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ABSTRACT

This study is the first to report the occurrence and ecological characteristics of Gnomoniopsis smithogilvyi on Madeira
Island. The European chestnut (Castanea sativa) has been cultivated on the island since the 15th century and remains
economically important. However, chestnut production is increasingly threatened by chestnut blight, caused by
Cryphonectria parasitica, and by pests such as the chestnut gall wasp (Dryocosmus kuriphilus), which attacks plants of
the Castanea genus. In recent years, G. smithogilvyi has emerged as a significant pathogen associated with nut rot, bark
cankers, and necroticlesions. Here, we assessed the microfungal communities associated with active C. parasitica cankers
and D. kuriphilus galls, with a focus on detecting G. smithogilvyi. Surveys conducted in two chestnut groves (Jardim da
Serra and Curral das Freiras) yielded 210 samples and 194 fungal isolates, primarily from the phylum Ascomycota.
The most abundant families were Cryphonectriaceae (61.9%), Graphostromataceae (9.8%), and Gnomoniaceae (7.2%).
G. smithogilvyi was identified in 14 isolates; 10 of these were characterized morphologically and confirmed through
ITS and TEFI1-a gene sequencing. Phylogenetic analysis of the ITS region revealed high genetic similarity among the
Madeiran isolates. The detection of G. smithogilvyi in both cankers and galls suggests it may persist in chestnut tissues
as an endophyte.
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RESUMO

O castanheiro europeu (Castanea sativa) é cultivado na Ilha da Madeira desde o século XV, tendo um papel relevante
na economia regional. No entanto, a producao de castanha esta ameagada por doengas como o cancro do castanheiro
(Cryphonectria parasitica) e por pragas como a vespa-das-galhas-do-castanheiro (Dryocosmus kuriphilus). Nos tltimos
anos, Gnomoniopsis smithogilvyi surgiu como um patdgenio emergente, responsavel pela podridao da castanha,
cancros da casca e lesdes necrdticas. Este estudo teve como objetivo avaliar as comunidades de microfungos
presentes em cancros ativos de C. parasitica e galhas induzidas por D. kuriphilus, bem como detetar a ocorréncia de
G. smithogilvyi nesses tecidos. Foram realizados levantamentos em dois soutos (Jardim da Serra e Curral das Freiras),
onde se recolheram 210 amostras, das quais resultaram 194 isolados fiingicos, maioritariamente pertencentes ao filo
Ascomycota. As familias mais abundantes foram Cryphonectriaceae (61,9%), Graphostromataceae (9,8%) e Gnomoniaceae
(7,2%). G. smithogilvyi foi identificado em 14 isolados, sendo 10 analisados morfologicamente e por sequenciagao dos
genes ITS e TEF1-a, confirmando a sua identidade. A analise filogenética dos ITS revelou elevada proximidade entre os
isolados madeirenses. A detegao de G. smithogilvyi tanto em cancros ativos como em galhas sugere que o fungo podera
estar presente no castanheiro como enddfito.

Palavras-chave: Castanheiro, Microfungos, Gnomoniaceae, Endéfitos
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INTRODUCTION

The European chestnut (Castanea sativa Mill.) has
been cultivated on Madeira Island since the early
15th century and remains a crop of considerable
cultural and economic importance (Jesus & Car-
valho, 2018). Chestnut groves are widely distribut-
ed across the island, particularly in the municipal-
ities of Camara de Lobos and Ribeira Brava, where
they occupy light, well-drained but nutrient-poor
soils along steep valleys and forested slopes (Jesus
& Carvalho, 2018). Madeira, a volcanic archipelago
in the North Atlantic (32-33° N, 16-17° W), forms
part of the Macaronesian region and displays
strong Mediterranean affinities (Pombo & Car-
valho, 2019). Madeira Island’s rugged topography,
with approximately 90% of its area above 500 m,
and agricultural land primarily located on slopes
ranging from 16% to 25%, further shapes the eco-
logical distribution and management of chestnut
cultivation (European Commission, 2025). On Ma-
deira Island, chestnut trees are affected by vari-
ous diseases, with chestnut blight (Cryphonectria
parasitica (Murr.) Barr.) being the most significant,
resulting in production losses and tree mortality
(Sardinha, 2018). In addition to diseases, chestnut
production is also impacted by attacks from key
pests, such as the chestnut moth (Cydia splendana
(Htibner)) and the chestnut gall wasp (Dryocosmus
kuriphilus Yasumatsu) (Aguiar et al., 2018). Due to
the damage, it causes, C. splendana is considered an
important pest, and the percentage of chestnuts in-
fested by the insect can exceed 40% of production
(Pombo et al., 2018). The chestnut gall wasp was ac-
cidentally introduced to the island of Madeira be-
tween 2010 and 2013 and is now widespread across
the island (Aguiar et al., 2022).

On the island of Madeira, chestnut cultivation is
essentially for self-consumption, and to date, no
cases of chestnut rots have been reported. In pros-
pecting studies on diseased chestnut trees on the
island, Sardinha et al. (2018) mention the isolation
of the ascomycete fungi Phoma sp. and Phomopsis
sp. Fungi identified as Phoma endogena or Phomop-
sis castanea were previously identified as causal
agents of chestnut rot (Visentin et al., 2012; Maresi
et al.,, 2013). Currently, several studies have shown
that the causal agent of disease is the fungus Gno-
moniopsis castaneae Tamietti (syn. Gnomoniopsis

smithogilvyi L.A. Shuttlew., E.CY. Liew & D.L
Guest) (Crous et al., 2012; Visentin et al., 2012). How-
ever, some authors suggest that this species may
be synonymous with Phoma endogena (Maresi et al.,

2013), a name used in taxonomy since 1879 (Nico-
letti et al., 2021).

Gnomoniopsis smithogilvyiis a significant and emerg-
ing pathogen of Castanea species, with a wide dis-
tribution across several continents, including Eu-
rope, Asia, Australia, and North America (Lione
et al., 2019; Dobry & Campbell, 2023). In chestnut
trees, the symptoms caused by this pathogen in-
clude nut rot, bark cankers, and necrosis on leaves
and galls (Vannini et al.,, 2017; Lione et al., 2019).
The infected fruits exhibit brown discoloration of
the endosperm and tissue rot, and sometimes the
kernel becomes dehydrated, which is characteris-
tic of brown chestnut rot (Lione ef al., 2019; Dobry
& Campbell, 2023). Nut rot caused by this fungus
occurs both in pre-harvest and post-harvest, and
in some countries, the incidence of the disease can
exceed 90% (Lione et al., 2019). In continental Por-
tugal, G. smithogilvyi has been detected in chest-
nut groves of the Tras-os-Montes region since 2017
(Coelho & Gouveia, 2021). Genetic analyses have
revealed a high degree of similarity between Por-
tuguese isolates and those from other continents
(Possamai et al., 2023). Given the frequent commer-
cial and plant material exchanges between Madei-
ra and mainland Portugal, particularly for chest-
nut propagation and fruit trade, this region likely
represents the most probable source of G. smithogil-
vyi introduction to the island.

In chestnuts, G. smithogilvyi is not only a fruit
pathogen. The fungus also acts as a canker agent
on branches, can be associated with leaf necro-
sis, or can be present on galls induced by D. ku-
riphilus (Dar & Rai, 2015; Lione et al., 2016). Addi-
tionally, the bark cankers caused by the fungus
exhibit symptoms very similar to those of blight
cankers caused by Cryphonectria parasitica (Sed-
daiu et al.,, 2017). On the other hand, this fungus
is also a common endophyte of chestnut and is
frequently isolated from asymptomatic flowers,
leaves, branches, and developing fruit (Coelho et
al., 2023; Dobry & Campbell, 2023), another study
by Dobry et al. (2023) shows that Gnomoniopsis cas-
taneae can induce canker symptoms not only in

Yussif et al., Identifying and characterizing Gnomoniopsis smithogilvyi 45



chestnut species but also in Quercus rubra (red oak)
seedlings. In Portugal, a study by Possamai et al.
(2023) found that G. smithogilvyi isolates exhibit a
high degree of genetic similarity in the ITS region
with isolates from other regions, such as Austra-
lia, Chile, and Switzerland. This finding suggests
that the fungus has long existed as an endophyte
throughout the chestnut’s world area. The dual
lifestyle of this fungus, as both an endophyte and
a pathogen, suggests that it may have long existed
within chestnut tissues and that environmental or
host-related factors could trigger its pathogenic be-
havior (Lione et al., 2019; Dobry & Campbell, 2023;
Maresi et al., 2013).

The aim of this study was (1) to assess the micro-
fungi communities inhabiting active chestnut bark
blight cankers and in galls induced by chestnut
gall wasp on chestnuts from Madeira Island, and
(2) to assess the occurrence of G. smithogilvyi in
chestnut bark canker tissues and galls.

MATERIALS AND METHODS

Study sites and sample collection

In order to access information on the microfungi
community on C. parasitica cankers in chestnut
stands on Madeira Island (Portugal), a survey was
conducted in October 2022, and two orchards were
selected. One orchard was located in Jardim da Ser-
ra (32°41'34” N, 16°5937” W; 800 m a.s.l.), and the
other in Curral das Freiras (32°43'57” N, 16°58'5"
W; 600 m a.s.l.), both belonging to the Camara de
Lobos municipality (Madeira).

Sampling was performed in Jardim da Serra in six
selected chestnut trees with visible C. parasitica
cankers, and in Curral das Freiras, 27 trees were
selected. To obtain microfungi, the tissues were
collected at six random points in the inner area of
each canker using a T-Lok™ puncture biopsy nee-
dle (Jorgensen Laboratories, Inc.). An additional
six mature D. kuriphilus galls were collected from
two chestnuts in Curral das Freiras. The samples
were placed into “snap-lock” plastic bags, trans-
ported to the laboratory, and properly processed.
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MICROFUNGI ISOLATION

In the laboratory, samples were disinfected by
immersion in 50% (v/v) alcohol for 3 minutes. The
samples were then placed on absorbent paper,
passed through the flame to remove any excess
alcohol, and placed in Petri dishes (90 mm in di-
ameter) with PDA (Potato Dextrose Agar - Difco,
39 gr/L) culture medium. Plates were incubated in
a “Memmert IN55” incubator (Memmert Gmbh +
Co.KG, Germany) at 25+2°C in the dark and were
daily observed for microbial growth. Single colo-
nies were transferred to new PDA plates to obtain
pure isolates, and these isolates were grouped into
homogeneous operational taxonomic units (OTUs)
for subsequent morphological and molecular
identification.

The pure cultures of each fungus were preserved
in PDA, kept at 4°C, and then deposited in the fun-
gal collection of the Laboratory of Plant Protection
at Instituto Politécnico de Braganga (Portugal).

Identification of fungal species

DNA was extracted from fungal cultures using
the DNeasy Plant Mini Kit (QIAGEN) and the RE-
DExtract-N-Amp™ Plant PCR Kit (Sigma-Aldrich),
following the manufacturers’ instructions. The
internal transcribed spacer (ITS) region of ribo-
somal DNA (ITS1, 5.8S, ITS2) was amplified using
the universal primers ITS1 and ITS4 (White et al.,
1990). PCR products were sequenced by Stabvi-
da Laboratories (Caparica, Portugal), and the ob-
tained sequences were compared with reference
sequences available in the GenBank database
using the BLAST tool (https://blast.ncbi.nlm.nih.
gov/) to obtain the accession numbers listed in
Table 1. Taxonomic identification of each isolate
was confirmed according to the MycoBank Data-
base (https://www.mycobank.org/). Morphological
characteristics, including color, mycelia formation,
colony appearance, colony margin, conidia, and
growth rate, were also examined to support mo-
lecular identification.



Morphological characterization of the
Gnomoniopsis smithogilvyi isolates

The growth of G. smithogilvyi isolates was evaluat-
ed on PDA medium. A mycelial disk (5mm diame-
ter) from each isolate was placed at the centre of a
Petri dish containing 15 ml of PDA, and the plates
were incubated in a “Memmert IN55” incubator
(Memmert Gmbh + Co.KG, Germany) at 25 + 2°C
for six days. Four replicates were performed per
strain. Fungal growth was measured in two direc-
tions daily for six days, or until the colony reached
its maximum diameter. The diameters for the my-
celial growth were measured at two perpendicular
directions from the centre of the inoculum, and
the average values of these diameters were further
used. Mycelial growth data are presented as mean
+ standard deviation (mean * SD).

After six days, the Petri dishes were placed on a
laboratory bench at room temperature, and the
conidia formation was observed over the next 20
days. Conidia measurement was carried out when
the cultures were 20 days old. Conidiomata were
collected from the plate using a sterile loop and
then placed in an Eppendorf tube containing 0.1 mL
of distilled water and 0.1% Tween 80. The mixture
was homogenized by vortexing. A Pasteur pipette
was used to place a conidia suspension of each iso-
late onto a microscope slide, where conidia were
measured transversally and longitudinally under
a microscope at 400X magnification. For each iso-
late, 10 conidia were randomly selected for mea-
surement. Measures are expressed as mean * stan-
dard deviation (length x width).

Gnomoniopsis smithogilvyi isolates were also mor-
phologically identified based on their cultural
characteristics, including colony colour, mycelial
growth, and margin shape, after six days and 20
days of growth. Digital images were captured us-
ing a Canon EOS 1200D camera.

Molecular characterization of the Gnomoniopsis
smithogilvyi isolates

The species identification was initially performed
by amplifying and sequencing the rDNA inter-
nal transcribed spacer region (ITS). The isolates
of G. smithogilvyi were further characterized by

amplification and the sequencing of fragments
of the B-tubulin, utilizing the primers GsTUB-F
(5-ATCAACCCCTTCAGAGACGC-3") / GsTUB-R
(5-ACGTGAAGCTCAAGTACGCA-3) (Silva-Cam-
pos et al., 2022) and the gene encoding the trans-
lation elongation factor 1-a (TEFl-a): EF1-728F
(5'-CATCGAGAAGTTCGAGAAGG-3') / EF1-1199R
(5-GGGAAGTACCMGTGATCATGT  -3) (Den-
nert et al., 2015). The reactions for the elongation
factor gene and the (3-tubulin gene occurred in a
final volume of 25 uL in concentrations of 0.4 mM
dNTPs, 1X PCR buffer, 0.4 pM each of forward and
reverse primer, 1.5 mM MgCl,, 0.3 mg/ml BSA, 0.32
ug/uL DNA, 0.63 units Taq polymerase, and 16.12
uL H,O. The thermocycling conditions were set
using the following protocol: 94 °C, 2 min; 94 °C,
30 s; (50 °C-ITS and 56 °C for TEF1-a and p-tubu-
lin) 30 s; 72 °C, 1 min (35 cycles); 72 °C, 5 min. The
samples were sequenced by Stabvida Laboratories
(Caparica, Portugal). The sequences were aligned
with the NCBI Gene Bank database (http://www.
ncbi.nlm.nih.gov/) using the BLAST algorithm to
identify the species. The sequenced isolates were
deposited at the NCBI Gene Bank database to ob-
tain accession numbers (Table 1).

Table 1 - Gnomoniopsis smithogilvyi isolates under analysis

in this study
Isolates  Place Source Accession number
ITS TEF1 a
220F10 Curral das Freiras ~ Wasp galls PP859872 PP973491
220F11 Jardim da Serra Chestnut bark  PP859877 PP973492
220F12 Jardim da Serra Chestnut bark  PP859882 PP968831
220F14 Jardim da Serra Chestnut bark  PP859883 -
220F15 Curral das Freiras ~ Wasp galls PP860024 -
220F23 Curral das Freiras ~ Wasp galls PP860034 -
220F28 Curral das Freiras ~ Wasp galls - -
220F31 Curral das Freiras ~ Wasp galls PP860038 -
220F33 Jardim da Serra Chestnut bark  PP860574 -
220F41 Curral das Freiras ~ Wasp galls PP860576 -
- not deposited in GeneBank
Phylogenetic Analysis

The evolutionary history of the ITS region and the
TEF1-a gene was inferred using the Neighbor-Join-
ing method (Saitou & Nei, 1987). Initial tree(s) for
the heuristic search were obtained automatically
by applying Neighbor-Join and BioN]J algorithms to
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a matrix of pairwise distances estimated using the
Tamura-Nei model and then selecting the topology
with the superior log likelihood value. The tree is
drawn to scale, with branch lengths measured in
the number of substitutions per site. Evolutionary
analyses were conducted in MEGA12 (Kumar et al.,

Sequences of other known species of Gnomoniopsis
were included in the alignments, as well as TEF1-a
sequences obtained previously for G. smithogil-
vyi isolates. Reference sequences and respective
GenBank accession numbers are listed in (Table 2)
below.

2024), involving 1000 bootstrapped values.

Table 2 - Referenced isolates/strains and GenBank accession numbers for fungi assessed for this study

ID/ Isolate Country/ Locality Host/Tissue Year ITS TEF1-a Reference
NCBI-Accession Number
Outgroup taxa ~ Netherlands Euphorbia palustris 2007 EU199198 (Mejia et al., 2008)
CBS340.78
GU354016 (Mejia et al., 2011)
CBS130190 Australia Culture from 2018  NR166040 NA (Vuetal., 2019)
the holotype of
G. smithogilvyi
NZ11 New Zealand Nut of chestnut 2007 NA JQ791201 (Visentin et al., 2012)
BvCe29 Italy-Boves Branch of Chestnut 2008 NA JQ791203 (Visentin et al., 2012)
CH2 Switzerland-Biasca Nut of chestnut 2011 JQ898295 JQ791210 (Visentin et al., 2012)
CH3 Switzerland-Biasca Nut of chestnut 2011 JQ898296 JQ791211 (Visentin et al., 2012)
CH4 Switzerland-Cadenazzo  Nut of chestnut 2011 JQ898297 JQ791199 (Visentin et al., 2012)
FR France-Sisteron Nut of chestnut 2011 JQ898298 JQ791212 (Visentin et al., 2012)
CBS 130190 Australia Ascospore ondead 2009  JQ910642 JQ910645 (Shuttleworth et al., 2012)
burr of chestnut
CBS 130188 Australia Diseased kernel of 2008  JQ910643 JQ910646 (Shuttleworth et al., 2012)
chestnut
Ti4 Switzerland-Ticino Chestnut NA KP824750 KP824760 (Pasche et al., 2016)
Branch
Gel Switzerland Chestnut NA KP824754 KP824762 (Pasche et al., 2016)
-Geneva Branch
Gsl Portugal Nut of chestnut 2019  MW165483 MW170363 (Possamai et al., 2023)
Gs3 Portugal Nut of chestnut 2019 MW165485 MW170365 (Possamai et al., 2023)
RGM_2904 Chile Nut of chestnut NA MT413429 MT435531 (Possamai et al., 2023)
RGM_2903 Chile Nut of chestnut NA NA MT435530 (Possamai et al., 2023)
Rb7 Italy Castanea sativa 2010 HM142946 JQ791198 (Visentin et al., 2012)
M6EmB Italy NA NA JN793536 NA Unpublished
INDC(BSF)A India NA 2011  JQ268073 NA (Dar & Rai, 2015)
CBS 121477 New Zealand Castanea crenata 2007  EU254854 NA (Sogonov et al., 2008)
ICMP:14036 New Zealand Castanea sp 2010  KC145878 NA (Johnston & Park, 2010)
CFCC 52289 China Stems/branches of 2018  MG866035 NA Unpublished
Castanea mollissima
CFCC 52286 China Stems/branches of 2018  NR172278 NA Unpublished
Castanea mollissima
CFCC52286 China Chestnut canker 2018 NA MH545370 Unpublished
AR 4123 USA-Maryland Quercus rubra 2007  EU254813 NA (Sogonov et al., 2008)
AR 4313 voucher USA-Maryland Quercus falcata 2007 NA EU221934 (Sogonov et al., 2008)
BPI 877439
AR 4123 USA-Maryland Quercus rubra 2007  NA EU221882 (Sogonov et al., 2008)
AR 4160 voucher USA- North Carolina Quercus ilicifolia NA EU254816 NA (Sogonov et al., 2008)
BPI 877442
CBS 232.48 Belgium NA NA MH856320 NA (Vueet al., 2019)
GK1 Latvia Fragaria sp. /petioles NA EF212845 NA (Morocko & Fatehi, 2007)
FERA2023017932 United Kingdom Rubus armeniacus 2024  PQ049871 NA Unpublished
FERA2023019008 United Kingdom Rubus armeniacus 2024  PQ049868 NA Unpublished

NA- not applicable
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Data analysis

The mycelial growth and conidia size data were
first assessed for normality using the Shapiro-Wilk
test and for homogeneity of variances using Bart-
lett’s test. A one-way ANOVA was used to compare
the isolates. When significant differences were ob-
served (p < 0.05), the means were separated by the
Tukey HSD test (a = 0.05).

RESULTS

Description of the microfungi community

In this study, a total of 210 samples were collect-
ed, 36 from Jardim da Serra and 174 from Curral
das Freiras. From these, 194 fungal isolates were
obtained from all surveyed blight cankers and
galls, with 161 isolates originating from Curral das
Freiras and 33 from Jardim da Serra. Overall, 16
operational taxonomic units (OTUs) of microfungi
were identified. Of these, 15 were identified to the
species level and one to the genus level (Figure 1).

Fungal Species Abundance by Location

Family

D Aspergillaceae

. Botryosphaeriaceae
D Chaetomiaceae
. Cryphonectriaceae
D Cunninghamellaceae

Jardim da Serra Curral das Freiras
Pestalotiopsis cocculi |
Fimetariella rabenhorstii |
Cytospora cedri
Colletotrichum fioriniae
Absidia glauca
Umbelopsis isabellina

Cytospora diatrypelloidea D Cytosporaceae

|
|
| |
| |
| |
| I
I |
$ Chaetomium angustispirale | I . Diaporthaceae
'E Trichophaea abundans | [ D Glomerellaceae
& Neofusicoceum parvum | 1 . Gnomoniaceae
Others [ ! D Graphostromataceae
Trichoderma harzianum | I
Diaporthe amygdali | 1] . Hypocreaceae
Penicillium sp. | O D Lasiosphaeriaceae
Gnomoniopsis smithogilvyi I ] D Others
Biscogniauxia mediterranea | (] . Pestalotiopsidaceae
Cryphonectria parasitica [ [

Pyronemataceae

0 25 50 75 1000 25 50 75 100 .Umbe\nps\daceae
Number of Isolates

Figure 1 - The number of fungal isolates obtained in Jardim
da Serra and Curral das Freiras, classified into
families and species.

Four isolates remained unidentified due to the un-
successful sequencing of the PCR product.

The OTUs described in this study belonged to the
phylum Ascomycota and Mucoromycota. Ascomy-
cota was the most represented phylum, accounting
for 96.4% of isolates, while Mucoromycota account-
ed for 1.5%, and the remaining 2.1% was attributed

to other phyla. The Class Sordariomycetes showed
the highest percentage of OTUs (88.7% of the total
OTUs), including 10 families: Chaetomiaceae, Cry-
phonectriaceae, Cytosporaceae, Diaporthaceae, Glom-
erellaceae, Gnomoniaceae, Graphostromataceae, Hypo-
creaceae, Lasiosphaeriaceae, and Pestalotiopsidaceae,
followed by Class Eurotiomycetes with 4.6% of
OTUs from one family: Aspergillaceae. The most
abundant families were Cryphonectriaceae (61.9% of
total isolates), Graphostromataceae (9.8%), and Gno-
moniaceae (7.2%).

The genus Cytospora was represented by two spe-
cies, Cytospora cedri Syd., P. Syd. & E.J. Butler and
Cytospora diatrypelloidea G.C. Adams & M.]. Wingf,,
eachaccounting for 1.5% of the total isolates. Species
identification was based on morphological charac-
terization, supported by comparison with Cytospo-
ra isolates from the fungal collection of the Plant
Protection Laboratory (IPB), and by sequence anal-
ysis of the ITS region. However, it is acknowledged
that the ITS marker alone is insufficient for reliable
species-level discrimination within Cytospora, and
that additional, species-specific molecular markers
are required for precise identification. Cryphonec-
tria parasitica was the most represented species,
with 120 isolates representing 61.9% of the total
isolates, followed by Biscogniauxia mediterranea (De
Not.) Kuntze (9.8% of the total isolates) and Gnomo-
niopsis castaneae Tamietti (7.2% of the total isolates).

In this study, 98.3% of C. parasitica isolates were ob-
tained from 30 active blight cankers. Notably, two
C. parasitica isolates were also found on a single
D. kuriphilus gall. All C. parasitica isolates showed
orange pigmentation, a characteristic feature of
virulent isolates when cultured on PDA medium.
However, five C. parasitica isolates, despite their or-
ange pigmentation, showed reduced sporulation.
All B. mediterranea isolates were recovered from
active blight cankers in both orchards. G. smithogil-
vyi was detected in four active blight cankers (57%
of isolates) and in two D. kuriphilus galls (43% of
isolates).

Morphological and molecular identification of the
Gnomoniopsis smithogilvyi isolates

In total, 14 isolates of G. smithogilvyi were recovered,
six isolates in Jardim da Serra and eight isolates in
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Table 3 - Morphological characterization after six and twenty days, with conidia size (length and width, n=10) of Gnomoniopsis

smithogilvyi isolates in potato dextrose agar (PDA)

Conidia size (um) Mycelial

Isolates Mycelium (6 days) Mycelium (20 days) Length width %::)n‘;v)th*

220F10 White to grey mycelium with poorly = White to grey mycelium with poorly defined 3.45+0.36 ab 1.0940.04a 78.75+0.95
defined concentric circles, woolly concentric circles, woolly on PDA. Dark brown
on PDA. conidiomata.

220F11 White to grey mycelium with White to grey mycelium with concentric circles,  2.83+0.41ab 1.164#0.11a 78.75+0.95
concentric circles, woolly on PDA.  woolly on PDA. White to orange conidiomata.

220F12 White to grey mycelium with White to grey mycelium with concentric circles,  2.92+0.59 ab 1.11#0.07a  79.00+0.82
concentric circles, woolly on PDA.  woolly on PDA. White to orange conidiomata.

220F14 Dark grey mycelium. Felty Dark grey mycelium. Felty mycelium with 3.40£0.28 ab 1.13+0.07a 77.50+1.73
mycelium with development in development in concentric circles. Irregular
concentric circles. Irregular margins. margins. Dark conidiomata.

220F15 White to grey mycelium with White to grey mycelium with concentric circles, ~ 3.92+146a  1.17#0.12a 78.75+1.50
concentric circles, woolly on PDA.  woolly on PDA. White to orange conidiomata.

220F23 White to grey mycelium with White to grey mycelium with concentric circles, ~ 3.89+047a  1.194#020a 78.75+1.50
concentric circles, woolly on PDA.  woolly on PDA. White to orange conidiomata.

220F28 White to grey mycelium with White to grey mycelium with concentric circles,  3.39+0.74ab 1.15+0.18 a  80.00+0.82
concentric circles, woolly on PDA. woolly on PDA. White to orange conidiomata.

220F31 White to grey mycelium with poorly White to grey mycelium with poorly defined 345+0.81ab 1.10£0.09a 79.25+0.95
defined concentric circles, woolly concentric circles, woolly on PDA. Dark brown
on PDA. conidiomata.

220F33 White to dark mycelium, irregular White to dark mycelium, irregular and woolly 2.67+0.60b 1.15+0.08 a 79.25+0.50
and woolly on PDA. on PDA. White to orange conidiomata.

220F41 White to grey mycelium with White to grey mycelium with concentric 3.79+1.20 ab 1.49+0.37b 79.00+0.82

concentric circles, woolly on PDA.
conidiomata.

circles, woolly on PDA. White to orange

Curral das Freiras. Ten isolates were selected for
morphological and molecular characterizations:
six isolates from galls and four isolates from active
blight cankers (Table 1). Species identity was con-
firmed via sequencing of the elongation factor 1-a
(TEF1-a) gene and the internal transcribed spacer
(ITS) region. In total, nine ITS sequences and three
TEF1-a sequences were successfully obtained (Ta-
ble 1). Attempts to amplify the 3-tubulin gene were
unsuccessful in this study.

The morphological characteristics of the isolates
were observed at six and 20 days. After six days
of growth on PDA medium, nearly all G. smithogil-
vyi isolates produced a woolly and white-to-grey
mycelium with concentric rings (Table 3). Howev-
er, the mycelium of isolate 220F14 appeared felty
and dark grey, while isolate 220F33 did not have
concentric rings. Mycelial growth after six days
ranged between 77.50+1.73 mm (meanzstandard
deviation) and 80.00+0.82 mm. The variation in
growth among the isolates was minimal, and no
significant differences (P > 0.05) were observed.

Observations after 20 days of exposure in the
laboratory at room temperature indicate that the

50 Revista de Ciéncias Agrdrias, 2026, 49(1): 44-55

sKep 07

mycelium of the isolates maintained the same
morphological characteristics (Figure 2). Howev-
er, conidiomata were found in all the isolates and
were abundant, with colors varying from whitish
orange to dark brown. A total of 100 conidia of G.
smithogilvyi were observed for size measurement.
The size of conidia from G. smithogilvyi showed
significant differences (p < 0.05) between isolates.
The length of the conidia of the G. smithogilvyi iso-
lates varied between 2.67 um (220F33) and 3.92 um
(220F15), and the width of the conidia varied be-
tween 1.09 um (220F10) and 1.49 um (220F41).

Figure 2 - Gnomoniopsis smithogilvyi isolates after 20 days
on PDA. 1 - 220F10, 2 - 220F11, 3 - 220F12, 4
- 220F14, 5 - 220F15, 6 — 220F23, 7 — 220F28,
8 - 220F31, 9 - 220F33, 10 - 220F41.



Phylogenetic analysis

The phylogenetic analysis of G. smithogilvyi isolates
in this study was based on sequences from the ITS
region of six isolates and the TEF1-a gene of three
isolates, as listed in Table 1. Additionally, 26 ITS se-
quences and 21 TEF1-a sequences of G. smithogilvyi
isolates and closely related species from various
geographical origins, including type materials of
G. smithogilvyi, were retrieved from GenBank for
comparison. Plagiostoma euphorbiae was used as an
outgroup taxon for both molecular markers (Table
2). The Neighbor-Joining method tree in (Figure 3)
illustrates the phylogenetic relationship among the
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closely with isolates from India, Chile, New Zea-
land, Portugal, and Switzerland. The TEF1-a phylo-
genetic tree produced a similar topology, with the
Madeira isolates clustering together in a moderate-
ly supported clade closely associated with isolates
from Switzerland and Italy. All isolates obtained in
this study clustered with Gnomoniopsis smithogilvyi
based on both ITS and TEF1-a sequence analyses.
Other closely related species included in the den-
drogram formed distinctly separate taxa, thereby
confirming that the isolates from this study belong
to Gnomoniopsis smithogilvyi.
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Figure 3 - Phylogenetic tree for Gnomoniopsis smithogilvyiisolates. (A) ITS region for 32 nucleotide sequences, in a total of 504
positions; (B) TEF1-a partial gene for 24 sequences, in 804 nucleotide positions.

isolates. The results of the phylogenetic tree based
on the ITS and TEF1-a sequences showed genetic
similarities among the isolates and the world re-
cords. The analysis based on ITS sequences from
Madeira Island reveals that the G. smithogilvyi
isolates form a well-supported clade, clustering

DISCUSSION AND CONCLUSIONS

The presence of G. smithogilvyi on Madeira Island
has not been previously documented, making this
the first known study to describe its occurrence
and potential ecological implications in the region.
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Our study provides data on the diversity of micro-
fungi associated with active blight cankers and
D. kuriphilus galls on chestnut trees on Madeira
Island. A total of 16 operational taxonomic units
(OTUs) were identified, with Ascomycota emerg-
ing as the predominant phylum. The fungal com-
munity was largely dominated by members of the
class Sordariomycetes, in agreement with previous
studies on fungal assemblages in chestnut ecosys-
tems (Coelho et al., 2023).

As expected, C. parasitica was the dominant fun-
gus found in active cankers. Its presence was also
detected in one D. kuriphilus gall, suggesting that
dead galls or galls with dried tissue can be col-
onised by the fungus, as previously reported by
other authors (Meyer et al.,, 2015). All C. parasitica
isolates obtained were classified as virulent, with
no evidence of natural hypovirulence detected in
the population. Furthermore, the vegetative com-
patibility (vc) type of most isolates of C. parasitica
strains found in this study is compatible with hy-
povirulent strains currently used in the biological
control of chestnut blight in mainland Portugal (da-
ta not shown). Given the ecological and economic
importance of chestnut trees in Madeira, these
findings underscore the urgency of implement-
ing a biological control program against chestnut
blight on the island. The introduction of hypoviru-
lent strains could offer a sustainable management
strategy to mitigate the disease’s impact and help
preserve chestnut populations in this region.

Biscogniauxia mediterranea was the second most fre-
quently detected species on active cankers. This
species has been associated with both Quercus spe-
cies and chestnut tree (Henriques et al., 2015), and
its presence as an endophyte has been commonly
observed in active or healed cankers in northern
Portugal (Gouveia et al., 2017; Coelho et al.,, 2021).
According to Henriques et al. (2014), this fungus
can persist in the host as an endophyte and may
act as an opportunistic parasite when the trees ex-
hibit symptoms of decline.

Among the fungi isolated, G. smithogilvyi had con-
siderable representation, having been identified
through both morphological and molecular analy-
sis at the two studied sites. Isolates of this species
were recovered from active blight cankers as well
as from D. kuriphilus galls. Its presence in active
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blight cankers suggests that G. smithogilvyi may
co-occur with C. parasitica within the same infected
tissues. Previous studies have already document-
ed the presence of G. castaneae (syn. G. smithogilvyi)
in active cankers (Lewis ef al., 2017, Douanla-Me-
li & Moll, 2023), and more recently, its occurrence
in healed cankers has also been reported (Coelho
et al., 2023). The presence of G. smithogilvyi isolates
in chestnut galls has also been observed in other
studies (Vannini et al., 2017; Fernandez-Conradi et
al., 2019; Morales-Rodriguez ef al., 2019). This study
reinforces the idea that the fungus inhabits D. ku-
riphilus galls as an endophyte.

Most of the G. smithogilvyi isolates in this study
exhibited woolly, white to grey mycelium with
concentric rings when cultured on PDA. The col-
ony morphology observed was consistent with
descriptions of isolates from other regions of the
world. The phylogenetic analyses based on ITS and
TEF1-a sequences demonstrated that the Gnomo-
niopsis castaneae isolates from Madeira Island are
genetically similar to isolates reported from oth-
er chestnut-growing regions worldwide (Shuttle-
worth et al., 2012; Dar & Rai, 2015; Possamai et al.,
2023). In the ITS-based phylogeny, the Madeira iso-
lates formed a well-supported clade closely related
to those from India, Chile, and New Zealand, Ita-
ly, and Switzerland, agreeing with the study from
Portugal (Possamai et al.,, 2023). The TEF1-a tree
revealed a similar topology, with Madeira isolates
clustering with those from Switzerland and Italy
within a broader, highly supported lineage (boot-
strap values of 86-100%) that contained isolates
from Chile and Australia. These results are con-
sistent with previous studies from continental Por-
tugal and other regions, which also reported high
genetic similarity among isolates from Australia,
Chile, Slovenia, Spain, the USA, France, Italy, New
Zealand, the United Kingdom, and Switzerland
(Crous et al., 2012; Visentin et al., 2012; Dar & Rai,
2015; Silva-Campos et al.,, 2022). In those studies,
the Portuguese isolates showed close molecular af-
finity and similar colony morphology, conidia, and
conidiomata characteristics to isolates from dis-
tant regions, suggesting a cosmopolitan distribu-
tion with low genetic differentiation. The TEF1-a
marker likewise revealed slightly higher variabil-
ity but maintained close relationships between
Portuguese, Chilean, and Australian isolates.
The congruent topologies of the ITS and TEF1-a



datasets provide strong evidence that the Madei-
ra isolates represent a genetically coherent lineage
within a cosmopolitan species complex. The lim-
ited sequence divergence across loci supports the
hypothesis of a recent diversification event or effi-
cient long-distance dispersal mechanisms contrib-
uting to the global distribution of this taxon.

Host range and implications for Madeira indicate
that G. smithogilvyi is not only a pathogen of chest-
nut but also can infect other Fagaceae species be-
yond chestnut, including Castanea dentata, C. mol-
lissima, their hybrid (C. dentata x C. mollissima), and
Quercus rubra, according to the studies of Dobry et
al. (2023). The findings from this study highlight
the pathogen’s capacity to colonize multiple hosts,
suggesting that non-chestnut species may act as
reservoirs. On Madeira Island, where C. sativa is
the main cultivated species alongside natural-
ized Quercus robur, Q. ilex, and Q. suber, such in-
terspecific interactions could have epidemiological
relevance.

This study provides new insights into the fungal
communities associated with Castanea on Madeira
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