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Introduction

Serious research over the last two decades on microbial diversity has generated dazzling
conclusions for its potential applications towards a new future. Among them, the vineyard
has been shown to be a potential reservoir of microbiological biodiversity. In particular,
the vineyards cultivated in an organic production system are responsible for a higher yeast
diversity than conventional vineyards. This great diversity of yeasts (but also of other
fungi and bacteria) has potential uses not only as a tool for exploitation, for example, in
the oenological field, but also in the industrial sector and even in solving problems such
as mitigating the effects of climate change or wastewater purification. Moreover, in recent
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years, it has been shown that yeast biodiversity is highly associated with its geographical
location, introducing the concept of microbial terroir or biogeographical patterns of yeasts.
And more recently even the relationship of NDVI (Normalized Difference Vegetation Index)
taken at satellite level has been correlated with regional yeast diversity. All this opens the
door to exciting discoveries with new and encouraging perspectives for the future, which is
why the microbial biodiversity of organic vineyards is a valuable reservoir that needs to be
preserved. Nowadays there is a global trend towards an increase in organic vitiviniculture
which is of great importance not only in environmental terms but also as a generator of added
value. These practices contribute to obtain more sustainable and healthy products. World
organic production is increasing considerably year by year, especially in vineyards, which
is the main crop in organic production. European countries such as Spain lead the ranking
of the largest surface area of organic vineyards Hole et al. [1]; Willer & Lernoud et al. [2]
and the European Union has stated in the Horizon 2030 that the European Union should
have 25% of its agricultural surface area cultivated under the organic production system. In
addition, recently, since January 1, 2022, the new Regulation (EU) 2018/848 of the European
Parliament and of the Council of 30 May 2018 on organic production and labelling of organic
products and repealing Council Regulation (EC) No 834/2007 is in force REU 2018/848, [3].
Microorganisms are the most abundant living beings on Earth with a central role in basic
ecological processes of the ecosystems. Therefore, their diversity must be conserved. Organic
vineyard production requires specific agronomic practices, techniques of soil management,
fertilization and pest control that differ from conventional production. Yeasts are essential in
fermentation, winemaking, and other industrial processes because their knowledge plays an
important role in the differentiation of the final product and to solve new problems. On the
other hand, has been shown that organic production has an influence on the yeast diversity of
grapes and wineries and that the organic vineyard is a great reservoir of this different yeast
species Agarbati et al. [4]; Bagheri et al. [5]; Drumonde NJ et al. [6]; Thompson et al. [7].

Organic farming leads to an increase in the yeast population of musts at quantitative
and qualitative level. Most organic samples owned higher yeast species richness; some of
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them with oenological relevance. Therefore, organic vineyards are
important reservoirs of yeast diversity. Since the different species
of yeast found in the vineyard, it has been shown the influence
of the culture system (organic versus conventional) on chemical
characteristics of musts. In addition, as yeasts are living beings, they
change with the year affected by climatic conditions and cultural
practices Castrillo et al. [8]; Cordero B et al. [9]; Grangeteau et al.
[10]. Likewise, organic vitiviniculture is reinforced with the use of
native cultivars adapted to edaphoclimatic conditions and native
yeasts, which are better adapted to the particular must conditions
and winery environment of each region Bokulich et al. [11]. Global
and dominant yeast species (Aureobasidium spp, Metschnikowia
spp., Hanseniaspora uvarum and Cryptococcus spp) were similar
around the world and culture systems. Conversely, other species
are ubiquitous, such as Candida spp. Lachancea thermotolerans,
Starmerella bacillaris, etc., and show great variation in each region.
In addition, these minor yeast species are also influenced by year,
grapevine variety or anthropic conditions Drumonde NJ et al.
[6]; Hranilovic et al. [12]. Then, richness and proportion of yeast
species was mainly influenced by geographical location. These
different biogeographic patterns of yeasts or microbial terroir
concept, allows high quality in the fermentation products while
preserves their typicality and uniqueness, characteristics that are
especially appreciated in organic production Castrillo et al. [13].
Therefore, study of native yeast communities of vineyards and
wineries, particularly in organic production, is an important step
towards the preservation of the native genetic resources. Induced
used of the same microbial strains generate a large replacement
of native yeasts and result in the loss of identity, but native strains
can lead solve current and future problems, not yet generated.
The production system also influences the healthy characteristics
and differentiation of wine and fermentation products, which
directly affects the assessment of consumers from a socioeconomic
perspective Callejon et al. [14]. The most recent research focuses on
mitigate the effects of climate change Castrillo et al. [15]; Morata et
al. [16]; Sancho G et al. [17], microbial interactions Englezos et al.
[18]; Oro et al. [19] and others delve further, in multidisciplinary
terms. The NDVI (Normalized Difference Vegetation Index)
calculated from Landsat 8 imagery was used to perform a spatiotemporal analysis (a three-year study) of several vineyards
belonging to four different Appellations of Origin (AOP). This work
suggested that satellite imagery can establish differences in terroir;
the higher the NDVI, the higher the yeast species richness; the
relationship between NDVI, terroir, and yeasts shows a stable trend
over the years Vélez et al. [20]. More than 100 different genera
of yeasts are known; these and other new conclusions derived
from the hypotheses currently launched in current research open
the door to new perspectives for the future. Further research is
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required on the application of the large collection of native yeast
strains of S. Cerevisiae and non-Saccharomyces identified which
may have great oenological potential. The fermentation of mixtures
(fruit, vegetable, flower, and cereal malt juices together) in mixed or
sequential co-inoculation of one or even several yeast and bacteria
species S. cerevisiae/non-Saccharomyces and the knowledge about
their interactions and biocontrol activity is fascinating. For example,
Brettanomyces yeast is spoilage in wine and favorable in beer; it
could provide technical solutions and surprising results improving
quality and new products typicality. Likewise, the behaviour of
these combinations, should be studied together with new strains
of bacteria as lactic acid bacteria (BAL) including species such as
Lactobacillus plantarum, in line with new challenges and demands
(palliate the effects of climate change, production of organic or
special fermentation products, etc.). Justified optimal results
would need to be studied on an industrial winery scale to verify
their behaviour and real viability. And even conclude with the
marketing of the strains with the best differentiated oenological
aptitude. Finally, this can economically stimulate the production of
organic vineyards that maintain the regional yeast diversity and the
wine particularity. But also, this natural reservoir of diversity is a
valuable resource with potential use even in non-oenological fields.
In this sense, non-Saccharomyces yeast strains have been found
useful for mitigating the effects of climate change on fermentations.
But the application of the new yeast strains goes further. For
example, species never before cited as inhabitants in wine-related
environments are being researched for use in biochemical industry
and agro-industrial waste treatments Kot et al. [21]. Yeast strains
such as Sporobolomyces ruberrimus have been found as first
time in vineyards Castrillo et al. [13]. The study and preservation
of this regional yeast reservoir is important since it can harbour
new strains with potential application not only in oenology but also
in other industrial applications beyond the oenological domain
[22,23].

References

1. Hole DG, Perkins AJ, Wilson JD, Alexander IH, Grice PV (2005) Does
Organic Farming Benefit Biodiversity. Biological Conservation122(1):
113–130.
2. Willer H, Schlatter B, Trávníček J, Kemper L, Lernoud J (2020) The World
of Organic Agriculture Statistics and Emerging Trends 2020 FiBL.

3. (2022) Regulation (EU) 2018/848 Of the European Parliament and of
The Council Of 30 May 2018 on Organic Production and Labelling of
Organic Products and Repealing Council Regulation (EC) No: 834/2007.
4. Agarbati A, Canonico L, Mancabelli L, Milani C, Ventura, et al. (2019)
The Influence of Fungicide Treatments on Mycobiota of Grapes and its
Evolution During Fermentation Evaluated by Metagenomic and CultureDependent Methods. Microorganisms 7(5): 114.
5. Bagheri B, Bauer FF, Setati ME (2015) The Diversity and Dynamics
of Indigenous Yeast Communities in Grape must from Vineyards

Copyright © David Castrillo

BOJ.000530. 2(1).2021

Employing Different Agronomic Practices and their Influence on Wine
Fermentation. South African Journal of Enology and Viticulture 36(2):
243–251.

6. Drumonde NJ, Franco DR, Lima T, Schuller D, Pais C (2016) Yeast
Biodiversity in Vineyard Environments is Increased by Human
Intervention. PLOS ONE 11(8): 1–13.

7. Thompson LR, Sanders JG, McDonald D, Amir A, Ladau J, et al. (2017)
A Communal Catalogue Reveals Earth’s Multiscale Microbial Diversity.
Nature 551: 457–463.
8. Castrillo D, Neira N, Blanco P (2020) Saccharomyces cerevisiae Strain
Diversity Associated with Spontaneous Fermentations in Organic
Wineries from Galicia (NW Spain). Fermentation 6(3): 89.

9. Cordero BG, Arroyo T, Serrano A, Valero E (2011) Influence of Different
Floor Management Strategies of the Vineyard on the Natural Yeast
Population Associated with Grape Berries. International Journal of Food
Microbiology 148(1): 23–29.
10. Grangeteau C, David V, Hervé A, Guilloux BM, Rousseaux S (2017) The
Sensitivity of Yeasts and Yeasts-Like Fungi to Copper and Sulfur could
Explain Lower Yeast Biodiversity in Organic Vineyards. FEMS Yeast
Research 17(8).

11. Bokulich N, Collins T, Masarweh C, Allen G, Heymann, et al. (2016)
Associations among Wine Grape Microbiome, Metabolome, and
Fermentation Behavior Suggest Microbial Contribution to Regional
Wine Characteristics. MBio 7(3): 1–12.
12. Hranilovic A, Bely M, Masneuf PI, Jiranek V, Albertin W (2017) The
Evolution of Lachancea Thermotolerans is Driven by Geographical
Determination, Anthropisation and Flux between Different Ecosystems.
PLOS ONE 12(9).

13. Castrillo D, Rabuñal E, Neira N, Blanco P (2019) Yeast Diversity on Grapes
from Galicia, NW Spain: Biogeographical Patterns and the Influence of
the Farming System. Oeno One 53(3): 573–587.
14. Callejon RM, Clavijo A, Ortigueira P, Troncoso AM, Paneque P, et al.
(2010) Volatile and Sensory Profile of Organic Red Wines Produced
by Different Selected Autochthonous and Commercial Saccharomyces
Cerevisiae Strains. Analytica Chimica Acta 660(1-2): 68–75.

Biodiversity Online J

3

15. Castrillo D, Rabuñal E, Neira N, Blanco P (2019) Oenological Potential
of Non-Saccharomyces Yeasts to Mitigate Effects of Climate Change in
Winemaking: Impact on Aroma and Sensory Profiles of Treixadura
Wines. FEMS Yeast Research 19(7): 1–11.

16. Morata A, Loira I, Tesfaye W, Bañuelos MA, González C, et al. (2018)
Lachancea Thermotolerans Applications in Wine Technology.
Fermentation 4(3): 53.
17. Sancho GP, Amores AA, Palacios V, Jiménez CA (2021) Effect Of
Grape Over-Ripening and its Skin Presence on White Wine Alcoholic
Fermentation in a Warm Climate Zone. Foods 10(7): 1583.

18. Englezos V, Cachón DC, Rantsiou K, Blanco P, Petrozziello, et al. (2019).
Effect of Mixed Species Alcoholic Fermentation on Growth and Malolactic
Activity of Lactic Acid Bacteria. Applied Microbiology and Biotechnology
103: 7687–7702.
19. Oro L, Ciani M, Comitini F (2014) Antimicrobial Activity of Metschnikowia
Pulcherrima on Wine Yeasts. Journal of Applied Microbiology 116(5):
1209–1217.
20. Vélez S, Barajas E, Blanco P, Rubio JA, Castrillo D (2021) SpatioTemporal Analysis of Satellite Imagery (NDVI) to Identify Terroir and
Vineyard Yeast Differences according to Appellation of Origin (AOP) and
Biogeographic Origin. J 4(3): 244-256.
21. Kot AM, Błazejak S, Gientka I, Kieliszek M, Bryś J (2018) Torulene and
torularhodin: “New” fungal carotenoids for industry? Microbial Cell
Factories 17(1): 1–14.

22. Drumonde NJ, Franco DR, Lima T, Schuller D, Pais C (2017) Association
between Grape Yeast Communities and the Vineyard Ecosystems. PLOS
ONE 12(1): 1–17.

23. Martins G, Casini C, Da Costa JP, Geny L, Lonvaud A, et al. (2020).
Correlation between Water Activity (Aw) and Microbial Epiphytic
Communities Associated with Grapes Berries. Oeno One 54(1): 49–61.

Copyright © David Castrillo

