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INTRODUCTION 
 
Despite the richness of the Brazilian flora, the country has a 
lack of research to provide knowledge of both the native forest 
species as well as the associations between forest species and 
symbiotic microorganisms, which would serve as a reference 
for programs for recovery and management of natural areas 
(Hobbie, 2006). The huge microbial dive
biomes represents an untapped reservoir of new genes and 
metabolisms that play pivotal roles in environmental health as 
well for biotechnological discovery and applications (Bruce
al., 2012). In forest environments, it is important to
presence of several fungi classes in the development of plants 
and in the maintenance of ecosystem dynamics, where they 
contribute to nutrient cycling and decomposition of organic 
matter present in the litter (Rossman et al., 1998;
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ABSTRACT 

Knowledge of the diversity and ecology of fungi in forest stands is important for understanding the 
interactions between these microorganisms and plant communities. 

collect, identify and classify macroscopic fungi (Agaricomycetes) 
adjacent areas in the Forest Research Center of the Fundação Estadual de Pesquisa
(FEPAGRO) and surroundings, in the state of Rio Grande do Sul, Brazil.
from April to June 2013, in fragments of pine, black wattle, eucalyptus, 
as well as in grasslands near forest fragments. We found 40 species of fungi, 
ectomycorrhizal, eights aprophytic and three lignocellulolytic species

were species belonging to nine different genera: Amanita, 
Ramaria, Rhizopogon, Russula, Scleroderma and Suillus. Seven
collected: Calvatia, Gymnopilus, Lepiota, Lepista, Leucoagaricus, Macrolepiota
Among lignocellulolytic fungi were three species of the Ganoderma

collected in this study were stored to allow molecular studies
existence of a large variety of macroscopic fungi in the forest fragments of the Forest Research 

Center (Rio Grande do Sul State, Brazil), demonstrating the potential
mycorrhizal, saprophytic and lignocellulolytic fungi besides the importance
preservation of genetic heritage. 
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et al., 2009). Among fungi, the mycorrhizal, saprophytic and 
lignocellulolytic groups are frequently found in
there are woody species (Sulzbacher, 2010). However, their 
occurrence in fragments of native forest and exotic forest 
stands in Rio Grande do Sul (RS) State has not been studied.
Tedersoo (2010) described the need for field studies for the 
purpose of better understanding the biogeography of these 
microorganisms in South America. According to Sulzbacher 
(2010), understanding the distribution, diversity and 
evolutionary lines of symbiotic fungi is essential to 
understanding the diversity of sy
ecosystems, which will allow the establishment of 
relationships between biotic and abiotic factors that influence 
the occurrence of these fungi and their symbiosis with host 
plants and, thus, link the occurrence of certain fungal
with specific ecosystems. Fungi are called saprophytic when 
the source of organic matter is decomposing, or parasites, 
when they grow in living material (Esposito
2010). When they form associations with roots of terrestrial 
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Knowledge of the diversity and ecology of fungi in forest stands is important for understanding the 
interactions between these microorganisms and plant communities. The objectives of this study were 

icomycetes) found in forest fragments and 
Estadual de Pesquisa Agropecuária 

(FEPAGRO) and surroundings, in the state of Rio Grande do Sul, Brazil. This search was conducted 
, eucalyptus, native species, mixed stands, 

40 species of fungi, 29 considered 
lignocellulolytic species. Among the ectomycorrhizal 

, Descomyces, Lactarius, Pisolithus, 
. Seven saprophytic fungi genus were 

Leucoagaricus, Macrolepiota and Stropharia. 
Ganoderma genus. Samples of specimens of 

studies. This scientific survey confirmed 
in the forest fragments of the Forest Research 
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2009). Among fungi, the mycorrhizal, saprophytic and 
lignocellulolytic groups are frequently found in places where 
there are woody species (Sulzbacher, 2010). However, their 
occurrence in fragments of native forest and exotic forest 

(RS) State has not been studied. 
described the need for field studies for the 

purpose of better understanding the biogeography of these 
microorganisms in South America. According to Sulzbacher 
(2010), understanding the distribution, diversity and 
evolutionary lines of symbiotic fungi is essential to 
understanding the diversity of symbiotic fungi in Brazilian 
ecosystems, which will allow the establishment of 
relationships between biotic and abiotic factors that influence 
the occurrence of these fungi and their symbiosis with host 
plants and, thus, link the occurrence of certain fungal species 
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plants, they are called mycorrhizae (Stamets, 2005), which are 
among the key organisms in soil ecology (Copley, 2000) and 
reforestation programs (Marx, 1980; Brundrett et al., 1996). 
Lignocellulolytic fungi are capable of producing lignin-
degrading enzymes such as lactase, cellulase and peroxidase, 
which possess several industrial applications (Eriksson et al., 
1990; Esposito and Azevedo, 2010). Recent research involving 
these fungi in native and exotic forests have been carried out in 
different regions of Brazil (Sulzbacher et al., 2013), with new 
species and citations reported in the northeastern (Gurgel et al., 
2008; Menolli et al., 2009; Wartchow and Maia, 2007; 
Wartchow et al., 2009; Wartchow and Cavalcanti, 2010) and 
southeastern regions (Pegler, 1997; Baseia and Milanez, 2000, 
2002). In southern Brazil, the first studies were carried out 
during the first half of the twentieth century. Studies of the 
biodiversity of symbiotic fungi in this region are incipient and 
less expressive in terms of number and territorial extent 
(Giachini et al., 2000, 2004; Sobestiansky, 2005; De Meijer, 
2001, 2006; Sulzbacher et al., 2013). 
 
Classical techniques such as morphological studies based on 
stereoscopic and optical microscopy and molecular analyses 
are essential to accurately provide information needed to 
catalogue and understand the biodiversity of ectomycorrhizal 
fungi in the southern state of RS. They can also identify and 
characterize species that are under strong environmental 
pressure and in danger of extinction. In addition, they make it 
possible to access information of great relevance related to the 
association of these organisms with forest species, exotic 
and/or native, occurring naturally or cultivated, in RS. This 
characterization will also make it possible to draw comparisons 
between the diversity of ectomycorrhizae in forest stands of 
monocultures (Eucalyptus spp., Pinus spp. and Acacia 
mearnsii) in relation to the diversity of ectomycorrhizae in 
native forest fragments. The objective of this study was to 
collect, identify and classify fungi found in exotic, native and 
mixed forest fragments in the Forest Research Center of the 
Fundação Estadual de Pesquisa Agropecuária (FEPAGRO), 
Santa Maria, Rio Grande do Sul State, Brazil. 
 

MATERIALS AND METHODS 
 
The survey of macroscopic fungi was carried out in stands of 
exotic (Eucalyptus spp., Pinus spp. and Acacia mearnsii de 
Wild.) and native (Araucaria angustifolia (Bert.) O. Kuntze) 
forest species, as well as in mixed forest stands (native and 
exotic species) and natural fields close to forest fragments 
located in the Forest Research Center of the Fundação Estadual 
de Pesquisa Agropecuária (FEPAGRO), and surroundings, in 
Santa Maria, District of Boca do Monte (RS State, Brazil). In 
this region, there are predominately deep, imperfectly drained 
soils with low natural fertility (Abrão et al., 1988). The climate 
of the region is classified as humid subtropical (Cfa), 
according to Köppen's system, with mean temperature values 
for the hottest month exceeding 22° C (Menegat, 1998). The 
average annual rainfall is 1.769 mm, with well-distributed 
rainfall throughout the year (Schumacher et al., 2008). Fungi 
were collected from April to June 2013, through weekly 
observations of the evaluated environments. Basidioma were 
removed from their place of origin, photographed in loco and 
later in the laboratory, recording data for each specimen, such 
as: collection date and site, characteristics of the reproductive 
structures (color, consistency, insertion in the soil, shape and 
measurements), according to Largent (1977), while the 
microscopic analysis was performed according to Largent et al. 

(1977). The fungi were carefully removed from the soil, 
numbered and packed in paper bags for transportation to the 
laboratory. Whole specimens or parts of the collected fungi 
were dehydrated in a drying oven at 37°C until reaching a 
constant mass. Subsequently, they were kept in properly 
identified paper containers and stored in plastic boxes to keep 
the Herbarium collection. 
 
Basidioma portions were arranged in microcentrifuge tubes 
containing 1mL of 2% CTAB cationic detergent 
(cetyltrimethylammonium chloride). The material was stored 
in at least two replicates, and maintained at a low temperature 
until its DNA extraction. For extraction of genomic DNA, the 
DNeasy® Plant Mini Kit (Qiagen) extraction kit was used, 
following the manufacturer's instructions for use. The fungal 
tissue was removed from the CTAB and sectioned in portions 
of approximately 20 mg. The polymerase chain reaction (PCR) 
followed the protocol described by Lupatini et al. (2008). The 
reaction was carried out in a total volume of 25 μl, having as 
components: 10 ng template DNA, 25 pmol of each primer 
oligonucleotide (ITS 1 and ITS 4), 10 mMTr is-HCl (pH 8.3), 
50 mM of the reaction buffer, 2 mM MgCl 2, 2.5 μM each 
dNTP (dGTP, dCTP, dATP, dTTP) and 1 unit of Taq DNA 
polymerase (Invitrogen®). The primer oligonucleotides ITS 1 
(5' TTC CGT AGG TGA ACC TGC GG 3') and ITS 4 (5' TCC 
TCC GCT TAT TGA TAT GC 3') described by White et al. 
(1990) were used for the amplification of the rDNA transcript 
internal space (ITS). The amplification reactions were carried 
out using an initial denaturation at 94° C for 2 minutes, 
followed by 35 cycles consisting of: denaturation at 94° C for 
1 minute, annealing at 55° C for 1 minute, and extension at 72° 
C for 1 minute and 30 seconds. A final extension was 
performed at 72° C for 10 minutes. 
 
After amplification, electrophoresis of the 1.5% (m/v) agarose 
gel PCR products was carried out in a horizontal vessel 
containing the submerged gel in TBE 1X buffer (90 mMTris-
borate, 2 mM EDTA, pH 8.0). Purification of the PCR 
products was performed according to a protocol based on the 
use of 13% (m/v) PEG 8000 described by Dunn and Blattner 
(1987). The cleaning procedure was repeated three times. 
Finally, the pellets were dried at room temperature with 
subsequent elution in 8 μL of ultrapure water, according to 
Green and Sambrook (2012). The material was sent for 
sequencing. The primer oligonucleotides used where ITS 1 and 
ITS 4. Sequencing was performed in the Mega BACE 5000 
(Amersham Bioscience) sequencer, following the protocol 
provided by the manufacturer. With the sequences analyzed, 
the consensus sequence was obtained using the Staden 
program (Staden et al., 2001), while sequence alignment was 
obtained using the ClustalW algorithm. GenBank sequences 
were chosen using the Megablast Algorithm, available on the 
NCBI BLAST platform (http://www.ncbi.nlm.nih.gov), and 
phylogenetic analyses were performed using the MEGA 
program (Tamura et al., 2006). 
 

RESULTS AND DISCUSSION 
 
A total of 40 macroscopic fungi species were collected and 
identified, of which 29 were ectomycorrhizal, seven were 
saprophytic and three lignocellulolytic species. Among the 
ectomycorrhizal fungi, 29 species belonging to seven families 
and to nine different genera were found: Amanita (3 
specimens), Descomyces, Lactarius, Pisolithus (2 specimens), 
Ramaria, Rhizopogon (2 specimens), Russula (5 specimens), 
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Scleroderma (8 specimens) and Suillus (6 specimens). 
Saprophytic fungi belonged to four families and to seven 
genera: Macrolepiota (2 specimens), Calvatia, Gymnopilus, 
Lepiota, Lepista, Leucoagaricus and Stropharia. Among the 
lignocellulolytic fungi, three species of the genus Ganoderma 
were found (Table 1). Some representatives of the fungi 
diversity found in the different ecosystems are represented in 
Figure 1.Molecular analyses enabled the identification of two 
ectomycorrhizal species, based on the sequence of the rDNA 
ITS region (Table 2). Most of the material was found in exotic 
forest stands of Eucalyptus sp., Pinus sp. and Acacia mearnsii 
(Tab 1). The low occurrence of ectomycorrhizal fungi in 
fragments of native forests in the south of Brazil has been 
observed by other authors (Andrade et al., 2000, Sulzbacher et 
al., 2013). Thus, a greater effort to increase the sample is 
necessary in this region for more accurate conclusions. These 
organisms may produce their fruiting bodies at other times of 
the year, or every two, three, seven years, for example 
(Alexopoulos et al., 1995). Although some research has 
reported the absence of ectomycorrhizal associations in native 
forest species of RS, both in natural and in vitro conditions 
(Silva et al., 2009; Andreazza et al., 2011), this does not 
indicate that the establish of this type of symbiosis is 
impossible. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It is possible that the absence of ectomycorrhizae in the root 
system of certain plants is related to the reduced availability of 
inocula of the fungi at the site, reducing the occurrence of 
ectomycorrhizal species with roots (Silva et al., 2009).  The 
biotic factor should be considered both phytocentric and 
mycocentric, that is, emphasizing the diversity of plant species 
with which a fungal species can form mycorrhizae (the plant as 
a compatible symbiont) or the associations of fungi that 
develop symbiosis with certain specific plant taxa (Rinaldi et 
al., 2008). However, very little is known about this in Brazil. 
Considering the ecological importance of mycorrhizal fungal 
selectivity of symbionts, some studies havereported such 
associations as beneficial and have contributed to a better 
understanding of the environmental factors that affect the 
diversity of fungal species along the evolutionary and 
ecological scale (Rinaldi et al., 2008). Regarding the 
ectomycorrhizal collection sites, the same association pattern 
described by Oliveira and Giachini (1999) and Molina et al. 
(2005) was observed,in that although ectomycorrhizal fungi 
are associated with a restricted group of plants (approximately 
5% of known species), 90% of symbioses formed are with 
temperate tree species, mainly those belonging to families 
Pinaceae (95%), Fagaceae (94%), Betulaceae (70%) and 
Salicaceae (83%) (Table 1 and Fig 2).  
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Table 1. Macroscopic fungi diversity in exotic, native and mixed forest stands at the Experimental Center of the Fundação Estadual 
de Pesquisa Agropecuária (FEPAGRO) of Rio Grande do Sul State, Brazil 

 

Family Fungus (number of species) Ecossystem Collected in 

Ectomycorrhizal fungi 
Amanitaceae Amanita muscaria (Fr.) S. F. Gray Pinus echinata, pinus sp., mixed forest June 

Amanita sp. (2) Pinus echinata, mixed forest June 
Boletaceae Suillus sp. (4) Araucaria angustifolia, native forest fragment, Pinus sp. May 

Suillus granulatus (L.) Snell Natural field near Pinus taeda May 
Suillus luteusb (L.) Gray Pinus taeda May 

Hymenogasteraceae Descomyces sp. Pinus taeda June 
Ramariaceae Ramaria toxica Toledo & Petersen Roots of Centrolobium sp. in mixed natural forest with eucalyptus 

species 
June 

Rhizopogonaceae Rhizopogon sp. (2) Pinus sp. May 
Russulaceae Russula sp. (4) Pinus taeda, Pinus echinata, mixed forest May 

Russula amethistina Quélet Pinus sp. June 
Lactarius deliciosus (L.) Gray native forest fragment; Pinus taeda April 

Sclerodermataceae Scleroderma sp. (5) Eucalyptus dunnii, Pinus echinata May 
Scleroderma citrinum Persoon Eucalyptus dunnii, Pinus echinata May 
Scleroderma albidum Patouillard & Trabut Eucalyptus dunnii June 
Scleroderma bovistab Fr. Eucalyptus grandis May 
Pisolithus sp. Eucalyptus dunnii, roadside next to mixed settlement with 

predominance of native species 
June 

Pisolithus tinctoriusb (Persoon) Coker & 
Couch 

Eucalyptus dunnii June 

Saprophytic fungi 
Agaricaceae Macrolepiota sp. (2) Pinus taeda, impacted natural fielda May 

Lepiota sp.  Acacia mearnsii April 
Leucoagaricus sp. Araucaria angustifolia May 

Lycoperdaceae Calvatia sp. Eucalyptus dunnii June 
Strophariaceae Gymnopilus spectabilis (Fr.) Sing. var. 

pampeanus (Speg.) Singc 
Acacia mearnsii, Eucalyptus camaldulensis; Eucalyptus grandis, 
Eucalyptus sp. 

May and 
June 

Stropharia rugosoannulata Farlowex Murrill Impacted natural fielda May 
Tricholomataceae Lepistasp. Allophylus edulis June 

Lignocellulolytic fungi 
Ganodermataceae Ganoderma tornatum (Pers.) Acacia mearnsii April 

Ganoderma sessile Murrill Acacia mearnsii April 
Ganoderma sp. Acacia mearnsii April 

aNaturalfield next to a native forest species fragment, but receiving regular mowing.  bIdentified through molecular techniques.  
cFungal specie with the capacity to degrade cellulose. 

 
Table 2. Species of ectomycorrhizal fungi with identification based on the ITS sequence of rDNA 

 

Placeofcollection Closestspecies AcessGenBank* Similarity 

Litter of Eucalyptus grandis Hill ex. Maiden Scleroderma bovista HM237175 99% 

Litter of Eucalyptus dunnii Maiden Pisolithus tinctorius AF374700 99% 

*Accession number in GenBank of the species with the highest similarity to the sample. 



 
 
Figure 1. Some macroscopic fungi specimens collected in 
Experimental Center of Fundação Estadual de Pesquisa 
Agropecuária (FEPAGRO) of Rio Grande do Sul State, Brazil. 
Amanita muscaria (A), Russula sp. (B), Scleroderma citrinum (C), 
Ramaria toxica (D), Pisolithus sp. (E), Russula amethystina (F), 
Suillus sp. (G), Lactarius deliciosus (H), Amanita sp. (I), 
Descomyces sp. (J), Lepista sp. (K), Gymnopilus spectabilis (L), 
Macrolepiota sp. (M), Stropharia rugosoannulata (N), Calvatia sp. 
(O), Leucoagaricus sp. (P) and Ganoderma sp.(Q). 
 

 
 

Figure 2. Graphic representation of canonical correlation analysis 
(CCA) between collection sites and ectomycorrhizal, saprophytic 
and lignocellulolytic genera and species collected in different 
ecosystems in the central region of Rio Grande do Sul State, 
Brazil. 

According to Oliveira and Giachini (1999), in Brazil, the 
Basidiomycetes frequently colonize and fruit pine and 
eucalyptus species, with the most frequently found fungal 
species being of the genera Pisolithus Alb. and Schwein., 
Scleroderma Pers., Rhizopogon Fr., Amanita Pers. and 
Lactarius Pers. Studying global patterns of ectomycorrhizal 
introductions, Vellinga et al. (2009) observed that some plants 
were moved around the world with their intact root system. 
These roots may have harbored ectomycorrhizal fungi and the 
transport of plants may have facilitated their introduction into 
new ecosystems. At least 200 species of ectomycorrhizal fungi 
from the Ascomycota and Basidiomycota phyla have been 
moved from native environments to new habitats. Most of 
these introductions are associated with plantations of Pinus sp. 
and Eucalyptus sp. in the Southern Hemisphere (Giachini et 
al., 2000; Vellinga et al., 2009). Three species of 
lignocellulolytic fungi (Tab 1 and Fig 2), belonging to the 
genus Ganoderma, were also found, besides the species 
Gymnopilus spectabilis, which although saprophytic, is 
capable of cellulose degradation. For the industrial applications 
of these organisms, the ability of these groups to degrade 
recalcitrant substances such as textile dyes (Kamida et al., 
2005), petroleum derivatives (Isikhuemhen et al., 2003), 
phenolic compounds (Jacques et al., 2007) and lignocellulosic 
residues (Peres et al., 2002; Alonso et al., 2007) has been 
evaluated, in addition to their use in the production of enzymes 
(Faria, 2010). According to Souza and Rosado (2009), these 
characteristics make lignocellulolytic fungi important 
biotechnological tools to promote the biodegradation of 
recalcitrant compounds. In addition, recent studies have shown 
that structures formed by these fungi (sclerotia) produce 
secondary metabolites that are capable of assisting in future 
biotechnological studies, as well as in genomic sequencing 
studies (Smith et al., 2015). 
 
The Forest Research Center (29° 38’ 41’’S 53° 56’ 3’’W and 
29° 40’ 27’’S 53° 54’ 27’’W) of the Fundação Estadual 
dePesquisa Agropecuária (FEPAGRO)has a long tradition in 
forestry research. Throughout its 75 years of existence, it has 
accumulated a wealth of native and exotic tree species, which 
places it in a privileged situation due to its diversity. In its area 
today, there are more than 40 stands of tree species, serving as 
support for research projects with a variety of objectives, both 
from the institution itself, as well as other teaching and 
research institutions. Due to the low anthropization, over time, 
growth of implanted stand and natural regeneration has 
occurred leading to formation of edaphic microfauna, 
characterized by mycorrhizae and growth promoting fungi, 
associated to the forest species present in the area. Recent 
research on the occurrence of macroscopic fungi in forest 
stands of the Forest Research Center has provided a 
description of the new species Gloeoporus guerreroanus 
(Coelho et al., 2006), Hypochnella verrucospora (Coelho et 
al., 2010) and Echinoporia inermis (Coelho, 2008). In 
addition, the first records inBrazil of the species 
Chondrogaster pachysporus (Sulzbacher et al., 2010), 
Hysterangium affinee H. inflatum (Cortez et al., 2011), as well 
as the first record in South America of wood degrading species 
Gelatoporia subvermispora (Baldoni et al., 2012) and 
Sarcoporia polyspora (Baldoni et al., 2015) were reported. In 
addition to macroscopic fungi, a number of fungal strains of 
the genus Trichoderma have been isolated, a specific group 
widely recognized for their agricultural application in 
biological disease control and plant growth promotion (Steffen 
et al., 2016). These publications demonstrate the importance of 
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maintaining the forests of the Forest Research Center for the 
preservation of the genetic patrimony of macroscopic fungi 
and ensuring continuity of taxonomic and diversity studies 
(Coelho and Silveira, 2014), as well as those about association 
with tree mycorrhizal species in native forest species 
(Andreazza et al., 2008). There is a great diversity of 
macroscopic fungi in forest fragments of the Forest Research 
Center and surroundings, demonstrating the potential of these 
sites as a source of mycorrhizal inocula and of organisms with 
potential for biotechnological use in industries and plant 
production. Data of this nature are fundamental to increase the 
knowledge of the biodiversity of organisms present in certain 
places and periods, which greatly facilitates future studies, as 
well as to ensure preservation of the genetic patrimony. 
 
Conclusion 
 
Forty species of macroscopic fungi were identified in exotic, 
native and mixed forest fragments at the Forest Research 
Center of the Fundação Estadual de Pesquisa Agropecuária 
(FEPAGRO), in Santa Maria, Rio Grande do Sul, Brazil, 
between April and June 2013. Most of the collected fungi were 
ectomycorrhizae (29 species, 9 genera, 7 families), but there 
were also species of lignocellulolytic fungi (8 species, 7 
genera, 4 families) and saprophytic fungi (3 species, 1 genera, 
1 family). The occurrence of ectomycorrhizal species in native 
forest stands demonstrates the need for further in-depth studies 
aiming to detect the natural establishment of this type of 
association in species that have been little studied until the 
present moment. 
 
Acknowledgements 
 
To the Fundação Estadual de Pesquisa Agropecuária 
(FEPAGRO) for the infrastructure and to the National Council 
of Technological and Scientific Development (CNPq) for 
financial support. 
 

REFERENCES 
 
Abrão, PUR., Gianluppi, D., Azolim, MAD. 1988. 

Levantamento semidetalhado dos solos da Estação 
Experimental de Silvicultura de Santa Maria. Porto Alegre: 
IPRNR, 75p. 

Alexopoulos, CJ., Mims, CW., Blackwell, M. 1995. 
Introductory Mycology. 4ed. New York: John Wiley and 
Sons. 

Alonso, SK., Silva, AG., Kasuya, MCM., Barros, NF., 
Cavallazzi, JRP., Bettucci, L., Alfenas, AC. 2007. 
Isolamento e seleção de fungos causadores da podridão-
branca da madeira em florestas de Eucalyptus spp. com 
potencial de degradação de cepas e raízes, Revista Árvore 
31(1):145-155. 

Andrade, ACS., Queiroz, MH., Hermes, RAL., Oliveira, VL. 
2000. Mycorrhizal status of some plants of the Araucaria 
forest and the Atlantic rainforest in Santa Catarina, Brazil, 
Mycorrhiza, 10(3):131-136. 

Andreazza, R., Antoniolli, Z.I., Leal, L.T., Moro Junior, C., 
Silva, RF. 2011. Ectomicorrizas em grápia [Apuleia 
leiocarpa (Vogel) J.F. Macbride] e canafístula 
[Peltophorum dubium (Sprengel) Taubert] in vitro,Ciência 
Florestal21(4):727-734. 

Andreazza, R., Antoniolli, Z.I., Oliveira, V.L., Leal, L.T., 
Moro Junior, C.A., Pieniz, S. 2008. Ocorrência de 
associação micorrízica em seis essências florestais nativas 

do estado do Rio Grande do Sul, Ciência Florestal, 18:339-
346. 

Baldoni, D.B., Ortiz-Santana, B., Coelho, G., Antoniolli, Z.I., 
Jacques, RJS. 2015. Sarcoporia polyspora (Basidiomycota, 
Polyporales): a rare wood-decay fungus newly recorded 
from South America, Nova Hedwigia, 100:177-187. 

Baldoni, D.B., Schmitt, J., Coelho, G., Jacques, R.J.S., 
Antoniolli, Z.I. 2012. Primeira ocorrência de Gelatoporia 
subvermispora para a América do Sul. In: Congresso 
Latino Americano de Microbiologia. Santos-SP. 

Baseia, I.G. and Milanez, A.I. 2000. First record of 
Scleroderma polyrhizum Pers. (Gasteromycetes) from 
Brazil, Acta Botanica Brasilica, 14(2):181-184. 

Baseia, IG. and Milanez, AI. 2002. Montagnea haussknechtii 
Rab. (Podaxales) a rare agaricoid fungus: first record from 
Brazil,Acta Botanica Brasilica 16(3):311-315. 

Bruce, T., Castro, A., Kruger, R., Thompson, CC., Thompson, 
FL. 2012. Microbial Diversity of Brazilian Biomes. In.: 
Nelson KE, Jones-Nelson B (eds) Genomics Applications 
for the Developing World. Springer New York, pp 217-
247. 

Brundrett, M., Bougher, N., Dell, B., Grove, T., Malajczuk, N. 
1996. Working with mycorrhizas in forestry and 
agriculture. Canberra, ACIAR, 373p. 

Coelho, G. 2008. Echinoporia inermis G. Coelho sp. nov., 
Fungal Planet 27. 

Coelho, G. andSilveira, RMB. 2014. Taxonomy of Polyporus 
sensulato and related genera (Basidiomycota) from Santa 
Maria, southern Brazil, Ciência e Natura, 36:688-710. 

Coelho, G., Douanla-Meli, C., Langer, E., Langer, G. 2010. 
Hypochnella verrucospora (Basidiomycota, Atheliales), a 
neotropical new species with ornamented basidiospores, 
Mycologia, 102:1158-1162. 

Coelho, G., Silveira, RMB., Rajchenberg, M. 2006. A new 
Gloeoporus species growing on bamboo from southern 
Brazil, Mycologia, 98:821-827. 

Copley, J. 2000. Ecology goes underground, Nature 
406(6795):452-454. 

Cortez, VG., Sulzbacher, MA., Baseia, IG., Antoniolli, ZI., 
Silveira, RMB.2011. New records of Hysterangium 
(Basidiomycota) from a Eucalyptus plantation in southern 
Brazil, Revista Brasileira de Biociências, 9:220-223. 

De Meijer, AAR. 2001. Mycological work in the Brazilian 
state of Paraná, Nova Hedwigia, 72(1-2):105-159. 

De Meijer, AAR. 2006. Preliminary List of the Macromycetes 
from the Brazilian State of Paraná. Curitiba: Boletim do 
Museu Botânico Municipal. 

Dunn, IS. And Blattner, FR. 1987. Charon-36 to charon-40 
multi enzyme, high-capacity, recombination deficient 
replacemet vectors with polylinkers and polystuffers, 
Nucleic Acids Research, 15(6): 2677-2698. 

Eriksson, KEL.,Blanchette, RA., Ander, P. 1990. Microbial 
and enzimatic degradation of wood and wood components. 
New York: Springer, Berlin Heidelberg. 

Esposito, E., Azevedo, JL. 2010. Fungos: Biologia, 
Bioquímica e Biotecnologia. Caxias do Sul, Editora da 
Universidade de Caxias do Sul. 

Faria, RA. 2010. Estudo da produção de enzimas ligninolíticas 
por Ceriporiopsis subvermispora. Dissertação de Mestrado, 
Universidade de São Paulo. 

Giachini, A.J., Souza, LAB., Oliveira, V.L. 2004. Species 
richness and seasonal abundance of ectomycorrhizal fungi 
in plantations of Eucalyptus dunnii and Pinustaeda in 
southern Brazil, Mycorrhiza1, 4(6):375-381. 

46530                                           International Journal of Current Research, Vol. 9, Issue, 02, pp.46526-46531, February, 2017 



Giachini, AJ., Oliveira, VL., Castellano, MA., Trappe, JM. 
2000. Ectomycorrhizal fungi in Eucalyptus and Pinus 
plantations in southern Brazil, Mycologia, 92(6):1166-
1177. 

Green, MR., Sambrook, J. 2012. Molecular cloning: a 
laboratory manual. 4 edition Cold Spring Harbor 
Laboratory Press. New York. 

Gurgel, FE., Silva, BDB.,Baseia, IG. 2008.New records of 
Scleroderma from Northeastern Brazil, Mycotaxon 
105:399-405. 

Hobbie, EA. 2006. Carbon allocation to ectomycorrhizal fungi 
correlates with belowground allocation in culture studies, 
Ecology, 87(3):563-569. 

Isikhuemhen, OS., Anoliefo, GO., Oghale, OI.2003. 
Bioremediation of crude oil polluted soil by white rot 
fungus, Pleurotus tuberregium (Fr.) Sing, Environmental 
Science and Pollution Research,10(2):108-112. 

Jacques, RJS., Bento, FM., Camargo, FAO. 2007. 
Biodegradação de hidrocarbonetos aromáticos policíclicos, 
Ciência e Natura, 29(1):7-24. 

Kamida, HM., Durrant, LR., Monteiro, RTR., Armas, ED de. 
2005. Biodegradação de efluente têxtil por Pleurotus sajor 
caju, Química Nova, 28(4):629-632. 

Largent, DL. 1977. How to identify Mushrooms to Genus. I. 
Macroscopic features. Eureka: Eureka Publishing. 

Largent, DL., Jonhson, D., Watling, R. 1977. How to identify 
Mushrooms to Genus. III. Microscopic features. Eureka: 
Eureka Publishing. 

Lupatini, M., Bonnassis, PA., Steffen, RB., Oliveira, VL., 
Antoniolli, ZI. 2008. Mycorrhizal morphotyping and 
molecular characterization of Chondrogaster angustisporus 
Giachini, Castellano, Trappe and Oliveira, an 
ectomycorrhizal fungus from Eucalyptus, Mycorrhiza 
18(8):437-442. 

Marx, DH. 1980. Ectomycorrhizal fungus inoculations: a tool 
for improving forestation practices. In: Mikola P (ed) 
Tropical Mycorrhiza Research. Oxford: Clarendon Press, 
pp 13-71. 

Menegat, R. 1998. Environmental atlas of Porto Alegre. Porto 
Alegre (Brazil): Ed. UFRGS. 

Menolli Jr., N., Capelari, M., Baseia, IG. 2009. Amanita 
viscidolutea, a new species from Brazil with a key to 
Central and South American species of Amanita section 
Amanita,Mycologia 101(3):395-400. 

Molina, ML., Mahecha, LL., Medina, MS. 2005. Importancia 
del manejo de hongos micorrizógenos en el establecimiento 
de árboles en sistemas silvopastoriles, Revista Colombiana 
de Ciências Pecuárias18(2):162-175. 

Oliveira, VL. And Giachini, AJ. 1999. Ecologia e aplicação de 
ectomicorrizas. In: SiqueiraJO, Moreira FMS, Lopes AS, 
Guilherme LRG, Faquin V, Furtini AE, Carvalho JG(eds) 
Inter-relação fertilidade, biologia do solo e nutrição de 
plantas. UFLA: Lavras, pp. 775-796. 

Pegler, DN. 1997. The Agaricsof São Paulo, Brazil. London: 
HMSO, Royal Botanic Gardens, Kew. 

Pérez, J.,Muñoz-Dorado, J., De La Rubia, T., Martínez, J. 
2002. Biodegradation and biological treatments of 
cellulose, hemicellulose and lignin: an overview, 
International Microbiology, 5(2):53-63. 

Rinaldi, AC., Comadini, O., Kuyper, TW. 2008. 
Ectomycorrhizal fungal diversity: separating the wheat 
from the chaff, Fungal Diversity 33:1-45. 

Rossman, AY., Tulloss, RE., O’Dell, TE., Thorn, RG. 1998. 
Protocols for an All Taxa Biodiversity Inventory of Fungi 

in a Costa Rican Conservation Area. Parkway Publishers 
Inc. 

Schumacher, MV., Brun, EJ., Illana, VB., Dissiuta, SI., Agne, 
TL. 2008. Biomassa e nutrientes em um povoamento de 
Hoveniadulcis Thunb., plantado na Fepagro Florestas, 
Santa Maria, RS, Ciência Florestal18(1):27-37. 

Silva, RF., Antoniolli, ZI., Leal, L., Silva, AS. 2009. 
Ocorrência de fungos micorrízicos em espécies florestais 
na região Central do Estado do Rio Grande do Sul,Revista 
Brasileira de Agrociência 15(1-4):65-70. 

Smith, ME., Henkel, TW., Rollins, JA. 2015. How many fungi 
make sclerotia?, Fungal Ecology 13:211-220. 

Sobestiansky, G. 2005. Contribution to a macromycete survey 
of the states of Rio Grande do Sul and Santa Catarina in 
Brazil,Brazilian Archives of Biology and Technology 
48(3):437-457. 

Souza, AF. and Rosado, FR. 2009. Utilização de fungos 
basidiomicetes em biodegradação de efluentes têxteis, 
Revista em Agronegócios e Meio Ambiente 2(1):121-139. 

Staden, R., Judge, DP., Bonfield, JK. 2001. Sequence 
assembly and finishing methods, Methods of Biochemical 
Analysis 43:303-322. 

Stamets, P. 2005. Mycelium Running: How mushrrooms can 
help save the world. Ten speed Press. California. 

Steffen, GPK., Maldaner, J., Steffen, RB., Mezzomo, R., 
Heinz, BB., Antoniolli, ZI., Muniz, MFB., Dahmer, SFB. 
2016. Antagonism of Trichoderma isolates against plant 
pathogens of agricultural interest, International Journal of 
Current Research, 8(12):44465-44469. 

Sulzbacher, MA. 2010. Fungos ectomicorrízicos do sul do 
Brasil, com ênfase no hábito hipógeo. Dissertação de 
Mestrado, Universidade Federal de Santa Maria. 

Sulzbacher, MA., Grebenc, T., Jacques, RJS.,Antoniolli, ZI. 
2013. Ectomycorrhizal fungi from southern Brazil a 
literature-based review, their origin and potential hosts, 
Mycosphere, 4(1):61-95. 

Sulzbacher, MA., Cortez, VG., Coelho, G., Jacques, 
RJS., Antoniolli, ZI. 2010. Chondrogaster pachysporus in 
a Eucalyptus plantation of Southern Brazil, Mycotaxon 
113:377-384. 

Tamura, K., Kumar, S., Nei, M. 2006. Mega: integrated 
software for molecular evolutionary genetics analysis and 
sequence alignment, Briefings in Bioinformatics 5(2):150-
163. 

Tedersoo, L., May, TW., Smith, ME.2010. Ectomycorrhizal 
lifestyle in fungi: global diversity, distribution, and 
evolution of phylogenetic lineages, Mycorrhiza, 20(4):217-
263. 

Vellinga, EC., Wolfe, BE., Pringle, A. 2009. Global patterns of 
ectomycorrhizal introdictions, New Phytologist 181(4): 
960-973. 

Wartchow, F. and Cavalcanti, MAQ, 2010. Lactarius rupestris 
- a new species from the Brazilian semi-arid region, 
Mycotaxon, 112:55-63. 

Wartchow, F., and Maia, LC. 2007. The Neotropical Amanita 
crebresulcata Bas: new citation from Northeast Brazil. 
Hoehnea, 34(2):131-134. 

Wartchow, F., Tulloss, RE., Cavalcanti, MAQ. 2009. Amanita 
lippiae – a new species from the semi-arid caatinga region 
of Brazil, Mycologia, 101:864-870. 

White, TJ., Bruns, S., Lee, S., Taylor, JW. 1990. Amplification 
and direct sequencing of fungal ribosomal RNA genes for 
phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, 
White TJ(eds) PCR protocols: A guide to methods and 
applications. Academic Press, New York, pp 315-322. 

46531                                        Gerusa  Pauli Kist Steffen et al. Richness of macroscopic fungi (Basidiomycota): A space to conserve 

******* 


