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RESUMO

CUNHA, Melissa Faust Bocayuva, D. Sc., Universidade Federal de Vigcosa, Dezembro
2012.Associacdo micorrizica oropagacao simbidtica de espécies dtadrolaelia e
Hoffmannseggella (Orchidaceae).Orientador: Wagner Campo Otoni, Coorientadores:
Maria Catarina Megumi Kasuya e Olinto Liparini Pereira.

Trés espécies de orquideas em risco de extiHpffonannseggella caulescens
H. cinnabarinae Hadrolaelia jongheandoram selecionadas para o presente trabalho
por serem icones da situacdo atual de um dos mais importantes hotspot do mundo, a
Floresta Atlantica. A fim de criar as bases de um modelo de conservacao integrada para
orquideas em risco de extincdo, os objetivos propostos neste trabalho séo realizar a
caracterizagdo morfoldgica e molecular de isoladoflieoctonialike associados a
estas orquideas, para desta forma elaborar protocolos de propayag&o com
Epulorhiza spp. e de aclimatizacdo de plantulas micorrizadas em casa-de-vegetacao
testando substratos alternativos. Através da caracterizacdo morfolégica e molecular, 30
Rizocthonidlike foram identificados comdEpulorhiza spp. Isolados das espécies
rupicolas Hoffmannseggellarepresentam dois clados muito préximosTaaneslla
calospaa. IsoladosH. jongheanaséo filogeneticamente distantes entre eles e préximos
a quatros espécies dealasnellasp. Nossos resultados desmontaram que as orquideas
tropicais, epifitas e rupicolas, sdo provavelmente generalistas em suas associagfes com
fungos micorrizicos do génerdepulorhiza sp. As ferramentas moleculares
proporcionaram uma abordagem mais precisa d® agidentificacdo morfoldgica.
Quatros isolados d&pulorhiza promoveram a germinacdo de sementes, um deles
(M65) proporcionou taxas de germinacdo e indice de crescimento significativamente
mais elevados que os demais. Também houve germinacdo das sementes nos tratamentos
nao inoculados (B&G, Knudson e OMA) para todas as espécies, mas no OMA foi
observado apenas a Estagio 2. O Gl gddadfmannseggelldoi significativamente
maior no tratamento de M65 e paraHgongheananédo diferiu em dois tratamentos,
HJ21B e Knudson. A epifitd. jongheananostrou ser menos dependente de micorrizas
para a germinacdo e desenvolvimento de protocormos de que as rupicolas. Enfim, a
metodologia de aclimatacdo proposta também se demonstra eficaz, comprovando o
desenvolvimento das plantulas em todos os tratamentos com elevadas porcentagens de
sobrevivéncia para todas as espécies, assim como a permanéncia da micorrizacdo ao

longo de 7 meses de aclimatizacdo das trés espécies de orquideas estudadas.
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ABSTRACT

CUNHA, Melissa Faust Bocayuva, D. Sc., Universidade Federal de Vigcosa, December
2012. Mycorrhizal association and symbiotic propagation of Hadrolaglia e
Hoffmannseggella species (Orchidaceae).Adviser: Wagner Campo OtoniCo-
advisers: Maria Catarina Megumi Kasuya e Olinto Liparini Pereira.

Three species of endangered orchidisiffmannseggella caulescer cinnabarinaand
Hadrolaelia jongheanavere selected for this study because they are key species of the
current situation one of the most important hotspot in the world, the Atlantic Forest. To
start an integrated conservation model of for endangered orchids, the objectives
proposed in this work are to characterize morphological and moldRhizoctonialike
isolates associated with these orchids, then protocols for propaigatitro Epulorhiza

spp. and acclimatization of inoculated plants in a green house, testing alternative
substrates. Through molecular and morphological characterizatidRiz86thonialike

were identified asEpulorhiza spp. Isolates of rupicolousloffmannseggellaspecies
represent two clades very neaulaneslla calosporalsolates ofH. jongheanaare
phylogenetically distants between them amdour species clost® Tulasnellasp. Our
results revealed that tropical orchids, epiphytes and rupicolous are probably generalists
in their associations with mycorrhizal fungi of the gegipsilorhizasp. The molecular

tools have provided a more accuratentification than morphological characterization
Four Epulorhiza isolates promoted the germination of seeds, one (M65) promoted
germination and growth rates significantly higher than the others. The seeds of all
species also germinated in not inoculated treatments (B & G, Knudson and OMA), but
for OMA treatment was observed only StagerBe Gl of Hoffmannseggellaspecies

was significantly higher in the M65 treatment, but ifbrjongheanan two treatments,
HJ21B and Knudson, presented similar results. The epiphyt;gheangroved to be

less dependent on mycorrhiza for germination and development of protocorms that
rupicolous species. Finally, the proposed acclimatization methodology also
demonstrates to be effective, obtaining the development of seedlings in all treatments
with high percentages of survival for all species, as well as the root colonization still

observed over 7 months of acclimatization of the three orchid studied .
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1. INTRODUCAO GERAL

A familia Orchidaceae apresenta cerca de 25.000 espécies (Dressler, 2006) e
classificacdo filogenética de Angiospermas (APG Il para Angiosperm Phylogeny
Group lll) areconhece como monofilética na Ordem Asparagales (Chase et al., 2003).

As orquideas ocorrem em todos continentes em ampla faixa de altitudes, no
entanto, a maioria das espécies é encontrada nas regides tropicais (Dressler, 1981; Cribb
et al., 2003), o que esta relacionado a biodiversidade dos hotspots (Myers, 2000).
Orchidaceae é particularmente abundante em florestas tropicais aonde diversos grupos
taxondmicos apresentam adaptacfes especificas as condi¢cdes ecolégicas do habitat,
assim como as orquideas epifitas (Dressler, 1981; Benzing, 1990) e intensas
diversificacdes (Gravendeel et al., 2004).

Além disso, as orquideas apresentam caracteristicas especificas que podem
resultar da sua simbiose com fungos micorrizicos (Smith & Read, 1997). Durante a
frutificacdo apresentangrande quantidade de sementes minusculas, “dust seed”,
deficientes de recursos nutricionais para germinar (Ardi@h&ni, 2000). Portanto elas
dependem da sua simbiose com os fungos para germinar e para se estabelecer no
ambiente (Bernard, 1899; Leake, 1994). Os fungos simbiontes permanecem presentes
nas raizes das plantas adultas, formapelotonsnas células corticais (Rasmussen,
1995) e, desta forma suprem as plantas com N e P em troca de carbono (Cameron et al.,
2006, 2007).

Os primeiros estudos de identificacdo de simbiontes flngicos se concentram nas
orquideas temperadas terrestres (Rasmussen, 1995; McCormick et al., 2004; Shefferson
et al., 2005). Grande parte das espécies temperadas revela associa¢cdes com os fungos
Rhizoctoniadlike (Dearnaley, 2007), um grupo polifilético de fungos composto por trés
grupos de basiodiomicetos, a saber: Ceratobasidiaceae, Tulasnellaceae and Sebacinales
(Smith & Read, 1997Taylor et al., 2002). Porém, poucos estudos foram realizados em
regides tropicais aonde as orquideas, provavelmente, apresentam uma gama maior de
associagbes com fungos devido a riqueza de espécies e a diversidade de habitat,
ampliada pelo epifitismo (Zettler et al., 2003). Ja se sabe que algumas orquideas
tropicais também apresentam associacOes ¢EUmroctoniaike. Até o presente
momento ja foram identificados Ceratobasidiaceae nas raizes de nove epifitag de Port
Rico (Otero et al., 2002, 2004); além disso, Suaréz et al. (2006, 2008) relata a



ocorréncia de Tulasnellaceae e Sebacinales em espécies epifitas também das floresta
dos Andes do Equador. Fungos micorrizicos do grupo de ferrugem (Attractielles) fora
identificados em raizes de algumas espécies terrestres e epifitas na regido dos Andes
(Kottke et al., 2008), o que pode sugerir mais uma vez que os fungos podem ser mais
diversos do que se esperava e do que se sabe para as regides tropicais. A gama de
fungos associados a orquideas tropicais incluiu também fungos saprofitos, néo
Rhizoctonialike, que se associam a espécies do Japdo (Yamato et al.,, 2005; Ogura-
Tsujita et al., 2009), india e llha da Réunion (Martos et al., 2009).

As teorias sobre a especificidade das associa¢gbes micorriza-orquidea ainda
precisam ser explorados, pois os resultados atuais sobre o assunto sédo controversos e as
orquideas estudadas, até entdo estdo muito distantes geograficamente e
filogeneticamente. Numa perspectiva mais ampla, as orquideas podem se associar com
fungos micorrizicos e estes, por sua vez, podem se associar com outras espécies de
orquideas, tornando a simbiose miamdrquidea cada vez mais complexa. Os graus
de especificidade relatados entre orquideas tropicais, autotroficas ou micoheterotréficas,
podem variar muito (Mc Cormick et al., 2004; Otero et al., 2004, 2007; Suaréz et al.,
2006, 2008) (Martos et al., 2009; Roy et al., 2009). Todavia, 0 conhecimento sobre a
gama de fungos micorrizicos em regifes tropicais ainda € pequeno, principalment
sobre as orquideas africanas. Mas ja esta claro de acordo com dados ja publicados que a
simbiose permite entender um pouco mais sobre a evolucédo e a ecologia de uma familia
hiperdiversa como Orchidaceae.

Neste contexto, depara-se com grande desafio: qual é o grau de conhecimento
sobre a diversidade de fungos micorrizicos de orquideas brasileiras? jA que o Brasil é
um dos paises mais ricos da familia Orchidaceae, representada por espécies epifitas,
terrestres, rupicolas, hemiepifitas e ocorre em diferentes biomas tais como florestas
pluviais, estacionais e de encosta, restingas, campos rupestres, campos de altitudes,
cerrados, etc (Coutinho, 2006), considerando que a falta de conhecimento da flora
brasileira é especialmente preocupante frente a atual crise ambiental e estima-se que
cerca de metade das espécies de plantas pode estar ameacada de extincdo (Pitman &
Jorgensen, 2002; Giulietti et al., 2009).

O bioma Floresta Atlantica representa um dosh@&potsreconhecidos no
planeta (Myers et al2000). Desta forma, mesmo sendo uma das vegetacdes mais ricas
em orquideas, ja apresenta as maiores taxas de extincdo documentadas (Cribb et al

2003). No conceito mais abrangente, privilegiando o enfoque conservacionista, a

2
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Floresta Atlantica € caracterizada ndo somente como floresta pluvial tropical, mas
também como floresta pluvial mista com araucarias composta de formac6es associadas
como as restingas, manguezais e campos de altitude (Camara, 1991). No entanto
atualmente diversas delimitacbes geogréaficas sdo propostas para Floresta Atlantica,
como aquelas observadas em Oliveira-Filho & Fontes (2000) que consideram as
florestas semideciduais e deciduais interioranas como parte da Floresta Atlantica.

A Floresta Atlantica caracteriza-se principalmente pela riqueza em epifitos,
pertencentes a taxons vasculares e avasculares (Peixoto et al., 2002). Numa escala
mundial, dentre os epifitos vasculares, 80% estdo concentrados em apenas quatro
familias: Orchidaceae, Bromeliaceae, Polypodiaceae e Araceae (Gentry & Dodson,
1987). Na regido neotropical, Orchidaceae e Bromeliaceae constituem grupos
dominantes na fisionomia do componente epifitico (Gongcalves & Waechter, 2003),
sendo Orchidaceae constantemente citada como a familia mais diversa da flora epifitica
vascular (Waechter, 1998).

Dentre as 25.000 espécies naturais distribuidas em todo o mundo 1.779
encontram-se incluidas em algwstatusde ameaca (IUCN, 1998), o que representa
aproximadamente 14 % de suas espécies ameacadas. No Brasil sdo reconhecidas cerca
de 2.400 espécies de Orchidaceae (Barros, 1996; Barros et al., 2012), representando
guase 10 % de todas as espécies do globo, com poucos dados relaciostatosdo
conservacao de populacdes naturais. A destruicdmabibat constitui um fator muito
importante na extingdo de espécies de Orchidaceae, mas por serem, em sua maioria,
plantas ornamentais, a pressao de coleta também é um fator constante de ameaca.

O conhecimento atual para espécies ameacadas no Brasil ainda € muito
incipiente, em virtude da caréncia de estudos e também em funcdo da megadiversidade
brasileira. As listagens de espécies ameacadas como instrumentos de gerenciamento e
protecdo da biodiversidade tiveram impulso a partir da década de 90 em todo o mundo.
A Lista Oficial das Espécies da Flora Brasileira Ameacadas de Extin¢do inclui 37
espécies de orquideas (MMA, 2008).

A associagdo entre as orquideas e os fungos micorrizicos € essencial a
sobrevivéncia das orquideas na natureza, auxiliando diretamente na germinacdo das
sementes, no desenvolvimento dos embribes e na manutencdo da planta adulta
(Rasmussen, 1995; Dearnaley, 2007). Deste modo, é importante o desenvolvimento de

estudos sobre biologia e ecologia desta associacdo e dos fungos micorrizicos e sobre a



aplicacdo destes fungos na producdo simbidtica de mudas, conhecimentos estes
fundamentais para desenvolver estratégias de conservacdo das orquideas, dos fungos e
de seus ambientes naturais (Cribb et al., 2003; Zettler et al., 2003).

Sem duavida, o meio mais eficiente de conservar as orquideas € pela preservacao
do seu habitat, mas programas de reintroducéo, cientificamente embasados, podem
auxiliar no restabelecimento de populacdes em declinio (Cribb et al., 2003). Vérios
estudos tém sido realizados no Brasil com intuito de conhecer a diversidade de fungos
micorrizicos (Pereira et .al2002; Pereira et al., 2003; Nogueira et al., 2005;Pereira et
al., 2003"; Pereira, 2006Linhares, 2006; Guimaraes et al., 2008; Torres et al., 2008;
Pereira et al., 2009; Pereira et al., 2011; Valadares et al., 2011; Oliveira, 2012; Veloso et
al.,, 2012) (Tabela 1). Além disso, protocolos de propagacdo simbidtit&ro e de
aclimatizacdo de orquideas precisam ser elaborados também para concretizar projetos
de reintrodugéo e para auxiliar no conhecimento da especificidade dos diversos estagios
desta interacdo fungo-planta. Recentes publicagcbes sobre propagacdo simbidtica
revelam que os fungos micorrizicos do gén&pulorhiza sp. sdo eficientes na
germinacdo e no desenvolvimento de plantulas de orquideas brasileiras (Pereira et al.,
20057 Torres et al., 2008; Pereira et al., 2011; Veloso et al., 2011; Freitas et )., 2012

Trés espécies de orquideas em risco de extincdo da Floresta Atlantica,
Hoffmannseggella caulescerdindl.) H.G. Jones,Hoffmannseggella cinnabarina
(Bateman ex Lindl) H.G. Jones ldadrolaelia jongheana(Rchb. f.) Chiron &
V.P.Castro foram selecionadas para o presente trabalho por serem icones (pois
poderiam ser consideradas “espécies bandeira”) do cenario apresentado anteriormente.

A fim de criar as bases de um modelo de conservacgao integrada para orquideas em risco
de extincdo (Swarts & Dixon, 2011) (Figura 1), os objetivos propostos aqui sdo: fazer
um levantamento prévio da riqueza e obter culturas puras de fungos micorrizicos
Rhizoctonialike associados a estas orquideas; e desenvolver protocolos de propagacao
in vitro com Epulorhiza spp. e de aclimatizacdo em casa de vegetagdo, testando
substratos alternativos de plantulas micorrizadas Hhdrolaelia jongheana

Hoffmannseggella caulesceasloffmanseggella cinnabarina.



Conservagao in-situ

Estudo de sucessao
fungica
«Root-baiting» ‘ ¢

=

Estudo da diversidade fungica

Reintroducéo de espécies

A

Criacéo de banco de germoplasma

Conservagao ex-situ

Estudo da especificidade fungo-orquidea

Aclimatizagdo em
casa-de-vegetacao

Figural: Modelo de conversédo integrada sugerido para as espécies em risco de
extingdo,Hoffmannseggella caulesceht cinnabarinae Hadrolaelia jongheana
(Modificado a partir de Swarts 2009).



Tabelal: Levantamento de fungos micorrizcos de orquideas brasileiras, seu respectivos
hospedeiros, localidade, habito e referéncias (modificado a partir de Pereira et al.,
2010).

Fungos micorrizicos Hospedeiro Localidade Habito Referéncia
Ceratorhiza sp. Prosthechea vespa (Vell.) W.E. Higgins Ouro Preto, MG Rupicola

Ceratorhiza sp. Bifrenaria tyrianthina (Loudon) Rchb.f. Nova Lima, MG Rupicola Nogueira (2004)
Epulorhiza sp. Epidendrum secundum Jacq. Nova Lima, MG Rupicola Nogueira (2004)
Ceratorhiza sp. Oncidium blanchetti Rchb.f. Ouro Preto, MG Rupicola Nogueira (2004)
Epulorhiza sp. Pleurothallis limae Porto & Brade Ouro Preto, MG Rupicola Nogueira (2004)
Ceratorhiza sp. Gomesa crispa (Lindl.) Klotzsch ex Rchb f. Carangola, MG Epffita Pereira et al . (2005
Rhizoctonia sp. Campylocentrum organense (Rchb.f.) Rolfe Vigosa, MG Epffita Pereira et al . (2005
Ceratorhiza sp. Bubophyllum sp. Vigosa, MG Epffita Pereira et al . (2005")
Epulorhiza epiphytica Epidendrum rigidum Jacq. Pedra do Anta, MG Epffita Pereira et al . (2005°)
Ceratorhiza sp. Oncidium flexuosum (Kunth) Lindl. Vigosa, MG Epffita Pereira et al . (2005°)
Ceratorhiza sp. Isochilus lineares (Jacq.) R. Br. Carangola, MG Epffita Pereira et al . (2005°)
Ceratorhiza sp. Maxilaria marginata Fenzl Carangola, MG Epffita Pereira et al . (2005°)
Epulorhiza repens Oceoclades maculata (Lindl.) Lindl. Vigosa, MG Terrestre Pereira et al . (2005°)
E. epiphytica Polystachya concreta (Jacq.) Garay & H.R. Sweet Pedra do Anta, MG Epffita Pereira et al . (2005°)
Ceratorhiza sp. Oncidium varicosum Lindl. and Paxton Vigosa, MG Epffita Pereira et al . (2005°)
Ceratorhiza sp. Bulbophyllum weddelii (Lindl.) Rchb.f. Nova Lima, MG Rupicola Nogueira etal . (2005)
Ceratorhiza sp. Oncidium gracile Lindl. Nova Lima, MG Rupicola Nogueira et al . (2005)
Ceratorhiza sp. Pleurothallis teres Lindl. Ouro Preto, MG Rupicola Nogueira et al . (2005)
Epulorhiza sp. Epidendrum dendrobioides Thunb. Ouro Preto, MG Rupicola Nogueira et al. (2005)
Rhizoctonia sp. Sarcoglottis sp. Nova Lima, MG Rupicola Nogueira et al . (2005)
Epulorhiza sp. Sophronits milleri (Blumensch. Ex Pabst) C. Berg & M.V Belo Vale, MG Rupicola Nogueira et al. (2005)
Rhizoctonia sp. Maxillaria acicularis Herb. Ex Lindl. Ouro Preto, MG Rupicola Nogueira et al . (2005)
Epulorhiza sp. Zygopetalum makaii Hook. Araponga, MG Rupicola Linhares (2006)
Epulorhiza sp. Epidendrum secundun Jacq. Araponga, MG Rupicola Pereira (2006)
Rhizoctonia sp. Oncidium sp. Araponga, MG Rupicola Kasuya et al . (2007)
Epulorhiza sp. Pleurothallis prolifera Lindl. Araponga, MG Rupicola Kasuya et al . (2007)
Epulorhiza sp. Pleurothallis teres Lindl. Araponga, MG Rupicola Kasuya et al . (2007)
Rhizoctonia sp. Oncidium pirarense Rchb f. Araponga, MG Rupicola Oliveira et al. (2008)
Epulorhiza sp. Hadrolaelia jongheana (Rchb. f.) Chiron & V.P.Castro  Araponga,ttamarandiba, I Epffita Torres et al. (2008)
Epulorhiza sp. Cattleya schilleriana Rchb. f. Camacan, BA Epffita Guimarées et al. (2008)
Epulorhiza sp. Hadrolaelia grandis (Lindl. & Paxton) Chiron & V.P.Cas! ltapebi, BA Epffita Guimaréaes et al. (2008)
Epulorhiza sp. Hadrolaelia perrinii (Lindl.) Chiron & V.P. Castro Cantagalo, RJ Rupicola/epffita Guimaréaes et al. (2008)
Epulorhiza sp. Hadrolaelia tenebrosa (Rolfe) Chiron & V.P.Castro Divino Sao Lourengo, ES Rupicola Guimaré&es et al. (2008)
Epulorhiza sp.; Opadorhiza sp. Epidendrum secundun Jacq. Araponga, MG Rupicola Pereira (2009)
Epulorhiza sp. Hoffmannseggella cinnabarina (Bateman ex Lindl.) H.G Mariana, MG Rupicola Bocayuva et al. (2011)
Epulorhiza sp. Hoffmannseggella caulescens (Lindl.) H.G. Jones Mariana, MG Rupicola Veloso etal. (2012)

A saber:Epulorhiza epiphytic&ereira, Rollemberg et Kasyygpulorhiza repengN
Bernard) RT Moore.
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Abstract

Main threats to ornamental and endangered orcHiadrolaelia jongheana
Hoffmannseggella caulesceasd H. cinnabarinaappear to be illegal harvesting and
clearing habitat. For orchid propagation and conservation we isolated some culturable
mycorrhizal fungi colonized in adult roots in different habitampo rupestrecampos
de altitude seasonal semideciduous forests of five orchid sites. Through morphological
and molecular characterization, Rixocthonialike isolates from the tree studied orchid
were identified a€Epulorhizasp. Based in cultural and morphological characteristics,
the 30Epulorhizaisolates were binucleate and present creamy white colony, submerged
growth and formed , global or ellipsoidal monilioid cells. Isolates from both rupicolous
Hoffmannseggellapecies represent two clades very clos&ulaneslla calosporaH.
jongheanaisolates are phylogenetically differents among them and close to four
Tulasnella species from epiphytes and terrestrial orchids. In this study, molecular
identification has been shown to be more accurate than morphological approaches, and
we obtain mycorrizal fungus isolates for futures symbiotic propagation essays. Our
results show that tropical orchids, epiphytes and rupicolous, can be considered

generalists in their associations with mycorrhizal fungi of the gepusorhiza

Keywords: Epiphytic and rupicolous orchids, phylogeny, specificity, reintroduction,

conservation.
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Introduction

The current knowledge of threatened orchid species in Brazil is still scarce not
only due to the lack of specific studies, but also to the mega biodiversity of orchid
species. The officiated list of Brazilian flora considers around 356 vascular plant
species, which includes 34 representatives of Orchidaceae (Brasil 2008). Among 25.000
natural species distributed throughout the world, 1779 are included in some
conservation status, which means that 14% of them are among endangered species
(IUCN 1998). Brazil has 2.400 species of orchids (Barros 1996; Barros et al 2012), with
few data related to the conservation status of natural populations. Because the
distribution of these species concentrates on the Atlantic forests, especially on the
Southeast region, a hotspot with less them 10% of its original range, it becomes
essential to study the natural populations as wedkastuconservation techniques.

The orchid species selected for this study are mentioned inrevdicst of
Brazilian flora (Brasil 2008 Drummond et al, 2008) and occur mainly in Atlantic
forests of the States of Minas Geraisdrolaelia jongheangdRchb.f.) Van den Berg is
epiphytic specie with high ornamental value and with is found in restrict geographic
range. This specie was studied in two different formations of Atlantic folestgoos
rupestres and seasonal semi-deciduous forest. In the first mentioned hafitat,
jongheanais mainly epiphyte irVellozia auriculataMello-Silva and Menezedyut in
the seasonal semi-deciduous forest formations that specie occurs in several phorophytes.
Hoffmannseggella caulescerfkindl.) Van den Berg, acampos rupestregcangd
orchid, is found in large populations in private iron mining areas in Minas Gerais States.
Hoffmannseggella cinnabarinéBateman ex Lindl.) Van den Berg is rupicolous too,
and is occurring in twdiabitats cangaand highland granitic rock outcrp@at the

moment.
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Photosynthetic mycorrhizal plants are associated with a wider range of
mycorrhizal fungi than mycoheterorphic plants (Simth and Read 2008), but some
photosynthetic orchids are associated with only a single dominant mycorrhizal fungus
(Shefferson et al. 2005). Three anamorphic genardungi, Ceratorhiza Epulorhiza
andRhizoctoniawvere described to be associated to Brazilian orchidsEpatbrhizais
one of more frequently cited (Pereira et al. 2003, 2005, 2009; Nogueira et al. 2005). The
first report related toRhizoctoma-like fungi associated to orchid occurring in the
campos rupestresn Brazil was done by Nogueira et al. (2005) where all three
anamorphic genera were isolaté&ulorhizaand Ceratohizahave been also isolated
from Brazilian epiphytic orchids (Pereira et al. 2005).

Isolation and identification of mycorrhizal fungi associated to orchids are
essential for conservation of species of Orchidaceae, since these data are important for
the success of the symbiotic propagation and the choosing of the potential area for
reintroduction of endangered species (Graham and Dearnaley 2012). Our previous work
related to these three orchid species revealed trough molecular identification, by direct
DNA isolated from the orchid’s roots, that our mycorrhizal diversity is represented by
genera of Basidiomycota, like for exampleylasnellaand Sebacina(Oliveira et al.

2012).

We expect that molecular tools will be useful to revealed the richness and the
specificity of mycorrhizal with rupicolous and epiphyte Brazilian orchids, through
molecular characterization of pure fungal cultures. The aims of this study was to assess
the biodiversity ofRhizoctonialike fungi associated withl. jongheanaH. caulescens
andH. cinnabarinaand to obtain some culturable fungi that may be useful for orchid

propagation and conservation.
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Materials and methods
Orchid species and study sites

The three selected orchid species were two rupicoleleffmannseggella
caulescengLindl.) Van den Berg andHoffmannseggella cinnabarinéBaterman ex
Lindl.) Van den Berg, and one epiphytdadrolaelia jongheanaRchb.f.) Van den
Berg. The nomenclature names are based on Barros et al (2012).

The root samples of orchids were sampled from five localities of Minas Gerais
State, Brazil (Figure 1 and Table 1). The Serra do Brigadeiro State Park (SBSP )
presents fragments of the seasonal semi-deciduous forest (Veloso et al 1991, Oliveira-
Filho and Fontes 2000), the upper mountain formation (Oliveira-Filho and Ratter 1995)
and highland granitic rock outcrogcampos de altitudethat encompass variable
extensions of rock outcrops, mainly granite and gneiss rocks (Benites et al 2003). In the
SBSP, H. jongheanaroot samples were collected from tree trunks in seasonal
semideciduous forest of several plant species (Table 2), Whilecinnabarinaroot
samples were collected from the highland granitic rock outcrop (Caiafa and Silva, 2005,
2007).

The other sampling area encompassemnpos rupestresn the region of
Ferriferous Quadrilater, which is located in Central-Southern Minas Gerais State,
occupying an area of 7.000 knof which 14.2% are iron formations. The Minas Gerais
Ferriferous Quadrilater is composed of complex gneisses metamorphic rocks that form
exposed ferruginous rock blocks, denominateshga (Viana and Lombardi 2007).
Hoffmannseggella caulescerand H. cinnabarina root system samples were also
collected in campos rupestre®n canga in an area severely affected by mining

belonging to the company Vale S.A. The third study site is the Serra Negra State Park
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of Cadeia do Espinhaco of Minas Gerais (SNSP) representedniyyos rupestreand

semi-decidous forests (transition with Cerrado).
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Figure 1: (a) Map showing the relative locations of the orchid populations selected for
the study in Minas Gerais State, Brail) Hoffmanseggella cinnabaring)

H. caulescenand(d) Hadrolaelia jongheana
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Table 1: Orchid species, habitat, location, habit, and altitude of the region, as well as the number oftdsedbtdined from the samples of

orchid roots were collected in the Minas Gerais state, Brazil.

Host Orchid Habit Location Habitat Altitude range  N° of isolates
H. jongheana Epiphyte  Serra do Brigadeiro State Park Seasonal Semideciduous Fore  1200-1400 5(1%)

H. jongheana Epiphyte  Serra Negra State Park Campos rupestres 1400-1600 4

H. caulescens Rupicolous Minas Gerais Ferriferous Quadrilate Campos rupestres (canga) 800-1200 9(1%)

H. cinnabarina Rupicolous Serra do Brigadeiro State Park Highland granitic rock outcrop  1600-1700 (1%)

H. cinnabarina Rupicolous Minas Gerais Ferriferous Quadrilate Campos rupestres 800-1200 12

* Ascomycota or ectomycorrhizal fungi isolates.
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Table 2: Hadrolaelia jongheangphorophytes in two studied localities, Minas Gerais

state, Brazil.

Phorophyte
Family Specie
Serra do Brigadeiro State Parl Sapotaceae  Chrysophyllunsp.
Serra do Brigadeiro State Parl Cunoniaceae Lamanonia ternatd/ell.
Serra do Brigadeiro State Parl Asteraceae Piptocarfasp.
Serra do Brigadeiro State Parl Bignoniaceae Handroanthussp./ Tabebuiasp.
Serra do Brigadeiro State Parl Euphorbiaceae Sapium glandulaturfvell.) Pax
Serra do Brigadeiro State Parl Euphorbiaceae Croton floribundusSpreng.
Serra do Brigadeiro State Parl Myrtaceae Calyptranthessp.

Locality

Serra do Brigadeiro State Parl Myrtaceae Myrcia sp.
Serra Negra State Park Myrtaceae Myrceugenia alpigen¢DC.)
Landrum

Vellozia auriculataMello-Silva &

Serra Negra State Park Velloziaceae N.L. Menezes

Root sampling and Rhizoctonia-like fungal isolation

Root system samples were collected from September 2010 to January 2012. The
samples were brought to the laboratory and stored under refrigeration conditions. At the
laboratory the roots were surface disinfected (Stewart and Zettler 2002), hand-cut into
transversal fragments. Then, under stereomicroscope, fragments containing pelotons
were selected and transferred to Potato Dextrose Agar (PDA) and Corn Meal Agar
(CMA) to induce monilioid cell formation at 28 °C in the dark, that characterize

Rhizoctonialike fungi.

Morphological characterization

The following characteristics were recorded: color (white or cream), abundance
of aerial mycelia (abundant or scarce), margin, texture (cottony, smooth or velvety) and
nuclear condition in colonies grow in PDA at 28 °C in the dark (Pereira et al 2005;

Pereira et al 2009). Radial growth rate was estimate in CMA and PDA according to
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Pereira et al (2009), each treatment was replicated three times. Cluster analyses of the
quantitative data was performed by the unweigthed pair-groups method algorithm
(UPGMA), using GENE (Pereira et al 2009). The morphologic identification for genera

was done using a dichotomous key described by Currah and Zelmer (1992).

Molecular characterization

DNA extraction and PCRamplification- The Rhizoctonialike fungi isolates
obtained were lyophilized for further molecular analysis.The total DNA extraction was
performed using Spin Kit ® Plant Mini Invisorb (Invetek) according to manufacturer's
instructions. The DNA integrity was evaluated on agarose gel 0.8% (w / v) and the
measurement carried out by spectrophotometry. In order to identify, all isolates were
subjected to PCR amplification using the universal primers ITS1F (Gardes and Bruns
1993) and ITS4 primers (White et al 1990) for amplify the ITS rDNA region of the
fungi. The reactions were prepared according to the manufacturer's recommendations
(Go TaqTM, Promega, Madison, USA) and used 25 ng of DNA in each reaction. The
cycling scheme was 95 °C for 2 min, followed by 39 cycles at 95 °C for 1 min, 50°C for
1 min, 72° C for 1 min and final extension step at 72 °C for 10 min. In every PCR a
control including PCR mix without DNA template was include. Success of the PCR
amplifications was tested in 1.5% agarose, stained in a solution of ethidium bromide

0.5pg mt'.

Sequencing and phylogenetic analyses
The positive PCR products were sequenced by Macrogen Inc., South Korea,
using BigDye TM and a 3730xl Automatic 6 Sequencer (Applied Biosystems,

Weiterstadt, Germany). ITS sequences were queried against GenBank, using BLASTn
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(http://www.ncbi.nlm.nih.gov/genbank/Phylogenetic analysis was performed with ITS

sequences obtained and with closely related sequences that were recovered from the
GenBank database. Bayesian likelihood was used to estimate the phylogenetic
relationships. For the Bayesian approach, we used MrBayers 3.0 (Huelsenbeck and
Ronquist 2001). MrModeltest (Nylander 2004) was used to estimate the DNA
substitution models using the akaike information criterion (AIC). In this analysis, five
independent runs with four Markovian Monte Carlo (MCMC) chains were turned by 10
million generations, and the trees were sampled and held at the end of the process. The
first 1 million samples of trees were discarded in the burning phase, and the trees that

remained were summarized to generate a consensus tree.

Results
Root sampling and Rhizoctonia-like fungal isolation

All fragments of roots of all species collected for isolation presented 5-100% of
mycorrhizal colonization. The rupicolous orchid speciés ¢innabarina and H.
caulescenshave a higher percentage of colonization in most cases, but it was not
possible to isolate symbionts from all collected samples (Figure 3 a, b).A total of 29
samples ofH. jongheana 18 from PESB and 11 from PESN were analyzed. Hror
cinnabarinaa total samples were 31, being 12 freangaand 10 fromcampos de
altitude of PESB. TAH. caulescens;ollected only ircanga a total of samples were 16.
Morphological characterization

The detailed morphological characteristics of the isolated fungi are presented in
the Table 3. A total of 10 isolates were obtained fidnmjongheanaroots, from both
sampled area, being nifthizoctoniaike fungi and only one do not present moniliod

cells. FromH. cinnabarinaroots, 12 isolates dRhizoctoniadike fungi were obtained
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from cangaand only one isolates of ndRhizoctonialike fungus from thecampos de
altitude of SPSB. ToH. caulescenssampled only in canga, 10 isolates, being nine
Rhizoctonialike and one was not.

Interestingly, all isolates belong to the gendgpulorhizg which main
characteristics was in this case creamy white colony and submerged growth in PDA and
CMA (Ma et al 2003). Based in cultural and morphological characteristics, the 30
Epulorhiza isolates were binucleate (Figure 2c) and formed global or ellipsoidal
monilioid cells (Figure 2d,e), but couldn’t be divided in groups.

Using the quantitative characteristics distinct groups were performed among the
fungi isolates from rupicolous]. caulescenandH. cinnabarina then from the
epiphytic orchidH. jongheangFigure 3), otherwise all those presented low growth

rates almost significantly different (Table 3).
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Figure 2: Orchids species mycorrhizal root colonization, cultural and morphological
characteristics oRhizoctonialike isolates.a. Pelotons in the epiphyte adult
plant root ofHadrolaelia jongheanab. Pelotons in the rupicolous adult plant
root of Hoffmannseggella caulescens. Binucleate nuclear condition of
HB6A. d. Monilioid cells of young hyphae of HB1lke. Moniliod cells of
HB2E. f. Colony of HB7N.g. Colony of HB1L. h. Colony of HJ15A.i.

Colony of HC3M.
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Table 3: The orchid species arfighizoctonialike fungi isolate codes, along with their

qualitative and quantitative characteristic.

Qualitative Quantitative
characteristics characteristics
Orchid Colony Aerial Nuclear TBDA TCMA
species Isolate color mycelia Margin Texture condition cm/h* cm/h*
HB1B cream Moderated submerged velvety binucleate 0,0141 e 0,0333 .
Hoffmannseggella
cinnabarina HB1L cream Absent submerged smooth binucleate 0,0185 i 0,0367 j
HB2C white Moderated submerged cottony binucleate 0,0149 i 0,0307 |
HB2E white  Moderated submerged cottony binucleate 0,0302 e 0,0170 4
HB6A white  Moderated submerged cottony binucleate 0,0170 ¢ 0,0280 4
HB6B white  Moderated submerged velvety binucleate 0,1389 i 0,0328 j
HB6H white  Moderated submerged velvety binucleate 0,3194 b 0,2025
HB7B cream Absent submerged smooth binucleate 0,0205 b 0,0377 4
HB7G white Moderated submerged velvety binucleate 0,0222 a 0,0316
HB7N white  Moderated submerged smooth binucleate 0,0146 d 0,345
HB7P white Moderated submerged velvety binucleate 0,0127 e 0,0332 .
HB8A white  Moderated submerged velvety binucleate 0,0209 i 0,0330 j
Hoffmannseggella HC13D white  Moderated submerged smooth binucleate 0,0125 e 0,0263 d
caulescens HC13E white  Moderated submerged smooth binucleate 0,0113 f 0,0289 d
HC3B white Moderated submerged smooth binucleate 0,0133 e 0,0133 b
HC3E white  Moderated submerged smooth binucleate 0,0113 e 0,0289 c
HC3H white  Moderated submerged smooth binucleate 0,0141 e 0,0326 c
HC3I white Moderated submerged smooth binucleate 0,0154 d 0,0344 b
HC3M white Absent submerged smooth binucleate 0,0189 c 0,0286 d
HC3R cream Moderated submerged smooth binucleate 0,0190 ¢ 0,0321 ¢
HC3U white Moderated submerged smooth binucleate 0,0094 e 0,0234 b
Hadrolaclia HJ15A white  Moderated submerged velvety binucleate 0,0205 ¢ 0,0083 i
jongheana HJ16AA white  Moderated submerged cottony binucleate 0,0083 g 0,0207 e
HJ16JG white  Moderated submerged velvety binuclede 0,0125 g 0,0197 e
HJ20B white  Moderated submerged velvety binucleate 0,0158 f 0,0220 ¢
HJ20C cream Absent submerged smooth binucleate 0,0038 h 0,0072 i
HJ21B white  Moderated submerged velvety binucleate 0,0067 g 0,0174 f
HJ24AC white  Moderaed submerged velvety binucleate 0,0223 d 0,0115 h
HJ24D white  Moderated submerged velvety binucleate 0,0072 f 0,0104 g
HJ24T white  Moderated submerged velvety binucleate 0,0100 f 0,0140 g

*TBDA, growth rate determined on PDA medium; TCMA, growth rate determined on
CMA medium**Means followed by same letter, in the same column, are statistically

equal by Scott Knott test at 5% significance.
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Figure 3: Cluster analysis oRhizoctonidike fungal isolates based on quantitative
characteristics. Quantitative data were converted to a matrix of Mahalanobis
distance and the grouping was generated using the UPGMA method.

Identification of the isolates was according to Table 3.
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Molecular characterizatiofhirty three ITS sequences related to the fungi isolates were
sequenced and compared with the sequences deposited in the GenBank. The BLAST
analyses showed that only three isolates were not beldRgizoctonialike fungi. The

HJ15H isolate, fronH. jongheanawas identified as an Ascomycota. The isolate HC4B,
obtained forH. cinnabarinacollected incampos de altitudelo SBSP, was also an
Ascomycota. However, the isolate HB28E, obtained fkbntaulescensvas identified

as a Basidiomycota, related to a potential ectomycorrhizal fungus. So, these isolates
were not used to further analyses, and were not included in to build phylogenetic trees.
The other thirty isolates were identified as belondzpulorhizagenus. Phylogenetic
amalysis of 5.8S-ITS sequences showed consistent results with distinct sequences
distributed in tree clades, represented by the letter A to C that showed high support
values (Figure 4). In Clades B, C there is sequences of isolategifroaulescensind

H. cinnabaring which were collected in the same regiaanga of Ferriferous
Quadrilater. The isolates obtained fréinjongheanaare present in the Clade A, that is
distinct phylogenetically from the others. Furthermore, most of the isolates obtained are
closely related with the rupicolo&idendrum secundusfungi isolates (Figure 4), an

widespread orchid specie of Brazilian Atlantic forests.
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JQB75535 Rhizoctonia sofani
HB1L from Hoffmannseggella cinnabarina
AJ313443 Epulorhiza sp.
JFB91303 Uncultured Tulasnellaceae
GU166419 Tulasnella calospora
HQBBY722 Tulasnella calospora
HC13D from Hoffmannseggella caulescens
HC3E from Hoffmannseggella caulescens
HC3B from Hoffmannseggeilla caulescens
56% HC3M from Hoffmannseggella caulescens
77% | HC3H from Hoffmannseggeila caulescens
HB2E from Hoffmannseggella cinnabarina
HB6A from Hoffmannseggeila cinnabarina
HB6H from Hoffmannseggeila cinnabarina
HB7N from Hoffmannseggeila cinnabarina
51::7% HC13E from Hoffmannseggella caulescens
HC3R from Hoffmannseggeila caulescens
HB7B from Hoffmannseggeilla cinnabarina
64% HB1B from Hoffmannseggeila cinnabarina
HB7P from Hoffmannseggella cinnabarina
HB2C from Hoffmannseggella cinnabarina
HB7G from Hoffmannseggella cinnabarina
HB8A from Hoffmannseggella ¢innabarina
HQ127087 Epulorhiza sp
. | HQ127085 Epulorhiza sp.
=4 ES1.2A Epulorhiza sp.
DQO68773 Ceratobasidium sp.
8% AY373298 Tulasnella calospora
B4 1613267 Epulorhiza sp.
HC3U from Hoffmannseggella caulescens
100% HC3I from Hoffmannseggella caulescens B
100%  HB6B from Hoffmannseggelia cinnabarina
HJ21B from Hadrolaelia jongheana (MG2)
DQ388048 Tulasnella asymmetrica
GU166428 Tulasnella sp.
GU166420 Tulasnella sp.
HJ20B from Hadrolaelia jongheana (MG2)
%% | HJ16JG from Hadrolaelia jongheana (MG1)
HJ16AA from Hadrolaelia jongheana (MG1)
GU166405 Tulasnella sp. A
AY373295 Tulasnella pruinosa

88% .
AY373303 Tulasnella violea

" AY373204 Tulasnella albida
ES2.2B Epulorhiza sp.
HQ127086Epuiorhiza sp.

HJ24T from Hadrolaelia jongheana (MG2)

100%

%% | HJ15A from Hadrolaelia jongheana (MG1)
92%

HJ24D from Hadrolaelia jongheana (MG2)
0.1

Figure 4: Phylogenetic placement &thizoctonialike fungal isolates sequences from
orchid speciesHadrolaelia jongheanaHoffmannseggella caulescenand
Hoffmannseggella cinnabarindy Bayesian likelihood analysis from an
alignment of 5.8S-ITS. Above each branch are shownathmosteriori
probability obtained by the method of Bayesian likelihood (only values
exceeding 50% are shown). The tree was rooted Rhikoctonia solaniThe
letters A to D refer to clades. Sample provenances: M&la do Brigadeiro

State Park, MG2 Serra Negra State Park.
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Discussion

In general, the molecular characterization corroborated to morphological
characteristics (Figure 3), confirming that almost all fungi isolates obtained from the
tree studied orchids species were identified, as belonging to the gpolsrhiza
which corresponding to the teleomorphlasnella a Rhizoctonialike fungi, that are
frequently isolated from mycorrhizal orchids tissues (Shimura et al 2009). Besides, our
results revealed that isolates morphologically distinct (Table 1) are related to an
important diversity off ulasnellaspecies (Figura 4).

It is known that orchids are able to growth in adverse environmental conditions
and they might be associated to mycorrhizal fungi that tolerate these adverse conditions
too. So, our data suggest thgiulorhizaisolates found in our work can be adapted to
these stressed conditions, as observed by Bonnardeaux et al (2007), whom observed that
the main mycorrhizal fungi isolates associate®@iga bracteatalindl., growing in the
mining region of Australia were also belonging to gelBpslorhiza

Although only Epulorhza have been isolated in this work, genera of
Ceratorhizae Rhizoctoniahave been also isolated from orchids growingcéampos
rupestres(Nogueira et al 2005). Furthermore, in epiphytic orchids, all these three
genera oRhizoctonialike fungi have been found associated (Ma et al 2003; Chen at al
2012; Graham and Dearnaley 2012; Otero et al 2002; 2004; 2007; Suarez et al 2006,
2008; Pereira et al 2003; Pereira et al 2005; Kottke at al 2008).

The qualitative and quantitative characteristics revealed an important variability
of mycorrhizal fungi associated to the tree studied orchid species (Table 3; Figure 2,3).
These clades includes isolates freimjongheanafrom two different localities, habitats
(Table 1) and phorophytes of different botanic families (Table 2), showing that the

mycorrhizal fungi of these orchids can be considered a widespread species. In contrast,
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the fungi isolate fromH. caulescenandH. cinnabarinaformed other distinct clades,
showing that these isolates are less specific them those associdiedotayheana
(Figure 3).

The first study of fungi community diversity associatedHojongheana H.
caulescensand H. cinnabarina reported not onlyRhizoctonialike fungi, such as
Rhizoctoniae Opadorhizaput also showed the high diversity of endophytic community
of Ascomycota and Basidiomycotessociated to orchids root system (Oliveira 2012).
This fact corroborates with the information of three ®Rdmnzoctonialike fungi obtained
in this work.

Molecular identification has been shown to be more accurate and reliable than
morphological approaches (Taylor and Bruns 1997; Bidartondo et al 2004, McCormick
et al 2004; Shefferson et al 2007). The phylogenetic tree (Figure 4) revealed that the
fungi isolated fromH. cinnabarinaandH. caulescenscollected incanga are very close
with the speci€lTulasnella calosporgClade C). This specie was proposed by Hadley
(1970) to be a universal orchid symbiont due to its ability to estahligitro symbiotic
associations with a wide variety of orchid species. However, three isolates presented a
far relative distance from others forming Clade B. These results suggested that those
orchids’ species are generalists in relation to their mycorrhizal fungi, being very
strongly influenced by the local environmental factors, i.e., the concurrency of the genus
Epulorhizain region of ferriferous formations favored those orchid species to associate
with fungi symbiont available in this region. In the other hand, the Clade B suggested
that H. cinnabarina e H. caulescenscan also be associated with other variety
Epulorhizafungi group that were present in those regions.

The Clade A join all isolates frofd. jongheanabut there are phylogenetically

different among them, and close to foliulasnella species from epiphytes and
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terrestrial orchids (Suarez et al 2006; McCormick 2004). Which may be related to the
fact that epiphytic specie have adapted to forests formationsaamglos rupestrewith

very different altitudes (Table 1), growing in phorophytes of distinct families such as
Myrtaceae and Velloziaceae for example (Table 3). Besides suggestindd.that
jongheanais generalist in relation to mycorrhizal fungi association, it can be seen that
some isolates very close are from different regions suggesting thatRhesetonia

like fungi present a large geographic distribution.

Terrestrials orchids are notable for their obligate, often specific relationship with
mycorrizal fungi (Phillips et al 2011). In epiphytic orchids, fungal specificity has also
been recorded by Otero et al (2002) and Graham and Deanarley (2011) who showed that
in lonopsis utricularioides(Swartz) Reinchenbach f. and Barcochilus weinthalii
(F.M. Bailey) Dockrill were restricted to a singleratobasidiunctlade and to a single
species of the genus, respectively. But our results show that tropical orchids can be
considered generalists in their associations with mycorrhizal fungi of the genus
Epulorhiza It is also evident a distinct group between those isolated from rupicolous
(Clade B and C) and ephiphytic ones (Clade A) (Figure 4), which is also observed by
morphological characteristics (Figure 3). The diversity of this association seems to be
influenced by the factors inherent to the sites that these plants inhabit. The isolates
obtained in this study, such as the isolates closely relatédlasnella calosporamay
be useful foH. cinnabarinaandH. caulescensymbiotic propagation and conservation
from canga In addition, the fungal symbionts analyzed showed a wide distribution,
being present in disturbed and undisturbed areas, establishing associations with
epiphytic, rupicolous and terrestrial orchids.

In summary, molecular studies of orchids endophytic fungi have typically

focused on terrestrial orchid species (Bougoure et al 2005; Irwin et al 2007; Roy et al

31



2009). Recently, molecular studies from some epiphytic orchids have been carried out
in Australia (Gowland et al 2007), Brazil (Pereira et al 2003; 2005; Guimaréaes et al
2008; Torres et al 2008), Ecuador (Suarez et al 2006; 2008), Puerto Rico (Otero et al
2002, 2004) and Singapore (Ma et al 2003). But there are three main growth form for
orchids (Graham and Dearnaley 2011), terrestrials, lithophytes or rupicolous and
epiphytes, but the interaction mycorrhiza - rupicolous orchid is still underexplored.
However, it is noteworthy that a large diversity of fungi speci@erathoriza
Epulorhizg Opadorhizaand Rhizoctonia has been revealed to rupicolous Brazilian
orchids (Oliveira 2012; Nogueira et al 2005, Pereira et al 2009), represented here by
gender Hoffmannseggellathat is endemic to southeastern Brazil, enriching the
discussion on the symbiotic association of the Orchidaceae family. Then we can
consider that the rupicolous species follow a similar pattern symbiosis of epiphytic
species as they are associated with more tharRbimctoniaike species in different

rock formations (campos rupestresinga granite and quartzite.

Finally we have examined the mycorrhizal associations of tree endangered
Altlantic Forests orchids at five sites in Minas Gerais state, Brazil. Analysis ofiDNA
planta (Oliveira 2012) and from isolated fungal cultures revealed how important are
both techniques for biodiversity evaluation of orchid symbionts. Hpsilorhiza
isolates can be used in futuex situandin situ conservation procedures for these

orchids.
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Abstract

Brazilian orchid’s symbiotic propagation essays usiggulorhizaisolates have
been developed, confirming the efficiencyRifizoctonialike during germination and
seedlings development. The aim of the present work is to clarify the specificity of
mycorrhizal association and to develop an efficiantitro seed germination protocol,
with four Epulorhizaisolates, oHadrolaelia jongheanaHoffmannseggella caulescens
and Hoffmannseggella cinnabarinaHC3E, M65 and HB2E are phylogenetically
related, but they are not similarly efficient. .TRpulorhizaisolates tested supported
seed germination, but only one (M65) supported an important further protocorm
development. The seeds non inoculated treatments (B&G, Knudson and OMA) also
germinated, but in OMA medium reached only Stage 2 for the tree orchid spcies.
jongheanaseeds were observed in Stage 5 in Knudson treatmen.amanabarinain
B&G treatment reached Stage 5. The seedlings growing in inoculated treatments
presented higher macronutrients content, then those nutrients media, Knudson and B&G
Orchidées, confirming the crucial role of mycorrhizal. Differences among the tree
studied orchids in the Gl of seedlings were similar tffedénces in percent seed
germination. The Gl for theloffmannseggellapecies was significantly higher in M65
treatment and the Gl for the.jongheanadid not differ significantly between M65 and
HJ21B treatments and Knudson. The epiphikte jongheanashowed to be less
dependent on mycorrhiza for germination and protocorm development than the
rupicolous orchidsH. caulescensand H. cinnabarina since the performance of
germination and development seems similar in all culture media, independent of the
presence of the mycorrhizal fungi.
Keywords: Atlantic forests, threatened orchids, specificity, filogeny, reintroduction,

conservation.
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Introduction

In nature, most orchids seeds cannot germinate, or can imbibe, but will not
develop unless they are colonized with the compatible mycorrhizal fungi, which supply
young plants with carbon and inorganic nutrients (Brundrett et al. 2003; McKendrick et
al. 2000, 2002; Swarts and Dixon 2009; Wright et al. 2009). Some orchid is also
dependent on the mycorrhizal association even as in the adult phase, showing the
importance to consider mycorrhizal association during orchid seedlings production,
mainly when they were used in reintroduction program.

The orchid propagation is necessary and important to increase the population of
plant species before transferal to natural habitats (Chutima et al. 2011), considering,
mainly, the rare status of some orchids in the wild and the threatened status of its natural
habitat, it is necessary to development the efficient protocols of symbiotic seed
germination, otherwise the species may not exist as an independent entity in its natural
habitat for long.

Recently, some symbiotic propagation works udtpgilorhizaspp.mycorrhizal
fungi have been developed, which have confirmed how efficient arRhimctonia
like fungi during germination and seedlings development for Brazilian orchids species
(Pereira et al. 2005, 2011; Veloso et al. 2011; Torres et al. 2008).

The use of molecular techniques for fungal id&sdtion associated to symbiotic
germination studies provides a powerful tool for investigate the concept of ecological
specialization in the orchid mycorrhizal association (Swarts et al. 2010).

In the current study, these tools was used to clarify the specificity of mycorrhizal
association and an efficienh vitro seed germination protocol foradrolaelia
jongheana Hoffmannseggella caulescerand Hoffmannseggella cinnabarinasing

Epulorhizaisolates as fungal mycobionts is described.
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Materials and methods
Seed source and sterilization

Mature capsules oHoffmannseggella caulescelfsindl.) Van den Berg and
Hoffmannseggella cinnabaringBaterman ex Lindl.) Van den Berg were collecied
the nursery Mina da Alegria, belong to Vale S.A. (MariaMi&) and Hadrolaelia
jongheanaRchb.f.) Van den Beron Serra Negra State Park (ItamarandM&). They
were kept in a desiccator with silica gel in the Laboratory of Mycorrhizal
Associations/Department of Microbiology - BIOAGRO/UFV. The seeds were taken
from the mature capsules and placed in Becker flask containing a sodium hypochlorite
(NaClO) solution 2% of active chloride for 10 min, for surface disinfection. A sieve, 64

mesh, was used to perform tree washes with autoclaved distilled water.

Molecular fungi identification

Four Epulorhiza isolates, belongs to the culture collection of Laboratory of
Mycorrhizal Associations/Department of Microbiology - BIOAGRO/UFV (Table 1)
were selected to seed germination experiments. The isolates maintained in rice grains at
-80 °C were reactivated in Potato Dextrose Agar (PDA), in Petri dish and incubated at
28 °C for seven days. The fungal isolates were grown in PDB or obtaining mycelium for
later molecular analysis. After growth, the mycelium was collected and lyophilized and

stored under refrigeration.

DNA extraction and PCR amplification
The total DNA extraction of four isolates was performed using Spin Kit ® Plant
Mini Invisorb (Invetek) according to manufacturer's instructions. The DNA integrity

was evaluated on agarose gel 0.8% (w / v) and the measurement carried out by
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spectrophotometry. In order to identify, the isolates were subjected to PCR
amplification using the universal primers ITS1(Gardes and Bruns 1993) and ITS4
primers (White et al. 1990) for amplify the ITS rDNA region of the fungi. The reactions
were prepared according to the manufacturer's recommendations (Go TagTM, Promega,
Madison, USA) and used 25 ng of DNA in each reaction. The cycling scheme was 95
°C for 2 min, followed by 39 cycles at 95 °C for 1 min, 50°C for 1 min, 72° C for 1 min
and final extension step at 72 °C for 10 min. In every PCR a control including PCR mix
without DNA template was include. Success of the PCR amplifications was tested in

1.5% agarose, stained in a solution of ethidium bromide 0.5jig ml

Sequencing and phylogenetic analyses
The positive PCR products were sequenced by Macrogen Inc., South Korea,
using BigDye TM and a 3730xI Automatic 6 Sequencer (Applied Biosystems,

Weiterstadt, Germany). ITS sequences were queried against GenBank, using BLASTn

(http://www.ncbi.nlm.nih.gov/genbankiPhylogenetic analysis was performed with four

ITS sequences obtained and with closely related sequences that were recovered from the
GenBank database. Bayesian likelihood was used to estimate the phylogenetic
relationships. For the Bayesian approach, we used MrBayers 3.0 (Huelsenbeck
and Ronquist, 2001). MrModeltest (Nylander, 2004) was used to estimate the DNA
substitution models using the akaike information criterion (AIC). In this analysis, five
independent runs with four Markovian Monte Carlo (MCMC) chains were turned by 10
million generations, and the trees were sampled and held at the end of the process. The
first 1 million samples of trees were discarded in the burning phase, and the trees that
remained were summarized to generate a consensus tree. The ITS region sequences

obtained in the present study were submitted to GenBank under accession numbers.
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Table 1. Epulorhizafungi isolated from orchids mature plants and used in symbiotic

seed germination.

Isolate Host Habit Locality Habitat

] ] Araponga, Serra do i
M65* Epidendrum secundudacq. Rupicolous i campos de altitude
Brigadeiro State Park

Hadrolaelia jongheandRchb. ) Araponga, Serra do Seasonal Semideciduo
HJ21B** ) Epiphyte ) ]
f.) Chiron Brigadeiro State Park Forest
Hoffmannseggella caulescens ) Mariana, Mina de
HC3E** ) Rupicolous ) campo rupestrécanga)
(Lindl.) H.G. Jones Alegria
Hoffmannseggella cinnabarina ) Mariana, Mina de
HB2E** ] Rupicolous ] campo rupestrécanga)
(Bateman ex Lindl.) H.G. Jones Alegria

*Pereira et al. 2011 and ** Bocayuva et al unpublished.

Symbiotic fungi survey

After seed disinfection, they were kept in aqueous suspension, under stirring,
and 1000 mL aliquots of the suspension of seeds, containing c.a. 100 seeds, were
distributed on the surface of 25 mL of OMA (Oat meal agar). After that, one block of 1
cn? agar containing fungal mycelium were removed from the PDA cultures and
inoculated in the center of these Petri disthwas also performed three control
treatments (uninoculated) with the following media: Knudson (Sigma), B&G Orchidées
(Brazil) and OMA. The experiment was performed in five replicates, considering each
Petri dish as on replication. All treatments were kept in a growth chamber at the
Laboratory of Tissue Culture/Department of Microbiology - BIOAGRO/UFV at 26 + 2

°C and a photoperiod adjusted 16h/8h (light/dark).

Germination scoring and statistical analysis
The evaluation of the different Stage s of development was done at 3, 5 and 8
weeks bringing the Petri dishes under stereomicroscope (Olympus SZ40). Germination

and developmental Stage s were rated on a scalecofS}age 0 = no germination
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(testa intact); Stage 1 = embryo swollen, rhizoids presents (=germination); Stage 2 =
rupture of testa by enlarging embryo; Stage 3 = appearance of protomeristem; Stage 4
= emergence of first leaf; Stage 5 = elongation of first leaf and further development
(Stewart and Zettler 2002). The percentages of each development Stage were calculated
by dividing the number of observations in each Stage by the total number of viable
seeds in the sample. A standardized growth index (Gl), fiedddy Otero et al (2004),

was calculated by the following formula:

. NO+N1x1+N2x2+N3x3+N4x4+N5x%x5
N NO + N1 + N2 4+ N3 + N4 + N5

Where NO is the number of seeds at Stage 0, N1 is the number of seeds at Stage
1, etc.

The average seed germination into each Stage and the Gl were used as
dependent variable for comparison using Duncan's test, considering a significance level
of 5%. All statistical analysis of data was realized in program SAEG 9.0.

Seedlings at Stage 5 were transferred into a culture vessel containing OMA. To
verify that the mycorrhizal association, a random sample of seedling roots was removed
at end of the experiment, sectioned and examined for the presence of the pelotons

(intracellular coils of fungal hyphae, typical of orchid mycorrhizae).

Nutritional supply

This procedure was carried out in Soil and Plant Analysis Laboratory /
Department of Soils-UFVFor understanding the nutritional role of mycorrhizal fungi
associated with orchid seedlings ldf jongheanafrom three asymbiotic treatments
(OMA, B&G and Knudson), and one symbiotic treatment (OMA + fungi M65), and

incubated at 26 = 2 °C and photoperiod set at 16h light / 8h dark, for 80 days, were used.
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The role seedlings were air dried, and the nutrients contents in the tissues of seedlings
were determined after nitric-perchloric digestion (3:1). TheM@pand S were analyzed

by optical emission spectrometry coupled to plasma. Phosphorus was analyzed by
colorimetry, using the modified method of Vitamin C (Bragdefilipo, 1974) and K

by flame photometry. The analysis was performed with one sample consisting of 20

single samples for each treatment.

Results
Fungal mycobionts

The four Epulorhizaspp. isolates used in the experiments of germination of
three studied orchid species were isolated from themselves andEfraacundum
rupicolous specie. HC3E and HB2E isolates species of rupicoloffsn&éhnseggella
species are very close and in turn highly related to M65 (Figure 1). However the HJ21B
isolate of the epiphytic specld. jongheanawas too far from those and presenting a
greater resemblance to an isolated Cantharellales, s6 HJ21B is clBb&zdatonia
Even though HC3E, M65 and HB2E are phylogenetically related, they are not similarly

efficient in germination and seedling development of orchids.
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JQ675535 Rhizoctonia solani (IND)
DQ388048 Tulasnella asymmetrica (GER)
GU166428 Tulasnella sp. (THA)

HJ21B from Hadrolaelia jongheana

72% |
— HM451768 Uncultured Cantharellales (ECU)

AY373295 Tulasnella pruinosa (USA)

96%
 AY373303 Tulasnella violea (USA)

98%"

0% - AY373294 Tulasnella albida (USA)

ES2.2B Epulorhiza sp.from Epidendrum secundum (BRA)

99%
- HQ127086 Epulorhiza sp. from Epidendrum secundum (BRA)

— GU166419 Tulasnella calospora (THA)

AJ313443 Epulorhiza sp. (SIN)

1 55%
100%
- JF691303 Uncultured Tulasnellaceae (FRA)

59% AY373298 Tulasnella calospora (USA)
58%
DQ068773 Ceratobasidium sp. (USA)

88%.
- HQ889722 Tulasnella calospora (CHI)

99% | HC3E from Hoffmannseggella caulescens

o7% HB2E from Hoffmannseggella cinnabarina

HQ127085 (M65) Epulorhiza sp. from Epidendrum secundum (BRA)
88%
0.1 ES1.2A Epulorhiza sp. from Epidenrum secundum (BRA)
Figure 1: Phylogenetic placement dfulasnellasequences from orchid species by
Bayesian likelihood analysis from an alignment of 5.8S-ITS/LSU. Above
each branch are shown bootstrap values generated by Maximum Likelihood

and branch support Bayesian Markov chain Monte Carlo analysis (only

values exceeding 50% are shown).
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Symbiotic seed germination and Gl

Seeds began to swell within 20 days after sowing, and germination commenced
within 3 weeks. Visual contamination rate of cultureass 20%. The fouEpulorhiza
isolates tested (HC3E, HB2E, HJ21B, M65) supported seed germinatage @&, but
only M65 supported an important further protocorm development. The seeds without
fungi (control treatments) also germinated, but in OMA medium reached only Stage 2
for the tree orchid speciebl. jongheanaseeds were observed in Stage 5 in Knudson
treatment, anéf. cinnabarinain B&G treatment reached Stage 5.

At 30" days, all symbiotic treatments, in the treehat’s species supported
Stage 2 and when inoculated with M65, they reach the Stage 3 (Figure 2). In the non-
inoculated controls, foH. jongheanathe Stage 4 was observed for Knudson and the
Stage 3 for B&G. The cultures ¢f. caulescengpresented only the Stage 2 and for
H.cinnabarinathe protomeristem had developed in Knudson and B&G media. After 50
daysH. caulescensymbiotic culture, the Stage 3 was observed only in HC3E and M65
treatments, but the last one reached already the Stage 4 (Figure 2d, e; Figure 3b). At the
same time, foH. cinnabarinaall symbiotic treatments reached Stage 5, except with the
isolate HJ21B (Figure 3c). Seeds co-cultured with M65 after 80 days reached the
highest rates for Stage 5 for all studied orchids (Figure 4)HF@ngheanasymbiotic
treatments reached Stage 5, M65 and HJ21B had a better seedling development
performance (Figure 4a). The Stage 5 lfb caulescensvas observed only with the
isolates M65 and HC3E (Figure 4b). And fér cinnabarinathe Stage 5 was observed
for M65, HB2E and HC3E treatments (Figure 4c). Af 8@y, in Knudson medium, the
Stage 5 was only observed fdr jongheanaandH.cinnabarina(Figure 4a,c). At this
same time, the non-inoculated treatments, Knudson and B&B. foaulescenseached

only the Stage 4 (Figure 4b).
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At 50" Stage 5 percentages rates are significantly different in M65 treatment for
H. caulescensand H. cinnabaring otherwise forH. jongheanaM65 and HJ21B
treatments are equals (Figure 3).The same can be observed after 80 days (Figure 4).
Differences among the tree studied orchids in the growth index (Gl) of seedlings
were similar to dferences in percent seed germination. The Gl for the rupicolous
Hoffmannseggellsspecies at 50 days and 80 days was significantly higher in M65
treatment (Figure 3, 4b,c). In contrast, the GI for the epiphyjengheanadid not

differ significantly between M65 and HJ21B symbiotic treatments and Knudson (Figure

3,4 Db,c).

Figure 2: Symbiotic seed germination and protocorm developmental StageHs of
caulescendv65 treatment cultured on OMA 30 days after sowmdStage
0; b. Stage 1. Stage 2; 50 days after sowirdy: Stage 3. Stage 4f.

Stage 5, protocorm with two leaves.
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Figure 3: Effects of fourEpulorhizaisolates (HC3E, HB2E, HJ21B, M65) and tree
none inoculated treatments on seed germination, protocorm development
and seedling grow index (Gl) 50 days after sowing of studied orchids
speciesa. H.jongheanab. H.caulescensc. H. cinnabarina(ANOVA and

means were compared by Duncan’s Multipe Range test; P>0.05).
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inoculated treatments on seed germination, protocorm development
and seedling grow index (GI) 80 days after sowing of studied orchids
speciesa. H.jongheanab. H.caulescensc. H. cinnabarina(ANOVA and

means were compared by Duncan’s Multipe Range test; P>0.05).

none



Figure 5: H. cinnabarinacultured on OMA 180 days after germination amM65

treatment; b. HC3E; c. HB2E; d. HC3E; Species mycorrhizal root
colonization 210 after germinatione. H. jongheanain HJ21B treatmentf.

H.causlescens M65 treatment.

Nutritional analysis
The seedlings growing in association with mycorrhizal fungi presented higher

macronutrients content (Table 2) then those nutrients media, Knudson and B&G
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Orchidées (P< 0.05), confirming the crucial role of mycorrhizal in the orchid nutrition,
favoring the absorption and translocation of the nutrients from a very poor culture

media as OMA is.

Table 2: Macronutrients contends in seedlingsH jongheana growth in Knudson,
B&G Orchidées, OMA and in OMA inoculated witBpulorhiza isolate

(M65) 80 days after sowing at 26 °C + 2 °C.

Culture media P K S Ca Mg
-------------------------------- pg/petri dish
Knudson 24,19 81,14 8,78 16,88 11,78
OMA 3,04 16,31 4,63 2,72 1,41
B&G 13,73 52,06 5,38 5,99 6,07
OMA+ M65 34,59 246,19 54,17 36,36 25,35
Discussion

The test ofin vitro symbiotic seed germination is a powerful tool for both, the
production of mycobiont-colonized seedlings, and to study the fungal specificity within
the Orchidaceae (Stewart and Kane 2006). Few reports exist concerniimgvitre
symbiotic seed germination of Brazilian endangered orchids. This is the first report
describing the successful symbiotic seed germination Hddrolaelia and
Hoffmannseggellaspecies. This trend may result from a growing concern among
conservationists about land clearance of the main habitat, Atlantic Forests and
increasing vulnerablstatusof conservation of the studied orchid species, until now still
over collecting.

Interestingly, for all tested orchids species, maximum protocorm development

(Stage 5) was reported in seeds that were cultivated in association with a mycobiont
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isolated fromE.secundun{M65). In Pereira et al (2011), M65 had also induced the
highest rates of germination percentage and Gl in symbiotic experimenis of
secundum

The seeds of three orchid species germinated even as in the absence of the
mycobiont, although reaching at least Stage 2 in OMA medium, and in lower degree in
the Knudson e o B&G (Figure 4). However previous study of Brazilian orchid seed
germination, using similar methodology, have reported @ratidium flexuosunsims
(Pereira et al 2005) artepidendrum secundufiPereira et al 2011) did not germinated
in the absence of the fungi, showing that the dependence to mycorrhizal symbiont on
the seed orchids species. So, we can consideHtifihannseggellandHadrolaelia,
have their development accelerated, but the dependence is lower. The growth index (Gl)
of the protocorms, at 80 days was also higher when seedlings were inoculated with
M65, for all tested species (Figure 4). Howektercaulescenshowed a good Gl even
as in Knudson and B&G culture media (Figure 4b).

Suzuki et al (2012) tested the following nutritional media: Knudson C (KC),
Murashige and Skoog (MS), and Vacin and Went (VW), with or without benzyladenin,
to H. cinnabarina and the development of seedlings were observed after 120 days of
incubation. In the present work, when inoculated, protocorms were obtained in all
symbiotic treatments in less than 50 days for all orchids (Figure 2d; 3). Confirming the
efficiency of mycorrhizal fungi in germinating and development of orchid seedlings.

The epiphytic species are less dependent on mycobiont taxa when compared
with terrestrial species and can be found in association with fungi only at the Stage of
seeds germination, while adults may be independent of mycorrhiza for nutrition
(Roberts and Dixon 2008; Swarts and Dixon 2009). Considering that all fungi formed

mycorrhiza and promoted seed germination with all orchid species tested, it is suggested

55



that there is no incompatibility between those fungi and orchids.

Like terrestrials orchids, epiphytic species retain mycorrhizal partners
throughout the life cycle (Pereira et al. 2005; Suéarez et al. 2008). Given that epiphytic
orchids grow under drought conditions for a period of time (Zotz and Schmidt 2006),
mycorrhizal fungi would increase the surface area for water and nutrients uptake, and
such dependency is not surprising. In addition, since the roots of epiphytic orchids have
little or no direct contact with soil, mycorrhizal fungi may increase access to mineral
nutrients (Osorio-Gil et al. 2008).

The epiphytic specidgd. jongheanashowed to be less dependent on mycorrhiza
for germination and protocorm development than the rupicolous orthidaulescens
and H. cinnabarina since the performance of germination and development seems
similar in all culture media, independent of the presence of the mycorrhizal fungi
(Figure 3;4). We suppose that our rupicolous orchids cannot be compared to terrestrial
orchids mycorrhizal partners related in others works, since this species grow where
there is a good layer of soil, wherddscaulescenandH. cinnabarinahave been found
in campos de altitudandcampos rupestresvhere generally they grow directly on the
rocks or a thin layer of soil.

The efficiency of the fungug&pulorhizain the seed germination of others
orchids species has been reported (Zettler et al. 1998; Zettler et al. 1999; Ovando et al.
2005; Stewart et al. 2006; Johnson et al. 2007; Chutima et al. 2011; Biao et al. 2012),
and it can be noted that many of them promoted the development until Stage 3, but not
always reach Stage 4 or 5, where the seedlings present one to two |ratles.
symbiotic Brazilian orchid propagatiomkpulorhiza has been shown very efficient,
reaching seedlings until Stage 4 in less than 5 wekksds et al. 2008; Pereira et al.

2011).
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It is not clear whether the mycorrhizal fungi present in germinating stage of
seeds (a stage when all orchids need fungi) are the same as those isolated from adults
orchids (when some need fungi and others are facultatives) (Porras-Alfaro and Bayman
2007). So, thén vitro symbiotic germination experiments with fungi isolated from adult
plants can help us to address this question.

Some studies have suggested that there are specific fungi for different stage of
the life cycle of the orchid@earnaley 2007; Tao et al. 2008; Shimura et al. 2009). In
our case as thaufigi used in this study were isolated from adults orchid root system,
from the same species of orchid tested, we can conclude that these mycorrhizal fungi
play an important role in all life cycle of these orchidewever, the mycobiont that
promoted greater percentage of germination and growth index was the fungus M65
(Figure 3,4), isolated from roots & secundumthat also occurs atampos rupestres
and campos de altitudas Hoffmannseggellaspecies. Furthermore, the HB2E isolate,
from H.cinnabarinapresent the same growth index of Mid3ongheanaexperiments,
after 80 days. These results confirm the low specificity of our orchids, but the efficiency
of M65 proven here duringn vitro seedlings production is very important to achieve
somes conservation goakccordingPereira et al (2011), the isolate M65 seems to be a
mycobionte with high potential to be used in the programs of symbiotic propagation of
orchids. M65 was isolated frore. secunduma widely spread orchid species, in
different formations of Atlantic forests biome, so probably presenting association with a
geographically widespread mycorrhizal fungi.

However, when Pereira et al (2005) tested different isolat&€puwolorhizaspp.

And Ceratorhizaspp. in seed germination @incidium flexuosun®ims that grow as
epiphyte and rupicolous, they observed germination induction in all treatments, but the

development of protocorms were reached only with Geeathorizaisolate fromO.
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flexuosum showing the high specificity of this orchid spetiepromote protocorms,
compared tdHadrolaeliaandHoffmannseggella.

In summary, all species were highly compatibles with their own mycorrhizal
fungi and withEpulorhizafrom E. secundursuch all treatments promote the green leaf
stage undeim vitro conditions. Our results corroborates to Oliveira (2012), who using
molecular tools, verified howHadrolaelia and Hoffmannseggellgresent a diverse
community of mycorrhizal and endophytic fungi (Basidiomycetes and Ascomycetes),
reinforcing the lower specificity of the studied orchids based in the present data.

Study of orchid mycorrhizal fungi presents several challenges and some
questions still remain, so is indispensable to increase the number of reports of
successfulin vitro production of Brazilian orchid.This information will be critical to
future plant production and reintroduction efforts aimed at the conservatidh of

jongheanaH. caulescenandH. cinnabarina.
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4 ACLIMATIZAQAO DE MUDAS MICORRIZADAS DE HADROLAELIAE
HOFFMANNSEGGELLA (ORCHIDACEAE) EM SUBSTRATOS
ALTERNATIVOS (formatacéo de acordo com guia do autor da revista Acta

Scientiarum Agronomy)

Melissa Faust Bocayuva; Tomas Gomes Reis Veloso; Juliana Aparecida Sjlva

Wagner Campos Otoni; Maria Catarina Megumi Kasuya.

Resumo

Este trabalho teve como objetivo testar substratos alternativos na aclimatizacéo
de plantulas micorrizadas das espéciedHddrolaelia jongheanaHoffmannseggella
caulesceng Hoffmanseggella cinnabarinabtidas a partir de semeadura simbiotica
vitro, inoculado com o fungd&pulorrhiza spp., isolado M65. Os substratos testados
foram cascalho, casca @Rnuse de eucalipto. Foram avaliadas a sobrevivéncia das
mudas e durante 5 meses apos o transplantio, foram avaliados o nimero de folhas (NF),
o comprimento da maior folha (CMF) e a micorrizacdo do sistema radicular das
plantulas. Verificaram-se grandes porcentagens de sobrevivéncia para todas as espécies
nos diferentes tratamentos, variando de 40% a 100%. Houve incrementos para o NF e
CMF paraH. jongheanae H. caulescenem todos os substratos. PHrecinnabarinaos
resultados para estas caracteristicas ndo apresentaram diferenca pelo fato das mudas
aclimatizadas ja apresentarem medidas iniciais maiores que as demais (CMF>0,5 cm,
NF> 2). Foram observadg@elotonsintactos e degradados no sistema radicular das trés
espécies de orquideas, sendo assim a inoculacdo inicial continua presente no poés-
aclimatizacdo. A metodologia de aclimatizacdo proposta neste trabalho demonstra-se
eficaz, comprovando o desenvolvimento das plantulas sem a aplicacao de fertilizantes e

com elevadas porcentagens de sobrevivéncia.

Palavras-chave: Pinus eucalipto, Epulorhiza propagacdo simbiotica, espécies em

risco de extingéo, reintroducao.
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Acclimatation of mycorrhizal plants of Hadrolaelia and Hoffmannseggella
(ORCHIDACEAE) in alternative substrates

Abstract

This study aimed to test alternative substrates in the acclimatization of
mycorrhizal speciesHadrolaelia jongheana, Hoffmannseggella caulescesrsd
Hoffmanseggella cinnabarinabtained from seedling vitro symbiotic inoculated with
the fungusEpulorrhizaspp., Isolate M65. The substrates were tested with gravel, pine
bark and eucalyptus bark. We evaluated the survival of seedlings and for 5 months after
transplantation, we assessed the number of leaves (NL), the length of the longest leaf
(CMF) and the seedling mycorrhizal root system. There were large percentages of
survival for all species in the different treatments, ranging from 40% to 100%. There
were increments for NF and CMF felr jongheanaandH. caulescensn all substrates.

In H. cinnabarina, results for these characteristics did not differ, probably because
acclimatized seedlings already present initial measures larger than the others (CMF> 0.5
cm, NF> 2). Were observed intact and degraded pelotons in the root system of the three
species of orchids, showing that the initial inoculation is still present even after this long
period of acclimatization. The high values of coefficient of variation show that these
characteristics presents a high variability. The methodology proposed in this paper
demonstrates acclimatization to be effective, proving seedling development without the
application of fertilizers and high percentages of survival, showing himself to be an

efficient method to be used in symbiotic propagation of these orchids on a large scale.

Key words: Pinus eucalyptusEpulorhizg symbiotic propagation, endangered species,

reintroduction.
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Introducao

A associagdo entre as orquideas e os fungos micorrizicos € essencial a
sobrevivéncia das orquideas na natureza, auxiliando diretamente na germirsacdo da
sementes, no desenvolvimento dos embribes e na manutencdo da planta adulta
(RASMUSSEN, 1995; DEARNALEY, 2007). A abordagem da interacdo simbidtica é
ainda pouco explorada por programas de conservacdo de orquideas, mas tem se
revelado como de importancia crucial, pois prevendo a necessidade de reintrodugéao de
individuos na natureza, as plantas cultivadas em associacdo com seu fungo simbionte
sdo mais resistentes e suportam melhor a adaptacdo ao ambiente do que plantas
germinadas assimbioticamente (CRIB&l., 2003; ZETTLER, 2001; ZETTLERt al,

2003). Além disso, ao mesmo tempo em que se conserva e reintroduzem individuos de
orquideas, a populacédo do fungo é restabelecida (PEREIRA 20G2). Programas de
conservacao visando reintroducéo para orquideas em risco de extingdo no Brasil ainda
nao foram realizados, em virtude da caréncia de estudos multidisciplinares, como a
aclimatizacdo de mudas micorrizadas em larga escala. Nao foi tomada nenhuma
iniciativa de conservacdex situ para as espécies citadas na ultima lista oficial de
espécies ameacadas da Flora Brasileira (BRASIL, 2008).

Um dos fatores que afeta o sucesso da producao de orquidea € a utilizacdo de um
substrato adequado os quais devem possuir uma boa consisténcia para suporte,
capacidade de retencdo de 4&gua, retencdo e disponibilidade de nutrientes,
permeabilidade, aeracdo, poder de tamponamento para valor de pH (SILVA; SILVA,
1997; KAMPF, 2000), entre outros. Assim, varios substratos vém sendo testado nesse
sentido para producdo de orquideas, tais como casca de arroz, casca de café, casca de
Pinus coco em poisopor moido, sementes de amendoei&pbagnum(MORAES et
al., 2002; ASSISet al 2005; YAMAKAMI et al 2006; LONE et al, 2008;
STEFANELLO et al 2009; AMARAL et al, 2010; SANTOS; TEIXEIRA, 2010;
SCHNITZERet al. 2010; ASSISet al, 2010; 2011; DORNELES; TREVELIN, 2011).

Para que essas orquideas consigam retornar ao seu habitat natural e se desenvolver, apos
serem cultivadas em laboratorio, onde as condi¢cdes sdo extremamente favoraveis para
seu desenvolvimento, é necessario um periodo de aclimatizagdo. Essa passagem critica,
da fasein vitro paraex vitro (casa-de-vegetacdo) deve-se, basicamente, aos estresses
bidticos e abioticos, além da passagem das plantas da fase heterotrofica para autotrofica

(LONE et al, 2008). A transferéncia da plantula de um ambiente étimo para um onde as
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condi¢des ndo sdo controladas, principalmente, capacidade hidrica, clima e temperaturas

ideais, podem ser amenizadas pelo uso de substratos com textura grossa, boa drenagem,
acidez controlada e areacao livre para as raizes, bem como mantendo-se a umidade

relativa do ar relativamente elevada. Nestas condicfes, torna-se possivel o crescimento

e desenvolvimento das plantas.

Além disso, é bem conhecida a importdncia da associagdo micorrizica na
germinacdo e formacdo de protocormos de orquideas, mas em plantas adultas
clorofiladas ainda precisa ser mais investigada e compreendida (SHEFFERSON
2005; GIRLANDA, 2006), pois a espécie de fungo micorrizico pode ter diferentes
influéncias funcionais sobre a orquidea hospedeira na fase adulta (ZETTLER e HOFER,
1998; CLEMENTS, 1988). Ensaios de germinacao simbidtiedtro podem esclarecer
estes guestionamentos (OTEROal 2004, 2005). Da mesma forma, os experimentos
de aclimatizacdo também, pois assim poderemos supor os fungos micorrizicos eficientes
em duas etapas importantes: a germinagéo e o desenvolvimento degxiasitas

A producdo de mudas de orquideas a partir da semente leva, no minimo, dois
anos, o que torna o processo de multiplicacdo de grandes quantidades de mudas para
comercializagdo muito lento e oneroso (MORAE &I 2002). No entanto, 0 método de
semeaduran vitro de orquideas em associacdo com fungos micorrizicos pode tornar
possivel, em pouco tempo, a propagacdo de espécies em risco de extincdo, como
Hadrolaelia jongheangRchb.f.) Van den Berd;loffmannseggella caulescefisndl.)

Van den Berg &. cinnabarina(Lindl.) H.G. Jones (BRASIL, 200®RUMMOND et

al., 2008), uma vez que estimula a germinacdo de grande parte das sementes, além de
promover o desenvolvimento do protocormo em menos de trés meses (PEREIRA

2011; VELOSOet al, 2011; TORRESt al 2008). O objetivo do presente trabalho foi
testar substratos alternativos na aclimatizacédo de plantulas micorrizadas das espécies de
Hadrolaelia jongheanaHoffmannseggella caulesceasioffmanseggella cinnabarina

a partir de semeaduiravitro.

Material e Métodos

Plantulas das trés espécies estudadasongheana H. cinnabarina e H.
caulescendgoram obtidas por semeadura simbidicaitro em OMA (4 g de aveia, 10
g de agar e 1L de agua, pH=5,6) com um isolado de g&pmrorhizasp. (codigo

M65) da colecdo de fungos micorrizicos de orquideas do Laboratério de Associagdes
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Micorrizicas (BIOAGRO/UFV). Cerca de trés meses apdés a semeadura, as plantulas
micorrizadas foram transferidas para frascos mantidos em camara de crescimento no
Laboratério de Cultura de tecidos (BIOAGRO/UFV) a temperatura de 26 + 2 °C e
fotoperiodo regulado a 16/8h luz claro/16h escuro. Seis a sete meses ap0s a semeadura e
confirmada a micorrizagdo, as plantulas lde jongheana H. cinnabarina e H.
caulescengom comprimento de parte aérea de cerca de 1 a 2 cm e com raizes com
cerca de 2 cm foram transferidas para tubetes emdeassgetacao sob dois tipos de
cobertura: tela de polipropileno de coloracdo preta (sombrite) e tela termo-refletora
Aluminet® ambas com retencdo de 50% do fluxo de radiacdo solar. Os substratos
utilizados inicialmente foram: casca énus e de eucalipto. A fim de utilizar um
substrato menos suscetivel a contaminacdo por fungos, foi adotado também o cascalho
como substrato na aclimatizacdo em bandejas de plastico com trinta células. As
irrigagdes foram feitas manualmente no inicio da manha ou no fim de tarde, diariamente
no verdo e em dias alternados no inverno. Nao foi feita adubacdo em nenhum periodo
apos o transplantio.

O delineamento experimental foi inteiramente casualizado, (3 x 3) 12,
correspondendo a trés substratos e trés espécies de orquidea, todas inoculadas com o
isolado M65 e com 12 repeti¢cdes por tratamento.

Apos o transplantio foram avaliados mensalmente, durante 5 meses, o0 numero de
folhas (NF) e o comprimento da maior folha (CMF).

Para a confirmacdo de colonizacdo micorrizica foram coletadas amostras de
raizes das plantulas antes da aclimatizac@o e cerca de sete meses apds a aclimatizacéo,
para observacdo de cortes transversais sob microscopio estereoscopico (Olympus
SZ61). Para observacdo dmslotons amostras aleatérias do sistema radicular de cada
espécie de orquidea foram fixadas em FAA 50 (formaldeido, acido acético glacial e
etanol 50% 5:5:90 v/v), mantidas sob vacuo por 48h e estocadas em etanol 70 % a
temperatura ambiente (JOHANSEN, 1940). Cortes longitudinais seriados, das amostras
fragmentos de raizes foram obtidos com auxilio de um micrétomo de mesa (modelo
LPC, Rolemberg e Bheling). Os cortes foram submetidos a dupla coloracdo com
“safrablau” (solugdo aquosa de safranina 1 % - solucdo aquosa de azul de astra 1 % -
duas gotas de acido aceético glacial) e as laminas montadas com gelatina glicerinada
(KRAUS e ARDUIN, 1997). As observagbes e documentacdes fotogréficas foram

realizadas com auxilio de fotomicroscépio (Olympus BX50).
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Foram coletados cinco fragmentos de raizes por espécie de orquidea, para cada
substrato, dos quais foram 100 cortes transversais, priorizando a regido basal do sistema
radicular, para se quantificar a frequéncia de colonizacao (F%) e a intensidadeaglobal d
colonizacédo (M%), sob microscopio estereoscopico (Olympus SZ61). Para a avaliacédo
da M% foram adotadas 5 notas correspondendo a classes de colonizacdo do coértex: (0)
auséncia de colonizacéo; (1) > 0 &d1@2) > 0 a a 50%; (3) >50 a <90%; (4) >90 a
100%, modificado de Trouvelet al (1986) e Tisseramt al. (1998). As caracteristicas
foram quantificadas utilizando as seguintes formulas:

95Xxn4 +70xn3 +30xn2 +10 X nl
n0 + nl1 +n2 +n3 +n4
nl+n2+n3 +n4
n0+nl+n2+n3+n4
Onde nO representa o numero de cortes com nota 0, n1 (nota 1), n2 (nota 2), n3

(nota 3) e n4 (nota 4).

M% =

A% =

Para verificar se havia diferenca significativa entre as médias inicial e final dos
parametros NF e CMF, os dados foram submetidos a andlise de variancia (ANOVA) a
5% de significancia. Para os parametros %M e %A além da ANOVA foi realizado o
teste de médias através do procedimento de Tukey a 5% de probabilidade. Para a andlise

estatistica dos dados utilizou-se o programa SAEG 9.0.

Resultados e Discusséo
Avaliacdo do crescimento

No cascalho observarase incrementos no NF e CMF (P< 0,05) pdfla
caulescens H. jongheana cinco meses apos a aclimatizacdo (Figura la). Rara
cinnabarina os resultados para estas caracteristicas ndo apresentaram diferenca,
provavelmente pelo fato das mudas aclimatizadas ja apresentarem medidas iniciais
maiores (CMF> 1cm, NF>4) que as demais (CMF>0,5 cm, NF> 2). Nos substratos de
casca de eucaliptoRRinus novamente néo foi observado incremeffo 0,05) para as
caracteristicas avaliadas p&tacinnabarina(Figura 1b,c). Entretanto, as plantulas de
H. jongheanaapresentaram um desenvolvimento positivo em casca de eucalipto como
de Pinus no entanto n&o houve diferengca para o NF em eucalipto (P= 0,0d&61)
H.jongheana(Figura 1b), e para o CMF em eucalipto (P=0,18278) e o NiPieus
(P=0,19502) déd.caulescengFigura 1c). Em experimentos desenvolvidos com plantas

de orquideas ndo micorrizadas e com aplicacdo de fertilizantes, Assakawa et al. (2008)
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ndo observaram diferenca nas caracteristicas NF para plantulzelde tenebrosa
(Rolfe) Rolfe durante um periodo de aclimatizagdo semelhante. No entanto, Valencia
(2009) observou diferenca desta caracteristica durante um periodo de aclimatizacao
maior.

Neste trabalho verificaram-se grandes porcentagens de sobrevivéncia para todas
as espécies nos diferentes tratamentos, a saber, plantilasadescensclimatizadas
em cascalho (88%), seguido dos tratamentos Bamas (75%) e eucalipto (40%),
respectivamenteH. cinnabarinaapresentou 89% de sobrevivéncia no tratamento de
cascalho e 100% nos demais tratamentos. PorHijongheanaapresentou 63% no
cascalho e 82% em eucaliptdeus As maiores taxas de mortalidade no tratamento
com cascalho podem estar relacionadas ao estresse hidrico, uma vez que no pés-cultivo
in vitro este é um dos fatores preponderantes na sobrevivéncia das plantas
aclimatizadas. Os valores de sobrevivéncia foram elevados quando comparados com
outros trabalhos de aclimatizacdo de plantulas de orquideas ndo micorrizadas, a saber,
27% em substrato deinus(DORNELES &TREVELIN, 2011). Outro fator importante
na aclimatizacdo foi a textura do substrato, pois as plantas aclimatizad@suem
podem ter sofrido danos maiores em suas raizes. SEENI & LATHA (2000)
mencionaram que plantas que sofrem danos no sistema radicular apresentam uma baixa

capacidade de aclimatizacao.
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Figura 1: Médias do numero de folhas (NF) e comprimento maior folha (CM) de
plantas micorrizadas deHadrolaelia jongheana Hoffmannseggella
caulescense Hoffmannseggella cinnabarinanos trés tratamentos de
substratosa. cascalhob. casca dePinus e c. eucalipto (NFI: numero de
folhas inicial; NFF: niamero de folhas final; CMI: comprimento maior folha
inicial; CMF: comprimento maior folha final). *Médias seguidas de mesma

letra, ndo diferem entre si pelo teste de Tukey a 5% de probabilidade.
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A maioria dos trabalhos de aclimatizacdo de plantulas de orquideas brasileiras
obtidas a partir de propagacdo assimbiditicgitro inclui a aplicacdo de uma solucéo
nutritiva (MORAESet al, 2002; ASSIS:t al 2005; YAMAKAMI et al 2006; LONE
et al, 2008; STEFANELLOet al 2009; AMARAL et al, 2010; SANTOS;
TEIXEIRA, 2010; SCHNITZERet al 2010; ASSI&t al, 2010; 2011; DORNELES e
TREVELIN, 2011). Assim, testes utilizando a aclimatizacdo de plantulas produzidas
simbioticamente, acrescentado da aplicacdo de solucdo nutritiva deve ser testada para
avaliar a eficiéncia da associacdo micorrizica e o efeito dos fertilizant4es sobre o
crescimento e o desenvolvimento da plantula, bem como da manutencao da associacao
micorrizica.

A metodologia de aclimatizacdo proposta neste trabalho é eficaz ja que foi
comprovado o desenvolvimento das plantulas sem a aplicacdo de fertilizantes e com
elevadas porcentagens de sobrevivéncia. O que pode ser explicado pelo fato de as
plantas micorrizadas serem mais resistentes ao estresse e a patdgenos que causam
doencas do que plantulas assimbiodticas (TAMNGI., 2009, além disso, a presenca de
simbiontes favorecem o crescimento e o estabelecimento da planta (BRUNERETT
al., 2003).

Avaliacao da micorrizagéo

Foram observadopelotonsintactos e degradados para todos os tratamentos
(Figura 2 c,d), mostrando que a inoculacao inicial continua presente mesmo apds cerca
de seis a 7 meses da aclimatizacdo. A %F nao apresentou diferenca para as trés
espécies nos trés substratos avaliados (P>0,05) com exceg¢do caellescengjue
apresentou uma frequéncia de colonizacéo inferior no tratamento com cascalho (Tabela
1). A %M, por sua vez, apresentou-se menomaulescensos substratos de casca
de pinus e cascalho (Tabela 1). Os valores elevados do coeficiente de variacdo (CV%)
mostram que tais caracteristicas apresentam alta variabilidade, sendo assim, comparar
estes dados nao apresenta conclusdes consistentes. A colonizacdo de fungos
micorrizicos no sistema radicular de orquideas pode ser muito varidvel (PORRAS-
ALFARO; BAYMAN, 2007), o que foi observado também nas amostras coletadas das
plantas adultas das mesmas espécies estudadas em seu habitat natural: fragmentos de

raizes com intensa colonizagéo ou com auséngeldéeons
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A colonizagdo das orquideas por diversas espécies de fungos micorrizicos
aumenta a complexidade desta interacdo, porém até o presente momento nenhum
trabalho testou uma mistura de inoculantes. E possivel que diferentes grupos de fungos
atuem em diferentes funcdes nas plantas hospedeiras (PORRAS-ALdARQO007).

e N E b v 1l _ e A : S
Figura 2: a. Plantulas deH. jongheananos substratos de cascaRiaus e eucalipto
apos 6 meses a semeadbraPlantulas deH.caulescensio substrato de
cascalho apés 7 meses a semeadurBresenca deelotonsintactos e
degradados no sistema radiculatrtigongheanacom 6 meses no tratamento
de cascalhod. Pelotonintacto na célula do cértex de raiz de plantulaHde

caulescensom 4 meses de aclimatizagdo no tratamentoRionms
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Tabela 1: Porcentagem de colonizagcdo (M) e da frequéncia de Colonizacéo (F) de
plantulas de orquideas inoculadas dépulorhizasp. Isolado M65, seis a
sete meses apods transplantio para casa de vegetacdo em diferentes

substratos. Média de cinco repeticdes.

Espécie de
Orquidea Cascalho Eucalipto Pinus
--------------- F (%) --------------
H. cinnabarina 50a 25a 47a
H. caulescens 9b 54a 9a
H. jongheana 39ab 37a 34a
*CV% 52,36 58,63 35,95
------------------ M (%)--------=--=-=-----
H. cinnabarina 3,53ab 1,87 a 3,76a
H. caulescens 0,42b 2,13a 1,17b
H. jongheana 4,25a 1,8a 2,49a
*CV% 66,58 71,87 57,78

*Coeficiente de Variacao expresso em porcentagem.

Um individuo adulto de orquidea pode apresentar uma grande diversidade de
simbiontes, pois segundo Kristiansenal 2001, umpeloton pode ser formado por
varias espécies de fungos micorrizicos. Alguns autores supdem que os fungos
micorrizicos podem exercer diferentes consequéncias funcionais sobre a orquidea
hospedeira, porém as evidéncias sobre este fato ainda sao limitadas (ZETTLER;
HOFER, 1998; CLEMENTS, 1988). Ensaios de germinacdo simbidticéro podem
eglarecer estes questionamentos (OTER@I 2004,2005), bem como experimentos
de aclimatizacdo, pois assim poderemos supor os fungos micorrizicos eficientes em
duas etapas importantes, a germinacao e o desenvolvimento de gravites No caso
deste experimentou optou-se em aclimatar as plantulas inoculadas com o isolado M65,
pois este simbionte desempenhou as maiores taxas de germinacao e desenvolvimento de

protocormos para as trés orquideas estudadas.
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Conclusodes

O substrato cascalho, casa de eucalipto oRides ndo afetou o niamero de
folhas e o comprimento da maior folha. No entanto, a micorrizacao das plantas pode ser
observada em todos os tratamentos durante o experimento. Além disso, as taxas de
sobrevivéncias para todos os tratamentos foram altas. Sendo assim o método de
aclimatizacao de mudas micorrizadas Hadrolaelia jongheanaHoffmannseggella
caulescense H. cinnabarina, desenvolvido neste trabalho, pode ser aplicado em
projetos de conservacdo de espécies de orquideas em risco de extingdo que visam a

reintroducdo em areas naturais.
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5 CONSIDERACOES FINAIS

O presente trabalho teve sucesso na realizacdo de algumas das principais etapas
de conservacao integrada de trés espécies em risco de extincdo da Floresta Atlantica,
tornando possivel agora realizar futuramente outras etapas importantes, tais como a
reintroducac “assisted migration” em areas naturais.

Através da caracterizacdo morfolégica e molecular de 30 isolados de
Rizocthonialike, associadoas orquideas estudadas foi possivel constatar que os todos
isolados estdo filogeneticamente proximos a cinco diferentes espéciesadeella
Além disso, podemos supor que as espécies tropicais brasileiras, sejam elas epifitas ou
rupicolas, sdo generalistas em suas associagcdes com micorrizas doEgétettza
Em termos de metodologia nesta etapa, as ferramentas moleculares podem ser
consideradas mais eficazes e mais precisas estudos de levantamento e de
identificacdo de micorrizas de orquideas, mas que se faz necessario aprimorar 0s
procedimentos de extracdo de DNA, ja que em muitos casos ndo se obteve sucesso na
etapa de amplificacdo. Pode se constatar também que a edpffo@nnseggella
cinnabarinano ambiente de campos de altitude precisa ser amostrada novamente, pois
nao foi possivel obter muitas amostras desta localidade.

Os ensaios de germinacdo proporcionam um maior entendimento dos padrdes de
associacfes micorrizicas destas orquideas, pois foi possivel supor que espécies epifitas
sdo provavelmente menos dependentes que as espécies rupicolas. Além disso, foi
ressaltado que o0s conceitos atuais sobre a relacdo fungo-orquideas sédo baseados
principalmente no caso das espécies terrestres, e mais recentemente das epifitas. Ou
seja, o Brasil pode vir a enriquecer estas teorias considerando que apresenta uma grande
diversidade de orquideas de habitos diferentes, a saber, epifitas, rupicolas e terrestres,
ressaltando que o padrdo de especificidade deste trés tipos de orquideas devem ser
tratados separadamente.

A eficacia do isolado dEpulorhizaM65 proporcionou a producdo de mudas de
micorrizadas com éxito, seria interessante rever os delineamentos de producéo na etapa
de cultivo em frasco vitro a fim de otimizar a producdo de mudas. Além disso,
podemos afirmar que este isolado apresenta grande potencial na elaboracdo de um
protétipo de inoculo.

O método deadimatizacdo de mudas micorrizadas ladrolaelia jongheana,

Hoffmannseggella caulesceasdl. cinnabarina,desenvolvido neste trabalho foi eficaz
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ja que apresentou elevadas taxas de sobrevivéncias para todos os tratamentos de
substratos, cascalho, casa de eucalipto deinlgs e que foi observada a permanéncia

da a micorrizacdo das plantas ao longo de cerca de 7 meses. No entanto, jA podemos
apontar mudancas necessarias no protocolo de aclimatizacado que poderia ser executado
com plantulas com medidas iniciais maiores priorizando o uso do cascalho que se
apresenta como um substrato mais promissor. Além disso, a aplicacdo de solucao
nutritiva em diferentes concentracdes para se avaliar seu efeito sobre a colonizacdo de
fungos micorrizicos no sistema radicular, e caso ndo haja inibicdo destes, e sobre o

desenvolvimento das plantulas.
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