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Introduction

The European chestnut tree (Castanea
sativa Mill.) registered under the Protected
Geographical Indication (PGl) regulation
“Castana de Galicia” is a highly valued de-
ciduous species in Galicia (Northwestern
Spain), mainly due to economic, landscape,
and social or cultural reasons. Chestnut
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The European chestnut tree (Castanea sativa) is a highly valued deciduous
species in Galicia (Northwestern Spain), mainly due to economic, landscape,
and social or cultural reasons. However, the Asian wasp Dryocosmus kuri-
philus, one of the biggest threats to C. sativa, is severely affecting tree vigor
and reducing chestnut yields. Some studies indicated that this wasp and the
galls that it produces may play an important role in spreading fungal disease.
The present work aimed to characterize the complex of fungi associated with
galls induced by D. kuriphilus in Galician chestnut trees, focusing on the study
of plant-pathogen diversity. For this purpose, branches with necrotic galls
were collected from seventy-eight chestnut stands located in the four Galician
provinces (A Corufia, Lugo, Ourense, and Pontevedra). In total, 1170 necrotic
galls of the year of study were collected at the different sampling sites. In the
laboratory, four galls were randomly selected from each point, thus analyzing
312 galls, which were surface disinfected and dissected, and tissue fragments
placed on culture media. From the selected galls, 308 fungal colonies were
isolated and then identified by the morphology of their fruiting bodies and the
molecular analysis of the ITS, beta-tubulin, elongation factor, and histone re-
gions. They were classified into 27 genera and 53 species, of which 5 genera
and 29 species of fungi were reported for the first time associated with D. ku-
riphilus galls, including phytopathogenic fungi. Results show that further re-
search is needed to study in detail the role of galls as entry points and reser-
voirs of pathogenic fungi.

Keywords: Asian Chestnut Gall Wasp, Castanea sativa, Endophytes, Phy-

topathogens

trees are of great economic importance in
this area due to their nutritional value, high
fruit yield, and excellent wood quality.
Spain is the second largest producer in the
world, where approximately 60% of the Eu-
ropean nut production originates, and 66%
of the Spanish stands are located in Galicia,
representing 92% of the country’s total nut
production (FAO 2023).

The Asian chestnut gall wasp Dryocosmus
kuriphilus Yasumatsu (Hymenoptera, Cyn-
ipidae) is one of the most important pests
of C. sativa. It prevents fruit production by
altering the growth and physiology of the
host plant, interrupting photosynthetic or-
gan development, and altering flower
growth (EFSA 2010). Consequently, it af-
fects tree growth and reproduction, result-
ing in decay, fewer fruits and reduced crop
yields, and, in severe cases, tree death
(EPPO 2021). According to various studies,
chestnut crop yields can be reduced by
50%-80% depending on the variety and the
biological control measures used (EFSA
2010, EPPO 2021).

This insect is listed as a harmful organism
in Annex Il (List of protected zones and
the respective protected zone quarantine
pests and their respective codes) of the
Commission Implementing Regulation (EU)
2019/2072 and has been included in the A2
list of the European and Mediterranean
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Plant Protection Organization (EPPO) since
2003 (EPPO 2021).

The wasp is native to China, although it is
currently present in Southeast Asia, most
of Europe and the east coast of the United
States (EPPO 2021). In Europe, this wasp
was first recorded in Italy in 2002, spread-
ing and invading the rest of the continent.
In Spain, it was detected for the first time
in 2012 in Catalonia and, two years later, in
Galicia and northern Portugal (Pérez-Otero
& Mansilla 2014). According to data col-
lected in annual samplings carried out by
the Regional Government of Galicia (Xunta
de Gdlicia), this pest is now widespread in
Galicia and its incidence has greatly in-
creased. This wasp can spread locally as an
adult since it is capable of flying. Addition-
ally, it can be carried by the wind, trans-
ported by humans, or travel long distances
due to the movement of infested plant ma-
terial. The wasps may be inconspicuous
within the plant tissues, making them diffi-
cult to detect visually (EFSA 2010).

D. kuriphilus is a univoltine cynipid (pro-
duces one generation per year) and repro-
duces by thelytokous parthenogenesis;
that is, only females develop from unfertil-
ized eggs, thus no males of the species are
known (EPPO 2021). During their life cycle,
D. kuriphilus larvae feed for 20-30 days be-
fore pupating, which induces green to red-
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Fig. 1- The location of Galicia in Northwestern Spain and the geographical distribution

of chestnut sampling points in the region.

dish gall formation on buds, leaves, and
male catkins (Pérez-Otero & Mansilla 2014).
Depending on the climatic conditions of
the area and the chestnut cultivar, pupa-
tion takes place between mid-May and
July. Adult females emerge from the galls
between late May and July and can infect
new shoots immediately (Pérez-Otero &
Mansilla 2014). After emergence, galls dry,
become wood-like, and remain on the tree
for several years (EPPO 2021).

According to some studies, the galls pro-
duced by this wasp can act as entry points
and sources of inoculum, thereby causing
an increase in the incidence of chestnut
diseases, such as chestnut blight, caused
by Cryphonectria parasitica (Murrill) M.E.
Barr (Meyer et al. 2015), or brown rot, pro-
duced by Gnomoniopsis smithogilvyi L.A.
Shuttleworth, E.C.Y. Liew & D.I. Guest (syn.
G. castaneae Tamietti — Lema et al. 2023).
On the other hand, several studies suggest

that some endophytic species present in
galls could be used as biological control
agents against D. kuriphilus and other pests
(Addario & Turchetti 2011, Tosi et al. 2015).

This work aimed to characterize, for the
first time in Galicia, the complex of fungi
associated with galls induced by D. kuri-
philus in chestnut trees, focusing on the
study of plant-pathogen diversity.

Material and methods

Study area and sampling sites

Seventy-eight chestnut stands randomly
selected in the four Galician provinces (A
Corufia, Lugo, Ourense, and Pontevedra)
were examined during dormancy. Of these
stands, 70% belong to the area covered by
the PGl Castafia de Galicia (Fig. 1).

In each site, three specimens of C. sativa
showing symptoms caused by D. kuriphilus
were selected. Then, several branches with

necrotic galls were collected (Fig. 2), total-
ing five galls per tree, thus obtaining 15
galls per site. In total, 1170 necrotic galls of
the year of study were collected at the dif-
ferent sampling sites (120 from A Corufia,
375 from Lugo, 255 from Ourense, and 420
from Pontevedra). Samples were then
coded and stored cold until analysis.

Isolation and morphological
characterization

In the laboratory, four galls randomly se-
lected from each site were surface steril-
ized with 1% sodium hypochlorite for one
minute and rinsed twice with sterile water
for at least five minutes. Subsequently,
they were dried with blotting paper, la-
beled, and cut into small fragments (5 x 5
mm). Around 5-10 fragments were placed
in 90 mm Petri dishes containing the cul-
ture media Malt Extract Agar with strepto-
mycin 0.5 g L* (AMs) and kept in a laminar
flow chamber under sterile conditions.
Plates were sealed with Parafilm® and incu-
bated in the dark at 24 °C. Fragments were
checked daily under the microscope, and
after 4-5 days, a portion of each mycelium
grown from the seeded fragments was
transferred to a new plate with Potato
Dextrose Agar (PDA) to obtain pure cul-
tures.

Fungal isolates were first identified ac-
cording to their morphology at the genus
level and then by molecular techniques at
the species level.

For the morphological study of each iso-
late, macroscopic features of the myce-
lium, such as colony shape, color, and tex-
ture, and microscopic features (size and
shape of the mycelium and size, shape, and
color of the conidia) were recorded for
each isolate using a Nikon Eclipse® E600 mi-
croscope and compared with different fun-
gal taxonomic keys.

Molecular identification

Molecular analysis was performed for all
morphologically identified isolates by am-
plification, sequencing, and phylogeny of
different fungal regions. Genomic DNA was
extracted from 7-day-old pure colonies

Fig. 2 - Necrotic galls produced by D. kuriphilus on chestnut branches.
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grown in PDA culture medium using the
commercial E.Z.N.A. Fungal DNA Mini Kit
(Omega Bio-tek, Norcross, GA, USA) fol-
lowing the short protocol. According to
the genus determined by morphological
analysis, different molecular markers were
amplified and sequenced for each isolate:
ITS, beta-tubulin, elongation factor 1-alpha,
and histone (Tab. 1).

Selected regions were amplified in a Sure-
Cycler® 8800 thermal cycler (Agilent Tech-
nologies, Santa Clara, CA, USA). PCR prod-
ucts were separated on a 2% (w/v) elec-
trophoresis gel in 0.5x TBE, stained with
Midori Green® (Nippon Genetics, Europe),
and examined under ultraviolet light. PCR
products were purified with the Ilusta Exo-
ProStar® 1-Step kit (GE Healthcare Life Sci-
ences, Chicago, IL, USA). Amplicons ob-
tained were sequenced in both directions
(forward and reverse) using the two
primers with the Big Dye Terminator V3.1
Cycle Sequencing Kit (Applied Biosystems,
Waltham, MA, USA) on the ABIPrism 3500
Genetic Analyzer.

Bioinformatic analysis

The consensus sequence was obtained
with the Mega v. 7 software (https://www.
megasoftware.net/) and compared with
the homologous sequences using the
BLASTh search application of the NCBI
GenBank nucleotide database (https://
blast.ncbi.nlm.nih.gov/). Subsequently, a
mono- or multi-phylogenetic analysis was
performed for each isolate of the more
complex genera Fusarium and Trichoderma
analyzed, according to the loci used in the
molecular identification process.

The sequences of one representative iso-
late per species were deposited in Gen-
Bank, and the accession numbers are speci-
fied in Tab. S1 (Supplementary material).

Results

From the analysis of 312 D. kuriphilus galls
we identified 308 fungal colonies. Of the
isolates, 91.6% belong to the Ascomycota
phylum, being the Hypocreaceae (31.8%)
and Nectriaceae (24.7%) the most abundant
families (Fig. 3). At the morphological level,
the isolates were classified into 27 different
genera (Tab. S1 in Supplementary mate-
rial), of which five were reported for the
first time: Abortiporus Murrill, Neurospora
Shear & B.O. Dodge, Phlebia Fr., Rosellinia
De Not., & D. Hawksw. and Schizophyllum
Fr. The most abundant genera were Fusar-
ium Link with 76 isolates (24.7%) and Tri-
choderma Persoon ex Gray, having 98 iso-
lates (31.8%) (Tab. S1in Supplementary ma-
terial).

The morphological results combined with
the molecular analysis of the ITS, beta-
tubulin, elongation factor, and histone re-
gions allowed the identification of 53 differ-
ent species (Tab. S1 in Supplementary ma-
terial), thus showing the great diversity of
fungi in the analyzed galls. In fact, no refer-
ences of presence in galls have been found
for 29 species, accounting for 55% of the
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Tab. 1 - Primers from the ITS, beta-tubulin, elongation factor and histone regions used

in this study.
Region Primer name Reference
ITS ITSTF Gardes & Bruns (1993)
ITS4 White et al. (1990)
Bot2R Garcia-Figueres et al. (2004)
Beta-tubulin T1 O’Donnell & Cigelnik (1997)
BT2B Glass & Donaldson (1995)
Elongation EF1 Geiser et al. (2004)
factor 1-alpha EF2 Geiser et al. (2004)
EF1-728F Carbone & Kohn (1999)
Histone H3-1b Glass & Donaldson (1995)
CYLH3F Crous et al. (2004)

species detected (Tab. 2). A conclusive
morphological and molecular identification
at the species level was not obtained for 28
isolates, which is approximately 10% of all

isolates. These unidentified isolates belong
to 11 different genera, which can be con-
sulted in Tab. S1 (Supplementary material).
The presence of the genus Gnomoniopsis is

Tab. 2 - Taxonomic classification, number of isolates and relative abundance of the
species reported for the first time associated with D. kuriphilus galls.

n w9
.8 25
Species Phylum Family 2 '_; BER
2 23
[
Abortiporus biennis Basidiomycota Podoscyphaceae 1 0.32
Colletotrichum fioriniae Ascomycota Glomerellaceae 17 5.52
Diaporthe eres Ascomycota Diaporthaceae 4 1.30
Diaporthe phaseolorum Ascomycota Diaporthaceae 1 0.32
Diaporthe phillipsii Ascomycota Diaporthaceae 1 0.32
Diplodia corticola Ascomycota Botryosphaeriaceae 2 0.65
Diplodia mutila Ascomycota Botryosphaeriaceae 3 0.97
Diplodia sapinea Ascomycota Botryosphaeriaceae 5 1.62
Dothiorella iberica Ascomycota Botryosphaeriaceae 1 0.32
Fusarium acuminatum Ascomycota Nectriaceae 2 0.65
Fusarium culmorum Ascomycota Nectriaceae 2 0.65
Fusarium foetens Ascomycota Nectriaceae 3 0.97
Fusarium graminearum Ascomycota Nectriaceae 7 2.27
Fusarium solani Ascomycota Nectriaceae 3 0.97
Fusarium sporotrichioides Ascomycota Nectriaceae 18 5.84
Fusarium temperatum Ascomycota Nectriaceae 1 0.32
Fusarium torulosum Ascomycota Nectriaceae 1 0.32
Neofusicoccum eucalyptorum  Ascomycota Botryosphaeriaceae 1 0.32
Neurospora crassa Ascomycota Sordariaceae 1 0.32
Pestalotiopsis brachiata Ascomycota Sporocadaceae 1 0.32
Pestalotiopsis paeoniicola Ascomycota Sporocadaceae 1 0.32
Phlebia acerina Basidiomycota Meruliaceae 16 5.19
Phlebia radiata Basidiomycota Meruliaceae 1 0.32
Rhizopus microsporus Mucoromycota Rhizopodaceae 2 0.65
Rosellinia corticium Ascomycota Xylariaceae 2 0.65
Schizophyllum commune Basidiomycota Schizophyllaceae 2 0.65
Talaromyces cecidicola Ascomycota Trichocomaceae 2 0.65
Trichoderma gamsii Ascomycota Hypocreaceae 10 3.25
Trichoderma koningiopsis Ascomycota Hypocreaceae 2 0.65
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m 31.8% Hypocreaceae

n 24.7% Nectriaceae

= 8.1% Bionectriaceae

6.8% Botryosphaeriaceae

= 5.8% Meruliaceae

= 5.5% Glomerellaceae

= 3.9% Gnomoniaceae

m 3.2% Diaporthaceae

m 10.2% Other families

Fig. 3 - Relative abundance of the isolated fungi at the family level.

highlighted since, in recent years, new
species such as G. daii, G. castanopsidis, G.
fagacearum, G. guangdongensis, G. haina-
nensis, G. rossmaniae and G. silvicola (Jiang
et al. 2021) have been described. The 5 iso-
lates that could not be identified may be-
long to a new Gnomoniopsis species not
yet described, as this genus is currently un-
der study.

Regarding life strategies, two large troph-

ic groups stand out: plant pathogens and
saprotrophs. Of the 53 species identified,
according to the literature review, 37 spe-
cies proved to be pathogenic. Of them, 21
were reported to cause damage to chest-
nut trees (Tab. 3), such as Gnomoniopsis
smithogilvyi (Lema et al. 2023), with 2 iso-
lates in A Corufia, 2 in Lugo, 2 in Ponteve-
dra, and 1 in Ourense) and Cryphonectria
parasitica (Meyer et al. 2015), although in

this case, it was isolated from a single gall
(see Tab. S1in Supplementary material).

As mentioned above, the genera Fusar-
ium and Trichoderma were the most abun-
dant. The multilocus phylogenetic analysis
allowed the identification of isolates at the
species level. The galls’ condition at the
time they were collected could explain the
presence of a great diversity of species be-
longing to these genera, since they were
necrotic and thus a great diversity of sapro-
phytic fungi was expected to be found. In
the case of the genus Fusarium, isolates be-
longing to 13 different species were de-
tected, being F. avenaceum (Fr.) Sacc., F.
graminearum Schwabe, F. oxysporum
Schitdl. and F. sporotrichioides Sherbakoff
those with the highest incidence (Tab. St in
Supplementary material). For the first time,
8 species were reported in association with
D. kuriphilus galls: F. acuminatum Ellis & Ev-
erhart, F. culmorum (Wm. G. Sm.) Sacc., F.
foetens Schroers, O’Donnell, Baayen &
Hooftman, F. graminearum, F. solani (Mart.)
Sacc., F. sporotrichioides, F. temperatum
Scaufl. & Munaut and F. torulosum (Berk. &
M.A. Curtis) Nirenberg (Tab. 2). The iso-
lates obtained from the genus Trichoderma
corresponded to 7 different species, mainly
T. atroviride Bissett and T. harzianum Rifai
(Tab. S1in Supplementary material), being
T. gamsii Samuels & Druzhinina and T.
koningiopsis Samuels, Suarez & Evans first
reported associated with D. kuriphilus galls
(Tab. 2).

Fig. 4 - Gnomoniopsis smithogilvyi symptoms and morphology: (a) premature fall of burrs with mummified nuts; (b) mummified nuts
and premature opening of burrs affected by the pathogen; (c) characteristic brown rot of nuts; (d) colony morphology on PDA; (e)
conidiomata formed on PDA,; (f) conidia (scale bar: 10 um).
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Tab. 3 - List of phytopathogenic fungal species isolated in this work and their presence in symptomatic chestnut samples.

Pathogen

Distribution

Host plants

Reported
on

Castanea

Plant organs

Reference

Alternaria alternata
Botryosphaeria dothidea
Botrytis cinerea

Colletotrichum fioriniae
Cryphonectria parasitica

Diaporthe amygdali
Diaporthe eres

Diaporthe phaseolorum
Diaporthe phillipsii
Diplodia corticola

Diplodia mutila
Diplodia sapinea

Diplodia seriata

Dothiorella iberica
Epicoccum nigrum
Fusarium acuminatum
Fusarium avenaceum
Fusarium culmorum
Fusarium foetens
Fusarium graminearum
Fusarium lateritium
Fusarium oxysporum
Fusarium proliferatum
Fusarium sambucinum
Fusarium solani

Fusarium sporotrichioides
Fusarium temperatum
Fusarium torulosum
Gnomoniopsis smithogilvyi

Mucor hiemalis
Neofusicoccum eucalyptorum

Neofusicoccum parvum

Penicillium glabrum
Pestalotiopsis paeoniicola

Rhizopus microsporus

Rhizopus arhizus
Schizophyllum commune

Cosmopolitan
Cosmopolitan
Cosmopolitan

Cosmopolitan
Cosmopolitan

Cosmopolitan
Cosmopolitan

Cosmopolitan
Europe

Africa, America,
Europe

America, Europe

America, Asia,
Europe

Cosmopolitan

Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan
Cosmopolitan

Cosmopolitan
Cosmopolitan

Cosmopolitan

Cosmopolitan
America, Asia

Cosmopolitan

Cosmpolitan
Cosmopolitan

Broad host range
Broad host range
Broad host range

Broad host range

Castanea spp., Quercus
spp., Acer spp., Carpinus
betulus

Broad host range
Broad host range

Broad host range
Vaccinium corymbosum
Quercus spp., Vitis vinifera

Broad host range
Broad host range

Broad host range

Broad host range
Broad host range
Broad host range
Broad host range
Broad host range
Mainly Begonia * Hiemalis
Broad host range
Broad host range
Broad host range
Broad host range
Broad host range
Broad host range
Broad host range
Zea mays

Broad host range

Castanea spp., Buxus
sempervirens, Corylus
avellana, Fraxinus ornus,
Pinus pinaster, Quercus
cerris, Quercus ilex

Broad host range

Eucalyptus spp. and other
Myrtaceae

Broad host range

Broad host range

Paeonia suffruticosa,
Pouteria sapota

Oryza sativa, Zea mays,
Helianthus annuus, Brassica
juncea

Broad host range
Broad host range

7
wv

Yes

Yes

Yes
Yes

Yes
Yes

No
No
No

No
No

Yes

Yes
Yes
Yes
No
Yes

Yes
No
Yes
Yes
No
Yes
No
No
No
Yes

Yes
No

Yes

Yes
No

No

No
Yes

Leaves, fruits
Bark, fruits

Fruits

Fruits

Bark of stems and

branches, fruits

Bark
Fruits, leaves

Branches and
stems

Branches
Bark
Fruits

Fruits

Fruits

Fruits
Fruits

Fruits

Leaves, flowers,
fruits, shoots,
stems, branches

Fruits

Bark, stems,
branches, fruits

Fruits

Bark, stems,
branches

Ren et al. (2021), Cakar &
Akilli (2023)

Akilli et al. (2009), Hamasaki
et al. (2016)

Donis-Gonzalez et al. (2016),
Rodrigues et al. (2022)

Cakar (2024)

Rigling & Prospero (2018),
Cakar (2024)

Aghayeva et al. (2017)

Ivi¢ & Novak (2018), Jiang et
al. (2011)

Dar & Rai (2017)

Batista et al. (2020)
Aghayeva et al. (2017)
Rodrigues et al. (2022)
Donis-Gonzalez et al. (2016)

Donis-Gonzalez et al. (2016)

Rodrigues et al. (2022)
Ivi¢ & Novak (2018)

He et al. (2001)

Lema et al. (2023)

Jermini et al. (2006)

Ciordia et al. (2022),
Seddaiu et al. (2021)

Overy et al. (2003)

Takemoto et al. (2010)

iForest 17: 378-385
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Discussion

The presence of D. kuriphilus is one of the
greatest threats to chestnut trees, as it lim-
its tree vigor and nut yields. Moreover, this
wasp and its galls may play an important
role in spreading fungal diseases. Both in
our work and in previous studies, it has
been observed that most isolated fungal
species are phytopathogenic, thus provid-
ing evidence that galls can serve as a reser-
voir for plant pathogens as well as other
tissues, mainly leaves, stems, shoots, or
bark (Nicoletti et al. 2021).

As previously reported, according to the
literature review, of the 53 species identi-
fied, 37 were found to be pathogenic (Tab.
3) and can be transmitted horizontally to
other plant species by means of free-living
or gall-inducing insects. Of these patho-
genic fungi, 21 species were found damag-
ing chestnut trees, mostly fruits (Tab. 3).

Among the pathogenic fungi causing sig-
nificant damage to chestnut trees, C. para-
sitica and G. smithogilvyi are the most im-
portant. C. parasitica causes chestnut
blight, a serious disease that forms peren-
nial necrotic lesions on the bark of stems
and branches, leading to their death (Rig-
ling & Prospero 2018). This pathogen re-
quires natural openings or wounds to pen-
etrate the host tissue, so the galls pro-
duced by D. kuriphilus represent an entry
point that could be related to the in-
creased incidence of the disease in areas
where both species are present (Meyer et
al. 2015). However, in the present work, it
has only been detected in one gall, proba-
bly due to the time of the year and the ran-
domness of the sampling. This opens the
possibility for conducting a detailed study
of gall-associated fungi in trees with canker
and proving whether the presence of C
parasitica in the galls could influence the in-
cidence of the disease, as reported in previ-
ous studies. G. smithogilvyi, first described
in 2012, is an emerging pathogen recently
found in chestnuts trees in Galicia that sig-
nificantly affects crop yield (Aguin et al.
2022). The most characteristic symptoms
of this disease are the formation of cank-
ers, leaf, flower, and gall necrosis, fruit
mummification, and rot, both pre- and
post-harvest, damaging nuts still present
on the tree (Lema et al. 2023 - Fig. 4). In
several studies, this fungus was found as
an endophyte, being isolated from galls,
shoots, leaves, stems, flowers and asymp-
tomatic immature fruits, and producing
symptoms in them once they mature
(Aguin et al. 2022, Lema et al. 2023).

Among other phytopathogenic fungi, the
genus Fusarium stands out due to the di-
versity of species present and the large
number of isolates obtained. These fungi
produce different types of degradative en-
zymes and entomopathogenic mycotoxins
such as fumonisins (Nelson et al. 1993) and,
in several studies, strains belonging to the
Fusarium incarnatum-equiseti complex and
the species Fusarium proliferatum (Mat-
sush.) Nirenberg ex Gerlach & Nirenberg

383

were isolated in necrotic galls produced by
D. kuriphilus, which showed a high wasp
mortality rate in laboratory tests (Addario
& Turchetti 2011, Tosi et al. 2015). However,
according to Cooper & Rieske (2010), the
mortality of D. kuriphilus inside the galls
could be related to the dryness and hard-
ness of their necrotic tissues, which would
make it difficult for adults to emerge and
rule out a direct entomopathogenic effect.
The genus Fusarium is not only associated
with galls but it has also been detected as
an endophyte in other chestnut tissues
such as leaves, buds, stems, and fruits (Ni-
coletti et al. 2021). In terms of pathogenic-
ity, according to previous studies, there is
evidence of chestnut fruit damage on F.
acuminatum, F. culmorum, F. graminearum,
F. oxysporum, F. proliferatum, and F. solani,
species identified in this study (Tab. 3).

Furthermore, eight species of the Botryo-
sphaeriaceae family were identified,
known to be important pathogens in Eu-
rope and worldwide, namely Botryosphae-
ria dothidea, Diplodia corticola, D. mutila, D.
sapinea, D. seriata, Dothiorella iberica, Neo-
fusicoccum eucalyptorum and N. parvum
(Tab. 3). This family includes some of the
most important emerging and invasive
plant pathogens worldwide (Aiello et al.
2023, Batista et al. 2021). Many of these
species were reported for the first time on
chestnut and on the D. kuriphilus galls in
the present work, but only 4 of them were
found causing symptoms in chestnuts: B.
dothidea in bark (Akilli et al. 2009) and
fruits (Hamasaki et al. 2016), D. seriata in
branches and stems (Dar & Rai 2017), D.
iberica in branches (Batista et al. 2020), and
N. parvum in bark, stems, branches (Ciordia
et al. 2022) and fruits (Seddaiu et al. 2021).

On the other hand, fungal spoilage of
commercially purchased chestnuts is a
cause for concern as the fungal coloniza-
tion may have occurred at any stage of
flowering, harvesting, storage, sorting, or
transport. It can cause great economic
losses and poses a serious health risk to
consumers due to their mycotoxins (Overy
et al. 2003, Rodrigues et al. 2022). Among
these fungi, those belonging to the genera
Aspergillus and Penicillium stand out as my-
cotoxin producers, secondary metabolites
showing toxic, mutagenic, and teratogenic
effects, including potential immunosup-
pressive activity and carcinogenic effects,
having a long-term chronic or cumulative
effect on human health (Prencipe et al.
20183, 2018b).

Beside the pathogenic species, it is worth
highlighting the presence of fungi that can
be used as biological control agents, such
as Clonostachys rosea (Link) Schroers,
Samuels, Seifert & W. Gams (Jensen et al.
2022), and Trichoderma spp. (Hermosa et
al. 2012). The latter is an important genus
due to its diversity and abundance, includ-
ing T. atroviride and T. harzianum, which
are the main species found in this study.
Trichoderma is a genus of fungi frequently
associated with soils and the rhizosphere,

though they also appear to colonize differ-
ent parts of plants, such as leaves; that is,
they are opportunistic symbionts (Harman
et al. 2004). These fungi exhibit an antago-
nistic behavior against various pathogens,
especially fungi, by inhibiting their growth
through direct interactions, namely by an-
tibiosis, competition, or mycoparasitism, or
indirect ones, by increasing plant vigor and
tolerance to stress (Hermosa et al. 2012,
Harman et al. 2004). Various studies evalu-
ated different species against important
pathogens of C. sativa, such as T. har-
zianum, T. parceramosum Bissett and T.
viride Persoon, which showed antagonistic
and protective effects against C. parasitica
(AKilli et al. 2011, Arisan-Atac et al. 1995)
and T. atroviride against G. smithogilvyi
(Pasche et al. 2016). Therefore, further
studies need to be conducted with Tricho-
derma strains isolated from Galician chest-
nut trees and evaluate their antagonism
against new threats, such as G. smith-
ogilvyi, which is one of the most important
diseases found in chestnut stands in Gali-
cia.

Conclusions

This work is the first study of fungal com-
munities in D. kuriphilus galls in Galicia. The
presence of a wide diversity of fungi, both
phytopathogenic and saprophytic, has
been identified, and some genera and
species were reported for the first time.
Therefore, this study provides interesting
results for managing D. kuriphilus at the lo-
cal scale and comparing it with fungal com-
munities in galls found in other regions.
However, further research is needed to de-
termine the role of D. kuriphilus in dispers-
ing these fungi.
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