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Summary. In the summer of 2024, table grape plants (Vitis vinifera, “Sweet Celebra-
tion”) in Cieza (Murcia province, southeastern Spain) exhibited wood cankers and
dieback symptoms consistent with Aspergillus vine canker (AVC). This study aimed
to determine the aetiology of the disease and characterize the associated pathogens.
Multi-locus phylogenetic analyses using cal and tub loci, combined with morphologi-
cal characterization, identified Aspergillus niger and A. tubingensis from symptomatic
plants. Mycelium growth patterns in response to temperature were similar for both
species, with optimal growth between 30 and 33 °C, and no growth above 40 °C. Tem-
perature also strongly influenced conidium germination. No germination occurred at
10 °C, and rapid and full germination occurred between 30 and 40 °C. Pathogenic-
ity tests on table grape ‘Alphonse Lavallée’ showed that both species were pathogenic
to grapevine wood, with A. niger exhibiting greater virulence. Inoculations on green
leaves showed that both species colonized foliar tissues. These results confirm the asso-
ciation of A. niger and A. tubingensis with table grape cankers in southeastern Spain,
and also highlight the ability of these fungi to develop at high temperatures, and pose
potential threats to grape and wine production under warm Mediterranean conditions.

Keywords. Aspergillus niger, A. tubingensis, Grapevine trunk diseases, pathogenicity,
Vitis vinifera.

INTRODUCTION

Grapevine (Vitis vinifera L.) is a crop of major socioeconomic impor-
tance in Spain, reinforcing this country’s position as a world leader in grape
production, with about 919,000 ha cultivated (OIV, 2026). However, the sus-
tainability of Spanish viticulture is increasingly threatened by Grapevine
Trunk Diseases (GTDs) caused by fungi, which pose challenges to vineyard
health, longevity, and productivity (Gramaje Pérez et al., 2020).

In many international table grape and wine producing regions, GTDs are
among the main causes of vine decline and mortality, often leading to vine
removal 10 to 15 years earlier than the expected 30 to 35 years lifespans. This
premature replacement increases production costs and disrupts long-term
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vineyard sustainability (Gramaje and Armengol, 2011;
Mondello et al., 2018; Fontaine et al., 2025). Vineyards
of all ages are susceptible to GTDs pathogens infections,
which can originate as early as the nursery stage or occur
later in established vineyards (Mondello et al., 2018).

Aspergillus vine canker (AVC), caused by Aspergillus
spp., is a GTD affecting wine and table grapes (Fontaine
et al., 2025). This disease has been reported in warm
grape-growing regions, as Aspergillus spp. are favoured
by hot and dry environmental conditions (Marques
et al., 2025). DNA-based methods have enabled inclu-
sion of AVC within the GTD group, allowing reliable
identification and classification of Aspergillus spp., and
thus resolving previously ambiguous reports (Hong et
al., 2005; Houbraken et al., 2020; Fontaine et al., 2025).
Recent studies have shown that AVC is a distinct com-
ponent within the GTD complex, rather than being a
minor disease (Vitale et al., 2012; Bustamante et al.,
2024, Rangel-Montoya and Herndndez-Martinez, 2024;
Fontaine et al., 2025).

AVC was first described in 1989 in the San Joaquin
Valley (California, United States of America), and was
later associated with reduced vine performance and can-
opy longevity in commercial vineyards. Follow-up stud-
ies reported that 2 to 6.1% of vines required retraining
in following season, highlighting the re-establishment
costs (Bustamante et al., 2024). In Italy, surveys con-
ducted in southeastern Sicily (in Catania and Ragusa,
between 2007 and 2009) recorded up to 18% of inci-
dence AVC, with 2 to 4 cankers per vine persisting annu-
ally through 2010 (Vitale et al., 2012). In Mexico, the
first national report of AVC documented up to 5% inci-
dence, and the cultivar ‘Cotton Candy’ was the most
susceptible, while ‘Prime Seedless” was the least affected
(Rangel-Montoya and Herndndez-Martinez, 2024).

Infections caused by Aspergillus spp. on grapevines
begin when conidia land on exposed or wounded tissues,
particularly on fresh pruning cuts. Conidia germinate,
and hyphae penetrate host plant woody tissues, typi-
cally between the cordons and the trunk of vines. Elon-
gated, sunken cankers develop at or just below pruning
or training wounds (Bustamante et al., 2024). Cross-
sections of infected vines reveal brown to dark brown
necroses spreading inward into nearby tissues, with the
advancing lesions often appearing soft or spongy (Vitale
et al., 2012; Rangel-Montoya and Herndndez-Martinez,
2024). Severe lesions may girdle vascular tissues, restrict-
ing nutrient transport and leading to premature canopy
decline, reduced vine vigour, and delayed budbreak
(Bustamante et al., 2024). At the advancing margins
beneath vine bark, the pathogenic fungi can produce
dry black conidia, the main primary inoculum, which
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are dispersed in vineyards throughout growing seasons
(Bustamante et al., 2024).

Management of AVC is due to pathogen latent infec-
tions that delay symptom detection, and the lack of
effective treatments once the disease is established. Pre-
vention of the disease using chemical, cultural, and bio-
logical measures is important (Bustamante et al., 2024).
Pruning should avoid warm, dry conditions, and instead
be performed during cool, humid periods, ensuring the
removal of diseased tissues by making pruning cuts 10
tol5 cm below visible symptoms. Recommended sanita-
tion protocols include disinfecting pruning tools before,
during, and after use, and protecting exposed grapevine
tissues (Vitale et al., 2012). A key part of managing the
GTD complex is protecting fresh pruning wounds with
fungicides or biological control agents (e.g. Trichoderma
spp.) immediately after pruning (Mondello et al., 2018;
Fontaine et al., 2025). Trunk renewal from healthy wood
can restore grape production, if applied early and fol-
lowed by wound protection (Mondello et al., 2018).

In the summer of 2024, grapevine plants (cv. Sweet
Celebration) in a table grape vineyard located in Cieza
(Murcia province, southeastern Spain) exhibited cankers
and dieback symptoms consistent with those described
for AVC. The objectives of the present study were to
determine the aetiology of the disease, and to character-
ize the associated pathogens.

MATERIALS AND METHODS
Sampling and fungal isolations

Four symptomatic grapevines were sampled, were
cut into sections and then transported to the laboratory
for fungal isolations. Wood sections (3 cm long) showing
cankers were washed under running tap water, surface-
sterilized using 70% ethanol, and flamed. Small internal
wood chips (3-4 mm long) were then placed in Petri
plates containing malt extract agar (MEA) supplemented
with 0.5 g L™! of streptomycin sulfate (Sigma-Aldrich)
(MEAS). The plates were then incubated at 25 °C in the
dark for 5 to 10 d. All emerging colonies were subcul-
tured onto potato dextrose agar (PDA), and the subcul-
ture plates were incubated in the same conditions.

Four representative isolates (GIHF-506, GIHF-507,
GIHF-508 and GIHF-509) were selected for molecular
analysis, phenotypic characterization and pathogenic-
ity tests. Single conidium isolates of each of the isolates
were obtained using the serial dilution method (Dhin-
gra and Sinclair, 2019). For long-term storage, mycelial
plugs were stored at -80 °C in 1.5 mL cryovials contain-
ing 15% glycerol solution, at the fungal collection of the
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Instituto Agroforestal Mediterrdneo of the Universitat
Politecnica de Valencia, Spain.

Molecular identifications

Mycelium was scraped from 8-d-old PDA cultures of
isolates GIHF-506, GIHF-507, GIHF-508 and GIHF-509.
Total fungal DNA of each isolate was extracted using the
E.Z.N.A. Plant DNA Kit (Omega Bio-tek), following the
manufacturer’s short protocol instructions.

Partial fragments of beta-tubulin (fub) and calmo-
dulin (cal) genes were amplified and sequenced. Amplifi-
cations were carried out in total volumes of 20 pL using
Speedy Supreme NZYTaq 2x Green Master Mix (NZY-
tech), according to the manufacturer’s instructions, on a
Peltier Thermal Cycler-200 (M] Research). Each reaction
included 10 pL of Speedy Supreme NZYTaq 2x Green
Master Mix, 0.6 pL of each primer (10 uM), 1 pL of puri-
fied template DNA, and 7.8 pL of nuclease-free water. The

thermal cycle consisted of an initial step of 5 min at 94
°C, followed by 35 cycles each of denaturation at 94 °C
for 2 s, annealing for 5 s, and elongation at 72 -C for 5 s.
A final extension was performed at 72 °C for 2 min. The
primer pairs and the annealing temperatures (Ta) for each
locus were as follows: BT2a and BT2b for tub (Ta = 55
°C) (Glass and Donaldson, 1995), and CMD5 and CMD6
for cal (Ta = 58 °C) (Samson et al., 2014). PCR products
were visualized by 1.2% agarose gel electrophoresis, puri-
fied by illustra™ ExoProStar™ S (cytiva, GE Healthcare),
and sequenced by the IBMCP-UPV sequencing service
(Valencia, Spain). Chromatograms were checked using
Sequencher software 5.0 (Gene Codes Corp.).

Sequences generated were compared with sequenc-
es in the GenBank nucleotide database, to determine
the closest relatives for phylogenetic studies. For each
genomic region (tub and cal), the DNA sequences
obtained in the present study were aligned with refer-
ence sequences retrieved from GenBank (Table 1), using
the ClustalW algorithm included in the MEGA7 soft-

Table 1. List of Aspergillus section Nigri isolates and their sequence numbers included in the phylogenetic analyses. Isolates in bold were

obtained in this study from table grape samples.

Species GenBank
Isolate Host Country
tub cal
A. niger NRRL 326 T Tannin-gallic acid fermentation USA EF661089 EF661154
CBS 101883 Coffea robusta Sumatra AY819998 EU163270
IHEM 21604 Outdoor air Cuba MH614478 MH644996
CBS 139.54 Welwitschia mirabilis Namibia FJ629291 KC480196
IHEM 3090 Soil Mauritius MH614487 MH644884
ITHEM 18080 Soil of riverside France MH614513 MH644969
ITAL 47.456 Surface of grape berries Brazil MN583579 MN583580
GIHF-508 Vitis vinifera Spain PZ885810 PZ885814
A. brasiliensis CBS 101740 T Soil Brazil FJ629272 FN594543
ITEM 6139 Grapes Portugal AM295185 AM295176
A. carbonarius NRRL 369 T Paper USA EF661099 EF661167
NRRL 346 Unknown Honduras EF661098 EF661166
A. eucalypticola DTO 53-A2 T Soil India EU482435 EU482433
NRRL 62632 Eucalyptus leaves Australia KC796360 KC796376
A. luchuensis KACC 46772 T Awamori-koji Japan 1X500062 JX500071
IHEM 25486 Human trimming liquid France MH614563 MH644862
A. tubingensis NRRL 4875 T Unknown Unknown EF661086 EF661151
CBS 134.48 Unknown Unknown AY820007 AJ964876
NRRL 62634 Mangrove water Venezuela KC796361 KC796377
IHEM 22394 Conjunctivitis-human eye India MH614544 MH644870
GIHF-506 Vitis vinifera Spain PZ885808 PZ885812
GIHF-507 Vitis vinifera Spain PZ885809 PZ885811
GIHF-509 Vitis vinifera Spain PZ885807 PZ885813
A. vadensis CBS 113365 * Dead plant tissue Unknown AY585531 FN594560
IHEM 26351 Human sputum France MH614547 MH644878

TIndicates the ex-type isolates.
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ware package (Kumar et al. 2016). The alignments were
analyzed and adjusted manually when necessary. Ambig-
uous sequences at either end of alignments were exclud-
ed prior to analyses. Concatenated datasets were built in
Sequence Matrix v.1.8 (Vaidya et al., 2011).

Phylogenetic analyses were carried out using maxi-
mum parsimony (MP) and maximum likelihood (ML)
approaches. Maximum parsimony analyses were car-
ried out in MEGA X (Kumar et al., 2018), employing the
tree Bisection and reconnection (TBR) algorithm, where
gaps were treated as missing data. Topology robustness
was evaluated by 1,000 bootstrap replications (Felsen-
stein, 1985). Measures for maximum parsimony, as tree
length (TL), consistency index (CI), and retention index
(RI), were also calculated. Maximum likelihood analy-
ses were carried out using IQ-TREE v.3.1.2 (Wong et al.,
2026). The concatenated dataset was partitioned into the
tub and cal genomic regions, and the best-fit evolutionary
models were selected using ModelFinder (Kalyaanamoor-
thy et al., 2017), based on the Bayesian information cri-
terion (BIC). HKY+I was selected for tub, and HKY+G4
for cal. Branch support was assessed using 1,000 ultrafast
bootstrap (UFBoot) replicates, and 1,000 SH-like approx-
imate likelihood ratio test (SH-aLRT) replicates.

Morphological characterizations

Isolates GIHF-506 and GIHF-508 were used for
morphological characterizations. Petri plates contain-
ing PDA or Czapek agar (CZA; 30.0 g L' sucrose, 2.0
g Lt NaNO,, 0.5 g L* KCl, 0.5 g L' Mg-glycerophos-
phate, 0.35 g L K,SO,, 0.01 g L FeSO,, 12.0 g L! agar)
were inoculated with 5 mm mycelium plugs taken from
actively growing margins of a 7-d-old cultures. After 7
d of incubation at 25 °C in darkness, colony morpholo-
gies were recorded, including; obverse and reverse col-
ours, texture (e.g., velvety vs. granular/flufty), and mar-
gin appearance (smooth to slightly lobed). Microscopic
features were assessed from 4- to 7-d old cultures. Myce-
lium and black conidia were mounted in Shear’s fluid
(50 mL of 2% potassium acetate, 20 mL glycerol, 30
mL of 95% ethanol), and examined at 10 x, 20 xand 40
x magnifications, using a Nikon Eclipse Ni microscope
equipped with NIS-Elements-D imaging software. Vesi-
cle and conidium diameters were measured for 50 repli-
cates per structure and per isolate.

Mycelium growth at different temperatures

Isolates GIHF-506, GIHF-507, GIHF-508 and GIHEF-
509 were grown on PDA in 90 mm diam. Petri plates
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(~20 mL per plate). For each assay plate, a 5 mm diam
mycelium plug was taken from the active margin of a
7-d-old culture, and placed (mycelium side down) in the
centre of a fresh PDA plate. Growth was evaluated at 10,
15, 20, 25, 30, 35, 40, or 45 °C. For each isolate-temper-
ature combination, four replicates were prepared. The
experiment was repeated (two independent runs), result-
ing in a total of eight replicates per isolate-temperature
combination. Inoculated plates were sealed with para-
film, randomized inside incubators, and kept for 7 to 21
d (depending on the temperature) in the dark. When the
diameter (D, mm) of a colony on the medium reached
60-70% of the Petri dish diameter, it was measured along
two perpendicular axes and averaged once uniform
growth was established. The time elapsed from inocu-
lation to measurement (t, d) was recorded. The average
radial growth rate was calculated as:

Growth rate (mm d') = [(D - 5 mm) / 2] / t;

where (D - 5 mm) / 2 was the radial increase from each
inoculum plug edge to the colony edge. If no growth
was observed by the endpoint, the rate was recorded as
0 mmd™.

The data obtained were rescaled to 0 to 1, by divid-
ing each datum by the maximum datum obtained in
each experiment. Rescaled data were regressed against
temperature, and nonlinear regression equations were
compared based on data representation. A beta equation
was fitted to the data in the following form (Analytis,
1977):

y = [a x Teq® x (1 - Teq)]

where: y = rescaled daily growth (0 to 1); Teq = tem-
perature equivalent calculated as Teq = (T - T min) / (T
max— T min): where T = temperature (°C); T min and T
max = minimum and maximum temperatures for myce-
lium growth; and a to ¢ = the equations parameters. T
min for mycelium growth was 9 °C and T max was 44
°C, (Gougouli and Koutsoumanis, 2010). All data analy-
ses were performed using R version 4.6.1 via RStudio
version 2026.07.1 (Posit Team, 2026).

Equation parameters were estimated using the func-
tion nls included in the package “stats” (Wickman, 2019).
Goodness-of-fit of the equations was evaluated based on
the adjusted R?, the concordance correlation coefficient
(CCC), and the root mean square error (RMSE) (Lin,
1989). Linear regressions were carried out between the
observed and the predicted data, to estimate the adjusted
R?, using the Im function of the R “stats” package. The
CCCs were obtained using the epi.ccc function of the R



Aspergillus species associated with Aspergillus vine canker in Spain 323

“epiR” package (Carstensen et al., 2022). The RMSEs,
were obtained using the rmse function of the R “modelr”
package (Wickham, 2019). According to Analytis (1977),
the optimum temperatures (T opt) for daily mycelium
growth were calculated as follows:

Topt=[bxc)/(bxc+c)]x (T max - T min) + T
min;

where b and c are equation parameters, and T max and
T min are as described above.

Conidium germination at different temperatures and time
periods

Isolates GIHF-506 and GIHF-508 were used for
this study. Conidium suspensions were obtained from
7-d-old PDA cultures by gently flooding respective colo-
nies with sterile water containing a non-ionic surfactant
(~ 0.01% Tween), loosening the conidia with a ster-
ile loop, and filtering the resulting conidium suspen-
sions through sterile gauze to remove hyphal fragments.
Conidium concentrations were adjusted to 10° conidia
mL™ using hemocytometer counts. For each isolate-tem-
perature-time combination, two 20 pL drops of conidi-
um suspension were deposited onto the surface of a fresh
90 mm diam PDA plate, and the plates were incubated in
the dark at the respective specified temperatures. Conid-
ium germination was assessed at 6, 12, 18, 24, 36, and 48
h after plating. The experiment was repeated (two inde-
pendent runs, with four replicates per run). At the end
of each incubation period, conidium germination was
determined by examining 100 conidia per drop using a
microscope (x 40 magnification). A conidium was con-
sidered germinated when the length of the germtube
exceeded the length of the conidium. Mean germina-
tion percentages were then calculated for each treatment,
and statistical analyses were not carried out because this
experiment was intended to be descriptive.

Pathogenicity test on table grape plants

For pathogenicity tests, rooted cuttings of table
grape ‘Alphonse Lavallée’ were transplanted into 3 to 5
L capacity pots that were maintained in a greenhouse
until inoculation, allowing a single shoot to develop on
each cutting. Isolates GIHF-506 and GIHF-508 were
tested using four plants per isolate, with an equal num-
ber of non-inoculated plants as inoculation controls.
Inoculum consisted of 6 mm mycelium plugs taken from
the advancing margins of 3 to 7-d-old PDA cultures. On

each plant, a 6 mm diam. circular wound was made to
the cambium at an internode of the main shoot, using a
sterile cork borer. A mycelium plug was inserted (myce-
lium facing the cambium), was then covered with moist
cotton, and then sealed with Parafilm to prevent desic-
cation. Plants were then arranged randomly in a green-
house under semi controlled conditions (~35 °C day / 25
°C night), were irrigated as needed, and then inspected
weekly for external symptoms. The experiment was per-
formed twice (n = 8 plants per isolate in total).

The necrotic lesion length (mm) developed on each
shoot was measured 50 d after inoculation, and mean
lesion lengths were calculated. Small wood chips from
lesion margins were surface-disinfected, and then plated
on MEAS to assess completion of Koch’s postulates. All
emerging colonies were transferred to PDA plates and
incubated at 25 °C in darkness until sporulation. The
effect of the inoculated isolate, the experiment and the
interaction on lesion length was analyzed using a general-
ized linear model (GLM) with a Gamma distribution and
a log link function. The dispersion and residuals of the
models were tested by using the function simulateResidu-
als of the “DHARMa” package. Once significance of fac-
tors was assessed pairwise comparisons of adjusted means
were performed using the “emmeans” package (Lenth and
Piaskowski, 2026) with Bonferroni correction adjustment
and grouping letters were generated using the cld function
with “multcomp” package (Hothorn et al., 2008).

Pathogenicity on leaves

The pathogenicity of isolates GIHF-506 and GIHF-
508 was evaluated on detached leaves of table grape cv.
‘Alphonse Lavallée’ following the methods described
by Rangel-Montoya and Herndndez-Martinez (2024).
Mature, healthy leaves without visible symptoms,
wounds, or insect injury were collected, then gently
rinsed with sterile water, and air-dried. For each isolate,
eight leaves were inoculated, while an additional eight
leaves served as non-inoculated controls.

Conidium suspensions were prepared from 3-d-old
PDA cultures, and were adjusted to 10° conidia mL™ in
sterile water using a hemocytometer. For inoculation,
each leaf was positioned abaxial side up. The petiole-
lamina junction was punctured once with a sterile ento-
mological needle, and a 10 pL droplet of conidium sus-
pension was applied to the wound, to facilitate capillary
entry and ensure uniform inoculation. Non-inoculated
control leaves received 10 pL droplets of sterile water fol-
lowing the same procedure.

Inoculated and non-inoculated control leaves (four
per isolate) were placed in humid chambers (sealed plas-
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tic boxes containing moistened sterile filter paper) to
maintain high relative humidity (>95%). These were kept
for 10 d in an incubator at 25 °C with a 12 h light, 12
h darkness daily cycle. The filter paper was re-moistened
periodically to maintain humidity, ensuring no direct
water contact with the leaf surfaces. The experiment was
performed twice.

Disease severity was visually assessed at the end of
the incubation period, using a 0-5 scale (Montoya and
Hernandez-Martinez, 2024), where: 0 = no symptoms; 1
= slight wilting; 2 = red necrotic lesions; 3 = mycelium
growth; 4 = conidium presence; 5 = mycelial growth and
conidium presence. Severity data was transformed using
the McKinney Index (MKI), a widely applied disease
severity index for ordinal data (McKinney, 1923; Bock
et al., 2024). The effect of the inoculated isolate and
the experiment on disease severity were analyzed using
Kruskal-Wallis rank-sum test by kruskal_test func-
tion of the “rstatix” package (Kassambara, 2026). Once
significance of effects was assessed, pairwise compari-
sons were performed using Dunn’s test with Bonferroni
adjustment.

RESULTS
Sampling and fungus isolations

Symptoms observed in the table grape orchard are
shown in Figure 1 A. Affected plants exhibited wilting
and decay, along with cankers on the main trunks, and
internal wood necroses (Figure 1, B and C). Isolations
from symptomatic tissues consistently recovered Asper-
gillus colonies, characterized by rapid radial growth and
profuse dark sporulation (Figure 1 D). From these pri-
mary cultures, the four representative isolates (GIHF-
506, GIHF-507, GIHF-508, GIHF-509) were selected.

Molecular identifications

PCR amplification of the p-tubulin (fub) and calm-
odulin (cal) gene regions yielded single, well-defined
amplicons of, respectively, approx. 550 bp and 600 bp,
for all four fungal isolates. Purified PCR products were
sequenced, and chromatograms were manually inspect-
ed. BLASTn analyses of the obtained sequences against
the NCBI GenBank database showed 299% similarities
with A. tubingensis and A. niger.

Multi-locus phylogenetic analyses of concatenated
tub and cal alignments were conducted using the Maxi-
mum Parsimony (MP) method in MEGA X and the
Maximum Likelihood (ML) method in IQ-TREE v.3.1.2

Adnan Ali et alii

Figure 1. Field symptoms associated with Aspergillus infections in
grapevines. (A) Decline symptoms in a vineyard. (B) External dis-
colouration and tissue damage on a trunk. (C) Trunk cross sections
showing internal necroses. (D) Colonies of Aspergillus isolated
from infected grapevine tissues.

(Figure 2). The analyses included 25 taxa: 19 reference
taxa representing the six species within section Nigri
of Aspergillus, the four isolates analyzed in this study,
and two A. carbonarius isolates used as the outgroup.
The combined dataset comprised 975 positions includ-
ing gaps (488 from tub and 487 from cal), of which
258 (26.5%) were parsimony-informative. MP analy-
ses yielded nine most-parsimonious trees (TL = 372,
CI = 0.89, RI = 0.99); one of which is shown in Figure
2. The resulting phylogeny resolved the six species into
the three main phylogenetic lineages of section Nigri.
Three of the isolates from the present study (GIHF506,
GIHF507, and GIHF509) clustered unambiguously with-
in the A. tubingensis species clade, which forms part of
the A. tubingensis lineage, and isolate GIHF508 clustered
within the A. niger species clade. The ML analysis pro-
duced a topology highly congruent with the MP analy-
sis, confirming the same three major phylogenetic line-
ages and placement of the four isolates within the A. tub-
ingensis and A. niger species clades (Figure 2).
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Figure 2. One of nine most parsimonious trees obtained from the analysis of the combined sequence data of two loci (beta-tubulin and
calmodulin) of 25 Aspergillus isolates. Scale bar shows 20 changes, and bootstrap support values from 1,000 replicates for Maximum Likeli-
hood (ML) and Maximum Parsimony (MP) analyses are indicated at the tree nodes (ML/MP). Values below 95% for ML and 70% for MP
are not shown. The ex-type isolates are labelled with an asterisk, and the Aspergillus spp. isolated in the present study are highlighted in
bold font. The tree was rooted to A. carbonarius (NRRL 369 and NRRL 346).

Morphological characterizations chains, and black, strongly echinulate, conidia. Aspergil-
lus tubingensis developed less robust conidiophores, less
compact conidium chains, and brown finely roughened
conidia. Both fungi produced globose conidium heads.
Conidium diameters of A. niger ranged from 3.05 to 4.75
pm (mean = 3.90 £ 0.42 pm), while those of A. tubin-
gensis ranged from 2.85 to 4.65 pm (mean = 3.74 + 0.38
pm). Vesicle diameters for A. niger varied from 36.39 to
73.39 pm (mean = 54.06 *+ 8.37 pm), and from 41.30 to

61.17 pm (mean = 51.48 * 6.12 pm) for A. tubingensis.

After 4 to 7 d incubation at 25 °C in darkness, dis-
tinct colony characteristics were observed on CZA and
PDA media for the representative isolates of A. niger
(GIHF-508) and A. tubingensis (GIHF-506). On CZA, A.
niger maintained dense black sporulation, with reverse
pigmentation ranging from colourless to pale yellow. In
contrast, A. tubingensis showed more variable sporula-
tion intensity, and had yellowish reverse pigmentation.
On PDA, the A. niger isolate developed colonies with
intense black sporulation, granular texture, and well-

defined white margins, while A. tubingensis had olive-
green to black sporulation, with floccose aerial mycelium
and well-defined white margins. Microscope examina-
tion revealed that both A. niger and A. tubingensis pro-
duced globose to subglobose conidia and spherical vesi-
cles, typical of section Nigri, and had typical biseriate
conidium structures. Aspergillus niger displayed robust
conidiophores with prominent vesicles, dense conidium

Mycelium growth at different temperatures

Curves that fit the temperature response to daily
mycelium growth rates are shown in Figure 3. Equation
parameters with their standard errors and goodness-of-fit
coeflicients are summarized in Table 2. In general, myce-
lium growth occurred between 15 and 40 °C, with radial
expansion increasing with temperature, from 15 °C up
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Figure 3. Mean mycelium growth rates of Aspergillus isolates at different temperatures. (A) Isolate GIHF-506, (B) GIHF-507, (C) GIHF-508,
and (D) GIHF-509. Observed mean daily growth rates (points) are shown together with the fitted temperature response model (gray lines).

to a peak between 30 °C and 35 °C, followed by a sharp
decline. At 15 °C, colony development was very slow (<
1 mm day™), and increased with increasing tempera-
ture, reaching mean radial rates of approx. 1.5 to 3.5 mm
d™ at 20-25 °C, while the greatest rates (6 to 8 mm d™)

were recorded at 30 to 35 °C. At 40 °C, growth was sub-
stantially reduced (< 1 mm d™) and no mycelium growth
occurred at 45 °C. Calculated optimum temperatures for
growth ranged from 30.2 °C to 33.4 °C. The lower opti-
mum temperature was recorded for A. niger isolate GIHF-
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Table 2. Parameters and goodness-of-fit coefficients for equations used to describe the effect of temperature on daily mycelial growth of
Aspergillus niger (GIHE-508) and A. tubingensis (GIHF-506, GIHF-507 and GIHF-509) isolates.

Estimated parameters + SE

Goodness-of-fit

Isolate Topt?
a b c Adjusted R® CCce RMSE¢
GIHF-506 334 570 + 3.14 2.30 £ 0.53 0.93 +0.27 0.9456 0.9759 0.0631
GIHF-507 31.2 3.15 + 1.56 1.82 + 0.47 0.63 + 0.24 0.9404 0.9744 0.0623
GIHF-508 30.2 2.36 £ 0.61 1.54 £ 0.24 0.45 + 0.12 0.9823 0.9925 0.0349
GIHF-509 33.4 5.67 £ 2.84 2.32 +0.48 0.96 + 0.25 0.9535 0.9795 0.0559

*: Predicted optimal temperature (Analytis, 1977); ®: adjusted coefficient of determination; ©: concordance correlation coefficient; : root

mean square error.
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Figure 4. Mean conidium germination (%) of Aspergillus niger (upper histogram) and A. tubingensis (lower) at different temperatures (10 to
40 °C) over time intervals of 6, 12, 18, 24, 36, or 48 h). Bars accompanying each symbol represent standard error.

508 (Table 2). In general, the growth response equa-
tions provided a good fit of data, with adjusted R? values
ranging from 0.9404 to 0.9823, and RMSE ranging from
0.0349 to 0.0631 (Table 2). CCC values were 0.99 for the
equation describing the growth of the A. niger isolate, and
0.97 for the equations of A. tubingensis isolates.

Conidium germination at different temperatures and time
periods

Conidium germination was influenced by tempera-
ture and incubation time, with A. niger generally initiat-
ing germ tube emergence slightly earlier than A. tubin-
gensis (Figure 4). No germination occurred at 10 °C even

after 48 h of incubation, indicating that this temperature
was below the physiological threshold for germination.
Consequently, responses are described for 15 to 40 °C.
After 6 h, no germination was observed between 15
°C and 30 °C for either species. At 35 °C, A. niger reached
17% germination, and A. tubingensis reached 8% ger-
mination, while only 1% germination was recorded for
A. niger at 40 °C. After 12 h, conidia remained dormant
at 15 °C. At 20 °C, A. niger showed 1% germination,
whereas at 25 °C germination rates were greater (86%
in A. niger; 73% in A. tubingensis). Complete germina-
tion (100%) was achieved at 30 to 35 °C for both species,
and nearly so (96%) at 40 °C. After 18 h, while no ger-
mination occurred at 15 °C, A. niger reached 75%, and
A. tubingensis 21%, at 20 °C. Both isolates attained 100%
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Figure 5. Mean lesion lengths in grapevine stems caused by Asper-
gillus niger and A. tubingensis isolates, compared with non-inocu-
lated controls. Bars accompanying each mean represent standard
errors, and different letters indicate statistically significant differenc-
es between the means, as shown by Bonferroni-adjusted pairwise
comparisons of the means.

conidium germination between 25 and 40 °C. After 24
h germination was initiated at 15 °C (3% in A. niger, 1%
in A. tubingensis), while at 20 °C, A. niger reached 100%,
and A. tubingensis 90%. After 36 h, germination at 15 °C
reached of 92% for A. niger and 79% for A. tubingensis.
After 48 h, complete germination (100%) was achieved at
all temperatures from 15 to 40 °C.

Pathogenicity test on grapevine plants

After 50 d incubation, both A. niger and A. tubingen-
sis induced characteristic AVC symptoms on the inocu-
lated grapevine shoots, while non-inoculated control
plants remained symptomless. Necrotic lesions devel-
oped around the inoculation sites and extended longitu-
dinally along the internodes. Darkened vascular tissues
and black conidium masses were evident beneath the
bark of inoculated plants.

The inoculated fungi were successfully re-isolated
from all symptomatic tissues (100% re-isolation frequen-
cy), thereby fulfilling Koch’s postulates. Mean lesion
lengths differed significantly among the inoculated iso-
lates (Figure 5), with the longest lesions produced by
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A. niger (43.62 = 12.01 mm), followed by A. tubingensis
(23.12 + 7.65 mm). The non-inoculated control plants
had limited discolourations around the wound sites
(11.87 + 1.02 mm).

Statistical analyses of lesion length data showed sta-
tistically significant effects on lesion development. How-
ever, no significant effect was observed for the experi-
ment or the experiment x isolate interaction, indicating
consistent symptom development across the two experi-
mental repetitions. Post hoc comparisons showed signifi-
cant differences among the isolates (Figure 5). and both
inoculated isolates of Aspergillus spp. produced larger
lesions than for the non-inoculated controls.

Pathogenicity test on grapevine leaves

Pathogenicity tests conducted on detached leaves of
cv. ‘Alphonse Lavallée’ revealed significant differences in
disease severity among inoculated isolates after 10 d of
incubation (Figures 6 and 7). While most non-inoculated
control leaves had no visible symptoms, one leaf exhibit-
ed slight wilting (severity = 1), resulting in a mean sever-
ity index of 0.12. In contrast, inoculated leaves developed
characteristic red necrotic lesions and sporulation at the
infection sites, consistent with Aspergillus infections.

Leaves inoculated with A. niger exhibited variable
responses, with symptom severity ranging from 0 to 5
(mean severity index = 2.63), Red-necrotic lesions and
localized mycelium growth were frequently observed,
and some leaves developed black conidium masses at
the inoculation sites. Aspergillus tubingensis induced the
most severe symptoms, with seven out of the eight inoc-
ulated leaves reaching the maximum severity score (5),
characterized by extensive mycelium growth and abun-
dant conidium formation. The mean severity index for A.
tubingensis was 4.38.

Statistical analyses confirmed a significant effect (P
< 0.001) of the inoculations on leaf symptom severity rel-
ative to the non-inoculated controls. However, no effect
(P = 0.596) was observed for the experiment. Post hoc
comparisons indicated that while both Aspergillus spe-
cies caused greater disease severity than the non-inoc-
ulated controls, the differences between the two fungal
species were not statistically significant (Figure 7).

DISCUSSION

This study provides the first report of Aspergillus
vine canker (AVC) affecting table grapevine in Spain.
Etiology of this disease was established through mor-
phological and molecular pathogen characterization, in
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Figure 6. Grapevine leaf symptoms caused by Aspergillus niger or A. tubingensis, compared with symptomless non-inoculated control leaves

(left).

vitro assays assessing mycelium growth and conidium
germination of Aspergillus isolates under varying tem-
peratures, and their pathogenicity to grapevine plants
and leaves.

These results identified A. niger and A. tubingensis
associated with AVC symptomatic plants. The combined
use of cal and tub loci were effective for precise species
level identifications within Aspergillus section Nigri, ena-
bling differentiation of closely related taxa (Vitale et al.,
2012). Morphological analyses also provided differentia-
tion between these two species, confirming the results of
the molecular identification. Aspergillus tubingensis was
the predominant species, accounting for most isolates
recovered from symptomatic table grape cankers, while
A. niger occurred less frequently, indicating its coexist-
ence with A. tubingensis in the AVC complex.

These results are consistent with those from other
grape-producing regions. In Sicily, A. tubingensis and
A. niger were identified as the main species associated
with AVC, both capable of inducing lesions on woody
grapevine tissues (Vitale ef al., 2012). Bustamante et al.,
(2024) also reported A. tubingensis as the dominant spe-

cies responsible for AVC and summer bunch rot in Cali-
fornia, whereas A. niger was detected at lower frequency.
Similar results were observed in Mexico, where A. tubin-
gensis and A. niger were confirmed as the causal agents
of AVC in several table grape cultivars (Rangel-Montoya
and Herndndez-Martinez, 2024).

Regarding effects of temperature on mycelium
growth, both species showed similar patterns, but A.
niger consistently had slightly faster radial growth
than the A. tubingensis isolates across most tempera-
tures assessed. The optimal growth temperatures were
between 30 and 33 °C, and no growth occurred above
40 °C, which aligns with previously described thermal
profiles for Aspergillus species involved in AVC (Vitale et
al., 2012; Bustamante et al., 2024; Rangel-Montoya and
Hernandez-Martinez, 2024). Temperature also strongly
influenced conidium germination of both species. The
absence of germination at 10 °C showed that this tem-
perature was below the physiological threshold, while
the rapid and complete germination between 30 and
35 °C identified the optimum range, corresponding to
observations of temperature effects on mycelium growth.
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Figure 7. Mean severity indices for grapevine leaves inoculated
with Aspergillus isolates. Mean severity index (0 to 5 scale) was
recorded for leaves following plant inoculations with A. niger or A.
tubingensis, compared with the non-inoculated controls. Bars repre-
sent mean severty index * standard errors. Different letters indicate
differences (P < 0.05), according to Bonferroni-adjusted pairwise
comparisons of means.

The ability of conidia to germinate at 40 °C demonstrat-
ed high thermal tolerance in the isolates assessed.

These results indicate that A. niger and A tubingen-
sis are both adapted to periods of elevated environmen-
tal temperatures typical of Mediterranean and semi-arid
summers (Houbraken et al., 2020; Rangel-Montoya and
Herndndez-Martinez, 2024), and are consistent with pre-
vious findings. In Italy and California, A. niger and A.
tubingensis were confirmed as the main agents of AVC,
and were shown to thrive in warm, semi-arid vineyards
(Vitale et al., 2012; Bustamante et al., 2024). Mexican
isolates (A. tubingensis, A. niger and A. welwitschiae) sur-
vived temperatures of up to 40 to 50 °C (Rangel-Mon-
toya and Herndndez-Martinez, 2024). Seasonal aero-
biology studies carried out by Bustamante et al. (2024)
revealed sustained, warm season conidium production.
Traps placed in table grape vineyards in Kern County,
California, from late spring through summer, repeatedly
captured Aspergillus, indicating that airborne inoculum
can persist for weeks to months rather than appearing in
brief pulses.

The pathogenicity tests performed on table grape
plants cv. ‘Alphonse Lavallée’ demonstrated that both
A. niger and A. tubingensis are pathogenic to grapevine
wood, with A. niger exhibiting greater virulence than A.
tubingensis, which is consistent with reports from Italy
(Vitale et al., 2012), California (Bustamante et al., 2024),
and Mexico (Rangel-Montoya and Hernandez-Martin-
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ez, 2024). Grapevine leaf inoculations with A. niger and
A. tubingensis also showed that both species can colo-
nize grapevine leaf tissues. Development of necroses,
mycelium growth, and black conidial masses on inocu-
lated leaves, corroborates results of foliar inoculations
reported in previous studies in Mexico (Rangel-Mon-
toya and Herndndez-Martinez, 2024), confirming the
ability of these species to infect woody and green grape-
vine tissues.

Overall, the present study results confirm that A.
niger and A. tubingensis are associated with table grape
cankers in southeastern Spain, and highlight the abil-
ity of these fungi to develop under high temperatures,
posing potential threats to grape and wine production
under warm Mediterranean climatic conditions.
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