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RESUMO
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FUNGOS ECTOMICORRIZICOS DO SUL DO BRASIL, COM ENFASE
NO HABITO HIPOGEO
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Os fungos representam um grupo de organismos extremamente importante nos
ecossistemas terrestres. Entre as muitas funcbées por eles desempenhadas esta a
associacdao mutualistica com as raizes dos vegetais, formando diferentes tipos de
micorrizas. A maioria dos estudos realizados até o momento esta principalmente
focada nos fungos ectomicorrizicos epigeos, 0os quais ocorrem acima do solo. Por
outro lado, os fungos ectomicorrizicos hipégeos, que vivem abaixo da superficie do
solo, sdo ainda pouco estudados. A presente pesquisa tem como objetivo estudar a
diversidade de fungos ectomicorrizicos hipdgeos (Basidiomycetes) coletados em
plantacdes de Eucalyptus spp. na Regido Central do Rio Grande do Sul, Brasil, com
base em caracteristicas morfoldgicas e moleculares. O periodo de coleta dos fungos
foi de maio de 2009 a julho de 2010. Um total de cinco espécies pertencentes a trés
familias foram identificadas. Este material foi analisado para verificar suas
caracteristicas morfolégicas e moleculares. Dentre as espécies identificadas estao:
Chondrogaster pachysporus Maire, Descomyces albus (Berk.) Bougher &
Castellano, Hysterangium affine Massee & Rodway in Massee, Hysterangium
inflatum Rodway e Setchelliogaster tenuipes (Setch.) Pouzar. Adicionalmente
identificou-se uma segunda espécie de Chondrogaster sp. porém nao se chegou a
uma espécie conhecida, acreditando tratar-se de uma espécie ainda desconhecida
para a ciéncia. Dentre as espécies estudadas, destacam-se a Descomyces albus
que é citada pela primeira vez para o Estado do Rio Grande do Sul, Hysterangium
affine e H. inflatum que tém sua ocorréncia registrada pela primeira vez no Brasil,
além de Chondrogaster packysporus citado pela primeira vez para a América do Sul.

Palavras-chave: ectomicorrizas, falsa-trufa, Eucalyptus, ITS rDNA
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Fungi represent an extremely important group of organisms in terrestrial ecosystems.
Among their several important ecological roles, is the mutualistic association with
plant roots, forming different types of mycorrhiza. Most studies carried out so far
focused on epigeous ectomycorrhizal fungi, which occur above ground. On the other
hand, below ground, hypogeous ectomycorrhizal fungi, are still poorly studied. This
research aimed to study the diversity of hypogeous ectomycorrhizal fungi
(Basidiomycetes) collected in Eucalyptus spp. plantations in the Central Region of
Rio Grande do Sul, Brazil, based on morphological and molecular characters.
Samples were taken between May 2009 and July 2010. A total of five species
belonging to three families were identified. The material was analyzed to determine
the morphological and molecular characters. Among the species identified are:
Chondrogaster pachysporus Maire, Descomyces albus (Berk.) Bougher &
Castellano, Hysterangium affine Massee & Rodway in Massee, Hysterangium
inflatum Rodway and Setchelliogaster tenuipes (Setch.) Pouzar. Additionally a
second species of Chondrogaster sp. was collected. However, no identity was
determined for this species. Furthermore, it is believed it represents a new
undescribed species to science. Among the species studied, Descomyces albus is
reported for the first time in the State of Rio Grande do Sul. Hysterangium affine and
H. inflatum are newly recorded species from Brazil while Chondrogaster pachysporus
is recorded for the first in South America.

Key words: ectomycorrhiza, false-truffle, Eucalyptus, ITS rDNA



LISTA DE FIGURAS

Figura 1 e 2 — Basidiomata of Chondrogaster pachysporus .............cccccccceeeeeeennns

Figura 3 a 5 — Chondrogaster pachysporus. 3. Peridium. 4. Basidia. 5. Gleba

L= 8 1 o

Figura 6 a 8 — Chondrogaster pachysporus. 6. Immature basidiospores. 7.

Mature basidiospores. 8. Details of the hymenium and trama.............cccccuvvieinnnnnns

Figura 9 — Map of the State of Rio Grande do Sul showing the survey region. ......

Figura 10 a 12 — Descomyces albus. 10. Basidiospores. 11. Basidia. 12. Details
of the peridiopellis showing the inner peridiopellis elements composed by two
layers; outer layer with thick-walled, clamped hyphae; inner layer with hyaline

and inflated NYPNAE. ...

Figura 13 a 18 — Setchelliogaster tenuipes. 13. Basidiospores. 14. Basidia. 15.
Cystidia. 16. Details of the subparallel stiptipellis surface. 17. Details of the

peridiopellis. 18. Subparallel hymenophoral trama ...,

Figura 19 a 24 — Rhizomorphs of Setchelliogaster tenuipes.19. Details of the
external surface with encrusted granular crystals. 20. Terminal hyphae. 21.
Thicker hyphae with simple septa, clamps and brown contents. 22. Emanating

hyphae. 23. Inflated hyphae. 24. Typical ampullate inflations at the hyphae...........

Figura 25 a 31 — Hysterangium affine. 25. Exoperidium. 26. Basidia. 27.
Basidiospores. Fig. 28-30. Hysterangium inflatum. 28. Exoperidium. 29. Basidia.

30. Basidiospores. Fig. 31 — Chondrogaster sp., basidioSpores. .......cccccceeviecuuenneen.

Figura 32 a 38 — Descomyces albus. 32-33. Setchelliogaster tenuipes. 34-36.

Hysterangium affine. 37. Hysterangium inflatum. 38. ...........cccooiiieiiiiiiiiiiieeeeeeeeeens

..80

..83

.92

..93



Figura 39 a 46 — SEM images. Descomyces albus. 39-40. 39. Basidiospores.
40. Gleba. Setchelliogaster tenuipes. 41-44. 41-42. Basidiospores. 43.
Ampullate hyphae of the rhizomorphs. 44. Details of the clamped hyphae. 45.
Basidiospores of Chondrogaster pachysporus. 46. Collapsed basidiospores of

Hysterangium INFIATUML. ..............eeeee s

Figura 47 — Padrao de bandas obtidas pela amplificagao da regiao ITS do rDNA
dos isolados fungicos: Descomyces albus (S199, S203, S223), Setchelliogaster
tenuipes (S198), Chondrogaster pachysporus (S224) e Chondrogaster sp.
(S205). Em C-, observa-se o controle negativo da reacdao de PCR. Na primeira

coluna a esquerda, observa-se 0 ladder 1Kb..........ccooeveeeiiiieiiiiiieeeeeeee

Figura 48 — Dendrograma filogenético baseado no algoritmo neighbor-joining
da regiao ITS do rDNA entre os isolados Descomyces albus (isolados S223,
S199 e S203) e Setchelliogaster tenuipes S198 e organismos obtidos a partir
do banco de dados GenBank. O niamero acima ou abaixo das ramificacdes

representa o valor de bootstrap com base em 1000 replicatas. .......cccccceeeeeeeeeeeeeens

Figura 49 — Dendrograma filogenético baseado no algoritmo neighbor-joining
da regiao ITS do rDNA entre os isolados Chondrogaster pachysporus S224 e
Chondrogaster sp. S205 e o0s organismos obtidos no bando de dados
GenBank. O nimero acima ou abaixo das ramificacdes representa o valor de
bootstrap com base em 1000 replicatas. .......cooeeeeeeiiiiiiiiieeeeeeeeeeeee e

107



SUMARIO

1 INTRODUGAO GERAL........cmieeremrrcrsnssensassssssssssssssssssssssssssssssssssssssssssssasssssanes 14
2 REVISAO BIBLIOGRAFICAL.........eccemerecceemsssssscssssssssssessssssssssssssssssssssssasasaes 16
2.1 FUNQOS ECtOMICOITIZICOS......ciiiiiiinnnmmnnnn s rssssssssssmmss s s ssmmn s s s e ssmmnnns 16
2.2 FUngos epigeos € hiPOJEOS .....ccuirummmmmmrriissssssssssnmmssssnssssssssssssmmssssssssssssssssnnnnns 18
2.3 Fungos ectomicorrizicos e sua importancia..........coecerrrrrsmmrrrssssssssssssmsesnnns 19

2.4 Caracteristicas macromorfoldgicas dos fungos hipdgeos e secotidides....22
2.5 Caracteristicas micromorfologicas dos fungos hipdgeos ..........cccevviiinnnnnnns 23
2.6 Estudo dos fungos ectomicorrizicos no Brasil .........cccceeeeveriiiiiicciicccccccseeeen, 24

3 CAPITULO 2
A LITERATURE-BASED CHECKLIST OF ECTOMYCORRHIZAL FUNGI FROM

SOUTHERN BRAZIL ........omeeiriiiissssssssss s ssssssssssssssss s s s sssssssssssssssss s s sssssssssssnnnnns 27
3.1 ADSTIaCT. ..o i cccrrr i ————————————_ 27
B0 02 5 1= 1] 1T 27
B TR TN {114 oY 11T 1 o o X 28
3.4 Material and Methods........cccuiiimimmmmmm s ————————— 30
3.5 RESUIES ..cciiiiirirrrrrsss s 30
B0 0o o L1 =T o 62
3.7 ACKNOWIedgements.........ceueiiiiiiiiiinmmmnn s 62
3.8 ReferenCes ....cccviiirirrrrrrrrs s ——— 62
4 CAPITULO 3

CHONDROGASTER PACHYSPORUS IN A EUCALYPTUS PLANTATION OF
SOUTHERN BRAZIL .........eeeeirsirssssssscssss s s sssssssssssssmsssssesssssssssssmmssssssesssssssssnnnnns 69
4.1 ADSTFaCT....coicciiirrrrrrr s ————————————— 69
2 1= 1] 1T 69
V4 T {1140 Yo 11T 1 o o X 69
4.4 Material and methods.........ciiriiinrrrrr s ———————————— 70
4.5 Results and diSCUSSION ....cccvviirimrmmmmmsssssssssssssssss s 71

4.6 ACKNOWIedgmeNtS.....ccciirrimmmrmrnrsssssssssssss s 73



A = (=Y (=) (=) 4 Lo =Y 74

5 CAPITULO 4
MORPHOLOGICAL CHARACTERIZATION OF HYPOGEOUS FUNGI (TRUFFLE-
LIKE FUNGI, BASIDIOMYCOTA) FROM EUCALYPTUS PLANTATIONS IN

SOUTHERN BRAZIL .........eeeeeiiieessssssscsses s s sssssssssssssssssssesssssssssssmmssssssssssssssssnnnnns 77
LT I - o =3 1 Vo 77
5.2 RESUMO ..iiiiiiiiissssssssssss s s s s s s s 77
5.3 INtrodUCTION ....cccciiiciririrs s ——————— 78
5.4 Material and Methods........cccuuiimrrrmrmmrmrrrrr s 79
LT 2 1= 1] ) 80
LS 0= oW == T o 96
5.7 AcKnowledgements. ... 97
LR C 0 2 1= (=] = 0 o o 97

6 CAPITULO 5
DIVERSIDADE DE FUNGOS HIPOGEOS ASSOCIADOS A EUCALYPTUS SPP.
NO RIO GRANDE DO SUL USANDO SEQUENCIAS DE NUCLEOTIDEOS DA

REGIAO ITS IDNA ..ot ssssessssssssss s s s s s e s sssssssssssssasassssasssssssssssanes 101
& I 2 1= 11 1T 101
(ST 1o T LT o T J N 102
6.3 Material @ MEtOdOS.......ccccmmriiiiiriieer s 102
6.4 Resultados € diSCUSSA0.........ccuiiiirrsnmmmmmrrrrrsssssssssmmnssnsrsessssssssnmssnsssesssssssssnnnnns 104
6.5 CONCIUSOES ...coeerriiriiiiirnnmmnnenrrresssssssssmmnsssrsesssssssssnmmsssnsseessssssssnnmnsnnssesssssssssnnnnns 109
6.6 Referéncias bibliograficas..........coevvmmmmmiiiiinnninsnrr e 110
7 CONSIDERACOES FINAIS E PERSPECTIVAS FUTURAS.......cccoveeeerrnraesenns 112

REFERENCIAS BIBLIOGRAFICAS .......eoeeeeeeeeeeeeeeeeee e ee e eeeeesmessessasssessssesasssnns 114



1 INTRODUCAO GERAL

Os fungos representam um grupo de organismos extremamente importante
em todos os ecossistemas, atuando na ciclagem de diferentes nutrientes a partir da
acao saprofitica resultante da decomposicao de residuos, principalmente de origem
vegetal. Além disso, uma série de fungos esté intimamente associada as raizes dos
vegetais, formando micorrizas e promovendo grandes beneficios ao vegetal
(PETERSON et al., 2004; SMITH; READ, 2008). Por outro lado, algumas espécies
sao patégenos potenciais de inUmeros vegetais, e outras, por serem patdégenos de
outros parasitas vegetais (nematodides, artropodes e inclusive outros fungos) tém
sido utilizados como recurso eficaz no controle biol6gico. Desse modo, os fungos
sao organismos de grande importancia, dada a sua vasta aplicabilidade econémica e
funcdes desempenhadas nos ecossistemas (ALEXOPOULOS et al., 1995).

Os beneficios decorrentes das associagbes das plantas simbiontes com
fungos ectomicorrizicos sdao os mais variados e de grande importancia para as
plantas. Os fungos ectomicorrizicos retiram dos vegetais compostos organicos
necessarios a sua sobrevivéncia, enquanto isso, as plantas tornam-se mais bem
nutridas e apresentam maior sobrevivéncia e longevidade no campo, pois as
ectomicorrizas propiciam as plantas o aumento da absor¢cdo de nutrientes e agua,
além protegé-las contra patégenos e estresses ambientais (SMITH; READ, 2008).

Sao poucos os estudos que englobam o assunto da diversidade fangica
(micobiota) em nosso pais. Apesar disso, € consenso entre 0s pesquisadores de
todo mundo a importdncia de se conhecer a diversidade dos fungos nos paises
tropicais e subtropicais, onde encontra-se grande numero das espécies ainda
desconhecidas pela ciéncia (HAWKSWORTH 2001a, b; RINALDI et al., 2008). Cerca
de 80.000 a 120.000 espécies de fungos foram descritas até o momento, embora o
namero total de espécies seja estimado em cerca de 1,5 milhdes
(HAWKSWORTH 2001a; WEBSTER; WEBSTER, 2007). Hawksworth (2001a) relata
que, entre os anos 1990-1999, cerca de 60% das novas espécies descritas foram
originarias de areas tropicais e subtropicais. Rinaldi et al. (2008) estimaram que a
riqueza de espécies ectomicorrizicas mundiais encontra-se em torno de 7.750
espécies. Contudo, este numero pode chegar a 20.000 ou até 25.000 espécies, pois
muitas regides tropicais ainda necessitam ser estudadas. A luz do conhecimento de

que nosso pais detém a maior diversidade de espécies do planeta, Lewinsohn;
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Prado (2005) estimaram cerca de 14.000 espécies de fungos e as pesquisas
direcionam para um numero superior a 200.000 espécies brasileiras. Em uma lista
publicada recentemente, Forzza et al. (2010) englobaram 3.608 espécies de fungos
para o Brasil, o que diminui o grande numero publicado por Lewinsohn; Prado
(2005).

Cabe salientar que, apesar da grande importancia para manutencao dos
ecossistemas naturais e do seu enorme potencial biotecnolégico para melhoria da
nutricdo das plantas, em especial na recuperacdo de areas degradadas e na
incorporacao de solos pobres na cadeia produtiva, ha reduzido numero de trabalhos
sobre a diversidade dos fungos ectomicorrizicos no Brasil. Os estudos realizados até
o momento estado principalmente focados nos fungos ectomicorrizicos epigeos, os
quais ocorrem acima do solo. Por outro lado, os fungos ectomicorrizicos hipdgeos,
que vivem abaixo da superficie do solo, sdo ainda pouco estudados. Em vista das
maiores dificuldades no estudo destes ultimos, devido a dificuldade de visualizagédo
no campo e a necessidade de maior tempo e mao-de-obra para a retirada da
serrapilheira e do solo, ha ainda menor quantidade de pesquisas taxondémicas. O
reduzido conhecimento da nossa biodiversidade fungica, limita as possibilidades de
utilizacdo destes organismos na avaliagdo dos impactos ambientais causados em
ecossistemas naturais e reduz a utlizacdo destes em programas de
desenvolvimento biotecnolégico como, por exemplo, na disponibilizacdo de novos
fungos para micorrizagao de mudas florestais.

O ramo da taxonomia de fungos apresenta-se como uma ciéncia béasica, que
tem um papel estratégico de iniciar os estudos por meio da identificacdo das
espécies de nossa diversidade para que futuros estudos relacionados a
conservacao, ao manejo e a biotecnologia possam ser desenvolvidos. Em vista da
grande caréncia de pesquisas em taxonomia de fungos no nosso pais, elaborou-se a
hip6tese de que as plantagdes de eucalipto da Regido Central do Rio Grande do Sul
apresentam grande diversidade de fungos ectomicorrizicos hipbégeos ainda
desconhecidos pela comunidade cientifica. Para testar esta hipétese, o presente
trabalho teve como objetivo estudar a diversidade de fungos ectomicorrizicos
hipégeos associados as plantacdes de Eucalyptus spp. na regiao Central do Rio
Grande do Sul, com base em caracteristicas morfolégicas e moleculares daqueles

organismos.



2 REVISAO BIBLIOGRAFICA

2.1 Fungos Ectomicorrizicos

As micorrizas sdo associacoes mutualisticas entre fungos e as raizes das
plantas (BRUNDRETT et al., 1996). Acredita-se que esta associacdao simbiotica seja
abundante e esteja presente em 75 a 86% das plantas (SMITH; READ, 2008;
BRUNDRETT, 2009), totalizando cerca de 220.000 a 420.000 espécies de plantas,
aproximadamente 2% do total das espécies conhecidas (TEDERSOOQO, 2009).

Ja nas décadas de 70 e 80, pesquisadores reconheciam a importancia das
micorrizas como um fator essencial para a colonizacdo do ambiente terrestre pelas
plantas (PIROZYNSKY; MALLOCH, 1975; PIROZYNSKY, 1981). Sete tipos de
associa¢des micorrizicas sdo conhecidas: a) micorrizas arbusculo-vesiculares (MAV)
— também chamadas de micorrizas arbusculares (MA); b) ectomicorrizas (ECM); c)
ectendomicorrizas; d) orquiddides; €) ericoides; f) monotropdides; e g) arbutbides
(MOREIRA; SIQUEIRA, 2006; BRUNDRETT et al., 1996). As micorrizas
arbusculares e as ectomicorrizas sao consideradas as de maior importancia
econdmica (CARNEIRO et al., 1998).

Os fungos ectomicorrizicos sdo muito importantes nos ecossistemas, pois sua
associacdao mutualistica com plantas de diferentes espécies auxilia na absorcao de
nutrientes minerais, agua e na protegdo da planta simbionte em relacdo aos
patégenos e estresses abidticos e bidticos, também como as interagcdes microbianas
e com outros organismos do solo (SMITH; READ, 2008; BRUNDRETT, 2009). Nos
ecossistemas florestais, o papel das ectomicorrizas é ainda mais pronunciado,
atuando fortemente nos ciclos biogeoquimicos, na dindmica das comunidades
vegetais e na manutencao da estrutura do solo (RILLIG; MUMMEY, 2006; MORRIS
et al., 2009).

Diferente do que se observa em micorrizas arbusculares, nas ectomicorrizas
as células fungicas nao penetram na parede celular da planta, mas distribuem-se no
espaco intercelular, formando uma malha na epiderme e cortex da raiz, denominada

de rede de Hartig. Além disso, formam um revestimento derivado desta rede em
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torno da raiz, o qual recebe o nome de manto (PETERSON et al., 2004; WANG;
QIU, 2006), bem como possuem a capacidade de estender suas hifas formando as
rizomorfas e desta maneira explorar mais amplamente o ambiente, favorecendo a
obtencdo de nutrientes. Desta forma, o aporte de agua e nutrientes pode ser
realizado para as plantas simbiontes, auxiliando no crescimento e desenvolvimento
das mesmas (NARA; HOGETSU, 2004), enquanto as ectomicorrizas recebem em
troca substancias oriundas dos fotossintatos da planta.

Em sua grande maioria, os fungos ectomicorrizicos pertencem ao filo
Basidiomycota, destacando-se os géneros Amanita, Hebeloma, Hysterangium,
Laccaria, Lactarius, Rhizopogon, Russula, Scleroderma, Suillus, Tricholoma, entre
outros (VELLINGA et al., 2009). A associacao destes fungos as espécies florestais
cultivadas, como por exemplo os géneros Pinus, Eucalyptus e Acacia, tém sido
consideradas como extremamente favoravel. De acordo com Nara; Hogetsu (2004),
o papel das ectomicorrizas € fundamental na recuperagdo de areas impactadas
ambientalmente, como é o caso de muitas areas do bioma Pampa, que por possuir a
predominancia de solos arenosos, apresenta grande susceptibilidade a acao
humana, as ectomicorrizas podem atuar na melhor absor¢ao de nutrientes como Cu,
Mg e Zn (SILVA et al., 2003).

Somente com a caracterizagdo morfoldgica de ectomicorrizas pode-se gerar
resultados satisfatérios no conhecimento da biodiversidade de espécies dos campos
sulinos e até mesmo no conhecimento de espécies ainda nao catalogadas.
Entretanto, o uso de caracteres fenotipicos normalmente nao permite a identificacéo
clara e, pode inclusive, impossibilitar a distingdo, em alguns casos, entre diferentes
“isolados” e diferentes espécies (GOMES et al., 2002). Uma importante ferramenta
em estudos de biodiversidade de ectomicorrizas tem sido a biologia molecular,
conforme demonstram Gomes et al. (2002); Haung et al. (2005); Kwasna et al.
(2008); Morris et al. (2009); Suvi et al. (2010) e Tedersoo et al. (2007, 2008). Estes
cientistas utilizaram técnicas moleculares, especialmente ferramentas baseadas no
sequenciamento do espaco interno transcrito (internal transcribed spacer — ITS) do
rDNA de fungos, auxiliando na caracterizacdo das espécies e na avaliacdo da
variabilidade genética.



18

2.2 Fungos epigeos e hipogeos

Uma das caracteristicas dos fungos ectomicorrizicos é a baixa diversidade de
plantas simbiontes, o que é inversamente proporcional a diversidade de espécies.
Além disso, este fator difere do que se observa em fungos micorrizicos arbusculares
(MOREIRA; SIQUEIRA, 2006). A identificacdo de ectomicorrizas em plantagbes
florestais limita-se normalmente ao levantamento de fungos cujas estruturas
reprodutivas tém habito epigeo (GIACHINI et al, 2000), onde as frutificacbes sao
facilmente detectadas na superficie do solo ou em outros substratos, como madeira.
Incluem-se nesta categoria os fungos chamados vulgarmente de cogumelos, fungos-
coraléides, entre outras denominagdes, como ocorre com espécies dos géneros
Amanita, Laccaria, Lactarius, Pisolithus, Ramaria, Telephora, além de inUmeras
outras espécies muito frequentes em nosso pais. Porém, é provavel que uma grande
variedade de fungos de habito hipdgeo também ocorram colonizando as plantas de
interesse florestal. Estes fungos sao caracterizados por produzir seus ascomas e
basidiomas abaixo do solo (BRUNDRETT et al., 1996; MOREIRA; SIQUEIRA, 2006).
Fungos hipégeos incluem espécies dos filos Basidiomycota e Ascomycota, que
podem ser dispersos no solo por animais, conforme relatos de paises de clima
temperado (CASTELLANO et al., 1989). Alguns géneros de fungos ectomicorrizicos
que apresentam o habito hipégeo sado Alpova, Chondrogaster, Descomyces e
Hysterangium.

Além das definicdes de fungos epigeos e hipdgeos, cabe destacar outros
termos e definicdes para certos grupos fungicos geralmente referidos no grupo dos
fungos hipdgeos, entre os quais, o uso do termo trufa. Este termo refere-se aos
membros hipégeos do género Tuber, do filo Ascomycota, que sao as verdadeiras
trufas; no entanto, outros fungos hipégeos (Ascomycota e Basidiomycota) também
sejam, algumas vezes, chamados de trufas (BRUNDRETT et al., 1996). Porém, o
termo trufa s6 pode ser empregado para regides onde estes fungos associam-se
com as arvores de carvalho (Quercus spp.), 0 que nao é o caso do Brasil. Fungos-
semelhantes-a-trufas (truffle-like-fungi) sao fungos hipdgeos do filo Basidiomycota e
que nao estdo associados a espécies de carvalho. Fungos denominados como
“sequestrados”, referem-se aos fungos que possuem esporos e estes ndo se
desprendem dos basidios, sendo que os corpos de frutificacdo permanecem
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fechados até a maturidade (BOUGHER; LEBEL, 2001). Todavia, englobam formas
historicamente descritas como secotiddes ou gasterdides, assim como formas
agaricoides, onde os basidiomas apresentam um himenéforo completamente
fechado (véu universal). Contudo, em seu interior, ocorrem lamelas imperfeitas ou
anastomosadas, 0 que caracteriza uma forma intermediaria, conhecida como
secotidide (FRANCIS; BOUGHER, 2004; THIERS, 1984). Estudos de filogenia
molecular tém revelado uma base extensivamente polifilética destas formas
(agaricéides, gasterodides, secotiddes), antes reunidas em determinadas familias, e
atualmente inseridas entre o filo Pezizomycotina e a classe Agaricomycetes
(HIBBETT, 2006; HOSAKA et al., 2006, 2008; MATHENY et al., 2006; ORIHARA et
al., 2010).

2.3 Fungos ectomicorrizicos e sua importancia

Frente a enorme diversidade que engloba o grupo dos fungos
ectomicorrizicos, as espécies dos géneros Hysterangium, Rhizopogon e
Scleroderma destacam-se como importantes recursos biotecnolégicos em solos
florestais. As espécies destes e de outros géneros sdo foco de estudos relativos a
sua aplicabilidade na silvicultura (BRUNDRETT et al., 1996; CAIRNEY; CHAMBERS,
1999), os quais podem ser utilizados para a melhoria da qualidade de producgéo de
mudas em grande escala e no estabelecimento de espécies florestais a campo,
favorecendo a absorcdo de agua e nutrientes (CAIRNEY; CHAMBERS, 1999).
Porém, sabe-se que as ectomicorrizas sdo organismos bastante especificos em
relacdo ao seu simbionte (HALLING, 2001). Molina et al. (1992) e Oliveira et al.
(1994) relataram que esta especificidade pode ser manifestada entre géneros. A
observacao deste fenbmeno a campo foi realizada através da deteccao da presenca
de basidiomas em areas habitadas por determinadas comunidades de plantas.
Verificou-se que determinados fungos, como os géneros Russula e Laccaria,
apresentam um grande espectro de simbiontes vegetais, associando-se a varias
familias de plantas; enquanto géneros como Rhizopogon e Suillus associam-se a
apenas uma ou poucas familias de plantas (Pinaceae) (MOLINA et al., 1992).
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No género Eucalyptus, por exemplo, ha especificidade entre algumas
espécies e o0 género fungico associado (COSTA et al., 2002).

Com relagao a importancia na ecologia e biogeografia, Vellinga et al. (2009),
em um estudo sobre os padrdes globais de introducdes ectomicorrizicas, referiu que
algumas plantas foram movidas por todo 0 mundo com seu sistema radicular intacto.
Estas raizes podem ter abrigado fungos ectomicorrizicos e o transporte das plantas
pode ter facilitado a introdugdo destes em novos ecossistemas. Pelo menos 200
espécies de fungos ectomicorrizicos dos filos Ascomycota e Basidiomycota foram
movidas dos ambientes nativos para novos habitats. A maioria destas introducdes
esta associada com plantacdes de Pinus e Eucalyptus no hemisfério Sul (GIACHINI
et al., 2000; NOUHRA et al., 2008; VELLINGA et al., 2009).

A simbiose ectomicorrizica representa ecologicamente uma das mais
proeminentes e cruciais associacdes mutualistas em habitats terrestres (RINALDI et
al., 2008), a qual envolve principalmente espécies de simbiontes arbdreos de todo o
mundo, especialmente nas regides temperadas, nos ecossistemas boreais, bem
como em grandes areas florestadas de regides tropicais e subtropicais (CAIRNEY;
CHAMBERS, 1999; VERBEKEN; BUYCK, 2001).

Uma das linhas de pesquisa mais ativas na area das ectomicorrizas (ECM) é
a busca pelo entendimento das causas e consequéncias da diversidade de espécies
destes fungos (rigueza e composicao das espécies) (RINALDI et al., 2008). A
diversidade de fungos ECM é formada por uma complexa mistura de fatores biéticos
e abidticos (RINALDI et al., 2008). Um importante fator biético é a especificidade da
planta simbionte ou a seletividade do fungo (ZHOU; HYDE, 2001).

O fator abidtico deve ser considerado tanto desde o do ponto de vista
fitocéntrico quanto micocéntrico, isto €, enfatizando a diversidade de espécies de
plantas com que uma espécie de fungo pode formar micorrizas (a planta como um
simbionte compativel) ou as associacbes de fungos que fazem simbiose com
determinados taxons de plantas, (MOLINA et al., 1992; RINALDI et al., 2008). Tendo
em consideragdo a importancia ecologica da seletividade de simbiontes por parte
dos fungos micorrizicos, ha estudos que descrevem que tais associacées sao
salutares e podem contribuir para a melhor compreensao dos fatores ambientais que
afetam a diversidade de espécies fungicas ao longo da escala evolutiva e ecolégica
(RINALDI et al., 2008).
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Historicamente, o conhecimento das associagdes ectotroficas ou seja, plantas
gue possuem associagdes com fungos ectomicorrizicos, é baseado em observagdes
de campo, em especial, com determinados simbiontes e seus fungos associados,
uma pratica exposta a elevado grau de incerteza cientifica (RINALDI et al., 2008).
Estudos que comprovam a associagao ectomicorrizica vém sendo desenvolvida em
grande parte, seguindo-se as diretrizes morfo-anatémica padronizadas por Reinhard
Agerer (AGERER, 1987-2006; 1991).

Tedersoo (2009) recentemente elaborou uma ampla revisdo sobre a
diversidade global, distribuicdo e linhas evolutivas das ectomicorrizas com base em
estudos anatémicos e moleculares. Neste trabalho, o autor tratou da necessidade
de se estudar com mais atencdo os fungos ectomicorrizicos da América do Sul,
permitindo melhorar a compreensao de sua biogeografia. Relatou ainda que muitos
dos estudos ja feitos envolvendo o grupo dos fungos ectomicorrizicos nao utilizaram
técnicas moleculares, que nos dias atuais sdo de fundamental importancia para a
confirmagdo do fungo com seu simbionte e que atualmente novas ferramentas
baseadas em biologia molecular e bioinformatica tém facilitado a analise filogenética
destes fungos.

No tocante aos fungos hipégeos, pode-se afirmar que a sua distribuicao é
pouco compreendida mundialmente (MORENO-ARRQOYO et al., 2005). Este estudo
estd mais voltado aos paises Europeus e Norte Americanos. Escassas sdao as
pesquisas nos tropicos e subtropicos, sendo até mesmo arriscado lancar alguma
hipétese sobre a distribuicdo e abundancia destes fungos naqueles locais
(MORENO-ARROQYO et al., 2005).

Hosaka et al. (2008) em um estudo sobre a distribuicdo global de um grupo de
fungos hipdgeos (ECM), em especial Hysterangiales, fez uma analise minuciosa
sobre as atuais compreensbées da evolucdo das caracteristicas ecolégicas e
morfolégicas deste grupo e mostra que muitos géneros possuem distribuicao Austral
ou Australiana.

Cabe também relatar o interessante método que muitos dos fungos hipégeos
possuem de dispersdo dos seus esporos. Estes produzem um aroma Unico, capaz
de atrair pequenos animais micofagicos (TRAPPE et al., 2009), especialmente
roedores (HOSAKA et al., 2008; CASTELLANO et al., 1989). Como este aroma é
perceptivel apenas por certos animais, sdo utilizados porcos e caes para a busca de
trufas em paises europeus (MORENO-ARROYO et al., 2005); mas, esta pratica é



22

pouco comum em paises tropicais e subtropicais. Nao obstante, esta relacdo é
bastante comum e compreendida em paises da América do Norte (TRAPPE et al.,
2009) e Australia (CLARIDGE, 2002; JUMPPONEN et al., 2004), apresentando
grande importancia no manejo ambiental.

Fungos hipogeos também proporcionam inumeros beneficios aos ambientes
florestais. O grande numero de biomassa que determinados géneros produzem
(como, por exemplo, Descomyces e Hysterangium) faz destes importantes membros
nas éareas florestais (CAIRNEY; CHAMBERS, 1999; CLARIDGE, 2002). Fatores
como o clima (precipitacdo e temperatura), a topografia, o solo (pH, macro e
micronutrientes, matéria organica, etc), os animais e plantas, a heterogeneidade de
habitats, o fogo, 0 manejo e as praticas silviculturais sdo alguns dos aspectos que
influenciam a distribuicdo, a diversidade e a abundancia dos fungos hipégeos
(BOUGHER; LEBEL, 2001).

Assim, h& necessidade de se conhecer melhor a diversidade desses fungos
nos ecossistemas brasileiros, e ndo apenas caracterizar e identificar as espécies, o
que permitird estabelecer relacdes entre os fatores bibticos e abibticos que
influenciam na ocorréncia destes fungos e na simbiose com as plantas hospedeiras
e, desta maneira, relacionar a ocorréncia de determinadas espécies de fungo com

0s ecossistemas especificos.

2.4 Caracteristicas macromorfoldgicas dos fungos hipdgeos e secotidides

Devido ao habitat subterraneo, os fungos hipégeos ndo utilizam a livre
exposicdo do himénio nem a projecao dos esporos para o ambiente, como ocorre
com os fungos epigeos (Basidiomycota), necessitando com isto da adaptacao dos
elementos do himénio (MORENO-ARRQOYO et al., 2005). Nestes fungos, o estipe
(pé) é vestigial ou, em alguns casos desaparece, pois ndo é necessario. Assim, um
grande numero de espécies de fungos hipdgeos ou semi-hipégeos apresenta formas
dos basidiomas globosa ou subglobosa, com uma camada externa de protecéo (que
geralmente é resistente) denominada de peridio, o qual engloba uma zona interna,
que é chamada de gleba, onde os esporos sdo produzidos (MORENO-ARROYO et
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al., 2005). Portanto, a estrutura externa basica dos fungos hipégeos compreende o
peridio, a gleba e em alguns casos a base estéril.

O peridio geralmente encontra-se composto por duas camadas distintas,
denominadas de exoperidio (mais externo) e endoperidio (mais interno). A gleba é a
parte fertil (igual ao himénio dos fungos agaricéides) e nesta estrutura sdo formados
0os basidios que sustentam os esporos. A sua cor e forma sdo caracteristicas
importantes para diferenciacdo de determinados géneros como, por exemplo,
Hysterangium (gleba gelatinizada e geralmente esverdeada) e Descomyces (que
apresenta loculos). Outros tem lamelas anastomosadas (que caracterizam os fungos
secotiddes), como encontrado no género Setchelliogaster.

Fungos secotidides possuem relacao evolutiva com certos fungos epigeos e
hipdgeos (cogumelos) dos filos Ascomycota e Basidiomycota apresentando um
estipe verdadeiro, porém, um himendéforo fechado, o que caracteriza uma forma
intermediaria, secotidide (THIERS, 1984). O estipe sustenta o peridio e pode
apresentar rizomorfas, subiculo ou micélio basal, que possuem importancia
taxonémica e devem ser observados (junto com as demais caracteristicas do fungo)

na hora da coleta.

2.5 Caracteristicas micromorfoldgicas dos fungos hipégeos

Muitos fungos hipdgeos apresentam caracteristicas microscopicas similares.
Desta forma, ha necessidade da realizacdo de analises microscépicas, as quais
podem revelar grandes diferengas entre os fungos analisados. Caracteristicas como
o tamanho, forma e ornamentacao dos esporos, a estrutura do peridio e da trama da
gleba, podem caracterizar facilmente determinados géneros hipégeos (BRUNDRETT
et al., 1996).

Microscopicamente, os esporos estdo entre as estruturas de maior
importancia para a taxonomia tradicional. Nos esporos devem ser observadas as
dimensdes, a forma, a cor, a parede (espessura e ornamentacao), a presenca de
apéndice e as reagbdes quimicas (BRUNDRETT et al., 1996). Ja a gleba, por sua
vez, é constituida por hifas que podem ser septadas ou ramificadas, possuindo
paredes finas ou grossas. O peridio pode constituir-se de forma celular, globosa e/ou
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hifal, e as hifas podem ser lisas ou apresentar incrustacdes de oxalato de célcio,
como observa-se na espécie Hysterangium inflatum Rodway ou apresentar
espinhos. E necessario observar atentamente a posicdo do peridio para
diferenciacao das espécies, tarefa que nem sempre ¢é facil, pois a visualizagao desta
estrutura deve ser feita em individuos jovens e de preferéncia em material fresco.
Fatores ambientais, como a chuva, podem remover e destruir certas estruturas do

peridio, o que vai dificultar a identificacdo do espécime.

2.6 Estudo dos fungos ectomicorrizicos no Brasil

Pesquisas envolvendo os fungos ectomicorrizicos (ECM) evoluiram muito nas
ultimas décadas. Uma visao global sobre a distribuicdo destes fungos é encontrada
em Rinaldi et al. (2008) e Tedersoo et al. (2009). Em nivel mundial, diversos estudos
vém sendo realizados. Na Europa, estudos de fungos hipdégeos estdo mais
avancados, como observa-se em Pegler et al. (1993), Montechi; Sarasini (2000) e
Moreno-Arroyo et al. (2005). Para os Estados Unidos da América os trabalhos de
Arora (1986) e Trappe et al. (2009) sao referéncias importantes. Para a Australasia
Claridge (2002). Para o continente Africano destacam-se os estudos de Buyke et al.
(1996), Verbeken (1996) e Verbeken et al. (2000). Para a regido da india e do Sri
Lanka pode-se citar Natarajan et al. (2005) e Pegler (1986). Porém, poucos sédo os
estudos feitos na América do Sul (TEDERSOOQO, 2009): Para o Chile pode-se citar
Garrido (1988). Para a Argentina, Becerra et al. (2002, 2005), Nouhra et al. (2008) e
Singer; Digilio (1951). Para o Brasil, Meijer (2001), Giachini et al. (2000, 2004). E
para as Guyanas, Henkel et al. (2002).

Para o Brasil, o estudo dos fungos ECM esta atualmente muito fragmentado e
necessita urgentemente de mais pesquisas para que seja possivel ter uma
representatividade do atual estado de conhecimento destes organismos em nosso
pais. Os primeiros estudos feitos sobre os fungos ECM no Brasil foram os de Singer;
Araujo (1979) e Singer et al. (1983) na regidao da Amazbnia.

Trabalhos recentes englobando estes fungos em matas nativas e exéticas
foram realizados em diferentes regides do Brasil, e novas espécies e citacoes foram
reportadas para a regiao Nordeste (GURGEL et al., 2008; MENOLLI et al., 2009;
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WARTCHOW; MAIA, 2007; WARTCHOW et al., 2009; WARTCHOW; CAVALCANTI,
2010). No Sudeste por Pegler (1997) e Baseia; Milanez (2000; 2002).

No Sul do Brasil, as primeiras contribuicdes foram feitas pelo padre Johannes
Rick durante a primeira metade do século XX. Rick é considerado o pai da Micologia
Brasileira e uma lista de todas as suas publicagdes é encontrada em Fidalgo (1962),
bem como em Mauhs (2000). A colecao de Rick é considerada ainda hoje como uma
das mais importantes no dmbito continental sul-americano, tendo sido revisada por
diversos especialistas de inUumeros grupos de fungos.

No Estado do Parand, os fungos ECM junto com demais macrofungos foram
referidos por Meijer e colaboradores com inumeras contribuicdes para a ciéncia
(BUYCK; MEIJER, 1999; MEIJER, 2001, 2006, 2008; WATLING; MEIJER, 1997).
Para o Estado de Santa Catarina, Giachini e colaboradores realizaram um
levantamento dos fungos ECM em plantacées de Pinus e Eucalyptus referindo 49
espécies, sendo trés delas inéditas para a ciéncia (GIACHINI et al., 2000). No
Estado do Rio Grande do Sul véarias espécies foram relatadas pelos seguintes
autores: Cortez et al. (2008a, 2008b), Putzke et al. (1994), Putzke (1999), Rick
(1961a, 1961b), Guzman (1970) e Sobestiansky (2005), que também incluiu o
Estado de Santa Catarina. Em 1950, Rolf Singer revisou algumas das espécies
coletadas por Rick, sendo este estudo nomeado de Fungi Rickiani (SINGER, 1953).

Em uma lista de revisdo das espécies de fungos Agaricales para o pais,
Putzke (1994) listou 1.011 taxons. Muitos dos géneros relatados por este autor
permanecem ignorados e, portanto, necessitam de estudos adicionais.
Recentemente algumas listas de revisdes foram publicadas e estas englobam
fungos ECM. Para os fungos Boletales, Neves; Capelari (2007) referiram 20 géneros
e 70 espécies de Boletales sensu Kirk et al. (2001). Em uma compilacdo
contemporanea de fungos gasterdides Trierveiler-Pereira; Baseia (2009) referiram
232 taxa (incluindo inumeros sinbnimos e registros duvidosos). Estas listagens nos
oferecem informagdes basicas essenciais para futuros estudos de diversidade dos
fungos no Brasil.

Face ao exposto, pode-se afirmar que o estudo dos fungos hipégeos ainda é
escasso no Brasil, necessitando de novas pesquisas, que auxiliardo para o melhor
conhecimento da biodiversidade destes organismos, corroborando com as
necessidades de conservacdo ambiental. Conhecimentos importantes também
podem ser gerados em termos de avaliagdo da variabilidade genética destes fungos
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e da sua utilizacao na biotecnologia, tendo em vista o desenvolvimento de futuros
programas de micorrizagdo de espécies florestais, aplicacées destes organismos

como micobiocidas, antimicrobianos e aditivos nutracéuticos.



3 CAPITULO 2

A LITERATURE-BASED CHECKLIST OF ECTOMYCORRHIZAL FUNGI FROM
SOUTHERN BRAZIL

3.1 Abstract

A first checklist of ectomycorrhizal and putative ectomycorrhizal fungi from
southern Brazil (the States of Rio Grande do Sul, Santa Catarina and Parana) is
presented. The checklist is based on the available literature. Ectomycorrhizal status
of listed species was assessed based on worldwide published data and, for some
genera, deducted from taxonomic position of otherwise locally distributed species. A
total of 133 species in 47 genera were recorded for this region, all accompanied with
a brief distribution, habitat and substrate data. At least 30 collections were published

only to the genus level and need further taxonomic review.

Key words — distribution, habitat, micorrhiza, southern Brazil

3.2 Resumo

Uma lista de revisdo dos fungos ectomicorrizicos e possivelmente
ectomicorrizicos do sul do Brasil (Estados do Rio Grande do Sul, Santa Catarina e
Parand) é apresentada pela primeria vez. A lista de revisdo € baseada em
informacdes disponiveis na literatura especifica e o status da espécie, se micorrizica
ou ndo, € baseado no conhecimento taxonémico dos géneros. Ao todo, 133
espécies em 47 géneros foram registradas nesta regidao, todas acompanhadas com
informacdes sobre o local de distribuigdo, o habitat e dados do substrato. Pelo
menos 30 cole¢des foram publicadas apenas ao nivel de género, necessitando-se

de estudos taxondmicos adicionais.

Palavras-chave — distribuicdo, habitat, micorrizas, sul do Brasil
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3.3 Introduction

The study of the interaction between ectomycorrhizal fungi (ECM) and trees is
well studied all around the globe but is still more advanced in Europe, North America
and several tropical regions. In Brazil, however, little is known about the communities
of fungi associated in these ectomycorrhizal symbioses. Among the studies of
ectomycorrhizae conducted in Brazil, focusing both on native as well as exotic woody
plants, we refer to the work of Singer; Aradjo (1979) and Singer et al. (1983) in the
Amazon region. Recent publications with surveys of ECM in exotic and native
plantations throughout the country have contributed to the knowledge of this group in
different areas of Brazil producing new records and newly described species
(BASEIA; MILANEZ, 2000, 2002; GURGEL et al., 2008; MENOLLI et al., 2009;
WARTCHOW; MAIA, 2007; WARTCHOW et al., 2009; WARTCHOW; CAVALCANTI,
2010). Recently, Neves; Capelari (2007) published a Brazilian checklist of Boletales,
reporting 20 genera and 70 species belonging to Boletales sensu Kirk et al. (2001),
excluding the Sclerodermataceae. In a recently published checklist of Brazilian
gasteroid fungi, Trierveiler-Pereira; Baseia (2009) reported 232 taxa. Brazil is the fifth
largest country in the world, with more than 8.5 million km? The country can be
divided into tropical rainflorests (primarily in the Amazon), as well as considerable
areas of tropical savannas (the central Brazilian Cerrado) and seasonally dry tropical
forest (mostly in the Caatinga). In these regions the climate is tropical, with high
annual temperatures (FIASCHI; PIRANI, 2009). Brazil has two hotspots for the
conservation of biodiversity, the Atlantic Forest and the Cerrado. The southern part of
Brazil is characterized by two biomes, Atlantic Forest and Campos Sulinos or
southern grasslands (FIASCHI; PIRANI, 2009). The first biome is characterizated by
high species diversity and high species endemism. The Atlantic forest includes
different forest formations: dense ombrophilous forest, mixed ombrophilous forest
(including Araucaria forest), seasonal deciduous and semi-desciduous forest, as well
as pionner vegetation (MEIJER, 2008; VELOSO et al., 1991). The Campos Sulinos is
covered by open grassy formations, used as natural pastures (FIASCHI; PIRANI,
2009). In southern Brazil, with regard to mycological historical overview, the first
contributions were made by the priest Johannes Rick (a full list of his publications is
found in FIDALGO, 1962 and MAUHS, 2000), who collected primarly during the first
half of the twentieth century. In the 1950s, Rolf Singer reviewed some of the species
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collected by Rick, named Fungi Rickiani (SINGER, 1953). Several studies have
added to the knowledge of this group in Brazil. Putzke (1994) has provided a
checklist for the Brazilian Agaricales, listing 1.011 taxa. Many genera published by
Putzke are still unnacounted and therefore need additional studies for status
confirmation. In the State of Parand, many ECM fungi were reported by Meijer in his
studies of macromycetes (BUYCK; MEIJER, 1999; MEIJER, 2001, 2006, 2008;
WATLING; MEIJER, 1997). In his study Meijer (2008) reports 37 potentialy
ectomycorrhizal species from mixed ombrophilous forests (including Araucaria
forest). This number of species in based on taxonomic position or on specific data
from the literature. In the State of Santa Catarina, Giachini et al. (2000) surveyed the
ECM fungi associated to exotic Pinus and Eucalyptus plantations, reporting 49 taxa,
including three new species. Later, Giachini et al. (2004) assessed the abundance
and diversity of ECM fungi based on the collection of fruiting bodies in plantations of
Eucalyptus dunnii and Pinus taeda also in the State of Sant Catarina. The state of
Rio Grande do Sul was surveyed by several authors, each dealing with particular
groups of basidiomycetes/macromycetes (CORTEZ et al.,, 2008a, 2008b, 2009;
PUTZKE et al., 1994; PUTZKE, 1999; RICK, 1961a, 1961b; GUZMAN, 1970; and
SOBESTIANSKY, 2005, who included the state of Santa Catarina). Nowadays,
systematics and taxonomy of ECM fungi have been under profound changes, mainly
due to the use of molecular tools (BINDER; HIBBET, 2002; BINDER; HIBBETT,
2006; HIBBETT et al., 1997; HIBBETT, 2006; HOSAKA et al., 2006; MATHENY et
al., 2006; MONCALVO et al., 2002; TEDERSQOO et al., 2009). However, data on
these tropical and subtropical fungi are rarely available in these studies,
compromising the knowledge about the identification and phylogenetic placement of
those fungi. In view of the differences in climate, soil and vegetation in the southern
part of Brazil with the rest of the country, this survey aims to provide information list
of species on the diversity of the ECM fungi in the three states comprising southern
Brazil — Parana, Santa Catarina and Rio Grande do Sul. With this checklist we hope
to provide gathered informations to facilitate future studies aiming on expanding and
better understanding the systematics and biogeography of this important group of

fungi.
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3.4 Material and Methods

The present study is a compilation based on intensive literature survey and
review of scientific articles citing species of putative ectomycorrhizal fungi from
southern Brazil. Under the geographic term ‘southern Brazil' we considered the
States of Rio Grande do Sul, Santa Catarina and Parana. For each species the
presence in any of these states was recorded.

The ectomycorrhizal status for each species is based either on the description
of ectomycorrhizae available in scientific papers or from the taxonomic position of the
species. The ECM considerations are based on Rinaldi et al. (2008) and Tedersoo et
al. (2009). Collections identified only to the genus level were also included in the
checklist and their ectomycorrhizal status.

Genera and species are listed alphabetically according to the MycoBank
database. Species author names are given as in the original publications. The
distribution of each recorded species in the checklist, its general habitat requirements
and known substrates were obtained from the literature. Names of the Brazilian
States are abbreviated as follows: RS — Rio Grande do Sul, SC — Santa Catarina and
PR — Parana.

3.5 Results

Preliminary checklist of putative ectomycorrhizal fungi from southern Brazil

Alnicola spadicea (D.A. Reid) Bon
Distribution: PR — Rio Negro.

Habitat and substrate: planted Salix, terricolous.
Literature: Meijer (2001: 113; 2006: 11).

Amanita chrysoleuca Pegler

Distribution: PR — Antonina.

Habitat and substrate: dense ombrophilous forest, terricolous.
Literature: Meijer (2006: 11).

Amanita cf. crebresulcata Bas
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Distribution: PR — Antonina.
Habitat and substrate: dense ombrophilous forest, terricolous.
Literature: Meijer (2006: 11).

Amanita grallipes Bas & de Meijer

Distribution: PR — Curitiba.

Habitat and substrate: mixed ombrophilous forest, seasonal semi-deciduous alluvial
forest; terricolous.

Literature: Bas; Meijer (1993: 345); Meijer (2001: 112; 2006: 11; 2008: 44, 140).
Comments: Meijer (2008: 141) refers that A. grallipes belongs to sect. Lepidella
subsect. Vittadiniae Bas. It is not known if A. grallipes is ectomycorrhizal, but many
species in the subsect. Vittadiniae are most certainly non-ectomycorrhizal.

Amanita muscaria (L.: Fr.) Lam. sensu lato

Distribution: PR — Colombo; SC — Correia Pinto, Joinville, Trés Barras; RS — Nova
Petropolis.

Habitat and substrate: plantation of Pinus taeda; terricolous.

Literature: Giachini et al. (2000: 1168); Guerrero; Homrich (1999: 39); Karstedt;
Stirmer (2008: 1039); Meijer (2001: 113; 2006: 11; 2008: 142); Sobestiansky (2005:
442); Stijve; Meijer (1993: 322).

Amanita multisquamosa Peck

Distribution: SC — Correia Pinto.

Habitat and substrate: plantation of Pinus taeda, terricolous.

Literature: Giachini et al. (2000: 1168, as A. pantherina var. multisquamosa (Peck)

Jenkins).

Amanita rubescens Pers.

Distribution: RS — Gramado.

Habitat and substrate: Pinus-plantation, terricolous.
Literature: Sobestiansky (2005: 443).

Amanita spissa (Fr.) Bertill.
Distribution: RS — locality unknown.
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Habitat and substrate: unknown habitat, terricolous
Literature: Rick (1961a: 301).

Amanita sp.

Distribution: PR — locality unknown.

Habitat and substrate: ‘restinga’, probably terricolous

Literature: Meijer (2001: 112, as Amanita sp. A subg. Amanita sect. Ovigerae).

Austroboletus festivus (Singer) Wolfe

Distribution: PR — Paranagua.

Habitat and substrate: ‘restinga’, terricolous.

Literature: Meijer (2001: 112); Singer et al. (1983: 137); Watling; Meijer (1997: 232).
Comments: This species is only putative ectomycorrhizal based on the growing that
is closely to Ocotea pulchella Martius, but mycorrhizal connection has not been seen
(WATLING; MEIJER, 1997: 232, 246). On the base of dicotyledonous trees recorded
in the vicinity (Hymenaea microphylla, Guettardia angelica, Eschweilera ovata).
There is a possibility for an ectotrophic association with Hymenaea (SINGER et al.,
1983: 138).

Boletinellus exiguus (Singer & Digilio) Watling

Distribution: PR — Piraquara; RS — Sapiranga.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;
terricolous, occurring on dead as well as living wood.

Literature: Meijer (2001: 112; 2006: 12; 2008: 44, 130); Putzke, et al. (1994: 82, as
Gyrodon exiguus Singer & Digilio); Watling; Meijer (1997: 243).

Comments: This species is only putative ectomycorrhizal (HALLING; MUELLER,
2005: 49), Singer et al. (1983: 47) in Watling; Meijer (1997: 243) since several
species from the genus can alter root morphology (GRUHN et al., 1992) or are
mycorrhizal (Gyrodon). However, no clear ectomycorrhizal association has been
described for B. exiguus up to date. The non obligatory ectomycorrhizal status of B.

exiguous is discussed in Meijer (2008: 130).

Boletinellus rompelii (Pat. & Rick) Watling



33

Distribution: PR — Curitiba, Piraquara, Sao José dos Pinhais; RS — Liberato Salzano,
Nova Petrépolis, Pareci, Sdo Leopoldo, Viamao.

Habitat and substrate: mixed ombrophilous forest, seasonal semi-deciduous alluvial
forest; terricolous.

Literature: Meijer (2001: 112; 2006: 12; 2008: 44, 128); Putzke, et al. (1994: 81, as
Gyrodon rompelii (Pat. & Rick) Sing.); Singer (1953: 101 as Phylloporus rompelii Pat.
& Rick, 117 and 128 as Gyrodon rompelii (Pat. & Rick) Sing.; Singer & Digilio (1957:
256, as Gyrodon rompelii (Pat. et Rick) Sing.); Singer (1964: 118, as Gyrodon
rompelii (Pat. & Rick) Sing.); Sobestiansky (2005: 443); Watling; Meijer (1997: 243).
Comments: This species is facultatively ectomycorrhizal with Allophylus. It was
recorded near Allophylus edulis Radlk. and Trichilia elegans A. Juss. (WATLING;
MEIJER, 1997: 243; MEIJER, 2008: 130) and near an Inga and Allophylus edulis
Radlk. site (PUTZKE et al., 1994: 81). Singer (1953) refered to this species as
ocurring near Acacia woods, while its mycorrhizal condition was discussed by Singer
et al. (1983).

Boletus edulis Bull.

Distribution: RS — Gramado.

Habitat and substrate: Pinus-plantation, terricolous.
Literature: Sobestiansky (2005: 443).

Calostoma zanchianum (Rick) Baseia & Calonge

Distribution: RS — Cachoeira do Sul.

Habitat and substrate: unknown habitat, roots

Literature: Baseia et al. (2006: 114; 2007: 278); Cortez (2009: 03); Rick (1961b: 456,
as Mitremyces zanchianus Rick).

Comments: This species is putative ectomycorrhizal since its close relative C.
cinnabarinum was proven to be mycorrhizal with oaks (WILLSON et al., 2007).

Cantharellus cf. cinnabarinus (Schwein.) Schwein.

Distribution: PR — Antonina, Morretes, Sdo José dos Pinhais.

Habitat and substrate: mixed ombrophilous forest, dense ombrophilous forest,
‘restinga’; standing trunks of living dicotyledonous trees.

Literature: Meijer (2001: 112; 2006: 13; 2008: 44, 372).
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Cantharellus guyanensis Mont.

Distribution: PR — Campina Grande do Sul, Colombo, Sdo José dos Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest,
unknown substrate.

Literature: Meijer (2006: 13; 2008: 372).

Comments: C. guyanensis is associated with the roots of Glycoxylon inophyllum and
Aldina heterophylla forming ectomycorrhiza (a typical mantle and Hartig-net, white),
possibly also with Psychotria and some Sapindaceae (SINGER et al., 1983: 16).

Cantharellus xanthoscyphus R. H. Petersen

Distribution: PR — Antonina, Quatro Barras.

Habitat and substrate: dense ombrophilous forest; terricolous, occurring on dead
wood.

Literature: Meijer (2001: 112; 2006: 13).

Chalciporus piperatus (Bull.) Bataille

Distribution: PR — Curitiba; SC — Joinville, Trés Barras.

Habitat and substrate: plantations of P. taeda; terricolous.

Literature: Giachini et al. (2000: 1168); Meijer (2001: 113; 2006: 13); Watling; Meijer
(1997: 234, as potentially ectomycorrhizal); Karstedt; Stirmer (2008: 1039, as
Chalciporus cf. piperatus (Bull.: Fr.) Bat.).

Chondrogaster angustisporus Giachini, Castellano, Trappe & V.L. Oliveira
Distribution: SC — Correia Pinto, Trés Barras.

Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
Literature: Giachini et al. (2000: 1168).

Chondrogaster pachysporus Maire

Distribution: RS — Santa Maria.

Habitat and substrate: plantations of Eucalyptus saligna, terricolous.
Literature: Sulzbacher et al. (2010: 378).

Clavulina aff. rugosa (Bull.) J. Schrét.
Distribution: PR — Curitiba.
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Habitat and substrate: mixed ombrophilous forest, terricolous.
Literature: Meijer (2006: 14; 2008: 372).
Comments: This species is putative ectomycorrhizal (MEIJER, 2008: 372).

Coltricia barbata Ryvarden & de Meijer

Distribution: PR — Antonina, Morretes, Paranagua.

Habitat and substrate: dense ombrophilous forest, unknown substrate.
Literature: Meijer (2006: 15).

Coltricia cinnamomea (Jacq.) Murrill

Distribution: PR — Curitiba, Guaraquecaba, Sao Mateus do Sul.

Habitat and substrate: mixed ombrophilous forest, seasonal semi-deciduous alluvial
forest, ‘restinga’ seasonal semi-deciduous alluvial forest; terricolous, occurring also in
living wood.

Literature: Meijer (2001: 113; 2006: 15; 2008: 372); Rajchenberg; Meijer (1990: 177,
as Coltricia duportii).

Comments: This species is ectomycorrhizal (THOEN, 1993: 200).

Coltricia duportii (Pat.) Ryvarden

Distribution: PR — Morretes.

Habitat and substrate: dense ombrophilous forest, unknown substrate.

Literature: Meijer (2006: 15).

Comments: This species is putative ectomycorrhizal since several species in the
genus are ectomycorrhizal (TEDERSOQO et al. 2008).

Coltricia perennis (L.) Murrill

Distribution: PR — Lapa.

Habitat and substrate: Pinus-plantation, terricolous.
Literature: Meijer (2001: 113; 2006: 15).

Coltricia sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, occurring in living wood.
Literature: Meijer (2001: 113, as Coltricia sp. A (aff. cinnamomea (Jacq.) Murrill).
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Coltricia sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest; terricolous, occurring on dead
wood.

Literature: Meijer (2001: 113, as Coltricia sp. B).

Coltriciella oblectabilis (Lloyd) Kotl., Pouzar & Ryvarden

Distribution: PR — Paranagua.

Habitat and substrate: dense ombrophilous forest, ‘restinga’; terricolous.
Literature: Meijer (2001: 113; 2006: 15); Rajchenberg; Meijer (1990: 178).

Cortinarius castaneofulvus Cleland

Distribution: SC — Trés Barras.

Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
Literature: Giachini et al. (2000: 1168).

Cortinarius sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, seasonal semi-deciduous
submontane/montane forest, mixed ombrophilous forest; terricolous, occurring on
dead wood.

Literature: Meijer (2001: 112, as Cortinarius sp. A (subg. Sericeocybe P.D.Orton sect.
Pallidoviolaceae); Meijer (2001: 112, as Cortinarius sp. B (subg. Sericeocybe sect.
Sericeocybe); Meijer (2001: 112, as Cortinarius sp. C (subg. Telamonia); Meijer
(2001: 112, as Cortinarius sp. D (subg. Telamonia); Meijer (2001: 112, as Cortinarius
sp. E (subg. Telamonia).

Cortinarius sp.

Distribution: PR — Cerro Azul, Tunas do Parana.

Habitat and substrate: mixed ombrophilous forest, unknown substrate.

Literature: Meijer (2006: 16, as Cortinarius sp. A (subg. Sericeocybe P.D.Orton sect.
Sericeocybe).

Cortinarius sp.
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Distribution: PR — Cornélio Procépio.

Habitat and substrate: seasonal semi-deciduous alluvial forest, unknown substrate.
Literature: Meijer (2006: 17, as Cortinarius sp. B (subg. Sericeocybe sect.
Pallidoviolaceae J.E. Lange); 2001: 112).

Descomyces albellus (Massee & Rodway) Bougher & Castellano
Distribution: SC — Correia Pinto; RS — Santa Maria.

Habitat and substrate: plantations of Eucalyptus dunnii, Eucalyptus-plantation;
terricolous.

Literature: Giachini et al. (2000: 1168); Cortez et al. (2008a: 514).

Descomyces albus (Klotzsch) Bougher and Castellano
Distribution: SC — Correia Pinto.

Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
Literature: Giachini et al. (2000: 1168).

Descomyces giachinii Trappe, V.L. Oliveira, Castellano & Claridge
Distribution: SC — Correia Pinto.

Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
Literature: Giachini et al. (2000: 1168).

Entoloma bloxamii (Berk. & Broome) Sacc.

Distribution: PR — Sao José dos Pinhais, Sao Mateus do Sul.

Habitat and substrate: mixed ombrophilous alluvial forest, mixed ombrophilous
montane forest; terricolous.

Literature: Meijer (2006: 19; 2008: 271, 372).

Comments: Entoloma species of sect. Entoloma are suspected of being
ectomycorrhizal (Noordellos 2002, in MEIJER, 2008: 272).

Gloeocantharellus corneri (Singer) Corner

Distribution: PR — Campina Grande do Sul.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;
terricolous.

Literature: Meijer (2001: 112; 2006: 23; 2008: 372); Watling; Meijer (1997: 245).
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Gyroporus castaneus (Bull) Quél.

Distribution: RS — Pelotas.

Habitat and substrate: planted Quercus, terricolous.
Literature: Putzke et al. (1994: 79).

Hebeloma sacchariolens Quél.

Distribution: PR — Almirante Tamandaré, Rio Negro; RS — Nova Petrépolis.

Habitat and substrate: pasture, Pinus-plantation, planted Salix; terricolous.

Literature: Meijer (2001: 113; 2006: 24); Sobestiansky (2005: 447, as Hebeloma cf.
sacchariolens Quél.).

Hydnodon thelephorus (Lév.) Banker

Distribution: PR — Antonina, Campina Grande do Sul, Curitiba, General Carneiro,
Mandirituba, Morretes, Piraquara, Sdo José dos Pinhais, Sdo Mateus do Sul; RS —
Nova Petrépolis.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous montane
forest, gallery forest in area of savanna; terricolous.

Literature: Meijer (2001: 113, as Phellodon tenuis Baird; 2006: 24; 2008: 89, 372);
Sobestiansky (2005: 447).

Comments: This species is putative ectomycorrhizal. It was noted as
“ectomycorrhizal?” according to Sobestiansky (2005: 447).

Hymenogaster vulgaris Tul. & C. Tul.

Distribution: RS — locality unknown.

Habitat and substrate: unknown habitat, terricolous.
Literature: Rick (1961b: 456).

Hysterangium australe Speg.

Distribution: RS — Sao Leopoldo.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Rick (1961b: 457).

Hysterangium gardneri E. Fisch.
Distribution: SC — Correia Pinto, Trés Barras.
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Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
Literature: Giachini et al. (2000: 1168).

Inocybe australiensis Cleland & Cheel

Distribution: PR — Sao José dos Pinhais; SC — Correia Pinto.

Habitat and substrate: Eucalyptus-plantation, plantations of Eucalyptus dunnii
terricolous.

Literature: Giachini et al. (2000: 1168); Meijer (2001: 113; 2006: 26, both as Inocybe

cf. australiensis Cleland & Cheel).

Inocybe aff. cingulatipes (Corner & E. Horak) Garrido

Distribution: PR — Sao José dos Pinhais.

Habitat and substrate: mixed ombrophilous forest, unknown substrate.
Literature: Meijer (2006: 26).

Inocybe aff. conspicuospora Buyck & Eyssart.

Distribution: PR — Fénix.

Habitat and substrate: seasonal semi-deciduous alluvial forest, unknown substrate.
Literature: Meijer (2006: 26).

Inocybe aff. crassicystidiata Pegler

Distribution: PR — Antonina.

Habitat and substrate: dense ombrophilous forest, unknown substrate.
Literature: Meijer (2006: 26).

Inocybe curvipes P. Karst.

Distribution: PR — Colombo, Curitiba; RS — Nova Petropolis, Santa Maria.

Habitat and substrate: Pinus-plantation, terricolous.

Literature: Cortez; Coelho (2005: 71); Meijer (2001: 113; 2006: 26); Sobestiansky
(2005: 448); Stijve; Meijer (1993: 321).

Inocybe hyperythra Rick
Distribution: RS — Sao Leopoldo.
Habitat and substrate: subtropical forest, terricolous.
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Literature: Rick (1961a: 406, as 1. hypererythra Rick); Singer (1953: 94); Singer et al.
(1983: 181).

Comments: Mycorrhizal association and accompanying trees are unknown (SINGER
et al., 1983: 182).

Inocybe aff. incognita (E. Horak) Garrido

Distribution: PR — Morretes.

Habitat and substrate: dense ombrophilous forest, unknown substrate.
Literature: Meijer (2006: 26).

Inocybe cf. matrisdei Singer

Distribution: PR — locality unknown.

Habitat and substrate: ‘restinga’, terricolous.

Literature: Meijer (2001: 112).

Comments: Its association with any particular tree and the full characteristics of the
forest type have not been established (SINGER et al., 1983: 185).

Inocybe aff. pahangi (Corner & E. Horak) Garrido
Distribution: PR — Guaraquecaba.

Habitat and substrate: ‘restinga’, unknown substrate.
Literature: Meijer (2006: 26).

Inocybe violaceolamellata Rick

Distribution: RS — Sao Leopoldo.

Habitat and substrate: unknown habitat; terricolous, mossy trunk.
Literature: Rick (1961a: 407); Singer (1953: 94).

Inocybe aff. xerophytica Pegler

Distribution: PR — Paranagua.

Habitat and substrate: ‘restinga’, unknown substrate.
Literature: Meijer (2006: 26).

Inocybe sp.
Distribution: PR — locality unknown.
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Habitat and substrate: dense ombrophilous forest, terricolous.
Literature: Meijer (2001: 112, as Inocybe sp. A (subg. Inocybe sect. Inocybe).

Inocybe sp.

Distribution: PR — locality unknown.

Habitat and substrate: seasonal semi-deciduous submontane/montane forest,
terricolous.

Literature: Meijer (2001: 112, as Inocybe sp. B (subg. Inocybe sect. Inocybe).

Inocybe sp.

Distribution: PR — locality unknown.

Habitat and substrate: seasonal semi-deciduous submontane/montane forest,
terricolous.

Literature: Meijer (2001: 112, as Inocybe sp. C (subg. Inocybe sect. Petiginosae).

Inocybe sp.

Distribution: PR — locality unknown.

Habitat and substrate: ‘restinga’, terricolous.

Literature: Meijer (2001: 112, as Inocybe sp. D (subg. Inocybe sect. Petiginosae).

Labyrinthomyces varius (Rodway) Trappe

Distribution: SC — Correia Pinto.

Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
Literature: Giachini et al. (2000: 1168).

Laccaria amethystina Cooke

Distribution: SC — Correia Pinto.

Habitat and substrate: plantations of Eucalyptus dunnii and Pinus taeda; terricolous.
Literature: Giachini et al. (2000: 1168).

Laccaria bicolor (Maire) P.D. Orton

Distribution: SC — Correia Pinto, Trés Barras.

Habitat and substrate: plantations of Eucalyptus dunnii and Pinus taeda; terricolous.
Literature: Giachini et al. (2000: 1168).
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Laccaria laccata (Scop.) Cooke var. laccata

Distribution: SC — Correia Pinto, Trés Barras; RS — Canela, ljui, Pelotas, Porto
Alegre, Rio Pardo, Santa Maria, Santa Vitéria do Palmar, Vera Cruz.

Habitat and substrate: Pinus-plantation, and plantation of P. taeda, plantation of
Eucalyptus dunnii; terricolous.

Literature: Giachini et al. (2000: 1168); Guerrero; Homrich (1999: 41); Putzke (1999:
09; 2003: 286, as Laccaria laccata (Scop.:Fr.) Ber. & Br.).

Laccaria laccata (Scop.) Cooke var. pallidifolia (Peck) Peck

Distribution: SC — Cérrego Grande, Rio Vermelho, Trés Barras.

Habitat and substrate: Eucalyptus-plantation, plantations of Pinus elliotti and P.
taeda; terricolous.

Literature: Giachini et al. (2000: 1168).

Laccaria lateritia Malengon

Distribution: PR — Colombo, Curitiba, Sao José dos Pinhais; SC — Trés Barras; RS —
Barros Cassal, Nova Petropolis, Porto Alegre, Rio Pardo, Salvador do Sul, Sao
Francisco de Paula, Santa Cruz do Sul, Sinimbu, Vale do Sol, Venancio Aires, Vera
Cruz.

Habitat and substrate: Eucalyptus-plantation, plantation of E. dunnii; terricolous.
Literature: Giachini et al. (2000: 1168); Guerrero; Homrich (1999: 41, as Laccaria
fraterna); Meijer (2001: 113; 2006: 27, both as Laccaria fraterna (Cooke & Massee)
Pegler); Putzke (1999: 08; 2003: 283, both as Laccaria fraterna (Cooke & Mass.)
Pegler); Rick (1961a: 329, as Clitocybe laccata Scop.); Singer (1953: 110, as L.
tetraspora Sing.); Sobestiansky (2005: 448, as L. fraterna).

Laccaria proxima (Boud.) Pat.

Distribution: PR — Colombo; SC — Trés Barras; RS — Nova Petrépolis.

Habitat and substrate: Pinus-plantation, plantation of P. taeda; terricolous.

Literature: Giachini et al. (2000: 1168); Meijer (2001: 113; 2006: 27); Sobestiansky
(2005: 448).

Laccaria pumila Fayod
Distribution: SC — Correia Pinto, Trés Barras.
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Habitat and substrate: plantations of Eucalyptus dunnii and P. taeda; terricolous.
Literature: Giachini et al. (2000: 1168).

Laccaria tetraspora (Scop.) Fr.

Distribution: SC — Joinville; RS — Sdo Leopoldo.

Habitat and substrate: Pinus-plantation, terricolous.

Literature: Karstedt; Stirmer (2008: 1039); Putzke (1999: 06; 2003: 280).

Laccaria tortilis (Bolton) Cooke

Distribution: SC — Correia Pinto, Trés Barras.

Habitat and substrate: plantations of Eucalyptus dunnii and Pinus taeda; terricolous.
Literature: Giachini et al. (2000: 1168).

Lactarius argillaceifolius var. argillaceifolius Hesler & A. H. Sm.
Distribution: SC — Joinville, Rio Vermelho.

Habitat and substrate: plantations of Pinus elliottii, terricolous.
Literature: Giachini et al. (2000: 1168).

Lactarius braunii Rick

Distribution: RS — Porto Alegre, Sao Leopoldo.

Habitat and substrate: unknown habitat, terricolous.

Literature: Raithelhuber (1991: 190); Rick (1961a: 365); Singer (1953: 84).

Lactarius deliciosus (L.) Gray

Distribution: PR — Colombo; SC — Correia Pinto; RS — “highlands” as Sobestiansky
(2005: 448).

Habitat and substrate: Pinus-plantation and P. taeda; terricolous.

Literature: Giachini et al. (2000: 1168); Guerrero; Homrich (1999: 40); Meijer (2006:
27); Sobestiansky (2005: 448).

Lactarius fragilis Burl. var. fragilis Hesler & A. H. Sm.
Distribution: SC — Correia Pinto, Joinville, Trés Barras.
Habitat and substrate: Pinus-plantation, plantation of P. elliotti and P. taeda;

terricolous.
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Literature: Giachini et al. (2000: 1168); Karstedt; Stirmer (2008: 1039, as Lactarius
cf. fragilis (Burl.) Hesler & A.H. Sm.).

Lactarius aff. necator (Bull.) Pers.

Distribution: RS — locality unknown.

Habitat and substrate: forest, terricolous.

Literature: Rick (1961a: 364, as L. adustus Rick); Singer (1953: 83).

Lactarius paulensis Singer

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest; terricolous, occurring on dead
wood.

Literature: Meijer (2001: 113).

Comments: Apparently forming cicatrizing ectomycorrhiza with unknown host, a
dicotyledonous tree (SINGER et al., 1983: 307).

Lactarius rufus (Scop.) Fr.

Distribution: PR — Mandirituba, Piraquara; SC — Correia Pinto, Trés Barras; RS —
Nova Petrépolis.

Habitat and substrate: Pinus-plantation; plantation of P. taeda; terricolous.

Literature: Giachini et al. (2000: 1168, as L. rufus (Scop.) Fr. var. rufus Hesler & A. H.
Sm.); Meijer (2001: 114; 2006: 27); Sobestiansky (2005: 448).

Lactarius rufus (Scop.) Fr. var. parvus Hesler & A. H. Sm.
Distribution: SC — Correia Pinto, Trés Barras.

Habitat and substrate: plantation of Pinus taeda, terricolous.
Literature: Giachini et al. (2000: 1168).

Lactarius russula Rick

Distribution: RS — Sao Leopoldo.

Habitat and substrate: forest, terricolous.

Literature: Rick (1961a: 364); Singer (1953: 83); Singer et al. (1983: 311).

Lactarius venezuelanus Dennis
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Distribution: PR — Antonina, Campina Grande do Sul, Morretes, Quatro Barras.
Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;
occurring on dead wood, terricolous.

Literature: Buyck; Meijer (1999: 270); Meijer (2001: 113; 2006: 27; 2008: 372).
Comments: Its mycorrhizal association remains doubtful. This species is either non-
mycorrhizal or only facultatively ectomycorrhizal. It grows on bases of living trees
such as Sloanea (Elaeocarpaceae) and Talauma (Magnoliaceae) (SINGER et al.,
1983: 305). The species also occurrs under leguminous trees of campinarana
vegetation (BUYCK; MEIJER, 1999: 271).

Lactarius sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, terricolous.

Literature: Meijer (2001: 113), as Lactarius sp. A (aff. venezuelanus Dennis).

Lactarius sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, terricolous.
Literature: Meijer (2001: 113, as Lactarius sp. B).

Leucogaster braunii Rick

Distribution: RS — Sao Leopoldo.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Rick (1961b: 455).

Neopaxillus echinospermus (Speg.) Singer

Distribution: PR — Colombo, General Carneiro, S&o José dos Pinhais; RS — Couto
(this locality is not in RS state, but probably in Minas Gerais state. In Minas Gerais
has Couto de Magalhdes de Minas city, as Maria Marchioretto from Instituto
Anchietano de Pesquisas/UNISINOS (pers. com.).

Habitat and substrate: mixed ombrophilous montane forest and upper-montane and

dense ombrophilous submontane forests; terricolous.
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Literature: Meijer (2001: 112; 2006: 35; 2008: 44, 131, 373); Singer (1950: 221, as
Naucoria echinosperma Speg, 231; 1953: 92, as Tubaria crobula Fr., 108; 1964:
114); Singer & Digilio (1951: 436); Watling; Meijer (1997: 241).

Comments: Singer et al. (1983) refers that “this species is terrigenous and there is
reason to believe that it is facultatively ectomycorrhizal although no convincing
ecological or experimental data are available”. Based on general observation on the
genus Neopaxillus, Meijer (2008: 132), refers that it is not known if it is

ectomycorrhizal or not.

Octaviania carnea (Wallr.) Corda.

Distribution: RS — locality unknown.

Habitat and substrate: unknown habitat, terricolous.
Lit.: Rick (1961b: 457).

Octaviania luteocarnea Bres.

Distribution: RS — locality unknown.

Habitat and substrate: unknown habitat, dead wood.
Literature: Rick (1961b: 457).

Octaviania radicans Rick

Distribution: RS — locality unknown.

Habitat and substrate: unknown habitat, dead wood.
Literature: Rick (1961b: 457).

Octaviania stillingerii Lloyd

Distribution: RS — locality unknown.

Habitat and substrate: unknown habitat, terricolous.
Lit.: Rick (1961b: 457).

Paxillus alexandri Gillet.

Distribution: RS — locality unknown.

Habitat and substrate: unknown habitat, pasture.
Literature: Rick (1961a: 405).
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Paxillus involutus (Batsch) Fr.

Distribution: RS — Sao Salvador, Sdo Leopoldo.

Habitat and substrate: subtropical forest, terricolous.

Literature: Guerrero; Homrich (1999: 40); Rick (1961a: 404); Singer (1964: 112, as
Paxillus aff. involutus).

Phaeoclavulina cf. camellia (Corner) Giachini

Distribution: PR — Campina Grande do Sul, Colombo, Piraquara, Sao José dos
Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;
terricolous, occurring on dead wood.

Literature: Meijer (2001: 112; 2006: 41; 2008: 373, all as Ramaria cf. camellia
Corner).

Phaeoclavulina cyanocephala (Berk. & M.A. Curtis) Giachini

Distribution: PR — Colombo, Piraquara, Quatro Barras, Sao José dos Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;
terricolous.

Literature: Meijer (2001: 112, as Ramaria grandis (Peck) Corner f. cyanocephala
(Berk. & Curtis) R.H. Petersen; 2006: 41; 2008: 99, 373, both as Ramaria
cyanocephala (Berk. & M.A. Curtis) Corner).

Phaeoclavulina aff. eumorpha (P. Karst.) Giachini

Distribution: PR — Fénix, Morretes, Paranagua, Rio Branco do Sul, Sdo José dos
Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest,
seasonal semi-deciduous submontane/montane forest; unknown substrate.

Literature: Meijer (2006: 41, as Ramaria aff. patagonica (Speg.) Corner).

Phaeoclavulina pancaribbea (R.H. Petersen) Giachini
Distribution: PR — Piraquara.
Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;

terricolous.
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Literature: Meijer (2001: 112; 2006: 41, as Ramaria cf. pancaribbea R.H. Petersen f.
caerulea R.H. Petersen).

Comments: The species is considered putative ectomycorrhizal, yet likely to be
ectomycorrhizal as other species from the genus (AGERER; RAMBOLD, 2010).

Phaeoclavulina subclaviformis (Berk.) Giachini

Distribution: PR — Campina Grande do Sul, Quatro Barras, Piraquara, Sao José dos
Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest,
‘restinga’; terricolous.

Literature: Meijer (2001: 112; 2006: 23, both as Gomphus subclavaeformis (B.
Hoook.) Corner; Meijer 2008: 97, 372, as Gomphus cf. subclaviformis (Berk.)

Corner).

Phaeoclavulina sp.

Distribution: PR — Sao José dos Pinhais.

Habitat and substrate: mixed ombrophilous forest, unknown substrate.

Literature: Meijer (2006: 41, as Ramaria sp. A (subgen. Echinoramaria Corner ser.
Grandisporae Corner).

Phaeoclavulina sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, terricolous.

Literature: Meijer (2001: 112, as Ramatria sp. A. subg. Echinoramaria; 2006: 41, as
Ramaria sp. A (subgen. Echinoramaria Corner ser. Grandisporae Corner).

Phlebopus beniensis (Singer & Digilio) Heinem. & Rammeloo

Distribution: PR — Paranagua, Pontal do Parana, Vera Cruz do Oeste.

Habitat and substrate: seasonal semi-deciduous submontane/montane forest,
‘restinga’; terricolous.

Literature: Meijer (2001: 112; 2006: 36); Watling & Meijer (1997: 235).

Comments: growing close to Laguncularia racemosa Gaertn and Hibiscus tiliaceus L.
(WATLING; MEIJER, 1997: 235). Its mycorrhizal association remains doubtful
(SINGER et al. 1983: 46).



49

Phlebopus braunii (Bres.) Heinem.

Distribution: RS — Sao Leopoldo, Vera Cruz.

Habitat and substrate: subtropical forest, terricolous.
Literature: Putzke et al. (1994: 84).

Phlebopus tropicus (Rick) Heinem. & Rammeloo

Distribution: RS — Sao Leopoldo, Vera Cruz; SC — Itapiranga.

Habitat and substrate: subtropical forest, terricolous.

Literature: Putzke et al. (1994: 86); Singer (1950: 233; 1953: 101, as Boletus tropicus
Rick); Singer; Digilio (1957: 253, as Phaeogyroporus tropicus (Rick) apud Rehm et
Rick) Sing.).

Comments: Putative ectomycorrhizal, forming mycorrhiza with Allophylus spp.
(PUTZKE et al., 1994: 86). There is no evidence that this species forms typical
ectomycorrhizae (SINGER et al., 1983: 42).

Phyllobolites miniatus (Rick) Singer

Dist.: RS — locality unknown.

Habitat and substrate: subtropical forest, terricolous.

Literature: Rick (1961a: 405 as Paxillus miniatus Rick); (Singer 1953: 93; 1964: 131);
Singer et al. (1983: 30).

Comments: Singer et al. (1983: 32) refer under Leguminosae trees, as a putative

ectomycorrhizal species.

Phylloporia spathulata (Hook.) Ryvarden

Dist.: PR — Campina Grande do Sul, Quatro Barras, Sao Mateus do Sul.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest, mixed
ombrophilous alluvial forest, mixed ombrophilous montane forest; terricolous and
decayed wood, sometimes on the trunk base of living Cyatheaceae tree fern.
Literature: Meijer (2006: 37; 2008: 373).

Comments: This species is putative ectomycorrhizal (MEIJER, 2008: 373).

Pisolithus albus (Cooke & Massee) Priest
Distribution: SC — Correia Pinto.
Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
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Literature: Giachini et al. (2000: 1168).

Pisolithus arhizus (Scop.) Rauschert

Distribution: RS — Capao do Leao, Porto Alegre, Rio Grande, Santa Maria, Viamao.
Habitat and substrate: Eucalyptus-plantation, plantation of Pinus elliottii, near
Tabebuia heptaphylla; terricolous.

Literature: Guerrero; Homrich (1999: 48, as Pisolithus tinctorius), Cortez (2009: 03).

Pisolithus microcarpus (Cooke & Massee) G. Cunn.

Distribution: PR — Curitiba, Sdo José dos Pinhais; SC — Coérrego Grande, Rio
Vermelho, Trés Barras.

Habitat and substrate: Eucalyptus-plantation, plantations of E. citriodora, E. dunnii, E.
robusta; terricolous.

Literature: Giachini et al. (2000: 1169); Meijer (2001: 114, as Pisolithus sp.; 2006: 37,
as Pisolithus cf. microcarpus (Cooke and Massee) G. Cunn.).

Pisolithus pisoformis (Lloyd) Rick

Distribution: RS — locality unknown.

Habitat and substrate: unknown habitat, occurring on dead wood.
Literature: Rick (1961b: 459).

Pisolithus sp.

Distribution: RS — Nova Padua.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Sobestiansky (2005: 452).

Ramaria anziana R. H. Petersen

Distribution: SC — Correia Pinto, Rio Vermelho.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Giachini et al. (2000: 1168).

Ramaria aureofulva Corner
Distribution: PR — Sao José dos Pinhais.
Habitat and substrate: mixed ombrophilous forest, unknown substrate.



51

Literature: Meijer (2006: 41; 2008: 44, 373, as Ramaria cf. aureofulva Corner).

Ramaria geesterani de Meijer

Distribution: PR — Sao José dos Pinhais.

Habitat and substrate: mixed ombrophilous montane forest; terricolous.

Literature: Meijer (2008: 44, 101, 373).

Comments: Meijer (2008: 103) refer that in all ten native species of Ramaria

occurring in Parana States and the ectomycorrhizal status is unknown.

Ramaria junquilleovertex R. H. Petersen

Distribution: SC — Rio Vermelho.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Giachini et al. (2000: 1168).

Ramaria moelleriana var moelleriana (Bres. & Roum.) Corner

Distribution: PR — Sao José dos Pinhais.

Habitat and substrate: mixed ombrophilous montane forest; decayed dicotyledonous
branch.

Literature: Meijer (2008: 44, 373).

Ramaria cf. reticulata (Berk. & Cooke) Corner var. macrospora Corner

Distribution: PR — Cornélio Procépio.

Habitat and substrate: seasonal semi-deciduous submontane/montane forest,
unknown substrate.

Literature: Meijer (2006: 41).

Ramaria toxica Toledo & R.H. Petersen

Distribution: PR — Curitiba; RS — Porto Alegre, “highlands and interior of Rio Grande
do Sul” as Sobestiansky (2005: 453).

Habitat and substrate: Eucalyptus-plantation, terricolous.

Literature: Meijer (2001: 113; 2006: 41); Guerrero; Homrich (1999: 51); Sobestiansky
(2005: 453).

Rhizopogon fuscorubens A. H. Sm.
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Distribution: SC — Correia Pinto, Rio Vermelho, Trés Barras.
Habitat and substrate: plantations of P. elliottii and P. taeda, terricolous.
Literature: Giachini et al. (2000: 1168).

Rhizopogon nigrescens Coker & Couch

Distribution: SC — Rio Vermelho, Trés Barras.

Habitat and substrate: plantations of P. elliottiiand P. taeda, terricolous.
Literature: Giachini et al. (2000: 1168).

Rhizopogon roseolus (Corda) Th. Fr.

Distribution: PR — Colombo, Curitiba; SC — Correia Pinto, Trés Barras; RS — Itaara,
Santa Maria.

Habitat and substrate: Pinus-plantation, plantation of P. taeda; terricolous.

Literature: Cortez (2009: 02); Giachini et al. (2000: 1168, as Rhizopogos rubescens
(Tul. & C. Tul.) Tul. & C. Tul. and Rhizopogon vulgaris (Vittad.) M. Lange); Meijer
(2001: 113, as R. luteorubescens A.H. Sm.; 2006: 41, as Rhizopogon roseolus
(Corda) Th.Fr. sens. Martin (1996) or R. luetorubescens A.H.Sm.).

Rhizopogon zelleri A.H. Sm.

Distribution: SC — Trés Barras.

Habitat and substrate: plantation of P. taeda, terricolous.
Literature: Giachini et al. (2000: 1168).

Rhizopogon sp.

Distribution: RS — Nova Petrépolis.

Habitat and substrate: Pinus-plantation, terricolous.
Literature: Sobestiansky (2005: 453).

Russula consobrina (Fr.) Fr.

Distribution: PR — Sao José dos Pinhais; RS — Nova Petrépolis.
Habitat and substrate: Pinus-plantation, terricolous.

Literature: Meijer (2001: 114; 2006: 42); Sobestiansky (2005: 453).

Russula cf. dennisii Singer ex Buyck
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Distribution: PR — Antonina.
Habitat and substrate: dense ombrophilous forest, substrate unknown.
Literature: Meijer (2006: 42).

Russula puiggarii (Speg.) Singer

Distribution: PR — Campina Grande do Sul, Quatro Barras, Morretes, Piraquara; RS —
Sao Leopoldo.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;
terricolous, sandy soil, occurring on dead or rotten wood.

Literature: Meijer (2001: 113; 2006: 42; 2008: 373); Rick (1961a: 363, as R. pectinata
(Bull.) Fr.); Singer; Digilio (1951: 442); Singer (1953: 83, as R. pectinata (Bull.) Fr.);
Singer et al. (1983: 214).

Comments: Ocuring in all types of rain forests, mainly in the tropical lowlands,
probably non-mycorrhizal or only facultatively mycorrhizal (SINGER et al., 1983:
215). Recently Haug et al. (2005) observed R. puiggarii forming a mantle and a
Hartig’s net in roots of Neea sp. (Nyctaginaceae).

Russula riograndensis Sing.

Distribution: RS — Sao Leopoldo.

Habitat and substrate: forest, terricolous.

Literature: Rick (1961a: 363, as R. subfragilis Rick); Singer (1953: 81, as R.
subfragilis Rick); Singer et al. (1983: 236, as R. subfragilis Rick).

Russula theissenii Rick

Distribution: PR — Morretes; RS — Sao Leopoldo.

Habitat and substrate: dense ombrophilous forest, terricolous.

Literature: Meijer (2001: 113; 2006: 42, 2008: 373, both as Russula aff. theissenii
Rick); Rick (1961a: 363); Singer (1953: 81); Singer et al. (1983: 209).

Comments: The position and ecological significance of this species is not fully clear
(SINGER et al., 1983: 211).

Russula velenovskyi Melzer & Zvara
Distribution: PR — locality unknown.
Habitat and substrate: planted Castanea sativa, terricolous.



Literature: Meijer (2001: 114; 2006: 42).

Russula sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, terricolous.
Literature: Meijer (2001: 113, as Russula sp. A).

Russula sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, terricolous.
Literature: Meijer (2001: 113, as Russula sp. B).

Russula sp.
Distribution: PR — locality unknown.

Habitat and substrate: gallery forest in area of savanna, terricolous.

Literature: Meijer (2001: 113, as Russula sp. C).

Russula sp.

Distribution: PR — locality unknown.

Habitat and substrate: ‘restinga’, terricolous.
Literature: Meijer (2001: 113, as Russula sp. D).

Russula sp.

Distribution: RS — Canela.

Habitat and substrate: Pinus-plantation, terricolous.
Literature: Sobestiansky (2005: 453).

Sarcodon atroviridis (Morgan) Banker

54

Distribution: PR — Colombo, General Carneiro, Quatro Barras, Morretes, Piraquara,

Sao Sojé dos Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous montane

forest; terricolous.

Literature: Meijer; Baird (1992: 639); Meijer (2001: 113; 2006: 42; 2008: 373, both as

Sarcodon bambusinus (R.E.D. Baker & W.T. Dale) Maas Geest.
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Comments: Ectomycorrhizal with leguminous trees (SINGER et al., 1983: 20).

Scleroderma albidum Pat. & Trab.

Distribution: SC — Cérrego Grande, Correia Pinto, Rio Vermelho, Trés Barras; RS —
Capitao, Minas do Ledo, Pareci Novo, Rio Grande, Santa Cruz do Sul, Santa Maria,
Sao Leopoldo, Viamao.

Habitat and substrate: Eucalyptus-plantation, plantations of Pinus elliotti and P.
taeda; terricolous.

Literature: Cortez et al. (2008b: 293); Cortez (2009: 04); Giachini et al. (2000: 1169);
Guzman (1970: 301).

Scleroderma areolatum Ehrenb.

Distribution: SC — Cérrego Grande, Correia Pinto, Rio Vermelho, Trés Barras.
Habitat and substrate: Eucalyptus-plantation, terricolous.

Literature: Giachini et al. (2000: 1169).

Scleroderma bougheri Trappe, Castellano & Giachini
Distribution: SC — Correia Pinto, Rio Vermelho, Trés Barras.
Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Giachini et al. (2000: 1169).

Scleroderma bovista Fr.

Distribution: SC — Coérrego Grande, Correia Pinto, Joinville, Rio Vermelho, Trés
Barras; RS — Porto Alegre, Santa Maria.

Habitat and substrate: Eucalyptus-plantation, plantations of Pinus elliotti and P.
taeda, terricolous.

Literature: Cortez (2009: 05); Giachini et al. (2000: 1169); Guzman (1970: 344, the

autor did not mention the name of the state but the colector is Rick).

Scleroderma cepa Pers.

Distribution: SC — Correia Pinto.

Habitat and substrate: plantations of Eucalyptus dunnii, terricolous.
Literature: Giachini et al. (2000: 1169).
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Scleroderma citrinum Pers.

Distribution: PR — Castro; SC — Corrego Grande, Correia Pinto, Joinville, Rio
Vermelho, Trés Barras; RS — Nova Petrépolis, Santa Maria, Sao Francisco de Paula,
Sao Leopoldo.

Habitat and substrate: Pinus-plantation, plantations of P. elliotti and P. taeda;
occurring in living wood, terricolous.

Literature: Giachini et al. (2000: 1169); Meijer (2001: 114; 2006: 43); Rick (1961b:
458, as Scleroderma vulgare Hornem.; Sobestiansky (2005: 453).

Scleroderma dictyosporum Pat.

Distribution: RS — Santa Maria.

Habitat and substrate: near Acacia caven, terricolous.

Literature: Cortez (2009: 06).

Comments: Cortez (2009) reported this species distributed across dry regions of
Africa, Asia and America, as well the subtropical zone. The Brazilian specimens were
found growing near the base of Acacia caven (Molina) Molina, a native species from
southern South America. Authors also reported that in Africa S. dictyosporum was
found as an ectomycorrhizal partner of other acacia species, such as A. holosericea
and A. mangium (see also FOUNOUNE et al., 2002; DUPONNOIS et al., 2006;
SANON et al., 2009).

Scleroderma floridanum Guzman

Distribution: SC — Cérrego Grande, Correia Pinto, Rio Vermelho, Trés Barras.
Habitat and substrate: Eucalyptus-plantation, plantations of Pinus elliotti and P.
taeda; terricolous.

Literature: Giachini et al. (2000: 1169).

Scleroderma laeve Lloyd

Distribution: RS — Porto Alegre.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Cortez (2009: 07).

Scleroderma uruguayense (Guzman) Guzman
Distribution: SC — Cérrego Grande, Correia Pinto, Rio Vermelho.
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Habitat and substrate: plantations of Pinus elliottii and P. taeda; terricolous.
Literature: Giachini et al. (2000: 1169).

Scleroderma verrucosum (Bull.) Pers.

Distribution: PR — Colombo, Curitiba, S&o José dos Pinhais; SC — Cérrego Grande;
RS — Nova Petropolis, Santa Maria.

Habitat and substrate: pasture, plantations of Pinus elliottii, Eucalyptus-plantation;
terricolous.

Literature: Cortez (2009: 08); Giachini et al. (2000: 1169); Meijer (2001: 114; 2006:
43, as Scleroderma cf. verrucosum (Bull.: Pers.) Pers.); Rick (1961b: 458);

Sobestiansky (2005: 454, as Scleroderma cf. verrucosum (Bull.: Pers.) Pers.).

Sclerogaster luteocarneus (Bres.) Zeller & C.W. Dodge

Distribution: PR — Fénix.

Habitat and substrate: seasonal semi-deciduous submontane/montane forest,
terricolous.

Literature: Meijer (2001: 113; 2006: 43).

Setchelliogaster tenuipes (Setch.) Pouzar

Distribution: SC — Correia Pinto; RS — Guaiba, Viamao.

Habitat and substrate: Eucalyptus-plantation, plantations of E. dunnii; terricolous.
Literature: Giachini et al. (2000: 1168); Cortez et al. (2008a: 514).

Suillus cothurnatus Singer

Distribution: SC — Correia Pinto, Rio Vermelho, Trés Barras; RS — Nova Petrépolis.
Habitat and substrate: Pinus-plantation, plantations of P. elliotti and P. taeda;
terricolous.

Literature: Giachini et al. (2000: 1168); Sobestiansky (2005: 454).

Comments: Occuring in the neighborhood of either Pinus palustris or P. taeda,
though occasionally as far as 11m from the nearest pine tree (SINGER et al., 1983:
52).

Suillus cothurnatus Singer var. cothurnatus
Distribution: PR — Colombo.
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Habitat and substrate: plantations of Pinus elliottiiand P. patula; terricolous.
Literature: Meijer (2001: 113; 2006: 44); Watling; Meijer (1997: 236).

Suillus granulatus (L.) Kuntze

Distribution: PR — Colombo; SC — Corrego Grande, Correia Pinto; RS — Santa Cruz
do Sul, Venancio Aires.

Habitat and substrate: Pinus-plantation, plantations of P. elliottii, P. patula, P. taeda;
terricolous.

Literature: Giachini et al. (2000: 1168); Meijer (2001: 113; 2006: 44); Putzke et al.
(1994: 90); Watling; Meijer (1997: 238).

Suillus luteus (L.) Roussel

Distribution: PR — Colombo; RS — Canela, Nova Petropolis, Pelotas.

Habitat and substrate: Pinus-plantation, plantations of P. elliottii; terricolous.
Literature: Meijer (2001: 113; 2006: 44); Putzke et al. (1994: 88); Sobestiansky
(2005: 454); Watling; Meijer (1997: 238).

Comments: Singer (1945 and 1949); Putzke et al. (1994: 89) refers this species as
occurring only in Pinus nigra, P. pinea, P. silvestris and P. resinosa.

Suillus subaureus (Peck) Snell

Distribution: RS — Vera Cruz.

Habitat and substrate: Pinus-plantation, terricolous.
Literature: Putzke et al. (1994: 91).

Thelephora americana Lloyd

Distribution: SC — Rio Vermelho, Trés Barras.

Habitat and substrate: Eucalyptus-plantation, plantations of Pinus elliottii and P.
taeda; terricolous.

Literature: Giachini et al. (2000: 1169).

Thelephora griseozonata Cooke

Distribution: SC — Rio Vermelho.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Giachini et al. (2000: 1169).
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Thelephora palmata (Scop.) Fr.

Distribution: PR — Pontal do Parana.

Habitat and substrate: ‘restinga’, occurring on dead wood.
Literature: Meijer (2001: 113; 2006: 44).

Comments: This species is ectomycorrhizal as Chen et al. (2001).

Thelephora terrestris Ehrh.

Distribution: PR — General Carneiro; SC — Rio Vermelho, Trés Barras.

Habitat and substrate: Eucalyptus-plantation, Pinus-plantation, plantations of P.
taeda; terricolous, occurring on dead wood.

Literature: Giachini et al. (2000: 1169); Guerrero & Homrich (1999: 46); Meijer (2001:
114; 2006: 44).

Thelephora sp.

Distribution: PR — locality unknown.

Habitat and substrate: mixed ombrophilous forest, occurring on dead wood.
Literature: Meijer (2001: 113, as Thelephora sp. A).

Tricholoma atrosquamosum Sacc.

Distribution: PR — Colombo.

Habitat and substrate: Eucalyptus-plantation, unknown substrate.
Literature: Meijer (2006: 45).

Tricholoma cf. eucalypticum A. Pearson

Distribution: PR — Curitiba.

Habitat and substrate: Eucalyptus-plantation, terricolous.
Literature: Meijer (2001: 113; 2006: 45).

Tricholoma sulphurellum Rick

Distribution: RS — Esmeralda.

Habitat and substrate: Araucaria forest, terricolous.

Literature: Putzke (2003: 579); Rick (1961a: 304); Singer (1953: 64); Singer et al.
(1983: 173); Sulzbacher et al. (2007: 146).
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Comments: Singer et al. (1983: 174) pointed out the possibility of this species being
ectomycorrhizal since it is a member of the section Sericella (Fr.) Quél. (=

Sericeocutis Singer), a section known to contain ectomycorrhizal species.

Tricholoma vaccinum (Schaeff.) P. Kumm.
Distribution: RS — locality unknown.

Habitat and substrate: forest, unknown substrate.
Literature: Rick (1961: 304).

Tricholoma sp.

Distribution: PR — locality unknown.

Habitat and substrate: seasonal semi-deciduous alluvial forest, terricolous.
Literature: Meijer (2001: 112, as Tricholoma sp. A aff. imbricatum (Fr.: Fr.) Kummer).

Tricholoma sp.

Distribution: PR — locality unknown.

Habitat and substrate: mixed ombrophilous forest, Pinus-plantation, terricolous.
Literature: Meijer (2001: 112 and 113 as Tricholoma sp. B subg. Tricholoma sect.
Genuina).

Tricholoma sp.

Distribution: PR — locality unknown.

Habitat and substrate: Eucalyptus-plantation, terricolous.

Literature: Meijer (2001: 113, as Tricholoma sp. C. subg. Tricholoma sect.
Tricholoma).

Tylopilus sp.

Distribution: PR — locality unknown.

Habitat and substrate: dense ombrophilous forest, terricolous or growing at the base
of a trunk of a living tree-fern (Watling; Meijer, 1997: 240).

Literature: Meijer (2001: 112; 2006: 45, both as cf. Tylopilus sp.); Watling; Meijer
(1997: 240).

Comments: Putative ectomycorrhizal, based on the fact that several species from the
genus are known to be ectomycorrhizal (HALLING et al., 2008).
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Xerocomus basius de Meijer & Watling

Distribution: PR — Campina Grande do Sul, Colombo, Curitiba, Sdo José dos
Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous montane
forest; terricolous.

Literature: Meijer (2008: 44, 125, 373).

Comments: It is unknown if this is an ectomycorrhizal species (MEIJER, 2008: 127).

Xerocomus brasiliensis (Rick) Singer

Distribution: RS — Nova Petrépolis, Sdo Leopoldo.

Habitat and substrate: open places among Gramineae, subtropical and tropical
forest, Eucalyptus-plantation; terricolous, rotten wood.

Literature: Putzke et al. (1994: 92); Singer; Digilio (1957: 260); Singer et al. (1983:
65); Singer (1953: 100, as Boletus brasiliensis Rick, 101, as Phylloporus flavipes
Rick); Sobestiansky (2005: 443, as Boletus brasiliensis Rick).

Comments: Few ecological data available, is facultatively ectomycorrhizal, forming
mycorrhiza with Eucalyptus (SINGER et al., 1983: 66). Putative ectomycorrhiza
according to Sobestiansky (2005: 443).

Xerocomus aff. coccolobae Pegler

Distribution: PR — Curitiba, Campina Grande do Sul, Mandirituba, Sdo José dos
Pinhais.

Habitat and substrate: dense ombrophilous forest, mixed ombrophilous forest;
terricolous.

Literature: Meijer (2001: 112; 2006: 45, as Xerocomus sp. A); Watling; Meijer (1997:
239, as Xerocomus cf. coccolobae Pegler).

Comments: A mycorrhizal connection has not been established (WATLING; MEIJER,
1997: 239). However, it maybe a putative ectomycorrhizal species as observed for
other species in the genus (AGERER; RAMBOLD, 2010). Xerocomus coccolobae is
associated with Coccoloba (Polygonaceae) but the ectomycorrhizal status is
unknown (MEIJER, 2008: 127).



62

3.6 Conclusion

At total, 133 ectomycorrhizal or putatively ectomycorrhizal species were
recorded from southern Brazil (states of Rio Grande do Sul, Santa Catarina and
Parana). In this region, the climate, soil and vegetation are very different from the
rest of the country. These species are distributed among 47 genera and represent
mainly ectomycorrhizal genera known from the northern hemisphere. Several listed
species can only be found in South America (including the southern Brazil) and for
the majority of them no ectomycorrhizal status was established following the common
procedures or ECM description and/or molecular confirmation (sensu Agerer 1991).
For the majority of the listed species there is still a need for further investigation in
order to provide information on their ECM status and also to broaden their ecological
and seasonal distribution. Additionally, a number of species also need more detailed
taxonomic revision, including the application of molecular markers as a tool for clear
separation and taxonomical confirmation of the species names.

The aim of our future work is to fulfill these missing gaps in the knowledge of
the diversity, mycorrhizal status and general ecology of the species listed here.
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4 CAPITULO 3

CHONDROGASTER PACHYSPORUS IN A EUCALYPTUS PLANTATION OF
SOUTHERN BRAZIL

4.1 Abstract

Chondrogaster pachysporus is reported for the first time in Brazil. It is
similar to C. angustisporus, also known from southern Brazil, basically differing
in size and type of spore ornamentation, which are produced in monosporic
basidia for the latter. The hypogeous sequestrate specimens were collected in
Eucalyptus saligna plantation in the state of Rio Grande do Sul. Descriptions,
photographs, and line drawings of the specimens are presented.

Key words — ectomycorrhiza, false-truffle, Hysterangiales, Mesophelliaceae

4.2 Resumo

Chondrogaster pachysporus é relatada pela primeira vez no Brasil. E
semelhante a C. angustisporus, também conhecida no sul do Brasil, diferindo
basicamente no tamanho e no tipo de ornamentagdo dos basidiésporos, que sdo
produzidos em basidios monospéricos. Os espécimes hipdgeos sequestrados foram
coletados em plantagdes de Eucalyptus saligna no Estado do Rio Grande do Sul.

Descricoes, fotografias e desenhos dos espécimes sdo apresentados.
Palavras-chave — ectomicorriza, falsa-trufa, Hysterangiales, Mesophelliaceae
4.3 Introduction

Chondrogaster Maire is a genus of sequestrate fungi characterized by the
hypogeous, enclosed basidiomata which bears a loculate gleba composed by tramal

plates where basidia and basidiospores are produced (CASTELLANO et al., 1989).
The genus is close related to Hysterangium Vittad., from which it was segregated and
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differs in the lack of a distinct collumela and presence of a mycelial mass covering
the whole basidiomata (GIACHINI et al., 2000). Currently two species are known,
both associated to Eucalyptus and possibly native from Australia, from where spread
throughout areas where Eucalyptus plantations were settled for forestry purposes.
Chondrogaster angustisporus Giachini, Castellano, Trappe & Oliveira, described as a
new species from Australia, Uruguay and southern Brazil (GIACHINI et al., 2000), is
possibly the only known South American records for the genus. Chondrogaster
pachysporus, the type species, is so far known from the Mediterranean zone (Europe
and Africa), North America and Australia (LAGO; CASTRO, 2004). Recent studies on
the biology and taxonomy of sequestrate fungi in Brazil and neighboring countries are
scarce and limited to a few local revisions from Brazil (GIACHINI et al., 2000;
CORTEZ et al., 2008a) and Argentina (NOUHRA et al., 2005; 2008). In the present
paper, we report the occurrence of C. pachysporus in southern Brazil, adding one

more taxon to the evergrowing Brazilian fungal species list.

4.4 Material and methods

Fieldwork was done in an Eucalyptus saligna Sm. plantation at the
Experimental Forestry Station (FEPAGRO), in the municipality of Santa Maria, central
region of the state of Rio Grande do Sul, southern Brazil (29°45’ S, 53°43'W). The
site comprises an area of 280 ha covered with native [Apuleia leiocarpa J.F. Macbr.,
Senna multijuga (L.C. Richard) H.S. Irwin & Barneby, Tabebuia spp.] and exotic tree
species (Hovenia dulcis Thunb., Platanus x aceriifolia Willd., Pinus and Eucalyptus
spp.). Soil is of the Hapludult type, which is deep, imperfectly drained and with low
natural fertility (ABRAO et al., 1988; STRECK et al., 2008). Climate is subtropical
humid (Cfa) according to Képpen's system, with mean temperature values for the
warmest month higher than 22°C (MENEGAT, 1998). Annual rainfall is about 1769
mm, with well distributed rains throughout the year (SCHUMACHER et al., 2008).

Fresh basidiomes were collected and photographed in situ, then analyzed
macro- and microscopically following Brundrett et al. (1996) and Castellano et al.
(2004). Color names and codes follow Kornerup; Wanscher (1978). Microscopic
analysis of the basidiomata comprised measurements of 30 microstructures
(basidiospores, basidia and hyphae), which were drawn under a light field
microscope. Specimens are deposited in the herbaria of the Department of Biology,
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“Universidade Federal de Santa Maria” (SMDB) and the Institute of Biosciences,
“Universidade Federal do Rio Grande do Sul” (ICN).

4.5 Results and discussion

Chondrogaster pachysporus Maire, Bull. Soc. Mycol. Fr. 40: 313, 1924. FIG.1-8

BASIDIOMATA hypogeous, 8-23 mm in width, 7-11 mm high, depressed
globose to subglobose, aggregated in clusters within a common mycelium.
PERIDIUM <1 mm thick, greyish beige (4C2) when fresh, dull red (9C4) when
bruised, glabrous or covered by scattered to numerous rhizomorphs. GLEBA
composed by non-gelatinized, radially arranged locules, greyish green (28C3) to dull
green (29D3) at younger stages, to finally olive (1F5) or blackish at maturity.
RHIZOMORPHS white, numerous, arising from several points of attachment in the
basidiomata surface. COLUMELLA absent.

BASIDIOSPORES 12.5-16.5 x 6-9 um (ornamentation excluded), subfusoid,
ellipsoid to broad ellipsoid, apex and base tapered, some with a shortly mucronate
apex; sterigmal attachment persistent at maturity; in KOH, they are hyaline when
young to finally pale yellowish brown at maturity; wall smooth when young, becoming
irregularly reticulate at maturity and of variable diameter (<3 um). BASIDIA 31-52 x
4-16.5 um, hyaline, subcylindrical, with constricted base and apex, single-spored,
clamp connections common, collapsed in mature specimens. PERIDIUM separable
from the gleba, 2-layered: a) external layer formed by yellowish brown, thick-walled,
clamped hyphae (4.2—11 um diam.) mixed with abundant soil particles; b) internal
layer composed by hyaline, smooth and thin-walled hyphae, compactly interwoven,
filamentous to subglobose 4-27.5 um diam. TRAMA 30-100 um thick, not gelatinized
in young basidiomata, becoming gelatinized in mature specimens, constituted by
hyaline, smooth, thin-walled, and compactly interwoven hyphae, 3.2-5.5 ym diam.,

clamp connections rare.

DISTRIBUTION: Australia and United States (BOUGHER; LEBEL, 2001), North
Africa (LAGO; CASTRO, 2004), Spain (LAGO; CASTRO, 2004; MORENO-ARROYO
et al., 2005), Portugal (CALONGE; VIDAL, 2000), France and ltaly (LAGO; CASTRO,
2004). Probably widespread with eucalypt trees.
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SPECIMEN EXAMINED: BRAZIL. Rio Grande do Sul: Santa Maria, Boca do Monte
District, Estacdo Experimental de Silvicultura-FEPAGRO, 21 April 2009, leg. M.A.
Sulzbacher 191 (SMDB 12.920); ibid., 06 May 2009, leg. M.A. Sulzbacher 192
(SMDB 12.921); ibid., 10 July 2009, leg. M.A. Sulzbacher 196 (SMDB 12.922; ICN
154459).

REMARKS: In the past, the genus Chondrogaster was considered as a member of
the Melanogasteraceae E. Fisch. (Zeller 1949), then Hysterangiaceae E. Fisch.
(Bougher; Lebel 2001), and finally Chondrogastraceae Locq. (Giachini et. al. 2000).
However, after molecular phylogenetic analysis, the genus is currently placed in the
Mesophelliaceae (Cunningham) Jilich of the Hysterangiales K. Hosaka & Castellano,
subclass Phallomycetidae K. Hosaka, Castellano & Spatafora (Hosaka et al. 2006).
Chondrogaster pachysporus, originally described by R. Maire from Mauritania
(Africa), constitutes the type species of the genus, which until recently was
considered monotypic (Giachini et al. 2000). Although it is associated to widely
cultivated Eucalyptus spp. in the world, this species has been poorly documented,
probably due to its underground cryptic habitat and also because few mycologists
have paid attention to this inconspicuous species. As far as we know, this is the first
record for South America. As mentioned earlier, C. angustisporus has been reported,
from southern Brazil, Australia, and Uruguay (Giachini et al. 2000), and differs from
C. pachysporus in the narrower size of the basidiospores (10-15 x 4-5 ym), which
are covered by a less coarse ornamentation, and the presence of mostly bisporic
basidia within the glebal locules (Lago; Castro 2004). In contrast to our specimens,
which were collected under E. saligna, C. angustisporus was found under E. dunnii
Maiden in southern Brazil, as well several other Australian eucalyptus species
(Giachini et al. 2000). Lupatini et al. (2008) characterized southern Brazilian strains of
C. angustisporus through mycorrhizal morphotyping and ITS (rRNA) sequences.
Their results supported strong relationships among other taxa in the gomphoid-
phalloid clade (e.g. Gautieria, Gloeocantharellus, Gomphus, Hysterangium, Ramaria,
and Sphaerobolus). In two recent molecular and phylogeographic analysis of
Hysterangiales (Hosaka et al. 2006, 2008), Andebbia pachythrix (Cooke & Massee)
Trappe, Castellano & Amaranthus clustered with C. pachysporus and C.

angustisporus, indicating a close relationship between these taxa.



73

With the present report, the distribution of C. pachysporus is considerably
extended within southern Brazil. This result arises from ongoing investigations on the
hypogeous fungi associated to eucalyptus in the state of Rio Grande do Sul. With the
progress of this research we hope to provide an account of the diversity and new
data on the biology of this fungal species and potentially the genus.

Figura 1 e 2 — Basidiomata of Chondrogaster pachysporus.
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Figura 3 a 5 — Chondrogaster pachysporus. 3. Peridium. 4. Basidia. 5. Gleba structure.
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5 CAPITULO 4

MORPHOLOGICAL CHARACTERIZATION OF HYPOGEOUS FUNGI (TRUFFLE-
LIKE FUNGI, BASIDIOMYCOTA) FROM EUCALYPTUS PLANTATIONS IN
SOUTHERN BRAZIL

5.1 Abstract

Species of hypogeous fungi (truffle-like fungi, Basidiomycota) were collected in
Eucalyptus plantations in the state of Rio Grande do Sul, Brazil. The survey was
based on macro-and micromorphological examination of fresh and dry herbarium
specimens. Chondrogaster pachysporus Maire, Descomyces albus (Berk.) Bougher
& Castellano, Hysterangium affine Massee, Hysterangium inflatum Rodway and
Setchelliogaster tenuipes (Setch.) Pouzar, are reported for the State of Rio Grande
do Sul being Descomyces albus reported for the first time in that State.
Hysterangium affine and Hysterangium inflatum are new records for Brazil. The
sequestrate species were found associated with eucalypts, with which they are
ectomycorrhizal partners. Detailed descriptions and illustrations of the studied
collections are presented, including a key for the identification of the species.
Scanning electron microphotographs showing the microscopic features, i.e.,
basidiospores ornamentation, hyphae of rhizomorph and stiptipellis are also given.

Key words: ectomycorrhiza, sequestrate fungi, gasteroid fungi

5.2 Resumo

Espécies de fungos hipogeos (truffle-like fungi, Basidiomycota) foram coletadas
em plantagcbes de Eucalyptus no Estado do Rio Grande do Sul, Brasil. O
levantamento foi baseado em analises macro e micromorfolégicas, de espécimes
frescos ou secos de herbério. Chondrogaster pachysporus Maire, Descomyces albus
(Berk.) Bougher & Castellano, Hysterangium affine Massee, Hysterangium inflatum
Rodway e Setchelliogaster tenuipes (Setch.) Pouzar, sédo relatados para o Rio
Grande do Sul enquanto Descomyces albus é relatada pela primeira vez no Estado.
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Hysterangium affine e Hysterangium inflatum sao citados pela primeira vez para o
Brasil. As espécies de fungos sequestrados foram encontradas associadas com
eucaliptos, com quem formam associag¢des ectomicorrizicas. Detalhadas descricoes
e ilustracdes das colecdes estudadas sdo apresentados, incluindo uma chave para a
identificacdo das espécies. Microfotografias eletrénicas de varredura mostrando as
caracteristicas microscépicas, ou seja, ornamentacado dos basidiésporos, hifas das

rizomorfas e da estiptipelis também séo apresentadas.

Palavras-chave: ectomicorrizas, fungos sequestrados, gasteromycetes

5.3 Introduction

The present paper is part of a survey to determine the diversity of hypogeous
fungi (Basidiomycota) occurring in Eucalyptus plantations in southern Brazil,
especially in the states of Rio Grande do Sul and Santa Catarina. Extensive
plantations of Eucalyptus spp. have been (and continue to be) established in
southern Brazil since the early 20th century (LIMA, 1993). Various hypogeous,
ectomycorrhizal fungi were introduced accidentally but fortuitously along with these
economically important trees, and became established in the exotic plantations as
vital symbionts of the trees (NOUHRA et al., 2008). The Ectomycorrhizal symbiosis
represents one of the most prominent and ecologically crucial mutualistic
associations in terrestrial habitats (RINALDI et al., 2008). Based on literature
searches, these authors estimated the ectomycorrhizal fungal (ECM) species
richness to be around 7.750 species in the globe. However, based on estimates of
known and unknown macromycetes diversity, a final estimative of ECM species
richness would likely be between 20.000 and 25.000 species (RINALDI et al., 2008).
In Brazil, there is limited information (when compared to other countries) about ECM,
their distribution and ecological implications. A similar scenario is seen for hypogeous
fungi, in which very few studies have paid attention to this component when
surveying for fungi. Singer; Araujo (1979) found 38 ECM species in the central
tropical Amazonian forest, which was later complemented (SINGER et al., 1983).
Giachini et al. (2000) in an survey of ECM fungi in plantations of introduced Pinus
and Eucalyptus in the state of Santa Catarina (southern Brazil), found 49 species

including the description of three new species of hypogeous fungi associated with
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Eucalyptus plantations: Chondrogaster angustisporus Giachini, Castellano, Trappe &
Oliveira, Descomyces giachinii Trappe, Oliveira, Castellano & Claridge and
Scleroderma bougheri Trappe, Castellano & Giachini. More recently, Cortez et al.
(2008) reported two species in a survey conduced in the state of Rio Grande do Sul,
also southern Brazil: Descomyces albellus (Massee & Rodway) Bougher &
Castellano and Setchelliogaster tenuipes (Setch.) Pouzar. Little information is
available about the ECM associations with plantations in that state. The aim of the
present study was to determine the diversity of ectomycorrhizal hypogeous fungi
associated with Eucalyptus plantations in the State of Rio Grande do Sul. While
revising the hypogeous fungi of Rio Grande do Sul (SULZBACHER et al., 2010),

several specimens were studied and the results are presented and discussed in this

paper.
5.4 Material and Methods

Fresh specimens were collected in plantations of Eucalyptus spp. in the central
region of the state of Rio Grande do Sul, in the municipalities of Cagapava do Sul,
Dilermando de Aguiar, Santa Maria and Vila Nova do Sul (Fig. 9). This sample was
taken between May 2009 and July 2010. All collections obtained are preserved either
at the SMDB (Department of Biology of the Universidade Federal de Santa Maria) or
at the ICN (Institute of Biosciences, “Universidade Federal do Rio Grande do Sul”)
herbaria. The fungal fruiting bodies were collected at random in the plantations, in
1000 m? plots. The basidiomata were located by raking the soil litter (CLARIDGE et
al., 2000). The collected basidiomata were photographed in situ, then analyzed
macro- and microscopically following previously described methods (MONTECCHI;
SARASINI, 2000). Color codes in the descriptions are from Kornerup; Wanscher
(1978). Microscopic analysis of the basidiomata comprised the measurements of at
least 30 microstructures (basidiospores, basidia and hyphae), which were drawn
under a light field microscope. For scanning electron microscopy (SEM), dried
material (from herbarium) was mounted directly on aluminium stubs and coated with
a 5 nm thick layer of gold using a Balzers SCD 050 Sputter. Stubs were examined in
a Jeol JSM-6360 LV scanning electron microscope at the Universidade Federal do

Parana.
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5.5 Results

In total 15 collections of hypogeous fungi were found, and five species were
identified: Chondrogaster pachysporus Maire, Descomyces albus (Berk.) Bougher &
Castellano, Hysterangium affine Massee, Hysterangium inflatum Rodway and
Setchelliogaster tenuipes (Setch.) Pouzar. Detailed descriptions and illustrations of
the studied collections are presented, including a key for the identification of the
species.

Figura 9 — Map of the state of Rio Grande do Sul showing the survey region.
Fonte: Geoprocessamento — UNISC.

TAXONOMY

Order Agaricales
Family Cortinariaceae R. Heim ex Pouzar
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Descomyces albus (Berk.) Bougher & Castellano, Mycologia 85: 280. 1993.
FIG. 10-12, 32-33, 39-40

BASIDIOMES gastroid, partially hypogeous, subglobose to globose in shape, 7-17
mm diam., 8-12 mm high. PERIDIUM white (KW 1A1) or light yellow (KW 1A4) to
dark yellow (KW 4C8), 0.2 mm thick, smooth and dry or slightly moist when fresh,
covered by soil, opening by irregular dehiscence at the top of the basidiomes,
rhizomorphs absent or poorly developed. STIPE absent. COLUMELLA usually
absent or reduced to a basal disc. GLEBA loculate, composed by anastomosed
lamellae, yellowish brown (KW 5E7-5E8) at maturity. BASIDIOSPORES 11 — 17.5 x
7 — 9 um, ovoid to limoniform in frontal view, ovoid to fusiform in profile, color rusty
under KOH, walls very thick and ornamented by sub-reticulate to verrucose
perisporium, 0.5 — 2.5 ym. Under SEM the basidiospores is limoniform and the
ornamentation of the wall is reticulate wavy. BASIDIA 29.5 — 486 x 7.5 — 11 um,
clavate, mainly bisporic. BASIDIOLES 12 — 16 x 5 — 8 uym, clavate, wall hyaline and
thin, basal clamp present. PERIDIUM two layered: the external layer formed by non-
gelatinized, ascendant to prostrate hyphae, widely, 4 — 13.5 pm diam., with
thickened, golden yellow walls, smooth, and all septa is clamped; the internal layer is
composed by hymeniform layer and composed by thin-walled, hyaline hyphae, end-
cells clavate, pyriform, or vesiculose 19 — 56 x 10 — 26 ym. HYMENOPHORAL
TRAMA regular to subregular hyphae, 3 — 10 ym diam., composed by thin-walled,
hyaline, smooth. CLAMP CONNECTIONS present in most septa. RHIZOMORPHS
not observed.

SPECIMEN EXAMINED: BRAZIL. Rio Grande do Sul: Santa Maria, Boca do Monte
District, Estacdo Experimental de Silvicultura-FEPAGRO, 31 July 2009, leg. M.A.
Sulzbacher 199 (SMDB); 22 July 2010, leg. G Coelho & M.A. Sulzbacher 223
(SMDB). Vila Nova do Sul, 30°20’ 23.8”S, 53°51'58,4”W, near to the BR 290, 09
november 2009, leg. M.A. Sulzbacher 203 (SMDB). Cacapava do Sul, Minas do
Camaqua, 03 december 2009, leg. M.A. Sulzbacher 207 (SMDB); leg. M.A.
Sulzbacher 208 (SMDB).

HABITAT: subhypogeous, under soil and dead Eucalyptus leaves, ectomycorrhizal.
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HOST SPECIES: Eucalyptus saligna.

KNOWN DISTRIBUTION: widespread in Eucalyptus plantations throughout the world
(LAGO; CASTRO, 2004; BOUGHER; CASTELLANO, 1993). Probably indigenous to
Australia (BOUGHER; CASTELLANO, 1993). In Brazil, the only records of this
species outside Rio Grande do Sul are for the state of Santa Catarina (GIACHINI et
al., 2000).

REMARKS: The genus Descomyces is characterized by its rusty colored
basidiospores with a distinct verrucose to subreticulate perisporium and a non-
gelatinized peridium that is trichodermial to epithelial (BOUGHER; CASTELLANO,
1993). Descomyces was segregated from Hymenogaster by spore morphology and
peridium structure in 1993 by Bougher & Castellano (1993). Nevertheless, some
authors (BEATON et al., 1985; MONTECCHI; SARASINI, 2000) are still using the
epithet Hymenogaster. Descomyces is a valid genus, as pointed out by Bougher
(2009). Descomyces is quite similar to the genera Setchelliogaster and Descolea,
specially due to the ornamentation of the spores and mycorrhizal structures
(BOUGHER; CASTELLANO, 1993). Three species of Descomyces exhibit many
taxonomical and ecological affinity: Descomyces albus, D. albellus and D. giachinii.
The only significant difference among them is related to the structure of the
peridiopellis (LAGO; CASTRO, 2004), which is trichodermial in D. albellus and D.
giachinii while epithelial in D. albus (BOUGHER; CASTELLANO, 1993; CORTEZ et
al., 2008; LAGO; CASTRO, 2004). NOUHRA et al. (2008) described the new species
D. varians Trappe & Claridge based on the variable development of the
polycystoderm epithelium and the ornamentation of the spores. This species is
similar to D. albus, differing only (D. albus) by a polycystoderm epithelium (NOUHRA
et al., 2008). Lago; Castro (2004) refer that they started molecular studies for better
understand this species complex. Giachini et al. (2000) reported D. albus for the first
time in Brazil in plantations of Eucalyptus dunnii in Santa Catarina. This is the first

record of the species for the state of Rio Grande do Sul.
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Figura 10 a 12 — Descomyces albus. 10. Basidiospores. 11. Basidia. 12. Details of the peridiopellis
showing the inner peridiopellis elements composed by two layers; outer layer

with thick-walled, clamped hyphae; inner layer with hyaline and inflated hyphae.
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Setchelliogaster tenuipes (Setch.) Pouzar, Ceska Mykol. 12: 34. 1958.
FIG. 13-18, 19-24, 34-36, 41-44

BASIDIOMES secotioid, stipitate and with a globose and enclosed pileus, 25-39 mm
high. PILEUS 7-13 mm diam., 9-12 mm high, conic to subglobose. PERIDIUM
reddish brown (9E8) to dark brown (9F6), margin of the pileus (peridium) concolor to
the stipe, olive brown (4D7), velutinouse; 0.5 to 1 mm thick, surface dry and smooth.
STIPE 18-23 x 2-4 mm, sinuous or erect, color olive brown (4D7), with a bulbous
base slightly developed, attached to soil and roots by whitish and grayish yellow
(1B6) thin rhizomorphs; surface striate and fibrillate, in some stipe a white surface is
present; hollow. COLUMELLA continuous with the stipe, crossing the entire
extension of the gleba. GLEBA light brown (7D7) to pastel red (7A5) near to the
stipe, loculate, formed by anastomosed lamellae. BASIDIOSPORES 12.5-17 x 8.5—
10 um, ovoid to ellipsoid in both face and side views, rusty under KOH 5%, with a
punctuate and thickened wall, apiculus prominent; under SEM, basidiospore surface
presents several irregular depressions varying in size and form. BASIDIA 28-47 x 7—
8.5 um, clavate to cylindric, hyaline and thin walled, mainly producing two
basidiospores, sterigmata 3—6 upm long. CHEILOCYSTIDIA 27.7-36 x 9-15 pm,
hyaline and thin-walled, lecythiform to lageniform, with a distinct capitate, globose
apex 3-4.5 pm diam. PERIDIUM two layered: the external layer formed by
pseudoparenchymatic, composed by subglobose hyphae, 8-37.5 um diam., smooth,
with thin- to slightly thickened walls, hyaline to yellowish brown walls, over a
filamentous layer of hyaline to yellowish, with or without granular, hyaline or
yellowish-brown content, 5-14 pum diam., clamp connections present.
HYMENOPHORAL TRAMA subparallel, hyphae 4-12 pym diam., with thin walls,
hyaline or yellowish-brown pigments in bands, hyphae with elongate-inflated
elements 11-15 ym diam., with clamp connections. STIPTIPELLIS subparallel,
hyphae 1.7-9 um diam., with thin- to thick-walled, with clamp connections, hyaline,
yellowish or with granulose yellow brown contents, surface with ornamented bands.
CAULOCISTYDIA is not seen in all surface of the stipe. RHIZOMORPHS abundant,
2-8 ym diam., formed by hyphae hyaline, smooth, or with the surface encrusted with
granular, angular crystals 2.5 — 6.5 ym diam., or an amorphous mass, crystals rapidly
dissolving in concentrated KOH, slowly dissolving in 5% KOH, thin-walled, clamps
very frequently, with irregularly branched, 7-14 um diam., thinner rhizomorphs
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undifferentiated, 2-6 ym diam., hyaline. Many emanating hyphae in “H” form, thin-
walled, and with scarcely ampullately inflated hyphal portions (3—10 um diam.). Some
hyphae with a thickish or thick wall, with clamp connections, brown contents, surface
smooth, 2.5-5 ym diam. Terminal hyphae rounded to narrowed. Chlamydospores

were not observed.

SPECIMEN EXAMINED: BRAZIL. Rio Grande do Sul: Santa Maria, Boca do Monte
District, Estacdo Experimental de Silvicultura-FEPAGRO, 31 July 2009, leg. M.A.
Sulzbacher 198 (SMDB).

HABITAT: subhypogeous, under dead Eucalyptus leaves, ectomycorrhizal.
HOST SPECIES: Eucalyptus grandis.

KNOWN DISTRIBUTION: widespread in Eucalyptus plantations throughout the world
(CORTEZ et al., 2008; LAGO; CASTRO, 2004). In South America, it is known from
Argentina and Uruguay (HORAK, 1964, as Hypogaea; NOUHRA et al., 2008;
SINGER, 1969; WRIGHT, 1980; WRIGHT; ALBERTO, 2006), Brazil (CORTEZ et al.,
2008; GIACHINI et al., 2000), and Chile (LAZO, 1972).



Figura 13 a 18 — Setchelliogaster tenuipes. 13. Basidiospores. 14. Basidia. 15. Cystidia. 16. Details
of the subparallel stiptipellis surface. 17. Details of the peridiopellis. 18. Subparallel

hymenophoral trama.
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Figura 19 a 24 — Rhizomorphs of Selchelliogaster tenuipes.19. Details of the external surface with
encrusted granular crystals. 20. Terminal hyphae. 21. Thicker hyphae with simple
septa, clamps and brown content. 22. Emanating hyphae. 23. Inflated hyphae. 24.

Typical ampullate inflations at the hyphae.



88

REMARKS: The placement of Setchelliogaster tenuipes among the fungi is well
discussed in Cortez et al. (2008). The genus Setchelliogaster comprises six known
species: Setchelliogaster aurantiacum (Zeller) Singer & Smith, S. australiensis
Beaton, Pegler & Young, S. brunneus (Horak) Singer, S. fragile (Zeller & Dodge)
Horak, S. rheophyllus (Bertault & Malencon) Moreno and S. tenuipes (Setchell.)
Pouzar (LAGO et al., 2001). Some of the main features of S. tenuipes are the reddish
brown basidiomes, the presence of a well-developed stipe and lecythiform cystidia
(CORTEZ et al., 2008; LAGO; CASTRO, 2004). According to Bougher; Castellano
(1993), there is definetly an ectomycorrhizal relationship between Descomyces and
Setchelliogaster and the family Myrtaceae, particularly with the genus Eucalyptus.
These authors report that Setchelliogaster tenuipes often accompanies Descomyces
albus as one of the few compatible ectomycorrhizal fungi occurring in great
abundance in Eucalyptus plantations in Australia. This statement has been confirmed
in the present study. The rhizomorpic structures are described both macro- and
microscopically for the recorded species. As some studies suggest (AGERER 1999,
2002; CLEMENGCON et al., 2007; MARINO et al., 2008) the rhizomorph anatomy can
contribute significantly for understanding the phylogeny and systematics of the
basidiomycetes, reason why we devoted special attention to the study of these
structures. Clémencon et al. (2007) report that different developmental and
architectural rhizomorph types are distinguished by Agerer (1999). These depend on
the presence and distribution of vessel-like hyphae, ampullate swellings at the septa,
fibre hyphae, secretory hyphae and backward growing hyphae (CLEMENCON et al.,
2007).

Order Hysterangiales

Family Hysterangiaceae E. Fisch.
Hysterangium affine Massee & Rodway in Massee, Bull. Misc. Inf. R. Bot. Gdn.
Kew 1898: 127, 1898. FIG. 25-27, 37.

BASIDIOMES 7-12 mm diam., depressed globose to subglobose, with a distinct
rhizomorphic base. PERIDIUM <1 mm thick, brownish orange (6C3) to light brown
(6D6), smooth and glabrous. GLEBA loculate, gelatinized, greenish grey (27C2) to
dull green (27D4), with irregular locules radially arranged on a dendroid columella.



89

RHIZOMORPHS white (6A1) thin, short and much numerous, forming a fasciculate
base in the basidiomata. BASIDIOSPORES 10-12.6 x 4.5-5.5 pm, ellipsoid to
suboblong, apex and base tapered, hyaline in KOH, smooth and slightly thickened
wall, with a sterigmal attachment base, utricle absent. BASIDIA 22.5-26 x 4.5-6.7
um, clavate, tetrasporic, hyaline. PERIDIUM about 100-180 um thick, composed by
a cutis of interwoven hyphae 2.5-5 um diam., with walls brownish, slightly thickened
and encrusted by numerous, small crystals, not readily separable from the gleba in
the examined material. TRAMA formed by subparallel, smooth and thin-walled,

hyaline hyphae, 2.5-7.5 pym diam.

SPECIMEN EXAMINED: BRAZIL. Rio Grande do Sul state. Santa Maria, Estacao
Experimental de Silvicultura, FEPAGRO, 15 May 2007, leg. V.G. Cortez 091/07
(ICN). Additional specimens examined: ARGENTINA. Buenos Aires province. Mar
del Plata, Laguna de los Padres, 02 Nov. 1962, leg. I. Gamundi & R.T. Guerrero,
det. R. Singer (ICN 6030).

HABITAT: subhypogeous, under soil and fallen leaves of Eucalyptus sp.,

ectomycorrhizal.

HOST SPECIES: Eucalyptus sp.

KNOWN DISTRIBUTION: Australia (BEATON et al., 1985), North (ZELLER; DODGE,
1929) and South America. Widespread in areas where Eucalyptus spp. are

cultivated.

REMARKS: Hysterangium affine is defined by the greenish color of the mature gleba,
the basidiospores size and shape and the lack of utricle (BEATON et al., 1985).
Although more frequently reported as ectomycorrhizal partner of Eucalyptus spp.
(BEATON et al., 1985), association with Quercus in North America has been reported
(ZELLER; DODGE, 1929). Hysterangium eucalyptorum Lloyd, from Ecuador, was
considered a synonym of this species (ZELLER; DODGE, 1929; CUNNINGHAM,
1942; BEATON et al.,, 1985). Hysterangium gardneri E. Fisch., known from
Eucalyptus plantations in Argentina and southern Brazil (GIACHINI et al., 2000),
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differs in the smaller basidiospores (8—-10.5 x 3.3—4 um) with wrinkled exosporium
(NOUHRA et al., 2008). Hysterangium affine is a new record for Brazil.

Hysterangium inflatum Rodway, Pap. Proc. R. Soc. Tasm. 1917: 10 8, 1918.
FIG. 28-30, 38, 46.

BASIDIOMES 5-12 mm diam., subglobose to irregular, with a distinct rhizomorphic
base. PERIDIUM 0.2 mm thick, greyish yellow (1B3), to dull red (8B4) when fresh,
drying olive brown (4D8), covered by soil and litter particles, smooth. GLEBA
loculate, olive (1F3), with elongate locules and a cartilaginous, dendroid, translucent
columella. RHIZOMORPHS white (6A1), well developed at the base and sides of
basidiomata, abundant within the substrate. BASIDIOSPORES 7.5-12.5 x 3—4 pm
(ornamentation excluded), ellipsoid with a truncate base, surface smooth but
enclosed in an inflated wing-like utricle (which lacks in immature spores) 0.8-2.5 um,
hyaline in KOH. BASIDIA 21-31 x 3—9 um, clavate to cylindric, 4-6 spored, hyaline,
basal clamp connections present. PERIDIUM 2-layered; external layer formed by
narrow yellowish to brownish hyphae 1.6-3.3 um in diam., wall slightly thickened,
with clamp connections, crystals adhered to the surface (1.5-) 2.5-4 ym diam.;
internal layer composed by hyaline, smooth and thin-walled hyphae, interwoven to
subregular broader than the external layer, 5-20 um diam. TRAMA gelatinized in
young and mature basidiomata, formed by hyaline, smooth and thin-walled, 0.8—6 um

diam., with clamp connections.

SPECIMEN EXAMINED: BRAZIL. Rio Grande do Sul state. Santa Maria, Distrito de
Boca do Monte, Estacao Experimental de Silvicultura - FEPAGRO, 26 May 2009,
leg. M.A. Sulzbacher 201 (SMDB), 31 July 2009, leg. M.A. Sulzbacher 200 (SMDB).
HABITAT: subhypogeous, under soil and dead Eucalyptus leaves, ectomycorrhizal.

HOST SPECIES: Eucalyptus sp.

KNOWN DISTRIBUTION: Australia (BEATON et al, 1985), New Zealand
(CASTELLANO; BEEVER, 1994), United States (ZELLER; DODGE, 1929), Spain
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(LAGO; CASTRO, 2004), France, Ecuador (CASTELLANO; MUCHOVEJ, 1996), and
Brazil. Possibly widespread in many Eucalyptus plantations worldwide.

REMARKS: Hysterangium inflatum is morphologically characterized by the ellipsoid
and truncate basidiospores with an inflated wing-like utricle (CASTELLANO;
MUCHOVEJ, 1996). Another important feature is that the external layer of the
peridium has numerous and large calcium oxalate crystals adhered to the surface;
the same type of crystals has been reported on the rhizomorphic hyphae
(MALAJCZUK et al., 1987; CASTELLANO, 1999). Specimens of H. inflatum fruit
within the upper humus layers and occasionally in the litter layer (CASTELLANO,
1999) and are reported as ectomycorrhizal partner of Eucalyptus spp., especially E.
globulus (CASTELLANO; MUCHOVEJ, 1996). In Australia, the mycelium of H.
inflatum occupied ca. 10% of the soil surface area in a native E. diversicolor F. Muell.
forest, indicating its important role as a dominant ectomycorrhizal fungus
(MALAJCZUK et al., 1987).
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Figura 25 a 31 — Hysterangium affine. 25. Exoperidium. 26. Basidia. 27. Basidiospores. Fig. 28-30.
Hysterangium inflatum. 28. Exoperidium. 29. Basidia. 30. Basidiospores. Fig. 31 —
Chondrogaster sp., basidiospores.
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Figura 32 a 38 — Descomyces albus. 32-33. Setchelliogaster tenuipes. 34-36. Hysterangium
affine. 37. Hysterangium inflatum. 38.
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Family Mesophelliaceae Jilich
Chondrogaster pachysporus Maire, Bull. Soc. Mycol. Fr. 40: 313, 1924.  FIG. 45.

Description and discussion are found in Sulzbacher et al. (2010).

ADDITIONAL SPECIMEN EXAMINED: BRAZIL. Rio Grande do Sul: Santa Maria,
Boca do Monte District, Estacao Experimental de Silvicultura-FEPAGRO, 22 July
2010, leg. G Coelho & M.A. Sulzbacher 224 (SMDB).

REMARKS: under SEM the basidiospore surface has a strongly irregular reticulate

wall.

Chondrogaster sp. FIG. 31.

BASIDIOMES hypogeous, 4-8 mm in width, globose to subglobose, aggregated in
clusters within a common mycelium. PERIDIUM <1 mm thick, reddish brown (9D7)
when fresh, yellowish brown (5E8) when bruised, glabrous. GLEBA composed by
non-gelatinized, locules, brownish grey (5F2). RHIZOMORPHS not observed.
COLUMELLA absent. BASIDIA not seen. PERIDIUM 2-layered; external layer formed
by narrow hyphae 1.5-4 um in diam., thin-walled, with clamp connections; internal
layer composed by hyaline, smooth and thin-walled hyphae, compactly interwoven,
filamentous to subglobose 3—12 um diam. TRAMA gelatinized, formed by hyaline,
smooth and thin-walled, 4—7 pm diam., with clamp connections. BASIDIOSPORES
8-11 (-12) x 3—4 um (ornamentation excluded), ellipsoid with a truncate base;
sterigmal attachment persistent at maturity; in KOH, they are hyaline; wall irregularly

reticulate, with a variable diameter (<1.5 um).

SPECIMEN EXAMINED: BRAZIL. Rio Grande do Sul: Dilermando de Aguiar,
29°46’ 23.1”S, 54°05'43.1”W, 09 november 2009, leg. M.A. Sulzbacher 205 (SMDB).

HABITAT: subhypogeous, under soil and dead Eucalyptus leaves, ectomycorrhizal.

HOST SPECIES: Eucalyptus sp.
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REMARKS: This is probably a new species of Chondrogaster. For this species, the
spores measurements are 8-11 (-12) x 3—4 um (ornamentation excluded), while
spores of C. pachysporus are 12.5-16.5 x 6—9 um (ornamentation excluded) and C.
angustisporus 10—15 x 4-5 um (GIACHINI et al., 2000). C. angustisporus differs from
C. pachysporus in the narrower size of the basidiospores, the lesser coarse
ornamentation, and the presence of mostly bisporic basidia within the the glebal
locules (LAGO; CASTRO, 2004). The species presented here has ellipsoid
basidiospores, which are hyaline in KOH, and not pale yellowish brown as in C.
angustisporus and C. pachysporus. New material and further studies, probably in

light of molecular biology, are needed for a conclusive placement of this species.

Key of the hypogeous fungi associated witho Eucalyptus

in southern Brazil
1. Spores rust brown or bright yellow in KOH, with exosporial or perisporial
(o g =T 0 1=T 0] 7=\ 1 o] o I 2

1’. Spores hyaline in KOH, smooth or irregularly reticulate ... 5

2. Basidiomes secotioid; spores with a punctuate and thickened wall, apiculus

(01010 1T T=] o | SRR Setchelliogaster tenuipes.
2'. Basidiomes gastroid; walls of the spores little thick and ornamented ................ 3
3. Peridiopellis epithelial ..., Descomyces albus.

3’. Peridiopellis not epithelial, predominantly trichodermial hyphae; with scattered

TaNi =1 0=To M oT=) | TR 4

4. Spores 17-18.5 x 11.5-13.5 ym, ovoid to limoniform, walls thick and ornamented
by sub-reticulate to verrucose perisporium ..........cccccuueeeieeeeeiiiiniiiiieeeeeeeennn D. albellus.
4’. Spores 14-16.5 x 9—11 um, ellipsoid, walls with a reticulate to subreticulate

EXOSPOFIUM it e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaeees D. giachinii.

5. Basidiomes generally isolate, subglobose; gleba firm and elastic, partially
gelatinous at maturity and finally deliquescent, greenish grey or olive green ...............
.......................................................................................................... Hysterangium (6)
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5’. Basidiomes aggregated in clusters within a common mycelium; the gleba lacks a
distinct collumela; presence of a mycelial mass covering the whole basidiomata

......................................................................................................... Chondrogaster (8)
6. Basidiospores without an UtriCle .......ccoooeeeieiieeeee e H. affine.
6’. Basidiospores with @ distinCt UFICIE .........oooiiiiii e 7

7. Rhizomorphs present only at the base of the basidiomata; basidiospores with a
YT TeT=Te U | (g o] = PP H. inflatum.
7’. Rhizomorphs present at the base and sides of the basidiomata; basidiospores

with an irregular, adpressed UrtiCle.........oouiiiiiiiiii i, H. gardneri.

8. Spores 12.5-16.5 x 6-9 um (ornamentation excluded), subfusoid, ellipsoid to
broadly ellipsoid, smooth at first, becoming irregularly reticulate at maturity with a
variable peridium diameter (<3 M) ... C. pachysporus.
8. Spores 11.5-13.5 x 4-5 um (ornamentation excluded), ellipsoid to ellipsoid-
fusiform, smooth at first, then becoming pronouncedly roughened, with a reticulate

[OL=T 1< oo T 110 o o K C. angustisporus.

5.6 Discussion

The diversity and distribution of the records emphasize the need for additional
efforts in order to better understand mycorrhizal symbionts in southern Brazil. This
represents the first step towards a biotechnological application of these
microorganisms in forestry programms. Members of these fungi are considered of
relevant interest on forestry because of their ectomycorrhizal relationships with
several Eucalyptus spp. through out the world (MALAJCZUK et al., 1987;
CASTELLANO, 1999). Unfortunately, the distribution and diversity of this group is
poorly known in southern Brazil, where cultivation of Eucalyptus represents an
important economic activity. Therefore, the potential development of ectomycorrhizal
inocula using these organisms remains unexplored. Species of hypogeous fungi
plays decisive roles in forest ecology, contributing directly to the structure and
maintenance of the soil communities (CAIRNEY; CHAMBERS, 1999; CASTELLANO,
1999), and, for this reason, will be subject of future investigations. There is, however,



97

some difficulty to obtain these fungi in vitro. The slow growth in culture also limits
potential tests for host compatibility in pure culture (CAIRNEY; CHAMBERS, 1999).
On the other hand, preliminary results (M.A. Sulzbacher, unpubl. data) with
specimens of Descomyces and Setchelliogaster isolated in vitro have shown a

satisfactory development of the isolates in culture.
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Figura 39 a 46 -

R i i Ve

SEM images. Descomyces albus. 39-40. 39. Basidiospores. 40. Gleba.
Setchelliogaster tenuipes. 41-44. 41-42. Basidiospores. 43. Ampullate hyphae
of the rhizomorphs. 44. Details of the clamped hyphae. 45. Basidiospores of

Chondrogaster pachysporus. 46. Collapsed basidiospores of Hysterangium
inflatum.
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6 CAPITULO 5

DIVERSIDADE DE FUNGOS HIPOGEOS ASSOCIADOS A EUCALYPTUS SPP.
NO RIO GRANDE DO SUL USANDO SEQUENCIAS DE NUCLEOTIDEOS DA
REGIAO ITS rDNA

6.1 Resumo

A presente pesquisa teve como foco estudar a diversidade de fungos
ectomicorrizicos hipdgeos (Basidiomycetes) coletados em solos de plantagdes de
Eucalyptus spp. na regiao Central do Rio Grande do Sul, Brasil, por meio de
caracteristicas moleculares baseadas na variabilidade da regido ITS do rDNA. O
periodo de coleta dos fungos foi de maio de 2009 a julho de 2010. Um total de trés
espécies pertencentes a duas familias foram identificadas, sendo elas:
Chondrogaster pachysporus Maire, pertencente a familia Mesophelliaceae Jilich,
Setchelliogaster tenuipes (Setch.) Pouzar e Descomyces albus (Berk.) Bougher &
Castellano, pertencentes a familia Cortinariaceae R. Heim ex Pouzar. Foi realizada a
amplificagcdo da regido do espaco interno transcrito (ITS) do rDNA, obtendo-se
sequéncias variando de 650 a 850 pares de bases. As sequéncias obtidas foram,
comparadas com sequéncias depositadas no GenBank — NCBI (National Center for
Biotechnology Information). O dendrograma filogenético foi construido utilizando-se
o método neighbor-joining com o teste de bootstrap com 1000 replicatas. Observou-
se similaridade entre as espécies de isolados com géneros dos mesmos fungos que
possuiam sequéncias ITS depositadas no GenBank. Quanto a diversidade, os
isolados das espécies Descomyces albus, Setchelliogaster tenuipes e
Chondrogaster pachysporus aproximaram-se filogeneticamente dos organismos do
mesmo género cadastrados no banco de dados. Uma das espécies de
Chondrogaster analisadas foi recuperada isoladamente nos dendrogramas obtidos,
podendo tratar-se, portanto, de uma espécie inédita ainda ndo descrita. Todavia, sao
necessarios estudos complementares com base no sequenciamento de outras

regides do genoma para afirmagdes mais conclusivas.

Palavras-chave: Brasil, ectomicorrizas, DNA ribossomal, Filogenia
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6.2 Introducao

As técnicas de biologia molecular apresentam-se como importantes
ferramentas de estudos na sistematica moderna (GOMES et al., 2002), as quais tém
gerado profundas mudancas na classificagdo dos fungos de uma forma geral
(HIBBETT, 2006; MORRIS et al., 2009). Como relatos da aplicacdo destas técnicas
baseadas no sequenciamento do espaco interno transcrito (internal transcribed
spacer — ITS) do rDNA de fungos, tem auxiliado grandemente na caracterizacao de
espécies e na avaliacao da variabilidade genética de muitos organismos fungicos
(HAUNG et al., 2005; MONCALVO et al., 2002; TEDERSOO et al., 2007, 2008).
Entretanto, existe uma deficiéncia comprovada de dados de seqtienciamento do
rDNA de Agaricomycetes tropicais nos bancos de DNA, comprometendo, assim,
maior conhecimento sobre a taxonomia destes fungos.

Tedersoo (2009) elaborou uma ampla revisdo sobre a diversidade, a
distribuicéo e as linhas evolutivas de fungos ectomicorrizicos com base em estudos
morfolégicos e moleculares. O autor salientou a necessidade de implementar
pesquisas com fungos ectomicorrizicos da América do Sul, permitindo a melhor
compreensao de sua biogeografia, além de outros aspectos desses organismos.
Relatou ainda que infelizmente, muitos dos estudos ja realizados nao utilizaram
técnicas moleculares para a caracterizagdo das espécies, e que atualmente novas
ferramentas de biologia molecular e de bioinformatica tém facilitado a construgéao de
analises filogenéticas, e uma melhor compreensao das relacées evolutivas desses
organismos.

Assim, o0 objetivo deste trabalho foi contribuir para a diversidade de fungos
ectomicorrizicos hipdgeos (Basidiomycetes) coletados em solos de plantagdes de
Eucalyptus spp. na Regidao Central do Rio Grande do Sul, Brasil, com base em
caracteristicas moleculares, comparando-os com espécies cadastradas no
GenBank.

6.3 Material e métodos

A extragcdo do DNA gendmico foi realizada por meio da utilizagdo do kit de
extracdo DNeasy® Plant Mini Kit (Qiagen), seguindo-se as instrucdes de uso do
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fabricante. Os tecidos fungicos utilizados foram basidiomas herborizados, com
aproximadamente 12 meses apos a coleta.

Para o uso da técnica de reacdo em cadeia da polimerase (PCR) seguiu-se o
protocolo utilizado por Lupatini et al. (2008) com modificacbes. A regido do espaco
interno transcrito (ITS) do rDNA foi amplificada utilizando-se os oligonucleotideos
iniciadores ITS 1 (5 TTC CGT AGG TGA ACC TGC GG 3’) e ITS 4 (5 TCC TCC
GCT TAT TGA TAT GC 3’) descritos por White et al. (1990). As reacbes de
amplificacdo foram efetuadas por meio de uma desnaturacao inicial a 94°C por 2
minutos, seguida por 35 ciclos consistindo de: desnaturacdo a 94°C por 1 minuto,
anelamento a 55°C por 1 minuto, e extensao a 72°C por 1 minuto e 30 segundos.
Por fim, realizou-se uma extensao final a 72°C por 10 minutos. A reacao foi efetuada
em um volume total de 25 L, tendo como componentes: 10 ng de DNA molde, 25
pmoles de cada oligonucleotideo iniciador (ITS 1 e ITS 4), 10 mM de Tris-HCI (pH
8,3), 50 mM do tampao de reacao, 2 mM de MgCl,, 2,5 uM de cada um dos dNTPs
(dGTP, dCTP, dATP, dTTP) e 1 unidade de Taq DNA polimerase (Invitrogen®).

Apos amplificacdo, foi realizada a eletroforese dos produtos de PCR em gel de
agarose a 1,5%, em cuba horizontal contendo o gel submerso em tampao TBE 1X
(90 mM Tris-borato, 2 mM EDTA, pH 8,0). Para a visualizagdo das bandas de DNA,
estas foram coradas por meio da adicdo de 10 mg mL™" de brometo de etideo e
visualizadas por meio da exposi¢ao do gel ao transluminador de luz ultravioleta. O
registro fotografico foi efetuado com o uso do aparato Canon Snot S2IS.

Para a purificagdo dos produtos de PCR visando o envio ao sequenciamento,
utilizou-se o protocolo baseado no uso de PEG 8000 a 13% proposto por Dunn;
Blattner (1987). Adicionou-se um volume de solu¢cdo de PEG 8000 (PEG a 13%,
NaCl a 1,6M) homogeneizando-se cuidadosamente com o auxilio de micropipeta.
Este material permaneceu nesta condicdo overnight. Adicionalmente, o0 mesmo foi
centrifugado por 15 minutos a 13.000 rpm. Realizou-se o descarte da solucdo de
PEG e a limpeza do material pela adicao de 200 puL de etanol a 70% com inversao
branda dos tubos, seguido de uma centrifugacao por 10 minutos a 13.000 rpm. Este
processo foi repetido por trés vezes. Por fim, os pellets foram secos a temperatura
ambiente com posterior eluicdo em 8 pL de agua ultrapura, conforme propée
Sambrook et al. (1989).

As reacOes de sequenciamento utilizaram os oligonucleotideos iniciadores ITS
1 e ITS 4, e foram realizadas no sequenciador Mega BACE 5000 (Amersham
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Bioscience), seguindo-se o protocolo fornecido pelo fabricante. Para obter as
sequéncias consenso, o material sequenciado foi analisado no programa STADEN
(STADEN et al. 1992-2000), realizou-se entdo, o alinhamento por meio do algoritmo
ClustalW. A analise filogenética foi efetuada com auxilio do programa MEGA 4
(TAMURA et al., 2006), utilizando-se para a construgédo do dendrograma o algoritmo
neighbour-joining.

As sequéncias do GenBank utilizadas para as analises foram escolhidas com
base nos conhecimentos existentes entre o parentesco dos grupos, utilizando-se o
algoritmo  megablast, disponivel na plataforma BLAST do NCBI

(http://www.ncbi.nlm.nih.gov).

6.4 Resultados e discussao

Por meio da amplificacdo da regido ITS do rDNA dos isolados Chondrogaster
pachysporus S224 e de Chondrogaster sp. S205 foram obtidos fragmentos que
variaram de 650 a 850 pares de bases (pb). Para os isolados das espécies
Descomyces albus S199, S203 e S223, assim como para Setchelliogaster tenuipes
(S198) observou-se a formacdo de fragmentos de 650 pb (Figura 47). Um fato
relevante observado foi a formacao de banda com tamanho diferente para o isolado
Chondrogaster sp. S205, condigcdo esta discutida no dendrograma filogenético
(Figura 49).

Todas as sequéncias obtidas da regido ITS dos basidiomas estudados serao
depositadas posteriormente no Genbank, pois estdo sendo realizadas repeticdes
para confirmacao dos resultados. A analise da identidade com os organismos mais
préximos encontrados neste banco de dados, juntamente com o nimero de acesso,
encontram-se na Tabela 1. Observou-se que para todos os isolados provenientes
deste trabalho, exceto para Chondrogaster pachysporus S224, encontrou-se fungos
pertencentes ao mesmo género com alto indice de identidade, a qual variou entre 90
e 99%. E valido salientar que na Tabelal utilizou-se como comparativo apenas o
organismo mais préximo ao isolado entre todo o grupo de organismos existentes no
GenBank.
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Figura 47 — Padrdo de bandas obtidas pela amplificacdo da regido ITS do rDNA dos isolados

fungicos: Descomyces albus (S199, S203, S223), Setchelliogaster tenuipes
(S198), Chondrogaster pachysporus (S224) e Chondrogaster sp. (5205). Em C-,

observa-se o controle negativo da reacdo de PCR. Na primeira coluna a esquerda,

observa-se o ladder 1kb.

Tabela 1 — Comparacao dos isolados ectomicorrizicos com espécies de maior similaridade

presentes no GenBank

Comparacao entre sequéncias ITS

Isolados Espécie mais ldentidade ~ Numero de Referéncias
préoxima (%) acesso

Descomyces albus  Descomyces sp. 99 DQ328135 Francis (2005)
S223 HO0736
Descomyces albus  Descomyces sp. 99 DQ328135 Francis (2005)
S199 H0736
Descomyces albus  Descomyces sp. 99 DQ328135 Francis (2005)
S203 H0736
Setchelliogaster Setchelliogaster sp. 94 DQ328184  Francis (2005)
tenuipes S198 TRAPPE14175
Chondrogaster uncultured 90 AM412270  Tedersoo et al.
pachysporus S224 ectomycorrhizal (2007)

fungus
Chondrogaster sp. Chondrogaster 90 EF989122  Lupatini et al.
S205 angustisporus (2008)




106

No dendrograma filogenético construido a fim de comparar os organismos de
interesse foi observado a formacao de diferentes clusters, englobando as espécies
analisadas (Figura 48). Os isolados do género Descomyces agruparam-se aos
demais isolados pertencentes ao mesmo género, formando um grupo monofilético.
Separadamente, ocorreu a formagao de mais de um cluster contendo os organismos
pertencentes ao género Setchelliogaster (Figura 48).

Observou-se também a formacao de um grupo monofilético contendo a espécie
lamelada Galerina nana (Petri) Kiihner, que embora pertenca a mesa familia das
espécies de hipdgeos de interesse neste estudo, ndo compde o complexo formado
entre os géneros Descolea Singer, Setchelliogaster Pouzar e Descomyces Bougher
& Castellano (LAGO, et al. 2001).

O género australiano Timgrovea Bougher & Castellano também se alinhou
préximo a espécies de Descomyces. Este género, contudo, possui parentesco mais
alinhado a Boletaceae do que a Cortinariaceae conforme salientado por Bougher;
Castellano (1993).

Cabe aqui mencionar que muitos dos géneros pertencentes a ordem
Cortinariales e a familia Cortinariaceae, onde estao inclusos também os géneros
Descomyces e Setchelliogaster, possuem ampla variacdo morfolégica nos seus
corpos de frutificacdo, podendo apresentar espécies com habito secotidide
(Setchelliogaster), hipbégeo (Descomyces) e também aqueles verdadeiramente
epigeos (Galerina Earle, Gymnopilus (Fr.) Murrill e Inocybe Fr.). Sao espécies
amplamente distribuidas na América do Sul e para muitas destas tratamentos
taxonémicos ainda sao necessarios. Estes e demais géneros foram por muitos anos
tratados em classificacoes tradicionais, como as de Pegler (1983) e Singer (1986),
sem levar em consideracdo as analises moleculares. Discussdes evolutivas
envolvendo evidéncias morfoldégicas e moleculares tém incluido varios géneros
desta familia, entre eles representantes gasterdides, hipdgeos e sequestrados, tais
como Descomyces e Setchelliogaster (PEINTNER et al. 2001, FRANCIS;
BOUGHER 2002; CASTELLANO et al., 2004). Assim, a proposta de segregar a
ordem Cortinariales Jilich de Agaricales Underw. foi aceita por alguns autores
(MARTIN; MORENO, 2001). Relacdes filogenéticas envolvendo a sistematica
molecular deste grupo de fungos foram realizadas por Moncalvo et al. (2002) e mais
tarde por Matheny et al. (2006). Apesar dos estudos ja realizados, ainda sao

necessarias investigacdes nao apenas para determinar as relagdes filogenéticas,
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como também para elucidar os mecanismos moleculares de evolugdo das
modificacées morfoldgicas (homologias) apresentados por estes fungos (MATHENY
et al., 2006; PEINTNER et al., 2001).

Dados moleculares suportam que Setchelliogaser e Descomyces sao derivados
de Descolea, o primeiro sendo polifilético e o segundo monofilético (PEINTNER et
al., 2001).

Descomyces albus S203
Descomyces sp. (DQ328135)

47||Descomyces albus S199
Descomyces sp. (DQ328150)

43([Descomyces albus S223
Descomyces sp. (DQ328068)
Timgrovea ferruginea (DQ328128)
843! Timgrovea sp. (DQ328219)

66| Descomyces sp. (DQ328191)
Descomyces sp. (DQ328164)

2

17/r Descomyces sp. (DQ328178
48 Descomyces sp. (DQ328210
56| Descomyces sp. (DQ328066)

32L Descomyces sp. (DQ328206)

- Setchelliogaster sp. (DQ328202)
g7 | Setchelliogaster sp. (DQ328214)
52! Setchelliogaster sp. (DQ328139)

72

)
)

91

Setchelliogaster tenuipes S198B

Galerina nana (AF251185)
95 I Galerina nana (AF251184)

Amanita muscaria (EF493268)

0.2

Figura 48 — Dendrograma filogenético baseado no algoritmo neighbor-joining da regido ITS do rDNA
entre os isolados Descomyces albus (isolados S223, S199 e S203) e Setchelliogaster
tenuipes S198 e organismos obtidos a partir do banco de dados GenBank. O nimero
acima ou abaixo das ramificagdes representa o valor de bootstrap com base em 1000
replicatas, () = nimero de acesso ao GenBank, Amanita muscaria foi inserido como
outgroup.
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O dendrograma apresentado na figura 49 compara espécies de Chondrogaster
a organismos morfologicamente distintos, recentemente classificados na subclasse
Phallomycetidae. Dentre eles analisou-se espécies de Geastrum Pers., Ramaria
(Fries) Bonorden, Hysterangium Vittad. e Gloeocantharellus Singer — (HOSAKA et
al., 2006, 2008), relacdo esta, suportada também por Lupatini et al. (2008).
Adicionalmente, pode-se inferir a preseca de um ancestral comum as espécies
Chondrogaster pachysporum S224, a ectomicorriza ndo cultivada presente no
dendrograma e a espécie Chondrogaster angustisporus.

O isolado Chondrogaster sp. S205 agrupou-se as demais espécies do género,
possibilitando inferéncias sobre a potencialidade de tratar-se de uma espécie ja
conhecida. Contudo, para tal confirmacgao, faz-se necessario o sequenciamento de
regibes mais conservadas do genoma como, por exemplo, o gene 18S ou 28S do
rDNA. Adicionalmente, é valido salientar que poucos registros sdo encontrados no
GenBank acerca da caracterizagdo molecular do género Chondrogaster utilizando a
regiao ITS, o que dificultou as comparacoes.

Em ambos os dendrogramas (Figura 48 e 49) pode-se observar a relacao
filogenética de géneros encontrados no Brasil com géneros de origem Australiana,
comprovando o que ja foi anteriormente citado por Giachini et al (2000). Estes
géneros, nativos da Austrdlia, foram introduzidos no pais pelas raizes das mudas de
eucalipto e hoje encontram-se dispersos nos solos contendo espécies daquela
esséncia florestal. Estas raizes podem ter abrigado fungos ectomicorrizicos e o
transporte das plantas pode ter facilitado a introducdo destes nesses novos
ecossistemas (VELLINGA et al., 2009).
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99— Ramaria botrytis (AJ292294)

37 L Ramaria spinulosa (AJ292293)
26| L————— Ramaria sp. (DQ365606)

Ramaria fennica (27803356)
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47 499' Ramaria pallida (AJ408351)
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Figura 49 — Dendrograma filogenético baseado no algoritmo neighbor-joining da regido ITS do rDNA
entre os isolados Chondrogaster pachysporus S224 e Chondrogaster sp. S205 e os
organismos obtidos no banco de dados GenBank, o género Alpova sp. é inserido como
outgroup. O numero acima ou abaixo das ramificagbes representa o valor de bootstrap

com base em 1000 replicatas, () = nimero de acesso ao GenBank.

6.5 Conclusoes

A analise da regidao ITS 1 e ITS 4 do rDNA permitiu a elaboracdo de uma ideia
preliminar do posicionamento evolutivo dos fungos ectomicorrizicos avaliados neste
estudo.

Por meio da andlise molecular pode-se inferir acerca de indicios sobre
possiveis relagdes entre 0s géneros e as espécies estudadas.

O uso de ferramentas moleculares possibilitou a comprovacdo dos dados
morfolégicos dos fungos avaliados no capitulo 4.

Estudos envolvendo este tipo de ferramenta sao necessarios para melhor
compreender as relacdes entre os fungos ectomicorrizicos e também poder inferir

quanto as associagdes com plantas ectotroficas, como o eucalipto, por exemplo.
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7 CONSIDERACOES FINAIS E PERSPECTIVAS FUTURAS

Com a execucado deste trabalho, pode-se ampliar o conhecimento das
espécies de fungos vulgarmente conhecidos como hipégeos. Este estudo nao tem
apenas um valor cientifico a nivel estadual, mas certamente a nivel nacional, devido
aos resultados aqui obtidos terem possibilitado a adicido de espécies a lista dos
fungos hipdgeos do Brasil.

Também foi possivel realizar uma revisdo bibliografica detalhada das
espécies de fungos ectomicorrizicos e potencialmente ectomicorrizicos ocorrentes
no sul do Brasil (Rio Grande do Sul, Santa Catarina e Parana). Esta lista totalizou
133 espécies distribuidas em 47 géneros, todas acompanhadas com a sua
distribuicao, habitat e dados do substrato. Para muitas destas, ainda € necessario
comprovar a sua relacao ectomicorrizica com os simbiontes, assim como, expandir
os estudos morfolégicos e moleculares dos basidiomas.

O periodo de coleta dos fungos foi maio de 2009 a julho de 2010. Ao todo, 15
coletas foram realizadas em solos de plantacées de Eucalyptus na regiao central do
Rio Grande do Sul. Destas, cinco espécies foram identificadas, a saber:
Chondrogaster pachysporus Maire, Descomyces albus (Berk.) Bougher & Castellano
(nova citagdo para o Rio Grande do Sul), Hysterangium affine Massee,
Hysterangium inflatum Rodway e Setchelliogaster tenuipes (Setch.) Pouzar.

As espécies Hysterangium affine e Hysterangium inflatum sao citadas pela
primeira vez para o Brasil. Ja Chondrogaster pachysporus é citada pela primeira vez
para a América do Sul. Um segundo taxon pertencente ao género Chondrogaster
também foi obtido, porém, sem a precisa identificacdo da espécie a que pertence,
podendo tratar-se de uma nova espécie para a ciéncia. Estes resultados indicam,
portanto, que mais coletas devem ser realizadas com o intuito de propiciar a
caracterizacao daquela espécie.

Ao nosso conhecimento, é a primeira vez que as rizomorfas de
Setchelliogaster tenuipes sao descritas macro e microscopicamente. Para tanto,
observacdes em microscopia eletrbnica de varredura sao fornecidas, contribuindo

para a melhor compreensao da espécie.
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As matas de eucaliptos apresentam um habitat favoravel ao desenvolvimento
destes fungos, mesmo porque eles formam associacées ectomicorrizicas com
espécies daquela esséncia.

O numero de espécies compondo esses ecossistemas deve seguramente
aumentar quando mais coletas e estudos periddicos forem realizados,
especialmente em regides que nao foram visitadas durante este trabalho.

Apesar das poucas espécies encontradas, pode-se observar que tratam-se de
taxas considerados raros em nosso pais, uma vez que ainda sao poucas as
informacgdes encontradas sobre elas no Brasil.

Estudos moleculares também foram realizados por meio da analise da regido
ITS do rDNA fornecendo ideias iniciais quanto ao posicionamento evolutivo e a
confirmacgao de algumas espécies identificadas morfolégicamente.

A importdncia desse estudo ndo estd apenas relacionada as questbes
taxonbémicas, mas também a aspectos que permitam futuras investigacdes que
envolvam aplicagdes biotecnolégicas e silviculturais de interesse para o
desenvolvimento do pais, através da avaliacdo da compatibilidade entre espécies
florestais e os fungos hip6geos.

Conforme discutido por Esposito; Azevedo (2010), estima-se que existam
cerca de 1.5 milhdes de espécies de fungos mundo afora, sendo que por volta de 90
mil delas ja foram descritas. Muitas regides tropicais ainda necessitam ser
estudadas, sendo que as amostragens feitas nestas regides tém sido geralmente
restritas (ESPOSITO; AZEVEDO, 2010; RINALDI et al., 2008). Os autores ainda
tratam da possivel extincdo em massa dos fungos, devido ao acentuado declinio de
espécies observadas nos ultimos anos. A explicacdo pode estar na poluicao, no
desmatamento e no uso intensivo de fertilizantes agricolas nitrogenados, pois o
nitrogénio e o enxofre do solo em altas concentracbes poderiam impedir as
associagdes micorrizicas (ESPOSITO; AZEVEDO, 2010).

Finalizando, a principal contribuicao deste estudo é para o conhecimento dos
fungos hipégeos Brasileiros e sua potencial aplicagdo nos mais diversos campos do

conhecimento.
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