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Abstract In recent years, the Asian chestnut gall wasp (ACGW) Dryocosmus 
kuriphilus has been reported to have a high incidence in Italy and other 
Mediterranean basin countries. In 2021-2022, a study was undertaken in the 
Basilicata Region (Southern Italy) to investigate the relationship between the 
galls produced by ACGW on sweet chestnut (Castanea sativa Mill.) and fungal 
pathogens. In particular, the fungal diversity from green and necrotic galls collected 
from two important sweet chestnut sites (Melfi and Rionero in Vulture) was 
investigated. Nineteen fungal taxa were identified based on their morphological and 
molecular traits. In both localities, the most frequent species isolated from green 
and necrotic galls were Gnomoniopsis castaneae, Colletotrichum acutatum, and 
Pestalotiopsis sp. It is essential to understand the role played by the galls as an 
inoculum source for sweet chestnut fungal pathogens, particularly for G. castaneae, 
an emerging pathogen of which biology is still poorly understood. Findings from 
the present study stressed that the complex relationship between host-insect-
microbial community needs to be elucidated to be able to control the pathogenic 
fungi and consequently maintain sweet chestnut trees' health as they play a key 
role in the local agriculture (horticulture, forestry) and subsidiary economy.

Keywords: Dryocosmus kuriphilus, Castanea sativa, forest pathogens, endophyte 
fungi.

Addresses: 1University of Basilicata, School of Agricultural, Forestry, Food 
and Environmental Sciences (SAFE), Potenza, Italy.| 2Department of Pharmacy, 
University of Salerno, Salerno, Italy.

 Corresponding Author: Stefania Mirela Mang (stefania.mang@unibas.it).

Manuscript:  received May 21, 2024; revised June 25, 2024; accepted June 27, 2024.

Ann. For. Res. 67(1): 115-130, 2024  ANNALS OF FOREST RESEARCH
https://doi.org/10.15287/afr.2024.3690 www.afrjournal.org

Introduction

The sweet chestnut (Castanea sativa Mill.) 
trees are attacked by several fungal pathogens 
and pests, which damage their health and 
dramatically reduce their production. The most 
frequent pathogens reported for sweet chestnut 
are Cryphonectria parasitica Murrill. M.E. 

Barr, the causal invasive agent of chestnut 
blight (Chira et al. 2017, Rigling & Prospero 
2018), Phytophthora cinnamomi Rands and 
P. cambivora [(Petri) Buisman], causing root 
rot (Cristinzio 1986, Camisón et al. 2019, 
Zhebentyayeva et al. 2019, Marzocchi et al., 
2024) and, among the pests, the Asian chestnut 
gall wasp (ACGW) [Dryocosmus kuriphilus 
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Yasumatsu (Hymenoptera: Cynipidae)] (Brussino 
et al. 2002, Sartor et al. 2015, Cśoka et al. 2017, 
Seddaiu et al. 2017). 
 The ACGW is a quarantine pest, included in 
the A2 list of the European and Mediterranean 
Plant Protection Organization (EPPO 2015), 
and it was reported in Italian chestnut orchards 
from 2010 (Bosio et al. 2010). In spring, during 
the bud break period, the larval growth process 
induces stem, petiole and galls formation, which 
disturbs both the normal growth of the shoots 
and also modifies fruit formation (Kato & Hijii 
1997, Turchetti et al. 2012, Seddaiu et al. 2017). 
Furthermore, the ACGW attack weakens the 
chestnut trees making them more susceptible 
to the cortical canker attack by facilitating the 
inoculation and penetration of C. parasitica into 
the dormant buds (Vannini et al. 2017, Morales-
Rodriguez et al. 2019). Also, the D. kuriphilus 
outbreak indirectly induces modifications in 
the chestnut ecosystem by altering the densities 
and host niches of the natural parasitoids and 
determining variations in the chestnut tree 
microbial communities (Panzavolta et al. 2013, 
Fernandez-Conradi et al. 2019, Vannini et al. 
2017, Morales-Rodriguez et al. 2019, Chira et al. 
2021). 
 Attempts to control this damaging pest, 
including those of the parasitoid Torymus sinensis 
Kamijo use, have been proven to be effective 
for both the medium and long term (Balsa et al. 
2021), but the use of non-native species may 
pose several negative impacts on parasitoid 
community (Quacchia et al. 2008, Muñoz-Adalia 
et al. 2019). In this context, the search for other 
control tools against the ACGW attack is of 
critical importance, and alternative perspectives 
offered by the endophytic fungi seem attractive as 
they were already had been applied successfully 
as biocontrol agents (Tosi et al. 2015, Seddaiu et 
al. 2017, Muñoz-Adalia et al. 2019). 
 Evidence about the presence and role of fungi 
in green and necrotic chestnut galls was reported 
by frequent isolation and molecular detection 
of Gnomoniopsis castaneae Tamietti (syn. G. 
smithogilvyi L. A. Shuttlew., E.C.Y. Liew & 

D.I. Guest) (Lione et al. 2016, Seddaiu et al. 
2017, Fernandez-Conradi et al. 2019, Morales-
Rodriguez et al. 2019, Muñoz-Adalia et al. 2019). 
This fungus, an emerging pathogen causing 
brown rot in chestnut tissues, was described 
as a severe threat to the sweet chestnut trees 
in many countries worldwide, particularly in 
Switzerland and India (Dar & Rai 2015, Meyer 
et al. 2017), Italy (Gentile et al. 2010, Visentin et 
al. 2012, Maresi et al. 2013, Seddaiu et al. 2017), 
in United Kingdom (Lewis et al. 2017), and in 
Spain (Trapiello et al. 2018). The disease spread 
is ongoing and recently was reported in Greece 
(Tziros 2019), in Portugal (Possamai 2020, Coelho 
& Gouveia 2021), in Ireland (O’Loinsigh et al. 
2022), and in Chile (Cisterna-Oyarce et al. 2022). 
 Despite its continuous discovery in many 
countries, the origin of the disease is still 
unknown (Dobry & Campbell 2023), and the 
damage produced by this pathogen on chestnuts 
could reach higher levels, up to 70% (Gehring et 
al. 2018). The infected chestnuts look healthy, 
showing no external symptoms. However, they 
crack after a light pressure and float on the 
surface if immersed in water. Only after splitting 
the chestnuts the disease-specific symptoms 
could be observed by the presence of a more or 
less dark endosperm (from which the name of the 
disease derives) based on the infection stage and 
on chalky texture. 
 Over the years, the species' name was several 
times changed, first being called G. castaneae 
Tamietti then, being changed to G. smithogilvyi 
L.A. Shuttleworth, E.C.Y. Liew & D.I. Guest, and 
finally, according to Index Fungorum and Global 
Biodiversity Information Facility (GBIF) being 
accepted, as G. castaneae (Tamietti 2016, Dobry 
& Campbell 2023). The pathogen was reported in 
Italy in 2013, in Piedmont, Tuscany and Trentino 
(Maresi et al. 2013), even if earlier studies of 
Magro et al. (2010) stated the relationship between 
Gnomoniopsis and the necrosis of chestnut leaves 
and galls induced by D. kuriphilus and Visentin 
et al. (2012) reported and described the G. 
castanea sp. nov. (Gnomoniaceae, Diaporthales) 
as a causal agent of nut rot in sweet chestnut. At 
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present, G. castanea is spread in many chestnut 
areas over the Italian peninsula.
 Recent studies showed that the fungus is also 
present in the Basilicata region (unpublished 
data). G. castaneae is a pathogen and an 
endophyte (Visentin et al. 2012, Maresi et al. 
2013, Shuttleworth et al. 2013, Dennert et al. 
2015, Pasche et al. 2016, Seddaiu et al. 2017). 
This fungus is the causal agent of the chestnut nut 
rot disease and was also reported to be associated 
with cankers in both chestnut and hazelnut and 
necrosis on chestnut galls and leaves (Lione et 
al. 2019). It is possible that cankers, thought 
to be caused by C. parasitica on chestnut, can 
be caused by G. castaneae or by Sirococcus 
castaneae (Prill. & Delacr.) J.B. Meyer Senn-Irlet 
& T.N. Sieber (Meyer et al. 2017), frequently 
isolated from them (Pasche et al. 2016). 
 The incidence of G. castaneae attack seems to 
be influenced by temperature and not by rainfall or 
chestnut culture density, and it could be estimated 
locally by mathematical models (Lione et al. 
2015). In the European central Mediterranean 
region, two subpopulations of G. castaneae and 
two haplotypes, A and B, with different virulence 
and distribution, had been reported (Sillo et al. 
2017, Seddaiu et al. 2023). 
 The present study was carried out to verify 
the possible role played by ACGW galls in the 
conservation and dispersion of G. castaneae and 
also to identify eventually other taxa present in 
galls sampled in two chestnut sites in Basilicata 
Region (Southern Italy) to find a possible strategy 
to control G. castaneae infections. The general 
objectives of the present study were i) to identify 
the taxa associated with green and necrotic 
chestnut galls produced by D. kuriphilus and ii) to 
characterize the taxa isolated from chestnut galls for 
their possible uses in biocontrol of D. kuriphilus.

Materials and Methods

Investigated sites and sampling

Surveys were performed during 2021-2022 
between May and October in two sites, Melfi (S1) 
and Rionero in Vulture (S2) (Basilicata Region, 

Southern Italy), aiming to check the phytosanitary 
status of the chestnut trees. A total of 299 galls 
were collected: 105 green (75 from Melfi and 30 
from Rionero in Vulture) and 194 necrotic (151 
from Melfi and 43 from Rionero in Vulture) and 
considered for further investigations. Climatic 
data of the investigated sites is shown in Table 1. 

Fungi isolation and morphological analysis

For fungal isolations, all necrotic and green 
galls were surface sterilized with ethanol 
70% for 5 min followed by immersion for 5 
min in sodium hypochlorite 50% and then 
for 5 min in ethanol 70%, 2-3 times rinsed 
with distilled water, dried on sterile paper and 
finally portions of galls tissues were directly 
placed on Potato Dextrose Agar (PDA) medium 
amended with ampicillin and streptomycin (40 
mg L−1, MerckKGaA, Darmstadt, Germany). 
Representative samples for each growing fungal 
colony were subsequently 2-3 sub-cultured on 
the same medium to obtain pure cultures (PFCs) 
for morphological and molecular identification, 
according to the protocol described by Mang et 
al. (2017, 2020). All PFCs from this study were 
stored at 4°C in the fungal collection of the 
Plant Pathology Laboratory (PPL), University 
of Basilicata, Potenza, Italy. Three replicates 
of each PFC, grown on PDA and incubated in 
the dark at 24°C for 7-10 days, were used for 
morphological identification. 

Features S1 - Melfi S2 - Rionero
in Vulture

Geographic
coordinates
Height (m.a.s.l.*)
Morphology

40°59'51"00 N
15°39'7"92 E
530
Hill

40°55'36"12 N
15°40'14"88 E
656
Hill

Year 2021 2022 2021 2022
Annual rainfall (mm) 1647.8 814.6 1617.3 925.9
Summer rainfall (mm)** 604.2 433.3 646.2 593.6
Mean temperature (°C) 13.81 14.82 13.13 14.45
Maximal temperature (°C) 18.34 19.74 18.37 19.68
Minimal temperature (°C) 9.29 9.88 9.02 9.22
Summer mean temp (°C) 19.92 21.46 19.90 20.33
Summer maximal temp (°C) 25.42 27.37 25.52 26.14
Summer minimal temp (°C) 14.45 15.56 14.29 14.52
Notes: (*) m.a.s.l.= meters above sea level; (**) summer values 

correspond to May-October.  The data presented are the 
maximum and minimum average temperatures (temp). Source 
of data: 3Bmeteo (https://3bmeteo.com/meteo/storico).

Climatic and geographical data of sampled sites.Table 1
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 Macroscopic examinations of colony 
morphology and microscopic observations using 
an optical microscope model Nikon Eclipse Ei 
104c (Nikon, Japan) equipped with Digital Slight 
DS1000 camera (Nikon, Japan) were performed 
and appropriate literature sources (Moore & Korf 
1963, Ellis & Waller 1975, Jarvis 1977, Jarvis 
1980, Domsch et al. 1982, Bell 1983, Burdsall 
1985, Melo & Ryvarden 1989, Boerema 1993, 
Boerema et al. 2004, Jeewon et al. 2004, Leslie et 
al. 2006, Simmons 2007, Maharachchikumbura 
et al. 2011, Bensch et al. 2012, Damm et al. 
2012, Shuttleworth & Guest 2012,  Visentin et 
al. 2012, Yang et al. 2012, Phillips et al. 2013, 
Maharachchikumbura et al. 2014, Visagie et al. 
2014, Floudas & Hibbett 2015, Shuttleworth et 
al. 2015, Tamietti 2016, Chen et al. 2017, Meyer 
et al. 2017, Senanayake et al. 2017, Xu et al. 
2020, O’Donnell et al. 2021, Cai et al. 2022, 
Infantino et al. 2023) and the nomenclature of 
Index Fungorum and GBIF were considered for 
fungal identification at least at genus level. 

Molecular analysis

Total DNA was extracted from PFCs 
mycelium using the Macherey-Nagel kit 
(GmbH & Co KG, Düren, Germany) following 
manufacturer’s instructions with minor 
modifications (Camele et al. 2005, Mentana 
et al. 2019). DNA quality and quantity 
were verified by readings at the Nanodrop 
ND-1000 spectrophotometer (Wilmington, 
Delaware, U.S.A.) and the ITS5(5’-
GGAAGTAAAAGTCGTAACAAGG-3’) and 
ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) 
primers (White et al. 1990) were used to 
amplify by PCR the ITS1, 5.8S and ITS2 
regions of the nuclear rDNA as described in 
a previous study by Mang et al. (2017; 2022). 
PCR results were checked by gel electrophoresis 
ran at 80V for 30 min on 1.2% agarose gel 
stained with 4.5μl of SYBR Safe DNA Gel 
Stain (Invitrogen Inc., USA). Amplification 
products were purified by QIAquick PCR 
purification Kit (Qiagen, Hilden, Germany) and 
directly sequenced, in both directions, by BMR 
Genomics (Padua, Italy) using the same primers 

as for the PCR. Molecular identification of ITS 
nucleotide sequences obtained in this study was 
done by querying online the National Centre for 
Biotechnology Information (NCBI) GenBank 
database using the nucleotide Basic Local 
Alignment Search Tool (BLAST, Altschul 
et al. 1997) (https://blast.ncbi.nlm.nih.gov) 
search option BLASTn available into the same 
database. Further sequence similarity analyses, 
including Pairwise and Multiple Sequence 
Alignments, were performed in the MEGA11 
phylogenetic package (Tamura et al. 2021) 
using the ClustalW software (Larkin et al. 2007, 
Kumar et al. 2018). The abundance percentage 
(Ab%) of the identified taxa was estimated by 
calculating the rate of a specific taxa from the 
total percentage of the taxa isolated. 

Phylogenetic analysis

Phylogenetic analyses were performed using 
the MEGA11 software (Tamura et al. 2021). 
The evolutionary history was inferred using the 
Neighbor-Joining method (Saitou & Nei 1987). 
The optimal tree is shown. The percentage of 
replicate trees in which the associated taxa 
clustered together in the bootstrap test (1000 
replicates) are shown above the branches 
(Felsenstein 1985). The tree is drawn to scale, 
with branch lengths in the same units as those 
of the evolutionary distances used to infer the 
phylogenetic tree. The evolutionary distances 
were computed using the Jukes-Cantor method 
(Juke & Cantor 1969) and are in the units of 
the number of nucleotide base substitutions 
per site. Codon positions included were 
1st+2nd+3rd+Noncoding. All ambiguous 
positions were removed for each sequence pair 
(pairwise deletion option). In addition, ITS 
nucleotide sequences representative of other 
similar fungal species (first selection criterion) 
retrieved from the NCBI database were used 
to confirm the identity of the investigated fungi 
(Table 2). Their second selection criterion was to 
originate from chestnut ACGW galls (this was 
done when they were available if not other similar 
sequences despite their origin were considered).
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Statistical analysis

Common statistics (analysis of variance; 95% 
confidence level) were used to analyze the 
dominant species and their relationship with the 
type of galls (green vs. necrotic) in the two zones.

Results
Fungi isolation and morphological analysis

Fungal isolations on the PDA medium yielded 299 
PFCs. After morphological analyses, these had 
been identified at least at the genus level (Figure 1).

Molecular characterisation of the fungi

Molecular analyses of the pure fungal cultures 
DNA based on the ITS region, after direct 
sequencing and bioinformatic analysis, 
permitted the identification of most of them 

at the species level (Figure 2). A total of 226 
fungal colonies from the first site and 73 
fungal colonies from the second site have been 
isolated and molecularly identified. 
 Significant differences were found among the 
19 identified taxon inhabiting the galls in both 
sites. From the 75 green galls originating from 
Melfi, 12 fungal genera had been identified. 
In particular, the most frequently identified 
genera were Gnomoniopsis (**dominant), 
Fusarium (*codominant), Colletotrichum, 
Trichoderma, and Cladosporium, while the 
others were isolated with frequencies less than 
6%. From the 151 necrotic galls investigated, 
11 fungal genera had been identified. The 
most often isolated were Gnomoniopsis (**), 
Colletotrichum, Fusarium, Trichoderma, and 
Pyronema while the other fungal taxa were found 

Fungi isolated from sweet chestnut galls. Colonies on PDA - front and reverse: 1 = Gnomoniopsis castanea;  
2 = Alternaria sp.; 3 = Botryosphaeria dothidea; 4 = Sordaria fimicola; 5 = Cladosporium cladosporioides;  
6 = Colletotrichum acutatum; 7 = Epicoccum nigrum; 8 = Fusarium sp.; 9 = Phoma sp.; 10 = Penicillium sp.;  
11 = Fusarium lateritium; 12 = Pestalotiopsis sp.; 13 = Sirococcus castaneae; 14 = Phanerochaete livescens;  
15 = Trichoderma sp.; 16 = Pyronema domesticum; 17 = Pilatoporus ibericus; 18 = Botrytris cinerea; 19 = Mucor sp.

Figure 1
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with frequencies less than 5%. 
 A total of 10 fungal genera were detected from 
the 30 green galls, and 8 taxa from 43 necrotic 
galls originated from Rionero in Vulture. The most 
frequent genera were Gnomoniopsis (dominant 
in S1 and S2), Colletotrichum (codominant), 
Sirococcus (dominant in S2, codominant in S1), 
and Pestalotiopsis, while the others were found 
with less than 6% frequency (Figures 2 and 3).
 Regarding the distribution of the taxa isolated 
from S1 and S2, it can be observed that some fungal 
taxa like G. castaneae, C. acutatum, Pestalotiopsis 

sp. and Phanerocheate livescens were detected in 
both sites, both green and necrotic galls. Other fungal 
taxa were site-specific: Fusarium sp., Penicillium 

Fungal taxa identified with molecular analyses 
in chestnut galls from the Basilicata region. 
GG1/2 = green galls from site 1/2; NG1/2 = 
necrotic galls from site 1/2.

Figure 2

Distribution of fungal taxa isolated from 
chestnut galls between the two investigated 
sites S1: Melfi and S2: Rionero in Vulture.

Figure 3

Taxon Strain / Isolate / 
Clone

GenBank 
Acc. No.

Gnomoniopsis castaneae TT2016 MF540695
Gnomoniopsis castaneae 360T MH257580
Alternaria sp. JP31 OQ297081
Alternaria sp. Pw-10.1A(3156)JM OM363497
Sordaria fimicola Gall 32 KT823797
Sordaria fimicola CBS 398.63 MH858315
Cladosporium cladosporioides V-19-5-3 MG888624
Cladosporium cladosporioides I5 4 LR778221
Colletotrichum acutatum Gall 7a KT823766
Colletotrichum acutatum Gall 7b KT823767
Colletotrichum acutatum FEM Ac1 KP064131
Colletotrichum acutatum V24-2 MG888626
Epicoccum nigrum Gall 9 KT823769
Epicoccum nigrum Cas 5 Agalla 2 KU095870
Epicoccum nigrum Cas 5 Agalla 9 KU095873
Fusarium sp. Cas 5 Agalla 11 KU095878
Fusarium sp. PG-145.1-G(44)JM OM345232
Phoma aliena Gall 28 KT823793
Phoma herbarum V8-1 MG888615
Penicillium sp. Gall 25 KT823790
Penicillium sp. mcp2526 JN983438
Penicillium sp. mcp2528 JN983439
Penicillium sp. 1-15ITS1F KF530744
Fusarium lateritium V2-1 MG888631
Fusarium lateritium CBS:165.57 MH857682
Pestalotiospsis sp. AG108 MG888616
Pestalotiospsis sp. Cas 5 Agalla 2 KU095868
Sirococcus castaneae Dca40 KX929736
Sirococcus castaneae Dca60 KX929737
Sirococcus castaneae Dca105 KX929758
Sirococcus castaneae V11-1 MG888629
Phanerochaete livescens LE RUS:286904 KP994361
Phanerochaete livescens 459E MZ078483
Trichoderma harzianum Gall 37 KT823802
Trichoderma harzianum SF 128 MT529404
Trichoderma atroviridae C405II MG888611
Trichoderma atroviridae AG101 MG888612
Pyronema domesticum NWFVA4757 MT790324
Pyronema domesticum NW-FVA2396 MG098284
Pilatoporus ibericus X1367 KC5959530
Pilatoporus ibercus LE-BIN 3922 MG722742
Mucor hiemalis Gall 21 KT823784
Mucor hiemalis B4 LN714573

Nucleotide sequences of the ITS barcode taken from the 
NCBI GenBank and used in this study for the phylogenetic 
analysis.

Table 2
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sp., Trichoderma sp. and Pilatoporus ibericus were 
specific to site 1, being found in both types of galls 
(Figure 3). Sirococcus castaneae was isolated only 
from green and necrotic galls originated from site 
2 (Figure 3). Also, S. 
fimicola was found only 
in necrotic galls, and F. 
lateritium and Phoma sp. 
were isolated from green 
galls only from site 2 
(Figure 3). 
 Furthermore, different 
types of fungi were found 
in green and necrotic 
chestnut galls, and details 
of their life strategies are 
presented in Table 3. It 
was interesting to observe 
that, only a few of them 
have been reported to be 
efficient in controlling 
D. kuriphilus or to have 
some influence on this 
gall-wasp, while others 
proved to affect different 
gall-wasp insects or to 
have a relationship with 
ACGW (Table 3).  
 Based on morphological 
features, all fungal species 
were preliminarily 
identified, at least at the 
genus level, and the fungal 
species were confirmed 
after direct sequencing 
of the ITS region. The 
genetic variability of 
the fungal isolates was 
verified through multiple 
sequence alignments with 
reference species from the 
NCBI GenBank database. 
Sequence alignment of 
the ITS region had 525 bp 
length. Out of them, 63 
sites were constant, 462 

were variable, 461 were parsimony-informative, and 
one singleton site was observed. All PFCs showed 
99% to 100% similarity across all the isolates within 
the same species, suggesting that they belong to 

Nr Fungal taxa Lifestyle Ref.* Dk Control Potential
A En L Ep P Y Ss W

1 Gnomoniopsis 
castaneae Yes xx Magro et al. 2010, 

Vannini et al. 2017
2 Alternaria sp. x x x Yes x Addario & Turchetti 

2011
3 Botryosphaeria 

dothidea x Yes ? Zimowska et al. 
2020

4 Sordaria fimicola Yes

5 Cladosporium 
cladosporioides x x Yes

Gaffuri 2018, 
Muñoz-Adalia et 
al. 2019, Yang et al. 
2021

6 Colletotrichum 
acutatum x Yes x Graziosi & Rieske 

2015

7 Epicoccum nigrum Yes ?
Nicoletti et al. 2021, 
Morales-Rodrigues 
et al. 2019

8 Fusarium sp. Yes x(x) Addario & Turchetti 
2011, Tosi et al. 2015

9 Phoma sp. Yes
10 Penicillium sp. x x x Yes ? Nicoletti et al. 2021
11 Fusarium lateritium x Yes ? Nicoletti et al. 2021
12 Pestalotiopsis sp. x x x Yes ? Lv et al. 2011
13 Sirococcus castaneae x Yes

14 Phanerochaete 
livescens x No

15 Trichoderma sp. x Yes ? Benigno et al. 2024

16 Pyronerma 
domesticum No

17 Pilatoporus ibericus No

18 Botrytis cinerea x x Yes x Addario & Turchetti 
2011

19 Mucor sp. x Yes
Notes: Lifestyle (fungi life strategy): A = animal pathogen; En = endophyte; L = parasite 
of lichens; Ep = epiphyte; P = plant pathogen; Y = yeast; Ss = saprotroph; W = wood 
decomposer. Ref* (References): fungus presence (Yes: previously reported; No: unreported 
on chestnut) on chestnut was reported by the following references: G. castaneae = Vannini 
et al. 2017, Seddaiu et al. 2017, Morales-Rodriguez et al. 2019, Fernandez-Conradi et al. 
2019, and Muñoz-Adalia et al. 2019. Alternaria sp. = Meyer et al. 2015 and Fernandez-
Conradi et al. 2019. Botryosphaeria dothidea and Sordaria sp. = Fernandez-Conradi et 
al. 2019. Sordaria fimicola = Meyer et al. 2015. Cladosporium cladosporioides = Muñoz-
Adalia et al. 2019. Colletotrichum acutatum = Gaffuri et al., 2015; Gaffuri et al., 2018; 
Morales-Rodriguez et al. 2019 and Muñoz-Adalia et al. 2019. Epicoccum nigrum = 
Morales-Rodriguez et al. 2019 and Muñoz-Adalia et al. 2019. Fusarium sp. = Muñoz-
Adalia et al. 2019. Phoma herbarum = Muñoz-Adalia et al. 2019 and Phoma aliena = 
Meyer et al. 2015. Penicillium (different species) = Morales-Rodriguez et al. 2019 and 
Muñoz-Adalia et al. 2019. Fusarium lateritium = Muñoz-Adalia et al. 2019 and Fernandez-
Conradi et al. 2019. Pestalotiopsis sp. = Muñoz-Adalia et al. 2019. Sirococcus castaneae 
and Trichoderma sp. = Muñoz-Adalia et al. 2019. Botrytis cinerea = Morales-Rodriguez 
et al. 2019. Mucor sp. = Muñoz-Adalia et al. 2019. DkControl potential (potential for D. 
kuriphilus control): xx=proved to be efficient on D. kuriphilus, x=proved to have some 
influence on D. kuriphilus;?=proved to other gall-wasps or insects and/or supposed to have 
a relationship with ACGW. 

Type of fungi found in chestnut galls and their potential to control 
Dryocosmus kuriphilus.

Table 3
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No. Fungal taxa Isolate/s name/s* Accession numbers (NCBI) ITS
1 Gnomoniopsis castaneae GNC1; GNC2; GNC3; GNC4 OR231929; OR231930; OR231931; 

OR231932
2 Alternaria sp. ALT5; ALT6; ALT7 OR232202; OR232203; OR232204
3 Botryosphaeria dothidea BOTDOT8; BOTDOT9; BOTDOT10 PP399140; PP399141; PP399142
4 Sordaria fimicola SORDFM11; SORDFM12; 

SORDFM13; SORDFM14
PP391735; PP391736; PP391737; 
PP391738

5 Cladosporium cladosporioides CLADCD15; CLADCD16; 
CLADCD17; CADCD18; CLADCD19

PP397139; PP397140; PP397141; 
PP397142; PP397143

6 Colletotrichum acutatum COLLETAC20; COLLETAC21; 
COLLETAC22; COLLETAC23; 
COLLETAC24

PP391744; PP391745; PP391746; 
PP391747; PP391748

7 Epicoccum nigrum EPICNGR25; EPICNGR26; 
EPICNGR27

PP391749; PP391750; PP391751

8 Fusarium sp. FUS28; FUS29; FUS30; FUS31; FUS32 PP391752; PP391753; PP391754; 
PP391755; PP391756

9 Phoma sp. PHOM33; PHOM34; PHOM35 PP474739; PP474740; PP474741
10 Penicillium sp. PENIC36; PENIC37; PENIC38 PP474742; PP474743; PP474744
11 Fusarium lateritium FUSLAT39; FUSLAT40; FUSLAT41 PP474745; PP474746; PP474747
12 Pestalotiopsis sp. PESTALOT42; PESTALOT43; 

PESTALOT44
PP474748; PP474749; PP474750

13 Sirococcus castaneae SIROCAST45; SIROCAST46; 
SIROCAST47; SIROCAST48; 
SIROCAST49

PP474751; PP474752; PP474753; 
PP474754; PP474755

14 Phanerochaete livescens PHANERLIV50; PHANERLIV51; 
PHANERLIV52

PP474756; PP474757; PP474758

15 Trichoderma sp. TRICH53; TRICH54; TRICH55; 
TRICH56;
TRICH57

PP474759; PP474760; PP474761; 
PP474762; PP474763

16 Pyronerma domesticum PYRONDOM58; PYRONDOM59;
PYRONDOM60; PYRONDOM61

PP474764; PP474765; PP474766; 
PP474767

17 Pilatoporus ibericus PILATIB62; PILATIB63; PILATIB64; 
PILATIB65

PP474768; PP474769; PP474770; 
PP474771

18 Botrytis cinerea BOTRYC IN66; BOTRYCIN67; 
BOTRYCIN68; BOTRYCIN69

PP474772; PP474773; PP474774; 
PP474775

19 Mucor sp. MUCOR70; MUCOR71 PP474776; PP474777
Note: *= Acronyms used for fungal cultures.

Fungal taxa isolated from necrotic and green sweet chestnut galls and ITS sequences accession number after 
deposition into the NCBI GenBank database.

Table 4

the same fungal species. In particular, outcomes 
of BLAST analysis of the 71 representative ITS 
sequences showed both very high similarities (from 
99 to 100%, which was above the threshold level 
for species determination) and a very high query 
coverage (>99%) with similar fungal species (Table 
2). All ITS sequences originated from ACGW green 
and necrotic galls of chestnut and identified in this 
study were deposited in the NCBI GenBank under 
the accession numbers presented in Table 4. 

Phylogenetic analysis

Fungal species isolated from both necrotic and 
green sweet chestnut galls clustered together 
with similar species downloaded from the NCBI 
GenBank, and their ITS sequences showed high 
identity compared to those already found in the 
database. Phylogenetic analysis results confirmed 
the previous morphological and molecular 

investigation outcomes based on ITS region 
variation (Figure 4). In the NJ tree based on the 
ITS region, two groups were distinguished and 
split into subclades that were highly supported 
by high bootstrap values (> 90%) (Figure 4). 
Furthermore, each fungal species was placed in 
the same cluster with similar species previously 
isolated from ACGW galls from chestnut. Some 
new species, previously not reported from sweet 
chestnut galls or even from C. sativa, were 
isolated for the first time during this study. In 
particular, P. livescens was isolated from both 
green and necrotic ACGW chestnut galls, while 
P. domesticum and P. ibericus were isolated only 
from necrotic galls. In addition, above mentioned 
species precise identification was confirmed by 
phylogenetic analysis as they clustered (bootstrap 
support 95-100%) nearby the same species 
downloaded from the GenBank (Figure 4). 
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Phylogenetic relationships of 71 representative 
fungal taxa from chestnut galls and their closest 
relatives based on the internal transcribed spacer 
(ITS) region. The evolutionary history was 
inferred using the Neighbor-Joining method. 
The optimal tree is shown. The percentage of 
replicates (if >90%) in which the associated 
taxa clustered together in the bootstrap test 
(1000 replicates) are shown above the branches. 
The tree is drawn to scale, with branch lengths 
in the same units as those of the evolutionary 
distances used to infer the phylogenetic tree. The 
evolutionary distances were computed using the 
Jukes-Cantor method and are in the units of the 
number of base substitutions per site. Fungal 
taxa obtained in this study are marked with red 
circles.

Figure 4

Discussion

Experimental data from this study showed 
a moderate fungal diversity in ACGW galls 
matching the results reported by other studies 
(Yang et al. 2012, Fernandez-Conradi et al. 2019, 
Morales-Rodriguez et al. 2019, Muñoz-Adalia et 
al. 2019). Generally, myco-endophyte diversity is 
lower in galls compared to unaffected leaf tissues 
(Fernandez-Conradi et al. 2019). 

In the present study, the most abundant taxa 
isolated from both green and necrotic galls was 
G. castaneae. In almost all European studies it 
was observed that G. castaneae dominated the 
mycobiota associated with ACGW (Fernandez-
Conradi et al. 2019, Muñoz-Adalia et al. 2019), with 
the exception of fungal communities carried by D. 
kuriphilus adults (Morales-Rodriguez et al. 2019). 
 Fernandez-Conradi et al. (2019), studying the 
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fungal endophyte communities in chestnut 
galls and surrounding foliar tissues, reported 
that the composition of endophyte communities 
varies between galls produced by ACGW and 
surrounding foliar tissue, and a high fungal 
diversity was found in both. In particular, 
observing the taxonomical composition of 
chestnut leaves and galls, the authors found 
97 operational taxonomic units (OUTs) in 
chestnut leaves and 84 OTUs in galls produced 
by ACGW. They also showed that Ascomycota 
dominated the studied communities, while low 
levels represented the other microorganisms. 
Furthermore, the most abundant species was 
G. castaneae (~56%), followed by other 
species which were isolated less frequently 
(6-2%) Trichothecium roseum, Alternaria 
sp., Botryopshaeria dothidea and Sordaria 
sp. These data are relatively similar to those 
obtained in the present study. Although the 
fungal endophyte richness was lower in galls 
than in surrounded tissue, insect-induced galls 
still provide a specific habitat for endophytic 
fungi. It is worth stressing that the higher 
number of OTUs obtained from ACWG galls 
compared to our study could be explained 
using the Illumina sequencing technology 
versus the culture-based methodology 
followed by Sanger sequencing, which can 
limit the discovery of some less abundant 
species. However, the methodology adopted 
by the present study allowed us to reveal most 
of the fungal endophytes found before in both 
green and necrotic ACGW galls from chestnut.  
Despite the technology utilized, both the 
present and Fernandez-Conradi et al. (2019) 
studies demonstrated that the taxa that 
dominated in ACGW chestnut galls belonged 
to Sordariomycetes and Dothiodeomycetes 
classes.

The predominance of G. castaneae in 
D. kuriphilus galls was previously reported 
by Seddaiu et al. (2017) also being isolated 
with high frequency from green and necrotic 
galls in Basilicata region worries very much 
as this pathogen is responsible of nut rot in 
chestnut worldwide. In addition, it was stated 

that G. castaneae may behave both as an 
endophyte and pathogen, is a causal canker 
agent in C. sativa (Pasche et al. 2016) and 
is also closely linked with the D. kuriphilus 
spread (Seddaiu et al. 2017, Munõz-Adalia et 
al. 2019). Furthermore, other fungi isolated in 
the present study like Fusarium sp., Alternaria 
sp., C. acutatum, B. dothidea, B. cinerea, 
Pestalotiopsis sp., and S. casteaneae are known 
pathogens attacking many host plants, some of 
them being destructive canker agents all over 
the world (Phillips et al. 2013, Zimowska et al. 
2020, Yang et al. 2021, Mohali 2023). Munõz-
Adalia et al. (2019) also reported isolating 
these fungal species from necrotic and healthy 
galls in chestnut trees affected by D. kuriphilus 
from two sites in northern Spain. Similar to 
our study, the authors from both necrotic and 
healthy ACGW chestnut gall predominantly 
G. castanea (~34-44%), but also Fusarium 
sp. (~1.5-13%) were isolated. In the necrotic 
and healthy chestnut ACGW galls from 
the second site, other less abundant fungal 
species were found, like Sydowia polivora 
(~6%), Nigrospora oryzae (~3%), Rhizomucor 
variabilis and Diplodia concentrica (1.5%), 
along with some other taxa which were never 
found in our investigated sites. In the first 
site, they found fewer fungal species from 
necrotic and green leaves, but still, the same 
fungi mentioned before were predominant as 
in our study, and others, such as Arthrinium 
arundis, had not been found in our samples. On 
the contrary, in our study, the sites harboured 
quite similar numbers (green galls 12 vs. 10 
and necrotic galls 11 vs. 8) of fungal species, 
registering a slightly small number of taxa 
isolated from site 2, despite the gall type. 

The fact that many of the fungal species 
isolated from ACGW chestnut galls in the 
present study are pathogens poses a serious 
threat to the health of the chestnut trees in the 
Basilicata region. 

Some fungal taxa such as Fusarium sp., 
C. cladospoiroides, S. fimicola, E. nigrum, C. 
acutatum, and Phoma sp. can have different 
behaviour, acting as endophytes, saprophytes, 
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or pathogens depending on the host as already 
reported by several authors (Meyer et al. 2017, 
Munõz-Adalia et al. 2019). Antagonistic fungi 
like Trichoderma sp. presence in ACGW chestnut 
galls was observed in one site from the Basilicata 
region, and this is similar to what was found by 
Munõz-Adalia et al. (2019). The associations 
between ACGW or other cynipid gall wasps 
(Dryocosmus dubiosus) are well recognized 
(Raman et al. 2012, Morales-Rodriguez et al. 
2019), and the endophytic communities found 
in galls are established by Ascomycota (type II 
endophyte taxa) also transmitted by biotic vectors 
such as insects. Nevertheless, information about 
the role of Cynipids in the dispersal of Type 
II endophytes is still unavailable (Morales-
Rodriguez et al. 2019).

The presence of entomopathogenic fungi 
like C. acutatum, Fusarium sp., Pestalotiopsis 
sp., and C. cladospoiroides, which were also 
found in this study had been linked to D. 
kuriphilus, Hemiberlesia pitysophila, and 
Teteranycus urticae infections causing their 
death (Lv et al. 2011, Graziosi & Rieske 2015, 
Munõz-Adalia et al. 2019). 

The fungal community associated with 
ACGW after the emergence of galls in chestnuts 
from Central Italy was discovered with the help 
of novel technologies such as metabarcoding 
with High Throughput Sequencing (HTS) 
(Morales-Rodriguez et al. 2019). The authors 
tried to find C. parasitica and understand its 
possible role in the epidemiology of flagging 
symptoms (Morales-Rodriguez et al., 2019) 
as it is known that insects-inducing galls are 
associated with various species of fungi (Vanini 
et al. 2017), but they did not find C. parasitica 
in D. kuriphilus adults and neither did us in 
galls in the present study. Instead, some taxa, 
such as E. nigrum, G. castanea, C. acutatum, 
and B. cinerea (also found in our research), 
along with others like Ramularia endophylla 
(syn. Mycosphaerella maculiformis), 
Stromatoseptoria castaneicola, and Beauveria 
bassiana were the most abundant within the 
core microbiome. In addition, as in our study, 
most of the taxa found in ACGW adults were 

plant pathogens followed by endophytes and 
wood saprotrophs based on their functional 
guilds assessment (Morales-Rodriguez et al. 
2019). Opposite to what we found in green and 
necrotic galls caused by ACGW in chestnut, 
saprotrophs constituted an essential part of the 
fungal communities identified and some genera 
such as Penicillium and Cladosporium were 
highly abundant (Morales-Rodriguez et al. 2019).

Recent studies stated that G. castaneae 
colonized healthy and necrotic galls with 
ubiquitous components of fungal communities 
like Alternaria sp., Aspergillus sp., Fusarium 
sp. and Colletotrichum fioriniae. The authors 
also highlighted that T. sinensis could control 
the ACGW, while native parasitoids had only 
a secondary role. Additionally, it was shown 
that gall necroses slightly impacted T. sinensis 
control, as their efficacy was limited to the 
early stages of gall development (Pennacchio 
et al. 2023).

Furthermore, the fungal community 
associated with ACGW is very different in 
Asia compared to Europe (Yang et al. 2021). 
The absence of the competitive alien fungi 
G. castaneae allowed the local Asian taxa to 
develop. The host specificity (C. mollissima, 
C. crenata, and other Asian species) influenced 
the fungal spectrum. Didymella rosea and C. 
delicatulum dominated the leaf, twig and gall 
fungal community. Even the sub-dominating 
species – Acremonium sp., Cryptococcus 
aureus, Cercospora sp. are not frequent in 
Europe related to galls. The fungi associated 
with D. kuriphilus adults are different from the 
gall community, being largely dominated by 
Botryosphaeria sp., other relative frequently 
taxa being Aspergillus sp. and Diaporthe 
amygdali (Yang et al. 2021).

Overall, the diversity of microbiota 
associated with chestnuts infected by ACGW 
in Basilicata was similar to that reported in 
Europe (Muñoz-Adalia et al. 2018, Fernandez-
Conradi et al. 2019, Morales-Rodriguez et al. 
2019), respectively very different compared to 
Asia (Yang et al. 2021). Fungal richness was 
lower than that reported for other host plants 
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(Koukol et al. 2012, Sanz-Ros et al. 2015, 
Muñoz-Adalia et al. 2019). Although this is 
the situation, the presence of endophytes in 
ACGW galls from chestnuts is important, and 
knowledge about their biology is critical to use 
as biocontrol agents against galling insects. 
The interactions between endophytic fungal 
taxa and gall-forming insects are very complex 
and certainly future data delivered by new 
technologies will help us understand how they 
influence the chestnut health and productivity.

Conclusion

The present study revealed the dominant 
presence of G. castaneae along with 18 other 
fungal species, some of which have already 
been reported in previous studies in Sardinia 
(southern Italy) and other countries. 

The taxonomic composition of the fungal 
communities found in the two investigated sites in 
the Basilicata region varied more with the type of 
gall (necrotic vs green type) and less with the site. 

Most of the taxa identified were either plant 
pathogens or fungal endophytes and some of 
them deserve supplementary studies as they can 
affect the chestnut health. 

Further investigations are required to 
establish the role played by these fungal 
species, especially G. castaneae, in the health 
of the chestnut trees in the Basilicata region 
and to better understand their interactions with 
the invasive pest D. kuriphilus. 
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