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RESUMO

Microrganismos endofiticos habitam o interior ddanfas, tanto na
parte aérea, como em caules e folhas, quanto eesraem ocasionar prejuizo
aos seus hospedeiros. Devido a importancia queaasimpas desempenham na
agricultura, seus enddfitos sdo os mais estudamos momento. Espécies de
Panicummaximune Pennisetumpurpureunsdo forrageiras indicadas para a
producdo de bovinos e ocupam uma grande area soRlanhtas de diferentes
cultivares dessas duas espécies foram coletadas o®lmos usados para o
isolamento dos fungos endofiticos. Estes colmosanforprocessados e
submetidos a desinfestacdo e semeados em placatrdedhtendo meio BDA
/cefotaxima. Foram isolados 126 fungos endofitisesdo 118 d®.maximum
e8 deP.purpureum Caracteristicas morfolégicas e sequéncias IT8% (NS)
foram utilizadas para identificar os fungos endwd# isolados. A maioria
pertence ao filo Ascomycota e o génearocladiunfoi o mais encontrado
nestas plantas. Os fungos foram avaliados quanfootenmcial de inibicdo do
crescimento dos fungosfitopatogéniBgmlarismaydis
AspergillusochraceyBenicilliumexpansurBclerotiniaminof~usariumverticilli
oides DrechsleramaydisPyriculariaoryzaeeColletotrichumgraminicolaTrinta
e um mostraram acdo antagbnica ao crescimentBipdarismaydis
Penicilliumexpansuesclerotiniaminor Fungos endofiticos dos géneros
Cercosporae Sarocladiunmibiram o crescimento do fungo fitopatogérsco
minorem 64% e 80%, respectivamente. A identificacdo avaliagdo do
potencial de inibicdo de fungos endofiticos de dgnaas forrageiras podem
contribuir para o desenvolvimento de pesquisasniélizaa utilizacdo destes
microrganismos no controle biolégico ou como prodes de compostos
bioativos

Palavras-chave:
Microrganismos.Gramineas.Enddfitos.Fitopatégenasganismo.



ABSTRACT

Endophytic microorganisms inhabit the interior &inis, both in shoots
and in roots, without causing damage to their hd3te to the importance that
grasses play in agriculture, their endophytes &ee rhost studied to date.
Panicum maximunand Pennisetumpurpurerapecies are forages indicated for
cattle and occupy a large area in the country. $ssmgf different cultivars of
these species were collected and stems used foistkation of endophytic
fungi. These stems were cut into discs, submittedurface disinfection and
seeded in Petri dishes containing PDA/cefotaximee @undred and twenty-
sixendophytic fungi were isolated, 118 frofd. maximumand 8 from
P.purpureum.Morphological characteristics and ITS and 18S (N&)juences
were used to identify the isolated endophytic fuldost fungi belong to the
phylum Ascomycota and ttgarocladiungenus was dominant in this study. The
fungi were evaluated for potential to inhibit theowth of pathogenic fungi
Bipolarismaydis Aspergillusochraceus, Penicilliumexpansum, Scleiati
minor,Fusariumverticillioides Drechsleramaydis Pyriculariaoryzae and
Colletotrichumgraminicola 31 endophytic fungi inhibited the growth of
pathogenic fungBipolarismaydis Penicilliumexpansunand Sclerotinia minor
Endophytic fungi of the genus Cercospora and Sadaoi inhibited the growth
of plant pathogenic fungus S. minor in 64 and 808&spectively. The
identification and evaluation of the potential inition of endophytic fungi of
forage grasses may contribute to the developmergsafarch to the use of these
microorganisms in biological control or as prodsoefr bioactive compounds.

Keywords: microorganisms, grasses, endophytic tpathogens, antagonism
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CAPITULO 1
Introducédo Geral
1INTRODUCAO

Microrganismos endofiticos habitam o interior ddantas, tanto na
parte aérea como em caules, folhas e raizes, sasarcprejuizo aos seus
hospedeiros. As consequéncias dessa intera¢dn(s@eras, podendo facilitar a
absorc@o de minerais, otimizar o uso da agua, prermaescimento radicular,
como também da parte aérea, aumentar 0 peso daans&éa e a velocidade de
germinagcdo das sementes. Em quase sua totalidadespé&cies vegetais ja
investigadas tém microbiota endofitica.

As areas de pastagens no Brasil ocupam cerca demilBBes de
hectares, sendo responséveis pela alimentacdebashos leiteiros e de corte
gue abastecem o mercado nacional e o internaciOnétlvares das gramineas
Panicummaximune Pennisetumpurpureuracupam grande area no pais e sao
indicadas para a producdo de bovinos. As gramimdastadas por endofitos
tém caracteristicas de interesse agropecudrio,ctaivo 0 maior nimero de
colmos e 0 acumulo de matéria seca,a maior toleréisccondicdes extremas do
ambiente e a resisténcia a fungos fitopatogéniaosematoides e a insetos.
Além disso, esses microrganismos endofiticos pogeoduzir compostos
guimicos de interesse biotecnolégico, como o taxa fitoalexina, que séo
muito utilizados nas indUstrias farmacéutica e dgamExiste um grande
namero de microrganismos ainda nao identificados) propriedades pouco
conhecidas, mas com grande potencial de aplicasgm, este trabalho foi
realizado com o objetivo de isolar e identificandos endofiticos de diferentes
cultivares deP.maximune P.purpureume avaliar o potencial de inibicdo destes

fungos contra alguns fungos patogénicos de graminea



11

2REFERENCIAL TEORICO

2.1 A espécidanicummaximum

O géneroPanicum pertence a familidoaceae tribo Paniceae Esta
tribotem aproximadamente 81 géneros e mais de 1.468Pé&cies,
send®.maximunuma das plantas mais difundidas no Brasil. Sugeoriestana
Africa tropical, podendo ser encontradaem altitugles variam desde o nivel do
mar a até 1.800 m (PAULA, 2008). Distribui-se derde uma faixa ampla do
globo terrestre, que vai desde 40° S até 50° Mtitade (SORIA, 2002).

O P.maximurfoi introduzido no Brasil no século XVIII, durante
comércio de escravos para as colénias americanaiscg eram utilizados como
cama nos nhavios negreiros (PARSONS, 1972). A tends aceita € a de que
espéciesd®. maximunse estabeleceram onde os navios foram descarsgegado
sendo 0s passaros, as pessoas € 0 vento os regepeda sua disseminacao.
Estima-se que a espécie ocupou uma area supesiis milhdes de hectares no
Brasil, sendo o capim-colonido a cultivar mais com{&EERREIRA, 2005). Trés
espécies fazem parte do complexo agamicoPdenaximum o préprio P.
maximum P. infesture P. trichocladum.Essas espécies podem intercruzar
naturalmente, o que é possivel por exibirem o mesimrero cromossémico e o0
mesmo nivel de ploidia (JANK et al., 2008).

Em relacdo a qualidadd?. maximumé classificado como de alta
gualidade, juntamente com as espécie€ydedon e Pennisetum Essa
gualificacdo leva em consideracdo o conteddo deeima bruta, o consumo
voluntario e a producao animal (PAULINO, 2004). ¢pécie ocupa uma faixa
de, aproximadamente, 20% de toda a area de pastaghkivadas no Brasil e
supre 30% do mercado de sementes forrageiras. @exid seu potencial

produtivo e a qualidade, é uma das forrageiras imdisadas para a producéo
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de bovinos. Sua é&rea de cultivo tem sido ampliamta 0 uso de cultivares
melhoradas, como ‘Tanzénia’, ‘Mombaca’, ‘Massai’ eMilénio’
(MARTUSCELLO et al., 2007).

O modo reprodutivo dé®>. maximuntomo na maioria das gramineas
forrageiras tropicais, € a apomixia (JANK, 1995)e & um modo reprodutivo
vegetativo por sementes, uma vez que 0 embrido éndlerivado de uma
fecundacdo. Entretanto, nesta espécie, a apomifdauéativa, levando a novos
procedimentos de reproducdo (SAVIDAN, 1981). Pddamovas cultivares
forrageiras dé°. maximunpodem ser desenvolvidas pela sele¢cdo dos melhores
gendtipos apomiticos a partir do germoplasma ow ggiracdo de nova
variabilidade por cruzamentos, fazendo-se, em daguh selecdo para as

caracteristicas de interesse (JANK et al., 2008).
2.2 A espécidPennisetumpurpureum

O capim-elefant@ennisetumpurpureum Schumacher pertence a
familaPoaceag tribo Panicea@(LOPES, 2004). E uma graminea oriunda da
Africa Tropical e foi descoberta pelo coronel Nag@pringer, em 1905. Foi
introduzido, pela primeira vez, no continente ap@mro, em 1913, pelo
Departamento de Agricultura dos Estados Unidos deérfca. Disseminou-se
rapidamente pelo continente, sendo introduzido rsiBpor volta de 1920, nos
estados de Sdo Paulo e Rio Grande do Sul,por nee@stécas originarias de
Cuba e Estados Unidos (MONTEIRO, 2011). Essa ragifiséo foi atribuida
as caracteristicas deste capim, como elevada @@oddge matéria seca,
rusticidade, adaptabilidade e bom valor nutritidentre outras (GONCALVES,
2004).

O capim-elefante € uma graminea perene, com visdottética C4,

habito de crescimento cespitoso, folhas largasna@wleretos, porte elevado e
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abundancia de perfilhos aéreos e basais, poderglgarcta 3 m de altura e
formar touceiras (DESCHAMPS, 1999; GAMA, 2011; SHIMA et al., 2002).
Apresenta inflorescéncia em panicula em forma deigas com,
aproximadamente, 15 cm de comprimento, podendarsarelada ou purpura
(LOPES, 2004).

A propagacdo do capim-elefante é basicamente \tageteealizada por
estacas (pedacos de colmos) (ARAUJDEMINICS; CAMPOS 2008).
Entretanto, estudos sobre a viabilidade das semeap®mntaram elevado
potencial da propagac¢éo de capim-elefante por degementes, obtendo-se até
90% de germinacdo, mantendo-se Vviaveis por até doigs, quando
armazenadas em condicdes ambientais. Ja existeentado brasileiro uma
cultivar de capim-elefante hexaploide propagada gmmnentes, a cv. Paraiso
(SOUZA SOBRINHO et al., 2008).

O capim-elefante pode ser classificado em cincpagude acordo com
suas caracteristicas, como época de florescimetitimetro do colmo,
pilosidade da planta, largura da folha, formatotaleceira, nimero e tipo de
perfilhos. Esses grupos sdo o ando, com a culiMatt como exemplo; o
cameroon, tendo como exemplares as cultivares @amer Guagu; 0 mercker;
0 napier, com as cultivares Napier e Taiwan A-14@iada, um grupo de
hibridos resultantes do cruzamento entre espéaePetnisetum(LOPES,
2004).

No Brasil, as gramineas apresentam grande impagoas compdem
a alimentacdo dos animais dos rebanhos leiteirode ecorte. A espécie
P.purpureumse destaca nessa funcdo, pois tem alto potereigtatiucdo de
matéria seca, alto valor nutritivo e vem sendo tgutancomo a solugéo para a
melhoria da dieta animal e o subsequente aumenpradfitividade (LIMA et
al., 2010). Essa graminea é encontrada em todasil Besistindo as condicdes

desfavoraveis como seca e frio, mas é tradiciongkneultivada nas regibes
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mais quentes, como o sudeste e o0 centro-oeste (DANOL et al.,, 2004;
QUEIROZ FILHO; SILVA; NASCIMENTO, 2000).

O grande potencial dessa graminea tem estimulados@do cultivo
dessa espécie, como também o seu melhoramentoicgendma cultivar
proveniente do processo de melhoramento genétiao‘Raraiso’, que é um
hibrido resultante do cruzamento entre capim-elefanmilheto Penissetum
glaucun). O resultado é uma planta com caracteristicasm#diarias entre as
duas espécies, combinando a qualidade da forragessjsténcia as doencas e a
toleréncia a seca do milheto com rusticidade, aiyieade, perenidade, elevada
producdo e melhor aceitacéo pelos bovinos. Destreagacteristicas desejadas
no processo de melhoramento estdo cultivares gypeopaguem via semente,
resisténcia a cigarrinha-das-pastagens, maior idelde de crescimento, melhor
qualidade nutricional, tolerancia a solos de bdesdilidade e uma igual
distribuicdo da producgdo de matéria seca duraateoSOUZA SOBRINHO et
al., 2005).

2.3 Fungos endofiticos

Os microrganismos endofiticos séo aqueles quedmalit interior das
plantas, sem causar prejuizo aos seus hospeddiraglacdo enddfito e
hospedeiro é considerada ndao patogénica e, commi@srganismos estdo
associados a tecidos vivos, ndo sdo consideragoéfisas (VERZIGNASSI;
HOMECHIN; VIDA, 1996).

No final do século XIX, surgiram os primeiros rek&sobre endofiticos
e, em 1866, Bary apresentou a diferenca entre el@s microrganismos
patogénicos. Entretanto, essa distincdo é apemwisiodi, pois h4 uma linha
ténue que os separa, sendo muito complicado distingda categoria (POLLI

et al., 2012). Muitos endofiticos transmitidos hornitalmente podem iniciar seu



15

crescimento na superficie das folhas antes da naget Do mesmo modo,
enddfitos podem se tornar epifitos, quando o tegitlerno torna-se exposto.
Mudancas ambientais podem desencadear patogermicédadh microrganismo
endofitico que anteriormente nao causava sintonRBRRAS-ALFARO;
BAYMAN, 2011). Ou seja, ha um gradiente e ndo digies abruptas dentro
dessas categorias (PEIXOTO-NETO; AZEVEDO; ARAUJQ)2).

A penetracdo dos endofiticos na planta hospedeide pcorrer por
meio de aberturas naturais, como estdmatos, fetamenregidbes de emissao de
raizes secundarias, ou por sementes (POLLI eR@l2). Eles estdo presentes
em diversas partes do vegetal, como inflorescérmatos e folhas, sendo
encontrado em plantas inferiores, como liquens, raonocotileddneas e,
predominantemente, em dicotiledéneas (VERZIGNASEIMECHIN; VIDA,
1996). Quando atingem o interior da planta, essésrorganismos se
disseminam de maneira sistémica para varias pdetashabitando ativamente o
apoplasto, vasos condutores e, até mesmo, colaltizanespaco intracelular
(PEIXOTO-NETO; AZEVEDO; ARAUJO, 2002). Na maioriaslvezes, ocorre
a producdo ou a inducdo de metabdlitos primarioseeundarios pelos
microrganismos que podem atribuir vantagens a g@lacdbmo reducdo da
herbivoria e ataque de insetos, tolerancia a esseabidticos e controle de
outros microrganismos patogénicos (POLLI et al1230

Um dos metabdlitos ja isolados de fungos endofit€m taxol, que é
amplamente utilizado em tratamentos contra o caecafe alto valor no
mercado. Ele é produzido pelo fung@axomycesandreanga@ncontrado no
interior da planta Taxusbrevifolia. Outro fungo endofitico, o
Pestalotiopsismicrosporasolado dar. wallachiana também produz o taxol. A
descoberta de fungos endofiticos produtores demtepa@sto permitiu uma
producdo mais eficiente com menor custo desse &rnfREIXOTO-NETO;
AZEVEDO; ARAUJO, 2002).
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A planta Artemisiaannué muito conhecida pela producdo de
metabdlitos que combatem a malaria (LIU et al.,1206oram isolados 39
fungos endofiticos desta planta qimeyitro, apresentaram atividade antifiingica
contra os fitopatdgenos. S&o ele$saeumannomycesgramina tritici,
Rhizoctoniacerealis  Helminthosporuimsativum  Fusariumgraminearum
Gerlachianivalise Phytophthoracapsici

Os fungos endofitic@dternariasp. durotiumrubrumforam isolados de
plantas de manguezais marinhAeggicerascorniculatume Hibiscustiliaceus
respectivamente, e estdo sendo estudados quantodac@o de pigmentos
brilhantes, revelando uma nova fonte de moléculasinteresse industrial
(DUFOSSE et al., 2014).

2.4 Fungos endofiticos em gramineas

O estudo de endofiticos em gramineas é de granueti#incia, uma vez
gue eles podem conferir a elas caracteristicantdeesse agropecuario, tais
como maior numero de colmos e acumulo de matéci gemaior tolerancia as
condicbes extremas do ambiente (KLECZEWSKI et2012) e ao ataque de
insetos (CLAY, 1990). A resisténcia a insetos, prognte da associacao
graminea-fungo, € atribuida & presenca de alcal@jde protegem a pastagem
do ataque de coledpteros (POLLI et al., 2012).

O fungo Epicoccumnigrum isolado de  cana-de-acUcar
(Saccharumofficinarujp produziu compostos que inibiramijn vitro,
fitopatbgenos  desta  cultura, tais = comoFusariumverticillioides
Colletotrichumfalcatum Ceratocystisparadoxa e
XanthomomasalbilineafBAVARO; SEBASTIANES; ARAUJO, 2012). Este

fungo desempenha uma relacdo endofitica facultatwa seu hospedeiro, com
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preferéncia pelo filoplano, o que torna essa relgp®missora para futuros
estudos de biocontrole.

Foram isolados fungos endofiticos tanto da panteaaguanto da raiz,
em trés estagios de desenvolvimento da forrageiwitchgrass”
(PanicumvirgatumlL.). Essa graminea é nativa do norte dos EUA esapta
grande potencial bioenergético (GHIMIRE et al., PO1Foram obtidos 555
isolados, dos quais 143 foram de parte aérea e dEl2ecidos da raiz. Em
relacéo aos fungos isolados da parte aérea, o nlamearentou quando a coleta
foi realizada do més de abril (periodo vegetatargylho (reprodutivo). Porém,
este ndmero diminuiu no més de outubro (senesgénthiaem relacdo aos
fungos isolados de raiz, ndo houve alteracdo noermjmmeste mesmo més.
Acredita-se que essa diferenca esteja relacionagartidade de nutrientes nas
folhas, que é menor no periodo de senescéncigueda de temperatura no final
do ciclo, 0 que pode ter impacto negativo no cresnto e ha manutencao dos
enddfitos nos tecidos foliares.

Em outro estudo utilizando “switchgrass” foram dstds fungos
endofiticos e reinoculados para avaliar os efeitasproducdo de biomassa
(KLECZEWSKI et al.,, 2012). Os resultados revelarame os isolados
PhaeosphaeriapontiformispicoccumnigrureColletotrichunsp. aumentaram o
total de biomassa da planta em 22%-33%.

Existem poucos trabalhos com endofiticos isoladas gdamineg.
purpureum Os fungosNigrosporap. éMucor sp. foram isolados de colmo e
folhas dePennisetunsp., na india, para fins de anélise enziméticasalado
Nigrosporasp. apresentou boa atividade para as enzimas aemitetulase,
protease e lacase (PATEL et al., 2013).

As espécies de&olletotrichumfructicola C. tropicale e C. siamense

foram relatadas, pela primeira vez, associadd3.parpureunna Tailandia.
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Além disso, uma nova espécie, endophyticafoi descoberta associada a essa
graminea (MANAMGODA et al., 2013).

2.5 Fungos fitopatogénicos

Alguns fungos endofiticos podem produzir substéna@a induzir as
plantas a resisténcia ao ataque de varios fungmgmfogenicosAs gramineas e
as leguminosas forrageiras, quando infectadas mrpiganismos patogénicos,
podem sofrer altera¢Bes bioquimicas, modificangalatabilidade, interferindo
na alimentacdo animal e promovendo danos na prodecda qualidade das
mesmas (MARTINEZ-FRANZENER, 2006). As principaisedgas encontradas
em gramineas forrageiras sdo as manchas foliaré3TNMEZ; FRANZENER,;
STANGARLIN, 2010).

Com base na morfologia dos conidios, o géndetminthosporium
patégeno de cereais, foi dividido nos génemipolaris, Drechslera e
ExserohilunMALLMANN, 2005). O fungo Bipolarismaydisé comumente
relatado em espécies vegetais. No milho, este fupgde causar a
helmintosporiose, que gera grandes prejuizos pacaltara (MARTINEZ;
FRANZENER; STANGARLIN, 2010). O fungdDrechsleramaydisinfecta
sementes de milho, podendo ocasionar podriddes nikesmas, podriddes
radiculares e morte de plantulas, o que conduzraaigéio de lavouras com
baixa populacdo de plantas (PADILHA et al., 2006).

O fungoCaolletotrichumgraminicola o agente etiolégico da antracnose,
a principal doenca da cultura do sor§wrghum bicoldr no Brasil (COSTA et
al., 2003). Seu controle é considerado muito ingubet para a producdo de
sementes, pois pode ocasionar perdas superiof®% a& produtividade, causar
esterilidade parcial de paniculas e afetar a caddidda semente e forragem
produzida (SILVA, 2012).
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Outro género de grande importancia na agricultucaFéisarium que
causa doengas conhecidas por podriddo de raizeshanou fusariose, em
varias culturas, como trigo, milho, soja e feijdcA espécie
Fusariumverticillioidest o patdgeno mais comum no milho e é responsélel p
podridao na espiga.Além disso, pode produzir miings (GASPERINI, 2011).

Outro fungo responsavel por podriddo dos tecidogetads e
murchamento das folhas éSglerotiniaminoy que esta amplamente distribuido
pelo mundo e com mais de 400 plantas hospedeieasd®a sua capacidade de
formar estruturas de resisténcia, os esclerédsoscaentrole tem sido dificultado
(ROMEROet al., 2009).

O fungo Pyriculariaoryzaeausa a brusone-do-arroz, uma das doencgas
mais destrutivas e que esta presente em todagjidegerodutoras (FILIPPI;
SILVA; PRABHU, 2007). Os danos nas folhas geramjufzes indiretos,
afetando a fotossintese e a respiracdo; ja nasybasi seu efeito é direto,
atuando em diferentes componentes de producéo (PRAS al., 2003).

Fungos de armazenamento Sa0 responsaveis por graeddas em
diversas culturas, sendo representados, em suarianaipor espécies
deAspergillugPenicillium. Entre essas espécies estAdspergillusochraceus
que pode acelerar o processo de deterioracdo dg, ga&usando emboloramento
visivel, odor desagradavel, descolora¢édo, perdamdeéria seca, mudancas
guimicas e nutricionais e perda de qualidade, al@mproducao de micotoxinas,
como a ochratoxina (DIAS,2012). A espécidPamicilliumexpansuncausadora
do mofo-azul, gera perdas durante o0 armazenamenimagas. Ele esta presente
em varias regides produtoras e é o responsavgiqubiddoes dos frutos e pela
producdo da patulina, uma micotoxina teratogénicaneerigena (BLUM et al.,
2007; COELHO et al., 2011).
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CAPITULO 2

FungalEndophytesoPanicummaximumandPennisetumpur pureum:

Isolation, IdentificationandAntifungalPotential

ABSTRACT

Endophytic microorganisms inhabit the interior &dnis, both in shoots
and roots, without causing damage to their hoste @ the importance that
grasses play in the agriculture, their endophytestlae most studied to date.
Panicum maximunand Pennisetumpurpurerapecies are forages indicated for
cattle and occupy a large area in the country. $ssgf different cultivars from
these species were collected and the stems usewdophytic fungi isolation .
These stems were cut into discs, submitted to cidésinfection and seeded in
Petri dishes containing PDA/cefotaxime. One hundwedl twenty-sixendophytic
fungi were isolated, 118 fronP. maximumand 8 from P.purpureum.
Morphological characteristics and ITS and 18S (N&yuences were used to
identify the isolated endophytic fungi. Most funfielong to the phylum
Ascomycota and th8arocladiungenus was dominant in this study. The isolates
were submitted to antagonism tests against patho§emgi and 31 endophytic
fungi inhibited the growth of pathogenic fungiBipolarismaydis
Penicilliumexpansumand Sclerotinia minor These results suggest that the
isolates identification enhanced the understandingndophytes in grasses and
are new sources of antifungal metabolites thatbmansed for biotechnological
purposes.

Keywords: Microorganisms.Grasses.Endophytic.Platiiggens.Antagonism.
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1 INTRODUCTION

In Brazil, the grasses have great importance bec#iusy comprise
animal feed for dairy and beef cattle (LIMA et #010).Panicum maximum
and Pennisetumpurpureurbelong to thePoaceaefamily and have Tropical
Africa as their center of origin (BRAZ et al., 2Q0BINARDO et al., 2003;
NDEMAH et al.,, 2000), being two of the main forageasses of Tropical
America, with great importance in the pastures fdiom , since they have high
nutritional value and high dry matter productiontgrtial (DIAS; ALVES,
2008; LEDO et al., 2008; LIMA et al., 2010; QUEIR@Zal., 2014).

Plants are constantly involved in interactions withwide range of
microorganism populations. In these associatioms rtticroorganisms can be
classified as rhizospheric, epiphytic and endoghyGUPTA et al., 2014).
Endophytic fungi inhabit plant organs at some stageheir life cycle, and
colonize the internal tissues of plants withoutstag apparent damage to their
host (PETRINI, 1991).The endophytic constitute luable source of bioactive
secondary metabolites (NAIK et al., 2009) which paatect their host against
pathogen, insect or animal attacks, or even harectdor indirect effects on
plant growth.

There have been very few studies on the warm segrs@ses and their
associated endophytes (GHIMIRE et al., 20HEpicoccumnigrumendophytic
fungi when associated with sugarcane promoted aredase in the plant root
biomass and produced compoundswhich inhibifedsariumverticillioides
growth, a pathogen to this culture (FAVARO; SEBASNES; ARAUJO,
2012). The association of endophytic fungBslansiahenningsianawith
Panicumagrostoideprovided greater vigor, due to higher productidrtilters
and consequently increased persistence of the plarthe field (CLAY;
CHEPLICK; MARKS, 1989). Endophytic fungi, such as
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PhaeosphaeriapontiformisEpicoccumnigrumand Colletotrichum sp. were
isolated of Panicumvirgatum (Switchgrass) and they increased total plant
biomass to 22-33% (KLECZEWSKI et al., 2012).

In this study, the endophytic fungi were isolated &entified, naturally
occurring in stems of cultivai®. maximunandP. purpureunmand explored their

pontentialfor inhibiting pathogenic fungi growth.
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2 MATERIALS AND METHODS

2.1 Plant material

Plant samples of differenP. maximumcultivars were collected in
August and September, 2012 and January, 2013. 8aygiles included three
experimental fields, and seventeen different caisvwere sampled, six from
UFLA, two from EmbrapaDairy Cattle and nine fronkmbrapaBeef Cattle
(Table 1). TheP.purpureursample was collected from an experimental field in
Juiz de Foran September, 2012.

Healthy tillers were collected from each planthadipproximately 10-15
cm of above ground tissues and were transportaletdaboratory (BIOGEN-
Bioprospecting and Fungal Genetics Laboratory ef Eederal University of

Lavras) at UFLA in plastic bags for the endophftigi isolation.
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Table 10rigin ofcultivars samplé&anicum maximuandPennisetumpurpureum

Location

Samples/ Cultivars

Embrapa@eefCattle
(CNPGC)Campo Grande - MS

Federal Universityof Lavras
(UFLA)/Lavras — MG

EmbrapdairyCattle
(CNPGL)Quiz de Fora

P

P
P
P
P
P
P
P
P.
P
P
P
P
P
P
P
P
P

. maximuntyv.

. maximuncv.
. maximuntyv.
. maximuntyv.
. maximuncv.
. maximuntyv.
. maximuncv.
. maximuntyv.
maximuntyv.
. maximuncv.
. maximuntyv.
. maximuncv.
. maximuncv.
. maximuntyv.
. maximuntyv.
. maximuncv.
. maximuncv.
ennisetumpurpureugy. Mott.

Mombaga

Tanzania
Massai
Aruana
Gatton
BRS Zuri
Milénio
Coloniao
Tobiata
Mombaga
Vencedor
Tanzania
Coloniao
Makueni
Massai
Tanzania
Mombaga

2.2 Endophyticfungi isolation

The tillers were washed in running tap water andrto 5-7 cm pieces.

These pieces were taken to a laminar flow hoodsamthce-sterilized in series

with sterile water, ethanol and sodium hypochlofdterile water for 1 min, 96%

ethanol for 3 min, 5% sodium hypochlorite for 3 raimd sterile water for 1 min)

and then, surface-dried on sterile paper. Theligttitissues were cut into small
pieces (0.5 cm) with a sterile scalpel and platedPB®A plates amended with
cefotaxime(250 pg.mt). The plates were incubated at 25°C and examined
regularly for emerging fungal colonies, adapted legKewski et al. (2012).
Emerging fungal colonies from marginsof sectiorisslies were subculture into
PDA to generate pure cultures. Purified isolaterevetored, long term, in sterile
eppendorfs containing 1mL in sterile water and kap#d°C (CASTELLANI,
1967).
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2.3 Morphological characterization and molecular i@ntification of

endophytic fungi

Morphological characteristics of fungal isolatesreveised as an initial
means of grouping fungi for identification. Purdtare isolates of endophytic
fungi were examined at 40X and 100X with a lightrascope. The following
characters were wused for the characterization addntification of
morphospecies: colony appearance, mycelium colat stnucture, type of
anamorph, conidiomata, conidia and conidiophore pmaliogy (size, color,
shape, ornamentation, etc.). Dichotomous keys wéen sufficient to group
fungi into genera-level designations. In cases whke endophyte isolate did
not sporulate on PDA, they were grown in malt-ectiagar (MEA) to promote
sporulation (GUO et al., 1998).

Sequencing of the region ITS and 18S (NS) of bigAwas carried out
for all isolates to confirm morphological ident#itton and to identify non-
sporulating fungi. The isolates from pure cultunese grown on PDA at 25°C
for 7 days and genomic DNA was extracted from thgcetia mat using
“Mobio” UltraClean® Microbial kit. The ITS and 18&S) amplification were
carried out in 3QuL reactions containing 1AL Quiagen kit, 12uL of H,O, 1
uL reverse primer, JuL forward primer and luL of genomic DNA. The
amplification parameters were specific for each paprimers used.

The ITS was amplified using ITS1(TCCGTAGGTGAACCTGG) and
ITS4 (TCCTCCGCTTATTGATATGC) primers, the reactioonditions were as
follows: 2 min for initial denaturation at 95°C,lifmved by 35 cycles of 1min
denaturation at 95°C, 1 min primer annealing atC5@° min extension at 72°C,
with a final elongation for 7 min at 72°C. The NSaswvamplified using
NS1(GTAGTCATATGCTTGTCTC) and NS6
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(GCATCACAGACCTGTTATTGCCTC) primers, the reactionntitions were
as follows: 1 min for initial denaturation at 94°©|lowed by 35 cycles of 35s
denaturation at 94°C, 50s primer annealing at 52°@in extension at 72°C,
with a final elongation for 6 min at 72°C. The aifiphtions were performed in
a "Programmable Thermal Controller-100 MJ Resedrth; thermocycler.

The PCR products were sent to Macrogen to beigdriénd sequenced.
Sequences were edited and assembled using Seg/sfemare. Consensus
regions were compared against GenBank's databasg tie Mega6 program.
The closest hit sequences were then downloaded®TRAformat and aligned

with the sequences produced for this study usinga@eprogram.

2.4 Antagonism against plant pathogenic fungi

Eight  crop-threatening  pathogenic  fungi, Bipolarismaydis
Aspergillusochraceus, Penicilliumexpansum, Scleiati
minor,Fusariumverticillioides Drechsleramaydis Pyriculariaoryzae and
Colletotrichumgraminicolavere used as inhibition indicators in the study.

The endophytic fungi and the plant pathogens weltévated for 7 days
at 25°C on PDA. The endophytic fungi mycelia digksnm in diameter) were
transferred to PDA medium 7 days before inoculatidth pathogens. The
pathogens were inoculated 6 cm away from the endimptolony. As a control,
the pathogens were inoculated without the endopHhiingi colonies. After
seven days of incubation at 25°C, the grown iniwibitpercentages of the
pathogens were calculated in relation to the carifilee tests were performed in
triplicate (FAVARO; SEBASTIANES; ARAUJO, 2012).

Those endophytic fungi that inhibited growth of fidpathogenic fungi
in the first test were inoculated into Petri dishéth the partition along with the

phytopathogens to verify that inhibition was duethe presence of volatile
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compounds or compounds secreted by the endophytigi fin the culture
medium (STROBEL et al., 2011).
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3 RESULTS AND DISCUSSION

For the endophytic fungi isolation PDA was usedt fb a rich medium
formulated to maximize overall fungal growth (LOR®Dal., 2012).Overall 118
fungi were isolated from the 11 different cultivdds maximurand eight fungi
were isolated from the cultivd®. PurpureumAltogether 53 were isolated from
the cultivars obtained i@ampo Grande52 endophytic fungi were isolated from
the cultivars obtained ibavrasand 21 were isolated from the cultivars obtained
in Juiz de Fora The maximum number of endophytes were isolateth fthe
Mombaca cultivar (37), followed by the Milénio dulir (30). No endophytic
fungus was isolated from the Gatton cultivar frabampo Grande After
washing the surface samples with sterilized waltés,water was placed on PDA
plates.After incubation at 25°C for 1 week, no eglavas found on the plates.
This showed that epiphytes had been eradicated thadisolates were
endophytes, present in plant tissues (TIAN et aD04). Although the
methodology used is culture-dependent and slow igigpwend non-culturable
fungi are unlikely to be isolated, a large numbkfungi were achieved in this
study (VEGA et al., 2010).

As indicated by morphological characteristics andlenular data, a
great number of Ascomycota was isolated and just Basidiomycota in
samples”. maximumWithin the Ascomycota the most frequently isaliatiengi
genera wereSarocladiumsp. (64Ramichloridiumsp. (12) andCercosporap.
(6) (Figure 1 and 2).

The Sarocladiumgenus, found more often in our work, includes s¥ec
that belonged to clades oAcremoniumstrictumand A. bacillisporum
(SUMMERBELL et al., 2011). Many strains of this gerhave been reported as
endophytic, such &. spinificisisolated fronSpinifexlittoreusa grass found on
the Taiwan coast (YEH; KIRSCHNER, 2018pinifexkilienseas isolated from
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Salvia miltiorrhizaBunge, an Asian medicinal plant (LOU et al., 20IB)is
genus has also been describto possesspathogenic species in rii
(SUMMERBELL et al., 211).

mNumberof fungal isolates

Figure INumber of isolates of fungendophytic fromPanicum maximu

Ramichloridiun, another genus isolated in our woik a heterogeneo!
group of anamorphic fungi including species witffegent lifestyles,such as
saprobes and plant and humanpathc (ARZANLOU et al., 2007). Man
species have been isolated as endophytic, R. pini from Australian pine
(Pinusnigrg in Slovenia (JURC et al., 1996)R. cerophilurfrom
CamelliaCamellia oleifer) (ZHOU et al., 2013) andR. apiculatur from
Artemisia @Artemisia annu) in China (YUAN; CHEN; MA, 2011).

The isolated Basidiomycota frorP. maximumin this study wa:
Meirasp.. This genus was originallyisolated fromite bodiesin citrus and cal
be found as endophytic in many plant species, sschamboo anpear tree.lt

has been used as biological control against citnites andmildew (RUSH,;
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AIME, 2013). To the best of our knowledge, thighie first time that this genus
has been isolated from. maximum

Other genera were isolated in low frequency in ttisdy, such as
Phoma Talaromyces Pseudophialopohora,Mymecridium, Cladosporium,
Fusariunmandsporisorium the unique Basidiomycota from Purpureun@Figure
1 and 2). In addition, in four isolates the iddngfion only reached the level of
order, Capinodiales, and one isolate reached aerlphylum level, Ascomycota.

The Paraconiothyriumgenus, also isolated in our work, is known for its
ability to inhibit pathogen growth (COMBES et #(Q12). Species of this genus
have been isolated as endophytes of various plBntsrasilienswas isolated
from camphor Cinamonumcamphojaand it inhibited the growth of seven
fungal pathogens; among species inhibited highbitoctoniasolani
Alternariaalternataand FusariumgraminearunfHAN et al., 2012). The species
P. variabile,isolated fromCephalotaxusharringtonianhibited the growth oF.
oxysporum(COMBES et al., 2012)Paraconiothyriumsp. were isolated from
soybean Glycine ma¥ pepper Capsicum annuum and cucumber
(Cucumissativys and they produced a micotoxin that inhibiteduet¢ seed
(Lactuca sativagermination and rice grasEdhinochloa crus-galli thus these
isolates can be promising for weed control (KHANet2012).

Another genus foundis th&cremonium which has more than 200
species belonging at least three distinct orderduofyi, the Hypocreales
Plectosphaerellacea@ndCephalothecaceaSUMMERBELL et al., 2011).

Many species of this genus are described as egtiopliving in their
host without causing damage and even having anistgoproperties to plant
pathogens (BURRUANO et al., 2008; GUNARATNA;
BALASUBRAMANIAN, 1994).The genusAcremoniumPhoma Septoriaand
Fusariunhave been isolated asendophytic, aB@anicumvirgatun(GHIMIRE et
al., 2011; KLECZEWSKI et al., 2012). However, t@ thest of our knowledge,
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this is the first time that the genRamichloridium, Paraconiothyrium,

Sarocladium, Talaromyces, Mymecridium, Amniculicd?seudophialopohora
andCercosporawere isolated fronP. maximum

Figure 2 Morphology of some fu-ngal isolates from maximum
Cladosporiungladosporioides;
Acremoniumimplicatum D-

A-
B- Sarocladiumstrictupm  C-

Sarocladium sp E-
Paraconiothyriursp.; F- Phoma sp.; G- Talaromycessp.; H-
Sarocladium sp |- Fusarium sp.; J- Ramichloridium sp.; L-
Cercosporasp; M- Mymecridiunschulzeri

The majority of isolates from thE. purpureursamples belong to the
genusSarocladium and just one Basidiomycota was obtain®@gdprisoriumsp.
(Figure 3 and 4). This is the first reportRdraconiothyrium, Sarocladiurand

Acremoniumas endophytic in this grass. Other genera MNigrospora and
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Mucor also have been isolated frcPennisetursp. (PATEL et al., 2013), as w
as theColletotrichun genus fromP. purpureum(MANAMGODA et al., 2013),

which were not found ithe P. purpureunsamples in this work.
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Figure Number of isolates of fungal endophfrom Pennisetumpurpuret

This is the first work with the endophytic grassP. maximun and
P.purpureumin Brazil, and the identification of the isolatesntributes tc
increase the knowledge of endophytes in grassdkeircountry. In additior
genera not yet described as endophytic were isblatethese plant specie
which may suggest greater commurdiversity in these endhpgteforage plant

species.
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Figure 4 Different isolates fron. purpureum A- Cladosporium sp.; B-
Sporisoriumsp.; C-Paraconiothyriumsp.; D-Acremoniunsp. ; E and
F - Sarocladiunsp.

The antagonism assay showed that a total of 31 phiytio fungi
(24.6%) reduced growth of some pathogenic fungséhjust one was isolated
from P. Purpureum The inhibition can bedue to the presence of camgs
secreted by the endophytic fungi in the culture iomed However, no inhibition
was due to the presence of volatile compounds.Ththogenic fungi
Aspergillusochraceus, Fusariumverticillioides, Dinsteramaydis
Pyriculariaoryzae and Colletotrichumgraminicolavere not inhibited by
endophytic fungi.

Sevenendophytic fungi showed activity agairBipolarismaydis
Among these, four isolates belong to Berocladiumgenera and the best result
was 60.87% inhibition (Table 2). Out of the 31 &ebk that showeth vitro
antagonism, 29 showed activity agaiSsferotiniaminor. At least five different
genera exhibit inhibition of this pathogen and theost common genera
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wasSarocladium, probable due to the large numbeisofates of this genus.
Theresults ranged from14 to 80% growth reductioigfe 5) and the best
results were obtained from fungi isolated from thi@@tdand BRS Zuricultivars,
both from Campo Grande.

Sarocladiumthe genus that showed the best inhibition reshis been
studied in relation to its pathogenic fungi inhibit potential.
Sarocladiumoryzaeghe cause of rice sheath rot, inhibited the mgtgrowth of
other pathogens that culture due to the Ceruleadvmtion , an antifungal
antibiotic. Among the pathogens inhibited w®&ckerotiumoryzae and
Gaeumannomycesgraminiar. graminiscausing stem rot and crown sheath rot,
respectively (GNANAMANICKAM; MEW, 1991). This samfengus produced
an extracellular metabolite with antifungal actjvio Magnaportheoryzaethe
pathogen that causes rice blast, the main riceaskisehe isolate is a promising
strategy for the biological control of this dise4€©RTES et al., 2012).

FigureSInhibition of S. minorby endophytic fungi of the genBarocladiumA
— S. minor(control), B, C, D, E andF - Different isolates tihie
genusarocladium inhibiting S. minor

One isolate belonging to th@ercosporagenus showed activity against
Penicilliumexpansum(29.41% inhibition). It was isolated from the Miié
cultivar fromCampo Grandelsolates of this genus also inhibited the growfth
Sclerotinia minorup to 64%Cercosporapecies have been studied for their
potential to control weed growth.The spe€iescosporarodmanniis a
mycoherbicide candidate for the water hyacinth md(Eichhorniacrassipgs a

weed. The fungus significantly reduced growth ratdsthe plant when
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inoculated once during the early weed growth s{@j¢ARUDATTAN et al.,
1985). The cercosporinphytotoxin, a secondary nuditelproduced by a species
of fungus, has a key role in pathogenicity, beimyaggressive factor in the
relation Cercosporahyacinth (TESSMANN; CHARUDATTAN; PRESTON,
2008). Cercospora sp. isolated from the medicinal plant
Fallopiajaponicaproduced six new guanacastanediterpenoids (Cenarsgm
A-F). These terpenoids mediate inter and intradigemntagonism (FENG et al.,
2014). Although there are no reports of speciethizf genus with antifungal
potential, our work showed that endophytic isol&@escosporacan be used for
biological control.

Many endophytic fungi have shown antagonistic prige to plant
pathogens and weed&cremoniurspecies are antagonistic to pathogenic fungi
(RAGAZZI et al.,, 1996). The speciescremoniumobclavatunproduced
chitinase enzymes that inhibited germination amumn of the urediniosporal
germ tube Pucciniaarachidis causing peanut rust (GUNARATNA;
BALASUBRAMANIAN, 1994). Acremoniumzeaésolated from maize, showed
inhibition of FusariumverticillioideandAspergillusflavudue to the production
of antibiotic pyrrocidine (WICKLOW et al.,, 2005).nlvitro tests with
Acremoniummucronatunisolated fromQuercuscerris Q. pubescensand Q.
robur showed growth inhibition ofDiplodiamutila a common pathogen
Quercus(RAGAZZI et al., 1996). In our study, species bistgenus isolated
from Mombaca cultivar front.avrasand Tanzania cultivar frorduiz de Fora
inhibited the mycelial growth oB. maydisand S. minorby 55 and 60%,
respectively.

Endophytic fungi continue to be sources of new indies with
antibacterial, antifungal, antiviral and anticanaetion, which are directly used
in the pharmaceutical industry and agriculture (SBRARAYANAN et al.,
2009). Therefore, the results of this study arenstng and may be exploited in
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the future, in both in vivo tests and in the seafoh the compound(s)
synthesized by fungal endophytes that may be usedbibtechnological

purposes.



Table 2 Antagonism test of tiRanicummaximurandPennisetumpurpureuemdophytics against some phytopathogens

Pathogenic fungi Identificationcode Endophytic fungi Growthredution (%)
CG-Tz01 Amniculicola parva 22.41
LA-VCO1 Sarocladiursp. 27.59
CG-TT01 Sarocladiumstrictum 41.38
B. maydis LA-MBO1 Sarocladiursp. 44.82
LA-MBO02 Acremoniumimplicatum 55.55
CG-MLO1 UnidentifiedHypocreales 60.87
CG-TT02 Sarocladiumstrictum 60.87
P. expansum CG-MLO02 Cercosporap. 29.41
CG-MLO3 Ramichloridiunsp. 14.28
JF-MBO01 Sarocladiursp. 16.66
LA-MBO03 Sarocladiursp. 19.04
S. minor JF-MTO1 Sarocladiursp. * 28.57
CG-TBO1 Ramichloridiunsp. 30.36
CG-TzZ01 Amniculicola parva 33.77
CG-MLO4 Cercosporap. 38.96




Table 2, conclusion

Pathogenic fungi Identificationcode Endophytic fungi Growthredution (%)
LA-MBO1 Sarocladiunrsp. 41.56
CG-MLO1 Unidentified Hypocreales 42.86
CG-MLO5 Ramichloridiumsp. 43.21
CG-ML0O6 Ramichloridiumsp. 46.75
CG-MLO7 Ramichloridiunsp. 46.75
CG-ML08 Sarocladiursp. 48.21
LA-TZ01 Sarocladiursp. 50.62
LA-MBO04 Sarocladiursp. 53.25

S. minor LA-MBO05 Sarocladiursp. 53.25
CG-ML09 Cercosporap. 53.57
CG-TT03 Sarocladiursp. 55.36
LA-MB06 Sarocladiursp. 57.14
JF-TZ01 Acremoniurap. 59.74
CG-ML10 Cercosporap. 64.29
LA-VCO1 Sarocladiursp. 67.53
CG-TT04 Sarocladiursp. 67.86
CG-TTO5 Sarocladiursp. 67.86

S. minor CG-TB02 Sarocladiursp. 75.00
CG-TTO06 Sarocladiursp. 80.36
CG-TTO7 Sarocladiursp. 80.36

*|solatefromPennisetumpurpureum
LA — Lavras, JF - Juiz de Fora, CG - Campo Granb8 — Mombaga, VC — Vencedor, TZ — Tanzénia, TBRS Zuri, ML —
Milénio, TB — Tobiatd, MT — Mott

474
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4 CONCLUSION

This is the first work with the endophytic grasges maximumand
P.purpureum in Brazil. The fungal isolates belong to the phylu
Ascomycotaand Basidiomycota. Thgarocladium genus showed a higher
number of isolates. Of the fungal isolates, 31 sftbantifungal activity against
some pathogenic fungi.The best result was obtained with the
isolatedSarocladium genus that inhibited by 80% ¢ewth of Sclerotinia
minor. The compound(s) which inhibited the plant phytopg#nic fungus was
synthesized in the culture medium. The identifmatof the isolates contributes

to increase the knowledge of endophytes in grassés country.
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