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Abstract: Chestnut blight, caused by Cryphonectria parasitica, is a severe disease that may be biolog-
ically controlled by the use of hypovirulent strains, but the diversity of the pathogen population
affects biocontrol feasibility. Villuercas–Ibores–Jara, the Jerte Valley and La Vera are the main chestnut
production districts in Cáceres (central-western Spain). The purpose of this study is to determine
the Vegetative Compatibility Groups (VCGs) and mating types in these districts and to identify
hypovirulent isolates to be used in biological control. The VCGs were determined by the merg-
ing/barrage response; PCR tests were used for the mating type determination and CHV-1 hypovirus
detection. In total, 40 sites were surveyed and 269 isolates were obtained, most of them (227) from the
Villuercas–Ibores–Jara district, where EU11 was the predominant VCG (88.1%) with EU1 (6.6%) and
EU12 (4.4%) being also present. In the Jerte Valley and La Vera, EU1 (61.9%), EU11 (11.9%) and EU12
(11.9%) were the predominant VCGs. Both mating types were detected (48% MAT-1; 50% MAT-2) and
in general, only one mating type was found in each site. The presence of Cryphonectria hypovirus 1
(CHV-1), subtype I, was identified in only one isolate (VCG EU11) from Villuercas–Ibores–Jara. The
characteristics of the C. parasitica population in this district and the occurrence of CHV-1 hypovirus
support the potential of successful biological control in Villuercas–Ibores–Jara using hypovirulent
strains, while in the Jerte Valley and La Vera only preventive measures are recommended.

Keywords: Cryphonectria hypovirus; hypovirulence; mating types; preventive measures; vegetative
compatibility groups

1. Introduction
Cryphonectria parasitica (Murrill) M. E. Barr. is the agent causing chestnut blight, one

of the most severe chestnut diseases. The disease was accidentally introduced from Asia
into North America in the early 20th Century and it almost caused the extinction of the
American chestnut (Castanea dentata (Marsh.) Borkh) [1]. In Europe, C. parasitica was first
recorded in 1938, affecting sweet European chestnut (Castanea sativa Mill.) in Italy and
from there, the disease spread into the neighbouring regions of France, Switzerland and
Slovenia [2–4]. To date, chestnut blight is present in all main chestnut-growing areas in
continental Europe [5]. In 2011, an outbreak of the disease was discovered in southern
England [6] and in further intensive surveys, the disease was detected in more sites [7,8].

Cryphonectria parasitica is a bark pathogen that infects the branches and stems, causing
necrotic lesions (cankers) on the bark. The girdling of branches by the fungus induces
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wilting and dieback of the distal parts. The disease is readily visible from the dry leaves
that remain on the twigs and from the copious epicormics shoots produced below the
cankers [2,8]. C. parasitica penetrates the host tissue through wounds or growth crack and
both sexual and asexual spores (ascospores and conidia) can cause infections. Typical
mycelial fans are formed in the bark and cambium, and necrotic lesions (so-called cankers)
are produced on the bark. Sexual (perithecia) and asexual (pycnidia) fruiting bodies develop
in the stromata. Conidia are mainly splash-dispersed by rain, while ascospores can be wind-
dispersed over long distances [5]. In C. parasitica, mating is controlled by a single mating
type (MAT) locus, which contains either the MAT-1 or MAT-2 [9], although some isolates
may be sexually compatible with both mating types, and may even produce perithecia on
their own [10]. Outcrossing and self-fertilisation occur at variable frequencies [11].

Hypovirulence refers to a viral disease in C. parasitica caused by a double-stranded
RNA hypovirus [12]. The hypovirus that has been most frequently studied is CHV-1, which
reduces the parasitic growth and sporulation capacity of the pathogen [13]. Hypoviruses
can be transmitted from infected to non-infected C. parasitica strains via hyphal anastomosis,
but the transmission of the hypovirus among fungal isolates is limited by a vegetative
incompatibility (vic) system, which involves at least six loci with two alleles at each locus.
Allelic combinations at the six vic loci define a total of 64 vic genotypes, which correspond
to the 64 vc types (EU-1 to EU-64) that are genetically characterised [14]. However, the
presence of vc types incompatible with these 64 described types suggests that the vegetative
compatibility in C. parasitica is most likely regulated by more than six vic loci or that
additional alleles exist at the known vic loci [5]. This incompatibility system determines
the frequencies of hypovirus transmission between isolates, so that frequencies are high
when isolates have the same alleles at all loci (they belong to the same vc type or Vegetative
Compatibility Group, VCG), but heteroallelism at one or more vic loci generally restricts
the hypovirus transmission between isolates that belong to different VCGs [15].

At least 74 VCGs of C. parasitica have been found across Europe [16,17]. The level of
diversity of VCGs is an important factor in the spread of hypovirulence in C. parasitica

populations and it is a major determinant in the success of disease control by hypoviru-
lence [2,18,19]. Concerning the vertical transmission, the hypovirus is transmitted into
asexual spores (conidia) but not into sexual ascospores and, therefore, sexual reproduction
in C. parasitica is a major obstacle for the dissemination of the hypovirus [20]. Moreover,
sexual reproduction in C. parasitica can increase and maintain vc type diversity through
the recombination of polymorphic vic genes 14]. In Europe, hypovirulence is largely a
natural phenomenon [2,13]. In areas where no natural hypovirulence is present or it is low,
the hypovirus (CHV-1) can be artificially introduced by field application of hypovirulent
strains, which, by hyphal anastomosis, will transmit the hypovirus to the virulent C. parasit-

ica population. Based on the transmission of hypovirulence, biological control programmes
for chestnut blight have been implemented in France, Italy, Switzerland, Greece, Spain and
Portugal [21–26]. In Europe, several molecularly identifiable subtypes of CHV-1 have been
described, i.e., subtype I, F1, F2, E, D and G [27–29].

Sweet chestnut production is currently increasing in the province of Cáceres (Ex-
tremadura, central-western Spain) [30]. Sweet chestnut is a crop of major economic sig-
nificance for the Villuercas–Ibores–Jara district (south-eastern Cáceres), as well as for the
Jerte Valley (northern Cáceres), while in La Vera district (north-eastern Cáceres), it has been
recently introduced and occupies only a small area. Chestnut blight was first detected in
the Villuercas–Ibores–Jara district at the end of the 90s through a personal communication
made by a local forestry officer, although there is no written record of it. Since then, the
disease has spread throughout the district, becoming a limiting factor for chestnut cultiva-
tion in some areas. The information on its presence in the Jerte Valley and La Vera districts
is scarce.

In areas with low or no natural hypovirulence, the human-mediated introduction of
hypovirulence by way of the treatment of bark cankers with hypovirus-infected C. parasitica

strains is recommended [21–23]. In order to develop a chestnut blight control programme
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based on hypovirulence, knowledge of the VCGs of the pathogen occurring in the particular
area to be treated is crucial, as well as having hypovirulent strains that are compatible with
the local VCGs [2,19,22]. The purposes of this study are: (i) to confirm the presence of C.

parasitica in chestnut trees with chestnut blight symptoms in the production districts in
Cáceres; (ii) to determine the VCGs present in the different districts; (iii) to identify the
mating types present in the different districts; and (iv) to identify hypovirus-infected C.

parasitica isolates for further use in biological controls.

2. Material and Methods
2.1. Survey, Sampling and Isolation of C. parasitica

The main sweet chestnut-growing districts in the province of Cáceres (Extremadura,
central-western Spain) were surveyed between September and October 2019 and between
May and October 2020, 2021 and 2022. The survey sites with symptoms of the disease
were identified by the technicians of the chestnut producers’ associations in three different
districts, i.e., Villuercas–Ibores–Jara (south-eastern Cáceres), the Jerte Valley and La Vera
(northern Cáceres). The number of trees sampled per site varied depending on the area
of the site and the number of diseased trees at each site. Bark samples (5–20 cm2) were
removed from the margins of the cankers using a razor or a chisel, depending on the
thickness of the bark. The surveyed chestnut trees were geo-referenced and only one canker
per tree was sampled.

In the laboratory, samples were examined under a dissecting microscope for the
presence of perithecia and/or pycnidia. Fragments (approx. 6 ⇥ 6 mm) were cut from the
samples, the surface disinfected by immersion in 70% ethanol, dried on absorbent paper and
placed on a potato dextrose agar medium (PDA) (39 g/L; VWR). Where possible, conidia
were extracted from pycnidia with a needle and placed directly onto PDA. The plates were
incubated for 3–7 days at room temperature in dark conditions and the growing colonies
were transferred to fresh PDA plates (only one isolate per canker). The morphological
characteristics of the colonies were assessed after an incubation period of 7 days at 25 �C in
dark conditions and 7 days on a laboratory bench at room temperature. Several characters
were considered for this characterisation: growth pattern, growth rate, appearance of the
mycelium, colony colour and sporulation density (high, medium, low). All the isolates
were preserved in two ways: (i) grown on a PDA medium and maintained at 5 �C, and
(ii) grown on filter paper discs placed in paper envelopes and maintained at �20 �C. The
isolate harbouring the virus was additionally maintained on a PDA medium at 25 �C and
replicated frequently (every 1–1.5 months).

2.2. Vegetative Compatibility Groups

The VCGs of the isolates obtained were determined according to the method based
on the merging/barrage response of paired isolates [10]. Pairings were performed on a
PDA medium in 90-mm diameter Petri plates, with 4–8 pairings per plate, and the conidial
inocula of the paired isolates were arranged 3 mm apart. The plates were incubated for
7 days at 25 �C in dark conditions and 7 days on a laboratory bench at room temperature.
The formation of a barrier between the paired isolates with a line of pycnidia in the contact
zone indicated that they belonged to different VCGs. However, where the colonies merged
and no barrier was formed, the isolates belonged to the same VCG. All the isolates from
each surveyed site were paired in all combinations to select the tester isolates from each site.
The tester isolates from each site were paired with each other in all combinations, as well
as with the European vc-type testers representing the most frequent VCGs in Spain and
Portugal (EU1, EU2, EU9, EU11, EU12, EU13 and EU28), which were kindly provided by P.
Cortesi (Università degli Studi di Milano-Bicocca). Each test was repeated at least twice.

The diversity of VCGs in each population was assessed with Shannon and Wiener
diversity index H’ calculated as H’ = �Â pi ln pi, where pi is the frequency of the ith VCG
in each population. When all individuals have the same phenotype (belong to the same
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VCG), H’ = 0, and when all have different phenotypes (belong to different VCGs), H’ has its
highest value [1].

2.3. Mating Types

C. parasitica isolates were grown in potato dextrose broth for 10 days and mycelial
mats were removed and washed with sterile distilled water. The DNA was extracted
using the SpeedTools Plant DNA extraction kit (Biotools B&M Labs S.A.) according to
the manufacturer’s protocol. Previously, the mycelial samples were placed in steel bead
tubes and crushed in a SPEX CertiPrep tissue homogeniser (model 1600 miniG®) for
5 min. Mating types were determined by PCR amplification using primers M1-GS1n and
M1-GS3-rev for MAT-1 and primers M2-GS3 and gsl-d-1 [31].

Both primer pairs were used for each isolate. A PCR test was carried out on a final
volume of 19 µL containing 4 µL of each sample DNA and the reaction mixture (15 µL)
consisted of DreamTaq Green Buffer 10⇥ (20 mM), 200 µM of each dNTP, 0.2 µM each
primer and DNA polymerase DreamTaq (5 U/µL). A PCR test analysis was performed
using a Bio-Rad thermal cycler (model T100) and consisted of an initial denaturation step at
95 �C for 30 s; then 35 cycles of 30 s at 95 �C; 1 min at 66 �C and 4 min at 72 �C, followed by
a final extension at 72 �C for 4 min. The PCR products were visualised by electrophoresis
in a 1% agarose gel, 1⇥ TBE buffer, 95 V for 55 min.

2.4. Cryphonectria Hypovirus 1 (CHV-1) Detection, Sequencing and Phylogenetic Analysis

C. parasitica isolates showing white-beige colony colour and low sporulation were
analysed for CHV-1 detection (Figure 1). This selection was made on the basis of previous
reports [5,10,13] that associate the loss of colony pigmentation and the reduced sporulation
with mycovirus infection (hypovirulence).
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Figure 1. Colonies of Cryphonectria parasitica with different sporulation density: high (left), not
analysed for CHV-1 detection; low (centre) and no sporulation (right), analysed for CHV-1 detection.

C. parasitica isolates were grown in a potato dextrose broth for 10 days and mycelial
mats were removed, washed with sterile distilled water and frozen. The frozen mycelium
was ground to a fine powder using liquid nitrogen. The total RNA was extracted from
the mycelial powder (approx. 50 mg) using the RNeasy Plant Mini Kit (Qiagen) following
the manufacturer’s recommendation. Complementary DNA (cDNA) was generated using
the High capacity cDNA Reverse Transcription Kit (Thermo Fisher) according to the
manufacturer’s protocol. A PCR test was conducted using primers EP 713-5 and R2280 [26]
to amplify a 1439 bp region of open reading frame A (ORF-A) and primers ORF B-12F
and ORF B-12R to amplify a 780 bp region of open reading frame B (ORF B) [32]. A PCR
test was performed on a final volume of 20 µL, containing 1 µL of the cDNA, 0.2 µL each
primer (10 pmol) and 2X PCR SuperMix (Genedirex). Cycling conditions were 2 min at
94 �C followed by 40 cycles of 1 min at 94 �C, 1.5 min at 55 �C, 2.0 min at 72 �C and
a final extension of 8 min at 72 �C. The PCR products were visualised by agarose gel
electrophoresis on a 1.5% gel stained with GelRed® Nucleic Acid Gel Stain (Biotium, Inc)
under UV illumination.

For the CHV1 subtype determination of isolates, the specific region of ORF-A was
sequenced using primers hvep1/hvep2 [28] by StabVida laboratories (Caparica, Portugal).
The assembled sequences were aligned using Clustal W [33]. The sequences of previously
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reported subtypes I, F1, F2, D and E deposited in the GenBank (Accession numbers:
AF082191, M57938, MF421717, MF431594 and MF431593, respectively) as well as those
of CHV-1 subtype I haplotypes [8,28,34] deposited in the GenBank were included for
comparison purposes. The alignments were used to reconstruct the phylogenetic trees
using the neighbour-joining method with nucleotide identity distances in program MEGA
11.0 [35]. Bootstrap analyses with 1000 replicates were performed to estimate the support
for inferred phylogenies [36].

3. Results
3.1. Sampling and Isolation

Forty sweet chestnut growing sites affected by chestnut blight were surveyed. The
Villuercas–Ibores–Jara district is the largest of the three surveyed and the disease is highly
widespread there. Therefore, most of the surveyed sites (26) were located in this region.
Ten and four sites were sampled in the Jerte Valley and La Vera districts, respectively. In
adult chestnut trees, the presence of dry branches and/or crown dieback were the most
visible symptoms, as well as the presence of mycelial fans when debarking. On the young
trees of new plantations, active cankers with orange-reddish colouring were easily found
on the branches and stems. Pycnidia were frequently identified on both adult and young
trees. Perithecia were not identified in any of the samples examined in the laboratory or in
any of the trees surveyed in the field.

The presence of C. parasitica was confirmed in 37 sites, i.e., all the sites surveyed in
Villuercas–Ibores–Jara (26) and 11 out of 14 surveyed sites in the Jerte Valley and La Vera
(Figure 2). A total of 269 isolates were obtained, most of them (227 isolates, 84.4%) from the
Villuercas–Ibores–Jara district, where the number of trees with symptoms of the disease and
evident C. parasitica infection in each surveyed site were very high. However, in the Jerte
Valley (32 isolates, 11.9%) and La Vera (10 isolates, 3.7%), the distribution of the disease
was limited and the number of symptomatic trees in each site was very low, except in one
site where the disease was widespread.

The morphological characteristics of the isolates corresponded to those typical of C.

parasitica. Only six of these isolates, showing a white-beige colony colour and reduced
sporulation, were analysed for the presence of CHV-1.

3.2. Vegetative Compatibility Groups

The VCGs of 261 out of the 269 isolates obtained were determined (Figure 3). A total
of eight isolates, distributed in three VCGs (named CC1, CC2 and CC3), were incompatible
with the European vc type testers used in this study. In the Villuercas–Ibores–Jara district,
the predominant VCG was EU11 (200 out of 227 isolates). The topography of this region is
characterised by a succession of mountain ranges and parallel valleys (Ibor, Viejas, Almonte,
Santa Lucía and Berzocana) with a NW-SE orientation. EU11 was the only VCG present in
the Viejas (60 isolates) and Santa Lucía (25 isolates) valleys and it was also the predominant
VCG in the Ibor, Almonte and Berzocana valleys (71, 23 and 21 isolates respectively).
EU1 was identified (15 isolates) in one site in the Ibor valley and EU12 was only found
(10 isolates) on the shady slope of the Almonte valley, while on the sunny slope, only
EU11 was present. CC1 was only present in the Berzocana valley (two islolates). In the
Jerte Valley and La Vera districts, EU1 was the predominant VCG (26 out of 42 isolates)
and EU11, EU12, CC2 and CC3 were identified in lower numbers (5, 5, 4 and 2 isolates,
respectively).
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The H’-index values (Figure 3) indicate that the greatest diversity in terms of VCGs
was found in the Jerte Valley (H’ = 1.36). In the Villuercas–Ibores–Jara district, the diversity
was lower in general, with the highest H’-index value corresponding to the Almonte valley
(H’ = 0.61).

3.3. Mating Type

The mating type was determined for 133 of the isolates obtained, which were selected
to represent the sites sampled and the different VCGs identified (Figure 4). The two
MAT idiomorphs were found in almost 1:1 ratio when considering the total number of
isolates (64 isolates were identified as MAT-1 and 67 isolates as MAT-2). Two isolates from
Villuercas–Ibores–Jara showed an amplification of both MAT-1 and MAT-2 idiomorphs.
In this area, the distribution of the mating types varied from one valley to another. In the
Santa Lucía and Berzocana valleys, only MAT-2 was identified, whereas in the Viejas and
Almonte valleys, MAT-1 was the predominant mating type (92.3% and 91.7%, respectively).
In the Ibor valley, 42.1% of the isolates were identified as MAT-1 and 55.3% of them as
MAT-2, whereas MAT-1 was the predominant mating type in the Jerte Valley (64.7%) and
MAT-2 in La Vera (60.0%).
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3.4. Cryphonectria Hypovirus 1 (CHV-1) Detection and Subtype Determination

The presence of CHV-1 was detected in only one out of the six isolates analysed, which
amplified a PCR product of the expected size with the two primer pairs used. This isolate
was obtained from the Villuercas–Ibores–Jara district and belongs to EU11.

The specific region of ORF-A of CHV-1 detected was sequenced (GenBank accession
number OQ835557). The first phylogenetic analysis of partial ORF-A sequences, includ-
ing the sequences of reference isolates from different subtypes (I, F1, F2, D, E), grouped
the hypovirus from the Villuercas–Ibores–Jara district into one cluster together with the
reference isolates of the CHV-1 subtype I. The second phylogenetic analysis of partial
ORF-A sequences, including the sequences of reference isolates from different subtypes (I,
F1, F2, D, E) and from the CHV-1 subtype I haplotypes, grouped the hypovirus from the
Villuercas–Ibores–Jara district into one cluster together with CHV-1 subtype I isolates from
Catalonia (LL0559, LL1783, LL1095, LL1492, LL1383, LL1385) (Figure 5).



Agronomy 2023, 13, 1208 8 of 13

Agronomy 2023, 13, x FOR PEER REVIEW 8 of 13 
 

 

3.4. Cryphonectria Hypovirus 1 (CHV-1) Detection and Subtype Determination 
The presence of CHV-1 was detected in only one out of the six isolates analysed, 

which amplified a PCR product of the expected size with the two primer pairs used. This 
isolate was obtained from the Villuercas–Ibores–Jara district and belongs to EU11. 

The specific region of ORF-A of CHV-1 detected was sequenced (GenBank accession 
number OQ835557). The first phylogenetic analysis of partial ORF-A sequences, including 
the sequences of reference isolates from different subtypes (I, F1, F2, D, E), grouped the 
hypovirus from the Villuercas–Ibores–Jara district into one cluster together with the ref-
erence isolates of the CHV-1 subtype I. The second phylogenetic analysis of partial ORF-
A sequences, including the sequences of reference isolates from different subtypes (I, F1, 
F2, D, E) and from the CHV-1 subtype I haplotypes, grouped the hypovirus from the 
Villuercas–Ibores–Jara district into one cluster together with CHV-1 subtype I isolates 
from Catalonia (LL0559, LL1783, LL1095, LL1492, LL1383, LL1385) (Figure 5). 

  
Figure 5. UPGMA tree derived from ORF A sequences of Cryphonectria hypovirus (CHV-1), showing 
the sequence generated in the present study (marked in a yellow box) grouping together with other 
subtype I haplotypes. Sequences of reference isolates from different subtypes (I, F1, F2, D, E) and 
from CHV-1 subtype I haplotypes were taken from GenBank. 

Figure 5. UPGMA tree derived from ORF A sequences of Cryphonectria hypovirus (CHV-1), showing
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from CHV-1 subtype I haplotypes were taken from GenBank.

4. Discussion
This study is the first performed on C. parasitica populations and the distribution of

the chestnut blight disease in Cáceres (Extremadura).
In the Villuercas–Ibores–Jara district, four VCGs have been identified, with EU11 being

the most widespread (88.1% of the isolates), followed by EU1 (6.6%) and EU12 (4.4%); CC1
was present in a lower proportion (0.9%). EU11 has been reported to be present in low
proportions in Italy [37], France [17], Croatia [3] and Great Britain [8]. However, EU11 is
the predominant VCG in Portugal [38,39] and one of the most common VCGs in Castile
and Leon (western Spain) [40], both areas on the border with Extremadura.

The presence of EU1 was limited to one plot in the Ibor valley, with a single owner.
The introduction of this VCG may be related to the variety used in the plantation, imported
from southern Spain and different from the usual variety in the area (var. Verata). EU12
has only been identified on the shady slope of the Almonte valley, in several plots with
different owners, but where pruning and grafting operations were carried out by the
same operators. EU12 is the most frequent VCG in south-eastern Europe [3,41–43], but its
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presence is limited in western Europe, where it had only been reported in Portugal and
Castile and Leon [38,40].

The situation encountered in the Villuercas–Ibores–Jara district is therefore similar to
the situation described in Portugal, where the population of C. parasitica is essentially clonal
and dominated by the vc type EU11, although other VCGs (EU1, EU2, EU12 and EU66) are
also present and sometimes represented by a few or single isolates [26,38,39]. On the other
hand, the distribution of the mating types in this area, associated with its mountainous
geography, is favourable for the clonality of the C. parasitica population. The presence of
only one mating type in each valley, or the predominance of one of them, implys a very
low probability of sexual reproduction. Only in the Ibor valley, both mating types were
present in a ratio close to 1:1 (16:21), but they did not occur in the same sites, i.e., the MAT-2
haplotype was present in the sites sampled at the head of the valley, while MAT-1 was
present in the remaining sites. The presence of both mating types in a region does not
always imply sexual reproduction, as physical proximity between both mating type strains
is also important for sexual reproduction to occur [44]. In two of the surveyed sites, two
isolates (both EU11) that were amplified for both mating types were detected, although
no perithecia were observed in the samples from those sites. C. parasitica has a mixed
mating system, with outcrossing and self-fertilisation occurring at variable frequencies [11]
and most self-fertile isolates are heterokaryotic for mating type [31]. In the absence of
perithecia, we could presume that natural dispersion occurred by conidia, which are mainly
splash-dispersed by rain over short distances (a few metres), or washed down the stem and
branches [45]. The usual planting frames of chestnut trees in this area are wide (12 ⇥ 12 m–
15 ⇥ 15 m), so the distance between trees could limit the spread of the pathogen by conidia.
The wide distribution of the disease in this area suggests a case of human-assisted pathogen
dispersion, probably associated with the introduction of infected planting material and
agronomic practices without the use of phytosanitary precautions, such as pruning and
grafting. It is known that graft unions are especially susceptible to attack by C. parasitica [2].

The situation encountered in the Jerte Valley and La Vera districts was quite different
from that of the Villuercas–Ibores–Jara district. The Shannon and Wiener H’-index values
indicate that the diversity (in terms of VCGs) in the Jerte Valley was higher than in the
Villuercas–Ibores–Jara district. Five VCGs have been found in the Jerte Valley and La Vera,
where EU1 was the most widespread VCG (61.9% of the isolates), followed by EU11 (11.9%)
and EU12 (11.9%), CC2 (9.5%) and CC3 (4.8%). EU1 has been also detected in other Spanish
regions, such as Castile and Leon, Galicia and Asturias [40,46,47] and this VCG is, together
with EU2, one of the predominant vc types in Croatia, France, northern Italy, eastern Spain
and southern Switzerland [3,35,48]. Both mating types have been found in the Jerte Valley
and La Vera, but in general only one mating type was found in each site. Only in one site in
La Vera both mating types were found together, and it is known that the second one (MAT
1) had been recently introduced with new chestnut saplings. After being informed, the
owner of this plantation decided to remove the new sapling to avoid the risk of perithecia
formation. The absence of perithecia and the limited spread of the disease suggest that also
in these areas the natural spread occurs only by the action of conidia, although the risk of
human-assisted pathogen dispersion is high. Considering the Jerte Valley and La Vera as a
whole, the scattered distribution of disease outbreaks, the small number of affected trees in
each site, the diversity of VCG and the presence of the two mating types suggest several
recent introductions of the pathogen from different sources, probably linked to the trade in
plant material, which is very active in this area.

The low proportion of CHV-1-infected isolates found in Cáceres is in line with the
low prevalence of the hypovirus reported in other regions of Spain, such as Asturias [49],
Galicia [46], Catalonia [34], and Castile and Leon [40], Portugal [38], Bulgaria [50] and
Romania [51]. In Europe, natural hypovirulence began to appear and reduce the severity
of chestnut blight outbreaks some 10–25 years after the establishment of a new C. par-

asitica [13]. In Cáceres, the probable date of the initial detection of chestnut blight was
the late 90s, and the date of initial detection of the hypovirus is as reported in this paper.
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The time lapse between the two dates (23 years) corresponds to the predictions based on
the correlation found between the year of first identification of chestnut blight and the
appearance of healing cankers [2], indicating an initial stage of virus spread. Phyloge-
netic analysis of sequences indicated that the hypovirus from this study belongs to the
Italian subtype (I) of CHV1 and it shows high homology with CHV-1 subtype I isolates
from Catalonia (Spain) [34]. However, in Castile and Leon, an area bordering Cáceres,
the subtype found is F1 [40]. Subtype I is the most widespread in Europe, which relates
to its effective dispersal and establishment capacity compared to other subtypes with
low ecological fitness [3,22,27,52]. It is present in Italy, Switzerland, Croatia, Hungary,
Greece [27], Macedonia [43], Bosnia-Herzegovina [3], Slovenia [53], France [22], Spain [47],
Great Britain [7], Portugal [26] and also in Turkey [54]. Subtypes F1, F2, E and D have been
found in France [26], Spain [39,46], Germany [55] and Turkey [54].

Our study reveals differences in C. parasitica populations and distribution patterns
of the disease between the Villuercas–Ibores–Jara district and the Jerte Valley and La Vera
districts. These differences require the adoption of different disease control strategies
in each area. In the Jerte Valley and La Vera districts, preventive measures should be
taken to avoid the spread of the disease from existing outbreaks. The use of healthy plant
material for planting and grafting, monitoring of new seedlings for early detection of
the disease, avoiding wounds in the bark (especially during spore production periods),
disinfection of tools, selection of less invasive grafting techniques and extreme care in
grafting operations are some of the recommended measures [5]. All these measures are also
applicable to the Villuercas–Ibores–Jara district, but in addition, the characteristics of the
pathogen populations in the area (the predominance of one VCG (EU11), the absence of the
perithecial stage, the geographical distribution of the mating types) and the occurrence of
the CHV-1 hypovirus would support the feasibility of successful application of biological
control measures using hypovirulent strains.

5. Conclusions
This study is the first on chestnut blight disease in Cáceres (Extremadura) and it

reveals differences in C. parasitica populations between the chestnut production districts.
In the Villuercas–Ibores–Jara district, the disease is highly widespread and the charac-

teristics of C. parasitica population are favourable for biological control with hypovirulent
strains: there is a predominant VCG (EU11, 88.1%); both mating types are detected, but
only one mating type is present in each site; and one CHV-1-infected isolate (belonging to
EU-11) is available. Biological control with hypovirulent strains is feasible in this district.

In the Jerte Valley and La Vera districts, the distribution of the disease is limited and
EU1 is the most widespread VCG (61.9%), but the diversity (in terms of VCGs) is higher
than in the Villuercas–Ibores–Jara district. In general, only one mating type was found in
each site. No CHV-1-infected isolate was detected. Preventive measures should be taken to
avoid the spread of the disease in this district.

Author Contributions: Conceptualization, M.d.C.R.-M., P.S.-P. and M.D.O.; data curation, M.d.C.R.-
M., and M.B.G.-G.; formal analysis, M.d.C.R.-M. and M.D.O.; funding acquisition, M.d.C.R.-M.,
P.S-P. and M.D.O.; investigation, M.d.C.R.-M., P.S.-P., M.D.O., M.B.G.-G. and E.G.; methodology,
M.d.C.R.-M., M.B.G.-G. and E.G.; project administration M.d.C.R.-M.; resources, M.d.C.R.-M. and
P.S.-P.; supervision, M.d.C.R.-M.; visualisation, M.d.C.R.-M., P.S.-P. and M.D.O.; writing—original
draft M.d.C.R.-M.; writing—review and editing, M.d.C.R.-M., P.S.-P., M.D.O., M.B.G.-G. and E.G. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Junta de Extremadura and co-funded by the European
Regional Development Fund (ERDF) (AGA001 (GR18196); MIPEX and CCESAGROS projects) and
the European Agricultural Fund for Rural Development (EAFRD) (Operative Group CASTANEA
(PGOF/35/2019)). M.B. García-García was the recipient of a PhD grant from INIA (PRE2019-087630).

Informed Consent Statement: Not applicable.



Agronomy 2023, 13, 1208 11 of 13

Data Availability Statement: The DNA sequences obtained in this study were deposited in GenBank
(accession number: OQ835557).

Acknowledgments: The authors thank Efrén Martín (APCV), Ana Carrón (C.C. Navaconcejo) and
Ángel Valderas (ACVJ) for their technical assistance in the survey work and Elena Morales for her
technical assistance in the laboratory.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Anagnostakis, S.L. Chestnut blight: The classical problem of an introduced pathogen. Mycologia 1987, 79, 23–37. [CrossRef]
2. Heiniger, U.; Rigling, D. Biological control of chestnut blight in Europe. Annu. Rev. Phytopathol. 1994, 32, 581–599. [CrossRef]
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