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Abstract

Table grapes harbour a wide diversity of microbes, some of which are potential biocontrol
agents that may be responsible for the control of fungal pathogens on the phyllosphere. This
study evaluated the diversity of microbial communities associated with naturally present
Botrytis cinerea inoculum, with special emphasis on populations of potential biocontrol yeasts
during berry development in table grapes. Samples were collected from two agro-ecological
habitats in South Africa (Northern Province), characterised by low rainfall (site A) and high
rainfall (site B). The phenological development samples included those at full bloom, pea size
and mature berry stages. Within the group of yeasts known to be natural antagonists,
Aureobasidium, Cryptococcus, Rhodotorula and Sporobolomyces could be cultured, while
pathogenic fungal genera from asymptomatic samples included Cladosporium, Alternaria, and
Aspergillus. Botrytis cinerea could only be cultured at the harvest stage from symptomatic and
asymptomatic berries. Overall, the study showed the highest prevalence of Alternaria (35.6%),
Cladosporium (27.2%) and Rhodoturula (21.2%). In conclusion, the study reveals a diverse

pathogenic and beneficial naturally known yeast genera in the presence of B. cinerea. Such



information and knowledge can be further explored to manipulate potential antagonistic
populations to prevent establishment of pathogenic populations and secure dominance of

antagonistic populations at the harvest stage.
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Introduction

Table grape (Vitis vinifera L.) is a high value crop with a global production of about 21.9
million metric tonnes (USDA, 2017) recorded in 2016/17. However, table grapes are highly
susceptible to a number of fungal diseases, with decay caused mainly by Botrytis cinerea Pers.
(Dean et al. 2012; Rivera et al. 2013; Romanazzi et al. 2016). Early infection by B. cinerea
occurs at full bloom, after which the pathogen goes into a quiescent phase until conducive
environments prevail. Although, extensive research has been done and novel technologies
explored over the years to limit postharvest decay, the pathogen still remains a priority concern
to the industry. This is partially attributed to its latent behaviour and low isolation frequency at
the preharvest stage as well as its ability to grow at low temperatures (0-2 °C) during storage

(Dennis and Cohen, 1976), making it difficult to control.

Although several studies on fungal or bacterial populations of grape have been done (Bukulich
et al. 2014; Pinto et al. 2014; Taylor et al. 2014; Setati et al. 2015), the studies were either
based only on conventional culture methods and / or did not look into potential community
interaction or shifts through the various phenological development stages. Moreover, the
studies did not investigate the influence of natural populations of potential biocontrol yeasts on

observed microbial dynamics and community structure including potential pathogenic fungi.



The identification and quantification of the epiphytic communities present during berry
development provides knowledge and information that would improve understanding of the
complex interactions that prevail between beneficial and pathogenic species. Such data may
give practical implications in table grape disease management, particularly in establishing safer
strategies for the prevention and control of economically important postharvest pathogens,
including B. cinerea which greatly affect yield and postharvest quality of the produce (Van
Boxstael et al. 2013). The objective of this study was to characterise the composition of fungal
communities associated with B. cinerea positive samples previously detected at different
phenological stages in table grapes. In addition, the diversity in potential biocontrol yeasts and
other pathogenic populations was evaluated to compare co-existence during berry
development. The study focused specifically on the abundances and diversity of yeast
populations already known to be natural antagonists against postharvest pathogens, with
particular interest to Botrytis cinerea. The groups of yeasts of interest included Aureobasidium
(Rathnayake et al. 2018), Cryptococcus (Fu et al. 2015), Rhodotorula (Zapata et al. 2015) and

Sporobolomyces (laniri et al. 2017).

Materials and Methods

Site and sample collection and analysis

Table grape samples (cv. Crimson Seedless) representing three phenological stages (full bloom,
pea size and commercial maturity) were collected at preharvest from two commercial farms
(site A and B) in the Northern Province situated in the north eastern part of South Africa. The
two farms included in the study were located in geographically different agroecological
environments, more than 100 km apart. Site A is situated at an elevation of 899 m above sea
level, whereas site B is at 1123 m. Site B generally receives higher annual rainfall (350700

mm) than site A (150-350 mm) under a normal rainfall pattern (Weather Burro, Pretoria). At



both sites, the samples were taken from 11-year-old Y-trellis vineyards under netting and drip
irrigation. The farms are Global-GAP certified for over 10 years. Near-by crops found on site

were citrus, water melon, natural forests and pasture grasses.

Sample collection and processing methods were described in Carmichael et al. 2018). For the
current study, DNA samples previously confirmed as B. cinerea positive (Carmichael et al.
2018) were used. Samples were representatives of the three phenological stages used in the
study, full bloom (n=6), pea size (n=6) and commercial mature stages (n=6). Each vine was
sampled from three positions representing east, west, and inside canopy to harmonise the effect
of micro-climate per sample. Amplification and sequencing for total fungal communities was

done as previously described by Carmichael et al. (2017).

Data processing, taxa classification and identification

Sequence data from illumina platform were processed using MR DNA analysis pipeline (MR
DNA, Shallowater, TX, USA) as previously described (Carmichael et al. 2017). Diversity
indices (Shannon, Choal and Observed richness) for each sample were calculated rarefied
OTU table using the ‘Visualization and Analysis of Microbial Populations Structure

(VAMPS)’ (http://vamps.mbl.edu) online pipeline. Krona plots (Ondov and Phillippy 2011)

were used to show taxonomic probability mass. Venny 2.1

(http://bioinfogp.cnb.csic.es/tools/venny/index.html) was used to define uniqueness of the

OTUs representing the different samples. The accuracy of taxonomic assignments of sequences
associated with each OTU within an identified fungal genus with at least 0.1% relative
abundance (Abdelfattah et al. 2016b) was confirmed by extracting and comparing with

validated barcode sequences.


http://vamps.mbl.edu/
http://bioinfogp.cnb.csic.es/tools/venny/index.html

Fungal pathogens and potential biocontrol yeasts

A total of 14 pathogenic fungi and 11 potential biocontrol yeast considered in this analysis are

presented in Tables 1 and 2, respectively. Sequences were retrieved and compared with 18S

rRNA gene sequences of these known pathogens using a distance matrix. The 18S rRNA

method is restricted to fungal pathogens, which include yeasts. A Juke-Cantor distance of 0.03

(Schloss and Handelsman, 2006) was used as a measure of similarity at species level.

Table 1. Genus of pathogenic fungi considered for this study. Groups in bold font represent postharvest
pathogens of concerns reported in table grapes

Genus Pathogenic species Reference
Alternaria Alternaria alternata; Alternaria Swart et al. 2017,
lewia
Phialophora Phialophora-type [anamorph] Ferreira et al. 2017
Cercospora Cercospora brachypus Kernaghan et al. 2017
Sphaceloma Sphaceloma ampelinum Poolsawat et al. 2010
Aspergillus Aspergillus niger Perrone et al. 2006
Botrytis Botrytis cinerea Holz et al. 2003
Cladosporium Cladosporium cladosporioides; Bricefio et al. 2008
Cladosporium colombiae
Plasmopara Plasmopara viticola Liuetal. 2018
Erysiphe Erysiphe necata Dufour et al. 2011
Penicillium Penicillium expansum Lai et al. 2015
Fusarium Fusarium oxysporum Brum et al. 2012
Sclerotinia Sclerotinia Latorre et al. 2001

Table 2. Genus of potential biocontrol yeasts considered in the study and were previously reported effective

against Botrytis cinerea

Genus Species Trade name

Candida Candida sake; Candida oleophila Nexy (for Candida oleophila)
Aureobasidium Aureobasidium pullulans Boni protect / Botector
Cryptococcus Cryptococcus albidus Yield Plus

Saccharomyces Saccharomyces cerevisiae -

Pichia Not identified -

Sporidiobolus
Sporobolomyces
Rhodotorula
Bulleromyces
Sporobolomyces
Filobasidium

Not identified
Not identified
Not identified
Not identified
Not identified
Not identified



https://en.wikipedia.org/wiki/Alternaria_alternata
https://en.wikipedia.org/wiki/Phialophora
https://en.wikipedia.org/wiki/Aspergillus_niger

Phylogenetic analysis and identification of pathogenic fungi and potential biocontrol

yeasts

Pipeline Initial Process was used to sort and trim raw sequences on the Ribosomal Database
Project 1. Tag sequences were trimmed from sorted sequences, and those that could not be
sorted or less than 150bp or had more than one identified base were removed. Classifications
of pathogens were analysed for the presence of sequences affiliating within the identified
pathogenic genera. The list of pathogenic fungi was based on literature review of genera
previously reported to infect grapes (Table 1), and those of potential biocontrol (Table 2)
agents, against B. cinerea and other postharvest pathogens of concern. Sequences were aligned
using ClustalX for the respective genera together with those extracted from NCBI Genbank. In
the final classification, the processed alignments were clustered using DNADist program in
PHYLIP. Sequences that were within 0.03 Jukes-Cantor distance of either a known pathogenic
fungi or biocontrol yeast against B. cinerea were classified as potential pathogens or biocontrol
agents. All positions containing gaps and missing data were eliminated. Evolutionary analysis

were conducted in MEGA7 (Tamura et al. 2013).

Statistical Analysis
Statistical analysis was done using General Linear Models procedure of Statistical Analysis

Systems (SAS) version 9.4 (Institute Inc., Carry NC, USA).

Results
Sequencing results, diversity and richness

A total of 701,774 high quality sequences were recovered after quality evaluation (Table 3)
and were assigned to 1,282 fungal OTUs. After collapsing biological replicates, the number of
sequences in the grape samples varied between 80,374 and 135,419, while the number of OTUs

ranged between 159 and 285. A rarefied analysis to an even depth of 1000 showed a higher



number of overall OTUs (674) at site B compared to site A (608). Of the total OTUs observed,
37.8% were revealed at the pea size stage followed by full bloom (31.5%) and mature stages

(30.7%) respectively.

Table 3. Summary of analyses and metagenomic results of Botrytis cinerea positive samples from full bloom, pea
size, and mature stages from two commercial table grape farm sites

Total — peerved Shannon- Simpson Inverse
. . a
Site Phenological Sequences OTUs Richness ACE CHAO Vyeav_er Diversity Simpso
stage Diversity
(S) Index n
Index

Site A Full bloom 80374 164 77 77.81 78.14 3.49 0.93 15.34

Pea size 134836 285 82 92.67 96.88 2.68 0.81 5.18

Mature 133375 159 84 84.34 85 3.94 0.97 32.14

Site B Full bloom 135419 240 93 103.17 117.14 3.3 0.93 13.94

Pea size 110548 200 70 76.22 79.53 2.2 0.74 3.92

Mature 107222 234 100 107.06  114.7 3.65 0.95 19.65

@Total number of OTUs detected

Structure of fungal community associated with the presence of Botrytis cinerea in table
grape developmental stages
The phylum Ascomycota dominated the data set (73.5% of total reads) irrespective of sites and

phenological stages. This was followed by Basidiomycota at 26.5%. Other phyla included
Cryptomycota, Streptophyta, and Chytridiomycota, at less than 2% abundance level. The pea
size stage of site A had the highest level of Ascomycota (93.9%) while at site B, the highest
dominance was observed at full bloom (86.3%). Ascomycota decreased with berry development
from full bloom to mature stage in site B, while the opposite was observed in site A. In site B,
a decrease by 39.5% from full bloom to mature stage was observed. Basidiomycota were highly
dominant at the mature stage (53%) of site B, and site A, the full bloom stage had the highest
dominance (47%). At site A, the Basidiomycota decreased drastically by almost eight-folds
from full bloom to pea size stage, whereas in site B, an increasing trend from full bloom to
mature stage was observed (Fig. 1). Of the least dominant phyla, Cryptomycota and
Chytridiomycota, dominated at pea size stage of site A only with 34 and 15 of total reads,

respectively.
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Fig. 1. Relative abundance of different fungal phyla, detected on Botrytis cinerea positive asymptomatic grape
samples of the three phenological stages at two table grape farm sites (A and B)

At class level, the Dothideomycetes had the highest relative abundance in all data set (> 40%).
This was followed by Mycobotryomycetes, ranging between 5 and 35 %. Pea size stage of site
A showed the highest abundance of Dothideomycetes, representing more than 90% of the
detected classes (Fig. 2). Although the class Saccharomycetes consisted of less than one percent
of all total reads, 58% of the reads were from the full bloom stages of both site A and B.
Tremellomycetes, a class of dimorphic fungi was highest in site B and increased significantly

by 6.7% from full bloom (3.9%) to mature berry stage (10.6%).
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Fig. 2. Relative abundance of different fungal classes, detected on Botrytis cinerea positive asymptomatic grape
samples of the three phenological stages at two table grape farm sites (A and B)

Of the 56 detected orders, Pleosporales (36.8%), Capnodiales (27.3%), Sporidiobolales
(21.4%), Dothideales (7.1%) and Filobasidiales (3.9%) had a higher relative abundance. Other
orders with abundance frequencies >1% were Tremellales (1.04%) and Dothideomycetes
(1.18%) while the others had a dominance level <1%. The order Pleosporales was relatively
the most abundant throughout all samples (Fig. 3), however, this varied between the sites. The
pea size stage showed distinct differences in level of abundances of dominant orders. The
highest relative abundance of Pleosporales (68.6%) was detected in site A, while Capnodiales
(38%) was abundant at site B of this stage. Also, site B expressed the most dominance of
Pleosporales during full bloom (46.3%), which later reduced to 15.7% and 15.4% at pea size
and mature stages, respectively. A large variation was noted between individual samples. The
order Sporidiobolales was widely abundant at full bloom of site A (43.9%) and mature stage

of site B (41.3%), whereas <20% relative abundance was detected on other samples.
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samples of the three phenological stages at two table grape farm sites (A and B)
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Fig. 4. Relative abundance of different fungal family, detected on Botrytis cinerea positive asymptomatic grape

samples of the three phenological stages at two table grape farm sites (A and B)

10



A total of 116 families were found in the fungal populations. Of which the families
Sporidiobolales (21.4%), Filabasidiales (3.8%), Pleasporaceae (36.1%), Cladosporiaceae
(27.3%), Aureobasidiaceae (7.1%), and Dothideomycetes (1.2%), were the most abundant
(Fig. 4). Other families included Lycoperdaceae (0.1%), Tremellomycetes (0.11%),
Nectriaceae (0.11%), Filobasidiaceae (0.04%), Didymellaceae (0.5%), Erythrobasidiaceae
(0.03%), Microbotrymycetes (0.4%) and had frequencies < 1%. Out of the 116 families
detected, five and 23 were unique to full bloom and commercial mature stages of site A,
respectively. There were no unique families identified to pea size stage of site A (Fig. 5). Thirty
seven of the families in site A were shared between the three stages, and this constituted 46%
of the total families detected. In site B, 11, two and eight families were detected exclusively to
the investigated phenological stages (full bloom, pea size and commercial mature stages,

respectively) (Fig. 5).

However, irrespective of the phenological stages, 18.2% of the families were unique to only
site A, and this included Erysiphaceae, Pleosporales, Glomerellaceae and others, while 15.2%
were distinct to site B. Exclusive families to site B included Debaryomycetaceae, Agaricaceae,

Pichiaceae, and Dothideales.
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Fig. 5. Venn diagram showing the number of families unique and shared among the studied table grape
phenological stages. Analysed samples include combinations of the three phenological stages, full bloom (FB),
pea size (PS) and commercial mature stage (CM) independent of site A (a) and site B (b). An overall analysis of
the represented families for the two sites irrespective of phenological stages is shown in ‘c’

Analysis of yeast communities in Botrytis cinerea positive samples of table grapes

Yeast that constitute table grape microbial assemblage were grouped into two categories: (i)
those previously reported with an antimicrobial potential against fungal pathogens, particularly
B. cinerea (e.g Aureobasidium pullulans, Cryptococcus species, Rhodotorula, and Candida
species), (i) Spoilage or fermentative yeasts and were not previously associated with

biocontrol activity (e.g Saccharomyces spp.). These yeast communities accounted >50% and

12



<0.01% of the total yeast diversity overall irrespective of developmental stage. When stages
were considered, the full bloom stage of site A (45%) and mature stage of site B (68%) showed
the highest population of the potential biocontrol group followed by mature and pea size stages,
respectively. The potential biocontrol yeasts were dominated by Rhodotorula (21.2%),
Aureobasidium (7.1%), Cryptococcus (4.9%), Epicoccum (1.2%), Sporobolomyces (0.6%),
while Sporobolus (0.03%), Bulleromycetes (0.06%), Filobasidium (0.3%), Candida (<0.01),

Kwoniella (<0.01), and Pichia (<0.01%) were present in low levels.

The well-known commercially produced yeast biocontrol agents were also detected among the
yeast genera of our samples. These included Candida, Aureobasidium, and Cryptococcus. The
genus Aureobasidium, commercially known as Boni protector was the most dominant at site
B, particularly during the pea size stage (25.9%). Cryptococcus, commonly traded as ‘Yield
Plus’ increased with berry development from full bloom (3.9%) to mature stage (10.5%) by
almost three-folds at site B, while in site A, only the mature stage had the most abundance

(4.3%).

An overall comparison between positive and negative B. cinerea samples showed a higher
abundance of Basidiomycota (25%) in the negative samples than the positive (14.2%) ones
(Fig. 6). It is worth noting that the well-known potential biocontrol agent Cryptococcus against
B. cinerea is a genus within the phylum Basidiomycota, and was most abundant in B. cinerea
negative samples. Of the total genera detected in the study only 9.1% were exclusive to B.

cinerea positive samples and 23.6% on negative samples (data not shown).
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Distribution of pathogenic fungal taxa

The study revealed two pathogenic fungi with the most abundance in table grape samples at
the two sites. The genus Alternaria, which has been reported as a pre- and postharvest pathogen
of concern in table grapes, was the most overall dominant (35.6%). The pea size stage of site
A had exceptionally high populations of up to 86,179 reads, accountable to 63.9% of the total
reads (data not shown). This was followed by the full bloom stage of site A, with 61,444 reads
contributing 45.4% of the total reads. Contrary, pea size stage at site B had lower abundance
(16,944 reads) compared to site A. Cladosporium, a genus in the order Capnodiales, was the
second mostly detected pathogenic fungi accounting for 192,402 overall total reads, of which
38% was from the pea size stage of site B, while its full bloom and mature stages were 30 and
26% respectively. At site A, a higher abundance of Cladosporium was detected at the mature
stage, while full bloom and pea size stages had similar relative abundances contributing 20.8
and 19.3%, respectively. The least abundant pathogenic fungal genera included, Fusarium (782
reads), Aspergillus (16 reads) Phoma (619 reads), Penicillium (22 reads) Exserohilum (2,167
reads). Colletotrichum was also found in low frequency abundance (<0.001%) and only
exclusive to site A full bloom and pea size stages, while Cercospora was only detected at full
bloom site A. Overall fungal taxa that are potentially pathogenic to table grapes accounted for

69.8 and 56.8 % of the total population in site A and B, respectively.

Discussion

In this study we used illumina sequencing to investigate fungal microbial communities
associated with asymptomatically B. cinerea positive table grape samples from full bloom, pea
size and mature developmental stages. During fruit development, at preharvest, the grapes are
exposed to several factors, which among others include varying climatic conditions (Jara et al.

2016), management practices (Abdelfattan et al. 2016b; Setati et al. 2015) and crop
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physiological changes (Ottesen et al. 2013; Sternad Lemut et al. 2015). However, some of these
factors have been found to either encourage or suppress prevalence of either pathogenic or non-
pathogenic fungal species. Chemical sprays, for example, manipulate the epiphytic profiles.
Recent work (Glenn et al. 2015) has shown that organically grown apples inhabit larger unique
taxa of phyllosphere microbiota than apples under a conventional pest management practice.
Also interrupted routine spray programmes were found to modify fungal profiles in strawberry
plant organs (Abdelfattah et al. 2016b). Intensive cultivation and use of fungicides is associated
with high prevalence of postharvest pathogens, particularly, Botrytis and Cladosporium spp.
(Abdelfattah et al. 2016a). This was in agreement with previous work (Pinto et al. 2014; Singh
et al. 2015), which confirmed that the use of chemicals modulate the overall genetic diversity

in natural environments.

The full bloom stage comprises of the reproductive structure, made of several organs that
provide habitat for microbial diversity (Andrews and Harris, 2000; Aleklett et al. 2014). Such
a structure is significant for the biological success of the crop with respect to yield and quality,
of which pathogenic microbes are likely to inhabit and impact on their reproductive output
efficiency. The full bloom stage receives a diverse range of floral visitors which include
pollinating and non-pollinating agents that may transfer microbial organisms to the flower (de
Vega and Herrera, 2012; 2013). This may enhance richness of the microbial assemblage of this
stage compared to the pea and mature stages. The variability in morphological structure
compared to the two latter stages used in the study (pea and mature berry stages), have
increased surface area for harbouring micro-organisms. Such variability may result in an

imbalanced distribution of the epiphytic fungi between these stages, as observed in this study.
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In agreement with previous work (Pinto et al. 2014), regardless of the phenological stage,
Ascomycota was the most abundant phylum (75.1%) followed by Basidiomycota (24.8%),
Streptophyta (<0.1%) and Cryptomycota (<0.1%). Dothideomyetes and Microbotryomycetes
were the most dominant classes. Members of the Ascomycota phylum are known to cause
economical postharvest losses (Dean et al. 2012) and have been isolated using culture based
techniques and also detected using culture-independent based method (Abdelfattah et al.
2016a; Pinto et al. 2014). Moreover, representatives of this group were associated with fruit
decay in other high value crops, such as apples (Shen et al. 2018), olives (Abdelfattah et al.
2015), strawberries (Abdelfattah et al. 2016b) and cherry (Tadych et al. 2012). Of the three
stages investigated in the study, the mature berry stage had a higher incidence of
phytopathogenic molds, which are likely to cause postharvest decay. These fungal genera
included Botrytis, Alternaria, Cladosporium, Ulocladium, and Aspergillus have been

previously isolated in table grape episphere (Pancher et al. 2012).

The most prevalent of the Microbotryomycetes was primarily associated by the high detection
of Rhodotorula in the order Sporidiobolales, while the class Dothideomycetes was mainly
represented by the genus Alternaria (order Pleosporales), which was abundantly detected in
all samples. It is worth noting that the class Dothideomycetes, is one group in the Ascomycota

mainly dominated by pathogenic fungal species (Wijayawardene et al. 2014).

In agreement with previous work (Abdelfattah et al. 2016b), the findings of this study showed
that a high presence of potential biocontrol yeast populations is associated with a lower
prevalence of pathogenic groups. Table grape developmental stages with low concentrations
of B. cinerea had high abundances of Rhodotorula, Aureobasidium and Cryptococcus. This

showed the importance of biocontrol populations in maintaining a ‘healthy microbiome’ in a
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vineyard system (Setati et al. 2015), through suppression of pathogenic groups. Low levels of
pathogenic populations, such as Botrytis are crucial during development of grapes inorder to

reduce postharvest decay at postharvest.

Although our study was more focused on surface resident yeasts (epiphytes), the endophytic
group was also identified. This could have been attributed to juice exudates through natural
openings as the berry matures. Also coexistence may occur between these two groups, and
most members of the grape yeasts are endophytic (Setati et al. 2015). Furthermore, other yeasts,
such as the A. pullulans, a proven biocontrol agent against most common postharvest pathogen
(Rathnayake et al. 2018), can occur as both epiphyte and endophyte (Martini et al. 2009). This

yeast like fungi was also found in all the investigated table grape developmental stages.

Differences between the developmental stages observed included, fewer pathogenic
communities observed at full bloom as compared to the mature stage. This could have been
attributed to the production of volatiles by floral parts. Evidence of antimicrobial activity by
petal volatiles has been reported (Aleklett et al. 2014). Tarpenoids and benzenoids compounds
released by flowers are not only known for attracting smell, but have also shown some
antimicrobial properties (Junker et al. 2011; Huang et al. 2012). The highest level of species
richness was observed at the mature stages compared to the full bloom and pea size stages of
both sites. This may have been attributed to the sugar rich environment associated with ripening
fruit (Lievens et al. 2015), which promote survival of weak fungi that could not strive well

under stressful conditions of limited energy source.

Pathogenic fungal populations of concern in preharvest environments were mainly

characterised by high incidence of mainly two genera, Alternaria and Cladosporium, while
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other fungi demonstrated very low abundances. Earlier reports in grape studies (Pinto et al.
2014; Setati et al. 2015) and strawberries (Abdelfattah et al. 2016b), have mostly reported high
prevalence of Alternaria, using culture based methods (Johnson et al. 1992; Pancher et al.
2012). Abdelfattah et al. (2015) used next generation sequencing (metabarcoding approach),
to revealed high incidence of Dothideomyetes, in the olive phyllosphere and carposphere, of

which Alternaria is a member.

In conclusion, the findings of this study provide extensive information on fungal communities
associated with presence of B. cinerea in the table grape natural environments. Several of the
sequences detected were identified to species level, which made it possible to assume their
function in the table grape phyllosphere. However, others could not be ascribed to a specific
role, which could imply that their significance in table grape environments needs further
investigation. Overall, this study showed the need of an in-depth assessment into fungal
community relations under diverse table grape production environments, such as different
cultural practices using several cultivars. The table grape fungal consortia in the different
developmental stages had both pathogenic and beneficial microorganisms that are of
significance towards improving table productivity. Cultural practices that favour beneficial
communities could be further explored inorder to develop a sustainable healthy microbiome

environment.

Results of the present study demonstrated a diverse variety of fungal communities that are
known to be of pathogenic concern either at preharvest or postharvest conditions while others
have been reported as potential biocontrol species against economically important pathogens,
such as B. cinerea. These findings provide new information on key pathogenic microbial

communities associated with table grape developmental stages and how they shift with
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biocontrol populations. Such information is a significant contribution to the grapevine industry
towards developing a target based management strategy to reduce postharvest pathogens.
However, more detailed information on the influence of phytopathogenic inoculum pressure
on the biocontrol populations as affected by cultivar and farming practice are needed. The

findings of this study provide baseline information towards this future research.
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