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APRESENTAÇÃO

Micologia é o estudo de microrganismos eucariontes que possuem parede celular 
rígida, membrana e organelas, apresentando aspectos leveduriformes e/ou filamentos 
morfológicamente. Trata-se, portanto, de uma área de estudo ampla que atrai diversos 
pesquisadores em diferentes campos científicos, tecnológicos e industriais. 

Sabemos que os fungos são microrganismos que possuem uma diversidade de 
características únicas que refletem em seu modo de vida, nas suas interações e na 
sua aplicabilidade. A grande maioria das espécies fúgicas ainda é um vasto campo de 
estudo para os micologistas, assim como suas características individuais e formas de 
desenvolvimento no ambiente ou no hospedeiro

O Brasil é uma referência em se tratando de estudos em micologia, principalmente 
na subárea que denominamos micologia médica, tanto pelos pesquisadores precursores 
quanto pela nova geração armada com as evoluções biotecnológicas e moleculares. O 
uso de estratégias biotecnológicas tem sido primordial na pesquisa com fungos. A vasta 
diversidade fúngica apresenta grande potencial, principalmente associada à estudos de 
aplicações biotecnológicas, como no campo ambiental, farmacêutico, industrial, agrícola, 
alimentício, genômico dentre outros.

É um privilégio organizar e compartilhar conhecimento na obra “Micologia: fungos 
e/ou seus metabólitos como objeto de estudo” publicada pela editora Atena, por se tratar 
de um material extremamente interessante e muito bem produzido por seus autores 
que evidencia essa área tão importante. Como pesquisador da área desejo que esse 
primeiro volume seja apenas o início e que desperte o interesse dos acadêmicos atraindo 
pesquisadores da micologia médica e áreas correlatas para publicação em novos volumes 
com esse foco.

Desejo à todos uma excelente leitura!
Benedito Rodrigues da Silva Neto
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ABSTRACT: Mushrooms produce a wide variety 
of bioactive secondary metabolites that may be 
useful to control phytopathogenic bacteria and 
fungi. Aiming to verify in vitro the antifungal 
potential against Fusarium graminearum, 
methanolic extracts from the basidiomata of ten 
mushroom species were obtained. Antifungal 
activity was evaluated through agar dilution test 
at a concentration of 1.0 mg ml-1. Data obtained 

from the third to the fifteenth day of mycelial 
growth were submitted to analysis of variance, 
and the means were compared by the Tukey 
test at 5% of probability. Among ten evaluated 
extracts, six significantly inhibited the growth 
of F. graminearum, namely: Calvatia rugosa, 
Coprinopsis sp., Leucocoprinus cf. brebissonii, 
Leucopaxillus gracillimus, Simocybe tucumana 
and Xeromphalina tenuipes. The results indicate 
that these four mushroom species produce 
substances with antifungal activity. On the 
other hand, the extract of Pleurotus opuntiae 
stimulated mycelial growth of the fungus. 
When comparing the effect of the extracts with 
the fungicide Cercobin®, only the Simocybe 
tucumana obtained similar results, proving the 
antifungal potential of this species.
KEYWORDS: alternative control, 
Basidiomycota, fusariosis, natural products, 
phytopathogen.

ATIVIDADE ANTIFÚNGICA DE EXTRATO 

DE COGUMELOS (AGARICALES) PARA 

CONTROLE DE Fusarium graminearum 

RESUMO: Os cogumelos produzem uma ampla 
variedade de metabólitos secundários bioativos 
que podem ser úteis no controle de bactérias 
e fungos fitopatogênicos. O objetivo deste 
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trabalho foi testar in vitro o potencial antifúngico de extratos metanólicos de basidiomas 
de dez espécies de cogumelos, frente ao fitopatógeno Fusarium graminearum. A atividade 
antifúngica dos extratos foi avaliada pelo teste de diluição em ágar na concentração de 1,0 
mg ml-1. Os dados obtidos, do terceiro ao décimo quinto dia de crescimento micelial, foram 
submetidos à análise de variância, sendo que as médias foram comparadas pelo teste de 
Tukey a 5% de probabilidade. Entre os dez extratos avaliados, seis inibiram significativamente 
o crescimento de F. graminearum sendo: Calvatia rugosa, Coprinopsis sp., Leucocoprinus 
cf. brebissonii, Leucopaxillus gracillimus, Simocybe tucumana e Xeromphalina tenuipes. 
Os resultados indicam que as quatro espécies de cogumelos produzem substâncias com 
atividade antifúngica. Entretanto, o extrato de Pleurotus opuntiae estimulou o crescimento 
micelial do fungo. Quando o efeito dos extratos dos cogumelos foi comparado com o 
fungicida Cercobin®, somente a espécie Simocybe tucumana obteve resultados similares, 
comprovando o potencial antifúngico desta espécie.
PALAVRAS-CHAVE: Basidiomycota, controle alternativo, fitopatógeno, fusariose, produtos 
naturais.

1 |  INTRODUCTION

Several fungi are widely known as responsible for causing diseases in plants, 
especially members of the genera Alternaria, Aspergillus, Botrytis, Fusarium, Penicillium 
and Rhizopus (Aqueveque et al., 2016). Among these, members of Fusarium are 
considered phytopathogens of major importance in agriculture, as they affect several 
agricultural crops (Ma et al., 2013). Cob fusariosis is one of the most important diseases of 
wheat crops in the world and is caused mainly by Fusarium graminearum, although other 
species of the genus may cause such disease (Ferrigo et al., 2016). Besides reducing 
grain production, the fungus produces toxic secondary metabolites (mycotoxins), which 
can contaminate agricultural products, rendering infected grains unsuitable for human and 
animal consumption (Alves et al., 2013; Ma et al., 2013).

Excessive use of agrochemicals to control diseases in plants, besides presenting 
a series of risks of contamination to the environment, can also harm the health of 
producers and consumers (Domingues et al., 2011; Aqueveque et al., 2016). Thus, must 
be emphasized the importance of research the use of alternative methods in agriculture 
that are efficient and generate the minimum environmental impact, such as the use of 
natural products (Ribas et al., 2016). In addition, resistant phytopathogens may arise to 
the chemical substances used in the field (Aqueveque et al., 2016), being necessary the 
search for new substances with antimicrobial properties.

Among the most important sources of bioactive metabolites, the fungi that belong to 
the phylum Basidiomycota, known as mushrooms, are considered highly promising, since 
various compounds were isolated from these organisms, presenting various biological 
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functions, including antifungal activity (Barneche et al., 2016). As for example, the 
metabolite Favolon B, obtained from the fermentation of mycelial cultures of basidiomycete 
Mycena sp., which presents antifungal activity against species: Alternaria porri, Aspergillus 
ochraceus, Botrytis cinerea, Mucor miehei, Paecilomyces variotii, Penicillium notatum and 
Ustilago nuda (Aqueveque et al., 2005). 

Another example, the strobilurin, a natural product produced by a variety of 
basidiomycete fungi, such as the species Oudemansiella mucida and Strobilurus tenacellus. 
This natural product has become important for controlling a variety of disease-causing 
fungi in plants, and is currently produced by chemical synthesis for commercialization 
(Bartlett et al., 2002).

Based on the search for alternative and efficient products to control the growth of 
microorganisms, this work aimed to test, in vitro, the antifungal potential of methanolic 
extracts from mushrooms collected in the Western of Paraná, southern Brazil, against the 
phytopathogen F. graminearum.

2 |  MATERIALS AND METHODS

Basidiomata (i.e., the macroscopic spore-producing bodies of agaricoid 
basidiomycetes) were collected in fragments of the Semideciduous Seasonal Forest, in 
Palotina, in the West of Paraná, from October 2016 to May 2017. After collecting, the 
mushrooms were dehydrated in a chamber with forced air circulation at 40°C until they 
reached constant weight (Carvalho et al., 2012). After drying, the basidiomata were stored 
in paper bags for further extraction.

Ten species of mushrooms were selected to perform antimicrobial activity tests, 
namely: Calvatia rugosa, Coprinopsis sp., Leucoagaricus sp., Leucocoprinus cf. brebissonii, 
Leucopaxillus gracillimus, Pleurotus opuntiae, Psathyrella sp., Psathyrella candolleana, 
Simocybe tucumana and Xeromphalina tenuipes.

Dried basidiomata were ground until a fine powder was obtained and the extraction 
was carried out with methanol using Soxhlet extractor. Extraction was carried out for 
approximately 8 hours for each species, completing five cycles in the extractor (Figueiredo 
& Silva, 2014; Ajith & Janardhanan, 2015). Methanol present in the extracts was evaporated 
in a rotary evaporator under vacuum at 45°C. Crude extracts were placed in glass jars, 
and stored at 4°C.

Samples of the fungus F. graminearum were kindly supplied by the Universidade 
Estadual de Maringá (UEM) and stored in Petri dishes containing potato dextrose agar 
(PDA). For the experiment, the fungus was transferred onto a new plate containing PDA 
medium and incubated at 28°C for seven days.

The obtained mushroom extracts were tested against the phytopathogen F. 
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graminearum. The inhibition of micelial growth test (agar dilution test) was used to evaluate 
the antifungal activity, which consists of incorporating the dissolved extract to the agar; 
thus, each plate contains a different concentration of the agent (CLSI, 2012).

Culture medium used in the tests was also the PDA, prepared according to the 
manufacturer’s instructions, and the extract of basidiomycetes was added at the end 
concentration of 1 mg ml-1 before autoclaving the medium. The crude extract was previously 
solubilized with dimethylsulfoxide (DMSO), as it is a non-toxic solvent (Klaus et al., 2015). 
As a negative control, was used only the PDA medium plus DMSO, without the addition of 
the basidiomycete extract. For the positive control, the culture medium plus the fungicide 
methyl thiophanate (Cercobin®) at a concentration of 1 mg ml-1 (Garcia et al., 2008; Silva 
et al., 2014).

After agar solidification, a mycelial disc (10 mm diameter) was transferred to the 
center of the culture medium surface. Petri dishes were kept at a controlled temperature of 
28°C (D’addazio et al., 2016). The evaluation of the mycelial growth was performed every 
48 hours for 15 days or until the fungus completed the entire diameter of the Petri dish, and 
the colony diameter (cm) was measured in perpendicularly opposite directions. For each 
extract, five replicates were performed.

The data were submitted to analysis of variance. The means between the different 
treatments were compared by the Tukey test at 5% probability. Statistical analyzes were 
performed in the Sisvar 5.6 Program of the Universidade Federal de Lavras.

3 |  RESULTS AND DISCUSSION

Extracts of the mushroom species Psathyrella sp. and P. candolleana did not 
presented significant differences in relation to the negative control, indicating that the 
extracts of these species did not influence the growth of F. graminearum. In contrast to 
our observations in this study, the extract of Psathyrella sp. was reported as active against 
Fusarium oxysporum (Reinoso et al., 2013). These differences between the results may 
be related to the method of obtaining the extract and also the species used, which certainly 
are different each other.

For extract of P. opuntiae (Table 1) it was observed that from the ninth evaluation day 
extract started to significantly stimulate the mycelial growth of the fungus F. graminearum. 
As well as reported for the mushroom extract Agaricus blazei against Botrytis cinerea, 
where it was verified that the extract had a stimulating effect both on the germination of the 
conidia and on the mycelial growth (Camili et al., 2009). This fact was also verified when 
the aqueous extract of coriander (Coriandrum sativum) was used in front of the fungus F. 
verticillioides; a significant increase in the conidia production was observed (Barros et al., 
2013). The stimulus of mycelial growth or in the production and germination of conidia, may 
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be related to the presence of substances, which favor the fungi growth and development, 
such as carbohydrates, proteins, vitamins and even chemical elements.

3° Day 5° Day 7° Day 9° Day 11° Day 13° Day 15° Day
P. opuntiae 1.80(1)b 3.18 b 4.32 a 5.58 a 7.02 a 8.48 a 8.80 a
Negative control 3.02 a 3.68 a 4.30 a 4.88 b 5.56 b 6.12 b 6.90 b
Positive control(2) 1.76 b 2.36 c 2.88 b 3.32 c 3.76 c 4.22 c 4.54 c
CV(3) (%) 16.78 6.56 8.05 7.73 4.66 5.51 5.28

Table 1. Methanolic extract effect of Pleurotus opuntiae on the mycelial growth of Fusarium 
graminearum.

Means among the different treatments were compared among themselves within the same column by 
the Tukey 5% test.

(1) Mean diameter of the mycelium in cm. (2) Cercobin fungicide as positive control. (3) Coefficient of 
variation.

Extract of the species Calvatia rugosa significantly inhibited the growth of F. 
graminearum from the fifth day of evaluation (Table 2; Figure 1), with percentages of 
inhibition varying between 6.2% and 36.4%. Members of the genus Calvatia has been 
studied due to its biological properties, such as antitumor, anticancer, antiviral, antibacterial 
and antifungal activities (Coetzee & Van Wyk, 2009). Methanolic extract of Calvatia fragilis 
presented antifungal activity against Candida albicans and Candida maltosa, besides 
showing antibacterial activity against B. subtilis, Micrococcus flavus and Staphylococcus 
aureus (Al-Fatimi et al., 2013).

3° 5° 7° 9° 11° 13° 15°
Calvatia rugosa ns(1) 26,9(2) 36,4 31,2 17,7 8,0 6,2
Coprinopsis sp. ns 38,6 38,3 25,1 12,7 6,4 4,7
Leucoagaricus sp. ns 14,5 16,8 6,8 -(3) - -
Leucocoprinus cf. brebissonii ns ns ns 9,6 9,7 8,4 7,5
Leucopaxillus gracillimus 11,6 ns ns 8,0 8,2 4,9 3,3
Xeromphalina tenuipes ns 13,7 24,3 17,9 7,1 - -

Table 2. Percentage inhibition of mycelial growth of Fusarium graminearum when using the extracts of 
mushrooms in the 15 days of evaluation. 

(1) Not statistically significant. (2) Percentage inhibition of mycelial growth of F. graminearum. (3) Mycelial 
growth of F. graminearum already occupied the entire Petri dish.
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Figure 1. Fusarium graminearum mycelial growth inhibition test, after fi fteen days of incubation.

A. Positive control; B. Methanolic extract of Calvatia rugosa; C. Negative control.

From the fi fth day of evaluation, treatment containing Coprinopsis sp. extract showed 
signifi cantly lower growth than the negative control (Table 2). The highest percentage 
of inhibition was observed on the fi fth day of evaluation (38.6%). Methanolic extract of 
Coprinopsis atramentaria also showed antifungal activity against Aspergillus fumigatus, 
Aspergillus niger, Aspergillus ochraceus, Aspergillus versicolor, Penicillium funiculosum, 
Penicillium ochrochloron, Penicillium verrucosum and Trichoderma viride (Heleno et al., 
2014).

For the extract obtained from Leucoagaricus sp. basidiomata (Table 2), a signifi cant 
inhibition of fungal growth was observed when measurements were performed between 
the fi fth and ninth day of mycelial growth, with percentages of inhibition varying from 6.8% 
to 16.8%.

For the treatment containing the extract of Leucocoprinus cf. brebissonii we observed 
that from the ninth day of evaluation the mycelial growth of phytopathogenic F. graminearum
was signifi cantly inhibited (Table 2), with percentages of inhibition varying from 7.5 to 9.6%. 
Extract of L. fragilissimus showed antifungal activity against Colletotrichum coffeanum 
(Yaling et al., 2014).

When Leucopaxillus gracillimus extract was added to the culture medium we observed 
that the mycelial growth of F. graminearum was signifi cantly inhibited mainly in the last 
days of evaluation (Table 2). Extract of L. albissimus showed antimicrobial activity against 
Penicillium infl atum and Streptomyces galilaeus (Alves et al., 2013). Even as L. giganteus 
which presented activity against several fungi, such as Alternaria solani, Aspergillus solani, 
A. niger, Colletotrichum graminicola, Fusarium solani and F. oxysporum (Feleke & Doshi, 
2017). The antifungal activity of L. gracillimus observed here seems to be the fi rst report 
for the species.

For the extract of Xeromphalina tenuipes it was observed that fungal mycelial growth 
was signifi cantly lower in comparison to the negative control, exhibiting up to 24.3% 
inhibition (Table 2). On the third and on the thirteenth day no signifi cant difference was 
observed, being that the phytopathogen F. graminearum already occupied the entire Petri 
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dish for the negative control and for the treatment.
Antimicrobial activity of Xeromphalina sp. has already been described, two isolated 

substances, xeromphalinones 1 and 2, presented antifungal activity against Mucor miehei, 
Nematospora coryli, Penicillium notatum and Paecilomyces variotii, besides showing 
antibacterial activity against Bacillus brevis, Bacillus subtilis, Enterobacter dissolvens and 
Micrococcus luteus (Liermann et al., 2010). Xeromphalinone 4 presented activity only 
against the fungus N. coryli (Liermann et al., 2010).

Extract of Simocybe tucumana (Table 3, Figure 2) signifi cantly inhibited mycelial 
growth of F. graminearum during all evaluated days. Antifungal activity is reported for the 
fi rst time to members of this genus.

3° Day 5° Day 7° Day 9° Day 11° Day 13° Day 15° Day
S. tucumana 1.52(1)b 1.98 c 2.72 b 3.54 b 4.12 b 4.58 b 4.96 b
Negative control 3.02 a 3.88 a 4.50 a 4.96 a 5.72 a 6.76 a 8.02 a
Positive control(2) 1.76 b 2.36 b 2.88 b 3.32 b 3.76 b 4.22 b 4.54 b
CV (%) 14.82 6.22 7.92 7.63 6.62 6.00 8.38

Table 3. Methanolic extract effect of Simocybe tucumana on the mycelial growth of Fusarium
graminearum.

Means among the different treatments were compared among themselves within the same column by 
the Tukey 5% test.

(1) Mean diameter of the mycelium in cm. (2) Cercobin fungicide as positive control. (3) Coeffi cient of 
variation.

Figure 2. Fusarium graminearum mycelial growth inhibition test, after fi fteen days of incubation.

A. Positive control; B. Methanolic extract of Simocybe tucumana; C. Negative control.

When comparing the effect of the extracts with the Cercobin® fungicide, used as a 
positive control, only the S. tucumana species obtained signifi cantly similar results (Table 
3), and on the fi fth day of evaluation it was more effi cient than the fungicide, proving a 
strong antifungal potential.

The use of extracts of basidiomycetes to inhibit the mycelial growth of fungi of the 
genus Fusarium has already been described in the literature. Extract of the basidiomycete 
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Inocybe geophylla inhibited the growth of the fungus Fusarium oxysporum (Reinoso et 
al. 2013). Extracts of species Pycnoporus sanguineus and Lentinus crinitus, also showed 
inhibition effect on mycelial growth, germination of conidia of the phytopathogen Fusarium 
sp. (Figueiredo & Silva, 2014). Evidencing that extracts of basidiomycetes contain 
substances that inhibit mycelial growth of fungi of the genus Fusarium.

 Besides the antifungal activity observed here, in vivo studies are required to prove 
the efficacy of C. rugosa, Coprinopsis sp., Leucocoprinus cf. brebissonii, L. gracillimus, 
S. tucumana and X. tenuipes extracts on fusariosis. In addition, characterization and 
isolation studies of antifungal substances should be conducted, as well as studies on the 
mechanism of action of these substances.

4 |  CONCLUSIONS

1. Methanolic extracts of Calvatia rugosa, Coprinopsis sp., Leucocoprinus cf. 
brebissonii, Leucopaxillus gracillimus, Simocybe tucumana and Xeromphalina tenuipes 
showed direct fungitoxic action inhibiting the mycelial growth of Fusarium graminearum.

2. Methanolic extract of Pleurotus opuntiae stimulated the mycelial growth of Fusarium 
graminearum.

3. Extract of Leucopaxillus gracillimus showed antifungal activity against Fusarium 
graminearum, and seems to be the first report of this type of activity for this species.

4. Extract of Simocybe tucumana showed significantly inhibition of the mycelia growth 
of Fusarium graminearum and it seems to be the first report demonstrating the antifungal 
activity of this genus.
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