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Introduction

Phaeoacremonium W. Gams, Crous & M.J.
Wingfield species, Phaeomoniella chlamydospora
(W. Gams, Crous, M.J. Wingfield & L. Mugnai)
Crous & W.Gams (Crous & Gams, 2000) and white-
rot fungi are associated with a decline of mature
grapevines (Mugnai et al., 1996; Larignon and
Dubos, 1997; Mugnai et al., 1999) called esca, while
P. chlamydospora and P. aleophilum are associat-
ed with Petri disease, a decline affecting young
vines. Phaeomoniella chlamydospora has a number
of morphologically distinct characters that make
it easy to identify. Identifying species within Phaeo-
acremonium based on morphology can be difficult,
which led the authors to consider other possible
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characters. Mugnai et al. (1999) showed that P.
chlamydospora and P. aleophilum produced trace
amounts of ligninolytic enzymes in the peroxidase
family. Mugnai et al. (1999) reported that isolates
of the white-rot basidiomycetes Fomitiporia punc-
tata (Fr.) Murrill (= F. mediterranea M. Fischer)
and Stereum hirsutum (Willd. : Fr.) S. F. Gray could
be isolated from esca-diseased grapevines at dif-
ferent stages of wood decay. Fischer (2002) showed
that European isolates, included under the name
F. punctata from grape, were a distinct species, F.
mediterranea.

White-rot fungi produce four families of oxida-
tive enzymes involved in lignin degradation. They
are: lignin peroxidase (LiP), laccase, manganese-
independent peroxidase (MIP), and manganese-
dependent peroxidase (MnP) (Moreira et al., 1999).
MnP oxidizes Mn (II) to Mn (III), which then acts
as a diffusible agent that can oxidize lignin moie-
ties (Glenn and Gold, 1985). Manganese sulfate-
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amended agar plates can be used to assay for man-
ganese-dependent peroxidase because oxidized
manganese will form a brown pigment or black
crystals of Mn dioxide in vitro (Glenn and Gold,
1985; Otrosina and Illman, 1994).

The objectives of this study were to determine
the ability of Phaeomoniella chlamydospora and
Phaeoacremonium spp. to oxidize Mn in vitro and
to assess its taxonomic usefulness. In addition, un-
derstanding of the type of peroxidase enzyme pro-
duced by Phaeomoniella chlamydospora and Phaeo-
acremonium spp. could provide insight into the
ecological role these fungi play in Petri disease and
esca.

Materials and methods
Identification of fungal strains

The ITS rDNA region was re-sequenced from
the following ‘ex-type’ cultures of Phaeoacremoni-
um: P. angustius, CBS 249.95 contaminated by P.
aleophilum (Mostert et al., 2005); P. rubrigenum
W. Gams, Crous & M.J. Wingfield, CBS 498.94; P.
aleophilum, CBS 246.91; P. viticola J. Dupont, CBS
101738; P. inflatipes W. Gams, Crous & M.J. Wing-
field, CBS 391.71; P. parasiticum (Ajello, Georg &
C.J.K. Wang) W. Gams, Crous & M.J. Wingfield,
CBS 860.73; P. mortoniae Crous & W. Gams, CBS
101585. Additional isolates were obtained from a
vine decline survey of the Northeast USA from
Pennsylvania (PA) and New York (NY) (Stewart
and Wenner, 2004) and identified to species using
standard morphology and ITS rDNA sequences.
Isolates are numbered in the order they were es-
tablished in pure culture from the survey with the
collector’s initials, Elwin L. Stewart (ELS). The
isolates used and species identifications follow: P.
angustius s.s., ELS316; P. rubrigenum, ELS322; P.
aleophilum, ELS287; P. mortoniae s.l., ELS170,
ELS285; Phaeomoniella chlamydospora, ELS178.
ITS rDNA sequence data was generated following
the protocols outlined in Stewart et al. (1999) and
Chaverri et al. (2001) and can be provided upon
request. Isolates of Stereum hirsutum (HHB-4401-
Sp) and Fomitiporia punctata (FP-133888-3p) from
North America were obtained from the culture col-
lection at the Forest Products Laboratory (FPL),
Madison Wisconsin. The ITS rDNA region was not
sequenced from the basidiomycetes used in this
study.

Manganese assay

Isolates were grown on Difco potato dextrose
agar (PDA) amended with the following concentra-
tions of Mn sulfate, FW 151 (Sigma, Cat. # M-7634,
St. Louis, MO, USA): Control (no Mn sulfate); 22
ppm (22 mg MnSO4 l-1); 80 ppm (80 mg MnSO4 l-1);
100 ppm (100 mg MnSO4 l-1); 300 ppm (300 mg
MnSO4 l-1); 1000 ppm (1 g MnSO4 l-1); 2000 ppm (2
g MnSO4 l-1); 3000 ppm (3 g MnSO4 l-1); 4000 ppm
(4 g MnSO4 l-1); 5000 ppm (5 g MnSO4 l-1); 6000
ppm (6 g MnSO4 l-1). Cultures were grown at room
temperature for 20 d, alternating 12 hours in dark-
ness, and 12 hours under cool fluorescent light. The
assay was replicated twice. Positive results were
recorded when isolates produced black crystals on
MnSO4 amended media or when isolates turned
MnSO4 amended media a rust color outside of the
area delimited by hyphal growth. Intermediate
reaction types and reduction in fungal growth on
the MnSO4 amended media were also noted.

Results and discussion

Phaeomoniella chlamydospora did not oxidize
Mn in vitro and showed reduced growth (RG) at
3000 and 4000 ppm Mn sulfate and no growth (NG)
at higher concentrations. The Fomitiporia puncta-
ta isolate showed RG at 300 ppm Mn sulfate and
NG at higher concentrations. Fomitiporia puncta-
ta produced such copious amounts of a dark brown
pigment on both the control and Mn sulfate-amend-
ed plates that it was not possible to observe Mn
oxidation. Stereum hirsutum and all Phaeoacremo-
nium species tested (Table 1) were Mn-tolerant and
grew well at all concentrations of Mn used in this
study. Stereum hirsutum, P. viticola and P. angus-
tius s.s (ELS316) oxidized Mn in vitro (Table 1).
Stereum hirsutum formed a brown pigment on all
plates amended with Mn sulfate. Phaeoacremoni-
um viticola and P. angustius s.s. produced black
crystals putatively of Mn dioxide on plates amend-
ed with Mn sulfate 20–30 days after inoculation.
The ITS rDNA sequence of isolate ELS316 was
identical to the original sequence deposited by
Groenewald et al. (2001) in GenBank for P. angus-
tius. Crystal formation for P. viticola and P. angus-
tius was reduced on agar plates amended with the
22 ppm, 80 ppm, and 100 ppm Mn sulfate. The ‘ex-
type’ culture of P. aleophilum did not oxidize Mn in
vitro. The ‘ex-type’ culture of P. angustius CBS
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249.95 did not oxidize Mn and re-sequencing of the
ITS rDNA from this ‘ex-type’ produced a sequence
that matched the ‘ex-type’ of P. aleophilum, which
is consistent with findings of other researchers that
the ‘ex-type’ of P. angustius, CBS 249.95, has been
contaminated over time with P. aleophilum. There-
fore, isolate ELS316 is P. angustius s.s and man-
ganese oxidation can be used to differentiate this
species from P. aleophilum. The ‘ex-type’ culture of
P. mortoniae did not oxidize Mn, but isolates
ELS170 and ELS285 (P. mortoniae s.l., 3 base pairs
different from the ‘ex-type’), obtained from the sur-
vey, had an intermediate reaction on plates amend-
ed with Mn sulfate, producing a brown pigment
near the hyphal tips. It is possible that isolates
ELS170 and ELS285 (P. mortoniae s.l.) represent
an undescribed species given the variation in the
ITS rDNA region (Stewart, unpublished) and their
response to Mn sulfate-amended media. All other
Phaeoacremonium species sampled were negative
for Mn oxidation. Photographs showing the reac-
tions on manganese can be found at http://
grape.cas.psu.edu. The differential responses of
Phaeomoniella (Mn-intolerant) and Phaeoacremo-
nium (Mn-tolerant), as well as the differential re-
sponse within the genus Phaeoacremonium (oxi-

dizing species vs. non-oxidizing species) suggests
that Mn sulfate-amended media could be used as
a taxonomic character, or an initial screen for
grouping isolates as they are obtained from the
field. Black oxidized Mn can easily be visualized
in the oxidizing Phaeoacremonium species at 20
days on 3000 ppm Mn sulfate-amended media, and
growth on PDA amended with 3000 ppm Mn sul-
fate can easily distinguish isolates of Phaeomo-
niella (reduced growth) from Phaeoacremonium.
However, many more isolates from different geo-
graphical locations must be sampled before estab-
lishing this assay as a standard practice in taxo-
nomic studies.

Mugnai et al. (1999) suggested that Petri dis-
ease fungi are thought to prepare the wood for col-
onization by Fomitiporia punctata (= F. mediterra-
nea). Based on our results, two species of Phaeoa-
cremonium spp., P. viticola and P. angustius s.s.
have a Mn-dependent peroxidase or MnP-like per-
oxidase while the other species tested in this ge-
nus are Mn- tolerant. Phaeomoniella chlamydospo-
ra did not oxidize Mn in vitro and was relatively
Mn-intolerant, suggesting a lack of MnP. Stereum
hirsutum has a well-characterized Mn-dependent
peroxidase involved in lignin degradation (Morei-

Table 1.  Manganese oxidation in esca fungi. Formation of brown pigment or black crystals indicates positive reac-
tion or oxidation of Mn (II) to Mn (III) (1), negative reactions are scored as (0), uncertain reactions (0/1); reduced
growth (RG); no growth (NG).

Mn sulphate concentration (ppm)

                          Fungal species Control 22 80 100 300 1000 2000 3000 4000 5000 6000(no Mn)

Stereum hirsutum HHB-4401-Sp 0 1 1 1 1 1 1 1 1 1 1
Fomitiporia punctata FP-133888-3p 0 0/1 0/1 0/1 RG RG NG NG NG NG NG
Phaeoacremonium angustius CBS 249.95 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium angustius ELS316 0 1 1 1 1 1 1 1 1 1 1
Phaeoacremonium rubrigenum CBS 498.94 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium rubrigenum ELS322 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium aleophilum CBS 246.91 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium aleophilum ELS287 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium viticola CBS 101738 0 1 1 1 1 1 1 1 1 1 1
Phaeoacremonium inflatipes CBS 391.71 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium parasiticum CBS 860.73 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium mortoniae CBS 101585 0 0 0 0 0 0 0 0 0 0 0
Phaeoacremonium mortoniae ELS170 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
Phaeoacremonium mortoniae ELS285 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
Phaeomoniella chlamydospora ELS178 0 0 0 0 0 0 0 RG RG NG NG
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ra et al., 1999). Based on this assay, S. hirsutum is
Mn-tolerant, and able to oxidize Mn in vitro. Fomi-
tiporia punctata was also Mn-intolerant. It is pos-
sible that F. mediterranea responds differently to
manganese than F. punctata and manganese as-
says using strains of F. mediterranea from Europe
should be evaluated. Collectively, these observa-
tions raise questions regarding the ecological in-
teraction between the fungi involved in the esca
disease complex, especially with regard to the mode
of lignin degradation.

Acknowledgements

This research was supported by grant funds
from the Pennsylvania Department of Agriculture
(ME# 443256), the Pennsylvania Wine Marketing
and Research Board (ME# 443448, ME# 444468),
and the Viticulture Consortium East. We are grate-
ful to Dr. Harold Burdsall Jr. for the cultures of
Stereum hirsutum and Fomitiporia punctata.

Literature cited

Chaverri P., G.J. Samuels and E.L. Stewart, 2001. Hypo-
crea virens sp. nov., the teleomorph of Trichoderma vi-
rens. Mycologia 93, 1113–1124.

Crous P.W. and W. Gams, 2000. Phaeomoniella chlamy-
dospora gen. et comb. nov., a causal organism of Petri
grapevine decline and esca. Phytopathologia Mediter-
ranea 39, 112–118.

Fischer M., 2002. A new wood-decaying basidiomycete spe-
cies associated with esca of grapevine: Fomitiporia me-
diterranea. Mycological Progress 1(3), 299–313.

Glenn J.K. and M.H. Gold, 1985. Purification and charac-
terization of an extracellular Mn (II)-dependent perox-
idase from the lignin-degrading basidiomycete, Phane-
rochaete chrysosporium. Archives of Biochemistry and
Biophysics 242, 329–341.

Groenewald M., J. Kang, P.W. Crous and W. Gams, 2001.
ITS and β-tubulin phylogeny of Phaeoacremonium and
Phaeomoniella species. Mycological Research 105, 651–
657.

Larignon P., B. Dubos, 1997. Esca of grapevine: a disease
in grapevine. European Journal of Plant Pathology 103,
147–157.

Mostert L., J.Z. Groenewald, W. Gams, R.C. Summerbell,
V. Robert and P.W. Crous, 2005. Delimitation of new
species in Phaeoacremonium and the development of
an identification system. Phytopathologia Mediterranea
44, 84 (abstract).

Moreira M.T., G. Feijoo, R. Sierra-Alverez and J.A. Field,
1999. Reevaluation of the manganese requirement for
the biobleaching of kraft pulp by white-rot fungi. Bi-
oresource Technology 70, 255–260.

Mugnai L., Surico G., A. Esposito, 1996. Micoflora associa-
ta al mal dell’esca della vite in Toscana. Informatore
Fitopatologico 11, 49–55.

Mugnai L., A. Graniti and G. Surico, 1999. Esca (black
measles) and brown wood streaking: two old and elu-
sive diseases of grapevines. Plant Disease 83, 404–414.

Otrosina W.J. and B.L. Illman, 1994. In vitro response of
Heterobasidion annosum to manganese. In: Proceedings
4th Southern Station Chemical Sciences Meeting, Stark-
velle, MS, USA, 38–41.

Stewart E.L. and N.G. Wenner, 2004. Grapevine decline in
Pennsylvania and New York. Wine East, July–August,
32(2), 12–21, 51.

Stewart E.L., Z. Liu, P.W. Crous and L.J. Szabo, 1999. Phy-
logenetic relationships among some cercosporoid an-
amorphs of Mycosphaerella based on rDNA sequence
analysis. Mycological Research 103, 1491–1499.

Accepted for publication: January 24, 2006


