de plantas daninhas nas culturas do milho e da soja.

Assim, o objetivo deste estudo foi avaliar a diversidade da comunidade
microbiana presente na rizosfera de Zea redytycine max cultivadas em monocultura
e em competicdo com plantas daninhas, e relaciona-la coaadtg de promocao de

crescimento anteriormente relatadas.



REVISAO DE LITERATURA

2.1- PLANTAS DANINHAS E PLANTAS INVASORAS

As espécies de plantas consideradiasasorad sdo designadas como uma
pequena porcdo de espécies exoticas, que quando introduzidas, tornam-se Bcalment
dominantes, com a capacidade de alterar comunidades de plantédassas plantas
cultivadas (REINHART & CALLAWAY, 2006). No entanto, os termdplantas
invasoras ou “plantas daninh@stém sido mais comumente empregados para designar
plantas que sdo consideradas indesejaveis em relacdo a alguoede humana
(BRIGHENTI & OLIVEIRA, 2011).

Em um conceito mais amplo, uma espécie é considerada daninistivee e
direta ou indiretamente prejudicando determinada atividade humana, como por
exemplo, plantas interferindo no desenvolvimento de culturas comerciaigaspla
toxicas em pastagens, plantas estranhas em jardins, dentre outras (SILVA et al., 2007).

As plantas daninhas existem em elevadas densidades de esppomsiem
grande capacidade competitiva e adaptativa. As principais espkriplantas daninhas
em plantagcdes no Brasil sdo altamente agressivas, apres@mtaian capacidade de
adaptacao, estabelecimento e perpetuacdo (SANTOS et al., 2012).eEgéares
possuem ainda grande capacidade de germinacdo e producdo de sementes,
desenvolvimento inicial rapido e sementes que permanecemsvEnrdongos periodos
de tempo podendo ser dispersas por diversos mecanismos (SILVA et al.,, 2007,
SANTOS et al., 2012).

As plantas daninhas interferem na salde do homem e em suas atividades,
causando sérios prejuizos. Na agricultura, cerca de 20 a 30 % do custo de producédo
devese ao controle de plantas daninhas (SILVA et al., 2007). Outros prejuizégsdire
causados pelas plantas daninhas incluem: a reducéo da qualidade do produt@ako
0 parasitismo de fruteiras, milho e plantas ornamentais; impedimerdpedaciao da
colheita, como nas infestacdes severas de corda-de-viola (lpomoea spp.), por
diminuirem a eficiéncia das méaquinas; reducdo do valor da cultlagmsenca de
sementes de plantas daninhas, dentre outros. Além desses prejeizss dipresenca
das plantas daninhas reduz a eficiéncia agricola, aumentando os @ugaxlacao
(SILVA et al., 2007; BRIGHENTI & OLIVEIRA, 2011).

Em comunidades de plantas ja estabelecidas, as plantas daninhas possaem ba

capacidade de competir por recursos do meio tais como nutrienteguaz &spaco,
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sendo encontradas principalmente em areas nas quais a vegetacdlofoiaretirada
(BRIGHENTI & OLIVEIRA, 2011). No entanto, as plantas daninhas apresem@ior
habilidade no recrutamento de recursos rdeio do que as plantas cultivadas
(CARVALHO et al., 2007; BRIGHENTI & OLIVEIRA, 2011). Quando em
competicdo, plantas daninhas e culturas utilizam os mesmos recurssscesso de
uma sobre a outra vai depender da capacidade da planta em acd$s&ldanto, essa
capacidade competitiva vai depender da espécie vegetal asstagacdes que esta é

cgpaz de estabelecer com os microrganismos do solo (FIALHO, 2013).

2.2 - COMPETI(;AO ENTRE ESPECIES DE PLANTAS

A competicao pode ser definida como a interacao negativa que ocorre quando 0s
individuos ou plantas competem por recursos ambientais, 0 que leva aoreftuc
crescimento ou da sobrevivéncia das espécies menos adaptadai\RBIZZ
WANDSCHEER, 2014). A habilidade competitiva de uma espécie vegstal
relacionada com a utilizacdo eficiente dos recursos do meio no quaiceatra
(RIZZARDI et al., 2001),e a capacidade de manter a produtividade ou suprimir o
crescimento das plantas concorrentes (CARVALHO et al., 2011).

As plantas daninhas competem com as culturas por agua, luz e nutakimes,
de interferirem na colheita. Dentre as caracteristicas cordaa&lplantas daninhas que
as fazem mais eficientes no uso dos fatores do ambiente e se safresdare as
culturas, estdo incluidas: a elevada capacidade de producdo daeseme outros
disseminulos; a capacidade diferenciada de germinacdo; o rapdovdeimento
inicial; a manutencao da viabilidade das sementes no solo por Emgo;ta producao
e liberacdo de substéancias alelopaticas no solo e a adaptagg@das condi¢cdes
ambientais (SILVA et al., 2007; MELO, 2012

Por outro lado, culturas comerciais tendem a apresentar baixa capacidade
competitiva como consequéncia dos programas de melhoramento que geraram
mudancas expressivas nao sé na produtividade das principais culturascdram na
maior adaptabilidade ao estresse hidrico, maior capacidade de respuokthacédo e
maior resisténciaspragas e doencas (MELO, 2012). Tais mudancas podem ter levado
a selecdo de cultivares menos dependentes de processos ecologitameatea
adaptadas a condicdes artificiais, resultando no baixo potencial cbvopsds culturas
(MASSENSSINI, 2014a).



A competicdo entre plantas daninhas e culturas é responsavel por perdas
significativas na produtividade agricola, e depende de varios fatoresgaiaio a
cultivar, o periodo de competicdo, as espécies de plantas daninhas dasyolvi
densidade da cultura e da planta daninha, condigcbes ambientaispinenas praticas
agricolas aplicadas (CARVALHO et al., 2007; RYAN et al., 2009; SIL&1Al., 2009;
RIZZARDI & WANDSCHEER, 2014). Carvalho et al. (2011), ao avaliarem ososfei
da competicdo entre trés cultivares de milho e seis espéqientkes daninhas sobre o
crescimento inicial e a alocacdo de matéria seca pelasaglastiservaram que as
cultivares de milho testadas apresentaram menor acumulo deansatga quando em
competicdo, sendo que a folha e o caule foram os principais 6rgados afetados
negativamente, e o grau de interferéncia variou com a espécie dadaaitha e com
as diferentes cultivares de milho.

Aspectos fisicos e quimicos do ambiente podem alterar a intensidade eco bala
das interacdes entre as plantas. A disponibilidade de recursos € fatotesque mais
afeta a competicdo entre as plantas, uma vez que quanto maisténfir determinado
recurso (agua, luz e nutrienteskimintensa sera a competicdo (BERGER et al., 2008).
Os fatores abiodticos, além de exercerem papel decisivo na conopdaszaomunidades
vegetais, possuem papel indireto no desenvolvimento das interacoesaeptamtas
(MASSENSSINI et al., 2014a). As condi¢cBes climaticas extremadimitacdo de
espaco, aereo ou subterraneo, promovido pelas plantas daninhas, podem fetabém a
o desenvolvimento das espécies cultivadas (SILVA et al., 2007). Além, dispectos
biolégicos do ambiente podem influenciar na intensidade das relacdeasptantas.
Fialho (2013), observou que as espécies de Bidens pilosa L. e Eleusaze (indli
Gaertn. apresentaram maior colonizacdo por fungos micorrizicos quando em
competicdo com Zea mays L. Esse resultado foi atribuido a getratimpetitiva das
espécies, sendo que as plantas daninhas podem apresentar interagias posit
diversos grupos microbianos do solo.

Parcela significativa da competicdo entre as plantas ocorreoatmisuperficie
do solo onde as raizes exercem papel fundamental no processo competitivo (RIZZARDI
et al., 2001) e na determinacdo do resultado das interacbes planta(BBEWER,

2003). Por meio da liberacdo de exsudatos radiculares que possuem diferentes
combinacdes de compostos organicos, as plantas promovem alteracfes ura elstrut
comunidade microbiana do solo (BAIS et al., 2006), e os microrganismos do solo

apresentam papel importante na determinacdo da habilidade comapéétiplantas
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daninhas e cultivares, podendo alterar os resultados da competicdo (MASIBE Nt
al., 2014a).

Os organismos presentes no solo possuem efeitos diretos ou indiretos no
crescimento das plantas, que podem variar entre efeitos fortementgoppsitie
favorecem o crescimento, como a presenca de fungos micorrizicos, ou efeitos negativos,
como a presenca de patdégenos (BEVER, 2003). Embora varios estudos tenham
demonstrado os efeitos prejudiciais das plantas daninhas a produtividadgaagric

pouca atencao tem sido dada aos aspectos microbiologicos envolvidos.

2.3 - ENVOLVIMENTO DA MICROBIOTA DO SOLO NA

COMPETICAO

As plantas exercem forte influéncia sobre as populacdes microlEanasas
raizes. Isso pode ser explicado pela capacidade diferenciada quier@aganismos
possuem em metabolizar as diferentes fontes de carbono disponiv&lS QOWNER et
al., 2004). Plantas e microrganismos do solo evoluiram concomitantemente, por meio de
um sistema de sinalizacdo quimica, através da secrecamiumacidos, acidos
organicos e acucares, que favorece o crescimento de microrganiamzeshera
(SANTOS et al., 2012). Cerca de 5-21 % do carbono organico total produzido pela
fotossintese sdo transferidos para a rizosfera através dos exsudatotaresdi
(HAICHAR et al., 2014) e utilizado na manutencdo dos microrganismos aénes.
Assim, o0s exsudatos radiculares sdo capazes de afetar a estlautamamunidade
microbiana (BAIS et al., 2006). Além disso, certos componentes dos exsudatos
apresentam influéncia seletiva sobre o0s microrganismos da rizosfetandafe
negativamente algumas espécies e aumentando a competitividadeuths
(MARSCHNER et al., 2004).

Os diversos grupos de microrganismos presentes na rizosfera desempenham
papéis importantes que podem influenciar positiva ou negativameageovélvimento
das plantas e as interagcbes por elas estabelecidas. O regdtati@las interacdes
planta-planta depende das densidades locais de microrganismos stagyaksentes
no solo (ABBOTT et al., 2015). Os fungos micorrizicos arbusculares, por meio de sua
influéncia direta ou indireta na absorcdo de nutrientes e na transfed&ssies as
plantas com as quais se associam, também influenciam a idadsive a habilidade
competitiva de certas plantas (SHAH et al.,, 2008; KLABI et al., 2014)foia

demonstrado que as relacdes de competicdo entre as plantas podeneseriadfis
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tanto pela presenca como pelo tipo de fungo micorrizico (SHAH et al., 2008). Alé
disso, em um estudo realizado com 50 espécies de plantas daninbhsefeado que
41 delas estavam colonizadas com fungos micorrizicos arbuscularesa@ooss
sugerem que essas associacdes conferem vantagens compe#ssgas plantas sobre
as culturas nos ecossistemas agricolas (MASSENSSINI, et al., 2014b).

A vantagem competitev das plantas daninhas sobre as culturas pode ser, em
parte, resultante da interacdo dessas espécies de plantas cososdiyeipos de
microrganismos do solo (REINHART & CALLAWAY, 2006) e as alteracOes apie
plantas daninhas promovem nas comunidades microbianas do solo a elaslassoci
podem resultar na diminuicdo da interferéncia com as cultureBs@y2012). Essas
associacOes podem proporcionar as espécies vegetais envolvidas maior efici@saia no
dos recursos disponiveis, principalmente agua e nutrientes, tornanddésaspiaa a
competir com as culturas.

Assim, a estrutura da comunidade microbiana do solo vai mudar cantades
da associacao com diferentes espécies de plantas. A plantauser rema comunidade
microbiana especifica para a sua rizosfera, pode favorecer seu proprimentsc
alterar o crescimento das espécies de plantas competidoras (BRO&R, Nesse
contexto, plantas invasoras podem liberar compostos singulares no soktaada a
alteracdo da estrutura e funcdo da comunidade microbiana do solo, 0 geenguaite
explicar as vantagens conferidas as plantas daninhas sobre as qWitGiaSE &
KLIRONOMOS, 2005).

As relacdes entre as espécies de plantas e 0s microrganismo$o deiG
complexas e as caracteristicas de adaptabilidade das planiabadapodem ser
influenciadas Bdiretamente pelos microrganismos do solo (SANTOS €204R).
Santos et al. (2012), ao avaliarem o crescimento e 0 acumulo de - necro
micronutrientes em oito espécies de plantas daninhas e namsue milho e feijao,
usando substrato fumigado com brometo de metila, observaram que as culturas do
milho e do feijdo foram menos afetadas pela esterilizacdo do solomparad aos
efeitos causados nas plantas daninhas. Acredita-se que 0s processtsooEmn@eto
genético das culturas nos ultimos anos contribuiram com esse resultado, demdonst
gue estas sdo menos dependentes das associa¢cdes com 0s micasgatasicos do
solo se comparadas as plantas daninhas.

A competicdo entre as plantas promove alteracdes na estrutcoandaidade

microbiana do solo, tornando-a diferente de quando as plantas estdo em monocultura
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(MASSESSINI et al.,, 2014a). Massenssini (2014) avaliou o impacto da coagpet
entre duas culturas (Zea magsGlycine max) e trés espécies de plantas daninhas
(Ageratum conyzoides, Ipomoea ramosissien®idens pilosa) sobre a estrutura da
comunidade microbiana do solo. Apés a determinacdo dos perfis da comunidade
microbiana pelo método do T-RFLP, o autor concluiu que a estrutura da coneuthédad
microrganismos do solo nos tratamentos de competicdo difere significatteache
observado nas monoculturas. Além disso, foi possivel verificar que a edpdguanta
daninha A. conyzoides € fraco competidor, dependente de alta biodiversidade
microbiana para 6timo crescimento, enquanto a cultura de Z. maymiilerada forte
competidor, com baixa dependéncia da biodiversidade microbiana do solo. Foi
observado ainda que existe maior tendéncia de interacdes entre aglagizdantas
com bactérias, se comparadas aos outros grupos microbianos.

Nesse contexto, a comunidade microbiana do solo assume papel central no
estabelecimento das interacfes entre culturas e plantas dasi@hdo capaz de alterar
a habilidade competitiva das espécies. Isso demonstra que o rdasgmpulacdes
microbianas do solo deve ser levado em conta nos programas de confptdetds
daninhas e no estabelecimento de novos modelos agricolas. Diantexiséso) ainda
lacunas no conhecimento dos grupos microbianos que estao presentes na deosfera
plantas em competicdo, das funcdes ecoldgicas desses microrgandgenosmneo eles

influenciam as interacdes entre plantas no ambiente agricola.

2.4— 0O ESTUDO DA DIVERSIDADE MICROBIANA

O estudo das comunidades microbianas, das interagcdes que sao capazes de
estabelecer com as plantas e dos efeitos da alteracdo sobrebaleeist@nto,a
adaptabilidade e, também, a capacidade competitiva, € impgotaat® entendimento
da dindmica dos ecossistemas agricolas. A ecologia microbianda-baseo
conhecimento da composi¢cao e da estrutura das comunidades microbianas @emo bas
para o entendimento dos seus papéis e das suas funcdes ecologicaONNE al.,
2014). Os meétodos independentes de cultivo, que permitem 0 acesso a espécies
microbianas que ndo podem ser cultivadas em laboratério, apresentamiipzenxte
sobre o entendimento das comunidades microbianas no ambiente.

Os avancos cientificos e tecnoldgicos, incluindo os novos procedimentos de
extracdo de acidos nucléicos e o sequenciamento de nova geracdo (SNG@npermi

analises da diversidade da comunidade microbiana, da sua abundédasasaas
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funcdes no ambiente (PYLRO et al., 2014), caracterizando enorme avango neceacesso
no estudo dos recursos biolégicos nos ultimos anos. O grande desenvolvimento
oferecido pelas tecnologias de SNG é a capacidade de produzir grahgessvde
dados de forma mais barata, gerando até milhfes de leituras curtzerpda
(METZKER, 2010).

O sequenciamento de alto rendimento realizado na plataforma Illdonivece
maior cobertura da comunidade microbiana com menor custo por sequéncia,
(CAPORASO et al., 2012; SCHMIDT et al., 2013; KOZICH et al., 2013) estdra
erros inferiores (GLOOR et al., 2010; NELSON et al., 2014), quando comparado com
outras plataformas (ex.: plataforma de pirossequenciamento 454). Essa teafologia
capaz de gerar cinco milhdes de leituras com cerca de 250 pb cadaaemmnica
corrida (CAPORASO et al., 2012; KOZICH et al., 2013). Essa abordagemidem s
bastante usada para estudar a comunidade microbiana a partir dasdamnostras
(MAUGHAN et al., 2012; SANTOS & BICALHO, 2012; MA et al., 2015;
RODRIGUES et al., 2015; ZHANG et al., 2015), mas nao ha relato do uso do SNG para
o estudo da comunidade microbiana associada as raizes de plantas em competicao.

As tecnologias de sequenciamento desenvolvem-se rapida e continoizjame
gerando acumulo de dados (KIM et al., 2013) que, muitas vezes, nao € dtaopan
pelo aumento do processamento e pela criacdo de algoritmos para dodldados.
Para sanar o problema da interpretacdo dos dados de sequenciamentglEo QI
(Quantitative Insights Into Microbial Ecology Software) (CAPORASCale, 2010),
fornece uma ampla gama de andlises e visualiza¢cdes da comunidaolgiana em
estudo. Essa plataforma robusta oferece andlises de network, hiswgramerfaces
gréficas interativas, visando facilitar a caracterizacdo e ang#mierapida de novos

conhecimentos sobre as comunidades microbianas.
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MICROBIAL DIVERSITY IN THE RHIZOSPHERE OF PLANTS IN
COMPETITION

Abstract

Plants have a strong influence on the microbial populations assowiditetieir
roots, promoting changes in the soil microbial community by releasiogexudates.
When two plants are under competition, the structure of the rhizosphiercbral
community differs from that observed in monocultureSeveral groups of
microorganisms present in the rhizosphere play important roles that can affect positivel
or negatively the growth of plants and the interactions establishdteby The aim of
this work was to evaluate the microbial taxa present in the rhizosphptants under
competition and in monoculture and relate them with growth-promotingitaegiv
already reported. The experiments were carried out under greenhouse coratitioms,
Department of Microbiology, Universidade Federal de Vigcosa. Tvp species, Zea
mays L. e Glycine max (L.) Merr., and three weed species, Ageratagzoides L.,
Ipomoea ramosissima (Poir.) Choisy, e Bidens pilosa L., were evaluatedNAe
from cells present in the rhizospheric soil was extracted, follow{d8 Bmplification
and sequencing using the Illumina MiSeq platform. Our results show thanaist
abundant phyla of Bacteria were Proteobacteria, Actinobacteria, Acidobacteri
Verrucomicrobia and Cloroflexi. Crenarchaeota was the most abundant phylum of
Archaea and Ascomycota the most abundant phylum within Fungi. The Glomeramycot
phylum, which compriss all mycorrhizal fungi, was also reported. These fungi have
important ecological roles, including the promotion of plant growth. The d¢areubf
crops and weesdcaused changes in the rhizospheric microbial communitiesrthat
interfere in the establishment of the plant-plant interaction, affettieig competitive

ability.

Keywords: Crop, Weeds, Competition, Microbial Diversity, Archaea, Bacteria, Fungi,

lllumina MiSeq sequencing.
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Introduction

Competition between weeds and crops is responsible for significant iosses
agricultural production (RYAN et al., 2009; SILVIA et al., 2009; CARVALHO et al
2011; RIZZARDI & WANDSCHEER, 2014 When two plants grow together, they
compete for environmental resources and the success of one over the dttiepavitl
on the plant's ability to gain access to such resources. Gendrallyeeds have greater
ability to explore environmental resources than crops (CARVALHO et al.,, 2007;
BRIGHENTI & OLIVEIRA, 2011). Competition results in a decrease awgh and
survival of the less adapted species (RIZZARDI & WANDSCHEER, 2014d)tha
competitive capacity of plants depends on the plant species and dgheatisns
establisked with soil microorganisms (FIALHO, 2013).

The structure and dynamics of plant communities are affected by the direct
impact of a wide range of biotic and abiotic factors. It is beli¢hatbiotic interactions
that occur below ground have an effect equal to, if not greater tiwsg above ground
in the outcome of plant-plant interactions (BEVER, 2003). The roots of plamts a
important players in competition (RIZZARDI et al., 2001jhrough root exudates,
plants can affect the structure of the microbial community rbizosphere
(MARSCHNER et al., 2004, BAIS et al., 2006; HAICHAR et al., 2014

Soil microganisms play key roles in ecological processes, suchhas t
biogeochemical transformations of nutrients and the establishment of peedgat
relationships between plants (BEVER, 2003; MASSENSSINI et al., 2015). The
microorganisms in the rhizosphere have direct and indirect effects oratite @hd can
influence positively (e.g. mycorrhizal fungi) or negatively (e.g. pathogémsiy
development, affecting their invasiveness and competitive abilityRERNOMOS,
2002; BEVER, 2003; WOLFE & KLIRONOMOS, 2005; REINHART &
CALLAWAY, 2006; SHAH et al., 2008; MASSENSSINI et al., 20)4a

The competitive advantage of the weeds over crops may be pastiylaof the
interaction of these species with different groups of soil microrganiREBINHART &
CALLAWAY, 2006), and the changes that weeds promote in the soil mitrobia
communities associated with them, may result in decreases iatedewith cultures
(MELO, 2012). These plant-microrganism associations can provide a marergftise
of available resources for the plant species involved, especialigrvand nutrients,

improving their ability to compete with crops.
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The competition between weeds and crops changes the structure aifilthe s
microbial community, making it different from that observed when plansimr
monoculture (MASSESSINI et al.,, 2004aPlants can recruit specific microbial
communites into their rhizosphere that may favor their own growth and decrease the
growth of competing plant species (BEVER, 2003; MASSESSINI et al.,, 2014a

The association with arbuscular mycorrhizal fungi can influence theetiivg
ability and invasiveness of certain plantdH@@H et al.,, 2008; KLABI et al., 2014).
These fungi play either direct or indirect roles on the uptake of nigtrigansferring
them to the host plants, besides other growth-promoting activities pidsence of
arbuscular mycorrhizal fungi in combination with weeds has also beemte@po
(MASSENSSINI et al., 2014b), raising the hypothesis that these assosi can
provide competitive advantages for the weeds over crops in agricultural ecasystem

Several studies have shown the harmful effects of weeds for the agricultura
productivity of certain crops, but little attention has been given to micao®ys as
modulators of the interactions between them. There &ladf knowledge on which
microbial groups are present in the plant rhizosphere when individualsnder u
competition, which are the putative ecological roles of the rhizospmméceobial
community, and how specific microbial taxa may possibly contribute touteeme of
plant competition. Thus, the aim of this study was to evaluatamibrobial diversity
present in the rhizosphere of Zea mays and Glycine max grown in mamecatid in
competition with weeds and to establish putative growth-promotingiteest to the

resident microbiota based on previous literature reports.
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Materials and Methods

The experiments were conducted under greenhouse conditions at the Department
of Microbiology, Universidade Federal de Vigosa, Minas Gerais, Brahié DNA
samples used for carrying out this study were kindly provided by Andréoslarc
Massenssini (MASSENSSINI, 2014). The experimental design and soillisgmp

procedures were as described below.

Assembly of the experiment

Two crop species, Zea mays variety DKB 390 VT Pro of Dékalid Glycine
max variety MG/BR 46 of EMBRAPA, and three weed species, Ageratunyroides,
Ipomoea ramosissima, and Bidens pilosa, were chosen according to thentdiffere
interactions that these plants establish with the soil micrebiamunity (SANTOS et
al., 2012). The soil used in the experiment was an oxisol collectaad experimental
area belonging to the Universidade Federal de Vigosa. Theiadieand textural
characteristics are shown in Table 1.

The plants were cultivated in plastic pots (29-cm diameter anan2Beight)
containing 10 kg of previously sieved soil, and were maintained for 80 idats
greenhouse during the period of November/2012 to January/2013. The experiment was
conducted in a randomized block design with 15 treatments corresponding to 5
monocultures and 10 competition treatments, with three replicatdse iImanoculture
treatments, the plant species were grown separately, with twaodundls per pot. In the
competition treatments, two plants of one species were combittedne plants of the
competitor species. The seeds were sown at the corners of a sqiraié-aih sides
marked on the soil surface. After emergence, seedlings were wateretbhpithater
Then the growth period, the plants were cut at soil level and drigsl &€, for 5 days,
to the determination of dry weight. The rhizospheric soil, defined as soitdhmins
attached to the roots after gentle agitation, was collected andl stbre4 °C until
analyss. In the competition treatments, the soil was collected in regions where the roots
were in contact with each other. In other words, where there was gptigzessommon
to both species.

To evaluate the composition of the microbial community in the rhizospiere
plants in monoculture and competition, only the treatments involvesy rdays and

Glycine max in monoculture and in all combinations with veaeere used.
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Table 1: Chemical and textural characteristics of the oxisol catbet an experimental
area belonging to the Universidade Federal de Vicosa and used expgbhement
(MASSENSSINI, 2014).

1 2 3 3 3+3 4 6
pI/—| p?! K/ C/a M/g AI/ H+/A| SB ¢ T Vv m MO® Pr(/em
_________________________ Y o S

mg/dm? ?_Tilf/dm A) dag/k malL
46 1, 1,3 1,8 24 89 20, 23,
y 3 54 3 0,36 057 7,1 3 0 3 5 3 3,29 26,2
Coarje Fln?j Silt Clay
san san Textural class
--dag/kg----------=-=-=-=eueuum-
19 14 5 62 Clay

Y'pH in water (1:2,5)% Extractor Mehlich-1(RICHARDSON et al., 2009) Extractor KCI 1
mol L™ (VETTORI, 1969)* Extractor calcium acetate 0,5 mot,LpH 7,0 (\ETTORI, 1969) %
Method of Walkey & Black (JACKSON, 1958) P concentration in equilibrium solution after
1 h shaking, with 0,01 mol Lof CaC), containing 60 mg t of P, soil:solution ratio of 1:10
(ALVAREZ et al., 2000)

Competition Balance Index (G)

The Competition Balance Index {Cfor the evaluated plants was calculated
Massenssin (2014), according to Wilson (1988). It was observed that the variation in the
competitive ability of the plant species studied depending on theqaantiinations. In
the treatments Z. mays vs G. m@xmaysvs B. pilosa, G. maxs B. pilosa, the species
showed similar competitive abilities. Already in the treatmedt mays vs A
conyzoides, Z. mays vs |. ramosissima, G. msA. conyzoides, the cultures showed
greater competitive abilities than weeds. In treatments of competietween G. max
vs |. ramosissima, the weed showed a greater competitive abiliyS@ENSSINI,
2014).

DNA extraction and PCR amplification

To determine the composition of the rhizosphere microbial community, soil
DNA was extracted using the DNA Isolation Power3d{it (MO BIO Laboratories
Inc., Carlsbad, CA, USA) following the manufactuseinstructions (MASSENSSINI,
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2014). The DNA samples were quantified using UBIO Fluorometer (Invitrogehy
Life Technologies), lyophilized and sent to the Argonne National LaborattSy,
where PCR amplification and sequencing using lllumina MiSeq.

The V4 region of 16S rRNA gene was amplified with the specific prifbesé
and 806R (Table 2), and the data generated were sufficient to ahalgtezia and
archaea. The PCR reaction was prepared to a final volume jof, 25ntaining 1QuL
5x Prime HotMasterMix, JL of each primer (200 pM), fiL of total DNA and 12uL
of water for PCR Mobio (Mobio Laboratories Inc., Carlsbad, CA, USA). The PCR was
performed under the following conditions: 94 °C for 3 min to denature the DNA,
followed by 35 cycles corresponding to 94 °C for 45 s, 50 °C for 60 s, and 72 °C for 90
s; with a final extension of 10 min at 72 °C.

The fungal ITS region was amplified with primers ITS2 and ITS1f (Taple 2
The PCR conditions were the same as described dbotlee amplification of the 16S
rRNA.

Table 2 Primers usdin the PCR reaction for Bacteria, Archeae and Fungi.

NAME OF TARGET

PRIMER _ REGION SEQUENCE 5°-3 REFERENCE
CAPORASO et al.,
515F  16SIRNA  GTGCCAGCMGCCGCGGTAA 2012,
CAPORASO et al.,
gosrR*  16STRNA  GGACTACHVGGGTWTCTAAT 2012.
ITSf ITS CTTGGTCATTTAGAGGAAGTAA  OVITT & PEAY,
ITS2* ITS GCTGCGTTCTTCATCGATGC SMITH & PEAY,

*The reverse primers have a barcode with 12 pbssitded in CAPORASO et al., 2012.

Sequencingby lllumina MiSeq

The amplicons were quantified using the PicoGreen (Invitrogen,li@d;l<A,
USA). Different volumes of each amplicon were combined so as to be reprksent
equally. The purification of amplicons was done using the Ultra€l€@R Clean-Up
Kit (Mobio Laboratories Inc., Carlsbad, CA, USA), and then quantification wagd

out using the Qubft (Invitrogenby Life Technologies). The molarity of the amplicon

20



pool was determined and diluted to 2 nM. The amplicons were denatudethen

diluted to a final concentration of 6.75 pM for the sequencing by Illlumina MiSeq.

Processing and analyses of sequencing data

The bioinformatic analyses were performed using the Quantitative Indigbt
Microbial Ecology Software (Qiime v.1.8.0) (CAPORASO et al., 2010; BOKULKIH
al., 2013), using the Brazilian Microbiome Project protocol (PYLRO et al., 2014
2014b.

For the analyses of 16S rRNA gene sequencing data, the following pasamete
were used: minimum quality score = 25, minimum length of the sequen@$§,=
maximum length of the sequence = 1000, no ambiguous base allowed, no mesmatc
allowed in the primer sequence. Truncated reads shorter than 240 bp scarelat.
Sequences with more than 97% similarity were considered the same i@érat
Taxonomic Unit (QU), and comparisons were made with the UPARSE v.7.1
(EDGAR, 2013. The chimeric sequences were identified and removed using UCHIME
(EDGAR et al., 2011). The taxonomy of eaciil®was assigned using the reference
database GreenGenes (DESANTIS et al., 209@he uclust method.

For the analysis of fungal ITS region sequencing data, only the following
parameters diffexd from the analysis cited for the 16S rRNA: truncated reads shoter
than 140 bp were discarded and the taxonomy of ed¢hwas assigned using UNITE
(KOLJALG et al., 2013as the reference datatedy the blast method.

Diversity analysis

Alpha diversity (whithin samples) and beta diversity (between samples)
(LOZUPONE et al., 2007) were calculated using the Qiime softwaoe. alpha
diversity, three metrics were calculated: Chao, which estsngpecies richres
observed OTUs, which estimates the amount of OTUs found in each sangle;
Shannon index, which estimates species diversity. Rarefaction cuevesgenerated
based on the number of observed OTUs in each treatment. For beta diensdiypal
Components Analyses (PCA) were carried out based on the relative abuati@xidé
sampling and Principal Coordinates Analysis (PCoA) were used to check the
relationship between treatments using the distance matrix UniFracigimed) for 16S
rRNA (LOZUPONE et al., 2011), and Bray Curtis metric for ITS. Venn dragravere

generated using a webtool (http://bioinformatics.psb.ugent.be/webtools/Vand/)
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clustered hierarchical heatmaps were made using GENESIS soft/BtHRRN et al.,
2002).
Results

Sequencing resubk

The Illumina MiSeq sequencingr Zea mays rhizosphere soil in monoculture
and in competition with weeds (Table 3) generated 200,408 sequencestéoigbaith
an average of 13,360.53 sequences per sample For archaeal 16S rRNA, our results were
as follows: 3,062 sequences were obtained with an average of 204.13 sequEnces
sample. For the fungal ITS region, 528,560 sequences were recorded, wdragea
of 35,237.33 per sample. For Glycine max, soil samples in monoculturgnand
competition with weeds (Table 4) showed the following results: a t#t&110,376
sequences with an average of 14,025.07 per sample for the 16S rRNA generi;bacte
3,107 sequences for archaeal 16S rRNA gene with an average of 207.133 per sampl
for fungal ITS, aotal d 371,526 sequences were obtained with an average of 24,768.40

sequences per sample.
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Table 3 Average of total reads, OTUs, indices of diversity and % coverage dbrtesatment of rhizosphere in soils cultivated
with Zea mays in monoculture and in competition weeds. The results for each treaimprises the three replicates.

Bacteria Total reads  OTUS? Chao™  Shannorf® % Coveragée’
Zea mays 12,732.67 1,074.33 1,235.06 8.34 98.04
Z. mays vs G. max 17,474.50 1,145.00 1,238.40 8.42 98.95
Z. mays vs |. ramosissima 14,178.67 955.00 1,037.01 8.40 98.96
Z. mays vs A conyzoides 14,838.33 1,188.67 1,336.08 8.39 98.15
Z. mays vs B. pilosa 15,875.00 1,071.67 1,239.00 8.27 98.18
Archaea Total reads  OTUS? Chao™®  Shannorf® % Coveragée
Zea mays 186.67 51.00 61.61 4.73 91.79
Z. mays vs G. max 322.50 63.50 74.68 5.15 95.03
Z. mays vs |. ramosissima  199.00 39.00 45.95 4.40 96.50
Z. mays vs A. conyzoides 221.33 64.00 76.92 5.19 91.54
Z. mays vs B. pilosa 198.67 47.00 59.34 4.47 93.33
Fungi Total reads  OTUS? Chao™®  Shannorf® % Coveragé’
Zea mays 30,988.00 214.67 232.37 5.59 99.95
Z. mays vs G. max 17,092.00 80.00 84.67 4.23 99.95
Z. mays vs |. ramosissima 15,987.67 106.00 124.78 4.90 99.88
Z. mays vs A conyzoides  45,614.67 252.33 270.63 5.82 99.96
Z. mays vs B. pilosa 72,151.33  302.00 323.25 5.54 99.97

497 % identity usetb define operational taxonomic unit (OT.U

® Non-parametric estimator used to predict speciméss (total number of OTUs presents), bassihgletors and doubletons.
Diversity index that indicates species richnesasimtering the abundance of individual taxa. A highémber indicate more diversity.
dEstimate of the proportion of the total diversigyrpled (estimate phylotypes representation in ahepges).
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Table 4: Average of total reads, OTUs, indices of diversity and % coverage dbrtesatment of rhizosphere in soils cultivated
with Glycinemax in monoculture and in competition weeds. The results for each treatment corh@igeee replicates.

Bacteria Total reads OTUS? Chao®®  Shannorf® % Coveragé'
G. max 11,836.67 1,046.33 1,256.50 8.26 97.98
G. maxvs Z. mays 17,485.50 1,142.00 1,235.85 8.43 98.97
G. maxvs I. ramosissima  13,459.00 1,070.00 1,175.95 8.49 98.74
G. max vs A. conyzoides 15,401.67 1,002.67  1,099.75 8.26 98.79
G. max vs B. pilosa 17,770.00 1,151.33 1,263.64 8.35 98.90
Archaea Total reads  OTUS? Chao®®  Shannorf® % Coveragé’
G. max 156.00 43.00 53.74 4.34 89.35
G. max vs Z. mays 318.00 65.50 74.66 4.93 94.41
G. max vs |. ramosissima 171.67 42.67 48.04 4.18 90.22
G. max vs A. conyzoides 218.00 41.67 46.40 4.09 94.89
G. max vs B. pilosa 278.00 56.67 67.48 4.48 92.47
Fungi Total reads  OTUS? Chad®™®  Shannorf® % Coveragé’
G. max 37,558.00 189.33 201.33 5.21 99.96
G. maxvs Z. mays 17,028.00 76.00 87.25 4.16 99.90
G. maxvs |. ramosissima 25,164.33 212.00 245.86 5.58 99.94
G. max vs A. conyzoides 19,142.67 142.33 151.89 5.38 99.96
G. max vs B. pilosa 30,575.00 211.00 228.82 5.25 99.94

497 % identity use to define operational taxonomic unit (OTU).

® Non-parametric estimator used to predict speciméss (total number of OTUs presents), bassihgletons and doubletons.
Diversity index that indicates species richnesasimtering the abundance of individual taxa. A high@mber indicate more diversity.
9 Estimateof the proportion of the total diversity sampled ifeste phylotypes representation in the samples).
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Richness and diversity analyses of OTUs

Archaea was the less abundant group in the rhizosphere of Zea mays and Glycine
max in monoculture or in competition with weeds, followed by fungi (Takded 4). In
all treatments, the largest number of OTUs registered was those corregptmdin
bacteria.

The coverage values showed that most phylotypes present in theesell
asessed during sampling, with values ranging from 89.35 % to 99.96 % (Tahtk 3 a
4).

For bacteria and fungi in the rhizosphere of Zea mays and Glycine ithex,ie
monoculture or in competition with weeds, the rarefaction curves reach&deau,
indicating that the sequencing was reasonable to reveal tddentonber of types of
sequences in the samples (Fig. 1). For archaea, however, the rametacties shoed
that more sequences would be necessary to retaikk\the sequence types present to
better express diversity within the treatments (Fig. 1).

The largest number of bacterial and archaeal OTUs were observed in the
rhizosphere of Z. mays in competition with A. conyzoides and the lomagestfound in
the soil cultivated with Z. mays vs |. ramosissima. The number of fungal OTUs ¢fig. 1
was highestn the Z. mays rhizosphere in competition with Bidens pilosa and lowest
soil from the Z. mays vs G. max. The OTU numbtms bacteriain Glycine max
rhizosphere in monoculture or in competition with weeds was higher for &.irma
competition with B. pilosa and lowefor G. max vs A conyzoides (Fig. 1d). For
archaea, the highest OTU numbers were found in the soil Bomax in competition
with Z. mays and the smallest OTU number was obseie@. max vs A conyzoides
soil (Fig. 1e). The number of fungal OTUs (Fig. 1f) was higher in soil frorm#&x in

competition with 1. ramosissima and lowést G. max vs Z. mays.

Fig. 1 Rarefaction curves for different treatments calculated based on OTUs dadined
97 % similarity level(a) Rarefaction curves for Bacteria OTUs for soil treatments from
Zea mays in monoculture and in competition with we@dxsArchaea in Z. maygc)
Fungi in Z. mays(d) Bacteria in Glycine maxe) Archaea in G. maxf) Fungi in G.

max.
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The Chao index, which represents the total number of species, or the total
number of OTUs present in each treatment, based on singletons and doubletons
(HUGHES et al., 2001), demonstrated, as expected, that all soil treatthat showed
high OTU counts were also those which had high Chao indices (Table 3 anutht). B
for monocultures as well as for the competition treatments with weedsgtiest Chao
indices were observed for bacteria, followed by fungi, and archaea. In the rhizosphere of
Zea mays, the Chao index ranged from 45@®51,336.08 (Table 3while in the
rhizosphere Glycine max, the values ranged from 46.40 to 1,263.64 (Table 4).

The Shannon diversity index, which indicates species richness, considering t
number of taxa and the abundance of individual taxa (CHIARUCCI et al., 2811),
shown in Table 3 and Table 4. The Shannon diversity index range from 4.23 to 8.42 i
the rhizosphere of Zea mays and from 4.09 to 8.49 in the rhizosphere Glycine max.

For soil treatments from Zea mays, 280 (Fig. 2a), 3 (Fig. 2b) and 442@ig
bacterial, archaeal and fungal OTUs, respectively, were shared amaatnadints The
number of exclusive OTUs for rhizosphere soil varied according to thengeatThe
largest number of unique OTUs was 22, observed in the competition treaitneatgs
vs Ipomoea ramosissima for bacteria afat, fungi, in the competition treatment
between Z. mays vs Bidens pilosa (Fig. 2a, 2c). The soil tezasnirom Glycine max
showed 252 bacterial OTUs shared among all treatments (Fig. 2d), 3aaf@hbks
shared among all the treatments (Fig. 2e), and 44 OTUs fungi presghtregatmens
(Fig. 2f). The taxonomy allocated for the unique OTUs for each rhizosphere soill

treatment is shown in Table 5.

Fig. 2 Venn diagram of OTUs from Bacteria, Archaea and Fungi in thersatiments
from Zea mays and Glycine max in monoculture and in competition wetdsva)
Bacteria in Z. mays) Archaeain Z. mays.(c) Fungi in Z. mays(d) Bacteria in G. max.
(e) Archaea in G. maxf) Fungi in G. maxUnique and shared OTUs among treatments
are based on 97 % similarity. The numbers inside the diagram indicatarttieers of
OTUs.
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(a) Bacteria

(d) Bacteria
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Table 5: Unique OTUs of Bacteria, Archaea and Fungi present in each soil tredtme

Bacteria

Zea mays

Acidobacteria; PAUC37f

Actinobacteria; Actinobacteria; Actinomycetales;ckticoccaceae; Rothia
Bacteroidetes; Cytophagia; Cytophagales; CytoplesggcSporocytophaga
Chloroflexi; Anaerolineae; SJA5

Firmicutes; Clostridia; Clostridiales; Lachnospi&ae; Doea

Firmicutes; Clostridia; Clostridiales; Veillonelleae; Veillonella
Fusobacteria; Fusobacteriia; Fusobacteriales; tig@mceae; Leptotrichia
Planctomycetes

Proteobacteria; Alphaproteobacteria; RickettsidRiskettsiaceae; Rickettsia

Z. maysvs Glycine max

Actinobacteria; Actinobacteria; Actinomycetales;ddadioidaceae; Other
Actinobacteria; Rubrobacteria; Rubrobacterales;rBodicteraceae; Rubrobacter
Armatimonadetes; OPB50

Chlamydiae; Chlamydiia; Chlamydiales; Parachlamyeke
Gemmatimonadetes; Gemm-2

Proteobacteria; Betaproteobacteria; Rhodocycl&bkegdocyclaceae; Azospira
Verrucomicrobia; [Pedosphaerae]; [Pedosphaeraibgr; Other

Z. maysvs |. ramosissima

Acidobacteria; Acidobacteria-6; iiil-15; mb2424

Bacteroidetes; Cytophagia; Cytophagales; CytoplesggdCytophaga

Bacteroidetes; Cytophagia; Cytophagales; [Amoehapbae]; Candidatus amoebophilus
Bacteroidetes; VC2_1_Bac22

Bacteroidetes; [Saprospirae]; [Saprospirales];iGhithagaceae; Niabella

Chlorobi; OPB56

Cyanobacteria; Nostocophycideae; Nostocales; Nasgz®; Anabaena

Cyanobacteria; Nostocophycideae; Stigonematalesild&iaceae; Calothrix

Firmicutes; Clostridia; Clostridiales; Peptococcaee

OP11; OP11-3

Proteobacteria; Alphaproteobacteria; Rhizobialesthlocystaceae; Pleomorphomonas
Proteobacteria; Alphaproteobacteria; RhizobialeéyjlBbacteriaceae; Aminobacter
Proteobacteria; Alphaproteobacteria; Rhodobactralgphomonadaceae
Proteobacteria; Alphaproteobacteria; Rhodospieitial

Proteobacteria; Alphaproteobacteria; Sphingomoeagd&phingomonadaceae; Other
Proteobacteria; Betaproteobacteria; A21b; UD5

Proteobacteria; Deltaproteobacteria; NB1-j; NB1-i

Proteobacteria; Gammaproteobacteria; Pseudomosafsleudomonadaceae;
Proteobacteria; Gammaproteobacteria; Xanthomorsidk@ethomonadaceae; Lysobacter
TM6; SJA-4; S1198

Verrucomicrobia; [Methylacidiphilae]; S-BQ&¥
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[Thermi]; Deinococci; Deinococcales; Trueperacdaegpera

Z. maysvs A. conyzoides

Acidobacteria; Acidobacteriia; Acidobacteriales;jdabacteriaceae; Terriglobus
Acidobacteria; S035

Actinobacteria; Actinobacteria; Actinomycetales;ddadiaceae; Nocardia
Bacteroidetes; Flavobacteriia; Flavobacterialegp@worphaceae; Fluviicola
Chlamydiae; Chlamydiia; Chlamydiales; Parachlamyekle; Parachlamydia
Chloroflexi; Anaerolineae; WCHB%50

Chloroflexi; TK17; mle148

Firmicutes; Clostridia; Clostridiales

Firmicutes; Clostridia; Clostridiales; Ruminococeae; Oscillospira
Firmicutes; Clostridia; Clostridiales; Ruminococeae; Ruminococcus
Firmicutes; Clostridia; Clostridiales; Veillonelleae

Nitrospirae; Nitrospira; Nitrospirales; Nitrospieae; JG3AG-70
Proteobacteria; Deltaproteobacteria; Desulfovitales; Desulfovibrionaceae
Proteobacteria; Deltaproteobacteria; FAC87

WS3; PRR-12; Sediment-1

WS3; PRR-12; Sediment-1; PRIR-

Z. maysvs B. pilosa

Actinobacteria; Actinobacteria; Actinomycetales;eptosporangiaceae
Actinobacteria; Actinobacteria; Actinomycetalesgftmomonosporaceae; Other

Verrucomicrobia; [Spartobacteria]; [ChthoniobactesglgChthoniobacteraceae]; OR-59

Archaea

Z. maysvs A conyzoides

Euryarchaeota; Thermoplasmata; E2

Fungi

Z. mays

Ascomycota; Dothideomycetes; Botryosphaerialespgypbrellaceae; Aplosporella
Ascomycota; Dothideomycetes; Pleosporales; OtheriOth

Ascomycota; Dothideomycetes; Pleosporales; Phaeaesplaeae; Other
Ascomycota; Dothideomycetes; Pleosporales; Pleaspae; Edenia
Ascomycota; Dothideomycetes; Pleosporales; Tubeedie; Helicosporium
Ascomycota; Eurotiomycetes; Chaetothyriales; Heigutllaceae; Phialophora
Ascomycota; Sordariomycetes; Hypocreales; Incestalés; unidentified
Ascomycota; Sordariomycetes; Xylariales; Xylarisse@alceomyces
Basidiomycota; Agaricomycetes; Cantharellales; Bitasidiaceae; unidentified
Basidiomycota; Agaricomycetes; Cantharellales; basidiaceae; unidentified
Basidiomycota; Agaricomycetes; Thelephorales; Thtedeaceae; Tomentella
Zygomycota; Incertae sedis; Mucorales; UmbelopgidadtJmbelopsis
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Z. maysvs G. max

Ascomycota; Dothideomycetes; Pleosporales; Lopbinataceae; Lophiostoma

Z. maysvs |. ramosissima

Ascomycota; Sordariomycetes; Diaporthales; Schizopaeae; Coniella
Ascomycota; Sordariomycetes; Hypocreales; Claviaggiae; unidentified
Ascomycota; Sordariomycetes; Hypocreales; Incextals; Acremonium
Basidiomycota; Agaricomycetes; Polyporales; Polgpeae; Other

Z. maysvs A conyzoides

Ascomycota; Dothideomycetes; Capnodiales; TeratmsdiceaeDevriesia
Ascomycota; Dothideomycetes; Pleosporales; Pleaspae; Curvularia
Ascomycota; Orbiliomycetes; Orbiliales; Orbiliace#ethrobotrys
Ascomycota; Sordariomycetes; Chaetosphaerialedgentified; unidentified
Ascomycota; Sordariomycetes; Diaporthales; Togoeag; Phaeoacremonium
Ascomycota; Sordariomycetes; Hypocreales; OthdreOt

Ascomycota; Sordariomycetes; Hypocreales; Nectaac&enocylindrocladium
Ascomycota; Sordariomycetes; Incertae sedis; laees¢dis; Myrmecridium
Basidiomycota; Agaricomycetes; Polyporales; Merdes Phlebia
Basidiomycota; Agaricomycetes; Polyporales; unidiedt unidentified
Basidiomycota; Agaricomycetes; unidentified; unitféed; unidentified
Glomeromycota; Glomeromycetes; Glomerales; Glonggrarunidentified

Z. maysvs B. pilosa

Ascomycota; Dothideomycetes; Capnodiales; unidedtifinidentified

Ascomycota; Dothideomycetes; Incertae sedis; Pseati@ceae; Leuconeurospora
Ascomycota; Dothideomycetes; Patellariales; Patattaae; Rhytidhysteron
Ascomycota; Dothideomycetes; Pleosporales; Pleaspae; Other

Ascomycota; Dothideomycetes; Pleosporales; Tetspblaeriaceae; Tetraplosphaeria
Ascomycota; Dothideomycetes; Pleosporales; Tubeedie; Other

Ascomycota; Eurotiomycetes; Eurotiales; Trichocosaas Other

Ascomycota; Eurotiomycetes; Eurotiales; Trichocoea&s; Talaromyces

Ascomycota; Incertae sedis; Incertae sedis; Ineextdis; Thelonectria

Ascomycota; Leotiomycetes; Helotiales; Other; Other

Ascomycota; Leotiomycetes; Helotiales; Incertagssegtytalidium

Ascomycota; Sordariomycetes; ChaetosphaerialetGéphaeriaceae; Codinaeopsis
Ascomycota; Sordariomycetes; Hypocreales; Necti@c€osmospora

Ascomycota; Sordariomycetes; Hypocreales; Nectaiacenidentified

Ascomycota; Sordariomycetes; Incertae sedis; Anastaceae; Conlarium
Ascomycota; Sordariomycetes; Incertae sedis; Gleltageae; Colletotrichum
Ascomycota; Sordariomycetes; Microascales; Incextals; Cephalotrichiella
Ascomycota; Sordariomycetes; Xylariales; unidesdifiunidentified

Basidiomycota; Agaricomycetes; Boletales; Sclerowgaceae; Pisolithus



Basidiomycota; Agaricomycetes; Polyporales; Ganodégsiceae; Amauroderma
Basidiomycota; Agaricomycetes; Polyporales; Ganodésiceae; Amauroderma
Basidiomycota; Tremellomycetes; Filobasidialespldlsidiaceae; Cryptococcus

Bacteria

G. max

Actinobacteria; Rubrobacteria; Rubrobacterales;r&ldicteraceae; Rubrobacter
Armatimonadetes; SJA-176; RB046

Bacteroidetes; Cytophagia; Cytophagales; Cytoplesggcddhaeribacter
Proteobacteria; Betaproteobacteria; Rhodocycl&bedocyclaceae; Azospira
Proteobacteria; Deltaproteobacteria; BdellovibriesaBacteriovoracaceae

G. maxvs Z. mays
Actinobacteria; Actinobacteria; Actinomycetales;tihomycetaceae; Actinomyces
Bacteroidetes; Bacteroidia; Bacteroidales; Prelaitele; Prevotella
Bacteroidetes; Bacteroidia; Bacteroidales; Rikewele
Bacteroidetes; Bacteroidia; Bacteroidales; S24-7
Bacteroidetes; Cytophagia; Cytophagales; Cytopreaggd-lectobacillus
Chlorobi; BSV26; PK329
Chloroflexi; TK10
Firmicutes; Bacilli; Bacillales; Bacillaceae
Firmicutes; Clostridia; Clostridiales; Other; Other
Firmicutes; Clostridia; Clostridiales; Christenskameae
Firmicutes; Clostridia; Clostridiales; Lachnospgae; Pseudobutyrivibrio
Firmicutes; Clostridia; Clostridiales; Veillonelle@e; Sporomusa
Fusobacteria; Fusobacteriia; Fusobacteriales
Proteobacteria; Alphaproteobacteria; Rhizobialgbp) Other
Proteobacteria; Betaproteobacteria; Rhodocycl&bkepocyclaceae; Dechloromonas
Proteobacteria; Deltaproteobacteria; Desulfuromalesg Desulfuromonadaceae
Proteobacteria; Deltaproteobacteria; Syntrophobalet® Syntrophaceae; Desulfobacca
Proteobacteria; Gammaproteobacteria; Pseudomosatiédeaxellaceae; Moraxella

G. max vs |. ramisissima

Bacteroidetes; Cytophagia; Cytophagales; CytoplesggEnticicia

Bacteroidetes; Flavobacteriia; Flavobacterialegp@worphaceae; Fluviicola
Cyanobacteria; Chloroplast; Chlorophyta; Treboukigeae; Coccomyxa
Proteobacteria; Alphaproteobacteria; RhizobialeagBrhizobiaceae; Other
Proteobacteria; Alphaproteobacteria; RhodospigialAcetobacteraceae; Other
Proteobacteria; Alphaproteobacteria; Rickettsialggychondria; Vermamdm
Proteobac; Betaproteobac; Burkholderiales; Burkériddeae; Candidatus glomeribacter
Proteobacteria; Deltaproteobacteria; NB1-j; NB1-i

Proteobacteria; Gammaproteobacteria; Legionell&@egiellaceae; Coxiella
Verrucomicrobia; Verrucomicrobiae; Verrucomicroles Verrucomicrobiaceae
Verrucomic; Verrucomicrobiae; Verrucomicrobialegrvicomicrobiaceaduteolibacter
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G. maxvs A conyzoides

Actinobacteria; Thermoleophilia; Gaiellales; AK1ABI2E

Bacteroidetes; Cytophagia; Cytophagales; Cytopremggdrudanella

Bacteroidetes; Cytophagia; Cytophagales; [Amoebapbae]; Candidatus amoebophilus
Chlamydiae; Chlamydia; Chlamydiales; Rhabdochlaaw&he; C. rhabdochlamydia
Chloroflexi; Anaerolineae; Anaerolineales; Anaaratieae; Anaerolinea
Chloroflexi; Anaerolineae; SBR1031; Adb

Chloroflexi; TK17; mle148

Cyanobacteria; Synechococcophycideae; Pseudandémena

Elusimicrobia; Endomicrobia

Firmicutes; Bacilli; Lactobacillales; Leuconostoeae

Firmicutes; Clostridia; Clostridiales; PeptococaeSporotomaculum
Gemmatimonadetes; Gemm-3

Proteobacteria; Alphaproteobacteria; Rhizobialdsyd®biaceae; Afifella
Proteobacteria; Alphaproteobacteria; Rhodobacter&eodobacteraceae; Other
Proteobacteria; TA18; CV90

Verrucomicrobia; Opitutae; [Cerasicoccales]; [CEmascaceae];

G. max vs B. pilosa

Acidobacteria; EC1113

Acidobacteria; S035

Actinobacteria; Actinobacteria; Actinomycetales;cktibacteriaceae; Agromyces
Chloroflexi; Anaerolineae; SBR1031; oc28

Elusimicrobia; Elusimicrobia; MVF38

Firmicutes; Bacilli; Turicibacterales; Turicibacheeae; Turicibacter

Firmicutes; Clostridia; Clostridiales; Clostridiaee

Firmicutes; Clostridia; Clostridiales; Veilloneleae; BSV43

MVP-21

OP11

Planctomycetes; Phycisphaerae; Phycisphaeralesidphgeraceae

Proteobacteria; Alphaproteobacteria; Caulobacter&laulobacteraceae; Other
Proteobacteria; Alphaproteobacteria; RhizobialbgjlBbacteriaceae; Other
Proteobacteria; Alphaproteobacteria; RhodospiefiaRhodospirillaceae; Skermanella
Proteobacteria; Betaproteobacteria; A21b; UD5

Proteobacteria; Gammaproteobacteria; Pseudomosadiédeaxellaceae; Enhydrobacter
[Thermi]; Deinococci; Deinococcales; Deinococca¢éanococcus

Archaea

G. max

Crenarchaeota; MCG; pGrfC26
Euryarchaeota; Methanomicrobia; Methanomicrobidethanospirillaceae; Methanospirillum
Euryarchaeota; Methanomicrobia; Methanosarcinaletham@sarcinaceae; Methanolobus

G. max vs B. pilosa
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Euryarchaeota; Thermoplasmata; E2

Fungi

G. max

Ascomycota; Dothideomycetes; Capnodiales; Mycoggiiaeeae; unidentified
Ascomycota; Dothideomycetes; Capnodiales; unidedtifinidentified
Ascomycota; Dothideomycetes; Pleosporales; Massara®g Massarina
Ascomycota; Dothideomycetes; Pleosporales; Phaaesiploeae; Ophiosphaerella
Ascomycota; Dothideomycetes; Pleosporales; Pleaspae; Cochliobolus
Ascomycota; Sordariomycetes; ChaetosphaerialegtGéghaeriaceae; Sporoschisma
Ascomycota; Sordariomycetes; Incertae sedis; Anastaceae; Vertexicola
Ascomycota; Sordariomycetes; Microascales; Microzsaa; Scedosporium
Ascomycota; Sordariomycetes; Ophiostomatales; Gpdroataceae; Sporothrix
Ascomycota; Sordariomycetes; Xylariales; Diatryma;eOther

Basidiomycota; Agaricomycetes; Polyporales; Polgpeae; Grammothele

G. maxvs Z. mays

Ascomycota; Eurotiomycetes; Chaetothyriales; Chhgtiaceae; Cyphellophora
Ascomycota; Sordariomycetes; Hypocreales; Clavmggiae; unidentified

G. max vs |. ramisissima

Ascomycota; Dothideomycetes; Other; Other; Other

Ascomycota; Dothideomycetes; Capnodiales; Davalielhe; Other

Ascomycota; Dothideomycetes; Capnodiales; Incexgaks; Capnobotryella
Ascomycota; Dothideomycetes; Capnodiales; Mycosgtlaeeae; Other
Ascomycota; Dothideomycetes; Incertae sedis; Pseatiaceae; Leuconeurospora
Ascomycota; Dothideomycetes; Pleosporales; Pleaspae; Curvularia
Ascomycota; Eurotiomycetes; Chaetothyriales; Irsmesgedis; Coniosporium
Ascomycota; Orbiliomycetes; Orbiliales; Orbiliace&eher

Ascomycota; Sordariomycetes; Diaporthales; Diapmdiae; Other

Ascomycota; Sordariomycetes; Diaporthales; Togoga®g; Phaeoacremonium
Ascomycota; Sordariomycetes; Sordariales; Lasicsjpdzeae; Other

Ascomycota; Sordariomycetes; Xylariales; Other;eDth

Ascomycota; Sordariomycetes; Xylariales; Diatry@asainidentified
Basidiomycota; Agaricomycetes; Auriculariales; Irae sedis; Exidia
Basidiomycota; Microbotryomycetes; Sporidiobolalesgertae sedis; Sporobolomyces

G. maxvs A conyzoides

Ascomycota; Dothideomycetes; Botryosphaerialesry®sphaeriaceae; Sphaeropsis
Ascomycota; Dothideomycetes; Capnodiales; Teratesdiceae; Other
Ascomycota; Dothideomycetes; Pleosporales; Pleaspae; Edenia

Ascomycota; Dothideomycetes; Pleosporales; Spoemeaie; unidentified
Ascomycota; Leotiomycetes; Helotiales; Incertagsseather

Ascomycota; Sordariomycetes; Diaporthales; Diapatiae; unidentified
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Basidiomycota; Agaricomycetes; Agaricales; Schiztipbheae; Schizophyllum
Basidiomycota; Agaricomycetes; Polyporales; Polgpeae; Coriolopsis
Basidiomycota; Cystobasidiomycetes; Erythrobastgdialncertae sedis; Erythrobasidium

G. max vs B. pilosa

Ascomycota; Dothideomycetes; Botryosphaerialesry®sphaeriaceae; Neodeightonia
Ascomycota; Dothideomycetes; Capnodiales; OthdreOt

Ascomycota; Dothideomycetes; Pleosporales; Phaaesploeae; Phaeosphaeria
Ascomycota; Dothideomycetes; Pleosporales; Tetspblaeriaceae; Tetraplosphaeria
Ascomycota; Incertae sedis; Incertae sedis; Ineextais; Phaeoisaria

Ascomycota; Saccharomycetes; Saccharomycetalestdecsedis; unidentified
Ascomycota; Sordariomycetes; Chaetosphaerialedgentified; unidentified
Ascomycota; Sordariomycetes; Hypocreales; Nectai@c¥enocylindrocladium
Ascomycota; Sordariomycetes; Sordariales; Cephedatteae; unidentified
Ascomycota; Sordariomycetes; Xylariales; Xylariae@ther

Basidiomycota; Agaricomycetes; Auriculariales; Irtae sedis; Heterochaete
Basidiomycota; Agaricomycetes; Boletales; Scleroddaceae; Scleroderma
Basidiomycota; Agaricomycetes; Cantharellales; Biiasidiaceae; unidentified
Basidiomycota; Agaricomycetes; Polyporales; Mer@&e; Bjerkandera
Basidiomycota; Agaricomycetes; Polyporales; Polgpeae; Panus

Basidiomycota; Agaricomycetes; Trechisporales; eniified; unidentified

Rozellomycota; unidentified; unidentified; uniddieidl; unidentified
Zygomycota; Incertae sedis; Mortierellales; unidfead; unidentified

20TU identification was generated in the QIIME (CAP&FO et al., 2010; BOKULICH et al.,
2013) program by comparing OTUs sequences agdiesGreenGenes (DESANTIS et al,
2006) (for Bacteria and Archaea) and UNITE (KOLJAEGal, 2013) (for Fungi) databases.
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Taxonomic composition of the microbial community in Zea mays and
Glycine max rhizosphere

The OTUs of bacteria corresponding to less than 1 % of the total OTitds we
grouped and named as 'Others’. For the taxonomy of Archaea, the term''Others
represent the OTUs whose taxonomy was not assigned. For fungal OTUernthe
‘Others’ included the OTUs that were present in less than 1 % of the total OTUs and
OTUs whose taxonomy was not assigned.

The OTUs of bacteria found in the rhizosphere of Zea mays in monoculiire a
in competition with weeds were classified in 31 different phyla, 181 orders and 430
genera. The dominant phyla (> 1 % of total OTUs) were Proteoba(3dria % of all
sequences), Actinobacteria (24.7 %), Acidobacteria (16.3 %), Verrucomicrobi)6.8
Cloroflexi (4.1 %), Planctomycetes (2%), AD3 (2.1 %), Firmicutes (1.9%),
Gemmatimonades(1.9 %), Bacteroidetes (1.%), and Cyanobacteria (1.1 %), making
up 97.5% of the abundance of bacterial OTUS (Fig. 3a). The competition treatment
between Z. mays vs |. ramosissima preseatewre differentiated profile for bacteria
OTUs, evidenced by the greater abundance of the phyla Proteobacteriad)36.2
Cyanobacteria (2.7 %) and Bacteroidetes (3.2 %), antbwer abundance of
Acidobacteria (14.0 %) compared to the abundances of the same phyla imehe ot
treatments. Within the phylum Proteobacteria, the most abundant inadthéms, 40
orders were detected. Of these, 6 were present at a frequency highet &a
Rhizobiales (12.2 %), Sphingomonadales (3/4), Rhodospirillales (5.1 %),
Myxococcales (3.1 %), Xanthomonadales (2.5 %) and Burkholderiale%}ZHig. S1,
Supplementary data). For the second most abundant bacterial phylum, Actinabdcte
orders were present at a frequency higher than :1Aétinomycetales (14.7%6),
Gaiellales (4.3 %), Solirubrobacterales (368 and Acidimicrobiales (1.7 %) (Fig. S2,
Supplementary data).

The archeal OTUs present in the treatments of Z. mays in monocattdren
competition with weeds were classified into 3 different phyla. Otdhenly the
Crenarchaeota phylurf85.7 %) was dominant. The other two phyla were identified
Parvarchaeota (0.6 %) and Euryarchaeota¥®).{Fig. 3b). The competition treatment
between Z. mays vs A. conyzoides was the only one in which the pladuyarchaeota
could be detected in the Z. mays rhizosphere. For Z. mays in monocultuZe rmagts
vs |. ramosissima treatments the phylum Parvarchaeota could not be Toen@TUs

were classified into four different orders: Nitrososphaerales (35.0 %), NBB-%),
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YLA114 (0.6 %) and E2 (0.1 %). For most of them (6%), taxonomy could not be
assigned (Fig. S3, Supplementary jlata

The OTUs of fungi found in the rhizosphere soil from Z. mays in monoculture
and in competition with weeds were classified into 6 phyla, 50 orders, and 176rdiffe
genera. The dominant phyla were: Ascomycota (64.3 %), Zygomycota (3.5 %), and
Glomeromycota (1.1 %), accounting for 68.9 % of the abundance of fungi foighd (F
3c). The treatment of competition between Z. mays vs B. pilosa shithweekighest
abundance of OTUs belonging to the Ascomycota phyl{g8.3 %), and the
competition between Z. mays vs A. conyzoides showed the highest abenofanc
Glomeromycotg2.2 %) compared to the abundances of these same phyla in the other
treatments. Within Ascomycota, the most abundant in all treasm8mtorders were
found. Of these, eight were present in more than 1 %: Hypocreales (33.1 % RlEsiroti
(7.4 %), Pleosorales (4.6 %), Sordariales (2.8 %), Trichosphaeriales %2.6
Chaetothrytiales (2.2 %), Xylariales (2.2 %) and Incertae sedis %).2Fig. S4,
Supplementary dataWithin the second most abundant fungal phylum, Zygomycota,
only one order was found, Mortierellales (3.5 %) (data not shown).

The OTUs of bacteria found in the rhizosphere soil from Glycine max i
monoculture and in competition with weeds were classified in 32 diffpteyia, 177
orders, and 424 genera. The dominant phyla were praserdre than 26 and were:
Proteobacteria (34.2 %), Actinobacterié?4.4 %) Acidobacteria (17.5 %),
Verrucomicrobia (7.3 %), Cloroflexi (4.1 %), Planctomycetes (2.4 %), AD3 4.3
Gemmatimonadetes (1%), Firmicutes (1.6 %), Bacteriodetes (%2, and Nitrospirae
(1.0%), making up 97.8% of the total abundance of bacteria found (Fig. 3d). Within the
Proteobacteria phylum, the most abundant in all treatments, 39 orders wereTioaind.
most abundant were: Rhizobiales (12.6 %), Rhodospirillales (5,
Sphingomonadales (4.5 %), Myxococcales (26, Xanthomonadales(2.3 %)
Burkholderiales (1.6 %) and Syntrophobacterales @b)3(Fig. S5, Supplementary
data). For the second most abundant phylum of bacteria, Actinobacteria, 4 ongers we
most abundant: Actinomycetales (14.0 %), Gaiellales (4.6 %), Solirubrobastéade
%) and Acidimicrobiales (1.80) (Fig. S6 Supplementary data).

The OTUs of archaea present in the soil treatments of G. max in olamec
and in competition with weeds were classified into three different p@jléhese, only
the Crenarchaeota phyluf®0.6 %) was dominant. The other two identified phyla were

Euryarchaeota (0.7 %) and Parvarchaeota%®).%Fig. 3e). The competition treatment
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between G. max vs A conyzoides was the one in which the Crenarchagata plas
in greater abundance. In G. max monoculture, the Euryarchaeota phylum waasthe
abundant and the Parvarchaeota phylum was absent. The OTUs of angraea
classified into 7 different orders: Nitrososphaerales (38.8 %), NRP-J (1.8 %), YLA114
(0.5 %), Methanomicrobiales (0.4 %), Methanosarcinales (0. 2 %), E2 (0.1 %) and
pGrfC26 (0.1 %). For most of them (584, the taxonomy could not assigned (Fig. S7,
Supplementary da}a

The fungal OTUs were found in the rhizosphere of G. max in monoculture and
in competition with weeds and were classified into five phyla, 53 orders, 168
different genera. Ascomycota (58.5 %), Zygomycota #)3Glomeromycota (1.56),
and Basidiomycota (1.26), were dominant phyla, making up to 67,0 % of the
abundance of fungi found (Fig. 3f). The competition treatment G. max vs y& ma
showed the highest abundance of OTUs belonging to the Ascomycota [{6@@%0),
and the competition between G. max vs B. pilosa presented the highest abundance of the
phylum Zygomycota (8.36), comparedo the abundances of the same phylum in the
other treatments. Within the Ascomycota phylum, the most abundarttreaments,
31 orders were found. The most abundant orders were: Hypocreales %31.1
Eurotiales (5.5 %), Pleosorales (5.1 %), Sordariales (2.7 %), Xylariales¥{R.4
Chaetothrytiales (2.1 %), Incertae sedis @b)3and Trichosphaeriales (192) (Fig. S8,
Supplementary dataFor the second most abundant fungal phylum, Zygomycota, only
one order was found, Mortierellales (5.8 %) (data not shown).

Fig. 3 Taxonomic distribution of OTUs at the phylum level in soil treatmefats.
Bacteria in Zea mays in monoculture and in competition with weébyié\rchaea in Z.
mays. (c) Fungi in Z. mays(d) Bacteriain Glycine max.(e) Archaea in G. max()

Fungi in G. max. The plant species are: A-cédgeratum conyzoides; B.pi Bidens
pilosa; l.ra— Ipomoea ramosissima; G.ma Glycine max and Z.ma Zea mays.

Competition treatments are indicated by “vs” between the name of two species.
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(a) Bacteria
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(d) Bacteria
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The microbial distribution of the most abundant genéwa,rhizosphere soil
treatments of Zea mays (Fig. 4a and 4b) and Glycine max (Eicand 4d) in
monoculture and in competition with weeds, were represented by hierar¢hstatiog
heat map. The values of the relative abundances of each OTU weateddoy color
intensity and those that were significantly different betweennteyatls weremarked
with an asterisk (ANOVA, p < 0.05).

Comparison of the rhizospheric microbial community structure d different
plants

The Principal Components Analyses (PCA) was performed to assess differences
in the microbial community structure of the rhizosphere of the different tnégnested
(Fig. 5). The represented phyla were found in the rhizosphere of all plantsydrothe
relative abundances of each group varied according to the treatments andiit Ean
be observed that the phyla that interfere with the distribution of earbsphere soil
treatments along the principal components.

The Principal Coordinates Analysis (PCoA), based in distance matrixddniF
(unweighted) for bacteria e archaea, and based in Bray Curtis nfetritshgi, was
usedto analyze the relationship among soil tratments. It can be ndheédome soll
samples from the same treatment did not grouped together. This derenstr
differencesin microbial communities between replications, what can be considered
normal, since natural variation between samples are expected to (GegurS9,

Supplementary data

Fig. 4 Distribuition of most abundant microbial genera among soil treatméajs.
Bacterial and Archaeal distribution in soil treatments of Zegsnma monoculture and
competition with weedgb) Fungal in Z. mays(c) Bacterial and Archaeal in Glycine
max (d) Fungalin G. max. For Bacteria and Fungi are showed only 50 most abundant
genera. For Acheaall genera are showed. The values of the relative abundances of
each OTU were indicated by color intensity and those that were sagilfi different
between treatments were marked with an asterisk (ANOVA, p < 0.05)aXbeomic

assignment was done with
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Z. mays vs G. max
Z.mays vs A. conyzoides
Z. mays vs B. pilosa

Z mays

Unassigned (Archaea)

Archaea; Crenarchaeota; Thaumarchaeota; Nitrososphadtitesosp; Candidatus nitrososphaera
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizagjidlgphomicrobiaceae; Rhodoplanes
Bacteria; Acidobacteria; Acidobacteriia; Acidobacterialesribacteraceae

Bacteria; Actinobacteria; Actinobacteria; Actinomycesale

Bacteria; Proteobacteria; Alphaproteobacteria; Sphingom&egmd&phingomonadaceae; Kaistobacter
Bacteria; Proteobacteria; Alphaproteobacteria; Rhodosésli Rhodospirillaceae *

Bacteria; Verrucomicrobia; [Spartobacteria]; [Chthoniob@bs]; [Chthoniobacteraceae]; DA101
Bacteria; Actinobacteria; Thermoleophilia; GaiellaleajgBaceae *

Bacteria; Actinobacteria; Thermoleophilia; Solirubrobaales; Conexibacteraceae

Bacteria; Proteobacteria; Deltaproteobacteria; Myxodesca

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizagji#eadyrhizobiaceae

Bacteria; AD3; ABS-6

Bacteria; Actinobacteria; Actinobacteria; Actinomycesaldicromonosporace

Bacteria; Proteobacteria; Gammaproteobacteria; Xanthadades; Sinobacteraceae *

Bacteria; Acidobacteria; Acidobacteriia; Acidobacteriglésribacteraceae; Candidatus koribacter
Bacteria; Acidobacteria; Acidobacteriia; Acidobacteriafesdobacteriacae*

Bacteria; Acidobacteria; Acidobacteria-6; iiil-15 *

Bacteria; Acidobacteria; Solibacteres; Solibacter@efibacteraceae; Candidatus solibacter
Bacteria; Chloroflexi; TK10; BO7_WMSP1

Bacteria; Actinobacteria; Thermoleophilia; Solirubrobaaltes

Bacteria; Verrucomicrobia; [Spartobacteria]; [Chthoniobadésig Candidatus xiphinematobacter
Bacteria; Proteobacteria; Betaproteobacteria; Burkhialés; Burkholderiaceae; Burkholderia
Bacteria; Actinobacteria; Acidimicrobiia; AcidimicrobiateEB1017

Bacteria; WPS-2

Bacteria; Chloroflexi; Ktedonobacteria; Thermogemmatisles, Thermogemmatisporaceae *
Bacteria; Acidobacteria; DA052; Ellin6513

Bacteria; Proteobacteria; Deltaproteobacteria; Syntrogetzdes; Syntrophobacteraceae
Bacteria; Firmicutes; Bacilli; Bacillales; Bacillam Bacillus

Bacteria; Planctomycetes; Planctomycetia; Gemmat@esimataceae *

Bacteria; Gemmatimonadetes; Gemmatimonadetes

Bacteria; Actinobacteria; Actinobacteria; Actinomycesalerankiaceae

Bacteria; Actinobacteria; Acidimicrobiia; Acidimicrobiale

Bacteria; Acidobacteria; Acidobacteria-5 *

Bacteria; Actinobacteria; Actinobacteria; Actinomycesalicromonosporaceae; Pilimelia
Bacteria; Acidobacteria; Solibacteres; Solibacterales

Bacteria; Acidobacteria; Solibacteres; Solibacter@etibacteraceae

Bacteria; Proteobacteria; Alphaproteobacteria; Ellin329

Bacteria; Proteobacteria; Alphaproteobacteria; CaulolseserCaulobacteraceae; Phenylobacterium
Bacteria; Gemmatimonadetes; Gemmatimonadetes; Ellin5290 *

Bacteria; Nitrospirae; Nitrospira; Nitrospirales; 0319284

Bacteria; Actinobacteria; Actinobacteria; Actinomycesal®treptomycetaceae; Streptomyces
Bacteria; Actinobacteria; Actinobacteria; ActinomycesalEhermomonosporaceae; Actinoallomurus
Bacteria; Planctomycetes; Planctomycetia; Gemmataslesphaeraceae

Bacteria; Proteobacteria; Alphaproteobacteria; Rhodosyésli Acetobacteraceae

Bacteria; Chloroflexi; Ktedonobacteria; Ktedonobacterddésgonobacteraceae

Bacteria; Verrucomicrobia; [Pedosphaerae]; [Pedosphaerglispl5

Bacteria; Chloroflexi; Ktedonobacteria; JGRG-AS9

Bacteria; Proteobacteria; Deltaproteobacteria; Myxodesgc®olyangiaceae

Bacteria; Planctomycetes; Phycisphaerae; WD2101

Bacteria; Bacteroidetes; [Saprospirae]; [Saprospiraistinophagaceae *

Archaea; Crenarchaeota; MBGA; NRP-J

Archaea; Euryarchaeota; Thermoplasmata; E2

Archaea; [Parvarchaeota]; [Parvarchaeal; YLA114

]
0 0,05 >1
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Unassigned (Fungi) *

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Nectriaceaariboms*

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Hypocredceae

Fungi; Ascomycota; Eurotiomycetes; Eurotiales; Trichocomaceadgifem *

Fungi

Fungi; Ascomycota; Sordariomycetes; Trichosphaeriales; Incedae se

Fungi; Ascomycota; Sordariomycetes; Xylariales; Amphisphaeriaceae

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Incertae $édisthecium
Fungi; Ascomycota; Sordariomycetes; Sordariales

Fungi

Fungi; Zygomycota; Incertae sedis; Mortierellales; Mortierellaceaetiétella

Fungi; Ascomycota; Eurotiomycetes

Fungi; Ascomycota; Dothideomycetes; Pleosporales

Fungi; Ascomycota

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Nectriaceae

Fungi; Ascomycota; Sordariomycetes

Fungi; Ascomycota; Sordariomycetes; Hypocreales

Fungi; Ascomycota; Sordariomycetes; Incertae sedis; Annulatasg&mdarium
Fungi; Ascomycota; Sordariomycetes; Hypocreales; NectriaceamoSpera

Fungi; Glomeromycota; Glomeromycetes; Glomerales; Glomegacea

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Hypocreateaelkoderma
Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales

Fungi; Ascomycota; Sordariomycetes; Xylariales

Fungi; Ascomycota; Dothideomycetes; Pleosporales; Pleosporaceae

Fungi; Ascomycota

Fungi; Ascomycota; Dothideomycetes; Pleosporales; Lophiostomatacea@dtopta
Fungi; Ascomycota; Incertae sedis; Incertae sedis; Incertae sedisgdMytiion
Fungi; Ascomycota; Dothideomycetes; Pleosporales

Fungi; Ascomycota; Sordariomycetes

Fungi; Ascomycota; Dothideomycetes; Capnodiales; Davidiellaceae; Cladospor
Fungi; Ascomycota; Eurotiomycetes; Eurotiales; Trichocomaceaergdlus

Fungi; Ascomycota; Dothideomycetes; Pleosporales; Pleosporacea@ Ede
Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales

Fungi; Ascomycota; Sordariomycetes; Hypocreales *

Fungi; Ascomycota; Sordariomycetes; Microascales; MicroaseaBeseudallescheria
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Bionectridceae

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Bionectriaceae

Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales; Herpotrielkigde; Exophiala
Fungi; Ascomycota; Sordariomycetes; Sordariales; Chaetomiaceaetdinium
Fungi; Ascomycota; Leotiomycetes; Helotiales; Incertae sedis; Xylogone

Fungi; Ascomycota; Sordariomycetes; Xylariales; Amphisphaeriaceatg|Bt@psis
Fungi; Basidiomycota; Agaricomycetes; Polyporales; GanoderssaGanoderma
Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales; Herpotricbéglke; Cladophialophora
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Nectriaceae

Fungi; Ascomycota; Eurotiomycetes; Eurotiales; Trichocomaceae

Fungi; Ascomycota; Leotiomycetes; Helotiales

Fungi; Ascomycota; Dothideomycetes; Pleosporales; Sporormiaceasskre
Fungi; Glomeromycota; Glomeromycetes; Archaeosporales; Ambisgae; Ambispora
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Clavicipitaceae

Fungi; Ascomycota; Sordariomycetes; Sordariales
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Unassigned (Archaea)

Archaea; Crenarchaeota; Thaumarchaeota; NitrososphaeCaesidatus nitrososphaera
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizasiig#lgphomicrobiaceae; Rhodoplanes *
Bacteria; Acidobacteria; Acidobacteriia; Acidobacterialésribacteraceae

Bacteria; Actinobacteria; Actinobacteria; Actinomycesale

Bacteria; Proteobacteria; Alphaproteobacteria; Rhodosgésli Rhodospirillaceae *

Bacteria; Verrucomicrobia; Spartobacteria; Chthoniobdetr&hthoniobacteraceae; DA101 *
Bacteria; Actinobacteria; Thermoleophilia; GaiellaleajgBaceae

Bacteria; Proteobacteria; Alphaproteobacteria; Sphingom@sg&phingom.Kaistobacter
Bacteria; AD3; ABS-6

Bacteria; Proteobacteria; Deltaproteobacteria; Myxodesca

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizaki@eadyrhizobiaceae

Bacteria; Actinobacteria; Thermoleophilia; Solirubrobaats; Conexibacteraceae

Bacteria; Proteobacteria; Gammaproteobacteria; Xanthadates; Sinobacteraceae *
Bacteria; Acidobacteria; Acidobacteria-6; iiil-15

Bacteria; Actinobacteria; Actinobacteria; Actinomycesaldicromonosporaceae *

Bacteria; Acidobacteria; Acidobacteriia; Acidobacteriglésribact; Candidatus koribacter
Bacteria; Actinobacteria; Thermoleophilia; Solirubrobaaites

Bacteria; Acidobacteria; Solibacteres; Solibacter@ebacteraceae; Candidatus solibacter
Bacteria; Acidobacteria; Acidobacteriia; Acidobacteripfesdobacteriaceae

Bacteria; Chloroflexi; TK10; BO7_WMSP1

Bacteria; Proteobacteria; Deltaproteobacteria; Syntrohetzdes; Syntrophobacteraceae
Bacteria;Acidobacteria;DA052;Ellin6513

Bacteria; Verrucomicrobia; Spartobacteria; Chthoniobalesy ; Candidatus xiphinematobacter
Bacteria; Chloroflexi; Ktedonobacteria; Thermogemmatiales;, Thermogemmatisporaceae *
Bacteria; Acidobacteria; Acidobacteria-5

Archaea; Crenarchaeota; MBGA; NRP-J

Archaea; Euryarchaeota; Methanomicrobia; Methanomicrobiglethanosp; Methanospirillum
Archaea; Crenarchaeota; MCG; pGrfC26

Archaea; Euryarchaeota; Methanomicrobia; Methanosarcirdi&teanosar¢ Methanolobus
Archaea; Euryarchaeota; Thermoplasmata; E2

Bacteria; Planctomycetes; Planctomycetia; Gemmat@esimataceae *

Bacteria; Gemmatimonadetes; Gemmatimonadetes

Bacteria; Actinobacteria; Acidimicrobiia; AcidimicrobiateEB1017

Bacteria; Actinobacteria; Acidimicrobiia; Acidimicrobiale

Bacteria; Acidobacteria; Solibacteres; Solibacterales

Bacteria; Proteobacteria; Betaproteobacteria; Burkhialds; Burkholderiaceae; Burkholderia
Bacteria; Nitrospirae; Nitrospira; Nitrospirales; 0319284

Bacteria; Verrucomicrobia; [Pedosphaerae]; [Pedosphaerglish15

Bacteria; WPS-2 *

Bacteria; Proteobacteria; Alphaproteobacteria; Ellin329

Bacteria; Actinobacteria; Actinobacteria; Actinomycesalerankiaceae

Bacteria; Actinobacteria; Actinobacteria; Actinomycesale

Bacteria; Actinobacteria; Actinobacteria; Actinomycesallatrasporangiaceae

Bacteria; Firmicutes; Bacilli; Bacillales; Bacillase Bacillus

Bacteria; Acidobacteria; Solibacteres; Solibacter@efibacteraceae

Bacteria; Actinobacteria; Actinobacteria; Actinomycesaldicromonosporaceae; Pilimelia
Bacteria; Gemmatimonadetes; Gemmatimonadetes; Ellin5290

Bacteria; Verrucomicrobia; [Pedosphaerae]; [Pedosphaetrales]

Bacteria; Actinobacteria; Actinobacteria; Actinomycesal®treptomycetaceae; Streptomyces
Bacteria; Proteobacteria; Alphaproteobacteria; Rhodosyéd] Acetobacteraceae *

Bacteria; Proteobacteria; Alphaproteobacteria; CaulotsetgrCaulobactPhenylobacterium *
Bacteria; Planctomycetes; Planctomycetia; Gemmatialesphaeraceae

Bacteria; Chloroflexi; Ktedonobacteria; Ktedonobacterddésgonobacteraceae *

Bacteria; Chloroflexi; Ktedonobacteria; JGRF-AS9

Archaea; [Parvarchaeota]; [Parvarchaea]; YLA114
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Unassigned (Fungi) *

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Nectriaceaarikums

Fungi

Fungi; Zygomycota; Incertae sedis; Mortierellales; Mortierellaceaetidtella
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Hypocreaceae

Fungi; Ascomycota; Eurotiomycetes; Eurotiales; Trichocomaceawgiftem *
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Incertae $édisthecium
Fungi

Fungi; Ascomycota; Sordariomycetes; Sordariales

Fungi; Ascomycota; Sordariomycetes; Xylariales; Amphisphaeriaceae

Fungi; Ascomycota; Dothideomycetes; Pleosporales; Incertae sedis; Sayopsss
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Hypocreateakpderma
Fungi; Ascomycota; Dothideomycetes; Pleosporales

Fungi; Ascomycota; Sordariomycetes; Hypocreales *

Fungi; Ascomycota; Eurotiomycetes

Fungi; Glomeromycota; Glomeromycetes; Glomerales; Glomegatcea

Fungi; Ascomycota; Sordariomycetes; Trichosphaeriales; Incedae se

Fungi; Ascomycota; Sordariomycetes; Hypocreales; NectriaceasoSpera
Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales

Fungi; Ascomycota

Fungi; Ascomycota; Dothideomycetes; Pleosporales; Pleosporaceae

Fungi; Ascomycota; Dothideomycetes; Pleosporales;Lophiostomatasphiegtoma
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Nectriaceae

Fungi; Ascomycota; Sordariomycetes; Incertae sedis; Annulatasc&mdarium
Fungi; Ascomycota; Sordariomycetes; Hypocreales

Fungi; Ascomycota

Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales; Herpotricbégk Exophiala
Fungi; Ascomycota; Dothideomycetes; Pleosporales; Incertae sedis

Fungi; Ascomycota; Sordariomycetes; Xylariales

Fungi; Ascomycota; Dothideomycetes; Pleosporales

Fungi; Ascomycota; Sordariomycetes; Microascales; Microasyddlescheria
Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Clavicipitaceae

Fungi; Basidiomycota; Agaricomycetes

Fungi; Ascomycota; Sordariomycetes; Incertae sedis; Magnaporthaceae
Fungi; Ascomycota; Leotiomycetes; Helotiales; Incertae sedis; Xylogone
Fungi; Ascomycota; Sordariomycetes; Hypocreales; Bionectriaceae

Fungi; Ascomycota; Sordariomycetes; Sordariales; Chaetomiaceaetdinium
Fungi; Ascomycota; Eurotiomycetes; Eurotiales; Trichocomaceae

Fungi; Ascomycota; Eurotiomycetes; Chaetothyriales; Herpotrichéezlia

Fungi; Glomeromycota; Glomeromycetes; Archaeosporales; Amaisipispora
Fungi; Ascomycota; Sordariomycetes

Fungi; Ascomycota; Leotiomycetes; Helotiales

Fungi; Ascomycota; Sordariomycetes; Hypocreales; Nectriaceae

Fungi; Ascomycota; Sordariomycetes; Xylariales; Amphisphaeriaceatg|&@psis
Fungi; Ascomycota; Sordariomycetes

Fungi; Ascomycota; Leotiomycetes; Helotiales; Incertae sedis; Sbyrali

Fungi; Ascomycota; Sordariomycetes; Chaetosphaeriales; Chaetosposphaeria

Fig. 5 Principal Components Analyses (PCA) for soil treatment in monocudtode

competition with weedga) Bacteria in 2amays.(b) Archaea in Z. maygc) Fungi in

Z. mays.(d) Bacteria in Glycine maxe)Archaea in G. maxf) Fungi in G. max.
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(e) Archaea
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Discussion

Recent studiefrom our group have shown that the competition between crops
and weeds are able to change the structure of the soil microbial urotym
(MASSENSSINI, 2014), highlighting the importance of rhizosphere microorganism
for the establishment of these interactions and, thus, for the compelitiiy of plants
(MASSENSSINI et al., 2014). In this study, we have used the high throughysesna
by Illumina MiSeq sequencinig evaluate the diversity and characterize taxonomically
Bacteria, Archaea, and Fungi associated with the rhizosphere of plasaspetition
The results of our sequencing indicate that the approach used wassufficdetect
differences in the microbial community in the rhizosphere of plants demendi the
presence or absence of different competing species. The present shedfirst report
onthe use of this approach to study plant-weed interactions.

The competitive ability of the plants was previously assesgexhloulating the
Competition Balance Index (Cb) (MASSENSSINI, 2014). The plants tested showed
similar or disctint competitive ability, depending on the plant lgioations. In the
competition treatments Zea mays vs Ipomoea ramosisge@ mays vs Ageratum
conyzoides and Glycine max vs Ageratum conyzoides, the crops showedr grea
competitive ability. Massenssini (2014) proposed that corn is a strong tmmpead
this capacity would probably be explained by the fact that Zea imagd dependent on
high microbial biodiversity in the soil, while the weeds would rexjuirat for their
optimal growth. Our results corroborate this idea. The competition betdiemays vs
I. ramosissima resulted in a Shannon diversity index for archaea and fungitthamwe
those measured for maize monoculture (Table 3), indicating that theadecin the
diversity of these groups during competition may be associated witltdegsetitive
ability of weeds. The comparison between Zea mays in monoculture attie in
competition Zea mays vs Ageratum conyzoides demonstrates thatcttodbial profiles
found in the soil of the rhizosphere from these treatments were simitatalfof 323
bacterial (Fig. 2a) and 89 fungal OTUs (Fig. 2c) were shared betivesa treatments.
These values are higher than those shared between other compegatments and in
the monoculture rhizosphere and may be an indication that Zea mays,uader
competition, is able to influence rhizospheric microbial community structusech a
way that it becomes similar to that found in monoculture, highlightsxgharacteristic
as strong competitor. In the treatment of Glycine max vs Ageradumyroides, the crop

showed greater competitive ability. In this treatment, smaller nisvdfebacterial and
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archaeal OTUs and lower Shannon diversity index for bacteria foare which is
consistent with the idea that the weed A. conyzoides is highly dependea high
diversity of microorganisms in the soil, becoming a weak competiton wferobial
diversity decreases.

Comparing the OTUs present in the rhizosphepil of the treatments, it was
observed that most of the OTUs were shared between all treatrifignt8)( However,
we have detected exclusive OTUs for each treatment (Table 5kupipdy of different
organic compounds in the exudates released by plants may promote thenesitrof
specific microbiota in the rhizosphere, being representing a determinant for the structure
of the microbial community of the rhizosphere (MARSCHNER et al., 2004; BAIS et al.,
2006; HAICHAR et al., 2014). When two plants are competing, the compositite of
exudates will be different from that observed from plants in monoculturetasd i
believed that this new combination of carbon sources for microorganisms can be
responsible for the differential microbial profiles observed in the rhizospherards
in the different treatments tested. This demonstrates, that depemdihg competitive
situation, the plant recruits specific microorganisms that caafibéhem or reduce the
competitive ability of competing plants.

The taxa of ammonia-oxidizer bacteria Nitrospirae (Phylum) and Nitrospira
(Class) were found only in the rhizosphere of competition between Z. mays vs A
conyzoides (Table 5). Other groups involved in nitrogen cycling were also fawid, s
as nitrogen-fixing bacteria belonging to the order Rhodobacterales, eldssifithe
family Hyphomonadaceae (in the treatment of competition between ys wsm l.
ramosissima) and Rhodobacteraceae (in the rhizaspdel of competition betwee@

. max vs A. conyzoides) (Table 5). In a study conducted to determirehaimges in
microbial communities associated with the establishment of ivevgdants it was
shown that the abundance of bacteria responsible for nitrogen cycling iroithe s
increases in the presence of invasive plants (RODRIGUES et al., 20d3hischange
may affect the outcome of competition between plants in the environment.

For Zea mays and Glycine max in monoculture or in competition with weeds, the
dominant bacterial phyla were Proteobacteria, Actinobacteria, Acidoidacte
Verrucomicrobia, and Cloroflexi (Fig. 3a and 3d). These findings confirm those
reported for maize rhizosphere in monoculture obtained by pyrosequencing (LI et al.,
2014) and those reported for soybean monoculture by shotgun analyses (MENDES et
al., 2014). The Proteobateria and Actinobacteria phyla make up together, 59d % a
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58.6 % of the total relative abundance of bacteria in the rhizosphererafyg and G.
mayx, respectively. Because of root exudation, the rhizosphere represents an environment
rich in readily assimilable organic carbon. The B-Proteobacteria display copiotrofic
characteristics, and are abundant in soils with highe availalfitgrganic carbon
(FIERER et al., 2007). The Actinobacteria are capable of using a widé\afriearbon
sources, including complex polysaccharides (BARKA et al., 2015), a traitnidnabe
responsible for the high abundance observed. The ability of Actinobactesatabmlize
recalcitrant compounds may reduce competition with other microorganisms of
rhizosphere, favoring their presence in this location. Besides, this phghklodes
bacteria which exert antagonism and biological control of plants pathagehsire
capable of promoting plant growth by nitrogen fixation, synthesis of siderophore and
phytohormone and, solubilization of minerals (BARKA et al., 2015). The most
abundant bacterial orders were Rhizobiales (Phylum Proteobacteria) (FegndS35,
Supplementary data) and Actinomycetales (Phylum Actinobacteiig) $2 and S6,
Supplementary data). The Rhizobiales order includes nitrogen-fixing bacterii s

et al., 2015), especially within the Bradyrhizobiaceae family and gehadoplanes,
included among the most abundant OTUs (Fig 4). The Actinomycetalesimchigtes
biotechnologically important microorganisms for the production of antibiotic®) 720

et al., 2013), such as those belonging to the genus Streptomyces (Fid.s4)reiotic
nitrogen-fixing(SOUZA et al., 2013), such as those belonging to the family Frankiacea
(Fig. 4).

Crenarchaeota, the most abundant archaeal phigundin all treatments (Fig.
3b and 3e), is usually found in environments rich in organic matter (SOUZA, et
2013) and are also reported to colonize plant r¢@tgON et al., 2000) Within this
phylum, the Thaumarchaeota group could also be found, comprising archaeaedinvol
in the oxidation of ammonium to nitrite that are found in large numbers in aerobic
terrestrial environments (OFFRE et al., 2013).

In our work, Ascomycota was the most abundant fungal phylum found in the
soil from all the treatments (Fig. 3c and 3f). Sksgito assess the composition of the
community of rhizosphér fungi in soybean subjected to continuous cropping by
pyrosequencing also revealed that Ascomycota was the most abfumigadt phylum
(BAI et al., 2015). The Glomeromycota represented only 1.1 % an% bbthe total
fungal relative abundance in the rhizosphere of corn and soybean, respedtgsly

phylum includes all arbuscular mycorrhizal fungi, which have important gicalo
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roles, such as improving plant nutrition, protecting their hosts from pathogens,
facilitating mineral nutrient uptake, among other functions that promotg gtawth
(BORRIELO et al., 2012). The presence of arbuscular mycorrhizal fungi in weed roots
has been demonstrated (MASSENSSINI et al.,, 2014a), and these asso@atons
provide competitive advantagés these plants over crops in agricultural ecossystems.
The most abundant order of fungi was Hypocreales (Phylum Ascomycota) (RigdS4
S8, Supplementary date), which includes the genus Trichoderma (Fig. 4). Fungi
belonging to this genus are known biological control agents againstpaitindgens in

the soil, especially for the production of antibiotics. In addition theseomiganisms
exert plant growth promotion functions both in soybean (JOHN et al., 2010) and in
maize (FERRIGO et al., 2014).

The hierarchical clustering heat maps were used to evaluaté whatments
microbial communities present in the rhizosphere are more similacto @her. The
rhizosphere of Z. mays and Z. mays vs B. pilosa showed a profile of bheted
archaeal community more alike, as well the rhizosphere betweeryZvi&. max and
Z. mays vs A. conyzoides (Fig. 4a), and this was evidenced by their mgoiggiether.

The Z. mays vs I. ramosissima and Z. mays vs A conyzoidesngetst showed a
profile for the fungal community more alike (Fig. 4b). The G. max vs |.ossssima
and G. max vs B. pilosa treatments showed a profile of bacterial, af¢rage 4c) and
fungal (Fig. 4d) communities more simil&or Zea mays rhizosphere in monoculture
and in competition with weeds, two genera of fungi were signifigalifferent between

all treatments and were present among the 50 most abundant genera)(FHgsdhum
showed higher abundance in the competition between Z. mays vs A conyandles
Penicillium showed higher abundance in monoculture. Fusarium species are
responsable for the contamination of corn grain by mycotoxins (DEGRAE\4L, et
2016), which causes risks to human health and economic losses of productiorgresu
from the decline in the quality of the final product. However, it has bleewrs that
certain specigwithin this genus may be potentially useful as biological contrehtsgy

of the weed Striga hermonthica, which affects the corn crop in Africa NEEBL al.,
2009). This reiterates the neft more studies focusing the role of microorganisms in
the outcome of the competition between crops and weeds. The Penicéium ¢
considered a plant growth promoting agent because of its ability to smubibrganic
phosphate, making it available to plants and increasing the yield of mai&&SEET et

al., 2015). In the rihosphiersoil from treatments with Glycine max, the abundance of
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the genus Penicillium was significantly different between all tneats and showed
higher abundance in the competition between G. max vs Z. mays (FigvtBncing
that maize may have favored this group of fungi for growth promotion.

The Principal Components Analyses (PCA) (Fig. 5) revealed thatbilnedance
of microbial phyla vary between treatments, demonstrating that teeenibiquitous
groups of microrganisms of the rhizosphere of plants respond to the combination of
plants in the competition. These changes can be decisiVieef@mutcome of plant-plant
interactions, highlighting the ability of the plants to mold the stinecof the microbial
community associated with them.

In conclusion, the Illlumina MiSeq sequencing revealed, in detaitagwmomic
composition of microbial communities preseimt the rhizosphere of plants in
competition. The data presented demonstrate that certain microtigisgare favored
in the rhizosphere of plants depending on the competitive situation and tteatithe
unique OTUs associated whith specific plant-plant combinations, empitathe role
of plants in the recruitment of specific microrganisms which play importdes in the
rhizosphere. The presence of these microbial groups may directly thfecdmpetitive
ability of plants. However, more studies are needed to better assdssmctional roles

of microrganisms associated with the roots of plants unde the competition.
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Fig. S1: Taxonomic distribution of Bacterit order level within Proteobacteria phylum
for soil treatment of Zea mays in monoculture and in competition weada: Only
orders with abundance > 1 % are shown. The plant species are:- Adgeratum
conyzoides; B.pt Bidens pilosa; I.ra I[pomoea ramosissima; G.maGlycine max and
Z.ma— Zea mays. Two species separated by 'vs' indicate a competitiomeatea
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Fig. S2: Taxonomic distribution of Bacterit order level within Actinobacteria phylum
for soil treatment of Zea mays in monoculture and in competition webdga: Only
orders with abundance > 1 % are shown. The plant specied.ae:- Ageratum
conyzoides; B.pt Bidens pilosa; I.ra Ipomoea ramosissima; G.maGlycine max and
Z.ma— Zea mays. Two species separated by 'vs' indicate a competitiomeatea
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Fig. S3: Taxonomic distribution of Archaeat order level for soil treatments of Zea
mays in monoculture and in competition with weeds. Only orders with abundance > 1 %
are shown. The plant species are: A-cAgeratum conyzoides; B.pi Bidens pilosa

l.ra— Ipomoea ramosissima; G.maGlycine max and Z.ma Zea mays. Two species

separated by 'vs' indicate a competition trateament.
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Fig. S4: Taxonomic distribution of Fungit order level within Ascomycota phylum for
soil treatment of Zea mays in monoculture and in competition witlidsve@nly orders
with abundance > 1 % are shown. The plant species are—Adgeratum conyzoides
B.pi — Bidens pilosa; l.ra Ipomoea ramosissima; G.m&Glycine max and Z.ma Zea
mays. Two species separated by 'vs' indicate a competition trateament.
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Fig. S5: Taxonomic distribution of Bacterat order level within Proteobacteria phylum
for soil treatment of Glycinenax in monoculture and in competition with weeds. Only
orders with abundance > 1 % are shown. The plant species are- Adgeratum
conyzoides; B.pt Bidens pilosa; I.ra Ipomoea ramosissima; G.maGlycine max and

Z.ma— Zea mays. Two species separated by 'vs' indicate a competitiomeatea
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Fig. S6: Taxonomic distribution of Bacterit order level within Actinobacteria phylum
for soil treatment of Glycinenax in monoculture and in competition with weeds. Only
orders with abundance > 1 % are shown. The plant species are:- Adgeratum
conyzoides; B.pt+ Bidens pilosa; I.ra I[pomoea ramosissima; G.maGlycine max and
Z.ma— Zea mays. Two species separated by 'vs' indicate a competiti@amiegite
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Fig. S7: Taxonomic distribution of Archaeat order level for soil treatment of Glycine
max in monoculture and in competition with weeds. Only orders with abundanéé > 1
are shown. The plant species are: A-cAgeratum conyzoides; B.pi Bidens pilosa
l.ra— Ipomoea ramosissima; G.maGlycine max and Z.ma Zea mays. Two species

separated by 'vs' indicate a competition trateament.
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Fig. S8: Taxonomic distribution of Fungit order level within Ascomycota phylum for
soil treatment of Glycingnax in monoculture and in competition with weeds. Only
orders with abundance > 1 % are shown. The plant species are:- Adgeratum
conyzoides; B.pt Bidens pilosa; I.ra Ipomoea ramosissima; G.maslycine max and
Z.ma— Zea mays. Two species separated by 'vs' indicate a competitiomeatea
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Fig. S9 Principal Coordinate Analysis (PCoA) for different soil treatments in
monoculture and in competition with weeds) PCoA of Bacteria from Zea may)
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max. (f) Fungi in G. max. For Bacteria and Archaea, the PCoA was basedancdist
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Fig. S9 Principal Coordinate Analysis (PCoA) for different soil treatments in
monoculture and in competition with weeds) PCoA of Bacteria from Zea may)
Archaea in Z. may<c) Fungi in Z. mays(d) Bacteria in Glycine maxe) Archaea in G.
max. (f) Fungi in G. max. For Bacteria and Archaea, the PCoA was basedancdist

matrix UniFrac (unweighted). For Fungi was used to the metric Bray Curtis.
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Fig. S9 Principal Coordinate Analysis (PCoA) for different soil treatments in
monoculture and in competition with weeds) PCoA of Bacteria from Zea may)
Archaea in Z. may<c) Fungi in Z. mays(d) Bacteria in Glycine maxe) Archaea in G.
max. (f) Fungi in G. max. For Bacteria and Archaea, the PCoA was basedancdist

matrix UniFrac (unweighted). For Fungi was used to the metric Bray Curtis.
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