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ABSTRACT

The Amazon has a high diversity of fungi, including species of the genus Daldinia (Ascomycota, Xylariaceae), which produce
secondary metabolites with recognized nematicidal and antimicrobial activity. The ecological role of Daldinia is important,
as stromata serve as refuges to many insects and arthropodes, and the fungi contribute to the degradation of vegetable organic
matter. The aim of this study was to analyze the taxonomic features and mycelial growth conditions in vitro of a Daldinia
specimen collected in the Brazilian Amazon. Morphological and molecular studies of the fungus identified it as D. eschscholtzii.
To evaluate mycelial growth, we cultivated the fungus at 20, 25, 30, 35, and 40 ºC in malt extract-peptone agar (MEPA),
malt extract-peptone (MEP), potato dextrose (PD), and minimum medium (MM). The best mycelial growth occurred at
35 ºC, although the greatest amount of biomass was obtained at 25 ºC and 30 ºC. PD proved to be the best medium for
biomass production.
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Daldinia eschscholzii (Ascomycota, Xylariaceae) isolado na Amazônia
brasileira: características taxonômicas e condições de crescimento micelial
RESUMO

A Amazônia apresenta alta diversidade de fungos, incluindo Daldinia (Ascomycota, Xylariaceae), cujas espécies produzem
metabólitos secundários com reconhecida atividade antimicrobiana e nematicida. O papel ecológico é importante, visto que
estromas servem de abrigo para muitos insetos e artrópodes, além de contribuir na degradação da matéria orgânica vegetal.
O objetivo desse estudo foi analizar as características taxonômicas e as condições do crescimento micelial in vitro de um
espécime de Daldinia coletado na Amazônia brasileira. Estudos morfológicos e moleculares do fungo o indetificaram como
D. eschscholtzii. Para avaliação do crescimento micelial o fungo foi cultivado nas temperaturas de 20, 25, 30, 35 e 40 ºC e
nos meios de cultura extrato de malte-peptona ágar (EMPA), extrato de malte-peptona (EMP), batata dextrose (BD) e meio
mínimo (MM). O melhor crescimento micelial ocorreu a 35 ºC, entretanto, a maior quantidade de biomassa foi obtida a 25
e 30 ºC. O meio BD provou ser o melhor meio para produção de biomassa.
PALAVRAS-CHAVE: Daldinia eschscholzii, diversidade fúngica, macrofungos, ocorrência.
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INTRODUCTION
Amazonian lignocellulolytic fungi, including species of
Xylariaceae (Ascomycota) (Singer 1984; Braga-Neto 2007;
Braga-Neto et al. 2008), are highly biodiverse and have
important roles in decomposition and nutrient cycling (Singer
and Araujo 1979; Singer et al. 1983; Luizão et al. 1999).
The genus Daldinia Ces. & De Not., species of which are
found frequently on the campus of the National Institute of
Amazonian Research (INPA), differs from other Xylariaceae
genera in having concentric zones inside the stroma (Ju et al.
1997, Stadler et al. 2001b).
Allport and Bu’lock (1958; 1960) first studied the
chemical constituents of Daldinia concentrica (Bolton)
Ces. & De Not., identifying characteristic metabolites
from the stroma and cultures. Several of these compounds
showed antimicrobial and nematicidal activity (Anke et
al. 1995). Studies with Daldinia spp. have revealed more
than 20 new bioactive metabolites, including derivatives of
benzofenones (Hashimoto et al. 1994a), azafilones, daldinins
A-C (Hashimoto et al. 1994b), cytochalasans (Buchanan
et al. 1995; 1996a, b; Hashimoto and Asakawa 1998),
triterpenoids, concentricols (Stadler et al. 2001a; Quang et al.
2002a, b), daldiniapyrone, daldinones (Quang et al. 2002b),
benzoquinones (Qin and Liu 2004a), esteroids (Qin and
Liu 2004b), heptentriols (Wang and Liu 2004), diaporthins,

orthosporins (Lee et al. 2006), and concentricolides (Qin et
al. 2006).
Dalesconol A and B polyketides with immunosuppressive
activity were initially isolated from D. eschscholtzii by Zhang
and co-workers (2008). Two years later, daeschol A, dalesconol
C, 2, 16-dihydroxyl-benzo[j]fluoranthene and dalmanol A
were isolated by the first time from mantis-associated D.
eschscholtzii (Zhang et al. 2011). Recently, helicascolide C,
a new lactone with fungistatic activity against Cladosporium
cucumerinum was isolated together with helicascolide A from
an Indonesian marine algicolous-associated D. eschscholtzii
strain (Tarman et al. 2012).
In addition to producing secondary metabolites, the
stromata of Daldinia serve as a habitat for many arthropod
species. In an analysis of 1000 D. concentrica stromata,
Hingley (1971) found eggs, larvae, pupae, and adults from
120 arthropod species. He also reported a gradual reduction
of the stromata of this fungus during spore dispersion, as
several animals used the stromata for feeding, egg deposition
and refuge. According to Johannesson (2000), the variety of
secondary metabolites found probably correlates with the great
number of animals living in the stromata. Another interesting
aspect of Daldinia is the use of Daldinia. fissa Lloyd as food
by people in Guatemala, where it is sold in public markets
and eaten roasted with salt and lemon (Morales et al. 2006).

Figure 1 - Daldinia eschscholtzii (a) Upper view of stromata; (b) Cross-section of stroma, showing concentric zones; (c) Asci and ascospores; (d) Apical ring
bluing in Melzer’s iodine reagent (arrow); (e) Perispore dehiscent in 10% KOH (arrows); (f) Ascospores showing straight germ slit spore-length on convex side
(arrow). Bars: a and b = 1 cm; c = 20 µm; d = 5 µm; e and f = 10 µm.
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Considering the high biotechnological potential and
ecological importance of Daldinia species, we investigated
the taxonomic characteristics and in vitro mycelial growth of
a Daldinia isolate collected in the Brazilian Amazon.

MATERIALS AND METHODS
On May 2008, a Daldinia specimen was collected
from dead wood on Campus III of INPA (03o05’53.4”S,
59o59’56.7” W; 70 ± 5 m alt.), Manaus, Amazonas, Brazil. The
fungus was isolated on potato dextrose agar medium (PDA;
Acumedia®, Lansing, Michigan, USA) with added penicillin
(2.8 µg mL-1; Fluka®, China) and incubated in darkness for
14 days at 25 ºC.
We characterized the isolate macroscopically in terms of
its: shape, stroma size, perithecia and ostioles, coloration of
stromata, and concentric zones. Microscopic characters there
were analyzed included: shape, size and apical ring of the ascus
in Melzer’s iodine reagent; size, shape and color of ascospores
and the germ slit; and perispore dehiscence in 10% KOH.
DNA from lyophilized mycelium of the specimen was
extracted in liquid nitrogen for molecular analysis, and nucleic
acids were extracted according to the adapted protocol of
Ferreira and Grattapaglia (1998). The DNA was suspended
in 50 μL TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA)
and incubated at 37 °C for 30 min after the addition of RNase
A (0.01 mg μL-1). After digestion, the DNA was quantified
in 1% agarose gel-TAE, using intact λ-DNA (Invitrogen®,
Carlsbad, California, USA) as the pattern and adjusted to a
final concentration of 10 ng mL-1.
The ITS-5.8S and nLSU regions were amplified using the
primers ITS1/ITS4 and LR16/LR5, respectively (White et al.
1990; Gardes and Bruns 1993; Moncalvo et al. 2000). The
PCR reaction mixture contained 2.0 ng template DNA, 2.0
U Platinum® Taq DNA Polymerase (Invitrogen®, Carlsbad,
California, USA), 0.2 mM dNTP mix, 1.5 mM MgCl2,
enzyme buffer and distilled water. It was further purified by
passage through a Milli-Q filter system (Millipore, Barueri,
Brazil) with 0.2 mM of the selected beginning region and
brought to a final volume of 50 μL. The PCR reaction was
conducted on an automatic thermocycler (Eppendorf®,
Hamburg, Germany), starting with 5-min denaturation cycle
at 94 °C, 40 cycles of 40 sec at 94 °C, 30 sec at 55 °C, and 60
sec at 72 °C. Polymerization was ended at 72 °C for 5 min.
The amplification products were applied to 1.5% agarose gelTAE containing 0.1 µg mL-1 ethidium bromide. The products
were then purified using a Pure Link TM PCR Purification Kit
(Invitrogen®, Carlsbad, California, USA).
The amplified fragments were sequenced on an automatic
sequencer (MegaBace 1000 Molecular Dynamics with
DYEnamic ET Dye Terminator Cycle Sequencing), according to
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the manufacturer’s instructions, using the primers ITS1, ITS4,
LR16, and LR5 to sequence the samples in both directions.
The internal transcribed spacer (ITS) sequences of the
specimen were compared with sequences in GenBank, using
Blastn to determine identity levels. To create a phylogenetic
tree of Daldinia species, we used MEGA 5 software (www.
megasoftware.net) and the neighbor-joining method with
1000 bootstrap repetitions, using Hypoxylon fragiforme (Pers.)
J. Kickx f. (AY616690) as the outgroup.
Mycelial growth was evaluated at 20, 25, 30, 35 and 40
ºC. Culture discs (2 mm diameter) were transferred to Petri
dishes (9 cm diameter) containing malt extract-peptone agar
[MEPA: malt extract 3% (Becton Dickison®, Franklin Lakes,
NJ, USA), peptone 0.3% (Acumedia®), Lansing, Michigan,
USA, agar 1.5%, (Becton Dickison®), Franklin Lakes, NJ,
USA]. The fragments were then incubated at the respective
temperatures until a colony of one treatment reached the
edge of its Petri dish. Colony diameters were measured using
calipers, and the mycelial mass was quantified by melting the
medium in a microwave (Vargas-Isla and Ishikawa 2008). Five
replicates were made at each temperature.
Discs of mycelium grown on PDA were transferred to 250
mL Erlenmeyer flasks with liquid malt extract-peptone (MEP)
medium [100 mL of 3% malt extract (Becton Dickinson®,
Franklin Lakes, NJ, USA), and 0.3% peptone (Acumedia®),
Lansing, Michigan, USA]. The flasks were incubated at the
respective experimental temperatures for 15 days, with six
replicates. Later, the mycelial mass was separated by filtration
and dried at 105 °C to obtain a constant dry mass.
The experimental design was randomized with five
treatments (20, 25, 30, 35 and 40 ºC) and six replicates. The
data were analyzed using an analysis of variance (ANOVA)
and the F-test, and averages were analyzed using Tukey´s test
at 5% probability.
Mycelial growth was tested on the following culture
media: potato dextrose [PD: 200 g potato, 20 g dextrose
(Nuclear®, Diadema, SP, Brazil), and distilled water to yield a
1000 mL final volume]; MEP and minimum medium (MM;
Pontecorvo et al. 1953). PDA mycelium discs were transferred
to 250 mL Erlenmeyer flasks with 100 mL of each respective
medium and maintained at 30 ºC for 15 days. The mycelial
mass were then filtered and dried at 105 °C to obtain constant
dry mass.
The experimental design was randomized with three
treatments (PD, MEP and MM) and five replicates. The data
were analyzed using an ANOVA and the F-test, with averages
analyzed using Tukey´s test at 5% probability.
The Daldinia specimen was deposited in the INPA
Herbarium (INPA 229859), and the PDA culture was
deposited at the INPA Coleção de Microrganismos de
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Interesse Agrossilvicultural. The ITS1 sequence from the 5.8S
rRNA gene was deposited in the EMBL Nucleotide Sequence
Database as FR848485.

RESULTS AND DISCUSSION
Taxonomy
Although more than 80 species of Daldinia are listed in
the Index Fungorum (CABI 2012), this genus has only 25
valid species (Stadler et al. 2004) and is characterized by the
formation of blackish or colored stromata that are 3–5 cm
in diameter and varying shapes, with the tissue below the
perithecial layer composed of alternating zones (Guzmán
1977; Ju et al. 1997).
According Pereira et al. (2010), only four Daldinia species
have been reported in Brazil: D. caldariorum Henn., D. clavata
Henn., D. concentrica, and D. eschscholtzii (Ehrenb.) Rehm.
Daldinia caldariorum, D. concentrica and D. eschscholtzii were
reported in Amazonas State, with D. caldariorum and D.
concentrica in the municipality of Aripuanã and D. eschscholtzii
in the municipality of Manicoré (Silveira and Rodrigues
1985). Daldinia clavata was reported in Santa Catarina State
in 1892, in the municipality of Blumenau (Ju et al. 1997).
The key below shows how the species differ.

Key to Daldinia spp. reported in Brazil (according to
Ju et al. 1997)
1. Stromata cylindrical to somewhat clavate; Perithecia
obovoid, 0.3–0.5 mm diam × 0.6–1 mm high; Ascospores
8–11.5 × (3.5–) 4–5.5 µm, straight germ slit spore-length,
perispore dehiscent in 10% KOH ................ D. clavata
1. Stromata turbinate, placentiform, spherical, or
depressed-spherical ................................................ 2
2. Perithecia obovoid, 0.2–0.5 mm diam × 0.5–0.8 mm
high; Ascospores 8–11 (–12) × 4–5.5 µm, straight
germ slit spore-length, perispore indehiscent in 10%
KOH ........................................... D. caldariorum
2. Perithecia tubular ............................................. 3
3. Perithecia 0.3–0.5 mm diam × 1–2 mm high; Asci
210–250 × 8–11 µm; Ascospores 13–17 × 6–7.5 µm,
with slightly sigmoid germ slit spore-length on convex
side .................................................... D. concentrica
3. Perithecia 0.3–0.4 mm diam× 1–1.5 mm high; Asci 160–
195 × 7–9 µm; Ascospores 10–14 (–15.5) × 5–6.5 µm,
straight germ slit spore-length................. D. eschscholtzii

Daldinia eschscholtzii (Ehrenb.: Fr.) Rehm, Ann.
Mycol. 2: 175. 1904.
Stromata placentiform to hemispherical, sessile, solitary,
smooth, 3–6 cm diam × 1–3 cm high; surface brown
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vinaceous; without apparent KOH-extractable pigments;
the tissue between perithecia brown; the tissue below the
perithecial layer composed of alternating zones, the darker
zones dark brown, 0.2 mm thick, the lighter zones gray,
persistent, 0.4 mm thick. Perithecia tubular, 0.3–0.4 mm
diam × 1–1.2 mm high. Ostioles obsolete. Asci 165–189 ×
7–8.5 µm, with apical ring bluing in Melzer’s iodine reagent,
discoid, 0.5 µm high × 2 µm broad. Ascospores dark brown,
unicellular, ellipsoid-inequilateral, 10.5–12 × 5–6 µm, with
straight germ slit spore-length on convex side; perispore
dehiscent in 10% KOH, smooth.

Specimen examined, Brazil: Amazonas, Manaus,
National Institute of Amazonian Research (INPA)
17.V.2008, leg. K.T. Yuyama and N.K. Ishikawa, on
undetermined dead wood (INPA 229859).
Notes: Daldinia eschscholtzii was first reported in the
Philippines (as D. eschscholtzii) and considered a pantropical
species (Ju et al. 1997). Daldinia eschscholtzii presents
similarities with D. concentrica, but differs by having a
straight vs. sigmoid germ slit, smaller ascospores (10.5–12 ×
5–6 µm vs. 13–17 x 6–7.5 µm), and a stromatal surface with
unpapillate ostioles vs. slightly papillate, and KOH-extractable
pigments not seen vs. KOH-extractable pigments lively to dark
purple (Ju et al. 1997; Stadler et al. 2004). Van der Gucht
(1993) reported the ascospore perispore of D. eschscholtzii
with coil-like ornamentation vs. smooth in D. concentrica,
and sporulating gray region in the first and ochraceous in
the second.

Phylogenetic analysis
A comparison of ITS sequences of ribosomal DNA
(rDNA) from the studied specimen of D. eschscholtzii with
those of GenBank specimens showed high similarity (99%),
corroborating the morphological identification. Figure 2
shows that the groupings of Daldinia species were consistent,
with high bootstrap values, indicating a high reliability
correlation.
Two clades were observed in the phylogenetic tree: one
comprised of D. caldariorum, D. clavata and D. eschscholtzii
and the other of D. loculata (Lév.) Sacc., D. concentrica, D.
fissa, D. decipiens Wollw. & M. Stadler, D. petriniae Y.M. Ju,
J.D. Rogers & F. San Martín and D. childiae J.D. Rogers &
Y.M. Ju (H. fragiforme outgroup).
Hsieh et al. (2005) cited the close relationship between
Daldinia and Hypoxylon Bull., as they are both Xylariaceae,
have well-developed stromata with multiple immersed
perithecia, and show apical ring bluing in Melzer’s iodine
reagent. However, Daldinia has concentric zones in the
stromata, whereas the zone in Hypoxylon is homogeneous
(Hsieh et al. 2005). According to Ju et al. (1997), the
concentric zones in Daldinia are an adaptation to store water.
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The D. eschscholtzii isolate studied showed growth at
20–40 ºC, with better radial growth at 35 ºC in MEPA
medium (Figure 3). However, the greatest mycelial mass was
obtained at 25 and 30 ºC in MEPA medium (Figure 4). In
MEP medium, the best biomass results were obtained at 25

and 30 ºC (Figure 5). Considering all three evaluations, the
ideal temperature for mycelial growth appears to be 30 ºC.
Daldinia caldariorum showed similar results in PDA medium
(Ng et al. 2010).
In D. concentrica, Boddy et al. (1985) observed the best
mycelial growth at 25–30 ºC, with growth ceasing at 35 ºC.
However, the isolate which we studied grew until 40 ºC.
As an additional test, colonies of D. eschscholtzii that had
been cultivated in Petri dishes for three days at 25 ºC were then
cultured at 45 ºC for two days, and then brought again to 25
ºC. Growth halted under these conditions, but the cultures

Figure 2 - Phylogenetic tree showing relationship between Daldinia
eschscholtzii from Brazilian Amazon (FR848485) and other Daldinia species.

Figure 4 - Dried mycelial mass of Daldinia eschscholtzii cultivated in malt
extract-peptone agar (MEPA) medium for seven days at different temperatures.
Columns with the same letters did not differ significantly (Tukey's test, P <
0.05). Average of five replicates. Bars = standard deviation.

Figure 3 - Diameter of Daldinia eschscholtzii cultivated in malt extract-peptone
agar (MEPA) medium for seven days at different temperatures. Columns with
the same letters did not differ significantly (Tukey's test, P < 0.05). Average
of five replicates. Bars = standard deviation.

Figure 5 - Dried mycelial mass of Daldinia eschscholtzii cultivated in malt
extract-peptone (MEP) medium for 15 days at different temperatures. Columns
with the same letters did not differ significantly (Tukey's test, P < 0.05). Average
of six replicates. Bars = standard deviation.

Although not in the same branch, the isolated specimen
FR848485 was closer to isolates from D. eschscholtzii
(AB284189 and GU199418), with a bootstrap value of
96, reinforcing the results obtained in the macro- and
micromorphological analysis.

Mycelial growth
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et al. (1997). Stromata measuring 0.5–1 cm were produced
in PD medium (Figure 7), and concentric zones were seen.
According to Ju et al. (1997), D. caldariorum, D. clavata, and
D. eschscholtzii also produce stromata in vitro.

CONCLUSIONS
The specimen studied was identified as D. eschscholtzii.
It showed the highest biomass growth in PD medium and
mycelial growth between 20-40 ºC (optimum 30 ºC).
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