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This study provides a detailed analysis of the bacterial and fungal communities in Biocontrol-treated Tempranillo
grape samples, as well as in wines after alcoholic fermentation (AF) and malolactic fermentation (MLF) using the
Next Generation Sequencing. Results showed that the bacterial grape community was represented by the Phyla
Cyanobacteria and Proteobacteria. The acetic acid bacteria were more abundant and diverse in control wines,
while the Family Enterobacteriaceae was significant in wines from Biocontrol-treated grapes. After MLF, the
bacteria in both control and Biocontrol-treated samples were represented by Oenococcus oeni. Results regarding
the fungal community, demonstrated that Aerobasidium pullulans had high representation, and the genus Botrytis
accounted for half of the detected OTUs in both types of samples- The genus Saccharomyces was predominant in
control and Biocontrol-treated grapes. The alpha diversity of the bacterial and fungal communities in control
grapes and wines after AF was lower than in Biocontrol samples, and the ecosystem showed no signs of risk or
threat of loss of diversity. More similar studies during more years are necessary for stablishing this preliminary
result as definitive and for ensuring the safety of the biocontrol in the vineyard.

1. Introduction

Erysiphe (Erys.) necator (formerly Uncinula necator), the causative
agent of grapevine powdery mildew, is a widespread disease that can
reduce the yield and quality of grapes, and compromise wine quality [1].

This fungus withstands the winter in sclerotia form till the spring
season when it produces asci and ascospores that cause the primary
infection, moreover, it produces conidia that triggers the secondary
spread of the infection. Thus, Erys. necator might infect different parts of
the grapevine (shoots, leaves, inflorescences or berries) what entails
important economic losses for viticulture and oenological industries [2,
31

The most representative effect of the infection is the appearance of a
grey or white pow on both sides of the leaf corresponding with the
conidia development and the presence of dark green or brown dots in
vine shoots. When the infection becomes important the branches can get
dry very quickly. During the berry’s development, the fungal conidia
coat them with a grey dust that usually causes the chapping and even the
breakage of the grapes. Consequently, the yield is importantly reduced
after the infection and, besides this, the disease makes easier the

affectation by other microorganisms such as fungi or bacteria that may
spoilt the final wine quality [2].

There are some studies that quantified the current economic loss
such as Scott [1] that talked about $76M per year only in Australia, and
Moine et al. [4] who cited $239M in California the cost of managing the
powdery mildew disease only in 2015.

The traditional way of managing the Erys. necator presence is the
application of sulfur-based products, sometimes combined with other
chemical substances like copper at several times during the vegetative
state of the vines [4,5]. These intensive chemical treatments do not
represent an ecofriendly and sustainable strategy due to the environ-
mental risks and to the emerging resistances of the treated fungi. In fact,
the European Commission is limiting the chemical products applied in
viticulture, the number of applications per year and even the quantity of
active substance applied [6].

Due to these foreseeable limitations in the application of chemical
fungicides, biological treatments are being implemented. Thus, biolog-
ical control of Ery. necator has been carried out in wheat and marigold
with the application of different microorganisms such as Trichoderma [7,
8land in vineyard [9] with Brevibacillus [10] and Bacillus subtilis [11],

* Corresponding author. ICVV, Instituto de Ciencias de la Vid y el Vino (Universidad de La Rioja, Gobierno de La Rioja, CSIC). Finca La Grajera, Ctra LO-20- salida

13, 26071, Logrono, Spain.

E-mail addresses: lucia.gonzalez@icvv.es, lucia.gonzalez@unirioja.es (L. Gonzalez-Arenzana).

https://doi.org/10.1016/j.jafr.2024.101420

Received 16 July 2024; Received in revised form 6 September 2024; Accepted 12 September 2024

Available online 14 September 2024

2666-1543/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:lucia.gonzalez@icvv.es
mailto:lucia.gonzalez@unirioja.es
www.sciencedirect.com/science/journal/26661543
https://www.sciencedirect.com/journal/journal-of-agriculture-and-food-research
https://doi.org/10.1016/j.jafr.2024.101420
https://doi.org/10.1016/j.jafr.2024.101420
http://creativecommons.org/licenses/by/4.0/

L. Gonzalez-Arenzana et al.

showing variable efficacies according to different factors such as
application dose. None of these studies have looked in depth at the
impact of these applications on the microbiota of the crop, nor of the
fruit, but have focused on the effectiveness of the treatment against
infection.

Nowadays, the biological control of the powdery mildew disease or
of Erys. necator was possible after the industrial exploitation of Bacillus
(B.) pumilus strain QST2808. This strain produces an antifungal amino
sugar compound that disrupts the cell metabolism and destroys cell
walls. Moreover, it creates a zone of inhibition on plant surfaces, which
prevents fungi from establishing a foothold in the plant, and a physical
barrier between the plant leaf and the fungal spores. This strain can also
colonize the spores acting as a fungicide. Like several other B. pumilus
strains, this strain can stimulate the plant’s own resistance system by
inducing systemic acquired resistance. Since 2013, the European Food
Safety Authority (EFSA) has been studying the risk assessment of the
active substance of this strain approving their application of farms, or
vineyards, and it has also reviewed the legality of the residues
concluding that it is a safety strategy of biocontrol for organisms and
environments ([12,13]; European Food Safety Authority, 2013). These
characteristics make B. pumilus strain QST 2808 particularly effective for
the control of fungal diseases in plants.

The microorganisms involved in the fermentative stages of wine-
making are mainly yeast and bacteria that proceed partly from grapes,
so that they could be present in the vineyard. There are several genera
and species of yeasts that could be present in the grape surface, but the
most important one is Saccharomyces (S.) cerevisiae because it leads the
alcoholic fermentation (AF). The bacteria population present in an
enological environment can be described as Gram-negative aerobic
species, mainly acetic acid bacteria (AAB) or environmental bacteria
(EB), and Gram-positive bacteria represented by the lactic acid bacteria
(LAB). Regarding bacteria, the AAB and some of the LAB are spoilage
microorganisms, the EB role in winemaking is still unknown and among
the LAB, Oenococcus (O.) oeni is the main agent of FML [14]. Every
treatment applied to the leaves, root, branches, grapes, etc. might
disrupt the microbial ecosystem of grapes what could change the natural
development of alcoholic and malolactic fermentation even altering the
final wine quality [15]. According to previous research about biocon-
trol, there is no evidence of negative affectation of this type of eco-
friendly fungi management in the wine quality, but any of those studies
have been focused on the use of B. pumilus QST 2808 against powdery
mildew [16].

Currently, the study of the microbial populations involved in grape
or wine should not be limited to culture dependent techniques because it
is well known that natural and wild populations, even of pathogenic
microorganisms, could stay in viable but not culturable forms [17]. This
means that a great percentage of the viable, alive and totally active
microorganisms are not able to grow in culture media so that results of
culture dependent technique might be biased from reality [18-21].

This study was planned with one goal that was the description of the
alterations of the microbial populations of yeasts and bacteria using
culture independent methods after the treatment of a vineyard with
B. pumilus QST2808.

2. Materials and methods
2.1. Vineyard treatments

To minimize biases from climatic or agronomic conditions, treat-
ments were applied within the same vineyard This study focuses on the
typical profile of vine cultivation (Vitis vinifera L.) within the Rioja
Qualified Designation of Origin (D.O.Ca. Rioja), specifically the Tem-
pranillo variety, planted in 1984 and grown as free-standing vines. The
vines were spaced 1.35 x 2.55 m apart, resulting in a plant density of
2905 plants per Ha. The vineyard’s soil was managed through tillage.

Two treatments were applied five times after fruit set. The control
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treatment involved applying 4 kg/ha of Elosal GD (Bayer Crop Biosci-
ence S.L.), a product containing 80 % sulfur, which is the traditional
treatment used in the vineyard. The other treatment was a biological
fungicide (Sonata®, Bayer Crop Bioscience S.L.), containing 14.35 g of
Bacillus pumilus strain QST 2808 per liter of the commercial product,
applied at a dose of 5 L/ha. Treatments were administered using an
automatic knapsack sprayer.

A randomized block design was used for the experiment, with four
repetitions per treatment placed at the same row and an average of 33
plants per replicate. Each replicate received the same agronomic man-
agement prior to the treatments and was harvested and vinified sepa-
rately at the optimal time. The vineyard showed no signs of Powdery
mildew before the treatments.

2.2. Winemaking conditions

Once a probable alcoholic strength of 13 % was reached, each
replicate was harvested, destemmed and crushed and vinified separately
in 100 L tanks in the ICVV experimental cellar. The tanks were sulphited
to a concentration of 50 mg SO»/L and kept at 25 °C during spontaneous
alcoholic fermentation (AF). Daily, they were punched down and the
decrease in density was determined as a measure of sugar consumption.
When they reached a density of approximately 990, they were pressed
and allowed to finish AF (reducing sugars <2 g/L). The wines were then
racked into smaller tanks (50 L) for spontaneous malolactic fermenta-
tion (MLF) to begin. MLF was controlled by periodic measurement of
malic acid (enzymatic method) until its depletion.

2.3. Sampling and microbiological analysis

The microbiological study of samples was performed at three
different times. The first sampling was carried out on freshly harvested
grapes, before reaching the winery as Escribano-Viana et al. [16]
described. The second sampling was with wines at the end of sponta-
neous AF, the third one with wine when the spontaneous MLF was
depleted.

The microbiological features of samples were analyzed with culture
independent methods that allowed the detection of every microorgan-
isms (culturable and non-culturable). For this purpose, the technique
employed was the Next Generation sequencing (NGS) or massive
sequencing.

Samples from the biomass harvested from grapes in PT, musts and
wines were frozen at —80 °C in a volume of 10 mL. Then, the DNA was
directly extracted from those samples following the protocol described
by Gonzalez-Arenzana et al. [22]. The DNAs collected from the four
replicates of each sample were mixed in a unique sample for performing
the massive sequencing focused on Fungi and Bacteria Kingdoms at
three different samplings. The Control and Biocontrol-treated samples
were completely analyzed by the Foundation for the Promotion of
Health and Biomedical Research of Valencia Region (FISABIO) (Valen-
cia, Spain) with NGS or massive sequencing. Every sample passed the
quality control and then continued for the library construction.

Yeast community was studied with the Intergenic Transcribed
Spacers (ITS) of fungal organisms that were amplified according to the
work of Toju et al. [23]. In the case of bacteria, 16 S rDNA gene
amplicons were obtained following the 16 S rDNA gene Metagenomic
Sequencing Library Preparation Illumina protocol (Cod. 15,044,223
Rev. A). The gene-specific sequences used in this protocol target the 16 S
rDNA gene V3 and V4 region and the primers were selected from
Klindworth et al. [24]. After ITS and 16 S rDNA amplifications, the
multiplexing step was performed using Nextera XT Index Kit. A bio-
analyzer was used to verify the size of amplicons and when size was
around 500 b b libraries were sequenced using a 2 x 300pb paired-end
run (MiSeq Reagent kit v3 on a MiSeq Sequencer according to manu-
facturer’s instructions (Illumina). Quality assessments were performed
using prinseq-lite program [25]. R1 and R2 from Illumina sequencing
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were joined using the FLASH program [26].

Data were obtained using an ad-hoc pipeline written in RStatistics
environment (R Core Team, 2012), making use of several Open-Source
libraries such as gdata, vegan, etc. Then, the sequence data were
analyzed using giime 2 pipeline [27].

Denoising, paired ends joining, and chimera depletion was per-
formed starting from paired ends data using DADA2 pipeline [28]. The
taxonomic annotation was performed through taxonomic affiliations
assigned using the Naive Bayesian classifier integrated in quiime2 plu-
gins. Database used for ITS taxonomic assignation was the KRONA
viewer report have been generated using Krona hierarchical browser
[29]while for SILVA taxonomic assignation the SILVA release_132 was
used [30]. Tables of OTUs (Operational Taxonomic Units) abundance
(%) in each sample were provided by FISABIO.

2.4. Statistical analysis of the alpha diversity parameters

The Alpha diversity of samples was studied with the Simpson index
that measures the possibility that two randomly chosen individuals
belong to different species [31] and with the Shannon-Weaver index (H)
that considers the number of individuals as well as the number of species
[32,33]. Those indexes were calculated using the software PAST (V.
4.17) [34]. In addition, statistical analysis of these numerical diversity
indices was carried out between control and treated samples at each
sampling time, using Student’s t-test with this software.

3. Results and discussion

Grape weight, pH and probable alcoholic strength followed the ex-
pected pattern of the ripening process, increasing until the time of
harvest and reaching the usual values for Tempranillo grapes of the D.O.
Ca. Rioja appellation of origin (data not shown). Powdery mildew dis-
ease was not noticed in situ.

Table 1
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3.1. Microbial characterization of grape surfaces in control and
biocontrol-treated samples

Massive sequencing data of OTUs abundance in grape samples are
shown in Table 1. Bacteria were mainly represented in control and
Biocontrol-treated samples by the Order Chloroplast that belongs to the
Phylum Cyanobacteria with 77.4 % and 74.5 %, respectively (Fig. 1).
These are photosynthetic bacteria so that they are easily accessible in
open environments like vineyards but there were no other studies that
found this type of bacteria in the grape’s biofilm.

With around the 22.6 % in control grapes and 25.45 % in Biocontrol-
treated ones, the Phylum Proteobacteria. Belonging to this Phylum, the
Class Alphaproteobacteria was found. It is characterised for being
oligotrophic, what means that they do not need very high quantity of
nutrients to survives. This Class was represented by the Orders Aceto-
bacterales and Rickettsiales (Fig. 1). The first one included the Family
Acetobacteraceae that was more representative into the Biocontrol-
treated grapes than in control ones. This Family included two genera.
Into the genus Gluconobacter (G.), and with similar percentages of
abundance, the species G. cerinus was found with very similar abun-
dance in both samples. This species is an AAB typically found in grapes
at the first stages of AF [35]. Moreover, with lower percentages (minor
than 0.5 % in control grapes, and 1.91 % in Biocontrol-treated grapes)
the species Komagataeibacter (K.) intermedius, an AAB usually linked
with the vinegar production, was identified [36]. Other Order of the
Class Alphaproteobacteria, Rickettsiales, was represented by the Family
Mitochondria and had in control grapes percentages of abundance of
13.8 % and in Biocontrol-treated grapes 12.3 %. The Order Rickettsiales
has been reported as a dangerous human pathogen [37] like some of the
AAB found in those grape surfaces that have been thought to cause
human diseases [38]. The Class Gammaproteobacteria was represented
by two Orders, Betaproteobacteriales and Orbales, similarly represented
in the two samples (Fig. 1). The Family Burkholderiaceae consisted of
the genus Ralstonia (R.) and the species R. picketti, with percentages of
3.17 % and 2.14 % in control and Biocontrol-treated samples,

Colour scale of percentage of identified OTUs, with more than 0.5 % abundance, in control and treated grape samples, with ITS and 16s rDNA massive sequencing.

Green dark colour means the highest abundance and white colour the lowest one.

Control Sonata
Kingdom Phylum Class Order Family Genus Species Grapes Grapes
Cyanobacteria Oxyphotobacteria Chloroplast - - - 774 74.5
Gluconobacter G. cerinus 1.15 1.72
- 0.63 2.60
Acetobacterales Acetobacteraceae ; .
Bacteri Alphaproteobacteria Komagataeibacter K. intermedius <05 1.91
acteria
Proteobacteria G/uconi(;etobacter <0.5 0.76
Rickettsiales Mitochondria - - 13.8 12.3
. Betaproteobacteriales Burkholderiaceae Ralstonia R. pickettii 3.17 2.14
Gammaproteobacteria

Orbales Orbaceae - - <0.5 0.6
Bacteria OTUS < 0.5% 3.85 3.45
i - - - <0.5 0.54

Capnodiales - -
i Cladosporiaceae Cladosporium - 0.71 0.64

Dothideomycetes - — —
Dothideales Aureobasidiaceae Aureobasidium Au. pullulans 14.1 18.7
Pleosporales Pleosporaceae Alternaria - 0.75 1.03
Eurotiomycetes Eurotiales Aspergillaceae Peniciifium - 0.90 0.77

Ascomycota - - -
X Erysiphales Erysiphaceae Erysiphe Erys. necator <0.5 1.13
i Leotiomycetes - — -
Fungi Helotiales Sclerotiniaceae Botrytis - 43.7 54.7
Saccharomycetaceae Saccharomyces - 1.49 <0.5
Saccharomycetes Saccharomycetales - - - 26.9 4.58
Saccharomycodaceae Hanseniaspora H. uvarum 6.69 7.41
. o . Rhodotoruia Rh. graminis 1.03 2.43
L Microbotryomycetes Sporidiobolales Sporidiobolaceae

Basidiomycota Sporobolomyces Spo. roseus 0.90 0.85
Tremellomycetes Filobasidiales Filobasidiaceae Filobasidium Fi. magnum 1.15 2.23
Fungi OTUs <0.5 % 1.76 2.32

- OTU no identified at that leve/
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Control MLF Sonata MLF
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Acetobacterales Rickettsiales

mEnterobacteriales m Orbales

Fig. 1. Percentages of bacterial Orders identified in Control and Sonata treated samples of grapes, wines after the alcoholic fermentation (AF) and after the

malolactic fermentation (MLF).

respectively. This species is considered dangerous in medical environ-
ments because of their ability to form biofilms in several surfaces [39] so
that it may be easy find it in grape biofilm. Into this same Class, the
Family Orbaceae was found but with very low percentages (Bio-
control-treated grapes with 0.6 %) thus without a very important role in
this vineyard microbiome.

Finally, the percentages of bacteria OTUs identified with percentages
of abundance minor than 0.5 % were similar between samples, 3.85 % in
control grapes and 3.45 % in grapes Biocontrol-treated with B. pumilus
strain QST 2808. Although these percentages were not excessively high,
only three OTUs were identify at species level in the bacterial commu-
nity of grapes. Apparently, the identification at genus level was more
successful than at species level using NGS.

Related to OTUs identified with ITS massive sequencing (Table 1),
two Phyla were described: Ascomycota and Basidiomycota. The Phylum
Ascomycota was represented by four Classes, between them the Dothi-
deomycetes, that included the Order Capnodiales. This Order had low

100%
90%
80%
70%
60%
50%
40%
30%
20%
N N
0%

Control Grapes Sonata Grapes Control AF

m Saccharomycetales
m Erysiphales

m Capnodiales
u Helotiales

Dothideales
m Sporidiobolales

percentages of abundances (Fig. 2), in fact the genus Cladosporium was
the 0.71 % and the 0.64 % of control and Biocontrol-treated grape fungal
communities. Inside this same Class, the Order Dothideales, represented
by the Family Aureobasidiaceae, the genus Aureobasidium (Au.) and the
species Au. pullulans reached high representation percentages in both
types of samples, being the 14.1 % of fungi in control grapes and the
18.7 % in Biocontrol-treated ones (Fig. 2). Usually linked to winemaking
environment, this species has been traditionally related to grape mi-
crobial communities [40] and it has been also determined as important
in similar studies [41] The Order Pleosporales was the last included in
this Class (Fig. 2). It was represented by the Family Pleosporaceae and
by the genus Alternaria but with low percentages of abundance (0.75 %
and 1.03 % in control and Biocontrol-treated grapes, respectively). The
Class Eurotiomycetes was represented by the genus Penicillium, a usual
fungus from natural environments, with 0.90 % in control grapes and
with 0.77 % in Biocontrol-treated ones. The Class Leotiomycetes was
represented by the Order Erysiphales (Fig. 2) with the genus Eryshipe

Sonata AF Control MLF Sonata MLF

u Eurotiales
m Order <0,5%

Pleosporales
u Filobasidiales

Fig. 2. Percentages of Fungi Orders identified in Control and Sonata treated samples of grapes, wines after the alcoholic fermentation (AF) and after the malolactic

fermentation (MLF).
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and the species Erys. necator that caused the powdery mildew [42]. This
fungus was in low percentages of abundance but, curiously, it was
slightly higher in Biocontrol-treated grapes (1.03 %) than in control
grapes (<0.5 %), but the infection was not visually perceived in the
harvested grapes. Belonging to this same Class, the Family Helotiales,
represented by the genus Botrytis, was the most important one in this
study [43]. Botrytis was the 43.7 % of the fungal community of control
grape samples and the 54.7 % of Biocontrol-treated grape samples.
The Class Saccharomycetales and the Order Saccharomycetales was

A)
3
2
1
0
Control Sonata Control Sonata
H Index Simpson Index
Bacteria (Grapes)
B)
3
2 b
a
| I I a b
0
Control Sonata Control Sonata
H Index Simpson Index
Bacteria (AF)
C)
3
2
1
O — |
Control Sonata Control Sonata
H Index Simpson Index

Bacteria (MLF)
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represented by three families, and it was more important in control
grapes than in Biotreated ones, what could mean sensitivity of this yeast
to the biofungicide effect of B. pumilus QST 2808. The Family Saccha-
romycetaceae was represented by the genus Saccharomyces in very low
percentages, being in control grapes lower than 1.49 % and in
Biocontrol-treated grapes minor than 0.5 %. The species S. cerevisiae is
the most important agent of AF and the NGS was not able to find it in
grapes. Eventually, the Family Saccharomycodaceae was represented by
the species Hanseniaspora (H.) uvarum that as Au. Pullulans, Erys. Necator

Sonata Control Sonata

H Index

Control
Simpson Index

Fungi (Grapes)

Sonata Control Sonata

H Index

Control
Simpson Index
Fungi (AF)

Control Sonata Control Sonata
H Index Simpson Index
Fungi (MLF)

Fig. 3. Alpha diversity parameters (H Index and Simpson index) of Control and Sonata treated samples: A) grapes, B) alcoholic fermentation (AF) and C) malolactic
fermentation (MLF). Different letters mean significant differences between control and treated samples for each index (p < 0.05).
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or even the genus Botrytis are thought to be important in early stages of
vinification and of course on grape biofilm.

The Phylum Basidiomycota was represented by the Order Spor-
idiobolales (Fig. 2). This Family included the genus Rhodotorula (Rh.)
with the species Rh. graminis and Sporobolomyces (Spo.) roseus was found
with percentages of abundance minor than 1 %. Finally, in control and
Biocontrol-treated grape samples the 1.15 % and the 2.23 %, respec-
tively, of the fungi community was identified as the species Filobasidium
(Fi.) magnum that belongs to the Class Tremellomycetes.

The percentage of fungi OTU with abundances minor than 0.5 was of
1.76 % in control grapes and 2.32 % in Biocontrol-treated ones. This
minority OTUs was lower than the described for bacteria at the same
stage.

The Alpha diversity parameters of grape samples are shown in
Fig. 3A). In the context of Alpha diversity, the H-index often refers to the
Shannon Diversity Index, denoted as H. This index is a measure of
species diversity within a community, considering both species richness
or the number of different species and species evenness that is how
evenly the individuals are distributed among the species [33]. The
higher the value of H, the higher the diversity of species in a particular
community. The lower the value of H, the lower the diversity. Regarding
The Simpson’s Diversity Index, it is a measure used to quantify also the
diversity of a biological community. The value for Simpson’s Diversity
Index ranges between 0 and 1 and the higher the value, the lower the
diversity [31].

The H index of bacterial community was a little bit lower in control
grapes than in Biocontrol-treated grapes, but Simpson index was prac-
tically the same. This tendency was also observed in Fungi community,
thought diversity parameters were under the described for bacteria. In
any case the differences were statistically significant. In this study, the

Table 2
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fungi community of grape biofilm was less rich and diverse than bac-
teria. In contrast, a slight increase of richness and diversity was observed
in bacteria after the treatment with the biocontrol agent B. pumilus strain
QST 2808. Similar results were observed in studies that tested effect of
one biocontrol agent against Botrytis [16]. Generally, when an
ecosystem is endangered, the Alpha diversity parameters are thought to
suffer a reduction so that grape biofilm after Biocontrol-treated treat-
ment may not be threatened or disturbed, in addition no evidence of
genetic material of B. pumilus was found at grape biofilms.

Other authors have established that the grapes and the early
fermentative stages are usually the most diverse stages in microbiolog-
ical terms related to bacteria population [44] and also to yeast or fungi
population [45]. There are also several studies that recognises the
detection of bacteria and yeasts, with NGS methods, that are not usually
found in winemaking [44-47].

3.2. Microbial characterization of wines after alcoholic fermentation from
control and biocontrol-treated samples

Overall, the spontaneous AF of control and Biocontrol-treated sam-
ples occurred without complications and had similar durations (data not
shown).

Massive sequencing data of OTUs abundance in wine samples from
control and Biocontrol-treated grapes after their AF are shown in
Table 2. Bacterial community of Biocontrol-treated wines were highly
represented by the Order Chloroplast with 31.9 % while in the control
wines this Orden meant the 20.3 %. Curiously, this Orden of photo-
synthetic bacteria was important the grape surface and in the sponta-
neous AF of both types of samples (Fig. 1).

Inside the Bacteria Kingdom the Phylum Firmicutes was represented

Colour scale of percentage of identified OTUs, with more than 0.5 % abundance, in control and treated wine samples after the alcoholic fermentation (AF) with ITS
and 16s rDNA massive sequencing. Green dark colour means the highest abundance and white colour the lowest one.

Kingdom Phylum Class Order Family Genus Species C‘X‘g"' S(?:sta

Cyanobacteria Oxyphotobacteria Chloroplast - - - 20.3 31.9
Firmicutes Bacilli Lactobacillales Streptococcaceae Lactococcus - <0.5 1.71
Acetobacter - 1.14 6.81
- 0.65 1.65
Gluconobacter G. oxydans 0.67 3.68

Acetobacterales Acetobacteraceae _—
G. cerinus 33.7 12.8
. ) - 3.75 <0.5

Alphaproteobacteria Komagataeibacter ——————
K. intermedius 3.33 <0.5
Anaplasmataceae Wolbachia - 1.01 <0.5
Rickettsiales i . Rhynchosporium Rhy. agropyri <0.5 0.56

Mitochondria
; - - 3.54 5.44
Bacteria - - -

X Sphingomonadales Sphingomonadaceae Sphingomonas - 0.61 2.00

Proteobacteria _—
. . Comamonas Comamonas sp. 0.93 <0.5

Betaproteobacteriales Burkholderiaceae —
Massilia - 1.46 1.67
- - 1.25 1.60
. . Erwinia - 0.66 1.67
Enterobacteriales Enterobacteriaceae
. Pantoea - 8.63 8.61
Gammaproteobacteria -
Serratia - <0.5 8.91
Orbales Orbaceae - - 5.85 1.98
Moraxellaceae Acinetobacter - 0.60 <0.5
Pseudomonadales Ps. graminis <0.5 0.74
Pseudomonadaceae Pseudomonas

- 7.94 4.01
Bacteria OTUS <0.5% 3.93 4.29
Saccharomycetaceae Saccharomyces - 98.2 971
Fungi Ascomycota Saccharomycetes Saccharomycetales - - - 1.15 1.98
Saccharomycodaceae Hanseniaspora H. uvarum <0.5 0.7
Fungi OTUs < 0.5% 0.69 0.24

- OTU not lidentified at that fevel.
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by the genus Lactococcus of the Class Bacilli, into the Order Lactoba-
cillales and the Family Streptococcaceae. This genus was found in per-
centages of abundance minor than 0.5 % in control samples and with
low percentages in Biocontrol-treated wine samples (1.71 %). This
Family is usually very well represented in the winemaking environments
because it holds important genera and species involved in the MLF, as
for instance Lactobacillus or Oenococcus that in this study were not
detected at this stage. In the case of the genus Lactococcus, although is
not directly an agent of this secondary fermentative stage is usually
found in later stages of AF [15]. This Order was not found in the grape
surface (Fig. 1).

The Phylum Proteobacteria accounted for 74.6 % and 62.1 % of the
bacterial community in the control and Biocontrol-treated wines, with
higher percentages of abundance than those observed in the grape
sampling. Belonging to this Phylum, the two taxonomic Classes found in
the grape biofilms were also detected in the wines after the AF.

First, the Class Gammaproteobacteria was represented by the Order
Acetobacterales (Fig. 1) that was more representative in the wines from
control grapes, than in the wines from Biocontrol treatment. The Family
Acetobacteraceae inside this Order included three genera. The genus
Acetobacter was the 1.14 % of the bacteria in control wines and the 6.81
% of the bacteria of Biocontrol-treated wines. This genus is directly
linked to the acetification of wines, consequently, its high presence in
wines may be dangerous if it develops the metabolic acetification of
ethanol [48]. As it was described for grapes, the genus Gluconobacter was
also found, although in wines two species were identified; the species
G. oxydans was the 0.67 % of the bacteria community of control wines,
but again it was the 3.68 % of Biocontrol-treated wines and the species
G. cerinus, also detected in grape biofilms, reached in both cases high
percentages of abundances, especially in control wines samples in which
their presence was the 33.7 % of the bacteria community. In addition,
the species K. intermedius was again identified but with lower percent-
ages (minor than 0.5 % in Biocontrol-treated wines, and 3.33 % in
control ones). With those data, it might be thought that in control and
Biocontrol-treated samples, the AAB were highly represented, being
more important and diverse in control wines with 43.3 % of represen-
tation than in Biocontrol-treated wines with 24.9 %. The presence of
Botrytis in the grape surface is usually associated with increased AAB
populations what could explain the higher presence of these spoilage
bacteria in wines, although they were not predominant in grapes. The
Order Rickettsiales of the Class Alphaproteobacteria was found not only
in grapes but also in wines (Fig. 1). In these wines, this Order was rep-
resented by the genus Wolbachia of the Family Anaplasmataceae (1.01 %
in control wines and lower than 0.5 % in Biocontrol-treated wines), by
the species Rhynchosporium (Rhy.) agropyri (0.56 % in
Biocontrol-treated wines and minor than 0.5 % in control wines), and by
the Family Mitochondria (3.54 % and in Biocontrol-treated wines with
5.44 %). As it was explained for grapes, the importance of the Order
Rickettsiales is its pathogeny ability in humans but in the alcoholic
matrix of wines its clinical or oenological role is still unknown. At this
stage, the genus Sphingomonas of the Order Sphingomonadales (Fig. 1)
that is taxonomically included in the Class Alphaproteobacteria was
identified. This genus is widely found in nature but can also cause
infection because of its opportunistic character [49].

The Class Gammaproteobacteria was represented by four Orders and
five Families. The Family Burkholderiaceae, also detected in grapes,
consisted of the genus Comamonas with percentages of 0.93 % and minor
than 0.5 % in control and Biocontrol-treated samples and of the genus
Massilia with 1.47 % and 1.67 %, respectively. Curiously, those envi-
ronmental bacteria usually found in open ecological niches, like soils,
are ubiquitous gram-negative aerobic and motile bacteria that can go
through AF [50]. The Order Enterobacteriales (Fig. 1), with the Family
Enterobacteriaceae, was the 10.5 % of the bacteria community of con-
trol wines and the 20.8 % of wines whose grapes were Biocontrol-treated
with B. pumilus strain QST 2808. This Family contains gram-negative
facultative anaerobic usually named “enteric bacteria”. In control
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wine the genera Erwinia, Pantoea and Serratia were detected, being
Pantoea the 8.63 % of the bacteria community. These genera are ubiq-
uitous bacterium that has been used for soil remediation and for other
industrial processes and that are considered important host’s promotor
in plants and animals [51,52]. Probably the anaerobic conditions of the
AF allowed its presence in wines. In Biocontrol-treated wines, these
three genera were found but, in this case, Pantoea was the 8.61 % and
Serratia the 8.91 %. Into this same Class, but in the Order Orbales
(Fig. 1), the Family Orbaceae was again found, as in grapes, but with
higher percentages (control wines 5.85 % and Biocontrol-treated wine
with 1.98 %). In these wines, the Order Pseudomonadales (Fig. 1) was
represented by the genus Pseudomonas (Ps.). This Order is composed by
gram-negative, motile, aerobic bacillus. The representing species of the
genus in this study was Ps. graminis that is thought to be useful in
biocontrol of food pathogens, so that its presence may be important in
wines, but they have scarce percentages of abundances (minor than 0.5
% in control wines and 0.74 % in Biocontrol-treated wines) [53].

Eventually, the percentages of bacterial OTUs identified with per-
centages of abundance minor than 0.5 % was 3.93 % in control wines
and 4.29 % in wines from grapes Biocontrol-treated with B. pumilus
strain QST 2808; these results were similar in grape and wine stages. As
Table 2 shows most of the identification at species level was not possible,
therefore, similarly to grape biofilms it seems that identification by NGS
is more successful and accurate at genus level.

Regarding the OTUs identified with ITS massive sequencing
(Table 2), everyone belonged to the Phylum Ascomycota, to the Class
Saccharomycetes and to the Order Saccharomycetales (Fig. 2) in the two
types of samples. The Family Saccharomycetaceae was represented by
the genus Saccharomyces in control wines with a 98.2 % of abundance
and in Biocontrol-treated wines with a 97.1 %. The predominance of this
genus was expected because it contains the main species for the AF,
S. cerevisiae, that was not found by NGS. There was a 1.15 % in control
wines, and a 1.98 % in Biocontrol-treated wines, of OTUs identified
inside this same Order but impossible to locate within the classification
at Family level. Eventually, the Family Saccharomycodaceae was rep-
resented by the genus Hanseniaspora (H.) and by the species H. uvarum.
This was scarcely represented by minus than 0.5 % in control wines and
0.7 % in Biocontrol-treated wines.

The percentage of fungi OTUs with abundances below 0.5 was 0.69
% in control wines and 0.24 % in Biocontrol-treated wines. Minority
OTUs were rather low compared to the results described for bacteria and
due to the predominance of some species of the genus Saccharomyces,
probably the species S. cerevisiae which was not identified at species
level by NGS despite its high relative abundance.

The Alpha diversity parameters of wine samples are shown in
Fig. 3B). The H index and the Simpson index of bacterial and fungi
community were lower in control wines than in Biocontrol-treated
wines, but the differences were statistically significant only in the bac-
teria community. This tendency was more evident in bacteria than in
fungi although diversity indexes were minor in wine samples than the
observed in grape biofilms. Higher diversity indexes mean higher di-
versity, so that, at this stage after AF, the biofungicide treatment had a
beneficial impact on terms of diversity of the bacteria community.

3.3. Microbial characterization of wines after malolactic fermentation
from control and biocontrol-treated samples

Overall, the spontaneous MLF of wines elaborated with control and
Biocontrol-treated samples occurred without complications and had
similar durations (data not shown).

Massive sequencing data of OTUs abundance in wine samples after
MLF are shown in Table 3. Bacteria were mainly represented in control
and Biocontrol-treated samples after MLF by the species Oenococcus (O.)
oeni, that belong to the Order Lactobacillales (Fig. 1), with percentages
of 98.3 % in both. It was detected by NGS only at this sampling stage.
The other species detected was R. picketti with 0.93 % of abundance in
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Table 3
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Colour scale of percentage of identified OTUs, with more than 0.5 % abundance, in control and treated wine samples after malolactic fermentation (MLF) with ITS and
16s rDNA massive sequencing. Green dark colour means the highest abundance and white colour the lowest one.

Kingdom Phylum Class Order Family Genus Species C,&TEOI S'?/lr:_e’l__ta
Bacteria Firmicutes Bacilli Lactobacillales Leuconostocaceae Oenococcus O. oeni 98.3 98.3
Proteobacteria Gammaproteobacteria Betaproteobacteriales Burkholderiaceae Ralstonia R. pickettii 0.93 <05
Bacteria OTUS <0.5% 0.74 1.32
Saccharomycetaceae Saccharomyces - 91.1 85.6
Fungi Ascomycota Saccharomycetes Saccharomycetales - - - 7.21 13.5
Saccharomycodaceae Hanseniaspora H. uvarum 1.45 0.70
Fungi OTUs <0.5 % 0.27 0.11

- OTU no identified at that level.

control samples and minor than 0.5 in Biocontrol-treated samples. This
species was also detected in grape biofilms but is not very usual find it in
wines at the final stage of the winemaking process.

Finally, the percentages of bacterial OTUs identified with percent-
ages of abundance minor than 0.5 % were 0.74 % in control wines after
MLF and 1.32 % in Biocontrol-treated wines what was considerably
lower than the observed in the previous samplings and what was
probably due to the predominance of O. oeni species. Moreover, the
identification at species level of bacteria was successful only at this
fermentative stage.

Related to OTUs identified with ITS massive sequencing (Table 3),
results were like the described in grape biofilms, but with different
percentages. In this sampling after MLF, the Order Saccharomycetales
(Fig. 2) was represented by the genus Saccharomyces in control wines
after MLF with a 91.1 % of abundance and in Biocontrol-treated wines
with an 85.6 %. These results were expectable because after the AF
Saccharomyces is usually found in great percentages. There was a 7.21 %
in control wines after MLF, and a 13.5 % in Biocontrol-treated samples,
of OTUs identified inside this same Order considered incertae sedis.
Again, as it was described for all that sampling stages, biofilm the Family
Saccharomycodaceae was represented by H. uvarum with abundances of
1.45 % in control wines after their MLF and 0.7 % in Biocontrol-treated
ones.

The percentage of fungi OTU with abundances minor than 0.5 was of
0.27 % in control samples and 0.11 % in Biocontrol-treated ones.
Overall, this minority OTUs was very similar to the described for bac-
teria of FML stage and probably due to the predominance of bacteria and
yeasts Phyla.

The Alpha diversity indices of control and Biocontrol-treated sam-
ples after the MLF are shown in Fig. 3C). Diversity of bacteria commu-
nity was similar between control ad Biocontrol-treated MLF. Only at this
stage, diversity of bacteria was minor than fungi diversity, due to the
prevalence of O. oeni. Fungal diversity of control wines was slightly
lower than the observed in wines from grapes Biocontrol-treated with
the biofungicide B. pumilus strain QST 2808. It was also slightly higher
than in wines after AF. The Alpha diversity of both samples was not
statistically different so that it would be consider that both treatments
did not endanger the microbial ecosystems of winemaking.

There is a lot of research on the most efficient way to apply
biocontrol treatments in vineyards [10,54,55] but there are few publi-
cations on the impact of this type of treatment on the development of
winemaking and on the effects of microbial populations.
Escribano-Viana et al. [16,56] found that biocontrol treatment against
B. cinerea with Bacillus subtilis QST713 had no negative consequences on
grape and wine quality and fermentation processes. The same author
explored the implications of this biocontrol on the microbial population
and described that the biofungicide had no noticeable impact on the
wine microbiota, but some Bacillus strains were still present at the end of
AF, demonstrating their resistance to the winemaking environment [16,
56]. In contrast, in the present study, B. pumilus QST 2808 was not
observed at any sampling stage, which undoubtedly facilitates its

application in the vineyard.

4. Conclusion

Taking into consideration the exposed results, it could be concluded
that the Bacteria were mainly represented in control and Biocontrol-
treated grape samples by the Order Chloroplast that belongs to the
Phylum Cyanobacteria and by the Phylum Proteobacteria, being bold
the Family Mitochondria. The bacterial community of wines after the
alcoholic fermentation of control and Biocontrol-treated grapes were
also mainly represented by these two Phylum, but the Phylum Proteo-
bacteria was identified with higher percentages of abundance that the
described in the grape biofilms. Moreover, the acetic acid bacteria were
highly represented, being more important and diverse in control wines
with 43.3 % of representation than in Biocontrol-treated wines with 24.9
%. The Family Enterobacteriaceae was important in wines whose grapes
were Biocontrol-treated with B. pumilus strain QST 2808, but their
oenological implications are still unknown. The bacteria were repre-
sented in control and Biocontrol-treated samples after MLF by O. oeni, as
it was expected.

Among the Fungi population, the presence of Powdery mildew was
determined by NGS in Bio-treated control grapes but with very low
percentages. Curiously in these grapes treated with B. pumilus it was also
found an important presence of Botrytis. Au. pullulans reached high
representation percentages in both types of wine samples while the
species Erys. necator was in low percentages of abundance. In wines, the
genus Saccharomyces in control and in Biocontrol-treated samples was
identified as the majority one, but the technique NGS did not enable the
detection of the species S. cerevisiae that is the most important agent of
AF.

In general, most of the NGS identifications were more accurate at the
genus level and the genetic material of the microorganism applied at the
vineyard as biocontrol strategy was not found in the grape biofilms.

The Alpha diversity of the bacterial and fungal community of control
grapes and wines after AF was lower than that of samples treated with
Biocontrol, but wines after MLF showed similar diversity parameters.
Generally, a threatened ecosystem tends to show poor diversity, so it can
be concluded that the biocontrol of B. pumilus strain QST 2808 did not
cause ecological damage or loss of biodiversity in that oenological
environment.

Similar studies, over more than one vintage, are necessary to
corroborate that these results are maintained over time, and that the
microbial ecosystem remains stable after this biological treatment,
causing no major effects on the achievement of the winemaking stages.
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