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ABSTRACT 

Grapevine is one of the most important woody perennial crops in Italy, both in terms of cultivated 
area and economic income. In recent years, the identification of effective and integrated tools 
for plant nutrition and manipulation to improve plant health status in agriculture has become 
increasingly important to lead towards environmentally friendly viticulture. In this sense, 
plant-associated microbiota of berry carposphere structure and function significantly impact 
vines performance (must fermentation and final wine profile). For this, a recently developed 
biostimulant rich in triacontanol (TRIA) obtained from Fabaceae tissues has been tested in 
grapevine cv. Glera. Our study aimed to understand how TRIA application affected the fungal 
and prokaryotic communities, which is important for fermentation and the final wine olfactory 
profile. Taxonomical analysis revealed that TRIA application did not lead to significant 
differences in the number of species among kingdoms, therefore, not reducing the biodiversity of 
the grapevine carposphere. However, it did modify the ratio of certain species, such as increasing 
those with biocontrol effects and reducing the number of indigenous yeasts. Finally, the TRIA 
application resulted in a simple and cost-effective strategy to induce an earlier harvest with 
higher sugar content, which is important for fermentation. These results suggest the potential of 
using TRIA to obtain healthier grapes with cleaner sensory profiles during fermentation.
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INTRODUCTION

In recent years, improving plant health using effective and 
integrated tools for plant nutrition and manipulation is 
becoming increasingly important in agriculture. The search 
for applied innovations includes the cultivation of vines, 
which are high-value woody perennial crops that, given their 
increased global economic importance and relative expansion 
of the cultivated area, must aim for increasingly precise and 
effective practices to preserve the environment. (Viers et al., 
2013). Several studies on biostimulants are currently being 
conducted in this regard. Different works have demonstrated 
their effectiveness as growth promoters and stress relievers, 
making their application in the field attractive due to the 
potential reduction in reliance on chemical fertilisers and 
pesticides and their leaching into groundwater, as well as 
stress factors such as climate change and extreme weather 
conditions (Monteiro et al., 2022). Furthermore, their foliar 
application is becoming increasingly appealing due to their 
ability to prevent plant diseases and improve grapevine berry 
quality (Jamiołkowska, 2020). However, given the critical 
importance of microbiota in grapevine plant health as well 
as the oenological relevance (Bettenfeld et al., 2022), it is 
necessary to investigate the possible selective effect on the 
microbial ecology that these products can cause (Lau et al., 
2022). Potential microbiota modifications on grape berries are 
even more significant when considering the importance of the 
latter on the final aromas and organoleptic characteristics of 
the obtained wines, which are also typical of the geographical 
location, using the so-called French term ‘terroir’ but 
influenced by a variety of factors as well (Mezzasalma et al., 
2017, Carpena et al., 2021, Bokulich et al., 2016, Liu et al., 
2020, Tomasi et al., 2022). Plants provide a rich and diverse 
habitat for a diverse range of microorganisms, the majority 
of which contribute to the growth and health of their plant 
hosts (Luziatelli et al., 2019). Most of these microorganisms 
can promote plant growth through a variety of mechanisms, 
including changes in hormonal content, the production of 
volatile compounds, increased nutrient availability, and 
improved abiotic stress tolerance (Ruzzi and Aroca, 2015). 
Plant growth-promoting activity of epiphytic microbes can 
be affected by environmental conditions, including exposure 
to biostimulants/fertilisers or their degradation products 
(Timmusk et al., 2017). The surface of the grape berry 
(carposphere) is inhabited by microbiota of filamentous 
fungi, yeasts, and bacteria that can affect grape and wine 
quality (Lleixà et al., 2018). The diversity and population 
sizes of the microbiota are altered when the grape surface 
is modified (for example, by applying exogenous products). 
The ecological alteration of the grape affects the vinification 
process and the final wine quality, typically adding flavours 
and/or changing their composition (Steel et al., 2013). Thus, 
it is critical to investigate further the microbiota diversity 
changes in treated grapes and their impact on alcoholic 
fermentation, as well as how biostimulants application 
can influence these parameters. Even though the use of 
biostimulants is becoming more common in sustainable 
agriculture, little information is available on the effect of these 

products on the epiphytic bacterial and fungal microbiota. 
Foliar application of biostimulants can, thus, affect the 
epiphytic microbiota, promoting the growth of bacteria and 
fungi that can be beneficial, neutral, or harmful to plants 
(Colla et al., 2017). Plant-associated microbiota structural 
and functional changes significantly impact the ecosystem, 
altering antagonistic and synergistic interactions among 
microorganisms and improving host fitness by increasing 
plant metabolic capacity, nutrient uptake, and plant response 
to abiotic and biotic stresses (Valencia et al., 2018). Given 
these considerations, this study aimed to investigate the 
foliar application of a newly developed biostimulant from 
a microbiological standpoint. This product derived from 
Fabaceae tissue, whose properties on the ripening dynamic 
and wine must technological parameters in Vitis vinifera were 
analysed in a previous study (Mian et al., 2022a), is high in 
amino acids, peptides, and various stimulating compounds, 
as well as a high presence of natural triacontanol (TRIA) 
C30H62O (> 6 mg kg-1) (Figure 1), developed by the company 
ILSA, already available on the market (commercial name: 
ILSAC-ON). This saturated long-chain alcohol, found in 
epicuticular waxes, is a natural plant growth regulator that 
has been shown to promote growth in various plants when 
supplied exogenously. Several studies have shown that 
it improves plant growth, yield, photosynthesis, protein 
synthesis, water and nutrient uptake, nitrogen-fixation, 
enzyme activities, and the contents of free amino acids, 
higher sugars, soluble protein, and active constituents of 
essential oil in a variety of crops (Naeem et al., 2012).

FIGURE 1. Structural formula of triacontanol (TRIA)

Following treatment in an open-field environment, DNA was 
extracted and sequenced. The goal was to understand how 
TRIA application can affect a single community (bacteria 
and fungi) in terms of the genus, as well as the implications 
for fermentation and the final wine olfactory profile since it 
was not reported before. Grapevines treated with TRIA were 
compared to untreated grapevines of the cultivar ‘Glera’ (one 
of the five most cultivated varieties in the Friuli-Venezia 
Giulia Region, together with other regions within the Italian 
sector).

MATERIALS AND METHODS

1. Experimental design
The experiment was carried out in a commercial vineyard of 
Vitis vinifera cultivar ‘Glera,’ located in the Cormons (Gorizia, 
Italy) geographical area (45.928155 N, 13.443721 E) 
during the 2021 vintage. The vines were 21 years old 
and were trained to a guyot trellis 1.50 m above ground.  
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The intra- and inter-row vine spacing was 0.90 m × 2.30 m 
south–north, for a density of approximately 4500 plants/ha. 
The whole following adopted workflow was summarised in 
Figure 2. Meteorological data is available online (repository: 
https://www.osmer.fvg.it/archivio.php?ln=).

For the two treatments (TT: treated, NT: non-treated), the 
randomised experimental design was adopted (de Oliveira 
Cantao and Mian, 2023) and consisted of 8 replicates 
made up of 10 plants for each treatment for a total of 160 
considered plants, leaving out a row of plants to avoid 
possible cross-contamination. For both treatments, local 
standard practices were followed for fertilisation and pest 
management, applying 150 kg ha-1 of a balanced fertiliser 
(15N, 10P, 20K + Mg + S) and adopting commercial products 
as generally used in non-integrated management without 
performing emergency irrigation. On the TT trial plants, a 
commercial biostimulant whose composition is reported in 
Table 1 (commercial name ILSAC-ON) was applied six times 
during the growing season, beginning just after flowering and 
finishing at the veraison onset (measured on the Biologische 
Bundesanstalt, Bundessortenamt und Chemische Industrie 
scale from BBCH 69 to BBCH 79), following manufacturer’s 
instructions (6 kg ha-1 per year). No biostimulant applications 
were performed on the NT plants. The product was applied 
through an experimental nebuliser specifically built for use.

2. Sampling, DNA extraction and 
amplification
Berries were sampled right before harvest time (~20 °Brix, 
i.e., the first decade of September, DOY 249 (Day Of the 
Year) both for NT and TT and then handled under sterility. 
For each sample, the peel of 60 berries was put into a 50-
mL Falcon tube containing 30 mL of epiphyte removal 
buffer pH 6.5 (6.75 g of KH2PO4, 8.75 g of K2HPO4, and 
1 mL of Triton X-100, to 1 L of deionised water). Samples 
were then sonicated at 600 Hz with a cycle of 30 s of 
sonication and 30 s without sonication for 10 minutes at 4 °C.  
The tubes were centrifuged at 12,000 × g for 10 min at 4 °C to 

pellet microorganisms’ cells, which were separated from the 
supernatant and stored at –80 °C. Genomic DNA extraction 
was carried out using NucleoSpin Plant II (Carlo Erba, Italy), 
following the manufacturer’s instructions. The concentration 
and quality of the DNA samples were verified using the 
NanoDrop ND-1000 spectrophotometer (ThermoFisher 
Scientific, Inc., Wilmington, DE, USA) to obtain 25 ng/μL 
diluted DNA samples. Using Polymerase chain reactions 
(PCR), the ITS and 16S regions, for fungi and bacteria, 
respectively, were amplified, where each sample intended for 
sequencing (8 for the TT and 8 for the NT of 16S, and 8 for 
the TT and 8 for the NT of ITS for a total of 32 sequenced 
samples) was obtained from the bulking of 3 amplification 
products. For bacterial 16S rRNA gene targeting the V3-
V4 region amplification, the PCR was performed using 
the following mixture: 10 μL of 2 × Dr. MAX Master 
Mix Solution (Doctor Protein Corp., Seoul, Korea), 1 μM 
of 341F (5’- CCTACGGGNGGCWGCAG 3’), 805R 
(5’- GACTACHVGGGTATCTAATCC -3’) primer set, and 
25 ng of the extracted DNA as a template. For eukaryotic 
fungal ITS region amplification, the same protocol was 
performed with bacteria using a different primer set (1 μM 
of ITS3 (5’- GCATCGATGAAGAACGCAGC -3’) and ITS4 
(5’- TCCTCCGCTTATTGATATGC -3’). PCR amplification 
was performed with an initial denaturation at 95 °C for 
7 min, followed by 30 cycles at 95 °C for 30 s, 55 °C for 
30 s, and 72 °C for 30 s, and a final extension at 107 °C for 
10 min. Amplification was ascertained by running amplicons 
on electrophoresis gel for 1.5 hours, on TBE (tris-borate 
EDTA) gel (1.5 % agarose), and subsequently purified using 
GenElute™ Microbiome DNA Purification Kit (Merck). The 
amplicons were then sequenced using the Illumina MiSeq 
platform (Illumina Inc., San Diego, CA) by an external 
company introducing the Nextera adapters.

3. Bioinformatic analysis
Subsequent bioinformatic analyses were performed using 
QIIME2 (Bolyen et al., 2019) software package (v2021.11). 
The obtained raw paired-end sequences were filtered, 

FIGURE 2. Experimental workflow for the two treatments
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trimmed, denoised, and merged using Cutadapt (Martin, 
2011) and DADA2 (Callahan et al., 2016), yielding 
Amplicon Sequence Variants (ASVs). Taxonomy was 
assigned to ASVs using the sklearn naïve Bayes taxonomy 
classifier (Bokulich et al., 2018). For training the classifier 
based on primer sequences used for PCR amplification, 
SILVA v.138 (Quast et al., 2013) was used for the taxonomic 
analysis of the 16S reads, while for the analysis of the ITS 
reads the Unite (Nilsson et al., 2019) v8.3 dynamic 2021-05-
10 database with all eukaryotic species was used. Sequences 
assigned to chloroplasts, mitochondria, with frequency < 2 
(singletons), or non-identified were filtered out from the 
dataset. Subsequent statistical analyses were conducted via 
R v4.1.2. The rarefaction curves on species richness were 
calculated using ggrare (ranacapa package (Kandlikar et al., 
2018)). After rarefaction on the samples implemented through 
the phyloseq package (McMurdie & Holmes, 2012), the 
Alpha-diversity analysis was carried out. Significant effects 
were tested using a pairwise Kruskal–Wallis H test, with 
results considered significant when the p-value was < 0.05. 
To graphically represent the microbiological differences 
between the two treatments, a Principal Coordinates 
Analysis (PcoA) using Bray–Curtis dissimilarity matrices 
were constructed using the vegan package (Oksanen et al., 
2013) evaluating the presence of a significative effect of the 
treatment with a PERmutational Multivariate Analysis Of 
Variance (PERMANOVA) based on 4999 permutations.

4. Berry must chemical composition form 
veraison to harvest time
From veraison onset to harvest time (typically made at 
around 18–23 °Brix), 160 berries per treatment were sampled 
weekly and stored at –80 °C for a total of six surveys.  
At the time of harvest, the total sugars content was measured 
using a refractometer (Atago PR32) at 23 °C. Total acidity 
(titratable acidity expressed as g L-1 of tartaric acid) and pH 
were measured using an automatic titrator (Crison Micro TT 
2022) by titration with 0.1N NaOH solution.

RESULTS

1. Sequencing features
The bacterial and fungal communities were identified using 
16S rRNA and ITS metagenomic sequencing analyses. After 
filtering low-quality, short, and chimera sequences, 450,132 
high-quality reads from 16S rRNA gene sequencing samples 
and 270,048 high-quality reads from ITS gene sequencing 
samples were obtained. The 16S rRNA and ITS reads were 
clustered into 4758 ASVs and 1763 ASVs, respectively. After 
assessing the sequencing coverage of detected bacterial and 
fungal ASVs in the samples by rarefaction analysis, the 
rarefaction curves reached saturation at approximately 8000 
and 3800 sequencing depths, respectively, for bacterial 
and fungal communities, suggesting that the sequencing 
procedure reached an acceptable proportion of the biological 

Parameter Value Tolerance

Chemical parameters

Total amino acids 5.0 % -

Free amino acids 1.5 % -

Hydrolysis degree 30.0 % -

Triacontanol of natural origin > 6 mg/kg -

Dry matter 30.0–38.0 % -

Organic matter 21.0–25.0 % -

Ash 6.0–9.0 % -

Chlorides (Cl°) 0.6–0.8 % -

Physical parameters

Electrical conductivity 1:100 (dS/m) 1.20–1.80 -

Density (kg/dm3) 1.14 ± 0.02

pH 4.5–5.5 -

Mw protein component (g/mol) 7096 400

Parameter Value Method of analysis

Microbiological analysis

Enterobacteriaceae (UFC/g) < 10 ISO 21528-2 2004

Salmonella spp. Absent in 25 g UNI EN ISO 6579-1:2017

Aerobic biodegradability Biodegradable OECD 310:2014

TABLE 1. Summary of biostimulant composition from the commercial product label
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species richness associated with the berry carposphere of 
bacterial and fungal communities.

2. ITS sequencing
The analysis of alpha diversity provided a preliminary 
picture of how the two treatments, TT and NT, influenced 
fungal ecology. The intragroup difference between TT and 
NT treatments, based on the evaluation of Species Richness 
(Figure 3A) and Shannon diversity (thus, also considering the 
relative abundance of the species) (Figure 3B) was slightly 
higher for both indicators for the TT treatment. However, 
statistical analysis revealed no significant differences 
(p > 0.05) between the two treatments, indicating that, 
despite minor differences, TRIA did not cause appreciable 
differences in the variability of the fungal population in the 
plants where it was applied.

Similarly, it was impossible to identify a clear separation 
of clusters in the microbiota community by comparing the 

two treatments using beta diversity analysed via Bray–Curtis 
dissimilarity (Figure 4). In fact, despite a slight separation 
trend and a high percentage of explained variability, no 
statistically significant difference was evidenced by the 
PERMANOVA analysis. As a result, TRIA did not lead to 
significant differences in fungal biodiversity on the grape 
bunch.

By analysing the relative percentages of the main genera 
present (> 0.1 %), the principal differences brought by the 
treatments to the fungi population were identified. It was 
possible to observe 15 main genera (Figure 5). Aureobasidium 
and Alternaria, which alone for both treatments constituted 
over 50 % of the genera present (49.43 % and 40.50 % for 
Aureobasidium and 13.04 % and 12.90 % for Alternaria, 
respectively, for TT and NT treatments), were the most 
present genera. It was also possible to identify important 
groups of yeasts such as Saccharomyces (9.89 % TT, 

FIGURE 3. Statistical analysis of fungi alpha-diversity. Data are the mean of 8 replicates per treatment. The dots 
in the figure represent the outliers. Significant effects were tested using a pairwise Kruskal–Wallis H test (p < 0.05).

FIGURE 4. Beta diversity of samples plotted with R software regarding treatments in berry carposphere calculated 
using Bray–Curtis dissimilarity. The percentage presence on the quadrant shows the explained variability.
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FIGURE 5. Fungi found in berry carposphere. Data are the percentage (%) of ASVs number for each microorganism 
based on the total identified ASVs. p-value and standard deviation are available in Table S1.

FIGURE 6. Statistical analysis of bacterial and fungi alpha-diversity. Data are the mean of 8 replicates per treatment. 
The dots in the figure represent the outliers. Significant effects were tested using a pairwise Kruskal–Wallis H test 
(p < 0.05).
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Even comparing the beta diversity values (Figure 7), 
no significant differences were highlighted between the 
two groups from the PERMANOVA, indicating that the 
application of TRIA did not induce effects on biodiversity 
compared to untreated samples.

Analysing the differences in the proportions of bacterial 
genera present in berry carposphere, it was possible to identify 
18 genera above 0.1 % (Figure 8 and Table S3). Most of the 
bacteria identified were Gram-negative (91.75 % for TT 
and 88.92 % for NT), in particular, belonging to the genera 
Undibacterium (33.16 % TT, 10.01 % NT), Pedobacterium 
(20.78 % TT, 13.16 % NT), Burkholderia (18.18 % 
TT, 6.86 % NT), Massilia (12.04 % TT, 10.11 % NT), 
Sphingomonas (4.06 % TT, 4.71 % NT), Pantoea (1.67 % 
TT, 4.94 % NT), Mesorhizobium (0.71 % TT, 1.89 % NT), 
Hymenobacter (0.61 % TT, 0.90 % NT), Methylobacterium 
(0.20 % TT, 0.50 % NT), Gluconobacter (0.12 % TT, 15.47 % 
NT), Pseudomonas (0.12 % TT, 0.25 % NT) and Flexibacter 
(0.10 % TT, 0.13 % NT). Of these, a significantly higher 
presence was identified in the TT treatment for Pedobacter, 
Burkholderia, and Massilia, while the genera Pantoea, 
Mesorhizobium, Brevibacterium, Methylobacterium, 
Gluconobacter, Pseudomonas and Flexibacter were found 

to be present in significantly higher percentages in the NT 
control. Gram positives represented by Rhodococcus (3.96 % 
TT, 3.60 % NT), Paenibacillus (2.00 % TT, 4.00 % NT), 
Brevibacterium (0.49 % TT, 1.74 % NT), Staphylococcus 
(0.07 % TT, 0.16 % NT), Bacillus (0.07 % TT, 0.63 % NT) and 
Lactobacillus (0.04 % TT, 0.12 % NT) instead constituted the 
minority part of the bacterial genera found. For these, only 
the genera Paenibacillus, Staphylococcus and Lactobacillus 
were detected at higher percentages in the NT control.

2.2. Chemical analysis
As regards the chemical characteristics of the must evaluated 
throughout the veraison-ripening stage, it was possible to 
observe a significant increase in the sugar content in the 
grapes obtained by applying TRIA. In fact, while for the 
values of total acidity and pH, there were no deviations 
between TT and NT during the whole monitoring, instead 
as regards the value of °Brix, a significant difference was 
observed (p-value < 0.05) with a higher concentration of 
2.14 °Brix in favour of the TT treatment (20.53° for TT, 
18.39° for NT) (Figure 9). Thus, there was a delay in NT 
that was no longer recovered since the technological sugar 
ripening of TT for this wine was brought forward, being 
putative harvested 4 days earlier than NT.

13.05 % NT), Metschnikowia (1.88 % TT, 1.16 % NT), 
Pichia (1.03 % TT, 3.57 % NT), Hanseniaspora (0.80 % TT, 
3.88 % NT) and Candida (0.57 % TT, 1.73 % NT), along with 
other ascomycetes such as Cladosporium (6.96 % TT, 8.47 % 
NT), Penicillium (1.84 % TT; 0.26 % NT), Filobasidium 
(2.74 % TT, 3.87 % NT), Epicoccum (2.12 % TT, 3.03 % 
NT), Pithomyces (1.46 % TT, 0.69 % NT), Aspergillus 
(1.15 % TT, 0.001 % NT), and Cryptococcus (1.05 % TT, 
1.90 % NT). Analysing the results obtained, it was possible 
to identify significant differences for the genera Penicillium 
(p < 0.05), Pithomyces (p < 0.05), Aspergillus (p < 0.001), 
Pichia (p < 0.05), Hanseniaspora (p < 0.001), and Candida 
(p < 0.001) (Table S2). Of these, Penicillium, Pithomyces, 
and Aspergillus presented higher percentages for the TT 

samples, while Pichia, Hanseniaspora and Candida were 
present in higher percentages in the NT samples.

2.1. 16S RNA gene sequencing
Alpha diversity analysis of bacteria provided an outcome 
similar to the fungi kingdom: the intragroup difference 
between TT and NT treatments based on the evaluation 
of Species Richness (Figure 6A) and Shannon diversity 
(Figure 6B) was only slightly higher for both indicators for 
the TT treatment. However, statistical analysis revealed no 
significant differences (p > 0.05) between the two treatments, 
indicating that, despite minor differences, TRIA did not cause 
appreciable variations in the variability of plants where it was 
applied.

FIGURE 7. Beta diversity of samples plotted with R software regarding treatments in berry carposphere. The 
percentage presence on the quadrant shows the explained variability.
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FIGURE 8. Bacteria found in the berry carposphere. Data are the percentage (%) of ASVs number for each 
microorganism based on the total identified ASVs. p-value and standard deviation are available in Table S2.

FIGURE 9. Data of soluble solids (°Brix), pH and titratable acidity, of TT and NT musts recorded in the ripening stage. 
Days are expressed as Day Of Year (DOY).
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DISCUSSION

Grapevine is one of the most important woody perennial 
crops in Italy, both economically and in terms of cultivated 
area (Tomasi et al., 2020). Given the high extension of this 
crop with its relative environmental impact (Schaller, 1991, 
Serpa et al., 2017, Lamastra et al., 2016), an increasingly 
important challenge for the future is the management of 
vineyards with a sustainable approach. For this purpose, 
biostimulants offer interesting properties for grapevine 
growers and winemakers (Mian et al., 2022b), which, 
however, should maintain a rich and diversified microbial 
population in the vineyards to give typicality to the product 
obtained during fermentation (i.e., Terroir) (Miliordos et al., 
2022, Samuels et al., 2022, Droby and Wisniewski, 2018, 
Padmaperuma et al., 2019). With regards to the use of TRIA, 
this was the first study concerning its effect on the microbiota 
of the grapevine carposphere.

Alcohols generally exert an antimicrobial effect on both 
kingdoms (fungi and bacteria).

However, analysing the alfa and beta diversity of the two 
kingdoms, TRIA did not have a negative effect in terms of the 
biodiversity of the microbial population, albeit with changes 
in the abundance of some species (Belda et al., 2017). 

As for the bacteria, it was, in fact, possible to observe a 
significantly higher relative percentage of the most abundant 
genera in the TT treatment, specifically for the Pedobacter 
and Burkholderia genera. Pedobacter spp. possess genes 
coding for lanthipeptides, which have antifungal activities 
(Caetano et al., 2020), whilst Burkholderia spp. isolates have 
been exploited for the biological control of plant pathogens 
and growth promotion (Coenye and Vandamme, 2003). 
Similar functions were also observed for Paenibacillus spp. 
(McSpadden Gardener, 2004), however, in this case, present 
in higher percentages in the NT treatment. Other genera that 
were observed in lower percentages in treatment TT than in 
control NT were Pantoea, Mesorhizobium, Brevibacterium, 
Methylobacterium, Gluconobacter, Pseudomonas, and 
Lactobacillus. Brevibacterium is an important genus known 
as a biocontroller of anthracnose of grapes (Arfaoui et al., 
2019). Methylobacterium spp., found at almost a two-fold 
higher percentage in the NT trial, were suggested to stimulate 
plant development through phytohormone production 
(Zarraonaindia et al., 2015). Of note is the drastic reduction 
of the genus Gluconobacter present to a percentage of 0.13 % 
for the TT treatment compared to a percentage equal to 
15.47 % in the NT control. This genus exerts a slight effect on 
plant health status, as it was found able to reduce the mycelia 
growth of Botrytis cinerea, Aspergillus spp., Penicillium 
expansum and Rhizopus stolonifera (Delgado et al., 2021). 
On the other hand, Gluconobacter is reported to produce 
a great number of Volatile Organic Compounds (VOCs), 
which might influence the sensory profile of the resulting 
wines. Indeed, Staphylococcus spp. strongly correlates to 
plant/grape health status due to the production of biogenic 
amines, which are undesirable compounds in all foods and 
beverages because they induce food-borne intoxications 

when consumed at high concentrations (Benavent-Gil et al., 
2016), and in this sense, TRIA application reduced its 
presence. Lastly, the Lactobacillus genus was found to be 
present in greater quantities in NT. This bacterial group is of 
significant oenological interest as during winemaking, it can 
contribute to the aromatic and organoleptic profile of the final 
product (Virdis et al., 2021), as well as altering the sensory 
profile. 

Considering the fungi kingdom, also in this case, significant 
differences were found at the genera level. The Penicillium 
genus was identified in higher percentages in the TT than in 
the NT trial. This microorganism influences berry health, as 
many species belonging to this genus can lead to the onset 
of rot (Jahani et al., 2020). Similarly, the Aspergillus genus, 
known as a pathogen (Kasfi et al., 2018), was also found to be 
present at higher concentrations in the TT samples. However, 
a greater presence was also found for the genus Pithomyces 
in TT. This is an important genus since it has biocontrol 
capabilities against Botrytis cinerea (grey mould) on grapes 
(Dodd and Stewart, 2003), which can negatively influence 
both fermentation and sensory profile. It is also possible to 
observe how three important groups of yeasts such as Pichia 
spp., Hanseniaspora spp. and Candida spp., were negatively 
influenced. These results may be due to the inhibitory effect 
of alcohols on yeasts (Iacumin et al., 2022). Yeasts of the 
genus Pichia and Candida were reported to have biocontrol 
capacity and be able to contrast grey mould (Fiori et al., 2008, 
Saligkarias et al., 2002); therefore, their decrease could be 
considered negative, while the reduction of Hanseniaspora 
spp. in some cases could be considered advantageous, as 
strains of these non-Saccharomyces yeasts could lead to 
undesired flavours during fermentation (Jolly et al., 2014).

Regarding must technological parameters, we can state how 
the biostimulant application positively affected the sugar 
content, as already reported (Sharma et al., 2018), yet has 
led to the possibility of earlier harvesting. A harvest brought 
forward must be taken as a general advantage for reaching 
the end of the ripening process. In fact, bringing forward 
the whole technological maturity can result in a lower risk 
of phytoiatric issues (Iltis et al., 2020), and vine growers 
can also be present on the market earlier than any other 
competitors.

CONCLUSIONS

The exogenous application of TRIA resulted in a simple and 
cost-effective strategy to get a trend towards the different 
abundance of some bacteria and fungi genera while also 
leading to an earlier harvest with higher sugar content. 
Additionally, our taxonomical analysis showed that the 
application of TRIA reduced the amount of indigenous 
Saccharomyces yeast. This is of great importance since it 
is possible to avoid natural fermentation, whereas Prosecco 
wine is of enormous interest as it is crafted/fermented using 
specific strains. TRIA promoted Pithomyces spp., important 
as a bio controller of grey mould, giving a great chance to get 
fewer undesirable flavours.
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