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Chapter 1
Opening Remarks and General Overview 
of the Current Scientific Scenario of Latin 
American Vitiviniculture: A Critical View

Gastón Gutiérrez Gamboa, Philippo Pszczólkowski, and Mercedes Fourment

1.1 � Background of the Current Science Scenario 
of the Latino American Vitiviniculture

The growing season temperature is increasing as a result of climate change (IPCC, 
2023; Verdugo-Vásquez et al., 2023). This increase in temperature has considerably 
affected the viticulture developed under Mediterranean climates, leading to produc-
tion of wines with high pH and alcohol content and low levels of acidity and pheno-
lic content (Gutiérrez-Gamboa et al., 2021). An excessive accumulation of soluble 
solids in the grapes has a negative impact on the alcoholic fermentation process 
(Gutiérrez-Gamboa et al., 2020a, b), resulting in wines with undesirable aromas, 
high alcohol content, and potential stuck and sluggish fermentations, affecting the 
winery’s economic sustainability (Bell & Henschke, 2005; Gutiérrez-Gamboa et al., 
2020a). High levels of alcohol in wines give heavier and warmer sensations, such as 
high astringency and green tannins if they are not adequately compensated by other 
sensory components of a balanced wine (Mira de Orduña, 2010). In particular, sev-
eral studies indicate that the increase in temperature during berry development has 
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a negative effect on berry composition and wine quality (Martínez-Lüscher et al., 
2017; Villalobos-Soublett et al., 2021).

Scientific literature has reported that most of the South American viticultural 
valleys have been considerably affected by climate change favoring the viticultural 
aptitude of the Southern valleys (Mills-Novoa et  al., 2016; Solman et  al., 2018; 
Straffelini et al., 2023; Verdugo-Vásquez et al., 2023). Contrary to this, the most 
famous viticultural valleys of Chile and Argentina that are located in the central val-
leys have lost their aptitude for the cultivation of short-cycle grapevine varieties 
(Mills-Novoa et al., 2016; Solman et al., 2018; Straffelini et al., 2023). There is little 
research on the interaction between climate change and viticulture in the Southern 
Hemisphere compared to the Northern Hemisphere (Straffelini et al., 2023). Some 
examples include climatic trends and variability in the Chilean viticultural regions 
(Montes et al., 2012; Verdugo-Vásquez et al., 2023), climatic trends and impacts of 
spring frost in Brazil (Bardin-Camparotto et al., 2014; Campos et al., 2017), cli-
matic trends and effects on interannual yield variability, heatwaves, and extreme 
rainfall in Argentina (Agosta et al., 2012; Straffelini et al., 2023), increase in maxi-
mum temperature in Ica, Perú (Yzarra et al., 2015), and climate trends and variabil-
ity effects on local perceptions, vulnerability, and adaptative responses in Uruguay 
(Fourment et al., 2013, 2020).

Despite that there is an interesting development of viticultural production in 
México, Bolivia, Colombia, Venezuela, Paraguay, Costa Rica, Dominican Republic 
and Haiti with an important historical context (Fig. 1.1), there is a scarce develop-
ment in the sector mostly due to little support from the state to its producers and for 
research (Corzo, 1987; Morales-Payan & Morales-Payan, 2004; Aleixandre et al., 
2013; Valenzuela Solano et  al., 2014; Lacoste, 2015; Castillo et  al., 2018; Salas 
Arreaga, 2018; García-Rodea et al., 2022; Santander Racines et al., 2022).

The Latin American wine industry is backed by different organizations, such as 
technical and scientific institutes and departments of viticulture and enology in pub-
lic and private universities, which train technicians in the management of vineyards 
and wineries (Aleixandre et  al., 2013). This support gives some Latin American 
countries a great prestige within the group of New World winemaking countries, in 
particular, Argentina, Chile, Brazil and Uruguay, who produce close to 90% of the 
wines in the area (Aleixandre et  al., 2013). The Organisation for Economic 
Co-operation and Development (OECD) points out that Latin American countries 
spend the least on research and development in relation to their Gross Domestic 
Product (GDP). Notwithstanding, Brazil, Chile, and Argentina reached the 7th, 12th 
and 19th positions among the countries that most publications have in the vitivini-
culture area (Cimini & Moresi, 2022). Two Latino American institutions (Consejo 
Nacional de Investigaciones Científicas y Técnicas in Argentina and Empresa 
Brasileira de Pesquisa Agropecuária – Embrapa in Brazil) are positioned in the top-
twenty place among research institutions that develop science in the vitiviniculture 
sector (Cimini & Moresi, 2022). Only one Latin American researcher from a 
Spanish institution appears in the top ten of those who publish the most in the area 
related to grape production (Cimini & Moresi, 2022). Interestingly, Castillo et al. 
(2018) reported that Mexican scientific output relied to a large extent (36%) on 
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Fig. 1.1  Vineyards established in Ecuador (a), Venezuela (b), and Perú (Cañete, Lunahuaná (c) 
and Ica (d))

collaborations with research groups from developed countries, while collaborative 
papers with Latin American countries were comparatively rare (7.9%). This is prob-
ably due to the greater investment in equipment and personnel in more developed 
countries that are capable of sustaining high scientific productivity and solving 
technical problems in the viticultural area compared to Latin American countries. In 
Chile, although significant progress has been made in the last decades with regard 
to research financing, there is still a reduced number of researchers and insufficient 
investment to face the urgent challenges of the agricultural sector (del Pozo et al., 
2021). The lack of investment in research conditions the development of the wine 
industry in less developed countries as in Latino America. It should be noted that the 
term map of the most cited papers in the vitiviniculture area coincided with the 
gene, chromatography, disease, anthocyanin, expression, grape seed, regulation, 
antioxidant activity, fermentation, red wine, among others words (Cimini & Moresi, 
2022). Some of these words describe techniques or variables that must be analyzed 
using equipment of high economic value, which is why many research projects in 
Latin American countries are supported by foreign scientists and exchange 
programs.

Several governmental initiatives have been taken to encourage development 
(Bontis, 2004; Helleiner, 2009; Macekura, 2013; Bebbington & Unerman, 2018). 
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The most acclaimed is the one initiated with President Truman’s speech in 1949 
announcing the doctrine of “fair treatment” for countries of the so-called third world 
(Latin America, Asia, and Africa) that from that very moment became “underdevel-
oped areas” (Escobar, 1995). The development seeks to produce important qualita-
tive changes between marginalized areas and those with development potential (de 
Janvry & Sadoulet, 2004; Schejtman & Berdegue, 2008), but in practice, this 
longed-for transformation has only increased the socioeconomic problems present 
in these areas (Escobar, 1995). The 2030 Agenda for Sustainable Development, 
adopted by all the United Nations Member States in 2015, provides a shared blue-
print for peace and prosperity for people and the planet, now and into the future 
(United Nations, 2023). The member established 17 Sustainable Development 
Goals (SDGs), which are an urgent call for action by all countries, developed and 
developing, in a global partnership (United Nations, 2023). The goals recognize that 
ending poverty and other deprivations must go hand-in-hand with strategies that 
improve health and education, reduce inequality, and spur economic growth, all 
while tackling climate change and working to preserve our oceans and forest (United 
Nations, 2023). SDGs encourage fairness, equity, consistency, and clarity in the use 
and reporting of race and ethnicity in all areas of development and this is a current 
controversial subject in medical and science journals (Flanagin et al., 2021). Liu 
et al. (2017) used a dataset of 1,000,000 papers from six publishers over the past two 
decades, reporting fewer non-white editors than would be expected based on their 
share of authorship. In addition, these authors evidenced that non-white scientists 
endure longer waiting times between the submission and acceptance of their manu-
scripts, and upon publication, their papers receive fewer citations than would be 
expected based on textual similarity. These findings highlight ways through which 
non-white scientists suffer from inequalities, potentially hindering their academic 
careers. Journals related to vine and wine sciences encourage similar discrimina-
tions. Figure 1.2 shows the number of editors of Latino American origin in journals 
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related to vine and wine sciences in 2022. Figure 1.2 was made by counting the 
editors and their affiliations that are displayed in the editorial board member plat-
form of each journal, including editors from the member states and observers of the 
International Organisation of Vine and Wine. The Revista Iberoamericana de 
Viticultura, Agroindustria y Ruralidad (RIVAR) belonging to the Universidad de 
Santiago de Chile presented the highest diversity in the number of editors reaching 
53.8% of Latino Americans and 46.2% of the rest of the world members. In addi-
tion, the editorial board of RIVAR presents an equitable incorporation of gender, 
reaching the same number of male and female editors. Notably, in the first year of 
metric, RIVAR reached Q1 in Cultural Sciences and History, Q2 in Archeology, and 
Q3 in Agronomy and Crop Sciences, Food Sciences, and Horticulture by Scimago. 
Journals related to the vitiviniculture from France, the United States, Australia, 
South Africa, Germany, and Canada reached the lowest diversity that varied from 
0.0% to 10.0% of Latino American editors, contributing to inequality. OENO One 
(France) and Australian Journal of Grape and Wine Science (Australia) reached the 
highest impact factor of the subject and between the two journals, there is only one 
male editor of Latin American origin. These journals cover specific areas related to 
Food Science and Horticulture linked to solve technical problems, which makes it 
difficult for authors from less developed countries to publish who valorize technoc-
racy and mostly heritage, society, and history. Kreimer and Vessuri (2018) reported 
that researchers belonging to Latin America are in a good position to critically ana-
lyze the current relations between science and society, to assist decision-makers and 
help the public understand the implications of present-day technoscientific change, 
as well as to support the development of fairer, more equitable solutions to combat 
the challenges of today’s changing world. It goes without saying that, far from hav-
ing reached maturity, this is a space in a permanent state of construction.

Latino America vitiviniculture has particular traits that provide a more sustain-
able development. Cotagaita and Cintis valleys, belonging to the Bolivian viticul-
ture, develop an activity that implements management tending to conserve their 
activity sustainably, particularly by cultivating the vines in living tutors of molle 
trees (Schinus molle L.) and chañar (Geoffroea decorticans) (Castro et al., 2022) as 
agroforestry system, which is a current research topic in Europe. Similar manage-
ment is evidenced in Codpa valley, Chile (Gutiérrez-Gamboa et al., 2023), which is 
carried out by Aymara descendants. These services are expected to protect trees 
against climate hazards and flooding, disease control and maintenance of soil fertil-
ity, improving environmental sustainability (Oliva Oller et al., 2022). Notably, the 
scientific research carried out in Bolivia was supported by foreign scientists belong-
ing to Georgetown University, L’institut Agro Montpellier, and the French National 
Research Institute for Agriculture, Food and Environment (INRAE) institutions.

Contrary to the general trend of producing wine from the most famous grapevine 
varieties associated with the French paradigm, such as Cabernet Sauvignon, Merlot, 
Pinot Noir, Syrah, Sauvignon Blanc, and Chardonnay, there is a current tendency to 
revalorize and preserve minority or autochthonous grapevine varieties worldwide, 
mostly in Latin America (Gutiérrez-Gamboa et al., 2020b). Some of these varieties 
and unknown vine genotypes are under study by some Latino American research 
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groups, mainly from the Instituto de Investigaciones Agropecuarias (INIA) in Chile 
and the Instituto Nacional de Tecnología Agropecuaria (INTA) in Argentina (Pérez 
et al., 2018; Fanzone et al., 2019; Mendoza et al., 2022; Pszczólkowski et al., 2022; 
Torres et al., 2022). These authors aim to provide plant material adapted to global 
warming, revalorizing local genetic resources. In addition, the Empresa Brasileira 
de Pesquisa Agropecuária (EMBRAPA) has been strongly working for more than 
two decades in a genetic improvement plan with public and private funds, which has 
allowed it to provide table grape and grape juice producers with new varieties and 
interspecific hybrids adapted to the subtropical conditions of Brazil, mainly seed-
less plant material adapted to Plasmopara viticola (Ahmed et al., 2019; Koyama 
et al., 2020).

Different authors have promoted double cropping in vines as a novel bud-forcing 
strategy to face the negative effects of global warming in European warm climate 
vineyards (Poni et al., 2020, 2021; Martínez de Toda, 2021). The principle of this 
strategy is to maintain the primary crop and obtain a second, late-ripening crop 
through release of dormancy of the axillary buds during the current season (Poni 
et  al., 2021). Double or even triple cropping system strategy in subtropical and 
tropical areas is a reasonably consolidated approach for table grape production (Bo 
et al., 2016; Ahmed et al., 2019; Koyama et al., 2020). To our knowledge, Brazilian 
researchers were the first that published research on double-cropping in the litera-
ture (Kishino, 1981). These researchers developed an experiment carried out in the 
County of São Miguel Arcanjo, State of São Paulo, Brazil, to delay the vegetative 
cycle of Italia grapevines through double-cropping strategies. The double cropping 
strategy delayed the grape ripening by 44 days. In this study, removing the shoots at 
20 cm longitude did not affect the yield. However, removing shoots when they were 
50 and 100 cm caused a considerable decrease in productivity.

Latino American vine and wine sciences provides to the world different research 
opportunities for the mitigation of negative effects of global warming in viticulture, 
favoring adaptability, sustainability, and social equity that the international com-
munity should consider to provide programs that promote equity and access to sci-
ence. Based on this, initiatives promoted by Germany, France, and the United States 
have helped to improve these gaps through programs such as BAFAGRI in Brazil, 
CHILFAGRI in Chile, ARFAGRI in Argentina, German Academic Exchange 
Services (DAAD) and US Fulbright Program (Lally, 2022).

1.2 � Latino American Vitiviniculture

1.2.1 � Argentinian Vitiviniculture

Argentina is the most important wine producer in Latin America, being the fifth-
largest wine-producing country in the world (OIV, 2022). In 2022, the vineyards 
occupied 207.047 hectares (INV, 2023). In the same year, grape production was 
19.368.031 kg, and wine production was 11.456.000 hl. In Argentina, most grapes 
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are used for winemaking (mainly for wine production and must production), with 
lower volumes in the production of dry grapes (uvas pasa) and for fresh consump-
tion (Hernández, 2021). Argentinian emblematic variety is Malbec because of its 
enological personality. However, grapevine genotypic diversity in Argentina, and 
probably also in South America, is higher than previously thought. In that sense, 
there is a current effort to revalue the vegetable heritage that exists with the criollas 
varieties.

Cirivini and Mazzini (2012) identify three stages in the Argentinian’s viticulture: 
(1) Proto-industrial: Since the sixteenth century, with the Spanish colonization and 
the arrival of the first religious orders, viticulture—as an economic activity and 
cultural practice—was transferred to the region and adapted to local conditions. 
Production tended to satisfy the local market and the needs of the scarce inhabitants 
of the cities of present-day Argentina. (2) Industrialization and first modernization: 
This period comprises the first moment of intense growth of the winemaking activ-
ity between 1885 and 1930. It was characterized by a vertiginous growth driven by 
liberal economic policies, large-scale irrigation works, the importation of technol-
ogy, the prominence of large-scale European immigration, and new communica-
tions, particularly the railway. The second stage, between 1930 and 1990, 
corresponds to the expansion (territorial and economic) of the production model 
and its crisis. It is important to note that the crisis of the model began around 1970 
and was finally triggered in 1990. (3) Crisis and second modernization: The wine 
industry manifested a sustained critical situation between 1970 and 1990 as a con-
sequence of overproduction of low-quality wines, the narrowness of markets, and 
the collapse of large establishments of traditional family businesses. From the last 
decade of the twentieth century onwards, a new stage of modernization took place 
(which is continuing), characterized by a marked orientation towards high-quality 
wines aimed at the national and international market and exalting its territorial iden-
tity and varietal production.

Due to climatic conditions and historical and cultural factors, the provinces with 
the largest area under vine are Mendoza, where in the last six decades, approxi-
mately 70% of the hectares have been located, and San Juan, with around 20% of 
the hectares. The rest of the production is distributed among La Rioja, Río Negro, 
Catamarca, Salta, Neuquén and others (Hernández, 2021). Despite that, Argentina 
has 110 geographic indications (IG) and 2 recognized and protected designations of 
origin (DOC as Luján de Cuyo and San Rafael, both in Mendoza) (INV, 2023). 
Based on a national law, the Vitis vinifera varieties that are recognized as suitable for 
the production of quality wines with GI and DOC have been determined (INV, 2023).

1.2.2 � Brazilian Vitiviniculture

Brazilian vitiviniculture has been characterized by historical and cultural aspects 
from its beginnings to the present day (García-Rodea et al., 2022). The first cuttings 
cultivated in Brazil were brought by the Portuguese colonizers around 1532 and 
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were established along the coast of the country (Falcade, 2011; Wurz et al., 2017). 
The vines were cultivated in the states of Sao Paulo, Pernambuco, and Bahia and on 
the continental side, by the Spaniards, who began their plantations in Paraná and 
Rio Grande do Sul (García-Rodea et al., 2022). Subsequently, Italian immigrants 
arrived in the nineteenth century in Rio Grande do Sul, who brought with them the 
grape culture and the habit of wine consumption, forming a cultural heritage in this 
region (García-Rodea et al., 2022). The most important grape variety introduced by 
the Italians was a hybrid of Vitis labrusca and V. vinifera called Isabel (Wurz 
et al., 2017).

Similar to those observed in Chile with the País variety, Isabel grape cultivation 
was affected due to the rapid replacement of the national vineyard by European 
grapevine varieties, which was promoted by local laws (García-Rodea et al., 2022). 
The aim was to establish the basis for the development of the region by the produc-
tion of commercial wines with more competitive varieties (García-Rodea et  al., 
2022) without taking into account the particular identity of this variety and the con-
tribution made by the Italian colony to Brazilian viticulture.

Brazilian wine production is the third most important in the South American 
region, after Argentina and Chile and before Uruguay, accounting for an estimated 
wine production volume of 3.2 mhl in 2022 (OIV, 2022). In 2018, Brazilian wine 
production accounted for 3.1 mhl and the surface of vineyards reached 82,000 ha 
(Castro et al., 2019). Rio Grande do Sul produces about 90% of the national wine, 
which is reflected in the fact that approximately 57% of the area planted with vines 
is located in this state (Castro et al., 2019). Vale dos Vinhedos is the main viticul-
tural region for wine production and is located in the Serra Gaucha, which territori-
ally encompasses the municipalities of Bento Gonçalves, Monte Belo do Sul, and 
Garibaldi (Sousa et al., 2013; de Alcântara Bittencourt César, 2019).

Tropical viticulture is mostly concentrated in the Northeast regions of Brazil, 
while subtropical viticulture is found towards the Southeast regions of the country, 
especially under high-altitude mesoclimates (Camargo et  al., 2008). American 
(V. labrusca) and hybrid grapevine varieties are mostly cultivated in the south to 
produce grape juices and wines. In contrast, in the other regions, American, hybrids, 
and European (V. vinifera) table grapes are cultivated both for the domestic market 
and for export (Gazzola et al., 2020). Brazil has developed a serious breeding pro-
gram to provide the industry plant material adapted to subtropical and tropical viti-
culture, and the future perspective is to continue its breeding program to provide 
seedless table grapes of high quality for the international market (Gazzola et al., 
2020). The most important vitiviniculture products of Brazil are table grapes, espe-
cially the exports of fresh grapes from the Pernambuco and Bahia states (Submédio 
São Francisco Valley), as well as wines, sparkling wines, and grape juices, which 
are mostly produced in Rio Grande do Sul, which also registered an interesting 
increase in exports (Kist et al., 2022).

G. Gutiérrez Gamboa et al.
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1.2.3 � Bolivian Vitiviniculture

Bolivian viticulture seems to have begun in the La Paz river (1550) below 2600 
meters above sea level (Buitrago Soliz, 2014). However, a legend mentions that 
Vicchoca locality (Cotagaita valley, Potosí) was the first place where the vines were 
planted. The criolla variety Vicchoqueña, which probably originated as a natural 
cross breeding between the Criolla Negra and the Moscatel de Alejandría, was 
introduced in this place during the Spanish conquest. In colonial times, the training 
system used was the Mollar, in which the molle (Schinus molle) or chañar (Geoffroea 
decorticans) trees were used as a natural support for vine development. Mollar 
training systems can still be observed in vineyards in Cotagaita (Potosí) and de los 
Cintis (Chuquisaca) valleys (Castro et al., 2022; Oliva Oller et al., 2022). Bolivian 
viticulture played a key role in the development of other South American vitivini-
culture, particularly those of Perú, Chile, and Argentina, as a result of the high 
demand for wine and distillates generated by the mining exploitation of the Cerro 
Rico de Potosí (Basadre, 1884; Billinghurst, 1893). In 1650, this city had a popula-
tion of 160,000 habitants, a determining factor for the productive and commercial 
success of the time (Buitrago Soliz, 2014).

Bolivian vitiviniculture development remained stagnant for four centuries and 
since 1960 some improvements in viticulture and enology have been incorporated 
to the enhancement of the value chain of the sector (Buitrago Soliz, 2014). This 
improvement began with promoting the European paradigm, in which some variet-
ies were selected over others as the most suitable for wine production, leading to a 
new development of Bolivian vitiviniculture. Extensive viticulture began between 
1976 and 1982, particularly in the Central Valley of Tarija, which today concen-
trates 65% of the national surface area (Buitrago Soliz, 2014). However, this period 
was followed by a short time of stagnation and the national vitiviniculture reached 
a new significance in the 1990s which continues today. During the last decades, new 
viticultural regions such as Samaipata (Mesothermic valleys of Santa Cruz) were 
developed, and an incipient wine export process began with international recogni-
tion, particularly for wines produced with the Tannat variety promoted by “Wines of 
Bolivia” (Buitrago Soliz, 2014). Singani, a distillate obtained from Muscat of the 
Alexandria variety and which has been a Denomination of Origin since 1992, should 
be highlighted in terms of production, trade, and culture for Bolivia. There is also an 
interesting development of table grapes, with varieties such as Red Globe and Italia 
Piróvano 65, grown in the same areas where viticulture is developed and others 
(Gutiérrez-Gamboa et  al., 2020b) such as the Chaco Tarijeño (400  m.a.s.l.). 
Currently, Bolivia accounts for close to 3000 ha of vineyards located in Chuquisaca 
(11%), Potosí (10%), Santa Cruz (7%), Cochabamba (4%), La Paz (3%), and 
Tarija (65%).
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1.2.4 � Chilean Vitiviniculture

Chile holds as of 2021 approximately 139,000 ha of vineyards, decreasing plant 
surface in the last decade by around of 50,000 ha (SAG, 2021). Close to 93% of the 
national vine surface is destined for wine production and the rest for Pisco elabora-
tion (SAG, 2021). Pisco was the first wine product protected by the Chilean state 
under a Denomination of Origin (1931). Pisco was able to consolidate over time, 
becoming the main D.O. in South America and an emblematic product of both Chile 
and Peru (Lacoste et al., 2013), while some other D.O. in Chile as “asoleado” and 
“pajarete” did not reach this success (Castro et  al., 2016). The most important 
grapevine varieties planted in Chile are Cabernet Sauvignon (11.01%), Sauvignon 
Blanc (8.32%), Merlot (8.32%), País (cv. Listán Prieto) (8.04%), Chardonnay 
(7.95%), and Carmenère (7.93%) (SAG, 2021).

Chile is the largest exporter of fresh grapes and the fourth largest exporter of 
wine after Spain, France, and Italy (OIV, 2023). Currently, the wine development 
model is considered beneficial for the country because it has a number of advan-
tages compared to the commodity development model, as it is compatible with 
small property, industrialization, intensive labor, capital and technology investment, 
and creates a range of secondary activities (Lacoste, 2005). The great wine develop-
ment achieved in recent years by the national industry has brought a series of nega-
tive consequences, such as the increase in the grape price, mainly affecting the 
viticulturists from Itata, Biobio, and Maule valleys (Erices Castro & Escalona Ulloa, 
2022). This situation encouraged the change or abandonment of this activity, which 
led to a decrease in the vineyard surface area in these above-mentioned valleys 
(Erices Castro & Escalona Ulloa, 2022). Unfortunately, many of these producers 
had old vineyards with genetic material that was not studied and for economic rea-
sons they converted to forestry producers. However, to date, there are still producers 
who seek to maintain the old traditions, investing in their own wineries and estab-
lishing themselves through guilds.

The historical discursive construction of wine production in the last decades has 
a clear positivist vision in economic terms, which downplays the importance of the 
grape varieties and wines produced not only from Biobío and Itata valleys (Erices 
Castro & Escalona Ulloa, 2022), but also from Codpa, Pica, Maule, Malleco, Cautín, 
and the rest of the Southern valleys. This phenomenon marginalizes them from 
development and positions them as a secondary or tertiary actor in the vitivinicul-
ture sector (Erices Castro & Escalona Ulloa, 2022). To modernize the country, pub-
lic institutions imposed French practices as the only valid form of wine production, 
which meant in the long term a devaluation of criolla wines and grape varieties, 
confining them to certain geographical areas and finally making them invisible in 
the national wine industry (Lacoste, 2021; Erices Castro & Escalona Ulloa, 2022; 
Jerković et  al., 2022). Based on this, Chilean viticultural valleys located in the 
Atacama Desert are not recognized by the actual Decree-Law that establishes the 
Chilean viticultural zoning (BCN, 2020), probably due to the scarcity of the surface 
planted vines (SAG, 2021), despite their great historical importance. In addition, the 
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natural or artificial crossbreeding of these varieties gave rise to others that have 
great agronomical and enological potential (Gutiérrez-Gamboa et al., 2020b). Still, 
the wine they produce cannot be sold because the national legislation does not 
cover them.

1.2.5 � Uruguayan Vitiviniculture

Uruguay has an area of vineyards covering 5849 hectares, 91.8% of which are in the 
south of the country (Canelones, Montevideo, Colonia, and San José Departments) 
(INAVI, 2023). In 2022, the grape production was 106,672,752 kg of grapes; 97% 
of the grapes were destined for wine production.

Small and medium-sized family producers characterize the Uruguayan wine sec-
tor with a strong immigrant identity. Nearly 71.7% of the producers have less than 
20 hectares.

The most popular planted varieties are Tannat, Merlot, Moscatel de Hamburgo, 
and Ugni blanc. Tannat is considered the flagship cépage because of its adaptability.

Winegrowing in Uruguay is an immigrant sector (Fourment et al., 2015). To this 
day, there is a strong emphasis on cultural traditions in how wine is produced and 
sold. The winegrowing tradition has a cultural and identity-related dimension, as 
explored by Vitale (2003). The author notes how the sector’s cultural heritage is 
strongly linked to the immigrant communities who helped to bring it into being and 
spurred its development. Vitale (2003) recognises the importance of the role played 
by immigrants at the end of the nineteenth century in the modernization of 
Uruguayan agriculture and the role that they and their descendants continue to play 
in several agricultural production sectors, particularly winegrowing, where in most 
cases they are the majority players. Reliving work habits and valuing activity and 
cultural conceptions of work can be recognized and interpreted as part of the tradi-
tions of the immigrant community.

In the last decades, the sector is suffering a retraction of the surface area. At the 
same time, national production is globally maintained thanks to the technologies 
applied in the vineyard and winery. The current challenges in the sector revolve 
around preventing small family producers from disappearing, the competitiveness 
of products at national (in terms of profitability) and international levels, and the 
sustainability of production systems (economically, socially and environmentally).

1.2.6 � Caribbean Vitiviniculture

Haïtienne vitiviniculture is mostly developed in Chardonnières (18.2747° Lat., and 
−74.1644° Lon), which is bordered by the Massif de la Hotte Mountains on the 
north and the Caribbean Sea lying in the south. Based on Köppen classification, 
Chardonnières presents a tropical dry climate (Aw). Since scarce chilling hours 
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accumulation for vines is reached in Chardonnières, grapevine planting should be 
moved towards Paillant (18.41841° Lat., and −73.143° Lon). The vineyard soils of 
Chardonnieres are calcareous (Fig.  1.3a) so there are usually iron deficiencies 
(Fig.  1.3b, c). The vines are trained randomly, forming an overhead system that 
provides shade (Fig.  1.3d). The main vine diseases in Chardonnières are downy 
mildew and powdery mildew, which are sometimes managed using magic 
(Fig. 1.3e, f).

Fig. 1.3  Some particularities of the Chardonnierès vitiviniculture: calcareous soil (a); leaves with 
iron deficiencies (b, c); vines in an overhead system (d); pest and disease management using 
magic (e, f)
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Fig. 1.4  Vitiviniculture in the Dominican Republic. Industria Vinícola de Neyba (a, b); grapevines 
and cuttings produced in Neyba (c, d)

The first cuttings were introduced in the 1490s and early 1500s in the Dominican 
Republic (Morales-Payan & Morales-Payan, 2004). Since the 1980s, the grape and 
wine consumption in the Dominican Republic has been increasing. The national 
vineyard surface for grape production is about 300 ha, mostly concentrated in the 
Neyba Mountain Range. Most of the wine consumed in the Dominican Republic is 
imported. Still, local wine production could be enhanced by the adoption of variet-
ies more adequate for wine production, increasing quality control in the winemak-
ing process, and modernizing winery facilities (Morales-Payan & Morales-Payan, 
2004). Currently, the most important viticultural product of the Dominican Republic 
is table grape, whose production is based mostly on Red Globe. Some wines are 
also produced in the Dominican Republic, using European grapevine varieties, 
especially Tempranillo and Syrah, which has been promoted by the Industria 
Vinícola de Neiba (Fig. 1.4).

1.3 � Concluding Remarks

The vitiviniculture in Latin America faces significant challenges and could provide 
opportunities for research for solving the current problems in the context of climate 
change and global wine production. Climate change has led to an increase in tem-
peratures, affecting grapevine development and wine quality. Most of the wines 
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produced in the region are characterized by high levels of pH and alcohol content 
and low acidity and phenolic content, impacting the sensory attributes of wines. 
Despite these challenges, the Latin American wine industry has made significant 
progress in recent years. In this sense, Argentina, Chile, Brazil, and Uruguay are 
gaining recognition in the world, producing characterized products mostly from 
European grapevine varieties, such as Cabernet Sauvignon, Chardonnay, Malbec, 
Pinot Noir, Sauvignon Blanc, Syrah, and Tannat. However, from a scientific point of 
view, there are disparities in research and development support among the Latin 
American countries, with some of them accounting for limited resources for scien-
tific research in this sector. By leveraging the region’s unique characteristics and 
promoting research collaboration, Latin American vitiviniculture can continue to 
evolve and contribute to the global wine market while preserving its cultural and 
historical heritage.
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Chapter 2
The History of Winemaking in Latin 
America and New Trends: Identity, 
Market, and Consumption

Amalia Castro San Carlos, Fernando Mujica, and Pablo Lacoste

2.1 � Introduction

The arrival of Spanish culture in America implied a series of changes in the life-
styles of the first inhabitants of the continent. Among many of these changes, one 
stands out in particular for this study: the introduction of wine varieties and the 
knowledge around wine production. However, before the Spanish arrival, local 
communities produced fermented products known today under the generic name of 
“chicha”. This beverage is not only linked to American identity but also to the femi-
nine art of its elaboration and its use in ceremonies of high religious and political 
importance.

Since the introduction of vines by the Spaniards in what is known as the American 
colonial period (which begins with the arrival of Columbus in 1492 and ends with 
the independence of the colonies and their conversion into independent republics 
during the early decades of the nineteenth century), viticulture in Latin America has 
followed a diverse process: the historical thread that links the first traditional viticul-
tural practices can be traced through the French wine paradigm to the Anglo-Saxon 
one with the consolidation of the New Wine World. In less than 200 years, the wine 
industry went from the pre-industrial to the industrial model and later to the techno-
logical, scientific model. These wine revolutions, carried out under the idea of prog-
ress and development, marginalized the knowledge acquired during the first stage of 
the history of Latin American wine. However, this legacy has not been forgotten by 
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the local laborers, who still maintain resilient mestizo viticulture that stands out as 
an attractive alternative in the wine market precisely because its history and knowl-
edge distinguish it from the viticulture of the larger industry.

In the present study, a general historical overview of viticulture in Latin America 
is developed with special emphasis on the South American Southern Cone. We will 
explore the development of viticulture in Latin America through the three paradigms 
that prevailed throughout this development: the colonial paradigm, the French wine 
paradigm, and the Anglo-Saxon wine paradigm. This essay will emphasize the rise 
and fall of wine production centers within the markets with the distinction of origin 
and the revaluation of mestizo wines thanks to the reevaluation of the historic vines 
of the territories and local laborers’ knowledge and innovation in their exploration.

2.2 � Material and Methods

For this study, the heuristic-critical method, typical of history, is used in reviewing 
existing literature of interest on the history of viticulture in Latin America.

2.3 � Results and Discussion

2.3.1 � Colonial Paradigm: Traditional Viticulture (Sixteenth, 
Seventeenth, Eighteenth, and Nineteenth Centuries)1

Traditional viticulture was developed in the sixteenth, seventeenth, eighteenth, and 
nineteenth centuries. Colonial Paradigm history was described based on different 
references (Corona Páez, 2011; Chamot, 2021; Del Pozo, 1998; Giglo & Morello, 
1980; Pardo & Pizarro, 2016; Lacoste, 2005, 2019; Lacoste et al., 2010; Lacoste & 
Castro, 2013; Unwin, 2001).

Colonial viticulture in Latin America developed in a global context of enormous 
technological, social, and economic innovations between 1500 and 1750. The 
growing population of the eighteenth century and the recovery of land productivity, 
thanks to new industrial techniques applied to agriculture, produced an expansion of 
the productive economy within Europe and an opening to the world. These shifts 
were largely facilitated by the new discoveries of land, which shaped a global econ-
omy, in which trade was becoming increasingly specialized. Among the conse-
quences of increased traffic of goods, people and ideas on world markets, these 
changes impacted how viticulture was organized and traded.

1 This section is based on data from: Corona Páez (2011), Chamot (2021), Del Pozo (1998), Giglo 
and Morello (1980), Pardo and Pizarro (2016), Lacoste (2005, 2019), Lacoste et al. (2010), Lacoste 
and Castro (2013), Unwin (2001).
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It is known that the rapid expansion of vine cultivation in Latin America resulted 
from the Spanish conquistadors’ fondness for wine. Spanish wine, along with other 
elements of Iberian food culture, such as ham and olive oil, was included in the 
provisions of all the expeditions that arrived in the Americas. However, European 
taste alone is insufficient to explain in depth the accelerated dissemination of wine.

Although there were native vines in North America before the arrival of European 
settlers, there are no indications of wine-making by the native peoples living in that 
area. However, they did make other fermented beverages, such as pulque, tesgüino, 
pozol, balché, tascalate and colonche. The basis of most of these fermented products 
was corn, tree bark, prickly pear fruits, and cocoa. Such traditional elaborations have 
been in the hands of women since pre-hispanic times, and these drinks have been used 
ancestrally to enhance social cohesion, in ritual contexts, and as food and medicine.

The first vines (criolla or missionary grape cuttings) were brought into New 
Spain (México) and were imported by Cortés during the early 1520s. In 1524, it was 
legislated that the new European landowners should plant 1000 vines for every 100 
indigenous inhabitants at their service (encomendados). From Mexico, viticulture 
expanded rapidly throughout Latin America, following in the footsteps of the con-
quistadors. Between 1531 and 1545, the current territories of Peru, Bolivia, 
Colombia, and Chile fell under Spanish territory. Around 1556, the grape cuttings 
were introduced to Argentina by a Jesuit priest. In this way, viticulture expanded 
throughout Latin America over 30 years from Mexico southward along the entire 
western coast of Latin America to Concepción (Chile).

Due to the economic characteristics of the commercial monopoly that the Spanish 
empire imposed in Latin America, the complaints of the Spanish wine producers 
soon made themselves felt, faced with the increase in wine production in the colo-
nies. Although the market of New Spain was very large and exceeded the production 
capacity of the Iberian Peninsula, the pressure that the Spanish industry exerted 
upon the American market had two great consequences. The first of these was the 
prohibition of winemaking in New Spain, except for Santa María de Parras on the 
northern border. Secondly, the settlers of South America, especially in Peru and 
Chile, insisted on obtaining permits to cultivate vineyards, since the total American 
demand for wine could not be met by the Iberian Peninsula. In this way, the colonial 
map of wine production in America was outlined.

The wine-growing nodes that led the production, market, and consumption were 
those of the Southern Cone, since this was the most important region in the American 
continent. Until the seventeenth century, the Viceroyalty of Peru was the main wine-
growing region of America. The valleys of Guayuri, Ica, and Pisco were the largest 
Peruvian producers. Critical to this region’s momentum, this industry was strongly 
influenced by the market at Lima—the largest capital of South America—and by 
Potosi—the world’s primary center for mining during this era.

Peru led in the number of vineyards and in wine production until 1700 when its 
decline began. This trend was accentuated in the eighteenth and nineteenth centu-
ries when Chile took the lead and consolidated itself as the main wine-growing 
center of South America. This situation remained until the twentieth century. The 
wine crisis that occurred in Peru between the eighteenth and nineteenth centuries 
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had several reasons. Earthquakes and volcanic eruptions, the sugar cane boom (for 
manufacturing cane brandy), the white gold (cotton) rush (which caused the uproot-
ing of vineyards), and the expulsion of the Jesuits, along with the decline of Potosi 
mining at the end of the eighteenth century, caused Peru to abandon the leadership 
of the continental wine industry. When this happened, Chile arose as the main wine-
growing producer of America between the eighteenth and nineteenth centuries 
along the Pacific coast.

On the Atlantic coast, Paraguay dominated the Río de la Plata basin thanks to the 
quality of its wine and the commercial circuits from Asunción del Paraguay to Santa 
Fe and from there to the provinces of Plata. However, Paraguay’s boom cycle was 
relatively short, declining towards the eighteenth century as its productive interest 
turned towards a process of specialization of labor. Such labor division led to its 
regional exportation of yerba and tobacco, sustained by the markets of Potosi and 
the army that was waging the so-called Arauco war in Southern Chile. Over two 
centuries, the wine industry leadership moved along the Atlantic axis from Paraguay 
to Mendoza. The provinces of Cuyo and the Kingdom of Chile share a common past 
in wine production, a process that began in the sixteenth century with the founding 
of the city of Santiago in 1541. Mendoza and San Juan were founded twenty years 
later, in 1561 and 1562, respectively. Despite being on different sides of the Andean 
Mountain Range, they formed a political unit until 1776, when the Viceroyalty of 
the Río de la Plata was created. This political formation was integrated into the cur-
rent Argentine Republic in 1810 due to the creation of the Viceroyalty of the Rio de 
la Plata, Cuyo. However, the cultural unity remained, an identity forged around 
wine production.

Between the sixteenth and seventeenth centuries, the desert in which Mendoza, 
capital of the province of Cuyo, is located, was almost uninhabited. It was only dur-
ing the first half of the seventeenth century that wineries were opened and, thanks to 
establishing commercial routes and markets for San Juan and Mendoza, 250,000 
liters of wine and brandy were exported to the Río de la Plata in that century. By the 
eighteenth century, the population had doubled, with 150 families among its lead-
ers. Of these families, 105 owned vineyards, including some of the richest owners 
of the time. Between secular and religious producers, a total of 650,000 vines were 
put into production under a model of small intensive agricultural ownership. By 
1780, Mendoza exported 1 million liters of wine and brandy.

Between the sixteenth and nineteenth centuries, Chile was quietly building its 
own wine identity. While it was recognized as a country of major military actions, 
it had space to develop a wine culture imbricated with the territory and its particu-
larities. The traditional viticulture in Chile extended for 300 years until the mid-
nineteenth century, differentiating seven productive poles: Concepción, with 
15,500 ha (represented more than 50% of the total), Aconcagua valley, 5000 ha, 
Cauquenes, 4500 ha, Santiago, 2000 ha, Coquimbo, 1600 ha, Colchagua, 1240 ha 
and Talca, 700 ha. In total, the Central Valley of Chile had 30,000 ha of vineyards in 
production, which consolidated it as the main wine-growing pole of Latin America 
at the time.

A. Castro San Carlos et al.
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2.3.2 � Mestizo Viticulture Landscape: Between Wine 
and Chicha2

Mestizo viticulture history was described according to different references (Corona 
Páez, 2011; Chamot, 2021; Del Pozo, 1998; Giglo & Morello, 1980; Pardo & 
Pizarro, 2005, 2016; Lacoste, 2005, 2019; Lacoste et al., 2010; Lacoste & Castro, 
2013; Castro et al., 2016a, b, Castro, 2020; Pszczólkowski et al., 2022; Pszczólkowski, 
2015; Jerkovic et al., 2022; Soto, 2023).

The vineyard landscape in the southern cone of Latin America is a part of a pro-
duction rooted in a mestizo knowledge. In this landscape, the vineyard cultivation is 
combined with other crops, such as fruit trees and cereals, in addition to maintaining 
small amounts of domestic animals. This form of mix farming protects biodiversity 
and takes advantage of the synergies between plants, animals, soil, woods, and light 
to ensure the good health of the orchard. This tradition comes from the native 
American peoples from the Mexican milpa in the north toward the Mapuche crops 
in Southern Chile.

The colonial landscape of the Kingdom of Chile emerged between 1550 and 
1850 (considering the cultural maintenance of colonial socio-economic characteris-
tics). Adopted from a Moorish heritage that travelled with the conquistadors, it com-
bined cool adobe houses and cellars with interior gardens to alleviate the heat. The 
cellars, within their thick walls, maintained the perfect temperature for winemak-
ing. The vineyards were also protected with perimeter fences made of raw earth, 
with a stone foundation, tapia walls, and a tile fence. Raw earth as a building mate-
rial is a tetra continental heritage, as it is present in Asia (Middle East), Africa 
(North), Europe (South) and pre-Columbian America.

Although Chile led the continental viticulture there was no monoculture or plan-
tation culture. Instead, properties supported between 500 and 3500 vines per prop-
erty in combination with fruit orchards and cereal and legume production. Between 
1550 and 1850, the vines were grown ‘en cabeza’ with a tutor or “rodrigón” and 
“bracero” as a way of the trellis system. There were also embedded grapevines 
(“parrones encatrados”): the small ones were next to the house as part of an outdoor 
living space, and the large ones were installed in the patios, to protect from the sun 
and provide shade.

In Latin America, there are ways of trellis systems that indicate much older prac-
tices, which link the oldest vineyard productions in the world, such as Egypt, with 
the continent. In Bolivia’s Cotagaita and Cintis valleys, the practice of having the 
vine driven by fruit trees present in the territory is continued even today. Classical 
authors describe these systems as predating the use of wooden poles or stakes. 
Bolivian cultivators have had great success with this system, turning disadvantages 

2 This section is based on data from: Corona Páez (2011), Chamot (2021), Del Pozo (1998), Giglo 
and Morello (1980), Pardo and Pizarro (2005, 2016), Lacoste (2005, 2019), Lacoste et al. (2010), 
Lacoste and  Castro (2013), Castro et  al. (2016a, b, 2020), Pszczólkowski et  al. (2022), 
Pszczólkowski (2015), Jerkovic et al. (2022), Soto (2023).
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into advantages thanks to the treatment of the territory as a cultural unit. Agriculture 
in the valleys is carried out on small plots located along the Cotagaita River, where 
vines are grown with other fruit trees and combined with horticulture to provide 
food for local families. The post-harvest dehydration of crops for winter consump-
tion, and the traditional method of cultivating, with plows pulled by animals, also 
accounts for the maintenance of a mestizo and colonial production system until the 
present day.

As for the varieties, the first grape to arrive in America was the Listán Prieto, 
known in Chile as the country grape “uva país”, in Mexico as “Misión” or 
“Misionera”, in the USA as “Mission”, in Peru as “Negra Criolla” or “Negra 
Corriente”, as “Misionera” in Bolivia and in Argentina as “Criolla Chica”. This 
grape was most frequently used in the production of colonial wine. Originally from 
the Canary Islands, it arrived in America around 1550 and was the hegemonic vari-
ety until 1850. In second place in importance was the “Muscat of Alexandria”, also 
known as “Italy” in Peru and in some parts of Chile. It arrived in Mendoza in 1669, 
in La Serena in 1720 and in Colchagua in 1760. These two cultivars are the mothers 
of American viticulture. They are even called Spanish grapes or cultivars. The 
“Mollar” grape has been referenced in documents since 1750. Its origin has not yet 
been identified, so there is no certainty whether it is a “criolla” grape, that is, origi-
nating from the natural genetic crossing of the first two vines or a third variety 
introduced by the Spaniards. From these three varieties, in the multivarietal vine-
yards of Latin America, particularly the Southern Cone, a process of natural genetic 
exchange began which gave rise to new cultivars known, for being daughters of 
Spanish grapes born in America, as criolla cultivars. A cross between Listán Prieto 
and Mollar is Quebranta, a grape famous for making Pisco in Peru. In the same way, 
other criollas varieties appear in the area, such as Torontel (syn. Torrontés Riojano 
or Yellow Muscat), Moscatel Rosada (syn. Rosa Pastilla or Pastilla), Moscatel de 
Austria (syn. Torrontés Sanjuanino), Pedro Giménez, among others. The set of these 
varieties, both Spanish and Criollas, can also be referred to as colonial cultivars.

Having noted this, the intention of the present text is to bring to discussion 
Spanish, criolla, and mestizo cultivars concepts and to propose new ones. It turns 
out that the concept criolla was the best way to designate the children of Europeans, 
primarily Spaniards, born in America. However, when reviewing the history of the 
first two varieties that arrived in America and pursuing their origin, it is discovered 
that the Listán Prieto or Listán Negro grape originates from Spain (Europe). At the 
same time, the Muscat of Alexandria comes from Egypt (Africa). Based on this, it 
is possible to group both varieties and call them Mediterranean cultivars. However, 
the natural genetic crossing that occurred in the American vineyards between both 
varieties gave rise to grapes misnamed criollas. The biological exchange between 
African and European vines should be considered as mixed cultivars, “mestizo” 
grapes. In this sense, the cultivars born in America, whose genes have part of these 
Mediterranean grapes and another part, probably, of the new cultivars (thorough 
genetic studies have not yet been carried out to know exactly how to recognize the 
type of DNA of each of these new varieties which have been described) correspond 
to mestizo grapes.

A. Castro San Carlos et al.
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The productive equipment of its vineyards, with wineries and wine jars made of 
clay, along with earth bottles and jars, are also part of the traditional way of making 
wines. The wine press house and wine press of traditional viticulture have been 
investigated in depth for the Kingdom of Chile, detecting 682 wine presses between 
the sixteenth and mid-nineteenth centuries. These were pieces of various materials, 
costs, and sizes. The construction of a certain type of winepress depended on both 
the available materials and the resources of the winemaker and shows the social and 
economic diversity around winemaking, especially the possibilities of social mobil-
ity for poor workers.

The wine presses could be permanent or perishable. The permanent ones could 
be made of lime, brick and clay, stone, or a combination of these materials. Among 
the perishable presses, we find them constructed from leather, wood, and basketry. 
The permanent winepresses and those made of wood and basketry were the most 
frequently used in Latin America, from Mexico to Peru, and had links with ancient 
Oriental and European traditions in the way of making wine. These wineries also 
served as installations for tanning leather, dyeing cloth, and salting meat in such a 
way that viticulture contributed to a wide productive spectrum in the colonial 
economy.

However, the leather winepress was the great innovation of traditional South 
American viticulture. Derived from the Peruvian canvas and the Mapuche tracal, 
they appeared in the 1740s. They were not used in Mexico or Peru, but their use 
spread from the southernmost vineyards of present-day Chile and Argentina. Its dif-
fusion began from the Maule region, Parral, Talca, Cauquenes, and the Itata Valley, 
areas associated with the small regional mestizo viticulture. It was associated with 
livestock farming and made it possible for poor winegrowers to have their own 
facilities for stomping on grapes and producing wine.

The process defined for the elaboration of the wine, landscape, and equipment 
outlines the figure of a mestizo producer, characterized by a mix of native American 
people culture and European culture. The first relevant aspect is the verification of 
knowledge before the Spanish arrival regarding the elaboration of fermented prod-
ucts. These fermented products, which have received various names throughout 
America, and which for the purposes of this study we will include under the generic 
term ‘chicha‘, have a long history. Although it is not possible to define a date of 
origin, the culture of making fermented products is as old as the world. Since there 
has been fruit, its natural fermentation has produced sugar and alcohol, something 
that insects and animals detected early.

The observation and understanding of the environment are essential features for 
explaining the creation of fermented beverages: in Panama, the mantled howler 
monkey celebrates the fallen fruit of the Astrocaryum, getting drunk with the fer-
mented fruit (Forsyth, 2019). In Colombia, the corn chicha has a revealing origin. 
According to a Muisca legend, the chicha was discovered by an indigenous woman 
who, slighted by the punishment she received for being unfaithful to her husband, 
fled to the Guatavita lagoon. In this remote place, her only consolation was the corn 
ferment that she found on the slopes of the pond.
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Beyond its place in creation myths, chicha was a feminine product that played a 
central role in the construction of pre-Hispanic societies. Its consumption, which 
could be daily, was widespread throughout America and was often ceremonial: the 
chicha was present in all the rites of passage, in welcoming a foreigner, in the politi-
cal decisions of establishing alliances, and as an offering to the gods. It was also 
intimately linked to the agricultural cycles of sowing and harvesting and in religious 
ceremonies for promoting fertility.

When the conquistadors arrived on the continent, they were surprised at the 
immense quantity and variety of fermented beverages that were offered to them. Yet 
they did not manage to grasp its symbolic value, and very soon, restrictive laws 
surfaced around the consumption of chicha by the indigenous people to favor the 
social European order. At the same time, new fruits were planted for fermentation. 
Female-made chicha, the central element of the American religion, was displaced 
by male-led wine production central to the Western Christian tradition. In the ensu-
ing unequal power struggle, the culture of wine was imposed upon the culture of 
chicha. However, this confrontation also nourished the traditional mestizo viticul-
ture of Latin America, which resulted in knowledge transmission, austerity linked to 
the land, respect for the environment, and a culture of work, effort, and innovation.

2.3.3 � French Wine Paradigm. Introduction of Modern 
European Strains and Change of Productive Paradigm 
(Nineteenth to Twentieth Centuries)3

French wine paradigm history was described using different references (Del Pozo 
1998; Unwin 2001; Baptista, 2008; Beretta, 2015, 2016; Borcosque, 2011; Castro, 
2014, 2016; Coira, 2010; Cueto 2009; Giamportone, 2014; Paredes, 2004; Lacoste, 
2005, 2006, 2019; Lacoste et al., 2014; Riffo 2007).

In the middle of the nineteenth century, in the era of industrialization and enlight-
ened knowledge, led by the overseas commercial networks of the British Empire, 
America suffered a French cultural conquest. Western European fashion seduced 
the whole world, particularly the political and social elites, in terms of architecture, 
costumes, decoration, art, music, language, production, industry and gastronomy, 
among others. In this scenario, the French paradigm of wine was established as a 
new colonialism that took place in American lands.

New techniques related to wine production transformed the landscape of mestizo 
wine culture. The French trellis system was introduced, which led to the implemen-
tation of irrigation systems in order to ensure high levels of grape and wine produc-
tion. Along with that, different types of machinery related to wine production were 

3 This section is based on data from: Del Pozo (1998), Unwin (2001), Baptista (2008), Beretta 
(2015, 2016), Borcosque (2011), Castro (2014, 2016), Coira (2010), Cueto (2009), Giamportone 
(2014), Paredes (2004), Lacoste (2005, 2006, 2019), Lacoste et al. (2014), Riffo (2007).
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imported from Europe. The introduction of this machinery intended to automate 
winemaking, leaving aside the manual labor of mestizo winegrowers. This new 
paradigm of wine production altered not only the mestizo wine landscape but the 
entire social organization in colonial winemaking.

The mid-nineteenth century saw the introduction of French European vines in 
Latin America, considered to be of high oenological value. The Cabernet Sauvignon, 
Merlot, Carmenère, Sauvignon Blanc, and Semillon vines were successfully intro-
duced in these territories and, along with them, an intense process of transformation 
and change in the landscape and the viticultural culture. In this process, there were 
also other cultivars, considered of lower oenological value, such as Carignan and 
Cinsault, called “tintoreras”.

The Chilean state supported this wine-making modernization and hired special-
ists skilled in the art of modern winemaking. Unfortunately, the technocrats were 
blind to the valuation of traditional viticulture and the products they produced, so 
the mestizo producers were dismissed by associating them with a Hispanic para-
digm, from which the new republics wanted to distance themselves. In this way, 
enlightened elites imposed their liberal ideas in order to modernize the young 
republics. Along with important actions, such as abolishing slavery and manorial 
privileges, the technocrats also discredited the original creations of the mestizo pro-
ducers and stigmatized them as part of a repudiable Spanish past.

The cultural atmosphere of Latin American countries was one of admiration for 
Europe from the second half of the nineteenth century onward. This was evident in 
the case of the rentier economies of the tropical Caribbean and northern South 
America, which emerged as a result of the plantation economy. These large estates, 
controlled by a few people, ostentatiously displayed their wealth through differenti-
ated consumption, which privileged the import of European products to show off on 
their bodies, houses and dining tables, distancing themselves as much as possible 
from their cultural reality. In countries such as Chile, these behaviors were decanted 
as a result of territorial expansion processes, which allowed higher revenues to the 
treasury and lower tariff rates. For example, after the Pacific War, imports of bottled 
white wines from Europe increased (Couyoumdjian, 2006), with which the elites 
joined the fashion of identity alteration that prevailed in Latin America.

Wine was a central factor in this stage of change and differentiated two worlds 
that ended up separating almost completely: the farmer’s world and the lower social 
strata, who continued to consume traditional colonial wines because they were part 
of their identity, accompanying productive hours, moments of leisure, and during 
civil and religious celebrations. On the other hand, the middle and upper strata dif-
ferentiated themselves by embracing European wine consumption, especially pres-
tigious French but also Spanish and Portuguese, such as Champagne, Bordeaux, 
Sherry, Port, and Cognac. Towards the end of the nineteenth and the beginning of 
the twentieth century, this process was in full swing and would soon culminate with 
the transition to the viticulture of the New Wine World.

In this context, between 1850 and 1900, the viticulture of Chile and Argentina 
competed as the great Latin American productive centers. However, Chile devel-
oped earlier due to the introduction of French vines, the incorporation of 
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technology, the arrival of European winemakers, and the creation of institutions of 
singular importance, such as the National Society of Agriculture and Quinta Normal 
de Agricultura. In Argentina, immigration, the modernization of agronomy from 
1850, and the arrival of the railway linking Buenos Aires to Mendoza all produced 
a boom in the Cuyo wine industry, which by 1885 reached its Chilean competitor in 
volume. In the words of Lacoste (2004) “At the beginning of the twentieth century, 
both countries produced about 3,000,000 hl per year, which positioned them as the 
two main producing powers of America: Argentina and Chile, together, produced 
more than 70% of the total wine produced throughout the continent”. Argentina 
became the largest wine producer in Latin America. Chile and Argentina, as part of 
their commercial model, began with the specialization in varietal wines such as 
Cabernet Sauvignon, Malbec, and Torrontés. These cultivars will become the icon-
based wines of Argentina and Chile in the twentieth century.

In the same period, new participants appeared on the Latin American wine scene, 
such as Brazil. Here in 1840, vines were brought from the USA and adapted, and the 
new world winemaking rapidly developed, establishing this nation at the beginning 
of the twentieth century among the main Latin American producers, although below 
Argentina and Chile.

2.3.4 � Anglo-Saxon Paradigm: Modern Industry 
and the Survival of Mestizo Viticulture (Twentieth 
to Twenty-first Centuries)4

Anglo-saxon paradigm history was described using different references Buitrago 
(2014), Castro (2014, 2020), Castro et al. (2015, 2016a, b, 2018, 2022), Giglo & 
Morello (1980), Hirschegger (2012), Olguín (2019), Pszczólkowski et al. (2022), 
Pszczólkowski (2015), Jerkovic et  al. (2022), Lacoste et  al. (2013, 2015a, b, c, 
2016), Lacoste (2016, 2019, 2022), Mateu (2014), Medina et al. (2014), Mujica & 
Castro (2021), Riffo (2007), Serrano (2010), Vargas (2017).

Until the 1970s, despite the paradigm changes, a wine culture remained closely 
linked to the mestizo farmers world, especially in Chile, which still maintained 63% 
of “rulo” (without irrigation) vineyards, with an older profile than Argentine viticul-
ture, for example, which in Mendoza deploys irrigated vineyards in their entirety. 
This occurred because its production was directed toward the domestic market with 
a high consumption of wine per capita, which reached 90 liters per capita in the 
1930s in Chile and in the 1960s in Argentina.

4 This section is based on data from: Buitrago (2014), Castro (2014, 2020), Castro et al. (2015, 
2016a, b, 2018, 2022), Giglo and  Morello (1980), Hirschegger (2012), Olguín (2019), 
Pszczólkowski et al. (2022), Pszczólkowski (2015), Jerkovic et al. (2022), Lacoste et al. (2013, 
2015a, b, c, 2016), Lacoste (2016, 2019, 2022), Mateu (2014), Medina et  al. (2014), Mujica 
and Castro (2021), Riffo (2007), Serrano (2010), Vargas (2017).
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From the mid-twentieth century onward, Argentina took the lead as the main 
wine producing center, thanks to the size of its internal market and the contributions 
of European immigrants. Immigrants strengthened Argentine viticulture by revolu-
tionizing cultivation, the wine making process, and marketing it. In this swing, 
Argentina maintained its predominance until the last quarter of the twentieth 
century.

The transformation of colonial mestizo viticulture in Latin America into the 
modern New Wine World was the outcome of a major historical political-economic 
context, which was responsible for the implementation of accelerated and, to a large 
extent, countercultural changes. A series of coups d’état in Latin America spurred a 
process of large-scale militarization of the continent between the 1960s and 1970s. 
The result of these movements was the abolition of the traditional idea of the state 
and the centrality that public institutions had in the articulation of political life in 
society (Serrano, 2010). The traditional Latin American state, which shaped devel-
opmentalist and/or populist projects, lost centrality in political and economic deci-
sions to favor neoliberalist ideas that would unite Latin America to a world 
capitalist system.

The imposition of this new model of state is associated with the so-called Cold 
War. The interference that the United States had in the series of coups d’état that 
took place in Argentina, Bolivia, Brazil, Chile, Costa Rica, Dominican Republic, El 
Salvador, Guatemala, Haiti, Nicaragua, Panama, Paraguay, Perú, and Uruguay. This 
marked an inflexion point in the wine-producing countries in Latin America.

In 1970, there was a boom in the export of wines from the USA and Australia, 
countries that correspond to the New Wine World, with a young tradition in making 
wines, which began in the mid-nineteenth century directly associated with the 
French wine paradigm and produced in the context of the Anglo-Saxon productive 
revolution.

The new economic model aimed at export, so the wine had to be produced under 
these criteria. As a result, countries such as Chile and Argentina uprooted their tra-
ditional “criolla” vines to replace them with new varieties, genetically improved, 
with row driving, and with single-variety production criteria. The wineries were 
also being modernized, implementing the use of stainless steel, cooperation to 
change barrels for sanitary measures, and incorporation of harvesting machines 
instead of manual harvesting, among others.

In Chile, entrepreneurs like Miguel Torres and companies like Cánepa were the 
first to embrace this model. The changes they implemented tended to make the tra-
ditional wine culture invisible, ignoring its contributions and intrinsic value. A new, 
simpler way of drinking wine was imposed, which left out the old wine consumer.

In this process of wine globalization or “oenological revolution” (Medina et al., 
2014), the New Wine World shows a competitive organization, managed by large 
business firms since 1990. In general terms, this meant an increase in the area of the 
vineyard, implementation of single variety with higher unit yields, and a consequent 
increase in the supply of wines. The industry shapes the taste of new consumers, 
homogenizing it. The differentiation of the product is linked to brands, like AO, IG, 
varieties, etc.) There was an increase in world wine exports: the New Wine World 
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went from exporting 2% in the 1980s to 34% in the twenty-first century. In this 
context, although Latin American wines gained prominence, Argentina and Chile 
stood out in international markets, with a greater acceptance of their products. In 
this model, business networks were developed with corporate strategies of vertical 
integration. Companies now participate in the entire production process, from the 
vineyard to the bottling and storage, and also part of the distribution and marketing 
process to the main markets.

Chile and Argentina are under this model, which gives a growing competitive-
ness to the wine-growing countries of the southern hemisphere. Large companies in 
the industry compete in different segments due to their wide diversification of mar-
kets and varieties of strains, their high negotiating capacity with suppliers and the 
fact that they have their own marketing and distribution networks in dynamic and 
expanding markets (Medina). Other Latin American countries, such as Mexico, 
Peru, Uruguay and Paraguay, while they have embraced the Anglo-Saxon model, 
have not managed to achieve the levels of production and export of their wines at the 
same level as Argentina and Chile. These two countries are the only Latin American 
countries that are consistently among the top 10 largest global wine producers. 
Brazil occupies the 22nd place in this table, Mexico is at number 32, and Peru is at 
34th place, at least until 2018.

The emergence of Appellation of Origin and Geographical Identification after 
1990 did not follow the same path as the traditional European indications, although 
the model was copied following a commercial rather than a cultural strategy. The 
oldest AO in Latin America is the case of the AO Pisco in Chile (1931). A good 
example of this is what happened in Chile. At the beginning of the export period, the 
Chilean industry discovered the European AOS and the legislation that protected 
them with less taxes. Therefore, it was decided to take advantage of a cultural fact as 
an economic advantage, and in 1994, Decree 464 of the Chilean Wine-Growing 
Zoning was published, by means of which the Chilean AO were delimited. The prob-
lem is that this rule was imposed from “above”, without recognition of a wine and 
its cultural particularity, its unique link with a territory and knowledge that results in 
a distinguished product. The criterion that was imposed was political, which repro-
duced the political-administrative jurisdictions of the country. Similarly, other Latin 
American countries, such as Argentina, followed similar steps in this direction.

In any case, the same industry introduced legitimate valuations of certain prod-
ucts, which led, first of all, to the valuation of distinguished and distinctive cultivars 
in different regions of the southern cone: Malbec in Mendoza, Torrontés in Cafayate, 
Carmenère and Cabernet Sauvignon in Chile, Tannat in Uruguay. This led, in a sec-
ond instance, to the valuation of unique, peasant wines, a process that can be 
observed more clearly since 2010. Gradually, natural wines are being valued, after 
the large industry generated organic and biodynamic wines looking for cleaner and 
environmentally friendly processes.

The earth, as a complex production system, is made up of a network of produc-
tion processes that interact and regulate each other. One of the principles to under-
stand this dynamic is that of impermanence: the trajectory of this complex system is 
directed towards transformation. However, the discourse that globalization and the 
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green revolution brought with it was the permanence of things. Because of that we 
think, since things will not change, we can always continue to do the same things 
without any prejudice. The main consequence of this misconception is the actual 
environmental crisis. The socio-economic system also suffered in the globalization 
process. In Chile, the modern wine industry detached mestizo society from their 
traditional wine beverages: more than 80% of wine production is exported. 
Traditional wine consumers were forgotten in this process.

In this context, new trends are perceived in the market of valuation of the mestizo 
viticulture, through the inclusion of the landscapes of the traditional vineyard in 
tourist routes that highlight the mestizo knowledge and the wine harvests festivals, 
in which the traditional practices of the mestizo wines can be seen, such as the 
treading of the grapes and the valuation of criolla and mestizo vines as of oenologi-
cal value to produce quality wines.

2.4 � Conclusions

In the history of wine in Latin America, the knowledge of native societies, prior to 
the Spanish arrival, on the elaboration of fermented wines has been systematically 
dismissed. This could be explained by two central reasons: firstly, it was a knowl-
edge associated with the feminine. Beyond the differences between the role of 
women in American and European culture, in the rigors of the conquest, women 
suffered a process of invisibility and dispossession of knowledge that was important 
to pre-hispanic societies. Secondly, the ceremonial and political American fer-
mented beverage had to be replaced because a new religion and a new politics were 
imposed, in which wine functioned as a ceremonial drink.

The map of wine production in Latin America is configured from the first stage 
indicated in colonial times. As a result of the policies imposed by the Spanish crown, 
the main production centers in South America were formed. Perú led in the number 
of vineyards and wine production until 1700. Subsequently, Chile achieved 
American leadership in wine production during the eighteenth and nineteenth cen-
turies. Finally, Argentina led these processes from the late nineteenth century to the 
twentieth century. From the 1970s onwards, Chile and Argentina became the largest 
producers and exporters of wine on the continent, competing for the first positions 
on the international stage. The imposition of the Anglo-Saxon paradigm, and the 
consequent industrialization in winemaking, has led countries, such as Chile, to 
unprecedented figures in wine production and export

Modern wine production in Chile had various effects on society: economically, 
they are profitable industries for the country, but the cost has been the loss of iden-
tity. This phenomenon is replicated in the different wine-producing countries of 
Latin America. The traditional vineyards failed to maintain themselves. The tradi-
tional vines were replaced by more productive varieties for industry and commerce 
in a type of plantation that relies on irrigation, monoculture, and intensive use of 
agrochemicals.
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Although the industry has detected the heritage of mestizo wine in the line of 
natural wines as a new creation, this type of wine remained protected by mestizo 
winemakers in rural areas with no other denomination other than wine. It is neces-
sary to reflect on their chances of staying. Countries such as Peru and Bolivia keep 
their traditional mestizo drinks at the center of their identity. However, Pisco and 
Singani are distilled and the wines they produce also belong to the Anglo-Saxon 
paradigm. However, they have maintained small wine valleys that protect the tradi-
tional colonial knowledge in the mestizo landscape and the trellis systems, with the 
emblematic case of Bolivia’s Cotagaita and Cintis.

Chile is the only Latin American country that has preserved an identity treasure. 
Heritage vineyards are spread over 15,000 ha, planted with Listán Prieto, Moscatel 
de Alejandría, Torontel, and Cariñena, among others. The peasants of valleys such 
as Itata, Maule, Concepción, Cauquenes, Codpa, and Pica reflect a five-century tra-
dition linked to the production of mestizo wine. Although mestizo winegrowers are 
resilient, the phenomenon of a decrease in the amount of heritage vineyard hectares 
is worrisome. A century ago, Chile had 60,000 ha of heritage vineyards. This hap-
pened because the mestizo winemakers have a bond of love with their culture, their 
land, their vines, and their wines. The heritage vineyards of a mestizo nature are not 
only oriented to the market, they are places of reunion with a more life-friendly past, 
the environment and a sense of transcendence. They are festivals that celebrate the 
harvest and winemaking, cultural tourism, and territorial integration.

The decline of this heritage is alarming, even though there are two clear ways of 
action that have the potential ability to stabilize and ensure the permanence of this 
mestizo wine culture. The first is to advance in the process of patrimonialization, 
nationally and internationally, of traditional vineyards and their wines. Second is to 
involve consumers in the discovery of mestizo wines and vines, for example, 
Chacolí, Chicha, Pajarete, Asoleados, Pintatani, Pipeño, Pisco, Aguardiente, 
Country grape wines, Moscatel de Alejandría, Cinsault, Carignan, and Semillon, 
among others. Focusing the domestic consumption of countries towards these mes-
tizo wines can ensure them, to a large extent, a long and healthy life.

Acknowledgement  Project ATE220008 “Mestizo Heritage and Appreciation of the Local 
Culture. Forgotten Lessons from the Cold War”.
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Chapter 3
Sustainability of Latin American 
Viticultural Firms. Sustainability 
Frameworks Development in a Context 
of Global Challenges

Francisco J. Fernández and José Machado

3.1 � Introduction

Like many other agricultural industries, the wine industry faces significant chal-
lenges due to climate change. However, what sets the wine industry apart from other 
agricultural industries is its reliance on particular climatic conditions and the con-
strained climate range in which grapevines can grow (Mozell & Thach, 2014). As 
global temperatures rise and weather patterns become more unpredictable, vine-
yards confront a range of challenges, including altered growing seasons, increased 
frequency of extreme weather events, and shifts in water availability (Sabir, 2018; 
Schultze & Sabbatini, 2019). These changes significantly impact the quantity and 
quality of grape yields and the overall ecological balance of vineyard ecosystems. 
All these factors make the wine industry particularly susceptible to climate change‘s 
short- and long-term effects (Jones & Webb, 2010; Mozell & Thach, 2014).

On the other hand, the wine industry has been recognized for its significant envi-
ronmental impact. The environmental impacts of wine production include the use of 
energy-intensive pesticides and fertilizers (Jourdaine et al., 2020), water and carbon 
footprints (Rinaldi et  al., 2016), and waste management (Soceanu et  al., 2021), 
among others. In the same context, consumers are increasingly aware of these 
impacts associated with wine production and are increasingly interested in 
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sustainability (McMillan, 2023; Schäufele & Hamm, 2017). The demand for sus-
tainable products has increased among younger generations, who are willing to pay 
higher prices to ensure that their purchasing decisions support environmentally 
friendly industries (Schäufele & Hamm, 2017).

Because of the above, there is a consensus that dealing with sustainability is a 
necessary challenge imposed on the wine industry, considering climate change, 
environmental degradation, and its social consequences that affect even the eco-
nomic dimension (Flores, 2018). On the other hand, sustainability can also be a 
competitive factor in this industry, a driving market strategy, and a key to innovation 
(Fiore et al., 2017; Nidumolu et al., 2009).

To face this challenge, wine regions are developing sustainability frameworks, 
presented as national (or regional) programs, to make sustainability work in their 
areas and address local issues (Flores, 2018; Moscovici & Reed, 2018). These 
frameworks respond to customers and markets and are a way to systematize sustain-
able actions or an effort to improve wine management.

Although there is no common sustainability framework for the entire wine indus-
try, many sustainable certifications are available in the market, each with its charac-
teristics and particularities. However, although the topic of “Sustainability in 
viticulture and winemaking” has received increased attention from academic 
research in recent decades (Costa et  al., 2022), different authors sustain that the 
wine industry is in the nascent stages of sustainability certification (Moscovici & 
Reed, 2018). Moreover, from an academic point of view, even with the interdisci-
plinary literature, there is still a gap in sustainable wine certification research 
(Moscovici & Reed, 2018).

As an attempt to contribute to filling this gap, this chapter aims to present an 
overview of sustainable wine certification, focused on major producers from Latin 
America. Latin America now produces an important share of the world’s wine 
thanks to recent rapid growth in the region’s wine industry. Moreover, the wine 
industry in Latin America is an important driver of economic growth, generating 
jobs and income for rural communities and contributing to the development of the 
local economy.

This chapter is structured as follows. The next section presents an overview of 
the major Latin American wine producers, comparing surface, production, and 
export trends with major European wine producers. Section 3.3 covers a global 
overview of sustainability in the wine industry, reviewing the major milestones 
and describing how sustainability has been established through sustainability 
frameworks in wine producers’ regions. The development of sustainability of 
major Latin American wine industries and a description of their sustainability 
frameworks is discussed in Sect. 3.4. Section 3.5 discusses major challenges and 
opportunities for sustainability in the Latin American wine industry. Finally, Sect. 
3.6 concludes the chapter.
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3.2 � Latin American Role in the Global Wine Industry

3.2.1 � Surface

Statistics provided by the International Organization of Vine and Wine (OIV) (2023) 
indicate that the total world area under grapevines in 2022 reached 7.3 million hect-
ares (including vines for all purposes and not yet productive young vines). Among 
them, the major vine-growing countries like Spain, France, and Italy cover an area 
that represents more than 34% of the world under grapevines.

In South America, the major vineyards are in Argentina, Chile, and Brazil, with 
207 kha, 196 kha, and 81 kha, respectively, representing 6.6% of the total world area 
under grapevines. Argentina‘s vineyard surface has been on a decline since 2015 and 
will reach a reduction of 4 kha (2%) in 2022 compared to 2021. Argentina‘s reduc-
tion in its vineyard surfaces can be explained by climatic factors such as water scar-
city, rising temperatures, and drought-like conditions. On the other hand, the size of 
the vineyard in Chile in 2022 remained almost unchanged compared to 2021. Finally, 
after a continuous decline of eight years, Brazil increased the size of its vineyard in 
2022 by 0.8%. Figure 3.1 shows a comparison of the development of the vineyard 
surface of the major global producers vs. major producers from Latin America

3.2.2 � Production and Exports

The patterns of vinified production are similar to those related to the surface under 
grapevines. Italy, France, and Spain accounted for 51% of the world’s wine produc-
tion in 2022, with 49.8  mhl, 45.6  mhl, and 35.7  mhl, respectively (OIV, 2023). 

Fig. 3.1  Vineyard surface trends from major global producers vs. major Latin American producers
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Among these top three wine producers, Italy is relatively stable in wine production, 
with −1% compared to 2021 and +2% concerning its last five-year average. On the 
other hand, France recorded an increase in wine production not only compared to 
the low volume of 2021 (+21%) but also with respect to its last five-year average 
(+7%). Notwithstanding drought and limited access to water in many regions, 
Spain’s 2022 wine production levels are at +1% compared to 2021, but is 5% below 
its last five-year average.

In Latin America, Chile is the largest producer, with wine production close to 
12.4 mhl, followed by Argentina with 11.5 mhl in 2022 (OIV, 2023). Brazil experi-
enced an increase in its wine production in 2022, with a level of 3.2 mhl. This rep-
resents an increase of 14% in comparison to its last five-year average.

Regarding exports, in 2022, global wine exports amounted to 107 mhl, a 5% 
decrease compared to the historically high of 2021. Italy was the largest exporter in 
2022, with 21.9 mhl, accounting for 20% of the global exports. The international 
trade of wine is dominated by three EU countries – Italy, Spain, and France – which 
together exported 57 mhl in 2022, accounting for 53% of the world’s wine exports. 
In terms of volume, these three countries have all declined compared with 2021. 
However, with different degrees, Italy exported 21.9 mhl (only −0.6% compared to 
2021), Spain, with 21.2 mhl exported, saw the most significant decrease with respect 
to 2021 (−11%), and France, with 14.0 mhl, recorded −5% with respect to 2021. 
These three countries account for 61% of the global exports in value.

Chile is the leading exporter in South America and the fourth exporter at the 
global level. In 2022, Chile exported 8.3 million hl and reached a value of 1.7 bn 
EUR. On the other hand, Argentina exported 2.7 million hl in terms of volume, 
reaching a value in exports of 752 m EUR. On the other hand, Brazil’s wine exports 
are marginal, reaching just 78,000 hl during 2022. Figure 3.2 shows the 2022 wine 
production and exports of the three major global producers and exporters versus the 
three major Latin American major producers.

3.3 � Sustainability in the Wine Industry. A Global Overview

In the 1980s, with the report entitled “Our Common Future” (or the report of 
Brundland), the World Commission on Environment and Development defined sus-
tainable development as “… development that meets the needs of the present with-
out compromising the ability of future generations to meet their own needs” (United 
Nations, 1987). This approach established the sustainable development concept 
based on environmental, social, and economic aspects.

Since then, the discussion about sustainability has arrived in different economic 
sectors of society, aroused by pressures of customers, markets, quality standards, 
and long-term views, among other factors. In the wine industry, this approach is 
essential because it is tied to activities guided by sustainability processes (Lamastra 
et al., 2016). In this sense, wine producers and vine growers have been increasingly 
engaged in it (Costa et al., 2022; Flores, 2018).
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Fig. 3.2  Trends in quantity produced and exported by major global and Latin American wine 
producers

The importance of sustainability in the wine industry is reflected in that the 
notion of sustainable viticulture is supported by official documents from the 
International Organization of Vine and Wine (OIV), which include definition (OIV, 
2004), guidelines (OIV, 2008), and general principles (OIV, 2016). In parallel, wine 
regions have responded to the challenge of sustainability through the development 
of their own national (or regional) sustainability frameworks (most of them trans-
lated into wine sustainability certifications). Each one of them aim to adapt sustain-
ability in their contexts and face their particular environmental, social, and economic 
challenges (Barbosa et al., 2018). The existing certification approaches followed in 
different countries worldwide reaffirm the sustainability commitment of the 
industry.

In this context, although the topic of “Sustainability in viticulture and winemak-
ing” has received increased attention from academic research in recent decades 
(Costa et al., 2022), different authors sustain that the wine industry is in the nascent 
stages of sustainability certification (Moscovici & Reed, 2018). Moreover, even 
with the interdisciplinary literature, there is still a gap in sustainable wine certifica-
tion research (Moscovici & Reed, 2018). This is particularly interesting given the 
wide range of frameworks covering different regions and production profiles and 
that the records for the first sustainable frameworks are from the 1990s (e.g., 
Sustainable Winegrowing New Zealand was initiated in 1994).
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Recent efforts have been developed to identify the primary aspects, drivers, and 
issues of the different frameworks around the world, looking to understand their 
common points and particularities. For instance, Corbo et al. (2014) present a com-
parison of the most important sustainability programs in the Italian wine sector, 
intending to highlight the opportunity to create synergies between the initiatives and 
define a common sustainability strategy for the Italian wine sector. Flores (2018) 
and Flores and Medeiros (2019) analyze current sustainability assessment frame-
works in six countries (South Africa, Australia, New Zealand, the USA, Chile, and 
France) to identify their main aspects, drivers, and issues. Moscovici and Reed 
(2018) compared 12 wine sustainability certifications worldwide with the aim of 
understanding how sustainability measures were developed, their level of member-
ship over time, the mechanics of becoming certified as sustainable, and their plan 
for future certifications.

From the literature, several conclusions emerge. Currently, there are a high num-
ber of sustainable certifications available in the market. Each one of them with its 
characteristics and particularities. It is documented that this considerable variation 
can limit transferability and likely generate confusion among consumers (Gerling, 
2015). Second, the frameworks are certifications in voluntary programs, using qual-
itative approaches to check compliance with guidelines without proposing the 
improvement of sustainability (Flores, 2018). It is also observed that countries in 
the “New World” (Southern Hemispheres wine countries and the United States) 
have been pioneers in introducing sustainability in the wine industry (e.g., USA and 
NZ) (Corbo et al., 2014). However, among them, Latin American countries with a 
presence in the wine industry, have presented diverse realities, with sustainable 
frameworks highly developed (as in the case of Chile), processes that currently are 
in their nascent stage (Argentina), and frameworks that they haven’t even started 
(Brazil).

In the following section, we will discuss the main characteristics regarding the 
sustainability of these three major viticultural countries of Latin America.

3.4 � Latin American Sustainability in Viticultural Firms

As mentioned in the above sections, Latin American wine producers are far from the 
major European producers in terms of area cultivated, production, and exports. 
However, the development of Latin American producers has presented rapid growth 
in the wine industry. Figure 3.3 shows the trends in production and exports of 6 
selected Latin American countries.

As presented in Fig. 3.3, on a detailed level, this growth has been mainly caused 
by two Latin American countries, Chile and Argentina, while other Latin American 
regions, such as the South of Brazil, although without an important role in wine 
exports, have presented important developments in production and vine surface.

Based on the above, we describe the development of sustainability frameworks 
of these three major Latin American producers.
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Fig. 3.3  Exports and production of wine of selected Latin American countries

3.4.1 � National Code of Sustainability for the Chilean 
Wine Industry

The National Code of Sustainability for the Chilean wine industry was developed 
by the Wines of Chile consortium in 2007 and formally launched in 2011 (Flores & 
Medeiros, 2019). The program certifies vineyards, wineries, and management prac-
tices and is compatible with international standards, such as the Global Reporting 
Initiative (GRI1). The Sustainability Code is based on requirements in four comple-
mentary areas: green (vineyards), red (process), orange (social), and purple (tour-
ism) (Sustentavid, 2023). The Code allows wine companies to be certified in the 
Green, Red, and Orange Areas and for individual grape producers to be certified in 
the Green Area and wineries in the Red Area. The purple standard complements the 
Sustainability Code in its three areas. Companies that request certification in this 
area must be certified in the Code, or if it is their first audit, they can request for their 
incorporation voluntarily. Wines that meet the standards can have the Wines of 
Chile-Sustainable label on their bottles. Today, 84 vineyards are certified, represent-
ing about 80% of bottled wine for export. To participate, it is necessary to register 
through a one-time fee which gives the user the right to receive Sustainability Code 
information such as the standard, checklists, and other basic documents as well as 
training activities on sustainability. Moscovici and Reed (2018), indicate that the 
Chilean certification is one of the most expensive internationally—approximately 
US $500. On the other hand, Valenzuela and Maturana (2016) indicate that the 
justification for registering and working for the certification lies on strategic 

1 A framework guiding the construction of sustainability reports, and establishing the principles 
and indicators that businesses can use to measure and publicise their economic, environmental, and 
social performance in the pursuit of sustainability.
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reasons, given that these are all wine exporters that would comply with international 
standards to remain competitive in the world market.

3.4.2 � Vitivinícola Sustainability Self-Assessment 
Protocol: Argentina

In 2011, Bodegas de Argentina (BdeA), a wine business chamber, developed the 
Vitivinícola Sustainability Self-Assessment Protocol with the collaboration of the 
National Institute of Viticulture (INV), the National Institute of Agricultural 
Technology (INTA), and the Faculty of Agricultural Sciences of the National 
University of Cuyo (Bodegas de Argentina, 2023). This document addresses all 
aspects related to the environmental, social, and economic sustainability of viticul-
ture, which aims to make viticulture and conventional winemaking more sustain-
able, improving the competitiveness of Argentine wines. The stages that wineries 
must complete to certify the Protocol are self-assessment, implementation, and veri-
fication audit by an authorized company and certification by BdA.  To date, 171 
units (farms and warehouses) have been certified in Mendoza, San Juan, San Rafael, 
Salta, and Río Negro (Bodegas de Argentina, 2023).

In 2018, the opportunity arose to develop a new broader protocol, which would 
serve as a non-certifiable methodological guide. This Guide is a supplementary 
document to the Protocol. Just as the latter is designed for companies with a high 
level of implementation of management systems that export to demanding markets, 
the Guide is aimed at small wineries and vineyards with little evolution in their 
management systems so that in this way, with less demand, they can access and 
implement sustainable practices.

Despite the Protocol beginning in 2011, a comparison made by Salas and Farreras 
(2022) indicates that the level of adherence of the Argentine wine industry to the 
BdeA Protocol is far below the levels of adherence of other wine industries. While 
in Argentina, adherence to its protocol is below 1%, among its main competitors, 
the adherence exceeds, in some cases, 95% (Salas & Farreras, 2022).

3.4.3 � Integrated Grape Production for Processing

Despite the emerging growth that Brazil has had in the wine sector (especially in the 
southern regions) (Barbosa et al., 2018), recent literature indicates that, in terms of 
sustainable viticulture, Brazil has just isolated and not systematized initiatives, and 
there is a lack of a common framework (Flores & Medeiros, 2019). However, the 
recent implementation of the Normative Instruction MAPA N°. 21, of June 2, 2022 
(which amends MAPA Normative Instruction No. 42, of November 9, 2016), called 
Integrated Grape Production for Processing (PIUP), could be the starting point for 
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future sustainability frameworks in the country. Such normative instruction refers to 
the “Farm” and “Industry” stages of the PIUP, covering all the processes conducted 
in agricultural production and processing. For both, the “Farm” and Industry stages, 
there are different thematic areas that correspond to mandatory norms to be fol-
lowed, recommended and prohibited, when applicable.

To verify the conformity of the items mentioned in the previous tables, the 
Brazilian Agricultural Research Corporation (EMBRAPA) provides checklists, and 
field booklets, in addition to a series of Technical Manuals for the Integrated 
Production of Grapes for Processing—Wine and Juice (Technical Manuals of PIUP).

Having checked the standards established by the Ministry of Agriculture, 
Livestock and Food Supply on the property, the producer must validate the confor-
mity assessment (certification). This process is carried out by certifiers accredited 
by the National Institute of Metrology, Quality and Technology (INMETRO). 
Table 3.1, shows the scope and coverage of each of the frameworks assessed.

3.5 � Challenges and Opportunities

This chapter presents a general overview of how Latin American viticultural firms 
are considering and developing sustainability in the wine industry. From the litera-
ture reviewed, several challenges and opportunities were detected.

In the first place, compared with the first sustainability frameworks that started 
in the 90s, the Latin American wine industry is still in the nascent stages of sustain-
ability certification. In this context, the Chilean wine industry has developed a suc-
cessful framework, where certified vineyards represent more than 80% of bottled 
wine production for exports. However, the high cost of the process can delay its 
implementation by smaller businesses. In the case of Argentina, the level of adher-
ence to the sustainability protocol has low adherence rates compared to their neigh-
bours. This suggests a need for greater engagement and implementation of 
sustainable practices.

In the second place, some opportunities arise from this review. As was observed, 
different efforts have been made to identify common aspects, drivers, and issues 
among different sustainability frameworks worldwide. Emerging initiatives, such as 
the Integrated Grape Production for Processing (PIUP) in Brazil, provide an oppor-
tunity to follow successful examples from neighbouring countries, which can help 
create synergies between initiatives and define common sustainability strategies.

3.6 � Conclusions

The wine industry in Latin America has experienced significant growth, primarily 
driven by Chile and Argentina. These two countries have played a major role in 
increasing the production and export of wine in the region. Overall, Chile and 
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Table 3.1  Scope and coverage of sustainability frameworks for Chile, Argentina, and Brazil

Country Framework Scope How much does it cover

Chile National code of 
sustainability for the 
Chilean wine 
industry

Developed by the consortium 
Wines of Chile in 2007, this 
program was launched in 2011 
and certified vineyards, 
wineries, and management 
practices. The main guidelines 
are agricultural management, 
chemicals, and water resources 
protection to vineyards; energy, 
water, and waste management 
to wineries; ethics, 
environment, quality of life at 
work, community and 
marketing, and customer 
compromise in management 
practices

Currently, there are 84 
certified vineyards, which 
represent more than 80% of 
the bottled wine production 
for export.

Argentina Bodegas de 
Argentina‘s 
sustainability 
protocol (Bodegas 
de Argentina 
sustainability code)

The BdA code, certified by 
specialized agencies that audit 
each producer, certifies 
wineries with sustainable 
practices in viticulture, soil 
management, energy efficiency, 
and water. conservation, solid 
waste management, air quality, 
human resources, and 
community.

To date, 171 units (farms 
and warehouses) have been 
certified in Mendoza, San 
Juan, San Rafael, Salta and 
Río Negro

Brazil Produção Integrada 
de Uva para 
Processamento- 
PIUI (Integrated 
grape production for 
processing)

Certification system that 
follows the norms of the 
Ministry of Agriculture. 
Requires audit, carried out by 
an independent certifier 
accredited to the Instituto 
Nacional de Metrologia, 
Qualidade e Tecnologia- 
INMETRO (National Institute 
of Metrology, Quality and 
Technology). Once approved, 
the producer receives the Brazil 
Certified stamp to be printed on 
the label. The System 
prioritizes food safety through 
the application of safe methods 
with a focus on sustainability. It 
has thematic areas divided into 
“Farm” and “Industry”, which 
cover all processes carried out 
in agricultural production and 
processing, respectively

The practical application of 
the system can be 
considered recent. 
According to the Empresa 
Brasileira de Pesquisa 
Agropecuária- EMBRAPA 
(Brazilian Agricultural 
Research Corporation), the 
first wines certified for PIUP 
are from the 2017 to 2018 
harvest
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Argentina have made significant progress in developing sustainability frameworks 
for their wine industries, being the first recognized and studied framework in main-
stream literature. For the Argentinean protocol, on the other hand, despite starting at 
a similar time to the Chilean code, the level of progress has not been at the same pace, 
having a low level of adherence compared to other wine industries. Finally, Brazil is 
still in the early stages of establishing a comprehensive framework. However, the 
recent implementation of Integrated Grape Production for Processing (PIUP) could 
be the initial step for a future common sustainability framework in the country.
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Chapter 4
Tropical Viticulture in Brazil: São 
Francisco Valley as an Important Supplier 
of Table Grapes to the World Market

Patricia Coelho de Souza Leão and Jullyanna Nair de Carvalho

4.1 � The Brazilian Vitiviniculture

Viticulture has great socio-economic relevance in Brazil, representing the main 
source of income in many producing regions, such as Serra Gaúcha, Rio Grande do 
Sul, and different municipalities in the state of São Paulo, where small family farms 
predominate. In the Submédio São Francisco Valley, the Northeast region of Brazil, 
the profile of this productive sector is characterized by small, medium, and large 
farms producing table grapes, juices, or wines, whose activities have contributed to 
confirming viticulture as an important generator of employment and income in the 
country (Mello & Machado, 2020; da Silva et al., 2019).

Brazil has the peculiarity of being the only country where the three types of viti-
culture (temperate, subtropical and tropical) are found, associated with different 
edaphoclimatic conditions and production systems (da Silva et al., 2019; Pereira, 
2020). Therefore, in Brazil, viticulture presents characteristics that vary according 
to the producing region, with specificities in phenology and duration of the produc-
tion cycle, harvest time, cultivars, management, and market.

Temperate climate viticulture is characterized by an annual cycle followed by a 
dormancy period induced by low winter temperatures.

Tropical and subtropical viticulture can be defined in five types according to the 
Multicriteria Climatic Classification (Tonietto & Carbonneau, 2004): tropical dry, 
tropical wet, tropical alternatively dry/wet, sub-tropical alternatively dry/wet, and 
sub-tropical dominantly wet. They include many countries and very particular 
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tropical viticultures in Brazil, Peru, Venezuela, Colombia, Guatemala, India, 
Thailand, and others characterized as subtropical in the South of Brazil, Uruguay, 
Korea, Japan and others.

Subtropical viticulture is practiced in regions of mild and short winters with one 
productive cycle per year; however, with the use of different management practices, 
two vegetative cycles are performed, obtaining two harvests per year. Tropical viti-
culture is characterized by not having a defined winter without the minimum accu-
mulation of cold hours necessary to break the physiological dormancy of the buds.

The implementation and evolution of new technologies, such as the development 
of cultivars, along with the improvement of viticultural practices, have contributed 
to the success and expansion of Brazilian tropical viticulture.

The traditional temperate climate viticulture is in the South and Southeast regions 
of Brazil. Tropical viticulture is concentrated in the Northeast region, while sub-
tropical viticulture is in the Southeast, Midwest, and Northeast regions of the coun-
try, especially in high-altitude microclimates (EPAMIG et al., 2020).

The production is differentiated according to the growing region: in the South, 
the cultivation of American and hybrid grapes for the manufacture of juices and 
wines predominates, and in the other regions, the cultivation is of American (Vitis 
labrusca and hybrids) and European (Vitis vinifera) table grapes, both for the 
domestic market and for export (Gazolla et al., 2020). The trend is that Brazil will 
continue to specialize its production of seedless table grapes to meet the interna-
tional market and that, in the South, the area cultivated with vinifera grapes will 
increase to the detriment of the cultivation of American and hybrid grapes (Gazolla 
et al., 2020).

The area harvested with grapevines in Brazil, in 2022, was 74,520 ha. With the 
increase of this area each year, the table grape and its derivatives gain prominence, 
especially in the exports of fresh grapes from the states of Pernambuco and Bahia in 
the Submédio São Francisco Valley, as well as wines, sparkling wines, and juices 
produced in Rio Grande do Sul, which also registered an increase in exports (Kist 
et al., 2022).

Brazil occupied the 15th position in the world ranking of grape production and 
the 21st position in the ranking of areas cultivated with grapevines. Brazilian grape 
production grew by 5.92%, while the planted area decreased by 9.87% between the 
years 2010 and 2020. Brazil produced 1.84% of the world’s grapes and occupied 
1.06% of the world’s grape-growing area in 2020. Despite not being among the 
world’s largest producers of grapes, it is worth noting that Brazil is the country that 
stood out with the average productivity of vineyards in this period reaching 23 ton/
ha, an increase of 16.84%, maintaining its world leadership status (FAO, 2022).

4.2 � Tropical Viticulture in the Brazilian Semiarid Region

Most viticultural regions in the world are located between latitudes 40° to 50° N and 
30° to 40° S, also known as the temperate climate belt (Kok, 2014). However, the 
last five decades have seen the expansion of world viticulture in tropical and 
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subtropical climate countries in South America, Asia, and Africa (Brazil, Peru, 
India, Thailand, and Madagascar).

The vine adapts differentially in every climatic condition by imposing a particu-
lar management system, resulting in varied yield and quality of grapes. Thus, the 
focus here is going to be on the dry tropical viticulture, highlighting growing regions 
like Piura in northern Peru (05°11′40″ S 80°37′58″ W), Zulia in Venezuela 
(10°57′51″ N, 71°44′8″ W), and Petrolina and Juazeiro in the Northeast of Brazil 
(9°23′39″ S, 40°30′35″ W). Viticulture in these regions is the nearest to the Equator 
line in the world and has high similarities between them. São Francisco Valley can 
be considered an example of this group as one of the pioneers and most technically 
advanced for growing table grapes.

The production system in tropical conditions differs significantly from tradi-
tional viticulture in temperate climates. Thus, tropical and subtropical regions 
require other methods for breaking bud dormancy, pruning, training techniques, bud 
fertility, and vigor controls to achieve successful harvests, and thus make the crop 
viable in non-traditional regions (Jogaiah et al., 2013).

The Submédio São Francisco Valley in the Northeast of Brazil is the main pro-
duction hub for table grapes in the country, also standing out as an important sup-
plier of grapes in the Southern Hemisphere for the global market. The beginning of 
viticulture in the Submédio São Francisco Valley occurred with the implementation 
of public irrigation projects in the early 1960s. However, it was from the 1980s 
onwards that it expanded rapidly, with public and private investments that contrib-
uted to the technological advancement and development of viticulture in the 
Brazilian semiarid region, which found competitive advantages in the internal and 
external scenario in the tropical semiarid climate, with high temperatures, high 
insolation and availability of good quality water for irrigation (Soares & de 
Leao, 2009).

The intra-annual climatic variability results in changes in plant physiology, with 
variable responses in floral differentiation and bud fertility, phenology, growth of 
branches and berries, and especially in the physiology of ripening and consequently 
in the production of phenolic compounds, anthocyanins that give grapes more or 
less color, sugar content, and acidity in the fruit. Therefore, the volume and espe-
cially the quality of the grapes can vary greatly between the harvests of the first and 
second half of the year.

It is worth mentioning that the development of new cultivars, different manage-
ment technologies for tropical regions, certification of viticultural products as inte-
grated production, geographical indications and organic production were 
fundamental for the progress of viticulture in the region, especially in the pole 
Petrolina/Juazeiro. Public institutions, such as Embrapa and partners provided the 
technical and scientific support for this development.

The area cultivated with grapes in the Submédio São Francisco Valley had a 
growth of 11% in the period between 2010 and 2021, becoming 13.51% of the area 
with grape plantations in Brazil (IBGE, 2022). The production of grapes in the 
region had a high growth (89.62%) between the period 2010 and 2021, going from 
241 to 457 thousand tons, which represented 26.83% of the Brazilian production 

4  Tropical Viticulture in Brazil: São Francisco Valley as an Important Supplier…



50

(Fig. 4.1a) (IBGE, 2022). However, a smaller growth of only 11% was observed 
concerning the cultivated area, which demonstrates the use of technologies that 
have significantly increased the yield of the vineyards. The average yield in this 
region is higher than the national and world averages, with larger volumes produced 
each year, and in the period between 2010 and 2021, the growth was 53.4%. In 
2021, the average yield of grapes was 39.8 t/ha, 73.64% and 209.11% higher than 
the averages for Brazil and the world, respectively (Fig. 4.1b). Petrolina, State of 
Pernambuco, was the municipality with the highest average yield (47.6 t/ha), fol-
lowed by Juazeiro, State of Bahia, which produced about 32  t/ha (IBGE, 2022). 
From this information, it can be concluded that the world highlights for the increase 
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in Brazilian yield is the high yield achieved in the Submédio São Francisco Valley, 
especially in the municipality of Petrolina.

The grape is one of the main fruits on the export agenda of the Submédio São 
Francisco Valley region. In the period from 2010 to 2021, the region increased by 
23% the quantity of grapes exported. In 2022, 52,6 thousand tons were exported, 
collecting approximately 113,9 million dollars (MDCI, 2023), which corresponded 
to 98% of the volume and value of Brazilian grape exports. However, it is worth 
noting the importance of the domestic market in the dynamics of regional grape 
growing, for it absorbed about 381.8 thousand tons of grapes, which corresponded 
to 83.56% of production in the year 2021 (IBGE, 2022).

Finally, following the consumption trend of the world market for fresh fruit and 
in order to offer new cultivar alternatives to the domestic market, grape growers in 
the Submédio São Francisco Valley currently concentrate on the production of seed-
less grapes. This region is the main producer of seedless grapes in the country, sup-
plying both domestic and foreign markets.

4.3 � Climate, Soil, and Vegetation Characterization 
in the Brazilian Semiarid Region

The rainfall regime in the Brazilian semiarid region is marked by scarcity, spatial, 
and temporal irregularity and long periods of drought. Rainfall is concentrated in 
4 months per year (December to April) with an annual average of less than 800 mm 
(Fig. 4.2). Evaporation rates are high ranging from 1200 to 3200 mm.year−1 due to 
the high solar radiation associated with the irregularity of the rainfall regime. The 
average annual temperatures in most of this region present values between 24 and 
28  °C (Fig.  4.2). The relative humidity reaches lower values around 56% in the 
central part of the region and increases reaching 76–80% in the transition belt with 
the east coast (Moura et al., 2019).

In the semi-arid region, there is a great variation of lithology, original material, 
relief, and soil moisture that resulted in the presence of different classes of soils. In 
general, the soils are poor in organic matter, with low cation exchange capacity 
(CEC), low natural fertility, and highly variable textures according to the type of 
soil, from sandy or sandy-clayey in Latosols to clayey in Vertisols (Cunha 
et al., 2010).

The vegetational complex that corresponds to what is known as Caatinga has 
recently been categorized as a Phytogeographic Domain, and no longer as a Biome. 
The Domain can be characterized as xerophytic vegetation, low, with generally dis-
continuous canopy, and deciduous foliage in the dry season with great floristic and 
physiognomic variation along its range of occurrence. The most recent classifica-
tion recognizes eight Ecoregions in the Caatinga, with distinct vegetational struc-
tures, understanding that the variation in vegetation structure is conditioned by 
relief, soil, and annual precipitation characteristics (Queiroz et al., 2017).
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Fig. 4.2  Climate data (1975–2022) on rainfall (mm), mean, minimum, and maximum air tempera-
ture (°C), relative humidity (%) and evaporation (mm)

4.4 � Table Grape Cultivars

Over this last decade, the table grape cultivars ‘BRS Vitória’ (Maia et al., 2012), 
‘BRS Isis’ (Ritschel et  al., 2013), ‘BRS Nubia’ (Maia et  al., 2013), and more 
recently, ‘BRS Melodia’ (Maia et al., 2019) and ‘BRS Tainá’ (Leao et al., 2020) 
were released (Fig. 4.3). The new cultivars developed by Embrapa, especially ‘BRS 
Vitória’ have aroused great interest and rapidly expanded the cultivated areas, with 
an important economic and social impact on Brazilian tropical viticulture.

It is worth mentioning the importance of cultivars developed by different inter-
national breeding companies, among which the most important white grapes are 
Arra 15® (Grapa), Sugar Crisp® (Bloom Fresh) Autumm Crisp® (Sun Word) and 
Timpson® (Bloom Fresh), Sweet Globe® and Cotton Candy® (Bloom Fresh); among 
red grapes: Sweet Celebration®, Candy Snaps® (Bloom Fresh), Timco® (Bloom 
Fresh), Scarlotta Seedless® (Sun World) (Fig. 4.4) and black grapes: Sweet Saphire® 
(Bloom Fresh), Sable® and Midnight Beauty® (Sun World). Besides these most 
important ones, many others are being produced on a smaller scale or still being 
evaluated in test blocks by companies in commercial areas. The cultivars are avail-
able only to licensed growers and the contracts imply the payment of royalties on 
the volumes produced or commercialized and may vary according to the genetic 
company.
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Fig. 4.3  Grape cultivars developed by Embrapa: ‘BRS Vitória’ (a), ‘BRS Isis’ (b), ‘BRS Nubia’ 
(c), ‘BRS Clara’ (d), ‘BRS Melodia’ (e) and ‘BRS Tainá’ (f). (Pictures: Patrícia Coelho de Souza 
Leão (a–c, e, f) and Embrapa (d))
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Fig. 4.4  Cultivars from international private breeding programs: Arra 15® (a), Sugar Crisp® (b), 
Autumn Crisp® (c), Timpson® (d), Sweet Celebration® (e), Scarlotta Seedless® (f). (Pictures: 
Amanda Rodrigues (a), Bloom, Fresh (b, e), Andrea Pavesi (c, f) and Bloom Fresh (d))
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The cultivars should present, as one of its main characteristics, the high fertility 
of buds, preferably in the basal buds, allowing short or medium pruning with about 
five buds per stick. In addition, they must present productive stability to allow the 
production of two harvests per year with average yields above 25 tons/ha in each 
harvest, avoiding the problem of alternating productivity between harvests, which is 
common in most traditional cultivars

4.5 � Production Systems

The grapevine production system, especially in tropical conditions, is a complex 
system where pruning and irrigation are crucial factors to enable fruit production. 
However, commercial production with high productivity and quality adequate for 
the market requires the adoption of a set of management practices that include the 
choice of rootstock appropriate for each cultivar of grapevine, conduction system 
and planting density, rational management of water and nutrients through fertiga-
tion, phytosanitary control by adopting the precepts of the integrated management 
of pests and diseases, soil management practices and control of spontaneous weeds, 
and a set of practices performed on the canopy and clusters, which include different 
operations of green pruning, as well as the use of growth regulators with different 
objectives.

The conduction system used varies according to several factors, but mainly the 
type of grape and purpose of production (consumption in nature or processing of 
wines and juices). In the Submédio São Francisco Valley, the trellis is predominant 
for table grape production, while for winemaking, three trellising systems can be 
found in the region: trellis, espalier and lyre. The latter has as its main advantage in 
the increase in productivity compared to espalier.

Pruning practices include dry pruning, which is done on woody branches after 
the resting period, and green pruning operations that are performed on the grapevine 
canopy to eliminate shoots, branches, secondary shoots, tendrils, leaves, and inflo-
rescences and are carried out during the vegetative growth cycle.

For the production of two harvests per year, mixed pruning is used, when the 
same plant simultaneously combines spurs (branches with two to three buds) close 
to the main branch and canes or shoots (branches with more than four buds), that is, 
the production units are composed of one or more spurs and, in general, two to three 
canes (Fig. 4.5a). Pruning can be performed at any time of the year. Still, it is recom-
mended a minimum interval of 40 days between harvest and pruning of the next 
cycle to promote the complete maturation of the branches and storage of reserves 
before the production pruning of the next cycle.

Green pruning gathers a set of operations performed on the grapevine canopy to 
eliminate organs such as shoots, stems, branches, tendrils and inflorescences, and 
tip of the shoots (Fig. 4.5b), and are performed during the vegetative growth cycle. 
These practices can affect bud fertility, increased cluster and berry size, ripening 
evolution, and color development. They modify the microclimate inside the 
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Fig. 4.5  Production pruning and budding stage (a) and tip of the shoots (b). (Pictures: Patrícia 
Coelho de Souza Leão (a) and César Mashima (b))

vineyard, allowing more aeration and luminosity and lower relative humidity, 
increasing the efficiency of phytosanitary control of diseases and pests.

In table grapes, the appearance of the bunch and berries influence the acceptance 
and choice of the consumer. Therefore, the correct implementation of bunch man-
agement practices is essential since they directly affect characteristics such as 
weight, size, shape, compactness, ripeness, and color of the grapes. It is up to the 
grape grower to decide whether to perform them, depending on the economic 
aspects and requirements of the destination market of the grape, as well as the 
requirements of each cultivar.

The management practices that have a direct action on the improvement of the 
quality of the bunches are the following: thinning and detaching of bunches, decom-
paction of bunches and thinning of berries, ringing of the stem and/or branches, and 
application of growth regulators.

The protected cultivation or covering of the vineyard with plastics such as raffia 
and polyethylene or 100% polyethene has increased in recent years, the main objec-
tive being the protection of the bunches against damage caused by rainfall, such as 
abortion at flowering and fruit set, the incidence of disease, cracking of berries and 
rotting of ripe grapes. Despite the high investment in covering the vineyard, the 
return on investment is quick for grapes with high market value, especially for export.

The table grapes are harvested according to the characteristics of each cultivar, 
considering in general minimum values of soluble solids of 15°Brix, and a ratio 
(brix/acidity ratio) of minimum 20. Therefore, the monitoring of the content of sol-
uble solids and titratable acidity is necessary as the grapes ripen. Before the harvest, 
it is important to clean the bunches to eliminate rotten berries, stained and with 
mechanical or physiological damage. The grapes are packed in the packing house 
and stored in cold storage or harvested and transported immediately to the domes-
tic market.
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4.6 � Final Considerations

The diversification and improvement of management practices of grapevine culti-
vars observed in the last decade resulted in positive impacts in strengthening of the 
production chain of tropical grape growing in Brazil. The offer of new cultivars 
consolidated the consumption of seedless grapes in Brazil and reduced the volumes 
imported, especially from Chile. In the foreign market, one notices the trend in 
recent years of regular supply of different types of table grapes throughout the year, 
including the months of the first semester when supply is restricted in importing 
markets (Lima et al., 2019). In addition, there is growing interest in diversity, i.e., 
grapes with different shapes, colors and especially unique and exotic flavors. 
Gourmet type grapes are mainly aimed at niche markets with higher sales values 
and show a strong growth trend. However, cultivars that have white color, large ber-
ries, and firm, crunchy, neutral, and pleasant flavor continue to be the ones that find 
more space in foreign markets.

The availability of many cultivars has required adjustments in the production 
system. Aspects such as choice of rootstock, management system, protected cultiva-
tion, spacing, types of pruning, density of shoots and bunches, use of growth regula-
tors, water and nutrient management, phytosanitary control, determination of the 
harvest point, and use of technologies to increase shelf life need to be defined con-
sidering the different responses and requirements of each one of the table grape 
cultivars.

In addition, technological challenges of tropical viticulture in the semi-arid 
region are also those common to other Brazilian fruit growing chains: seedling pro-
motion and certification; development and use of inputs and biological/natural con-
trol agents; adding value to fruits and their derivatives; reduction of post-harvest 
losses; development of new packaging and forms of commercialization attractive to 
the consumer; varietal diversification; structuring of observatories, registers and 
databases for decision making by the actors of the productive chains; expansion of 
the use of precision fruit farming tools; mechanization in fruit farming and the use 
of support equipment for monitoring, based on the adoption of information and 
knowledge technologies; strengthening the intensive use of warning systems and 
damage mitigation technologies by reducing the impact of climate changes and 
losses by biotic and abiotic factors associated with climate; and developing and 
promoting geographical indications of fruits (Lima et  al., 2019). Besides, global 
issues of world agriculture in this twenty-first century are related to mitigation of 
climate change impacts and sustainability.

Therefore, these demands highlight the importance of the organization of the 
different links of the production chain, the associations and cooperatives of small 
and medium producers, and the strengthening of partnerships between public and 
private institutions to ensure the sustainable growth of table grape production in the 
Brazilian semiarid region to meet the growing demands of high-quality grapes for 
national and international markets.
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Chapter 5
Heavy Metal Stress Response in Plants 
and Their Adaptation

Gustavo Brunetto, Daniela Guimarães Simão, Luciane A. Tabaldi, 
Paulo A. A. Ferreira, Edicarla Trentin, Carina Marchezan, 
Tadeu Luis Tiecher, Eduardo Girotto, Lessandro De Conti, 
Cledimar Rogério Lourenzi, Kleber Resende Silva, Anderson C. R. Marques, 
Letícia Morsch, Allan Augusto Kokkonen, Stefano Cesco, and Tanja Mimmo

5.1 � Introduction

Anthropogenic activities add significant amounts of metallic elements to the soil, 
especially heavy metals, which, when observed at levels above those considered 
adequate in soils and/or water springs, can cause toxic effects on plants, animals, 
microorganisms and human beings. In plants, the symptoms of toxicity initially 
may appear in the roots, through morphological and anatomical modifications 
(Guimarães et al., 2016; Somavilla et al., 2018; Morsch et al., 2022). For this rea-
son, water absorption and nutrients may be impaired, which may cause changes to 
the nutritional concentration of shoot organs (Amari et al., 2017; De Conti et al., 
2018, 2020; Trentin et al., 2022). Also, biochemical and physiological changes may 
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occur in the shoot of plants, especially because of the excess of heavy metals in soils 
and, consequently, in the tissue (Tiecher et  al., 2016a, b; Trentin et  al., 2019; 
Hammerschmitt et al., 2020; Schwalbert et al., 2021). All this may compromise the 
plant development, the yield, and even depreciate its quality (Couto et al., 2018; 
Hammerschmitt et al., 2020; Schwalbert et al., 2021). The different plant species 
can possess strategies to avoid the absorption of heavy metals (Montiel-Rozas et al., 
2016; De Conti et al., 2020; Trentin et al., 2022). However, different internal mecha-
nisms to avoid transport between organs have also been described (Mwamba et al., 
2016; Zhou et al., 2017; Xiao et al., 2020). Thus, some plant species can grow and 
produce properly even in soils with an excess of heavy metals in soils or tissue 
(Zhou et al., 2017; Xiao et al., 2020). This chapter aims to present sources of heavy 
metals in soils, the main modifications caused by heavy metals in roots, as well as 
physiological and biochemical changes in plants. Moreover, adaptation strategies 
are also outlined with particular emphasis on the subtropical/tropical soils and the 
plant species growing in these substrates.

5.2 � Sources and Excess of Heavy Metals in Environments

The application of pesticides represents a cause of increased heavy metal content in 
soils. In subtropical regions, such as the South of Brazil, fruit crops receive frequent 
applications of fungicides that can cause an increase in the levels of heavy metals in 
the soil, especially those belonging to the chemical group of dithiocarbamates (e.g. 
mancozeb and propineb) and the inorganic Cu-based ones (e.g. Cu sulfate, Cu oxy-
chloride and Cu hydroxide), because they contain Cu, Zn and Mn in their molecular 
formulas. These fungicides are used for the control of leaf diseases, especially 
downy mildew (Plasmopara viticola) in orchards (Brunetto et al., 2017). In a single 
cycle of grapevine culture, for example, the sum of fungicide applications can cause 
the input of 6.76 kg Cu/ha by year and 2.00 kg Zn/ha by year (Tiecher et al., 2022), 
which often causes excessive accumulation of these metals in vineyard and orchard 
soils (Brunetto et al., 2014a; Miotto et al., 2017; Korchagin et al., 2020; Cesco et al., 
2021). The substitution of fungicides containing Cu by those containing Zn to a 
lesser extent also contributes to the increase in the contents of other heavy metals in 
soil, such as Zn (Brunetto et al., 2014a, 2017; Cambrollé et al., 2015; Tiecher et al., 
2016a, b). Table 5.1 presents the total Cu and Zn contents in soils cultivated with 
fruit trees.

With the accumulation of heavy metals in soils cultivated with fruit trees, espe-
cially above the adsorption capacity of the soil, leaching phenomena are expected, 
causing contamination of surface and groundwater. A large potential for toxicity to 
fruit trees, grapevines, and cover crops used in orchards should also be considered 
(Brunetto et al., 2014a). Also, Cu and Zn accumulation in the vineyard and orchard 
soils can also be promoted by the continued application of organic by-products, 
such as animal waste. In the latter, the source of metals is essentially the animal diet. 
This effect has been observed in pasture and grain production areas with a history 
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Table 5.1  Total contents of Cu and Zn in soils cultivated with fruit trees in the southern region 
(Brazil)

References Soil type
Age of area Depth Total Cu Total Zn
years cm mg/kg

Vitis vinifera

Mirlean et al. (2007) Oxisol 5 0–5 402.0 176.4
40 1006.8 199.1

Spodosol 61 1979.2 204.2
100 2214.7 240.0

Entisol 20 50.9 16.2
45 561.4 51.6

Brunetto et al. (2014a) Ultisol 14 0–20 19.7 15.8
30 73.1 16.8

Brunetto et al. (2014b) Inceptisol 4 0–20 244.4 151.2
6 263.3 158.2
10 290.8 179.9

Couto et al. (2015) Alfisol 95 0–20 463.3 96.7
Brunetto et al. (2018a) Ultisol 4 0–20 48.7 122.3

15 52.6 65.3
Hummes et al. (2019) Entisol 120+ 0–20 1151.4 36.9

Oxisol 10 66.7 11.6
Korchagin et al. (2020) Entisol 122 0–20 1819.0 151.0

Malus domestica

Brunetto et al. (2018b) Inceptisol 8 0–20 62.0 49.1
18 72.5 107.1

of application of animal waste (liquid and solid) and organic compost (Girotto et al., 
2010; Tiecher et al., 2013; Couto et al., 2018). The same can happen in vineyards 
and orchards, in conventional, integrated, or organic production systems, which 
have long histories of organic fertilizer applications, especially when the doses 
added to the soil are defined without technical criteria.

Heavy metal levels in soils are also influenced by vineyard age, fungicide appli-
cation history, application frequency, soil type, organic matter content, and soil 
management (Brunetto et al., 2016; Bortoluzzi et al., 2019). In particular, the age of 
the vineyard is one of the main indicators, because of the high use of fungicides in 
viticulture. In young vineyards, cultivated in places with no history of cupric fungi-
cide application, Cu contents in soils are generally low, as observed by Hummes 
et al. (2019). In a vineyard with five (5) years of cultivation, a Cu content extracted 
by Mehlich-1 of 12.4 mg/kg was observed. On the other hand, Casali et al. (2008) 
observed a Cu content extracted by EDTA of 583 mg/kg in a vineyard with 40 years 
of cultivation, while Korchagin et al. (2020), in a vineyard with 120 years of cultiva-
tion, observed a Cu content extracted by Mehlich-1 of 1300 mg/kg. The history of 
cultivation and, consequently, of fungicide applications is also related to the average 
rainfall of a specific region. Mirlean et al. (2007) observed Cu contents of 75 to 
500  mg/kg in soils from vineyards located in regions where the average annual 
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rainfall varies from 350 to 750 mm. While the Cu content observed in a vineyard 
located in the southern region of Brazil, with rainfall ranging from 1700 to 2000 mm, 
was 3200 mg/kg.

5.3 � Excess of Heavy Metals and Morphological 
and Anatomical Changes in Roots

In viticulture, the accumulation of heavy metals in the soil, such as Cu and Zn, is 
frequently reported in numeral areas across the world (Beygi & Jalali, 2019; 
Brunetto et al., 2016, 2018a; Campillo-Cora et al., 2019; Miotto et al., 2017; Sonoda 
et al., 2019). The roots, the first plant organ to come into contact with the metal, 
exhibit early signs of toxicity. Several structural alterations in this crucial plant 
region have been observed in studies analyzing the bioaccumulation of these metals 
in grapevines and associated cover crops (Guimarães et al., 2016; Ambrosini et al., 
2018; Castro et al., 2021; Morsch et al., 2022).

Considering the morphological aspects, roots of vines and cover crops that grow 
under high concentrations of Cu and Zn often show similar and easily noticeable 
symptoms, such as short, rigid and darkened roots with a larger diameter (Yang 
et al., 2011; Ambrosini et al., 2015; Guimarães et al., 2016; Tiecher et al., 2018; 
Morsch et al., 2022). Figure 5.1 show fragments of roots in a differentiated region, 
where lateral roots develop; it is noted that the roots are thicker and darker under 
influences of Cu (Fig. 5.1b) and Zn (Fig. 5.1c). Copper can also promote lateral root 
development in grapevines (Fig. 5.1b; Morsch et al., 2022) and in cover crops such 
as black oat (Guimarães et al., 2016). Many of these lateral roots, however, do not 
develop completely, resulting in swelling in both the apical (Kopittke et al., 2009; 
Morsch et al., 2022) and distal areas of the root apex (Fig. 5.1b). On the other hand, 
Zn seems to reduce the number of lateral roots in grapevines (Fig. 5.1c; Silva & 
Simão, 2022).

As previously noted, the reduction in root length is one of the most evident 
symptoms of Cu and Zn phytotoxicity. This effect can be explained anatomically by 
the decrease in cell division frequency associated with cell differentiation at the root 
apex. In this context, a decrease in mitotic activity of the root meristem of grape-
vines and cover crops has been reported as an impact of Cu and Zn accumulation 
(Juang et al., 2012; Ambrosini et al., 2015; Guimarães et al., 2016; Castro et al., 
2021; Morsch et al., 2022). Copper may also be involved with anatomical changes 
in the root cap of grapevines (Ambrosini et al., 2015) and cover crops, especially, 
when cultivated in soil (Guimarães et al., 2016). This results in a reduction in the 
size of the root cap, which may also affect the protection of the root apex during its 
growth in the soil (Lynch et  al., 2012), and the subsequent development of the 
root axis.

The anatomical changes of the root apex modify the arrangement of differenti-
ated tissues in the distal regions of the root. For example, high contents of Cu 
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Fig. 5.1  Structural changes in grapevine roots by heavy metals (Roots of rootstock SO4 - Vitis 
berlanderi x V. riparia; (a, d, and g) Control treatment; (b, e and h) High concentrations of Cu; (c, 
f and i) High concentrations of Zn). (a–c) Morphological aspects in distal portions. (d–f) General 
anatomical aspects, in cross sections. (g–i) Details of epidermal and cortical regions, in cross sec-
tions. (Arrowheads indicate the development of lateral roots; C, cortex; LR, lateral root; VC, vas-
cular cylinder). Bars: a–c = 1 mm; d–f = 200 μm; g–i = 50 μm

increased the areas of the cortex and vascular cylinder in grapevine roots, resulting 
in an increase in the organ’s diameter (Ambrosini et al., 2015, 2018). The disorga-
nization of cortical cell layers in the apical region promotes this increase in thick-
ness in the distal portions. In some cases, the development of larger cells in the 
cortex can also be observed (Fig. 5.1d, e). Regarding Zn, studies have shown that a 
high content of this metal also increases the root diameter of grapevines (Castro 
et al., 2021). In some varieties, the greater diameter of the roots seems to occur due 
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to the greater number of cortical cell layers (Fig. 5.1f), although more studies are 
needed for grapevines as well as their associated cover crops. From a functional 
point of view, a larger diameter root could compensate for a shorter axis, since 
shorter roots represent a smaller area for water and nutrient uptake (Ambrosini 
et al., 2018).

The development of lateral roots, as a result of high Cu contents, occurs as a 
consequence of a modified meristematic activity in the vascular cylinder (Fig. 5.1e; 
Guimarães et al., 2016; Morsch et al., 2022), which can contribute to the absorptive 
role of a shorter root axis in a compensatory manner. Early differentiation of root 
tissues may also promote secondary growth in roots, a trait recently observed in 
some grapevine genotypes (Morsch et al., 2022). These authors reported that both 
main root growth and lateral root production in these plants are highly prone to 
excessive Cu. Plasmolysis in grapevine epidermal and cortical cells under high Cu 
doses is another symptom that can be perceived at the anatomical level when com-
paring treatments (Fig. 5.1g, h) and may interfere with root uptake pathways (Juang 
et al., 2012; Morsch et al., 2022). This does not seem to occur at high Zn concentra-
tions (Fig. 5.1i), although it is important to expand the grapevine genotypes tested.

Yet, in grapevine research, an increase in the number of cells containing phenolic 
compounds is reported when roots develop under high Cu concentrations (Ambrosini 
et al., 2015; Morsch et al., 2022). Studies evaluating the stress induced by high Zn 
concentrations in grapevines and associated cover crops should be encouraged in 
this regard, as there is evidence that this metal also increases the number of cells 
storing phenolic compounds in peach trees (Somavilla et al., 2018). Heavy metals 
in soil are well known to stimulate the production of phenolic compounds in differ-
ent parts of plants, including roots (Bouazizi et al., 2010). This increased biosynthe-
sis can be considered a defense mechanism against oxidative stress caused by 
reactive oxygen species (ROS) (Michalak, 2006). Moreover, the reactivity of phe-
nolic compounds and heavy metals inside the plant might act as a chelating agent 
(Michalak, 2006; Ambrosini et  al., 2016a, b). The production of phenolic com-
pounds is also crucial in the synthesis of lignin, which can lead to the formation of 
more resistant cell walls, preventing heavy metal entrance and distribution through-
out the plant (Michalak, 2006).

All of these results, demonstrating the phytotoxic effects of heavy metals on the 
root system, indicate that anatomical changes are caused by cellular events that 
operate on mitosis and differentiation processes, modulating the structure of each 
root, as well as the root system as a whole. It is worth mentioning that an overview 
of some of the phytotoxic effects related to high concentrations of Cu and Zn in the 
roots, mainly in grapevines, has been presented here due to the importance of these 
metals in agricultural soils and vineyards. Thus, we highlight the grapevines as 
appropriate models for evaluating structural responses to heavy metals. The struc-
tural changes in roots might compromise the transport of water and nutrients to the 
other parts of the plant, affecting the shoot’s equilibrate development and, as a 
result, the crop’s yield potential and reproduction capacity. Therefore, structural 
alterations in the root system caused by heavy metals can help in understanding 
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plant development under such stress conditions, as well as serve as markers of metal 
contamination levels in a specific soil.

Nevertheless, strategies for reducing the impact of heavy metals on cultivated 
plants, such as evaluating the tolerance of genotypes/cultivars, should be consid-
ered. Heavy metal effects on grapevine genotypes might vary; some are more toler-
ant than others (Castro et al., 2021; Morsch et al., 2022). The Magnolia genotype 
(Vitis rotundifolia), for example, was the most tolerant in the latter investigation, 
which evaluated three grapevine genotypes in response to excess Cu; the roots of 
this genotype did not show severe structural alterations (Morsch et al., 2022). The 
impact of P in minimizing Cu phytotoxicity was also evaluated in the same study. 
Phosphorus can mitigate Cu toxicity, showing that the reduced size of the root cap, 
early tissue differentiation, and development of lateral roots close to the root meri-
stem were minimized (Morsch et al., 2022). Beneficial effects of P supply on root 
anatomy have also been observed in cover crops when cultivated with excess Cu 
(Guimarães et al., 2016). Furthermore, it has already been observed that liming also 
minimizes the morphological and anatomical alterations caused by excess Cu in 
grapevine roots, which happens because of the increase in pH, which decreases Cu 
availability, but also because of the increase of Ca and Mg in the soil (Ambrosini 
et al., 2015). This indicates that other elements associated with heavy metals can 
mitigate phytotoxic effects, and are also strategies to extend the use of vineyard soils.

5.4 � Aspects of the Excess Heavy Metals in Mineral Nutrition

The uptake of chemical elements by the plant root system occurs through three main 
mechanisms: (i) the apoplastic route in which water and ions move through a con-
tinuous system of cell walls, without crossing any cell membranes as it crosses the 
root cortex until the element is blocked at Caspary striation; (ii) the symplastic route 
in which water and ions, once inside a root cell, flow between cells through plasmo-
desmata that interconnect neighboring cells; and (iii) the transmembrane route in 
which water and ions move across the plasma membranes of neighboring cells, with 
a short stay in the cell wall space. The movement of any chemical element across 
the cell membrane is accomplished through ion transporters and channels, which 
regulate the elements’ entry into the cytoplasm of cells (Marschner, 2012).

In this context, excessive heavy metal uptake can compromise the selective per-
meability of membranes, causing imbalances in the uptake of other elements 
(Tiecher et al., 2018; De Conti et al., 2019; Marastoni et al., 2019). The negative 
interferences of phytotoxicity on ion homeostasis are a direct effect of excess heavy 
metals in the root growth medium. However, the loss of efficiency of the photosyn-
thetic process and the allocation of energy to survival mechanisms in stressed plants 
can promote secondary effects on nutrition by limiting the availability of energy to 
other physiological processes, such as nutrient uptake and translocation, which 
occurs predominantly in an active way (Marschner, 2012).
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The impact of heavy metal toxicity on plant nutrition is directly dependent on the 
type of contaminating element considered, the level of contamination, and the plant/
cultivar species considered. In fact, plant species often differ in their tolerance 
mechanisms activated to mitigate damage (Zhang et al., 2014). In general, uptake of 
the micronutrients Cu2+, Fe2+, Mn2+ and Zn2+ tend to be impacted to a greater mag-
nitude by heavy metal toxicity, due to competition in the root apoplast (Rabêlo & 
Borgo, 2016).

P is the macronutrient that frequently has its uptake affected in plants subjected 
to heavy metal toxicity, especially Cu and Zn. This is probably related to the physi-
ological and morphological changes in the root system, especially the reduction of 
growth and root volume, which is a symptom of toxicity frequently reported in 
plants grown under Cu (Ambrosini et al., 2015; Guimaraes et al., 2016; De Conti 
et al., 2018, 2021) and Zn (Tiecher et al., 2017, 2018; Somavilla et al., 2018) toxic-
ity conditions. Moreover, it has been recently demonstrated that direct Cu action on 
the uptake mechanisms (e.g. transporters) can be at the base of the limited root 
acquisition of P in Cu toxicity (Feil et al., 2020). A role played by an alteration of 
root plasma membrane permeability induced by Cu toxicity cannot also be excluded. 
Since the main mechanism of P supply is diffusion, which occurs in ml proportion 
in soil, and the nutrient has low mobility in soil, reducing the volume of soil explored 
by the root system can significantly impact the root uptake. In Fig. 5.2a, it is possi-
ble to observe the reduction in the P levels in the tissues of the part area of several 
plant species when grown under conditions with high levels of Cu in the soil. 
Paspalum plicatulum was the only species that did not show a reduction in P levels 
as a function of increasing Cu levels in the soil, indicating the influence of some 

Fig. 5.2  The concentration of P (a) and Mn (b) in the shoot of different plant species grown in soil 
with increasing doses of Cu. *Grapevines are grown in monocropping. (Source: adapted from De 
Conti et al. (2018, 2019, 2021))
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mechanism of tolerance. This species has been identified with a great capacity for 
employment in the phytoremediation of Cu-contaminated soils in southern Brazil, 
in a study conducted by De Conti et al. (2019, 2021), given its ability to tolerate 
high levels of Cu contamination.

The additional application of P in Cu-contaminated soils has shown positive 
effects on the growth of some plant species, highlighting the losses in P nutrition in 
plants grown in Cu-contaminated soils. The additional application of P in 
Cu-contaminated soils is pointed out as a remediation strategy in environments con-
taminated by this heavy metal (Baldi et al., 2018; Ferreira et al., 2018). However, 
the short-term exhaustion of the non-renewable sources to produce phosphate fertil-
izers raises the question of the environmental sustainability level of this practice. 
Moreover, similar to grapevines (Vitis spp.), many plant species used as a tolerance 
mechanism to excess heavy metals the accumulation of the contaminating metal at 
the root level, limiting, thus, the metal translocation to shoot (Juang et al., 2012; 
Cambrollé et al., 2015; Tiecher et al., 2017, 2018). This phenomenon occurs pre-
dominantly in the apoplast of the roots, i.e., in recalcitrant tissues and without meta-
bolic activity. Allied with this, the compartmentalization of cationic elements in 
organelles of low metabolic activity of the root system may occur, in part, through 
complexation with phosphate anions, compromising the distribution of the nutrient 
over long distances between plant organs, and may induce a nutritional imbalance 
in organs of the shoot (Dresler et al., 2014; Baldi et al., 2018).

Contamination of the soil by heavy metals may promote an increase in the avail-
ability of other cationic elements by substituting the exchange sites of the soil col-
loids (Sposito, 1989). Elements with similar ionic radius and the same valence may 
compete for primary absorption sites or nutrient transport zones in the roots, caus-
ing excessive absorption and/or translocation of other elements. This influence can 
be observed in some plant species in Fig. 5.2b, such as black oat (Avena strigosa), 
grapevine, and Axonopus affinis, where the increase in Cu levels in the soil pro-
moted an increase in the Mn levels in the shoot. In soils characterized by multi-
elemental contamination, the increase in shoot translocation of some of the 
contaminants is often reported in black oat plants grown in soil contaminated by Cu 
and Zn (Tiecher et al., 2016a, b). On the other hand, depending on the type of con-
taminant and the plant species considered, a decrease in Mn contents may occur, as 
observed in forage grasses grown in soils contaminated by Cd (Zhang et al., 2014), 
as well as by Cu (Kopittke et al., 2009) and Ni (Kopittke et al., 2010).

Soil contamination with heavy metals also promotes damage to soil fauna, alter-
ing the abundance, richness, and diversity of many organisms, which can negatively 
affect important processes such as mineralization of organic constituents and bio-
logical N fixation, causing detrimental indirect nutritional effects to plants (Lecerf 
et al., 2021; Hammami et al., 2022). Biological N fixation is responsible for provid-
ing much of the N required by plants. However, in soils contaminated with heavy 
metals, the symbiotic association can be severely compromised, as verified by 
Hammami et  al. (2022) in beans (Phaseoulus vulgaris) grown in heavy metal-
contaminated soils.
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In some cases, there may be an increase in the concentration of nutrients in the 
biomass of plants submitted to stress by an excess of heavy metals, when compared 
to the control treatment. This is mainly related to the lower biomass production of 
these plants, resulting in a nutrient concentration effect in the tissues. Thus, the 
nutritional effects promoted by heavy metal toxicity may contribute, directly or 
indirectly, to the reduction of plant growth and/or productivity.

5.5 � Excess of Heavy Metals and Changes in Physiological 
and Biochemical Variables

Numerous species of cultivated and wild plants grown in environments character-
ized by an excess of metals can present several alterations in various morphological, 
physiological, and biochemical processes, such as changes in nutrient concentra-
tion, reduction in the concentration of photosynthetic pigments, root morphology 
and production, activation of the enzymatic and non-enzymatic antioxidant system, 
leaf area, and leaf dry matter. Thus, as will be highlighted, metal toxicity causes 
numerous alterations simultaneously.

5.5.1 � Excessive Content of Metals in the Plant 
on Photosynthetic Characteristics

Excessive concentrations of metals in the plant act negatively on the photochemical 
and biochemical phases of photosynthesis, with reflections on carbon assimilation 
and production of photo-assimilates (glucose, fructose and sucrose). Moreover, the 
redistribution of photosynthates from the leaves to the roots is also then affected. 
Excess of metals in plants can reduce photosynthetic activity in leaves because of 
photosystems inhibition (Broadley et al., 2007). This phenomenon is ascribed to the 
limitation in the formation and/or alteration of the structure of the main (chlorophyll 
a) and accessory (chlorophyll b and carotenoids) photosynthetic pigments, increas-
ing fluorescence energy losses. As a consequence, plants exhibit lower ATP and 
NADPH formation, and lower stomatal conductance, growth, CO2 assimilation rate, 
and dry matter production (Ambrosini et al., 2018; Ferreira et al., 2018).

This is mainly due to (i) changes in the composition of chloroplast membranes; 
(ii) the formation of complexes between the metal and the pigment, such as the 
replacement of Mg in the chlorophyll molecule by Cu or Zn; and (iii) lipid peroxi-
dation of chloroplast membranes through the formation of reactive oxygen species 
(ROS) (Gill & Tuteja, 2010),

In the photosynthesis process, after the absorption of light energy by the photo-
synthetic pigments of the antenna complex, there are three ways of dissipating this 
energy: (i) photochemical dissipation, where the light energy is used in the 
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photochemical processes of photosynthesis through resonance; (ii) non-
photochemical dissipation, which is the production of heat in the form of infrared 
radiation; and (iii) fluorescence, which is the emission of energy in the visible 
region. However, under stress conditions caused, for example, by the accumulation 
of heavy metals in plant tissues, there will be a lower proportion of the energy being 
allocated to photosynthesis and, proportionally, greater dissipation in the forms of 
heat and fluorescence of chlorophyll a (Yruela, 2009; Kabata-Pendias, 2011).

The main photosynthetic parameters that can be determined using fluorometers 
assess the functional performance of photosystem II (PSII), which can be indicative 
of changes caused by metal toxicity, such as initial fluorescence (Fo), maximum 
fluorescence (Fm), PSII maximum quantum yield (F/Fvm), non-photochemical 
quenching (NPQ), and electron transport rate (ETR), which are negatively influ-
enced by the excess of metals in the plant tissues (Ambrosini et al., 2018; Trentin 
et al., 2019, Tiecher et al., 2017). In this regard, it is widely reported that higher 
fluorescence energy losses are associated with lower photosynthetic pigment con-
centrations and reduced maximum quantum yield of PSII. As a consequence, plants 
exhibit lower ATP and NADPH formation, carbon assimilation, growth, and dry 
matter production.

Associated with this phenomenon, plants with toxicity symptoms due to the 
excess of metals show higher values of non-photochemical quenching (NPQ) as a 
way to protect the leaves from luminosity-induced damage, such as increased ROS 
formation (Tiecher et al., 2017). Usually, this occurs due to reduced F/Fvm values, 
indicating that plants are dissipating energy in the form of heat, probably due to the 
damage to the photosynthetic apparatus caused by the destruction of chloroplasts.

Other photosynthetic parameters that change when plants are under metal-toxic 
conditions are net photosynthetic rate (A), intercellular CO2 concentration (Ci), 
transpiration rate (E), stomatal conductance (Gs) and water use efficiency (WUE). 
Under metal stress conditions, in general, there is a reduction in the activity of 
enzymes involved in carbon fixation, such as ribulose-1,5-biphosphate carboxylase 
oxygenase (Rubisco), reducing A. As the rate of CO2 assimilation decreases, Ci 
values tend to increase. Consequently, the transpiration rate increases, reducing Gs 
and reducing WUE.

5.5.2 � Changes in Growth Caused by the Excess of Metals

Metal toxicity in general is also related to reduced leaf size, plant height growth and 
biomass production, and visual symptoms of chlorosis, brown spots and necrotic 
areas (Cambrollé et  al., 2011; Yang et  al., 2011). Plant biomass production is 
severely affected under conditions of an excess of these heavy metals, reducing both 
root and shoot dry mass. The inhibition of cell elongation and division, which is 
caused by the excess of these heavy metals, also accounts for the significant reduc-
tion in biomass production. On the other hand, some plant species possess tolerance 
mechanisms, which include a reduction of metal translocation to the aerial part 
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because the accumulation of the element normally occurs in larger quantities in the 
root apoplast of the plants.

Under heavy metal stress conditions, there is an increase in abscisic acid (ABA) 
concentration in plants. Some results indicate that there is a strong correlation 
between high levels of ABA and a reduction in plant stress. ABA is a phytohormone 
that plays an important role in heavy metal tolerance, as it is directly involved in the 
expression of genes encoding enzymes and proteins involved in stress defense 
(Yang et al., 2011). In addition, with the increase in ABA concentration, the signal-
ing of other phytohormones, such as jasmonic acid, may occur. This plant hormone 
is also key in plant defense and is normally synthesized in response to biotic and 
abiotic stresses, such as elemental toxicity. Jasmonic acid is believed to mediate 
heavy metal-induced gene expression.

It is a known fact that increasing ABA content in the plant promotes stomatal 
closure, reducing the process of leaf transpiration. There is some evidence that this 
process results in the restriction of metal transport from the root to the shoot 
(Bücker-Neto et al., 2017). Nevertheless, the interaction of phytohormones in the 
processes of plant responses to heavy metal toxicity is not fully understood, but 
evidence shows that ABA and jasmonic acid are involved in heavy metal detoxifica-
tion (Wang et al., 2021; Li et al., 2022).

5.5.3 � Enzymatic and Non-enzymatic Antioxidant System 
Under Metal Stress

High levels of metals in plant tissues can stimulate the formation of reactive oxygen 
species (ROS), such as superoxide anion (O2

•−), hydrogen peroxide (H2O2), and the 
hydroxyl radical (OH•), which are agents that can cause major damages to plant cell 
membranes.

This condition can create oxidative stress in the plant with reductions in root and 
shoot growth. However, the plant can use mechanisms to combat this eventual stress 
and prevent the negative effects caused by ROS by developing a complex antioxi-
dant defense system, including enzymatic antioxidants, where the enzymes super-
oxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) can be 
highlighted (Fatima & Ahmad, 2005; Mittler, 2002). SOD is crucial for the removal 
of O2

−• in the compartments where the radicals are formed. The breakdown of O2
−• 

is always accompanied by the production of H2O2 (Fig. 5.3), which acts as both an 
oxidant and a reductant (Schoonen et al., 2010). H2O2 is less damaging and reactive 
than O2

−•when accumulated in plant tissues and can be eliminated by catalases and 
peroxidases (Mittler, 2002; Smirnoff & Arnaud, 2019).

The Cu tolerance mechanisms in ground cover plants grown in vineyards, among 
other factors, for example, consist of increasing the activity of the antioxidant 
enzymes SOD and POD to contrast the excessive production of ROS (Silva et al., 
2021). Therefore, these enzymes may be physiological parameters that plants use to 
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Fig. 5.3  Representation of the defense mechanisms using the antioxidant enzymes SOD, CAT and 
APX against ROS

cope with oxidative stress resulting from heavy metal toxicity. On the other hand, 
the increase in heavy metal availability may promote a reduction in the activity of 
antioxidant enzymes, causing damage to cellular components. SOD activity was 
lower in peach leaves growing in soils supplemented with Cu (Hammerschmitt 
et al., 2020), maximizing the toxic effects of this metal on plants.

In addition to the enzymatic antioxidant defense system, the non-enzymatic anti-
oxidant ones are also fundamental to cells. These latter (among others, for example, 
ascorbic acid (AsA), glutathione (GSH), α-tocopherol, and carotenoids. AsA and 
GSH) are found in high concentrations in chloroplasts and other cellular compart-
ments. AsA is associated with the removal of H2O2 via ascorbate peroxidase, as well 
as reacting with superoxide radicals and hydroxyl radicals. It is also involved in the 
regeneration of another non-enzymatic antioxidant, α-tocopherol.

The non-protein thiol groups, among them GSH, are known to play a central role 
in metal response mechanisms in plants. GSH is a sulfur-containing tripeptide and 
has been considered to be a very important antioxidant involved in cellular defense 
against toxic agents, e.g., under conditions of metal toxicity. In response to the 
stresses, plants increase the activity of GSH biosynthetic enzymes and, conse-
quently, GSH concentrations. In addition, GSH is a precursor in the synthesis of 
phytochelatins and maintains the cellular redox state. A high level of thiol groups 
may enable metabolites to function in the detoxification of ROS and free radicals.

5.6 � Adaptation Strategies of Species to Excess Heavy Metals

Regarding the defense strategies used by the plants to tolerate the excess of metals, 
there are a number of factors to consider, such as (i) the mechanisms of absorption, 
transport, and accumulation of the elements in the plant tissues, (ii) the primary 
mechanisms of toxicity at the molecular, cellular, and subcellular level, (iii) second-
ary mechanisms of interference with the functional processes of the plants, (iv) the 
homeostatic response mechanisms that, in some cases, lead to tolerance mecha-
nisms against the heavy metal (Barceló & Poschenrieder, 1990). These mechanisms 
protect the cells by avoiding the acquisition, translocation and accumulation of 
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excessive quantities of the free ions, thus increasing the tolerance of the plants to 
phytotoxicity.

Some plants can accumulate heavy metals inside or outside their tissues due to 
their ability to adapt to the chemical properties of the environment, acting like pas-
sive receptors for these elements. However, plants can also exert control over the 
uptake and translocation of toxic elements by means of several specific physiologi-
cal reactions. With this, plants exhibit different tolerance mechanisms in response to 
excess heavy metals, including different strategies such as: (i) selective exclusion of 
metals; (ii) change in the uptake capacity, where the hindrance in the uptake may 
occur as a result of altered membrane permeability; (iii) increased exudation of 
chelating substances limiting the phytodisposability of the metal to the plant; (iv) 
restriction of metal transport; (v) retention of the metal at the root level and, or, at 
the sieve elements of the xylem; (vi) immobilization in the cell wall; (vii) associa-
tions with mycorrhizae; (viii) biochemical mechanisms—changes in the forms of 
compartmentalization of heavy metal, immobilization of metal in the vacuole, 
changes in cellular metabolism and intercellular production of binding compounds 
with the formation of toxic metal sequestering and inactivating compounds and; (ix) 
tolerance of the enzymatic system to metals (Shaw, 1989). Regardless of the mecha-
nisms involved, resilient plants, which are endemic to polluted soils, have been 
found to activate significant ecophysiological adaptation, manifesting resistance to 
soil contamination with heavy metals (Raskin et al., 1994).

5.6.1 � Mechanisms to Prevent Heavy Metal Uptake 
and Translocation

The mechanisms that prevent/reduce heavy metal uptake by plants are related to the 
increase in dissolved organic compounds (DOC) concentration and pH values, 
through the exudation of low molecular weight organic compounds by roots in the 
rhizosphere region (Chaignon et al., 2009; De Conti et al., 2018); alteration in plas-
matic membrane permeability; binding capacity between the element and the cell 
wall and the storage of excess metal in the cell vacuole (Kabata-Pendias, 2011; 
Montiel-Rozas et al., 2016).

One of the plant strategies to prevent the uptake of toxic elements involves exclu-
sion mechanisms, in which plants prevent the entry of elements into the cytosol 
through the exudation of low molecular weight organic compounds, which protect 
the internal enzymatic activity from the destructive effects of heavy metals (Montiel-
Rozas et al., 2016). Among the main chelating substances exuded by roots are low 
molecular weight organic acids, such as phenolic compounds, organic acids (such 
as malate, citrate and oxalate), amino acids and sugars, whose exudation is increased 
under conditions of nutritional disturbances due to toxicity or deficiency of chemi-
cal elements (Meier et al., 2012; Montiel-Rozas et al., 2016; Zafari et al., 2016).
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In contaminated soils, where the mobility of dominant metals is probably the 
least determinant factor for the rate of uptake, organic molecules having metal-
chelating properties can play an important role in reducing the root acquisition of 
these elements (Shaw, 1989). Moreover, the qualitative and quantitative pattern of 
the root exudation process is strongly specific to each plant species (Dresler et al., 
2014). Concerning the chemical properties of these root exudates, low molecular 
weight organic acids are characterized by their high ability to form metal cation 
complexes (Montiel-Rozas et al., 2016; Zafari et al., 2016). The complexing ability 
of these ligands is attributed to the presence of specific functional groups (mainly 
carboxyl (-COOH) and hydroxyl (OH)), which promote interactions between heavy 
metals and complexing agents. The increase in the proportion of complexed chemi-
cal species, to the detriment of the free form in the soil solution, reflects in the limi-
tation of its bioavailability (Dresler et al., 2014; Brunetto et al., 2016).

In a study conducted by De Conti et al. (2018), from the ion speciation of the 
solution of soil contaminated with Cu (40 and 80 mg/kg) grown with black oats for 
53 days, there was observed an increase in the proportion of Cu chemical species 
complexed and reduction of Cu+2 in the rhizosphere, when compared to non-
rhizospheric soil. The study of these organic compounds that make up the rhizo-
sphere of numerous plant species and the connection between these compounds and 
the reduction in the uptake of heavy metals by plants is of great interest and may 
represent a step forward in phytoavailability.

The excess of heavy metals acquired by plants can be immobilized in the cell 
wall or stored in the vacuole, avoiding translocation to the aerial part of the plants. 
The cell wall is composed of polysaccharides, such as cellulose, hemicellulose, and 
pectin, which contain many active groups (such as hydroxyl, amine, and carboxyl) 
(Zhou et al., 2017). These active groups can participate in a number of reactions, 
such as ion exchange, crystallization, precipitation, adsorption, and complexation, 
thus altering the state of heavy metals within the plant and promoting a limitation in 
the amounts of free ions in root tissues, with a consequent reduction in their trans-
location to aerial part (Wang et al., 2015; Leclercq-Dransart et al., 2019). In addition 
to these substances, pectins and histidines have also been reported to participate in 
the immobilization of heavy metals in the cell wall, reducing toxicity to plants 
(Leita et al., 1996). The sequestration of heavy metals in the vacuole is one way to 
remove excess free metal ions from the cytosol favoring cellular metabolism 
(Assunção et al., 2003; Sheoran et al., 2010; Thiesen et al., 2023). Vacuoles are cel-
lular organelles with low metabolic activity (Denton, 2007). Thus, the compartmen-
tation of these complex metal ions in vacuoles is a step of the tolerance mechanism 
of hyperaccumulating plants.

The retention of heavy metals to negatively charged groups in the cell wall and 
vacuole of the roots has a negative impact on the concentration levels of the metal 
present in the shoot, as described by Thiesen et al. (2023), evaluating the subcellular 
distribution of Mn (300–900 μM) in grasses (P. notatum, P. plicatulum, A. strigosa, 
L. multiflorum) cohabiting vineyards in the Campanha Gaúcha region; in B. napus 
plants grown in nutrient solution with increasing concentrations of Cu and Cd (0, 50 
and 200  μM) (Mwamba et  al., 2016); in B. napus cultivars grown with a high 
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concentration of Cu and Cr (200 μM), (Li et al., 2019); in castor oil plant (Ricinus 
communis L.) grown in soil with 380 mg Zn/kg and doses of Cd (0; 0.5; 5 and 
25 mg/kg) (He et al., 2020); and in wheat (Triticum aestivum L.) grown in nutrient 
solution with doses of Zn (0, 1, and 10 μM) and N (0.5; 7.5; and 15 mM) (Nie 
et al., 2017).

Metal accumulation is regulated by physiological, biochemical, and genetic pro-
cesses in the plant (Baker, 1987). The accumulation of metals in all plant organs 
does not have the same meaning. Usually, the root is the priority organ for entry and 
accumulation (Barceló & Poschenrieder, 1990). For example, in tomato plants, the 
highest concentrations of Cu, Ni, Cr, Mn, and Pb were reported in order of root > 
leaf > stem > fruit (Topal et al., 2022).

5.6.2 � Metabolic Mechanisms

Plants can exhibit different tolerance mechanisms in response to excess heavy met-
als, including the production of intracellular compounds that can form bonds with 
the metals, such as the formation of peptides rich in thiol groups (phytochelatins 
and metallothioneins), chelation by organic acids and amino acids, and compart-
mentation of metals into subcellular structures (Santos et al., 2006; Emamverdian 
et al., 2015; Hasan et al., 2017).

The chelating organic compounds synthesized by the plants can contribute to 
metal detoxification by reducing the concentration of free metal in the cytosol, thus 
limiting its reactivity and solubility (Ding et al., 2015). In plants, the main classes 
of known heavy metal chelators include phytochelatins (PCs), metallothioneins 
(MTs), organic acids and amino acids (Santos et  al., 2006; Emamverdian et  al., 
2015). Phytochelatins can be a detoxifying agent for some heavy metals, thanks to 
their ability to bind these elements and, thus, avoid their reaction with the free sulfur 
groups of vital proteins and enzymes (Grant et al., 1998). Phytochelatins are formed 
by three amino acids: glutamate (Glu), cysteine (Cis) and glycine (Gli), with Glu 
and Cis linked via a γ-carboxylamide (Santos et al., 2006). According to Inouhe 
(2005), phytochelatins have as a general structure (γ-glutamyl-cysteine) n-glycine 
(n = 2–11), as well as variants with repeated γ-glutamyl-cyteinyl units, which are 
formed in plants and yeast. Phytochelatins are capable of binding to various metals 
by means of sulfhydryl and carboxyl residues. Phytochelatins are found complexed 
with Cd to form low and high molecular weight complexes (LMW and HMW, 
respectively). Moreover, the LMW complexes are formed in the cytosol and subse-
quently transported to the vacuole when Cd2+ and S2− are incorporated to produce 
HMW complex, which represents the main form of Cd storage (Santos et al., 2006).

Plants, when exposed to toxic levels of Cu for long periods, tend to synthesize 
compounds rich in thiol groups, which could complex the metal preventing its toxic 
action (Ding et al., 1994). It has been shown that an excess of Cu induces the accu-
mulation of phytochelatin that, then, can remove Cu from its free fraction via the 
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metal complexation (Lwalaba et al., 2020). Phytochelatins may possess prominent 
functions in Cu and Cd tolerance. Different studies have shown that the concentra-
tion of phytochelatins increases in response to the uptake of these elements, both in 
non-tolerant and tolerant plants, but intolerant plants, the synthesis of phytochela-
tins seems to be faster and in greater quantities (Barceló & Poschenrieder, 1990; 
Salt & Rauser, 1995).

It is also well demonstrated that in plant tissues, there are several transporters 
involved in metal uptake, translocation and vacuolar compartmentation. At the 
plasma membrane, there are the heavy metal transport ATPases (HMAs), the ZIP 
family (ZRT/IRT-like proteins), the cation diffusion facilitator (CDF) family, and 
Nramps (natural resistance-associated macrophage protein). Interestingly, some 
transporters of the HMA family are located in the vacuole membrane to transport 
Cd and Zn into the vacuoles of root cells, and thus prevent their transport to the 
shoot. This is the case in Arabidopsis thaliana AtHMA3 and rice OsHMA3 which 
can compartmentalize in the vacuoles of some metals or only Cd, respectively.

Like HMA transporters, the ZIP (iron-regulated transporter-like proteins) ones 
located at the plasma membrane play a crucial role in regulating metal homeostasis 
in plant cells. They transport metals from the extracellular space or from organelles 
to the cytoplasm (Ajeesh Krishna et al., 2020). Recently, Liu et al. (2019) reported 
that OsZIP1 prevents the excessive accumulation of Zn, Cu, and Cd in plants. 
However, heavy metal transport occurs not only by HMA and ZIP transporters but 
also thanks to Nramps (natural resistance-associated macrophage protein) and yel-
low stripe-like transporters (YSL). In A. thaliana, AtNramp3 and AtNramp4 mobi-
lize vacuolar Fe to enhance early plant development under Fe deficiency (Lanquar 
et al., 2005). In addition, the tonoplast AtNramp3 regulates metal accumulation and 
alters the expression of the primary root transporter for Fe uptake (IRT1) and by the 
action of ferric reductase (FRO2), mobilizing vacuolar stores of metal to the cytosol 
(Thomine et  al., 2000, 2003). Regarding YSL transporters, the Ni/Fe transporter 
TcYSL3 from the hyperaccumulator plant T. caerulescens and the peanut Cu trans-
porter AhYSL3.1 regulate metal homeostasis in the vascular tissues of hyperaccu-
mulator plants through the transport of nicotianamine (NA)-metal chelates (Gendre 
et al., 2007; Dai et al., 2018).

Increased concentrations of heavy metals in cells result in the production of 
ROS, which causes oxidative stress, peroxidation of membrane lipids and result in 
reduced membrane selectivity and integrity, and consequently, damage to cellular 
constituents, such as the photosynthetic apparatus, proteins and nucleic acids 
(Mittler et al., 2004; Yruela, 2005). Thus, plants can activate an antioxidant defense 
system to neutralize ROS, which can be enzymatic or non-enzymatic. The main 
antioxidant enzymes are catalases (CAT), superoxide dismutases (SODs), ascorbate 
peroxidases (APX), dehydroascorbate reductases (DHAR), guaiacol peroxidases 
(GPOD), glutathione reductases (GR), glutathione peroxidases (GPX), glutathione-
S-transferases (GST), and monodehydroascorbate reductases (MDHAR) (Mittler 
et al., 2004; Gill & Tuteja, 2010; Sharma et al., 2012). In addition, plants can syn-
thesize non-enzymatic antioxidants, such as ascorbate (AA), glutathione (GSH), 
carotenoids, alkaloids, tocopherols, proline, and phenolic compounds (such as 
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flavonoids, tannins, and lignin), to aid the free radical detoxification (Gill & Tuteja, 
2010; Sharma et al., 2012). The balance between antioxidant defense system syn-
thesis and ROS formation is important to maintain the balance in cells and to avoid 
oxidative stress in plants due to excess heavy metals. The synthesis of antioxidant 
enzymes in response to the Cu and Zn excess in grapevine (Vitis vinifera) plants to 
control ROS formation was observed in studies by Tiecher et al. (2017, 2018) and 
also observed in oat plants (Avena strigosa Schreb.) (Tiecher et  al., 2016a, b). 
However, at high concentrations of Cu and Zn, the synthesis of antioxidant enzymes 
is not sufficient to balance and control the formation of ROS, consequently causing 
damage to cells and phytotoxicity symptoms.

5.7 � Conclusion and Future Perspectives

Agricultural practices can be one of the causes of the increased levels of heavy met-
als in soils, and, when these contents are excessive, significant damage is observed 
at the root level, with changes in morphology and anatomy. This phenomenon limits 
the volume of soil explored by the roots, the acquisition of water and nutrients, and 
causes physiological and biochemical damage, which impairs crop development 
and yield capacity. However, some plant species activate specific strategies to shrink 
the acquisition as well as the allocation of the metals to the shoot. Considering the 
levels of heavy metals nowadays found in cultivated soils, a limitation in the appli-
cation at the field scale of the Cu-bearing products (pesticides or waste) is desirable 
for more sustainable soil management. In addition, a better knowledge of the Cu 
toxicity phenomena in plants as well as the metal thresholds in soil inducing the 
toxicity, appears to be crucial to decide when and how to intervene. In this respect, 
there are several approaches already proposed (ameliorants by using, for example, 
limestone, organic compost, etc.). However, the definition of the types to use, the 
doses to apply, and the frequency of these applications to the soil appear to be fun-
damental for an effective solution to the problem. Moreover, the breeding program 
aimed at obtaining crop cultivars or rootstocks more tolerant to this nutritional dis-
order certainly appears indispensable.
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Chapter 6
The Cradle of Chilean Wine Industry? 
The Vitiviniculture of the Pica Oasis

Gastón Gutiérrez Gamboa, Victoria Contreras Cortez, Sergio Jara, 
Philippo Pszczólkowski, Irina Díaz-Gálvez, and Nicolás Verdugo-Vásquez

6.1 � Introduction

The origin of the Chilean vitiviniculture is a controversial subject. Some profession-
als recognize that Francisco de Carabantes brought the first cuttings from Perú to 
Concepción giving rise to the national vitiviniculture (Hernández & Moreno, 2011). 
This hypothesis posed by the French naturalist Claude Gay was corrected by the 
national historiography (Lacoste et al., 2010). Chilean vitiviniculture originates in 
the sixteenth century, when Listán Prieto cuttings arrived from Spain and were 
planted in the Southern valleys of the Viceroyalty of Peru (Lacoste et  al., 2010; 
Milla-Tapia et al., 2013), probably in the Codpa and Azapa basins that currently are 
in the Arica y Parinacota Region, Chile. Historic records have mentioned that the 
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vine was probably introduced and established in the oasis of Matilla and Pica toward 
the end of the sixteenth century (Bermúdez Miral, 1987) by the Spanish conquerors. 
The wine was one of the most important agricultural products in the following cen-
turies for Tarapacá (Billinghurst, 1893; Bermúdez Miral, 1987). The Pica and 
Matilla oasis and the Quisma valley are administratively situated in Tarapacá 
Region, Pica commune, Chile, and are defined as the Pica Oasis.

Northern Chile is rarely cited for their wine production despite their great his-
toric importance on the subject dating back more than 400 years (Castro et al., 2015; 
Gutiérrez-Gamboa et  al., 2023). History of wine production in this zone is not 
taught in the universities that teach viticulture and enology, probably because of the 
French paradigm phenomena (Pszczólkowski & Lacoste, 2016), in which the 
Chilean elites direct their looks toward European products to the detriment of the 
regional products (Núñez, 2016). Notably, toward the seventeenth century, the agri-
cultural product that put Tarapacá in contact with the great centers of the Viceroyalty 
of Peru, was the wine (Bermúdez Miral, 1987; Rice, 1997). However, the mining 
industry was developed strongly in Tarapacá, rebuilding the economy of Pica, 
Matilla, and Quisma from agriculture to mining in the following decades (Bermúdez 
Miral, 1987). Despite this, wine production strongly continued in Tarapacá from the 
nineteenth century, during which the main vineyards were in Pica, Matilla, and 
Quisma (Basadre, 1884; Bermúdez Miral, 1987). In addition, the local population 
mentions that the wines obtained from a vineyard in Matilla and produced by 
Medina Hermanos were awarded gold medals in a world wine exhibition in Seville 
(Spain) in 1903, and in Paris (France) in 1907 (Daponte Araya, 2000).

Scarce knowledge about the wine heritage of northern Chile can be explained by 
the social, political, and economic consequences some of them derived from the 
War of the Pacific (Castro, 2013). The last harvest in Tarapacá took place in 1937, 
mainly due to the following events: (i) the water expropriation of Chintaguay stream 
that derived the water from Matilla and Quisma to Iquique in the 1920s; (ii) the anti-
alcohol campaign promoted by Arturo Alessandri Palma (president of Chile in the 
1920s) that resulted in the application of a series of taxes to wine production in 
Tarapacá, which was promoted by some big winegrowers from the Central valleys; 
(iii) the Chileanization of Tarapacá, in which Chilean civil and military forces pro-
moted the acculturation of Peruvian population by attacking, intimidating, expel-
ling and murdering Peruvians or their descendants who decided to stay in these 
lands after the War of the Pacific (Núñez, 1985; Bermúdez Miral, 1987; González 
Miranda, 1995); many of them cultivated vines in the territory.

Pica viticulture was developed in the heart of the Atacama Desert at an altitude 
close to 1225 m above sea level under water scarcity. Subtropical conditions char-
acterize the viticulture of northern Chile, providing a series of physiological prob-
lems in vine production that comprise markedly acrotony, heterogenous maturity, 
and early decay of grapevines (Gutiérrez-Gamboa et al., 2023). Soils of these viti-
cultural zones are sandy, saline, with low organic matter and alkaline. Grapevines 
are irrigated from the oasis water obtained from filtration galleries, a technology 
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brought by the Spanish conquerors. These galleries consist of an almost horizontal 
tunnel dug underground until it reaches a water-bearing zone (Lictevout et  al., 
2020). The orchards also are irrigated using water obtained from deep well drillings.

Tarapacá Region holds a valuable diversity of grapevine genetic material adapted 
to extreme desert conditions, including unknown vine genotypes, minority, and 
Criolla varieties (Milla-Tapia et al., 2013; Franck et al., 2020). Some genetic materi-
als are more adapted to others to the desert pedoclimatic conditions (Bavestrello-
Riquelme et al., 2012; Franck et al., 2020), which considerably affect the breeding 
of plant material. Small wine producers from Pica, Quisma, and Matilla that belong 
to the “Cooperativa Lagar de los Oasis” are propagating grapevine plant material 
from a survey of genetic materials tested earlier with the “Instituto de Investigaciones 
Agropecuarias” (INIA Chile). Some of the members of this cooperative are descen-
dants of the first winegrowers of Tarapacá, who seek to recover and preserve the 
winemaking history from their ancestral legacy (Billinghurst, 1893; Bermúdez 
Miral, 1987).

Chilean viticultural valleys located in the Atacama Desert are not recognized by 
the actual Decree Law that establishes the Chilean viticultural zoning (BCN, 2020), 
probably due to the scarcity of the surface planted with vines (SAG, 2021). This 
chapter aims to provide descriptive information about the vitiviniculture of the Pica 
and Matilla oasis and Quisma valley, touching upon some aspects of agronomy and 
enological issues that must be considered by the wine professionals and consumers 
for the vitivinicultural recovery and development of this territory.

6.2 � Groundwater Used for Vine Irrigation 
in Pica Vitiviniculture

The vines cultivated in Pica Oasis are irrigated with water obtained from filtration 
galleries (Lictevout et al., 2020) and water obtained from the deep well drillings. 
The filtration galleries or “socavones” consist of an ancient water management sys-
tem developed in ancient times by Persians (Mostafaeipour, 2010), and brought to 
Pica by the Spanish conquerors. This system is used to provide a reliable supply of 
water in arid and semi-arid climates, where precipitations are scarce (Mostafaeipour, 
2010). The system consists of an underground and almost horizontal tunnel with 
vertical shaft wells, which tap and drain groundwater to the earth surface (Lictevout 
et al., 2020). The water flows downward by gravity in the gallery composition as is 
shown in Fig. 6.1, which allows it to supply water for domestic purposes and irrigate 
downslope lands (Lictevout et al., 2020).

Table 6.1 shows water chemical parameters of a sample collected in the Pica 
Oasis. Based on this, electrical conductivity (EC) was higher than the adequate 
levels to irrigate, whereas boron (B) content is higher than the damage levels for 
plant growth. Lictevout et al. (2020) reported that EC varied from 0.4 to 2.2 dS/m in 
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Fig. 6.1  A filtration gallery. (Figure obtained from those published by Lictevout et al. (2020), 
which was modified from English (1968) and Naghibi et al. (2015)). (a) Longitudinal section; (b) 
cross section; (c) aerial view

water samples of Pica, which inversely coincided with water temperature. These 
authors also reported that pH levels of groundwater from Pica ranged from 7.2 to 
9.1, which was considerably higher than to those exposed in Table 6.1. In another 
study, Herrera Apablaza et al. (2018) reported that Pica groundwaters are adequate 
for irrigation in terms of EC, sodium adsorption ratio (SAR) and residual sodium 
carbonate (RSC), but not by sodium (Na), B, lithium (Li), potential salinity (PS) and 
soluble sodium percentage (SSP). These authors also reported that dissolved ions 
are accumulated in the surface aquifer, which was attributed to the sulphated dis-
solution by alluvium in the area, bad practices in irrigation-fertilization and the 
aridity condition of the zone. Finstad et  al. (2016) reported that salt distribution 
varies predictably with depth and soil age, and the most soluble compounds are 
concentrated nearest to the land surface. Based on the author’s findings, mineral 
sulfate tends to decrease with decreasing soil depth, following a pattern indicative 
of Rayleigh-like fractionation as solute-rich waters migrate toward the land surface 
(Finstad et al., 2016).
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Table 6.1  Soil and water physicochemical parameters of samples obtained from a vineyard 
cultivated in Pica and their sufficient parameters

Unit Values

Sufficient level according to texture
Sandy loam to sandy silt 
loama

Silt loam to clay 
loam

Soil chemical 
parameters
pH – 7.7 5.8–7.0 5.8–6.0
Electrical conductivity dS/m 2.1 <1.5 <1.5
Organic matter % 0.36 >1.5 >1.5
Inorganic nitrogen mg/kg 15 10–20 15–25
Extractable phosphorus mg/kg 4 >5 >8
Exchangeable cations
Cation-exchange capacity cmol (+)/

kg
7.4 8.0–15.0 15.0–30.0

Calcium base saturation % CEC 60 60–65 55–65
Magnesium base 
saturation

% CEC 20.1 12–15 10–15

Potassium base saturation % CEC 2 2–3 3–4
Water chemical 
parameters

Sufficient level Damaging values

Electrical conductivity dS/m 1.78 <0.75 >3.0
pH – 6.6 – –
Temperature °C 18.7 – –
Boron mg/L 2.66 <0.50 >2.0

According to the data published by Hirzel (2014)
aSoil texture of the Pica sample contains 88% of sand, 3% of silt and 9% of clay

6.3 � Soil Physicochemical Conditions of Pica Vitiviniculture

Table 6.1 shows the soil physicochemical parameters of a vineyard planted in the 
Pica Oasis. Soils of these viticultural zones are sandy (>80% of sand), saline (2.1 
dS/m), with low organic matter (<0.4%) and alkaline (pH > 7) (Table 6.1).

Salinity is the process of salt accumulation in soils (Corwin, 2021). Salinity 
occurs in zones where the water evaporation from soils exceeds precipitation and 
dissolved salts in the soil solution tend to concentrate at the soil surface (Corwin,  
2021; Keller, 2020), Notably, the hyperarid Atacama Desert is characterized by hav-
ing local basins with surficial salt crusts, where shallow groundwater drives the 
major soil processes (Finstad et al., 2016). Soil and water electrical conductivity 
contents in Pica samples were higher than the adequate levels (Table  6.1). The 
threshold above which salinity starts to affect Vitis vinifera growth and yield forma-
tion is approximately 2 dS/m, and above 16 dS/m the vines cannot survive (Zhang 
et al., 2002; Keller, 2020). Since dissolved ions decrease the osmotic water poten-
tial, electrical conductivity is also a measure of water potential (Keller, 2020). 
Naturalized genotypes selected in northern Chile have shown a great tolerance to 
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Fig. 6.2  Boron toxicity (in a, b) and magnesium deficiency (in c) in European grapevine varieties 
growing in the Pica Oasis

drought and water deficit (Bavestrello-Riquelme et  al., 2012; Milla-Tapia et  al., 
2013; Franck et  al., 2020). “R32” genotype (naturalized) exhibited higher water 
productivity, trunk circumferences, yield, and pruning weights when grafted with 
Syrah compared to other rootstocks (Villalobos-Soublett et al., 2022).

Soil physicochemical parameters shown in Table 6.1 usually lead to deficiencies 
on magnesium (Mg) and toxicity by boron (B), sodium (Na+) and chlorine (Cl−) in 
grapevines (Keller, 2020; Gutiérrez-Gamboa et al., 2023). B is an essential element 
for plants since it allows to sustain cell wall structure and growth (Keller, 2020). B 
transport is a process mediated not only by passive diffusion but also by specialized 
transporters, whose activity is regulated in response to B soil conditions (Miwa & 
Fujiwara, 2010). B excess is not excluded by the vine roots, which increase toxicity 
under high B levels in the soil (Keller, 2020). B toxicity considerably decreases 
plant growth, mainly of shoots due to its effects on internode shortening and causes 
chlorosis beginning at the leaf tip and margins of the mature leaves (Sarafi et al., 
2017). Based on an empirical point of view, the Criolla varieties established in Pica 
are less sensitive to boron toxicity than the European grapevine varieties (Fig. 6.2). 
Mg is a structural component of chlorophyll, and it is involved in the protein pro-
duction (Keller, 2020). Mg deficiency is common in vines growing in sandy and 
calcareous soils since Ca2+ and K+ availability slow down Mg uptake due to compe-
tition among these cations for root uptake (Huber & Jones, 2013). Mg deficiency 
symptoms appear as chlorotic discoloration of the interveinal areas of mature leaves 
(Fig. 6.2) since Mg is more mobile in the phloem than calcium (Ca) (Keller, 2020).

6.4 � Climatic Conditions in Pica

The climatic information available for the Pica Oasis was obtained from meteoro-
logical stations located in different productive sites (Arenas Charlín et al., 2021), 
which allowed to calculate different meteorological and bioclimatic indices based 
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on to the data reported by Gutiérrez-Gamboa et al. (2018). Currently, there is no 
historical information for a period of 30 years or more which would allow to define 
trends on meteorological and bioclimatic variables (Verdugo-Vásquez et al., 2023). 
The oldest climatic records found in Pica correspond to 2011, and from twenty 
years or more, it is possible to have enough information to estimate trends and 
evaluate the change or not in viticultural suitability of the Pica Oasis.

The meteorologic and bioclimatic indices, commonly used for the classification 
of viticultural zones, were calculated using information data available until 2022 
and are shown in Table 6.2. Table 6.2 showed a high annual thermal amplitude, 
which is a typical phenomenon occurring in desert areas. In addition, Pica Oasis 
presented a low accumulation of annual rainfall, much lower than the annual evapo-
transpiration. Thus, agricultural development depends mainly on water resources 
available.

Based on the calculated bioclimatic indices, the Growing Season Temperature 
(GST) was 20.2 °C, which makes the Pica Oasis a “hot” climate for wine production 
(Jones & Davis, 2000). Several grapevine varieties for grape wine and table grape 
production could be suitable for cultivation under a hot climate (Jones & Davis, 
2000). The accumulation of Growing Degree Days (GDD) was 2122 heat units, 
which allows to classify Pica Oasis as an “IV Region” (Amerine & Winkler, 1944). 
Viticultural zones classified in this region are suitable to produce wines by using 
late ripening grapevine varieties, such as Cabernet Sauvignon, Cabernet Franc, 
Sangiovese, Zinfandel, among others (Amerine & Winkler, 1944). Currently, no 
information is available on the classification of different bioclimatic indices for the 
suitability of Criolla varieties that are adapted to pedoclimatic conditions of Pica 
Oasis. Cold Night Index (CI) was 13.1 °C, which classifies the Pica Oasis in the 
CI+1 classification as “cold nights,” which is considered favorable for wine produc-
tion. CI considers the average minimum temperature during the final part of the 
maturation period (Tonietto & Carbonneau, 2004). The aim of this index is to 
improve the assessment of the quality potential for a particular site in relation to 
secondary metabolite accumulation such as phenolic and volatile compounds 
(Tonietto & Carbonneau, 2004).

Table 6.2  Climatic indices obtained from climatic information available in Pica

Climatic index Perioda Value (unit)

Maximum temperature Annual mean 28.7 (°C)
Minimum temperature Annual mean 11.0 (°C)
Thermal amplitude Annual mean 17.7 (°C)
Precipitation Annual accumulation 5,1 (mm)
Growing season temperature 01 October to 30 April 20.2 (°C)
Growing degree days (at 10 °C) 01 October to 30 April 2.122 (heat units)
Cool night index 01 March to 31 March 13.1 (°C)
Evapotranspiration Annual accumulation 2308 (mm)
Chilling hours (at 7 °C) 01 May to 31 July 67.7 (hours)

aData correspond to the average obtained during the years 2011–2022
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The bioclimatic indices shown above allow to define the Pica Oasis as the warm-
est productive area of Chile, which would expand the diversity of climates of the 
national production (Verdugo-Vásquez et  al., 2023). Therefore, the development 
and production of grapevine material adapted to the “warm” climatic conditions of 
the Pica Oasis should be considered by the funders’ programs. On the other hand, 
there is a low risk of frost in this area (there is only a record of 1 day with frost in 
the period 2011 to 2022 reaching a minimum temperature of −1.1 °C) and the accu-
mulation of chilling hours is low, which usually results in problems in budburst and 
maturity heterogeneity (Gutiérrez-Gamboa et al., 2023).

6.5 � The Vitiviniculture of Pica

The surface of planted vines registered in Tarapacá Region is 3.95 ha, which are 
found in Pozo Almonte (3.93 ha) and Pica (0.12 ha) locations (SAG, 2021). The 
planted vineyards in Pica have been mostly developed using Criolla varieties, such 
as Blanca Ovoide, Canela, and Moscatel Rosada, including Listán Prieto and some 
unknown vine genotypes, which are trellised in a vertical shoot position system or 
an overhead trellis system using artisanal wooden structures (Fig.  6.3a). Some 
famous grapevine varieties were also established in Pica, such as Cabernet 
Sauvignon, Carmenère, Merlot and Syrah (SAG, 2021), which are not empirically 
adapted to pedoclimatic conditions of the zone due to their scarce tolerance to boron 
toxicity and drought (Fig. 6.2). Moreover, it is possible to find individual vines in 
the gardens of citizens and in the green areas of Pica in association with ancient 
mango trees, which are trellised in a bush system or growing freely, respectively. 
The grape production in Pica is developed in association with different fruit species, 
such as mango (Mangifera indica), passion fruit (Passiflora edulis), guava (Psidium 
guajava), orange (Citrus × sinensis) and lemon (Citrus × limon) (Fig. 6.3c). Other 

Fig. 6.3  Grape production in Matilla (a, b) and Pica (c) developed in association with vegetables 
(a, b) and fruits (c)
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horticultural species, such as watermelons (Citrullus lanatus) and melons (Cucumis 
melo) are planted in association with vines (Fig.  6.3a). Notably, this production 
presents a common agronomic management that coincided with those exposed by 
Gutiérrez-Gamboa et al. (2023) in vine growing in the Codpa valley. Some other 
particularities characterize the vine production in Pica (Fig. 6.3). Some viticulturists 
protect the clusters by covering them or the whole vines using Raschel nets against 
bird damage (Fig.  6.3a, c). However, cluster covering produces dehydration and 
diseases in berries, negatively affecting vine production. Another biotic factor that 
also affects the Pica viticulture is the powdery mildew (Uncinula necator) that 
should be controlled in the vineyard. In addition, the vines are manually cultivated 
by small viticulturists, giving rise to a heterogeneous production at the vineyard 
level due to the low varietal purity at planting.

Pica commune has historical vestiges of a great development of the vitivinicul-
ture since it is possible to find the presence of ancient wine presses, clay vessels, and 
stills closed down by the Government of Chile during the Northern Chileanization 
process (Fig. 6.4). Ancient wine presses were built by carving an area of the bedrock 
to create a flat surface surrounded by short walls (Walsh & Zorn, 1998). The flat-
tened surface was used for treading and the wall kept the grape juice within the 
press (Walsh & Zorn, 1998). The grape juice was introduced into clay vessels that 
were buried close to half their dimension. This infrastructure was probably built in 
the colonial period since drainage studies reveal that investment in built infrastruc-
ture was heaviest in the sites close to the cores of the principal states in colonial Peru 
(Weaver, 2020). These buildings account for extensive agro-industrial complexes 
with wine presses, storage, fermentation structures, and distillery apparatus (Weaver 
et al., 2019).

“Lagar de Matilla” is a historical monument and site museum located in the 
Matilla Oasis within the commune of Pica, Tarapacá Region, Chile. “Lagar de 
Matilla” belongs to the set of national monuments of Chile since 1977 by virtue of 
the 746 Supreme Decree of October 5, 1977, which was placed in the category 
“Historical Monument.” This heritage property represents one of the main 

Fig. 6.4  Historical vestiges of vitiviniculture in Pica. (a) Presence of old wine presses and clay 
vessels in the Historical Monument Lagar de Matilla; (b) clay vessels found in a front garden in 
Pica; (c) still closed by the Government of Chile during the Northern Chileanization process
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testimonies of Matilla wine production during the colonial era. In this site, most of 
the clay vessels have the year of elaboration written on them (Fig. 6.4a), which dates 
to the eighteenth century, specifically from 1756 until 1767 (Daponte Araya, 2000). 
The ancient wine presses are currently out of use and of a total of fifteen that exist 
in Pica and Matilla (Fig. 6.5), only six of them are in good condition to be studied 
(Daponte Araya, 2000). The wine presses were constructed mainly by using adobe 
and stuccoes from anhydrite mortar, an abundant raw material that characterizes 
most of the buildings in Pica (Daponte Araya, 2000). In addition, a trunk of a large 
tree of 9.8 m stands out among the components of the “Lagar de Matilla” wine press 
that worked as a grape pressing to wine elaboration (Daponte Araya, 2000). Notably, 
the “Lagar de Matilla” is exposed to the community in the center town of Matilla 
and is maintained by the residents of the sector.

One of the main precedents that demonstrates the importance of the wine indus-
try in the Pica Oasis was the recent discovery of a buried wine bottle featuring 
Peruvian iconography on its label (Fig. 6.6a). In early June 2022, a resident of the 
town of Matilla handed over to the members of the “Cooperariva Lagar de los 
Oasis” a wine bottle he found buried in the midst of the Matilla desert. This glass 
bottle, which still contains liquid inside, presumably wine, is corked and also bears 
a label with “Vino de Pica” (Wine of Pica) written on it along with Peruvian flags 
and symbols (Fig. 6.6b). Interestingly, the Peruvian flag depicted on the label design 
does not correspond to the current national emblem but rather corresponds to the 
flag used in Peru during the presidency of José Bernardo de Tagle, who served as 
president between 1822 and 1824.

The members of the “Cooperativa Lagar de los Oasis” have an interesting experi-
ence in winemaking for which they used Criolla and European grapevine varieties, 
including unknown vine genotypes (Fig. 6.7). European grapevine varieties are not 

Fig. 6.5  Ancient wine presses found in Matilla (a) and Pica (b). Numbers and circles correspond 
to wine presses: (1) Lagar de la Familia Contreras, (2) Lagar de Medina Hermanos, (3) Lagar de la 
Botijería, (4) Lagar de Jesús María, (5) Lagar de La Comunidad, (6) Lagar de la Familia Zavala, 
(7) Lagar del Sector Miraflores. Blue, green, grey, and black symbols correspond to water from 
gallery filtrations, crops, buildings, and streets, respectively
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Fig. 6.6  Bottle (a) of wine discovered and unearthed from the soils of Matilla, including its old 
(b) and restored (c) label design

Fig. 6.7  Criolla wines produced in Pica Oasis. Bottle of Blanca Ovoide sweet wine in the hands 
of the viticulturist Jorge Moya (a). Glass of wine containing the Canela and Listán Prieto blend in 
the hands of Rómulo Contreras viticulturist (b). Glass of wine containing Blanca Ovoide sweet 
wine (c). Glass of wine containing wine from an unknown vine genotype
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well adapted to desert conditions, which considerably limits wine production. 
Notably, the wines produced in Pica using Criolla grapevine varieties have unique 
enological characteristics that usually results in an interesting salty profile. Blanca 
Ovoide grapes were vinified as sweet wine (Fig. 6.7a), since culturally it is more 
appreciated by the local consumers. This wine features a deep golden color. The 
nose is fruity, with notes of peaches, orange blossom, honey, cinnamon, nutmeg, 
and vanilla. In the mouth, the relaxing sweetness and salinity of the wine are well 
balanced. Grapes from Canela and Listán Prieto were used to produce a light-red 
blend (Fig. 6.7b). This wine features a deep and brilliant ruby color. In the nose, the 
exuberance of raspberry, plum, and currant emerges. Subtle notes of roses and 
vanilla are also present. In the mouth, the wine is fresh, with great intensity of acid 
and salty tastes. An orange wine was made using Moscatel Rosada grapes (Fig. 6.7c). 
This wine features an intense salmon color. In the nose, citrus notes such as lemon, 
orange and grapefruit stand out. Subtle peach notes are also noticeable. The body is 
intense and presents a fresh acidity that fills the mouth. Grapes from an abundant 
unknown genotype planted in Pica were vinified as white wine (Fig. 6.7d). This 
wine features a pale-yellow color and is characterized by intensely fruity aromas, 
highlighting notes of citrus, peaches, pineapple, and green apple. Subtle notes of 
orange blossom, jasmine, thyme, and geranium are also perceived. In the mouth, the 
wine is fruity, with salty tastes standing out.

6.6 � Technical Conclusions

Subtropical conditions characterize the viticulture of Pica, providing a series of 
physiological problems in vine production that comprises a development of mark-
edly acrotony, berry heterogenous maturity, and an early decay of vines. Pica viti-
culture is also affected by biotic factors, mainly by bird damage, powdery mildew, 
and bunch rot diseases. Soils of Pica are sandy, saline, with low organic matter and 
alkaline, whereas the water used for irrigation contains high levels of boron and 
electrical conductivity, resulting in boron toxicity and magnesium deficiency in 
vines, mostly in the European grapevine varieties.

6.7 � Socioeconomic Considerations

Pica vitiviniculture holds a valuable history that dates back from the sixteenth cen-
tury, which is an unknown subject both nationally and internationally. Toward the 
seventeenth century, wine was the most important agricultural product that put 
Tarapacá in contact with the great centers of the Viceroyalty of Peru. Nevertheless, 
social, political, and economic consequences derived from the water expropriation 
of Chintaguay stream, the increase of taxes to viticulturists, and the Chileanization 
of Tarapacá led to the disappearance of this activity, giving place to the last harvest 
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in 1937 in Tarapacá. Despite this, some of the descendants of the first winegrowers 
of Tarapacá are seeking to preserve their wine history following their ances-
tral legacy.

This chapter provides valuable information about Pica vitiviniculture, adding 
preliminary data for the contribution to the diversity and heritage culture of the 
Chilean wine industry. However, it should be noted that there are several difficulties 
that put Pica viticulture at risk of disappearing: (i) there is no validated technical 
knowledge for the viticultural and oenological production of Criolla varieties and 
unknown vine genotypes in the zone, which requires urgent basal funding; (ii) the 
training received from technocratic experts and winemakers from the Chilean cen-
tral valley has lacked empathy in relation to the thoughts and historic procedures of 
small producers; (iii) Pica’s distance from urban centers is far, so the freight neces-
sary to obtain materials and supplies is extremely expensive and is sometimes not 
available; (iv) the high temperatures that are recorded throughout the season make 
it difficult to store the wines; and (v) the producers are elderly and their children 
migrate to urban centers for greater economic well-being.

Therefore, it is imperative to start a technical intervention to support vitivinicul-
ture in Pica Oasis but also to develop a political intervention that goes to the aid of 
this activity that is growing but still at high risk of disappearing.
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Chapter 7
Recovering the Asoleado: A Heritage 
of the Rainfed of Maule Valley

Marisol Reyes Muñoz and José Lladser Urzúa

7.1 � Introduction

Since the times of Chilean Independence, when viticulture was incipient, the 
asoleado—a Spanish word for something that has been exposed to the sun—was 
emerging as a wine of great interest. Back in the nineteenth century, it was gaining 
a space of recognition in the national market, becoming highly valued among the 
consumers (Lacoste et al., 2016). For its producers, small rainfed winemakers, the 
“asoleado” was a good alternative to obtain a valuable product from the País variety 
(Listan Prieto) of grape, which was in those years the most planted in the rainfed 
lands (Rojas, 1897). However, towards the end of the nineteenth century, several 
factors aligned to remove this wine from the market and even from popular memory.

The transformations that modified the landscape and wine production of Chile 
seem to have been alien to the rainfed and traditional producers of País grapes (Del 
Pozo, 2014), who continued to cultivate their centuries-old vines formed in a head 
or gobelet, generally using little technology and producing wines that are sold 
mainly in bulk. Although this traditionality is sometimes surveyed and valued in 
patrimonial terms (Rojas, 2021), there is no correlation between this and its impact 
on the national market, with the País variety receiving the lowest prices, as grapes 
and even when presented as wine, according to the Oficina de Estudios y Políticas 
Agrarias (ODEPA, 2023).

To this unfavorable commercial situation, we should add the climate change, 
with extreme temperatures that affect the cycle of the vine and low rainfall, which 
increasingly converge in the difficulty of generating profitability in traditional rain-
fed viticulture. In this scenario, the production of “asoleado” wine, which seeks to 
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dehydrate the grapes to concentrate the sugars and achieve a wine of the generous 
type, could offer an alternative to enhance and make profitable the production of the 
País grape, as it surely did in the past. However, to propose plans and actions that 
allow this revaluation, it is necessary to review the history and know the current 
state of the production of “asoleado” in its area of origin.

This chapter makes a historical review of the production of “asoleado” and its 
importance for rainfed economics, and seeks to introduce the sociocultural and pro-
duction conditions behind this type of wine through an exploratory analysis that 
allows to visualize the current state and the possibilities offered by this product as 
an alternative to small winemakers, who face an increasingly adverse climatic sce-
nario in the rainfed fields.

7.2 � Materials and Methodology

Different bibliographic sources were reviewed to allow us to know the history of the 
“asoleado,” its relationship with the area of origin and the environment in which it 
developed, also exploring the changes in the climatic conditions of its produc-
tion area.

In parallel, a primary information survey was carried out through the elaboration 
and application of a semi-structured survey, which allowed us to characterize the 
current state of the production of “asoleado” and its producers. The survey was 
conducted in the communes of San Javier and Cauquenes, in the Maule region. 
Although the bibliography shows Cauquenes as the main place of origin of the 
“asoleado,” the commune of San Javier was part of the Province of Maule, which 
included both communes until 1873 (Gundian, 1884, cited by Rojas & Espina, 2015).

A non-probabilistic technique was used to determine the sample of the target 
group to be evaluated, because there weren’t enough records with information of 
“asoleado” producers in the region. This sampling was carried out for convenience 
and considered 18 respondents, who were located through the web, from the INIA 
Cauquenes enology laboratory data and mostly by information provided by the pro-
ducers themselves. The quantitative information obtained was analyzed with 
descriptive statistics with measures of central tendency, and the qualitative informa-
tion through a coding of the open questions. Then, we proceeded to give names to 
the general patterns found on common responses, and then list these patterns and 
assign them a numerical value.

In addition to this, a chemical analysis of alcohol content, pH, and reducing 
substances was conducted on a sample of 12 wines from some of the surveyed 
producers. The purpose was to establish the basic oenological parameters to char-
acterize a fortified wine. This was followed by a tasting session, for which a panel 
of three wine professionals was assembled. The panel consisted of individuals 
involved in enological journalism, wine sales in specialized stores, and sommelier 
activities.
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7.3 � Results and Discussion

7.3.1 � Historical Overview

According to current Chilean legislation, “asoleado” is a sweet wine of the generous 
type, produced and bottled in the rainfed area between the Mataquito River in the 
north and the Biobío River in the south, from vines planted in the same area (SAG, 
2009). The elaboration of this wine goes back to the times of national independence, 
when the proclamation of Bernardo O’Higgins as Supreme Director of the State was 
celebrated, in whose banquet he included the most select delicacies of the time and 
the toasts were made with chacolí from Santiago and “asoleado” from Concepción, 
in addition to other peninsular wines (Pérez, 1886).

The name “asoleado” refers to the fact that, for its elaboration, the grapes are 
partially dehydrated in the sun, and then vinified. According to O’Higgins (Mujica 
et al., 2019), only 4 days were enough since the grapes were cut and laid in the sun 
and then vinified. However, Gay (1855) pointed out that the process of sunning—
“asolear”— took between 15 and 20  days, and that the quality of the product 
obtained was better when the sunning of grapes was extended to 25 days. There was 
not much care during the process; this was done outdoors without much concern for 
rain, dew, or herbs that could emerge during the sunning process (Gundian, 1884, 
cited by Rojas & Espina, 2015).

The País variety, one of the oldest in Chile, has been the most used in the produc-
tion of “asoleado” (Rojas, 1897; Couyoumdjian, 2006). In the first half of the nine-
teenth century, it was classified as very vigorous and rustic, well adapted to various 
types of soil and resistant to drought (Rojas, 1897). Their wines, however, were 
described as poor in aroma and without any remarkable quality, except when they 
were intended for the elaboration of “asoleado.” It could even be compared to port 
when the grapes came from rainfed hills (Rojas, 1897). Other varieties of ancient 
presence in the country, such as Moscatel de Alejandría or Torrontés, were also 
indicated as suitable for producing liqueur or generous types of wines (Rojas, 1897).

Cauquenes and Concepción are historically recognized as the places of origin of 
this wine (Gundian, 1884, cited by Rojas & Espina, 2015; Lacoste et al., 2016). 
Special emphasis was placed on the virtues of Cauquenes as an “asoleado” produc-
ing area towards the end of the nineteenth century, when it was seen with an enor-
mous potential to produce Bordeaux, (jerez) sherry, port and champagne. (Gundian, 
1884, cited by Rojas & Espina, 2015; Rojas, 1897). In that area, far from large urban 
centers, with few and bad transport routes, the producers of País grapes, small and 
with few economic resources, found in the “asoleado” an alternative that allowed 
them to reach the most populated places with greater purchasing power, where they 
could achieve higher prices for a product of higher quality and valuation (Gundian, 
1884, cited by Rojas & Espina, 2015; Rojas, 1897).

Between 1850 and 1880, “asoleados” wines occupied a privileged place among 
the capital’s elite and other important cities such as Valparaíso, Chillán or La Serena. 
Its arrival from Cauquenes was widely publicized and its price far exceeded the 

7  Recovering the Asoleado: A Heritage of the Rainfed of Maule Valley



106

prices of dry wine (Lacoste et al., 2016). This golden age of the “asoleado” would 
come to an end after the Pacific War, when a greater economic bonanza allowed the 
import and consumption of European products, leaving aside the “asoleados” for 
European products such as champagne or sherry-jerez (Couyoumdjian, 2006). 
Additionally, national elites, like other Latin American elites, strove to imitate 
European consumption habits and detach themselves from local customs (Lacoste 
et al., 2016). Falsification had also done its part, taking advantage of the prestige 
gained by the producers of Cauquenes and Concepción; many producers from other 
regions of the country saturated the market and contributed to the weakening of a 
product built with sacrifice and effort (Lacoste, et al. 2016).

In 1938, through the Law of Alcohols, the denomination of origin of fortified 
wines of Cauquenes was granted to the fortified and liqueurs wines, which were 
produced between the Maule and Itata rivers and which were elaborated by experi-
mental stations, agricultural schools owned by the State, or by associations of pro-
ducers and winegrowers, supervised in their technical aspect by the Ministry of 
Agriculture (Reyes & Lavín, 2022). However, this Law made no specific mention of 
the word “asoleado.” Probably for this reason, between 1930 and 1950, several 
companies made use of the concept in their labels to promote their products, even 
when they did not come from the area that had given prestige to this wine, did not 
have the quality of it (Lacoste et al., 2016) and even used varieties that were not 
even present in the rainfed lands of Cauquenes (Pinochet, 1941).

Even while the fortified and liqueur wines of Cauquenes were protected around 
1938 (Ministerio de Agricultura, 1938), it was not until 1979 that the Alcohol Law 
explicitly protected the “asoleado” (Ministerio de Agricultura, 1979), reserving that 
denomination for the fortified wines produced and bottled in the rainfed area 
between the Mataquito River to the north, as indicated by the previous law, only this 
time extended to the Biobío River in the south.

In Cauquenes, the production of “asoleado” was part of the viticultural identity, 
and efforts were made to maintain and improve the quality of making wines. In 
1939 the “Cooperativa Vitivinícola de Cauquenes” was created, and a production of 
200,000 L of “asoleado” wines were declared back in 1943 (Lomas de Cauquenes, 
2023). On another side, in the Cauquenes Wine Experimental Station, various tests 
were carried out in elaboration techniques that would optimize its quality and guar-
antee its stability over time (Pinochet, 1941). These works bore fruit, as evidenced 
by obtaining first place in the National Wine Exhibition of Santiago in 1932 and 
then again in 1972, both with the “asoleado” from the Experimental Station. Also, 
it gained recognition by winning the silver medal in the World Competition of 
Budapest with the white “asoleado” of 1962 harvest (Reyes & Lavín, 2022). For 
decades, the Experimental Station continued with the production of “asoleado,” 
where the wine was aged for at least 4 years and their work contributed to maintain-
ing a favorable image of the product until the 90s, when the commercial production 
of this and other wines were completed (Reyes & Lavín, 2022).

In the second half of the nineteenth century, Chilean viticulture would be divided 
into two from the Maule River to the north, it is possible to find a wine region with 
a predominance of French vines, cutting-edge technologies and large investments, 
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while between the Maule and Biobío rivers, rainfed vines would continue to prevail, 
using traditional methodologies based on the País vine (Briones, 2008). To these 
days, the catalogue of varieties present in the Maule and Biobío regions has been 
expanded and state-of-the-art technology has been incorporated into wine produc-
tion. However, the País variety led in the head continues to be cultivated in the 
rainfed of the communes of San Javier and Cauquenes, which concentrate more 
than 40% of the national surface of this variety (ODEPA, 2021).

As in the rest of the country, climate change has manifested in the rainfed. 
Looking at the maximum temperatures recorded from 1964 to 2021, we can see an 
increase that approaches 3 °C. In the same trend, days with temperatures above 25 
and 30 °C have increased by 20 and 33 more days, respectively (Reyes & Salazar, 
2023). Rainfall has fallen to such levels that, in the last 20 years, only five times 
have rains been recorded reaching 650 mm, which is what was considered as normal 
rainfall in the rainfed agroclimatic of Cauquenes. This situation presents a problem 
for the production and profitability of rainfed country grape producers, whose 
grapes and wines are the worst paid in the national market, according to ODEPA 
(2023) in its Wine Bulletin.

7.3.2 � Current State of “Asoleado” Production 
and Its Producers

The search considered the location of 24 individuals who were identified as 
“asoleado” producers. Out of these, five were no longer producing, and one was out 
of the country, so they were not surveyed. The respondents were mainly from the 
commune of Cauquenes (n = 10), San Javier (n = 6), and Empedrado (n = 2). More 
than half of the producers own properties ranging from 0.6 to 6.0 ha, although we 
also found producers with larger areas. Among these, we came across two proper-
ties, one of 140 ha and another of 840 ha. Regarding the vineyards from which the 
grapes for “asoleado” are obtained, 50% of them are smaller than 1.5 ha. In general, 
most of the small producers of País grapes in the communes of San Javier and 
Cauquenes have vineyard areas smaller than 5 ha (Reyes, 2020); however, this situ-
ation was expected. The majority of the respondents (44%) produce between 1000 
and 1240 L per season, followed by 400–850 L (22%) (Table 7.1). There was one 
producer who made 20,000 L; however, they purchased grapes externally, so the 
area dedicated to “asoleado” was not considered in the evaluation. In general, 

Frequency (N) Liters produced Grape requirement (kg)

3 100–300 250–750
4 400–850 1.000–2.125
8 1.000–1.240 2.500–3.100
2 2.000–3.500 5.000–8.750
1 20.000 Buy to others

Table 7.1  Frequency of liters produced, liters produced, and grape requirement for estimated sun-
drying area
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producers calculate the number of grapes to sun-dry in order to produce the desired 
volume. This calculation considers a net yield ranging from 30% to 40% of the 
initial harvested weight. Based on the reported liters and common production values 
for the type of vineyards owned by the producers, it was estimated that the majority 
(67%) do not use more than 17% of the vineyard area for “asoleado” and, in no case, 
exceeds 33%.

More than half of the producers are over 60 years old, with an age range between 
33 and 86 years. Forty-four percent of the producers indicated that they have com-
pleted high school, while 33% of them completed primary education or part of it. 
Only two individuals have technical studies, and one has a higher education degree. 
Lastly, one person mentioned having no formal education.

To understand what “asoleado” means to the producers, they were openly asked 
about the significance of this wine for them and the importance of producing it. 
Since the responses were open-ended, seven common patterns were identified based 
on the frequency of their mention (Table 7.2). These seven patterns were grouped 
into three main motivations: (a) “Commercial” motivations, which are purely related 
to selling the product and its market positioning. (b) “Psychological/emotional/
familial” motivations, which refer to the emotional memories of family experiences 
and personal enjoyment of the production activity. (c) “Preservation of culinary 
heritage” motivations, which relate to the idea of passing on knowledge about the 
production process and the socio-cultural importance of the product to current and 
future generations.

Based on the relative importance of motivations for producing “asoleado,” five 
profiles of producers were determined (Table 7.3). In general, the commercial aspect 
takes precedence, followed by the interest in preserving heritage, and thirdly, a com-
bination of commercial interest with psychological/emotional/familial motivation 
(Table 7.3). The commercial motivation, driven by the higher price and demand for 
“asoleado” compared to dry wine, has been a fact since the nineteenth century. 
While producers also express motivation for heritage preservation, for several of the 
surveyed individuals, the survival of their vineyard depends on the sale of “asoleado.”

Trends in motivational factors were analyzed based on the age of the producers, 
considering a broad generational division at 50 years old. Although there were only 

Table 7.2  Motivations and common patterns detected in “asoleado” production

Common patterns
Frequency 
(N) Motivation

Preservation of heritage tradition 6 Preservation of culinary 
heritage

Easy sales and/or demand 8 Commercial
Good price 3
Gender-specific market niche 2
To share with family and/or friends 3 Psychological/emotional/

familialOpportunity to improve condition of País 
grapes

2

For the pleasure of making them 2
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Fig. 7.1  Producers grouped by age ranges regarding their motivations for “asoleado” production

Type of motivation Frequency (N)

Commercial 6
Preservation of culinary heritage 5
Commercial and psychological/emotional/familial 4

Psychological/emotional/familial 2
Commercial and preservation of culinary heritage 1

Total 18

Table 7.3  Number of producers by the grouping of motivations in “asoleado” production

four individuals below the age of 50, it can be observed that both the commercial 
aspect and the preservation of culinary heritage are present in both age groups 
(Fig. 7.1). Notably, in the older age range, commercial motivation and psychologi-
cal/emotional/familial motivation stand out. This can be explained by the fact that 
asoleado has been present throughout their lives, evoking memories and experi-
ences that evoke warm aspects of home and family life.

It was asked whether the production of “asoleado” was a family tradition, to 
which 67% responded “no”, and 33% responded “yes”. Regarding how many years 
they have been producing “asoleado,” most respondents (39%) have a trajectory of 
5–10 years, 22% have been producing for less than 5 years, and the same percentage 
has been in the industry for over 20 years. Finally, 17% indicated having 11–20 years 
of producer experience. This indicates that most producers have a medium to short 
trajectory in producing this type of wine. However, “asoleado” has been present in 
their daily lives, aligning with the previously mentioned psychological/emotional/
familial motivation.
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Regarding how they learned the production technique, 44% learned it on their 
own initiative, and 22% learned it through their family. Learning from colleagues 
and/or friends, through consultancy and other means account for 11%.

The variety used for making “asoleado” is primarily “País,” as indicated by all 
the surveyed producers. Fourteen producers exclusively use this variety, while four 
include another white variety, with Moscatel de Alejandría or Italia being used in 
two cases. Semillón, Torontel, and Sauvignon Blanc are also utilized.

The harvest timing is mainly determined by taste, with soluble solids (°Brix) 
being the second indicator, and personal perception being the third (Fig.  7.2a). 
Regarding the method of sun-drying or dehydrating the grapes to concentrate the 
sugar (Fig. 7.2b), most of the producers directly sun-dry the grapes, either by hang-
ing them in tents on the ground (50%), directly on the ground (11%), on a roof 
(11%), or by placing the cut clusters back on the vines (6%). Only two producers 
indicated drying them indoors (11%), and two practice late harvest (11%). Although 
the legislation does not specify the method to be used for sugar concentration, tra-
ditional accounts mention the direct sun-drying of grapes (Mujica et  al., 2019; 
Gundian, 1884, cited by Rojas & Espina, 2015), which is also defended by the more 
traditional producers and aligns with the semantic logic of the word “asoleado,” 
which corresponds to the direct exposure of grapes to the sun.

The dehydration or sun-drying process lasts from 2  weeks to over 4  weeks. 
During this period, the focus is on protecting the grapes from rain by covering them 
at night and using covers to prevent insect damage. During fermentation, there are 
generally no specific protocols followed. According to the survey, 39% of the pro-
ducers do not follow any specific protocols. Among those who do, the most com-
mon parameters monitored are density and/or temperature, combined with applying 
preservatives, yeast addition, or measuring degrees Brix.

According to the law, “asoleado” is classified as a fortified wine, and as such, it 
must have a minimum alcohol content of 14% achieved through natural fermenta-
tion. However, based on chemical analysis conducted on 11 samples, the average 
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Fig. 7.2  Indices for determining the harvest timing (a) and methods used for sun-drying or dehy-
drating the grapes (b)
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Fig. 7.3  Dispersion measurements of “asoleado” wine samples according to their alcohol content

alcohol content was 13.1% (Fig. 7.3). Only three of the samples exceeded the mini-
mum required by law, and three were very close to the required alcohol level. It was 
also observed that wines made from grapes dried directly under the sun tended to 
have higher alcohol levels and pH than those dried using other dehydration tech-
niques. The addition of alcohol, known as “encabezado,” which would classify the 
wine as a liqueur wine rather than a fortified wine, was mentioned by only two 
producers, and only one of them considered it a regular practice. This practice was 
recommended to ensure consistent quality and stability over time (Pinochet, 1941).

Most producers (55.6%), especially smaller ones, store their sun-dried wines in 
plastic containers. Those who produce on a larger scale use stainless steel tanks. 
Only three producers age their wines in barrels as an aging technique, and this pro-
cess lasts for 3–5 years. The use of clay amphorae is also mentioned among the 
production techniques used.

The wine is mainly sold in the same year it is produced, and this is precisely one 
of the reasons for producing sun-dried wine, as mentioned by the producers. They 
think it allows for quicker sales and better prices than dry wine. It was only men-
tioned that the wine that couldn’t be sold in the same season is kept for the follow-
ing year.

Although the law does not explicitly require aging for sun-dried wine, at the 
Cauquenes Experimental Station, guaranteed aging of 4  years was considered a 
characteristic of its quality and highly valued by consumers (Pinochet, 1941). It was 
thought that aging significantly improved the organoleptic quality of sun-dried wines.

To analyze the perceptions of quality, a cross-referencing of information was 
conducted. Firstly, producers were asked about the main quality attributes of their 
sun-dried wine, and secondly, a panel of wine professionals conducted a tasting of 
14 wines. This sample was divided into three groups: aged samples, 2022 produc-
tion samples, and 2023 production samples. Most of the producers identified the 
characteristic of sweetness as the most outstanding attribute of their wines. In the 
second place, color was mentioned, followed by flavor, closely followed by alcohol 
content (Fig. 7.4). The aroma of “sun-dried” was mentioned as a distinct aroma, 
described as the particular smell that the wine acquires when the grapes are 
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Table 7.4  Frequency of percentage range for “asoleado” wine sales in different commercial 
channels and percentage of sales by format

Percentage range of 
sales

Property or home 
(N)

Market or similar 
(N)

Restaurants 
(N)

Others 
(N)

[1–25%] 3 2 2 –
[26–50%] 3 3 1 3
[51–75%] 2 – – –
[76–100%] 8 3 – 1
Total of mentions 16 8 3 4

0
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6
8
10
12

Sweetness

Degree of
alcohol

Favlor

Smell

Color

Others

Fig. 7.4  Frequency of quality attributes highlighted by producers regarding their sun-dried wines

sun-dried. In the “other” category, the natural condition of the wine was empha-
sized, referring to wines that are not corrected or preserved during production.

Due to the variability in sales formats and the number of producers using each 
format (Table 7.4), the analysis of this and their prices were conducted separately, 
calculating measures of central tendency for each format. Most of the producers sell 
in bulk, with the most common price being $3000 per liter (Fig. 7.5a), and most of 
those who use this channel sell almost exclusively from their homes. The second 
most used format is the 750 mL bottle (Fig. 7.5b), with a median price of $5000 and 
a price range between $2500 and $10,000. The 375 mL bottle is used by three pro-
ducers and records the highest sales prices, with a maximum of $24,000 and a mini-
mum of $5000 (Fig. 7.5c). Notably, in this case, those who age their wine fall into 
this category, which directly influences the higher price. The least frequent format, 
with two mentions, is the 500 mL bottle (Fig. 7.5d).

A set of questions was conducted to understand the perspective of continuity and 
future perspectives from the point of view of those who are currently involved in the 
production of “asoleado.” As producers immersed in agri-food systems that are 
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constantly subjected to climate change and facing a business with fragile stability 
and profitability, this aspect becomes highly relevant.

Half of the producers consider that the price they receive for their product is 
adequate, however, 44% consider it to be very low in relation to the work involved 
(Fig. 7.6a). Older producers are more likely to consider the price low, but it is still 
more attractive than that of dry wine because “asoleado” has higher demand. There 
is some uncertainty about the future price, as only a third of the producers think it 
may increase (Fig. 7.6b). Most of them intend to continue producing “asoleado” 
(Fig. 7.6c), however, over half of them do not have anyone in their family circle to 
continue with the production (Fig. 7.6d), especially those older producers whose 
children already have their own occupations and none have opted for vineyard work 
and its products.

Another important aspect is the perception that producers have of “asoleado” as 
a heritage food, indicating that the product has been transmitted transgenerationally 
and provides identity to rural families in a locality and region, with cultural and 
identity importance, recognized by 78% of them. Despite that the producers per-
ceive the “asoleado” as something traditional, unique, and specific to their area, half 
of them were unaware about its Protected Designation of Origin (D.O.). Among 
those producers who knew the D.O. “asoleado,” 90% of them considered it impor-
tant to maintain it and they would be willing to pay for certification, depending on 
the price it entails.
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7.4 � Conclusions

The “asoleado” continues to be a distinctive product of the Cauquenes commune 
and a few neighboring communes that were once part of the province. Its production 
is primarily in the hands of small producers with limited plantations of “País” 
grapes, and like the producers of the nineteenth century, they see “asoleado” as an 
alternative to valorize these centuries-old rainfed vineyards. While commercial 
motivation is the main reason for producing “asoleado,” there is also an important 
component associated with preserving food heritage and family and emotional con-
nection. Despite that most of the producers do not have a direct family heritage and 
their trajectory is medium to short, it is recognized that the product has been trans-
mitted transgenerationally, thereby connecting past and present generations. 
However, many of them do not envision the future continuity of family production.

There is a low standardization of processes observed. Some producers follow 
vinification and aging protocols, and the production method is mainly artisanal and 
variable. Consistent with what producers have mentioned about their learning in the 
production of “asoleado,” the drying times and methods of the grapes, as well as the 
production techniques, are diverse. This multiplicity of processes results in a diver-
sity of styles and qualities, with some “asoleados” not reaching the alcohol level to 
be classified as fortified wines, while others stand out for their quality.

The D.O. “asoleado” establishes territorial production limits and indicates that it 
is a fortified wine, however, there are multiple questions and gaps regarding produc-
tion regulations. As mentioned by producers who follow a more artisanal approach, 
they think that “asoleados” produced with grapes that are not directly sun-dried 
should not be called “asoleado.” Consequently, some producers’ products corre-
spond more to late-harvest wines, while others may have been corrected with con-
centrated must or even artificial sweeteners. This lack of precision and regulation 
can be highly limiting to repositioning “asoleado” in the major consumer centers of 
the country, potentially repeating some of the patterns that led to its decline in the 
national market in the early twentieth century.

In commercial terms, the historical and heritage character of “asoleado,” along 
with its sensory characteristics and organoleptic attributes, could be attractive to the 
profile of the national consumer, providing an opportunity for revaluation as long as 
its quality can be guaranteed and maintained over time.
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Chapter 8
Terroir and Typicity Evolution of Different 
Uruguayan Wine Regions

Milka Ferrer, Gustavo Pereyra, Ramiro Tachini, Julia Salvarrey, 
and Mercedes Fourment

8.1 � The Concept of Terroir: A Systemic, Dynamic 
and Constantly Evolving Concept

Terroir is a word of Latin origin derived from territoire. The historical evolution of 
the concept of terroir has its origin in 1200; in 1000, according to other authors in 
Burgundy, being a linguistic modification of older forms (tieroir, tioroer), originat-
ing in the popular Latin “territorium” (Ballantyne, 2011; Tonietto, 2007). But it was 
not until the seventeenth and eighteenth centuries that it was affirmed, understood 
as “a geographical situation describing the characteristics of the physical environ-
ment considered homogeneous”. It is from this concept that the first definition, “an 
extension of land with certain agricultural aptitudes” (Deloire et  al., 2008), 
originates.

Its evolution continued in the twentieth century when soil suitability (Henin, 
1957), geology and landscape (Morlat & Jacquet, 1993) and the valorization of a 
territory/product by incorporating the social and cultural dimension and know-how 
(Rouquette, 1994) were incorporated.

In a synthesis, Vaudour (2003) indicates that the concept of terroir comprises 
four dimensions: terroir-physical (relationship with the soil/climate), terroir-space 
(relationship with the territory), terroir-awareness (relationship with know-how) 
and terroir-slogan (relationship with communication about an identity). These con-
cepts have in common that they are based on the origin, specificity and typicality of 
the product and, as a consequence, cannot be reproduced elsewhere. The aim is to 
add value by differentiating between standard products vs territorial products; for 
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some consumers, particularly those from the “New World”, this message may be a 
relatively recent construction (Muchnik, 2006).

In 2005, UNESCO, INAO and INRA defined terroir as “A responsible alli-
ance between people and their territory, based on know-how, production, cul-
ture, landscape and heritage. As such, they are the source of great human, 
biological and cultural diversity, expressed in products, typicity, originality and 
the recognition that goes with them. They create value and wealth. Terroirs are 
living, innovative spaces where human communities, through their history, build 
viable, sustainable development. Terroirs help to meet consumer expectations in 
their search for diversity, authenticity, food cultures, nutritional balance and 
health”.

For its application to wine products, the general assembly of the International 
Organization of Vine and Wine (OIV) defines vitivinicultural “terroir” as a concept 
that refers to an area in which collective knowledge of the interactions between the 
identifiable physical and biological environment and applied vitivinicultural prac-
tices develops, providing distinctive characteristics for the products originating 
from this area. “Terroir includes specific soil, topography, climate, landscape char-
acteristics and biodiversity features” (OIV, 2010). The Resolution OIV-VITI 
423-2012 expressed: “that terroir has a spatial dimension, which implies a need for 
delimitation and zoning and that different aspects of terroir can be zoned, particu-
larly physical environment aspects: soil and climate”, decides to adopt the following 
resolution, concerning the OIV “Guidelines for vitiviniculture zoning methodolo-
gies on a soil and on a climate level” (OIV, 2012).

From these definitions/resolutions, it emerges that the various dimensions of ter-
roir require a multidisciplinary approach that allows robust scientific analysis of the 
social, cultural and environmental characteristics of plant requirements, leading to 
sustainable grape and wine production, as well as implementing a consumer com-
munication strategy.

This term, which originated in France some 1000 years ago, was adopted by 
winemakers in many “New World” countries less than 50 years ago (Tonietto, 2007) 
and is recognized by wine consumers to indicate and appreciate the unique qualities 
of certain wines. This recognition does not need to be linked to Appellations of 
Origin, the use of which is restricted. Moreover, this concept, which associates wine 
with a territory, generates “changing geographies” that are not necessarily the tradi-
tional ones, which contributes to incorporating new producers and new consumers.

An economic analysis by several authors on the interest in studying terroir in 
“New World” countries indicates that more competitive prices are achieved when a 
wine is linked to its place of origin, as this strategy contributes to consumer recogni-
tion (Ballantyne et al., 2019; Cross et al., 2017).
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8.2 � Methodology for Studying the Different Components 
of the Terroir

In one of the reports of Resolution OIV-VITI 423-2012 (OIV, 2012), it considers 
that the “terroir” represents a spatial dimension that implies the need for delimita-
tion and that different aspects of the “terroir” can be zoned the physical elements of 
the environment: climate and soil (Fig. 8.1). Terroir is a system in which its compo-
nents interact in a dynamic association. Although they can be studied separately, it 
is ultimately the analysis of the response of the whole plant that is the synthesis of 
these interactions (Deloire et al., 2003).

8.2.1 � Climate as a Component of Terroir

The climate is a significant factor in the physical environment influencing terroir 
expression (De Rességuier et al., 2020). It is also a critical component of the system 
because it limits where grapes can be grown to reach maturity globally and locally 
(Jones, 2018; van Leeuwen, 2010). For its analysis, bioclimatic indices are used, the 
purpose of which is to describe and delimit homogeneous climatic zones. The main 
objective of these zones is to ensure that the variety(ies) to be planted complete 
oenological maturity.

Fig. 8.1  Terroir components
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The spatial scales used to study climate are the macroclimate, which is used to 
define an extensive climatic zone; the mesoclimate for a local scale; and the micro-
climate, which is quantified at the plot level. These last two scales also allow the 
analysis of the annual variability of climate and incorporate another component of 
terroir, the plant variety.

One of the first precedents for macro-scale regionalization was the Winkler Index 
(WI) (Amerine & Winkler, 1944) in California. This index is based on the sum of 
active temperatures during the growing season from first April to 31th October for 
HN conditions. Active temperatures are defined as values above the vegetative zero, 
set by convention for vines at 10 °C, and are calculated as the difference between 
the average daily temperature and 10 °C. The definition of this thermal threshold 
arises from the recording of the average bud break temperature of a significant num-
ber of varieties. These authors defined 5 zones with climates classified from cold to 
warm, according to the thermal range from <1389 °C in the cold region to >2222 °C 
in the warm region.

Other benefits of this index, particularly in mesoscale studies, are determining 
the climatic supply to analyse the possibility of acclimatization of varieties to local 
climatic conditions to maximize the expression of the terroir. In this sense, it is 
necessary to know the thermal requirements of the different varieties to ensure opti-
mal grape ripening. Using the WI, van Leeuwen et al. (2008) report the thermal 
needs and ripening order of many varieties. In that study, they report, for example, 
requirements for Merlot of ∑1474 °C, Tannat of ∑1501 °C and Cabernet Sauvignon 
of ∑1520 °C, thermal degrees recorded from first January until harvest, for HN 
conditions.

In the fine-scale climate analysis (microclimate), the influence of temperature, 
light and humidity at plant and berry levels is evaluated and quantified. This infor-
mation helps us understand the physiological and chemical processes occurring at 
that level.

In the present study, based on the thermal sum (GDD10) at the canopy level, berry 
weight and composition evolution were evaluated between 2002 and 2003 in two 
conduction systems, vine and trellis (Ferrer, 2007). Temperature records were 
obtained using recorders (HOBO) installed in the canopy at bunch height. The ther-
mal records obtained showed no differences between the conduction systems. 
However, there were differences between years (temporal variability). GDD10 accu-
mulated since veraison, at canopy level, showed a strong correlation with grape 
weight and composition (p  <  0.0001). Maximum values for the sugars and the 
anthocyanins were registered with GDD10 values of ∑443 °C in VSP and ∑439 °C 
in lyre for 2002, and ∑428 °C in both trelling systems for 2003.

Another widely used thermal index is the Helothermal Index (HI) proposed by 
Huglin (1978). Based on this index this author proposes to establish a correlation 
between temperature and the number of potential sugars of a variety in a given 
region. As the quantity of sugars is a product of the photosynthesis process, the 
index considers the temperature favourable to this process, as well as the length of 
the day, depending on the latitude of the region to be evaluated. Therefore, the HI 
relates the air temperature during the active period of vegetative growth 
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(October–March in the Southern Hemisphere) and a coefficient of day length that 
varies according to the latitude. The HI provides information about the local heat 
summation considering the average and maximum temperatures, weighing the 
accumulated temperatures to the daytime period. The index establishes ranges of 
heat summation in base 10 °C with a minimum of ∑1500 °C (cold climate), up to 
>∑3000 °C (warm climate); outside these ranges, the minimum sugar contents of 
180–200 g/L considered for grape ripening would not be reached. The spatial and 
temporal evolution of this index over long periods is used to analyse climate change, 
as proposed by Le Roux et al. (2008) for the period 1986–2005 and by Fourment 
et al. (2013) for Uruguay for the period 1994–2009.

Huglin and Schneiner (1998), to corroborate the relevance of the index and to 
determine the potential sugars content in grapes of a region, analysed the behaviour 
of a wide range of varieties and regions and established a correlation of R = 0.86 
between this index and the sugar content. Ferrer (2007) proposed for Uruguay the 
viticultural regionalization based on the Multicriteria Climate System (Tonietto, 
1999; Tonietto & Carbonneau, 2004), in which the Heliothermal Index is included. 
For the calculation of the index, thermal information was processed for 30 years 
from 23 meteorological stations that meet WMO standards and are distributed 
throughout the territory. The index values were mapped using the programme 
“SPRING: Integrating remote sensing and GIS by object-oriented data modeling” 
(Camara et al., 1996) (Fig. 8.1, left). This index ranges from values of ∑2100 °C to 
∑2600 °C.

This study aimed to determine the sugar accumulation potential for 3 varieties, 
Tannat, Cabernet Sauvignon and Merlot, concerning the ranges of the Heliothermal 
Index (Fig. 8.2). The information on the sugar content of these varieties came from 
the processing of 3000–4000 forms, which must be filled in by winemakers (sworn 
declaration), and which were provided by INAVI (National Institute of Viticulture). 

Fig. 8.2  Heliothermal Index calculated from first September to 28th February (HS) (Ferrer, 2007). 
(left), sugar content (g/L) (in bold) and length of growing cycle from budburst to harvest (days) (in 
dotted line) for the Tannat grape variety (right) in Uruguay

8  Terroir and Typicity Evolution of Different Uruguayan Wine Regions
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The information, by variety, includes grape production per hectare, the probable 
amount of sugar per litre of must at harvest and the probable harvest date. For the 
calculation of the cycle duration, the number of days from first September (the date 
of bud break of the HS vine and the start of the HI heat summation) to the date of 
harvest from the affidavit was counted. The processed data were analysed in ten 
departments where the three varieties were present and for 2001–2004.

The sugar content and the cycle length were related to the HI values. The estab-
lished correlation of the index with the sugars content for all three varieties and a 
wide range of regions was R = 0.81 (p = 0.001). For each variety, the correlations 
established were: Merlot R = 0.85 (p < 0.01), Tannat R = 0.84 (p < 0.01), Cabernet-
Sauvignon, R = 0.83 (p = 0.001), which is in agreement with that reported by Huglin 
and Schneider (1998). The maps show that the sugar content increases from south 
to north as the index increases (Example in Fig. 8.1, right).

The varieties show a different response regarding sugar accumulation at the same 
or increased thermal supply. In Merlot, there is a transition between IH4 and IH5, 
where it gains 10–15 g/L of sugars. In Cabernet Sauvignon, the difference between 
the extremes of the index (IH3-IH5) is 10  g/L.  Tannat is more sensitive to the 
increase in temperature, with extreme values between IH3 and IH5 of 40–50 g/L. The 
application of this index allowed us to determine that there are no limitations to 
reaching maturity for these three varieties in the country, that their thermal needs are 
different, and that according to the thermal offer of the region, they can reach differ-
ent sugar content (probable alcohol) and therefore wines with different characteris-
tics. Finally, the vegetative cycle of the varieties follows the same trend as sugar 
accumulation.

Tonietto and Carbonneau (2004) propose to regionalize the multi-criteria climate 
system (MCC). This system analyses three indices: the Heliothermal Index (HI), the 
Cold Night Index (CI) and the Drought Index (IS). The CI refers to the average 
minimum temperature the month before harvest. It is a qualitative index that aims to 
evaluate the potential of a region in the production of secondary metabolites (poly-
phenols and aromas). These authors propose four climate classes: warm nights 
>18  °C and at other extreme very cold nights <11.9  °C. The IS is based on the 
Potential Water Balance proposed by Riou et al. (1994). The IS takes into account 
the demand and supply of the climate (temperature and precipitation), the soil 
(water supply capacity) and the plant (crop evapotranspiration). The index is calcu-
lated for 6 months on a monthly basis (October–March HS), starting from a pre-
established value of 200 mm of soil water reserve capacity. Based on the calculation 
and the value of this index, five categories were established, from wet (more than151 
mm) to very strong drought (values less than −201 mm). This system was used to 
carry out the viticulture regionalization of Uruguay as a basis for the delimitation of 
terroirs (Ferrer, 2007; Ferrer et al., 2007, 2012a, b).

The vine cycle develops in our conditions from September (bud break) to March 
(harvest of most of the varieties); these months were considered for calculating the 
indices, proposing an adaptation of these. The sum of temperatures of the HI was 
carried out from first September to 28th February. In the case of the CI, the average 
minimum air temperature from 15th February to 15th March was considered. The 

M. Ferrer et al.



123

calculation of the IS was carried out, considering the real initial useful water reserve 
capacity of the dominant soils of the wine-growing regions, where 82.3% of the 
soils have values between 40 and 160 mm (Molfino & Califra, 2001). This balance 
was carried out from 1st September to 28th February.

The climate index data were treated by multivariate analysis: Principal 
Component Analysis (PCA) and Cluster Analysis (CA), the latter to confirm the 
correspondence and determine the boundaries of the regions delimited by the 
PCA. Before PCA the data were standardized. The CA is calculated by applying the 
Ward Hierarchical Algorithm, and the number of clusters is determined by the 
pseudo-F (relative maximum), graphically translated into a dendrogram. Using the 
programme “SPRING: Integrating remote sensing and GIS by object-oriented data 
modelling” (Camara et  al., 1996), the different climatic zones of Uruguay were 
mapped and delimited. Based on this, six climatic zones were delimited and 
described in Fig. 8.3.

Fig. 8.3  Delimitation of Uruguay’s viticultural regions. (Ferrer, 2007)
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Region 1  – South East Zone  A region with climatic type ISA1 IHA3 IFA2 is 
delimited, i.e., with a viticultural climate of “moderate drought, temperate, mild 
nights”. This zone represents 60.4% of the total production, and the main varieties 
in this region are red varieties (73%). According to INAVI (2023) data for 2022, this 
region and in particular Maldonado department has grown in surface area by 46%, 
positioning itself as the new emerging region of Uruguay, thanks to being a terroir 
directly influenced by the Atlantic Ocean and presenting soils.

Region 2 – South West Zone  A region with climatic type ISA1 IHA4 IFA1 is 
delimited, that is to say, with a viticultural climate “moderate drought, warm tem-
perate, with warm nights” is located on the banks of the estuary of the “Río de la 
Plata”, and with a width of approximately 15 km. This region is characterized by the 
influence exerted by the sea breeze. This area represents 35% of the total produc-
tion, and the main varieties of this region, 77.4% are red.

According to INAVI (2023) data for 2007, 95.4% of the total production is con-
centrated in these two areas. As most of the vineyards are located in the South East 
and South West regions of the country, we can say that they are subject to the influ-
ence of bodies of water and are planted in two types of vine-growing climate, one 
“temperate, with mild nights and moderate drought” and the second “warm temper-
ate, with warm nights and moderate drought”.

Region 3 – Central Zone  This is the region with the largest territory classified as 
ISA1 IHA4 IFA2, i.e., with a “warm temperate climate with mild nights and moder-
ate drought”. This zone represents 1.3% of the total production.

Region 4  – West Coastal Zone  A region spread over territory classified ISA1 
IHA5 IFA2, i.e., a “warm wine climate with mild nights and moderate drought”, 
which, being far from the Atlantic Ocean, has a continental character. This zone 
represents 1.9% of total production.

Region 5  – North Zone  It is classified as ISA1 IHA5 IFA1, i.e., with a wine-
growing climate of “moderate drought, warm, with warm nights”. This zone repre-
sents 1.25% of the total production.

Region 6 – North East Zone  Classified as ISA00 IHA5 IFA2, with a wine-growing 
climate “warm, with warm nights and humid”, very rainy where a high proportion 
of sand characterizes the soils. This zone represents 0.25% of the total production.

The publication Climate, zoning and wine typicity in Ibero-American wine 
regions (Ferrer et al., 2012a, b) presents a series of studies on the climatic charac-
terization using the CCM methodology in the following Ibero-American countries: 
Argentina, Bolivia, Brazil, Chile, Cuba, Mexico, Spain, France, Peru, Portugal and 
Uruguay.

To corroborate the proposed climatic delimitation, a study was carried out that 
analysed the effect of the environment using vine response and grape composition 
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as indicators. Four cv. Tannat vineyards in three different climatic regions of 
Uruguay (a mesoscale) with similar soil conditions were studied in 2008 and 2009. 
Salto: moderate drought, warm, with warm nights (hereinafter abbreviated as “warm 
climate”); Colonia: moderate drought, warm temperate, with warm nights (herein-
after abbreviated as  “temperate-warm climate”); Canelones: moderate drought, 
temperate, temperate nights  (hereinafter abbreviated  as “temperate climate”) 
(Fig. 8.4). Vines were grafted onto SO4 (Vitis berlandieri x V. riparia) rootstock 
and were trained on a trellis system. At each vineyard, we recorded: yield per plant, 
pruning weight, leaf area and pre-dawn leaf water potential. We analysed sugars, 
total acidity and pH, polyphenolic potential, organic acids and berry weight. Weather 
information was obtained from weather stations (MMO standards) (Ferrer et  al., 
2012a, b).

The proposed climatic delimitation is manifested in the plant response and the 
primary and secondary composition of the grapes. The discriminating factors of the 
climate are thermal accumulation and rainfall (Table 8.1). From the plant response, 
it was found that for the same variety, the ripening period was shorter in the warm 
climate (Salto) than in the other two regions (Colonia and Canelones).

The influence of the terroir is evident in the composition of the grapes, according 
to the differences in the sugar and anthocyanin content of the must (Table 8.2). In 
Uruguay, the minimum legal alcohol content for the VCP wines (top category) 
requires a minimum sugar content of grapes (210 g/L); this value was reached only 

Fig. 8.4  Map with the location of the trials
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Table 8.1  Climatic averages for three wine-growing regions of Uruguay (Salto, Colonia and 
Canelones) in 2008

Variable
Salto 
(Warm)

Colonia 
(Temperate-warm)

Canelones 
(Temperate)

Rainfall during the crop cycle, mm 
(1972–2000)

722 523 522

Rainfall during the crop cycle, mm (year 
2008)

704 450 592

Maximum temperature during January 
(MTJ), °C (1972–2000)

31.6 27.9 29

Maximum temperature during January 
(MTJ), °C (year 2008)

31.7 29.7 29

Degree day base 10 °C, veraison at harvest 
(DD10, V-H) (year 2008)

876 845 936

Number of days veraison at harvest (Julian 
days), N° J, V-H, (year 2008)

56 65 76

Table 8.2  Tannat berry composition in 2008 harvest

Salto (Warm) Colonia (Temperate-warm) Canelones (Temperate)

Sugars (g/L) 197 b 184 b 224 a
pH 3.57 a 3.32 b 3.40 b
Anthocyanins (mg/L) 1820 c 2002 b 2033 a
Phenols richness (ua) 57.4 b 58.7 b 63.3 b

For a given factor and significance p < 0.05, different letters within a same row represent signifi-
cant differences (Duncan’s test, p < 0.05)

in the grapes from the vineyards of Canelones. In addition, this region presented 
higher total anthocyanin contents.

These same results were corroborated in subsequent research in which it was 
also possible to determine the precocity of the cycle of this variety in the warm cli-
mate (Salto) about the temperate climate (Canelones) of between 18 and 42 days 
depending on the conditions of the year (Salvarrey et al. personal communication, 
2023). Similar studies to the one presented were carried out by Bollatia et al. (2015) 
to test the area of Cesanese DOC, concluding that the methodology used was rele-
vant for different sectors with differences in grape production potential.

Another example at the mesoscale or vineyard scale is the effect of local factors 
such as topography (altitude, slope and exposure), which cause climatic variations 
greater than the climatic variability given at a larger scale and that the data from 
regional weather stations cannot capture. It is often this spatiotemporal variability 
of climate, combined with interrelated scale phenomena (from macroclimate to 
microclimate), that provides the optimal conditions for vine growth and gives a 
viticultural terroir its specificity (Quénol, 2017).

Mesoclimatic analysis improves knowledge of regional climate by studying the 
influence of topography on the different climatic variables at a specific site, such as 
a vineyard (terrain on the incidence of radiation, temperature and wind exposure) 
(De Rességuier et  al., 2020; Dumas et  al., 1997; Quénol & Bonnardot, 2014). 
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Mesoclimatic conditions also include the role of proximity to bodies of water such 
as oceans, lakes or rivers, giving rise to local air circulation. This is due to thermal 
differences between the air above the water and that on the ground, as in the south-
eastern region of Uruguay (Fourment et al., 2017). The arrival of sea breezes can 
prevent extreme temperatures, avoiding thermal stress during the vine’s vegetative 
cycle and the grapes’ ripening period.

Based on the topoclimate, Tachini et al. (2022) analysed the thermal behaviour 
of a commercial vineyard of the Tannat variety and evaluated the response of the 
plant. The trial was located in Region 2 South-East of Uruguay, which corresponds 
to a “temperate with mild nights and moderate drought” type of viticultural climate 
surrounded by a chain of low-altitude mountain ranges (Cuchilla Grande) and 
simultaneously influenced by the Atlantic Ocean and the estuary of the “Río de 
la Plata”.

Altitude and exposure to oceanic winds were the main factors causing tempera-
ture variability at the mesoscale, while the effect of sun exposure was not signifi-
cant. Thermal differences were observed in the extreme values (minimum and 
maximum temperatures, Fig. 8.5), where high areas exposed to sea breezes reach 
lower temperatures during the day, while low, concave areas protected from oceanic 
winds reach the highest values. However, during the night, the high plots were the 

Fig. 8.5  Correlations between plots’ topography and standardized bioclimatic indices in 2019, 
2020 and 2021 vegetative cycles: correlation between altitude and (a) thermal amplitude under 
ripening period; (b) cool night index; (c) number of day above 30 °C during ripening period; (d) 
mean maximum temperature during ripening period

8  Terroir and Typicity Evolution of Different Uruguayan Wine Regions



128

warmest as the cool air drained towards the low areas, causing a greater thermal 
amplitude in these areas.

The combination of topography-soil-climate had an impact on the response of 
Tannat, where high plots favoured malic acid in 15%. At the same time, lower eleva-
tions showed higher amounts of secondary metabolites, mainly the potentially 
extractable anthocyanins at pH 1 and the actual anthocyanins at pH 3.2 by 21% and 
16%, respectively. Consequently, the characterization of the region concerning its 
topoclimate and its response on the vine will allow agronomic decisions aimed at 
enhancing the typicity of the terroir.

8.2.2 � Soil as a Component of Terroir

The effect of the soil on vine behaviour and grape composition is complex because 
the soil influences vine mineral nutrition and water uptake (van Leeuwen & 
Seguin, 2006).

The analysis of the “soil-landscape” factor in terroir is carried out in a homoge-
neous region from the climatic point of view. Therefore, its approach is at the meso 
or microclimate scale. In this sense, in a mesoscale study carried out in Uruguay, the 
methodology proposed by Vaudour (2003) was applied, consisting of delimiting 
homogeneous territorial units by edaphic-landscapes and applying zonal geographic 
operators (Barbosa et al., 1998); using the Geographic Information System, basic 
territorial units (UTB) were obtained, which, grouped with the vineyards, made it 
possible to delimit two viticultural territorial units or “terroirs” (see diagram in 
Michelazzo et al. (2018)).

The homogeneous climatic region, previously defined (Ferrer, 2007), is South 
West: corresponding to the climatic type ISA1 IHA4 IFA1, “warm temperate, with 
warm nights and moderate drought”, located on the banks of the estuary of the “Río 
de la Plata”, with a width of approximately 15  km. The city of Colonia del 
Sacramento (Department of Colonia), whose historic centre was declared a World 
Heritage Site by UNESCO in 1995, is in this region. The methodology applied 
made it possible to characterize and separate two potential terroirs in the Colonia 
del Sacramento area (Fig. 8.6).

8.2.3 � Man as a Component of the Terroir: Winegrowers, 
Agronomists, Oenologists and Consumers

At the vineyard scale, there is generally a high spatial heterogeneity of plant vigour 
due to structural factors (such as soil morphological characteristics as soil composi-
tion, topoclimate), functional factors (such as the cultivation practices applied by 
the vine grower), and the climate of the season (Morlat et al., 2001; van Leeuwen & 
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Fig. 8.6  Two potential terroirs in the Colonia del Sacramento area, Uruguay

Seguin, 2006). Often, these cultivation practices result from their experience and are 
used in a general way in the vineyard without considering the internal variability of 
the vineyard plot. This has direct negative consequences on the composition of the 
grape, the yield of the plot and the overall profitability of the company, as well as 
causing undesirable negative environmental impacts (nitrogen fertilization, phytos-
anitary applications, etc.), not exploiting the expression of terroir on the composi-
tion of the grape or the opportunity for differentiated harvests (Ferrer et al., 2020).

One of the objectives of the terroir study is to provide the winegrower with sci-
entifically proven tools to help him make informed decisions, such as the choice of 
management practices such as irrigation, fertilization and sanitary control according 
to the characteristics of the plot. The application of precision viticulture techniques 
is a set of tools that allows the viticulturist, winemakers and researchers to under-
stand the functioning of terroir components, in particular soil and topoclimate, as 
well as to verify the existence of spatial variability of these factors at the vineyard 
scale (Bramley & Hamilton, 2007; Kasimati et  al., 2023). The most widespread 
methodology is the use of the Normalized Difference Vegetative Index (NDVI), 
obtained by multispectral remote sensing, which refers to the estimation of the pro-
portion of the area covered by photosynthetically active vegetation calculated from 
reflectance measurements (red and near-infrared). This index provides a broad view 
of the area studied, is positively correlated with plant vigour (weight of pruned 
wood, leaf area) and allows a first delimitation of sub-plots based on the values of 
the index. These sub-plots, of uniform vigour, are the basis for the application of 
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site-specific management, which can be defined as the adaptation of cultivation 
techniques according to the spatial variability of the plot and the requirements of the 
plants to increase economic and environmental sustainability.

As an example of the application of precision viticulture, Ferrer et  al. (2020) 
conducted a study in Uruguay in a rainfed vineyard (1.1 ha) with the cultivar Tannat, 
on a vertical trellis, during three consecutive vintages (2015–2017). NDVI was esti-
mated from high-resolution images acquired by airborne sensors, which allowed 
differentiating of three vigour levels within the vineyard: high, medium and low 
(Fig. 8.7). The vineyard of 1.1 ha was planted in 1998 with Vitis vinifera L. cv. 
Tannat, grafted on SO4 rootstock. The vine spacing was 2.5 m × 1.2 m (3333 vines 
ha−1). Vines were pruned using a double guyot system, and the shoots were trained 
to a vertical shoot positioning system.

The results of this study suggest that the delimitation of NDVI zones within 
vineyards was relevant to characterize vigour variability and had consequences on 
vegetative growth, yield and berry composition. During the 3 years of study, vigour 
zones selected by NDVI values within the vineyard remained stable, although 
weather conditions each year modified the absolute values of NDVI. This indicates 
that NDVI information allows site-specific management practices to reduce produc-
tion costs and improve grape quality (Fig. 8.8).

The effect of water and nitrogen availability associated with soil type on plant 
vigour and grape composition has been demonstrated for Cabernet Sauvignon 
(Choné et al., 2001) and Merlot (Trégoat et al., 2002). In Uruguay, Pereyra et al. 
(2022a, b) addressed the effect of cultivation techniques on plant vigour and, thus, 
on plot terroir. Based on the results obtained in that study and the communications 
of several authors, a study was installed in the same plot (Ferrer et al., 2020) to 
evaluate the impact of two components of the terroir, the soil and the intervention of 
the winegrower (site-specific management) to increase yields and improve berry 
quality. At plot scale, during three consecutive seasons, contrasting treatments 

Fig. 8.7  Maps of NDVI values depicting the three vigour zones (white = low, grey = medium, 
black = high), Ferrer et al. (2020)
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Fig. 8.8  Bi-plot from the principal component analysis discriminating the three vigour categories 
within the vineyard studied according to vegetative growth, yield, sanitary status and berry com-
positional traits (TA total acidity, SLA surface leaf area, TPI Total Phenolic Index)

designed ad hoc were tested for two vigour zones pre-established by NDVI: high 
vigour zone (HV) and low vigour zone (LV). The vineyard was not irrigated and 
received standard fertilization with urea, distributed half pre-flowering and half 
post-harvest at a total dose of 140 kg of urea (46% N) fertilizer per ha. Soil physical 
and chemical characteristics also showed a strong spatial variability, mainly regard-
ing the percentage of clay, clay type and total available water (TAW). The TAW 
estimated from soil texture and root depth was greater than 180 mm in the HV with 
a predominance of montmorillonite (expansive clay) and less than 140 mm in the 
LV with higher content of illite compared to HV (Pereyra et al., 2022a). The grapes 
are harvested uniformly and the grapes from the entire plot are destined to produce 
common wine. The treatments aimed to reduce water and nitrogen supply and 
improve microclimatic conditions in the cluster zone in the HV zone. In the LV 
zone, treatments were aimed to increase the water and nitrogen supply (Pereyra 
et al., 2022b) H-L (High Vigor Leaf removal) and L+W (Low Vigor Irrigation) treat-
ments could produce good quality wines even with higher yields and better bunch 
health than HV and LV. In addition, yield and composition parameters were more 
homogeneous, a desirable situation for winegrowers. Without intervention using 
management techniques, wines produced from the control grapes (HV and LV) 
would be impossible to sell under the category of quality wines according to 
Uruguayan regulations because of their low alcohol level (less than 12%). Therefore, 
their sale price would be automatically significantly lower than that of quality wine 
(USD 2.5 vs USD 7.2; 750 ml bottle), which justifies a differentiated vintage. In 
rainy years, the water reduction treatment improved bunch health and grape 
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composition. In contrast, nitrogen supply in the LV zone was highly dependent on 
soil water availability. Winegrowers could use this approach on a larger scale to 
determine micro-terroirs and thus generate the application of site-specific tech-
niques to obtain the potential for productivity.

Best et  al. (2013) of the INIA Precision Viticulture Programme propose to 
advance in Digital Terroir because highly innovative solutions are required due to 
the need to automate the processes of capturing, analyzing and interpreting field 
information in a format and at a cost accessible to the winegrower. This information 
collected and processed is supported for decision-making.

In that sense, several digital tools are available for smartphones and were used to 
define when and how much to irrigate. In this trial, images were taken to estimate 
the leaf area index (LAI) and processed with the VitiCanopy app (De Bei et al., 
2016), as well as the Easy Leaf Area® app (Ealson & Bloom, 2014) for estimating 
leaf area. This information was useful for estimating the Kc of the crop every week 
and making the irrigation adjustment. The growth rate of the vine and its relation-
ship with the level of water stress can also be determined using digital tools such as 
the Apex Vigne app developed by the AgroTic team of Montpellier SupAgro (Pichon 
et  al., 2021). This application is based on observing the shoot apex to estimate 
growth and water status. Jouzier (2020) cite other applications: to facilitate grassing-
growing management, the winegrower can rely upon the applications Dicot’ID and 
PlantNet, which can help establish flower readings between the rows by identifying 
weeds; Canopeo application that evaluates the quantity of vegetative cover; FlirOne 
sensor, an infrared camera that connects to a smartphone to estimate the water status 
of the vines; WineOz SmartGrape application counts the number of berries and 
estimates their size and colour.

8.2.4 � The Retailer and the Consumer Are Other Components 
of Terroir

Terroir, as a marketing strategy, transfers the image of the region, the vineyard or the 
winery to the wine product, which the consumer must recognize, puts him in contact 
with the product, its production, the production environment, etc. (Charters, 2010; 
Muchnik, 2006; Riviezzo et al., 2017).

These communicators have identified that the complexity of the terroir concept 
means that, in general, the message is based on one of its components: climate, soil, 
winegrower, low environmental impact cultivation techniques, local wine identity, 
etc., as a way of valorizing a wine as opposed to a standard product. Knowing what 
the word terroir is intended to convey by suppliers and retailers, as well as what it 
represents for consumers, is as important as knowing how producers translate it into 
their products and include terroir references in their marketing, particularly when 
the reference to terroir is often used to represent a promise between producers, sell-
ers and consumers (Ballantyne et al., 2019).
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In the case of Uruguay, according to the Bodegas del Uruguay website (Bodegas 
del Uruguay, 2023), of the 42 wineries with a website, 17 use terroir or terroir in 
their website communication to affirm the excellence and originality of their wines. 
The wineries use the terroir concept as a tool to inform consumers about their wines. 
They rely on the different components of terroir: (1) the influence of the climate, in 
particular the influence of the ocean breeze or the distance to the Río de la Plata, 
which allows a greater thermal amplitude; (2) that of the soil (depth, geological 
material, rocky) of a new region of implantation of vineyards (Maldonado) or the 
“traditional” area (Canelones); (3) in the winegrower due to the cultivation tech-
niques he applies or his family tradition in the sector or his Italian or Portuguese 
origin. Some examples of communication from these companies are: “a sustainable 
use of natural resources, preserving the unique characteristics of the terroir, with a 
high maritime influence, very low intervention, no fertilization or irrigation and a 
very austere pruning, obtaining a very selective harvest per hectare, which allows 
to achieve the expected typicity and quality”; “In our territory, the soil, the climate 
and the influence of the Río de la Plata converge to create a propitious balance, an 
accomplice pact between the work of our people and the genuine expression of our 
land through our wines”; “The experience accumulated over decades allows the 
winery to identify small plots with great potential that, when worked individually, 
results in wines with more depth, more character and a higher level of focus in a 
seal of identity in each bottle”; “The Terroir of Salto, the combination of soil, cli-
mate and the work of the people of this place, makes this wine the best Tannat”; 
“Our vineyards are located on the rocky sierras of Pueblo Eden. The mineral char-
acter of its soils and the oceanic influence create the ideal conditions for creating 
and sustainable production of unique style wines. Steep slopes, stony soils and the 
influence of the Atlantic Ocean characterize our terroir”; “Very close to the 
Uruguayan Atlantic coast and 160 meters above sea level, the vineyard was planted 
in a privileged terroir that gives our grapes a unique and unrepeatable character, 
which added to the mild climate and the organic practices developed in the planta-
tions, allows us to reflect in each wine the authentic character of the Garzón terroir”.

Two of the important functions of the wine bottle label for the consumer are: 
evocation, which is to convey with text, image and design the wine it contains, and 
the other is differentiation. The labels of several wineries refer to some of the com-
ponents of the terroir to identify a wine, detailing the particularities of the area of 
origin of the wine “Balastro” (geological composition), Colinas del Uruguay 
(topography) “Atlántico Sur” (proximity to the coast), the place of implantation of 
the vineyard (Pan de Azúcar, Isla de Lobos, Rocha, Las Brujas), the scale of the plot 
“Viñedo Único” and “Parcela Única”.

Wine tourism, an area that many wineries have started to include in their busi-
ness, is a strategy that puts the winegrower/winery producer in direct contact with 
the consumer. The companies offer different activities such as guided tours of the 
vineyards and winery, catering and sale of their wines. To facilitate future purchases, 
online sales from the winery or specialized websites are another promotional and 
consumer loyalty strategy.
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Chapter 9
Adaptation to Climate Change 
and Variability for Viticulturists 
in Uruguay

Mercedes Fourment, Ramiro Tachini, and Milka Ferrer

9.1 � Introduction

Uruguay has a long history of wine production dating back to the early nineteenth 
century when European immigrants first introduced vineyards to the country’s fer-
tile soils. Despite its relatively small size, the wine industry in Uruguay has devel-
oped a reputation for producing high-quality wines that are distinct from those 
made in other parts of the world. Even if the wine industry in Uruguay is relatively 
small, it has grown in recent years and gained recognition for its high-quality wines. 
According to the INAVI (2023), wine production in Uruguay has increased from 
around 6.5 million litres in 2000 to nearly 14 million litres in 2019. In terms of the 
economy, the wine industry is a significant contributor to the agricultural sector in 
Uruguay, and it plays an important role in the country’s exports. According to the 
Ministry of Livestock, Agriculture, and Fisheries, the wine sector generates around 
1500 direct jobs and 6000 indirect jobs, with a total export value of around USD 
10 million in 2020. Viticulture in Uruguay occupies 5.889 hectares under cultiva-
tion, exploited by 812 producers (National Institute of Viticulture – INAVI, 2023). 
78.7% of the total area is Southern Uruguay (departments of Montevideo and 
Canelones), the traditional wine region of the country.

The Tannat grape, which is now considered the national grape of Uruguay, was 
first brought to the country by Basque immigrants in the nineteenth century and has 
since become a hallmark of the country’s wine industry. The unique combination of 
climate, soil and topography in Uruguay’s wine regions contributes to the distinct 
character of its wines, which are known for their elegance, complexity and balance.
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However, as with many wine-producing regions worldwide, the wine industry in 
Uruguay is vulnerable to the impacts of climate change, which could have signifi-
cant economic and social consequences for the country (MGAP-FAO, 2013). This 
chapter develops three central themes for discussing climate change in Uruguayan 
viticulture: (1) Climate change impacts in Uruguay. In this section, we describe the 
general climate trends in Uruguay, including temperature and precipitation changes 
over time; (2) Climate impact in the Uruguayan vineyards: vulnerability. We pro-
vide more detailed information on how climate change affects vineyards in Uruguay, 
including specific impacts on the vineyards’ vulnerability, the adaptive capacity of 
viticulturists and climate change perceptions; (3) Adaptation strategies: finally, in 
this section, we discuss various adaptation strategies that viticulturists in Uruguay 
use to mitigate the impacts of climate change on their vineyards.

9.2 � Climate Change Impacts in Uruguay

Climate records have shown that weather patterns have changed significantly over 
time. According to the latest Intergovernmental Panel of Climate Change – IPCC 
reports (IPCC, 2001, 2023), there has been a clear increase in the intensity and fre-
quency of hot weather extremes, while cold weather extremes have become less 
frequent. In the South Eastern South America (SES) region, there is an interesting 
trend. Rainfall patterns have undergone notable shifts, especially during the warm 
season. Data analysis from various weather stations reveals a strong positive trend 
in annual precipitation since the early twentieth century, leading to increased rain-
fall across the region. This positive trend is further highlighted by a significant 
increase in heavy rainfall events. The SES region is familiar with the impact of 
extratropical cyclones, which have been observed to occur more frequently, affect-
ing the area. This serves as a reminder of the ever-changing dynamics of the climate 
in the region.

In order to analyse the evolution of temperature as an example in the wine-
growing region of eastern Uruguay (Departments of Maldonado and Rocha), 
observed daily temperature data were taken for the period 1991–2023 (last 32 years) 
from the INUMET Rocha meteorological station (Uruguayan Institute of 
Meteorology), located in the south-eastern part of the country 18  km from the 
Atlantic Ocean (34°48′ S; 54°30′ W). The average maximum, minimum and aver-
age temperature of each growing season (1 September to 15 March) shows an 
increase in warmer conditions over the last 4 years. However, what is observed is a 
statistically significant trend in the increase of days with temperatures above 30 °C 
(Fig. 9.1). This trend of warmer conditions during the summer has repercussions on 
the vines, bringing forward the ripening period, altering the composition of the 
grapes and therefore modifying the typicity of the wines. In that sense, local events 
of changes on temperature are of importance in coastal wine regions because of the 
reduction of the impact of heat stress when the ripening process occur (Fourment 
et al., 2013, 2014, Hunter and Bonnardot, 2011).
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Fig. 9.1  Average temperature (°C) during the growing season (left), Cool Night Index (middle) 
and number of days with temperatures above 30  °C (ND35) (right) from 1992 to 2023  in 
Rocha, Uruguay

In two wine-growing regions of Uruguay (Departments of Canelones and Rocha), 
Tachini et al. (2023) analyse observed daily rainfall data from two WMO-endorsed 
weather stations for the period 1991–2023 (last 32 years). The first one is the agro-
meteorological station of INIA Las Brujas (Instituto Nacional de Investigaciones 
Agropecuarias), which is located in south-central Uruguay, 13 km from the estuary 
of the Río de la Plata (34°64′ S; 56°33′ W). The second is the INUMET Rocha 
(Instituto Uruguayo de Meteorología) weather station (34°48′ S; 54°30′ W). Based 
on the climatic data, indicators associated with rainfall were calculated: total accu-
mulated rainfall of the vegetative cycle (1-Sep to 15-Mar); the number of days with 
rainfall during the vegetative cycle and number of dry periods (DryP; 1 period is 
equivalent to 15 days with accumulated rainfall less than 6 mm). The value of 6 mm 
for the calculation of dry periods refers to the average value of daily potential tran-
spiration for a summer day in southern Uruguay (Instituto Nacional de Investigaciones 
Agropecuarias, INIA).

Rainfall during the period of vine growth and development averages 608 mm 
between the two stations, however Rocha (a station located on the shores of the 
Atlantic Ocean) records 127 mm more during the cycle compared to Las Brujas 
(located on the estuary of the Rio de la Plata). The minimum value recorded for a 
whole season is 189 mm at Las Brujas, which is 111 mm less than the minimum 
water requirement of 300–600 mm in humid climates (Williams, 2014). The maxi-
mum rainfall value was recorded by Rocha with 1154 mm, showing a maximum 
difference of 940 mm between the driest and wettest seasons on record.

Regarding the number of days with rainfall, the average value between both sea-
sons was 59. Considering an average vegetative cycle of the grapevine in Uruguay 
of 197 days (1 Sep – 15 Mar), it is presented as a precipitation every 3.3 days. Of 
the 59  days, 40 are light rains (between 1 and 10  mm), 17 are moderate rains 
(10–40 mm) and 2 are heavy rains (>40 mm). Among the stations, Rocha has sig-
nificantly 14 days with more rainfall on average than Las Brujas. The difference lies 
mainly in light rainfall (1–10 mm), with no difference in moderate and heavy rain-
fall. Regarding the evaluation of drought periods, the average of both stations is 
20 days with this phenomenon. The number of days can vary from 0 days without 
generating this condition to 57  in Las Brujas and 50  in Rocha. This alternation 
between years forces the plant and the vine grower to adapt quickly between 
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Fig. 9.2  Accumulated precipitation (in mm) (left), number of days with precipitation (middle) and 
number of dry periods (DryP; 1 period is equivalent to 15 days with accumulated rainfall less than 
6 mm) (right) during the growing season from 1992 to 2023 in Rocha, Uruguay

production cycles. Therefore, knowing and describing the variability of rainfall 
allows for more efficient crop management (Fig. 9.2).

Peering into the future, IPCC’s final report on climate projections offers compel-
ling insights. There is a high confidence level in the projected increases in mean air 
temperature and extreme heat events, indicating a significant decrease in the occur-
rence of cold spells. Moreover, it is noteworthy to observe that the frequency of 
warm nights is expected to rise even more prominently than warm days.

As we look into the implications of precipitation, the projections provide inter-
esting findings. There is a strong belief that the amount of rainfall will increase, 
which means the region can expect more rain on average. Furthermore, there is a 
moderate belief that both pluvial floods and river floods will become more intense. 
This information provides valuable insights into the potential challenges and risks 
associated with changing rainfall patterns. However, when it comes to assessing 
droughts, the situation becomes less clear. Projections suggest that droughts in the 
River Plate basin will happen more often in the medium and distant future. Yet, 
there is less certainty about the severity and duration of these drought events, espe-
cially under the more extreme emission scenario (RCP8.5).

9.3 � Climate Impact in the Uruguayan 
Vineyards: Vulnerability

9.3.1 � Vulnerability Definition and Its Components

The definition of the vulnerability of an agroecosystem to climate change was made 
by the IPCC (2007) as the sum of its physical exposure, sensitivity and adaptive 
capacity, i.e., the impact of exposure or threat to a particular system as viticulture 
systems (IPCC, 2007). Vulnerability, in the latest report of IPCC (2023), is defined 
as the propensity or predisposition to be adversely affected. It encompasses a vari-
ety of concepts and elements, including sensitivity or susceptibility to harm and 
lack of capacity to cope and adapt.
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Physical exposure (or physical vulnerability) refers to the climatic conditions, 
often adverse, to which an agroecosystem is subjected: adverse temperatures for its 
correct development and growth, and deficient or excessive rainfall, among other 
variables (as discussed in part 1).

The vulnerability of the viticulture systems is analysed based on adverse physi-
cal exposure: extreme temperatures (e.g., heat waves with ambient temperatures 
above 35 °C and cooling due to low temperatures), deficient rainfall (water stress 
during grape ripening), extreme rainfall, direct radiation (Baló et  al., 1986; 
Dokoozlin & Kliewer, 1996; Schultz, 2000; Van Leeuwen & Vivin, 2008) or combi-
nations such as the effect of temperature extremes and direct radiation, temperature 
extremes and different water regimes (Bergqvist et al., 2001; Spayd et al., 2002; 
Goto-Yakamoto et al., 2011).

The sensitivity of an agroecosystem can be assessed by examining the impact of 
environmental conditions on the system. In the case of grapevines, studies have 
analysed their sensitivity to climatic variables (Barbeau et al., 2014). Sensitivity is 
determined by indicators of growth and development (phenological stages, Chuine 
et al., 2004; Coombe, 1995, Duchêne et al., 2010), production and quality of grapes 
and wine  (Baciocco et al., 2014; Duchêne & Snheider, 2005;  Jones et al., 2005; 
Jones &  Davis, 2000; Mozel  & Thach, 2014; Quénol & Bonnardot, 2014). 
Grapevines are known for their phenotypic plasticity, which is the ability to adapt 
and change their traits in response to environmental cues (Sadras et  al., 2009). 
Compared to other crops like wheat and barley, grapevines exhibit high phenotypic 
plasticity.

The adaptive capacity of an agroecosystem involves evaluating the ability of 
producers to cope with threats resulting from physical exposure. This capacity is 
largely influenced by human factors, such as the type of producer (family or entre-
preneurial), access to resources, knowledge of the crop and the ability to gather 
information (Grothmann & Pratt, 2005; Yaro, 2013). Winegrowers’ ability to adapt 
management practices has been found to mitigate the impacts of climate change on 
grapevines (Van Leeuwen et al., 2013).

The perception of climate change by viticulturists and advisors within the pro-
duction sector is an important aspect of the adaptive capacity of the system 
(Grothmann & Pratt, 2005). Globally, the perception of climate change risk can 
facilitate effective adaptation strategies (Battaglini et al., 2009; Yaro, 2013). At a 
local scale, grape growers’ awareness of spatial climate variability is crucial for 
implementing vineyard management practices tailored to specific conditions. For 
example, delaying pruning in vineyards at risk of late frost (temperatures below 
0 °C in September or October). Interviews with winegrowers can provide valuable 
insights into their knowledge and adaptation practices in vineyard management 
(Goulet & Morlat, 2011).

As Kelly and Adger (2000) emphasize, adaptation to climate change is not a 
future endeavour but an ongoing process that requires careful study. Neethling et al. 
(2016) investigated the evolution of adaptive practices in two regulated winegrow-
ing regions in France (Anjou and Saumur), revealing various levels of adaptive 
responses, ranging from reactive to anticipatory tactical strategies. In comparison, 
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the capacity to adapt management practices in Uruguay is less restricted, as there 
are no production or quality regulations apart from the minimum alcohol content 
nor limitations on grape varieties. Lereboullet et al. (2013) provide an example of 
specific adaptation responses between countries, comparing traditional France with 
Australia, which is considered a more resilient system due to its liberal production 
regulations, weak traditions and effective collective actions enabling large-scale 
changes like water recycling systems or variety shifts.

In that sense, Neethling et al. (2016) have studied the evolution of practices as 
adaptive climate measures in two regulated winegrowing regions in France (Anjou 
and Saumur). Their study has shown that there are several levels of adaptive 
response, from reactive to anticipatory tactical strategies. The capacity to adapt 
management measures is much more limited (due to the AOCs’ own national regu-
lations) than in Uruguay, where there are no restrictions on production or grape and 
wine quality (except for the minimum alcohol content), nor on the varieties to be 
planted. The work of Lereboullet et al. (2013) is an example of specific adaptation 
responses between countries, such as France (a traditional country) and Australia 
(from the “new world”). The latter is considered to be a more resilient system in the 
sense that production regulations are more liberal, have weak traditions and effec-
tive collective actions that allow major changes to be implemented on large scales 
(e.g., water recycling systems or switching varieties).

9.3.2 � Perception of Climate Change for Viticulturists 
in Uruguay

Fourment et  al. (2020) conducted 41 semi-direct interviews to understand how 
Uruguayan viticulturists perceive climate change. The results of the interviews 
showed that producers in the region perceive the local variability of the climate but, 
above all, of the annual variation (inter-annual variability). For viticulturists, the 
climate is responsible for bad years of “vintages” according to the quality of the 
grapes obtained and the quality of the wine made. Another agent that stood out in 
the interviews was the extreme events that have occurred in recent years (rains with 
strong gusts of wind, hail), of which 71% considered an increase in the frequency of 
extreme phenomena (Fourment et al., 2020).

Bossière et al. (2013) define “local perceptions” as how producers identify and 
interpret observations and concepts. While climate change can bring conditions 
beyond previous experience, local knowledge and perception remains the founda-
tion of any local response. In the interviews, perceptions of climate change were not 
consistent. Despite many being aware of information from the scientific community 
about climate change in Uruguay, scepticism was found in the responses towards 
climate change in the region. Most family farmers were the most perceptive, espe-
cially with vineyard conditions, while larger farmers were more sceptical about the 
impacts of climate change. According to Yaro (2013), smallholders perceive the 
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local impact of the observed changes because they relate them to productivity, 
although larger farmers have a better understanding of the science of climate change 
(Bossière et al., 2013; Yaro, 2013).

From the interviews, it emerged that there are external climatic hazards in the 
region that affect plant components and translate into risk when producing grapes 
for winemaking. These climatic hazards were defined as the determinants of the 
“bad years” of the series studied.

Grapevine phenology was the most sensitive plant component, as it is driven by 
climate. By affecting the development of the crop, yield and also the final grape 
composition are affected. A clear example is the effect of summer rainfall. The 
availability of water in the vine causes an increase in vegetative growth and devel-
opment (vigour). By that time, the grape production per plant is already determined, 
so there is competition between growth and the accumulation of photosynthesis 
products in the grape (pit). Grape ripening is delayed and can disrupt the correct 
accumulation and synthesis of primary and secondary compounds. In addition, the 
larger leaf area modifies the microclimate in the bunches, leading to a possible 
increase in the incidence and/or severity of diseases (Fourment et al., 2020).

From the interviews, it emerges that there are external non-climatic threats that 
affect the plant components, such as the cost of labour, the final prices of grapes, 
restrictions on the marketing of wine in stock in the winery and the competitiveness 
of a certain product (very recurrent in some specific V.C.P. wines) that also cause 
greater vulnerability of the viticultural systems studied. Several studies have estab-
lished that the vulnerability of wine-growing systems results from climatic and non-
climatic factors (Belliveau et al., 2006; Hadarits et al., 2010; Pérez-Catalá, 2013). 
As in the national case analysis, Füssel (2010) identifies these non-climatic agents 
as factors external to the system that intervene in biophysical and social vulnerabil-
ity, i.e., they act outside its boundaries (Fourment et al., 2020; Belliveau et al., 2006; 
Hadarits et al., 2010).

9.4 � Adaptation Strategies to Face Climate Change 
and Variability

Adaptation in the IPCC report (IPCC, 2023) is defined, in human systems, as the 
process of adjustment to actual or expected climate and its effects to moderate harm 
or exploit beneficial opportunities. In natural systems, adaptation is the adjustment 
process to actual climate and its effects; human intervention may facilitate adjust-
ment to expected climate and its effects (IPCC, 2023). Resilience in this report is 
defined as the capacity of social, economic and environmental systems to cope with 
a hazardous event or trend or disturbance, responding or reorganising in ways that 
maintain their essential function, identity and structure, while also maintaining the 
capacity for adaptation, learning and transformation (IPCC, 2023).
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Adaptation measures are identified according to the timing of action (anticipa-
tory or reactive) and their duration (tactical or strategic) (Belliveau et  al., 2006; 
Neethling et al., 2016). Tactical measures are short-term and respond to daily cli-
mate variability, some being anticipatory (Belliveau et al., 2006), such as irrigating 
the vineyard to reduce heat stress during the summer and avoid blocking ripening 
(Flexas et al., 2010; Fraga et al., 2016), and others reactive, such as applying hydro-
gen cyanamide to homogenise bud break in situations of mild winters (low accumu-
lation of chilling hours) (Martin & Dunn, 2000).

Long-term strategic adaptation measures can be anticipated, such as choosing 
rootstocks that are more resistant to root asphyxia and thus excess water, for exam-
ple (Koundouras et  al., 2008), or choosing other planting sites, e.g., high topo-
graphic situations to avoid frost damage in sites that are susceptible to these events. 
As discussed by Belliveau et al. (2006), the choice of varieties is not only deter-
mined by climate and is, therefore, not a single measure of adaptation to climate 
change, as their choice also depends on their competitiveness on the national and/or 
international market.

A reactive strategic measure occurs when there is an opportunity in a certain 
year, e.g., when in a “good” year, finances allow investment in the system to reduce 
risks (Belliveau et al., 2006). For example, from the interviews done by Fourment 
et  al. (2020), the change of conduction system materials (metal poles) improves 
wind resistance if concrete poles were previously in place. Another example is the 
possibility of buying better equipment for phytosanitary application (sprayer) to 
optimise the use of products and thus improve the vineyard’s health.

A crucial element in decreasing vulnerability emerged from the Uruguayan 
interviews, and that was the distribution of vineyards in the region. Belliveau et al. 
(2006) highlight this capacity as an adaptive measure as a risk reduction strategy 
that allows the winegrower to have a diversity of grapes to obtain wines of different 
quality or to carry out trimming. Sixty-seven percent of the winegrowers inter-
viewed have vineyards in different locations within the region, and they were 
emphatic about the benefits of reducing risk. The extreme weather events suffered 
in the region have been a clear example. The hail of January 2013 affected several 
vineyards in the area but did not affect 100% of the winegrowers because they also 
have vineyards that were not affected by this event. It also happens with events such 
as rainfall, with great spatial variability, which can greatly affect the final quality of 
the grapes if they occur close to the moment of technological maturity.

In the medium and long term, adaptation measures also refer to the systematisa-
tion of vineyards, especially in terms of variety choice and production objectives 
(Fourment et al., 2020). In this sense, the producers suggest not taking the risk of 
producing a single variety since, in adverse conditions, they could lose the entire 
production. This example is typical for those producers who produce Tannat as a red 
variety for VCP. They prefer to have a part of the surface with another variety (e.g., 
Merlot) because they know the risk of losing grapes to rot. Producers with a less 
diverse, mono-varietal production propose to manage tables differently to reduce 
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the risk of losing grape volumes targeted at a particular type of wine. As with the 
previous measure, the diversification of grape quality also makes it possible to 
reduce risks in the winery.

One way to reduce vulnerability in cases of low adaptive capacity is the grouping 
of producers (e.g., through cooperative groups). This provides them with technical 
advice, information exchange and access to machinery to use on their farms. The 
latter is relevant and increasingly used in the region. Many producers are concerned 
about the increasingly high cost of labour and the lack of adaptation of mechanisa-
tion systems for their vineyards, for example, by having a two-plane conduction 
system (lira). They emphasise the need to improve the mechanised management 
system in order to adopt it in the vineyards in an appropriate manner and respect the 
timing of activities (e.g., time for leaf removal).

Figure 9.3 shows the adaptation strategies for Uruguayan viticulture through the 
interviews done by Fourment et  al. (2020) based on the work of Nicholas and 
Durham (2012) and Neethling et al. (2016). In Uruguay, there are no restrictions to 
planting at different sites, so that is an opportunity to explore different terroir condi-
tions, taking into account social aspects such as labour availability or capacity for a 
mechanised management system. Irrigation is a much-discussed adaptation tech-
nique when there are water source restrictions. It is essential to manage irrigation 
promptly with the minimum possible water use when water constraints occur at the 
early stages of vine development.

Fig. 9.3  Adaptation strategies for Uruguayan viticulture. (Modified from Nicholas & Durham, 
2012; Neethling et al., 2016)
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9.5 � Perspectives

As the impact of climate change on agroecosystems becomes increasingly evident, 
it is imperative to develop proactive and effective adaptation measures in the viticul-
tural sector. Building upon the insights gained from research and the perceptions of 
winegrowers, future adaptation strategies should focus on enhancing the resilience 
and adaptive capacity of grapevines and the wine industry. These measures may 
encompass innovative viticultural practices, such as precision irrigation and canopy 
management, as well as the exploration and selection of climate-adapted grape vari-
eties. Furthermore, the collaboration between researchers, winegrowers and policy-
makers will be crucial in facilitating knowledge exchange, supporting 
decision-making processes and implementing adaptive management approaches. 
By embracing these future adaptation measures, the viticultural sector can navigate 
the challenges of climate change and ensure the long-term sustainability and suc-
cess of grape cultivation and wine production.
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10.1 � Observed and Projected Climatic Evolution 
in the Region

In Argentina, the main grape-growing region comprises the provinces of Mendoza 
and San Juan. In this region, commercial viticulture depends on irrigation water that 
comes from the snow that accumulates in the Andes mountains during winter. In 
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spring and summer, the melting snow provides water for the rivers and aquifers, on 
which agriculture, tourism, hydroelectricity generation, and population consump-
tion depend. Therefore, this region is highly vulnerable to any change in tempera-
ture or rainfall/snowfall regimes since it will have a strong impact on several 
economic and social aspects (Boninsegna, 2014).

In this region, located at the foot of Andes mountains, an increase in mean and 
minimum spring and summer temperatures has been observed, particularly since the 
1970s (Boninsegna, 2014; Deis et al., 2015). This increase has also been observed in 
the mountains, changing the rivers water regime (Villalba, 2007). Higher spring tem-
peratures cause an earlier melting of snow, advance the runoff peak of the rivers, 
change their flows, and reduce water availability for the irrigation of crops at the end 
of summer (Boninsegna, 2014). In addition to these changes in the rivers, a general 
reduction in their flows has been observed since 1950, with some short periods of 
recovery (Boninsegna, 2014). In years when snowfall is scarce, rivers maintain their 
flows with the water from the melting mountain glaciers. This generates a retraction 
in the glaciers of this region, as observed from the beginning of the twentieth century 
(Boninsegna, 2014; Villalba, 2007). Although it is not clear if this retraction of gla-
ciers is related to the increase in temperature, less snowfall, or both (Boninsegna, 
2014), the consequences of this retraction imply for the future less water availability 
for agricultural, human, industrial, and recreational uses.

The climatic projections for the near (present-2039) and far future (2075–2099) 
indicate an increase in average annual temperature between 1.5 and 4 °C depending 
on the scenario, with a higher increase in the mountain’s areas than in the irrigated 
valleys (Cabré & Nuñez, 2020; Cabré et  al., 2016). This variation would have a 
stronger impact in the southern basins of Mendoza due to its lower altitude 
(Boninsegna, 2014). Concerning precipitation, two contrasting trends will occur. 
During summer, storms with high intensity accompanied by hail will increase, and 
during winter, snow precipitation in the Andes mountains will decrease. These pro-
jections are consistent with the trends observed during the twenty-first century 
(Villalba, 2007). Considering this scenario of higher temperatures and less water for 
irrigation, in the following points, we will discuss some adaptation and mitigation 
strategies at the vineyard level. And taking into account that an extensive literature 
exists concerning the impacts of water deficit on grapevine responses, regulated 
deficit irrigation and other irrigation strategies, here we will focus mainly on strate-
gies to decrease the negative effects of high temperatures and their impact on water 
use. In the last point, we will briefly discuss some oenological alternatives that 
might also be applicable.

10.2 � Adaptation Strategies

Grape production aims to achieve the maximum yield of a given composition, ulti-
mately determining the wine that can be obtained. Environmental conditions directly 
influence not only yield and quality but also production costs. The choice of plant 
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material, planting site, trellis system, viticultural and enological practices, and wine 
style are some of the factors that must be taken into account to optimize the relationship 
between yield and quality (Leeuwen et al., 2019). In the context of climate change, 
characterized by the increase of temperature and lower water availability, it is neces-
sary to adapt and adopt viticultural practices to maintain sustainable production in 
terms of quantity and quality. Consequently, a better understanding of the effects of an 
increase in temperature on photosynthesis, water use efficiency, ripeness, and berry and 
wine chemical composition is essential to assure vineyard sustainability in the future 
environmental conditions (Naulleau et al., 2021). The effects of high temperature on 
photosynthesis acclimation (Galat et al., 2019; Gallo et al., 2020), stomatal conduc-
tance and water use efficiency (Gallo et al., 2022), hydraulic conductivity (Galat et al., 
2020), berry and wine phenolic (De Rosas et al., 2017) have already been tackled in our 
region, under arid and warm conditions and out of the scope of this chapter.

Adaptation strategies can generate effects in the short, medium, or long term. 
The different adaptation strategies include changes in vineyard establishment, 
selection of plant material, and viticultural techniques (Palliotti et al., 2014). While 
the first two strategies (i.e., vineyard establishment and plant material) have long-
term effects, viticultural techniques have short term effects and may apply to estab-
lished vineyards (Fig. 10.1). They are based on delaying the phenological stages, 

Fig. 10.1  Schematic representation of the different adaptation strategies at the vineyard and oeno-
logical level considering long- and short-term effects
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altering the leaf/fruit ratio to limit sugar accumulation in the berry, or lowering the 
canopy temperature (Gutierrez-Gamboa et al., 2021). It is unrealistic to think that a 
single strategy will allow adaptation, on the contrary, a combination of factors or 
strategies must be adjusted and fine-tuned to adapt to the new conditions. It is 
important to note that, first, the adaptation strategies proposed by researchers or 
government entities will succeed if they are applicable and accepted by grapegrow-
ers. Second, they must consider the final product and its acceptance by consumers 
(Naulleau et al., 2021).

10.2.1 � Vineyard Location: Exploring New Wine Regions

Vineyard plantation sites are particularly important in terms of the available solar 
energy that is necessary for optimal and complete grape ripening (Gutiérrez-
Gamboa et  al., 2021). Currently, 18 provinces of Argentina  produce grapes and 
wine (INV, 2020), many of them showing large increases in their planted area these 
last years. In this sense, the increase in temperature may be negative for some areas 
and beneficial for others given that the most limiting environmental factor con-
straining viticulture differs considerably from one region to another (Schultz & 
Hofmann, 2016). Some projections and modeling studies for Argentina show a dis-
placement of suitable areas to higher South latitudes, and to higher altitudes, mainly 
to the West, to avoid the negative impacts of higher temperatures (Cabré et al., 2016; 
Cabré & Nuñez, 2020). Under the projected scenarios, current Argentina’s main 
wine producing region will face high adaptation challenges (e.g., severe irrigation 
water scarcity). In contrast, some other regions would benefit from new favorable 
growing conditions (Cabré & Nuñez, 2020).

The most traditional wine-growing regions, located in the west of Argentina, are 
characterized by their proximity to the Andes mountains. High altitude regions have 
become a recognized alternative for maintaining current high-quality wines of tra-
ditional varieties in future climate scenarios, mostly due to their lower mean air 
temperature. The major environmental changes associated with high altitude are the 
decrease in air temperature, the increase in thermal amplitude, and incoming solar 
radiation, accompanied by a higher proportion of UV-B radiation (Arias et  al., 
2022). In this way, in the last years in Mendoza, many new vineyards have been 
planted in new regions, away from those more traditional and warmer. The area 
planted with vines in the Uco Valley (from 900 to 1200 m a.s.l.) has increased by 
117% in the last 20 years. On the contrary, the area has decreased in the East (−5%) 
and South (−21%) oasis (INV, 2020). This search for new grape production areas, 
with special attention on high altitude valleys (e.g., Uspallata at 2039 m a.s.l.), actu-
ally continues, and a similar trend has been observed in the Northwest provinces of 
Salta, Catamarca, and Jujuy, where vineyards sites reach more than 3000 m a.s.l. 
The two highest vineyards in our country are located at 3229 m a.s.l. in Quebrada 
de Humahuaca (Jujuy), and at 3111 m a.s.l. in Los Valles Calchaquíes (Salta). The 
huge potential of these vineyards at extreme altitude is under study, and it is 
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evidenced in recently published studies, showing the characteristics of the grapes 
and the wines (Barroso et al., 2019; Arias et al., 2022). However, planting vineyards 
at high altitude regions is an adaptation strategy only feasible in certain regions and 
for certain companies and big growers with financial resources but more difficult for 
small ones. Furthermore, the environmental conditions imposed by high-altitude 
vineyards imply new challenges in terms of vineyard management, grapevine physi-
ology, and yield potential associated with those conditions.

As already mentioned, the cultivated area in non-traditional grapegrowing 
regions of the country has increased these last years. Even if it represents a small 
percentage in terms of area (around 1%), it illustrates the search for new suitable 
terroirs by the wine industry. This search for new wine regions in Buenos Aires, 
Chubut, and La Pampa provinces and the revalorization of ancient wine regions, like 
those in Entre Ríos and Córdoba provinces, is just beginning. Each zone must carry 
out a process of reflection and study to make the appropriate decision on what to 
plant (variety, rootstock, clone) and how (training system, irrigation, planting dis-
tances). It undoubtedly represents an opportunity to increase the diversity of prod-
ucts made in the country by exploring new climates, soils and varieties.

10.2.2 � Plant Material

Grapevine presents a high genetic diversity. Worldwide, there are between 6000 and 
10,000 different Vitis vinifera genotypes (Wolkovich et al., 2018). This high genetic 
diversity of varieties with different characteristics (e.g., phenology, cold, heat and 
drought tolerance, among others) could contribute to a better adaptation to climate 
change and the creation of new wines and styles (Gutiérrez-Gamboa et al., 2020; 
Morales-Castilla et al., 2020). However, the world wine market is limited to a few 
varieties. This has caused a loss of local or minor varieties as they were considered 
by the international markets as difficult to commercialize and some of them with 
poor oenological potential. Currently, only 13 varieties represent 30% of the culti-
vated area and 33 varieties represent 50% of the cultivated area worldwide (OIV, 
2017). These 13 varieties (representing less than 1% of the total diversity) occupy 
around 80% or more of the cultivated area with vines in Australia, New Zealand, 
and Chile (Wolkovich et al., 2018). In Argentina, the situation is a little different 
since there is still 30% of the cultivated area with local varieties, and the most cul-
tivated red varieties, Malbec and Bonarda, are not within the group of these 13 
varieties. Efforts to rescue and value minority varieties have been carried out in 
Spain, Greece, France, and Argentina, looking for local genotypes more adapted to 
climate change conditions. It has recently been shown that maintaining and/or 
increasing the diversity of cultivated varieties can reduce the loss of areas suitable 
for viticulture globally (Morales-Castilla et al., 2020). The same study highlights 
that if the increase in global temperature is higher than 2 °C by the end of the cen-
tury, more than half of the current wine-growing area will be lost. For a given envi-
ronmental condition, there is great diversity in terms of phenology, so it is especially 
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important to choose the right variety for each plantation site (Parker et al., 2013). 
With the increase in temperature, varieties that were adapted to certain site will 
become unsuitable as they will not have an ideal temperature for ripening, which 
would affect wine quality and typicity. Although progress has been made in rescu-
ing and characterizing minority varieties, exploiting this high genetic diversity 
within Vitis vinifera to adapt to climate change poses some challenges. On the one 
hand, conservation policies are necessary to maintain and increase the germplasm 
banks and to increase our knowledge of the varieties conserved in terms of phenol-
ogy and oenological potential to be able to propose the most suitable varieties for a 
given climate. On the other hand, it is necessary to work together with grapegrowers 
and winemakers to choose varieties that are well adapted to a certain site, and 
finally, that their wines are aligned with consumers’ preferences (Wolkovich 
et al., 2018).

In addition, within each variety, there is also a certain degree of variability among 
clones. This clonal variability has previously been used to obtain certain differential 
characteristics regarding grape composition. Clonal selection in the past was 
focused on yield, berry composition, and soluble solid accumulation. Currently, 
there is a growing interest in evaluating the behavior of different clones under stress-
ful conditions, like those produced by global warming. While in some old varieties 
(e.g., Pinot Noir) this variability is better known, in others, the diversity and poten-
tial remain unknown. Some recent studies with Tempranillo have shown that certain 
clones maintained the same sugar per berry vs anthocyanin ratio under higher tem-
peratures combined with different environmental factors, such as drought or high 
CO2, as observed in lower temperature conditions (Arrizabagala et al., 2021). In the 
same way, under water deficit, differences in water use efficiency among Tempranillo 
clones can be up to 80%, even greater than what is frequently observed between 
varieties (Tortosa et  al., 2020). Variability has also been found in soluble solids 
accumulation pattern that can lead to differences of 3.5 °Brix at harvest in clones of 
Sangiovese or Chardonnay and differences up to 17 g/L of sugar (1% alcohol) in 
Cabernet Franc clones (Van Leeuwen et al., 2013). In Mendoza, Malbec clones dif-
fer in the date of the fruitset, length of the fruitset-maturity period, days between 
flowering and veraison, and yield components, such as bunch weight and number of 
berries per bunch (van Houten et al., 2020). The selection goals should be oriented 
in the coming years to tolerate drought and higher temperatures and to identify 
those more adapted for different situations and regions. In this sense, it is important 
to preserve intra-varietal variability, as well as the use of molecular markers to char-
acterize it and assist selection. The non-regulated urban advance over ancient vine-
yards in traditional areas of Mendoza (e.g., Maipú and Luján de Cuyo counties) 
threatens the conservation of genetic material of more than 100 years of traditional 
varieties, especially Malbec, of great economic importance. Finally, although 
almost 90% of the planted vineyards in Argentina are own-rooted, the use of root-
stocks is essential where biotic or abiotic limitations are present. The evaluation of 
different rootstocks at the local level showed that some local varieties and other Vitis 
genotypes present a high potential tolerance to salinity (Lucero et al., 2017; Martin 
et al., 2020).

J. A. Prieto et al.



155

10.2.3 � Vineyard Design

10.2.3.1 � Row Orientation

Row orientation is a planting decision that depends on several issues like plot shape 
and slope, row length, prevailing wind direction, and irrigation design, among oth-
ers. In Argentina, the predominant row orientation is North-South, which allows a 
similar light interception on both sides of the canopy. However, in warm regions 
with high radiation intensity, exacerbated by this context of higher temperatures, 
rows could be orientated to minimize the incident radiation on the canopy, espe-
cially on the bunches during the hours of high temperatures (i.e., afternoon). A 
study conducted at INTA Mendoza Experimental Station on a Malbec vineyard (see 
Fig.  10.4 for a picture of the whole experiment) showed that East-West and 
Northwest-Southeast orientations (scarcely planted in the region) favored the higher 
concentration of phenolic compounds in grapes and wines. Less exposure of 
bunches to radiation prevented the degradation of chemical compounds responsible 
for wine color and mouthfeel attributes. On the other hand, regardless of the matu-
rity of the berries, wines from the different row orientations showed similar levels 
of acidity and pH.

10.2.3.2 � Training System

The choice of the training system aims to achieve an optimal distribution of canopy 
organs (i.e., bunches and leaves) in the space, generating an adequate microclimate 
for the bunches to ensure berry maturity and chemical composition. Besides these 
general premises for training systems, some modifications can be introduced to 
mitigate the effects of the increase in temperature. These modifications are intended 
to: (i) delay maturity, (ii) reduce berry sugar accumulation, (iii) reduce radiation in 
the bunches zone, and (iv) improve water use efficiency (Santos et al., 2020). The 
interaction between the training system, canopy management, variety, and the envi-
ronment determine the canopy architecture, which plays a key role in plant func-
tioning. Studies at the whole plant level have shown that water use efficiency of 
different training systems is largely determined by the number of leaves at the inner 
layers of the canopy, and its relationship with the exposed leaf area (Prieto et al., 
2013). In that sense, training systems with divided or open canopies present higher 
efficiencies than constraint and dense canopies with high percentage of leaves in the 
inner layers of the canopy.

Minimal pruning is a training system that delays maturity, decreases berry sugar 
accumulation, increases acidity and decreases pH, and in addition reduces opera-
tional costs (Clingeleffer, 2009). However, this system presents some drawbacks, 
such as premature plant aging, an alternation in production, overcropping, higher 
water consumption at the beginning of the season, and the need of some green inter-
ventions to allow vineyard operations (Intrieri et  al., 2011). Alternatively, 
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free-canopy training systems have been developed, such as free cordon, box prun-
ing, or semi-minimal Pruned Hedge (Intrieri et al., 2011). This last system is an 
adaptation of the minimal pruning, it allows a higher control of yield, and it gener-
ates less compact bunches, with a lower incidence of botrytis and other diseases 
(Intrieri et al., 2011). The results regarding the delay in the accumulation of sugars 
are more variable and seem to depend on the variety. The free cordon is currently 
being evaluated in Mendoza, to determine the optimal leaf-fruit ratio for different 
situations and its impact on the yield and berry and wine chemical composition 
(Ahumada et al., 2021). The overhead (i.e., “parral” or “pergola”) is a system that 
protects the bunches from direct radiation. Still, since it presents other operational 
drawbacks in terms of mechanization and costs, it has been gradually displaced by 
VSP (even though it still occupies about 50% of the cultivated surface) and more 
recently by free cordon implantation. The interaction between canopy architecture 
with irrigation strategies for different varieties should be more explored to better 
understand their contribution to mitigate the effects of climate change on the pro-
duction and quality of grapes.

10.2.4 � Canopy Management Practices to Delay Phenology

10.2.4.1 � Late Pruning

Winter pruning is a routine practice in almost all deciduous fruit trees. One of its 
objectives is to maintain the balance between vegetative and reproductive growth 
and to adapt plant growth to the training system and to facilitate harvest. Grapevine 
is a liana that presents a marked correlative inhibition where the distal buds of the 
shoot are the first to burst while the basal ones remain dormant. Winter pruning is 
conducted when buds are still in their ecodormancy phase and to break this correla-
tive inhibition, some practices such as short pruning or cane arching are applied. In 
recent years, late pruning has been applied to retard basal bud development. This 
practice has been used to escape late frosts (Howell & Wolpert, 1978), and to 
increase fruitset in varieties with a tendency to shatter (Friend & Trought, 2007). In 
recent years, due to climate change, late pruning has been studied in different 
regions of the world as a technique to delay phenology and bring berry maturity to 
a cooler period (Allegro et al., 2020; Frioni et al., 2019; Gatti et al., 2018; Moran 
et al., 2018; Palliotti et al., 2017; Petrie et al., 2017).

In our region, late pruning is applied by some growers to escape spring frosts, but 
without an objective criterion on when to prune. In an experiment carried out at 
INTA Mendoza Experimental Station on Malbec vines, the effect of late pruning at 
three phenological stages were compared with winter pruning: budburst, two to 
three separate leaves and eight separate leaves. Results after 3 years of study showed 
that it is possible to delay the phenological stages until veraison, the later the prun-
ing, the greater was the delay in phenology (Bustos Morgani et al., 2023). In this 
way, plants pruned at budburst (i.e., when control plants were at this stage) delayed 
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Fig. 10.2  Relationship between yield (kg vine−1) and leaf dry weight removed for Malbec plants 
pruned during winter (WP), at budburst (BB), at 2–3 L and at 8 L. Upper and lower limits of the 
boxes represent the first and third quartile for yield and the interior horizontal line represents the 
median yield for each treatment. Insert shows the leaf to fruit ratio

budburst of remaining buds by 11  days, plants pruned at two to three separated 
leaves delayed it 15  days, and plants pruned at eight separate leaves delayed it 
almost a month. However, berry sugar accumulation occurred faster in those plants 
pruned at eight leaves, and consequently, the harvest date could not always be 
delayed. The higher rate of sugar accumulation was due to a higher leaf/fruit ratio 
(Fig. 10.2) caused by a decrease in yield (Bustos Morgani et al., 2022). The decrease 
in yield relative to winter pruned plants was 18% on those pruned at two to three 
separate leaves and 60% on those pruned at eight separate leaves, and it was related 
to the leaf dry weight eliminated at pruning (Fig. 10.2). Therefore, with Malbec 
plants it was not possible to delay harvest (i.e., considering °Brix as an indicator of 
harvest time). However, beyond the fact that the harvest date did not change, some 
effects of late pruning on berry and wine chemical composition were observed 
(Bustos Morgani et  al., 2022). In general, late pruning treatments maintained or 
improved the quality of Malbec wines, although they increased their pH.  These 
changes in the oenological composition were mainly due to changes in the thermal 
regime during the early stages of berry development and the yield reduction that 
changed the leaf:fruit ratio. If the goal is to delay budbreak between 10 and 15 days 
to escape late spring frosts, late pruning should be conducted between budbreak and 
two to three separate leaves to avoid significant yield losses.
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10.2.4.2 � Forcing Buds and Double Cropping

Bud forcing is a technique that delays berry development, especially soluble solid 
accumulation, and thus delays maturity in extremely hot areas (Gu et al., 2012). It 
consists of a severe shoot trimming above the last bunch a few days after fruitset, 
leaving about six or seven nodes, and the simultaneous removal of all the leaves, 
secondary shoots, and bunches. This releases the inhibition of the remaining buds, 
“forcing” them to budbreak and delaying the subsequent development of their 
shoots. This technique delays maturity between 30 and 60 days depending on the 
moment in which the forcing is carried out, with an improvement in berry enologi-
cal quality (i.e., lower pH, higher acidity, higher content of anthocyanins, tannins, 
and total phenols; Gu et al., 2012). One drawback is that this technique can reduce 
yield by 20% or more (Gu et al., 2012; Martinez de Toda, 2021; Martinez Moreno 
et  al., 2019). In addition, it is difficult to convince grapegrowers to remove all 
bunches at the beginning of the season, expecting that the forced buds will then 
generate a new crop (Poni et al., 2021).

An alternative technique has recently been proposed (called double-cropping or 
double harvesting) that facilitates bud-forcing application and would additionally 
allow an increase in yield. It has been demonstrated that it is possible to force bud 
development by only removing the secondary shoots, without removing the bunches 
(Martinez de Toda, 2021; Poni et al., 2021). Thus, it is possible to obtain a second 
harvest from the forced buds with a lower pH, higher acidity, and higher content of 
anthocyanins and phenols, which is added to the harvest of the primary bunches 
(Martinez de Toda, 2021; Poni et al., 2021). These authors showed that this second 
harvest could represent between 30% (Martinez de Toda, 2021) and 40–50% of the 
primary harvest (Poni et al., 2021). Some experiments are currently being carried 
out in Malbec with promising but contrasting results. In the first season of bud forc-
ing (Fig.  10.3), a second harvest, representing 10% of the primary harvest, was 

Fig. 10.3  Crop forcing to delay maturity and to obtain a second harvest in the same season. The 
red arrow indicates a forced shoot carrying two new bunches at pea size stage. In the lower part of 
the canopy, the bunches of the primary shoots left during winter pruning are visible at veraison. 
Malbec, Mendoza
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achieved 1 month later with improved berry and wine characteristics (i.e., higher 
phenolic content, higher acidity, lower pH). By contrast, in the second season, the 
forced buds had no bunches, suggesting that no bunch induction occurred (Prieto 
et al. unpublished data, in progress). Anyway, in both seasons, the primary harvest 
was delayed between 10 and 15 days compared to the control. Obtaining a second 
harvest might be dependent on environmental conditions during spring and the phe-
nological stage at which it is applied.

10.2.5 � Strategies to Decrease Temperature

10.2.5.1 � Shade Nets

In the past, several experiments carried out in cold or humid areas highlighted the 
importance of adequate bunch exposure to achieve the desired ripeness and improve 
berry chemical composition (Smart & Robinson, 1991). In addition, developing 
training systems pursued the main objective of maximizing canopy radiation inter-
ception, especially in regions with low sun radiation. However, given the current 
and future conditions, it is necessary to develop and evaluate different management 
strategies adapted for warm areas to decrease the negative effects of extreme events 
such as heat waves. In this sense, it is necessary to consider the different effects of 
bunch exposure on warm or cool regions.

Reducing vine organs’ temperature by reducing radiation can be implemented by 
different techniques. Shade nets over the canopy have been evaluated in recent years 
in different places. Shade reduces solar radiation and decreases canopy temperature 
and also canopy photosynthesis which may slow down berry ripening. Reducing 
radiation between 35% and 60% using semi-shade nets in the bunch zone when ber-
ries were at pepper–corns size decreased berry temperature by 4 °C, preventing the 
loss of acidity and phenolic compounds (Lobos et  al., 2015; Martinez-Lüscher 
et al., 2017). Similar results were obtained by Caravia et al. (2016) through a chapel-
type shading (60% reduction) above the vineyard without reducing yield or photo-
synthesis. Using different colors of anti-hail net on different trellis structures in 
Malbec improved vine water status (Nahuel et al. in progress). However, excessive 
bunch shading (between 1% and 5% relative to ambient radiation) decreases berry 
and wine color and increases malic acid content (Chorti et al., 2010; Palliotti et al., 
2014). In our area, using anti-hail nets could have some complementary applica-
tions in the future. For example, nets with different thread density to lower the 
temperature or the use of photoselective nets that absorb a specific wavelength 
(Martinez-Lüscher et  al., 2017) could generate some benefits in terms of berry 
chemical composition, plant hydraulic architecture, or water use efficiency 
(Gonzalez et al., 2021).
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10.2.5.2 � Agrivoltaism: Production of Grapes and Energy 
from Renewable Sources

Agrovoltaism is a system that combines agricultural production with the generation 
of renewable energy in the same space to improve the efficiency of land use. It 
involves installing photovoltaic panels above the crop (Abidin et al., 2021). This 
agricultural-energy system is one of the innovations in agriculture of the last 
10 years that has attracted the development of numerous investigations in different 
crops and in different countries (Abidin et al., 2021). It appears as another alterna-
tive strategy to face climate change and the challenges of energy availability in the 
future (Elamri et al., 2018). It may represent a diversification alternative for agricul-
tural producers (Cuppari et al., 2021). An agrivoltaic system modifies the environ-
mental conditions for the crop. Generally, the air ambient temperature at the crop 
level and that of the soil is lower due to the solar radiation intercepted by the panels 
(Marrou et al., 2013a), and water consumption is also lower (Marrou et al., 2013b). 
It is important to consider the rapid and constant advances in the innovations of 
photovoltaic solar panels that will also modify the effects of these systems on 
the crops.

Currently, our team is conducting a study that combines two mitigation tech-
niques for the increase in temperature (Fig. 10.4): solar panels and row orientation 
(Mariana Gomez Tournier et al., in progress).

Our objective is to evaluate the effects of shading caused by agrovoltaic panels 
on different aspects of grapevine functioning, yield, berry, and wine composition 
with two different row orientations. The experiment is carried out in a Malbec vine-
yard where simulated solar panels generating 47% of shade to the soil and the 

Fig. 10.4  Experimental agrivoltaic Malbec vineyard at INTA Mendoza Experimental Station 
planted at two different row orientations where the impact of the shade produced by simulated 
agrivoltaic panels is studied on grapevine physiology, water use, yield, and wine composition
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Fig. 10.5  Crop evapotranspiration (ETc), irrigation, and accumulated rainfall under simulated 
solar panels (Shaeded) and under direct radiation (Control) of Malbec experimental vineyard at 
INTA Mendoza Experimental Station, Mendoza, Argentina

canopy were installed over two row orientations, East-West and North-South. In 
each row orientation, plants under the agrivoltaic system were compared with con-
trol plants (without simulated solar panels). Our preliminary results, after two sea-
sons of experience, showed that vines under partial shade required 31.7% less 
irrigation water than control vines (Fig. 10.5, Gomez Tournier et al., 2022). At har-
vest, no difference in total berry polyphenols was found between control plants and 
shade-grown plants. Consistent with previous works (see the point row orientation), 
wines from the E–W orientation showed higher levels of anthocyanins. On the other 
hand, regardless of the row orientation, wines from the agrivoltaic system showed 
higher total acidity and lower volatile acidity, pH, and alcohol content than those 
from control plants (Gomez Tournier et al., 2022). These results must be confirmed 
in the long-term. Still, our results show that agrivoltaism is a production system that 
reduces vineyard irrigation requirements throughout the season without significant 
changes in the accumulation in berry polyphenols, reducing wine pH and alcohol 
content and increasing total acidity.

10.2.5.3 � Water Sprinkling (Evaporative Cooling)

Evaporative cooling is another technique to reduce canopy temperature. It consists 
of spraying water over the canopy during the warmest hours of the day. The evapo-
ration of the sprayed water requires latent heat, part of which comes from the plant 
organs, thus lowering their temperature. There are some precedents with variable 
results. The first studies were carried out by spraying water above the canopy, while 
recently, a misting system that sprayed low water volumes inside the canopy has 
been evaluated (Caravia et al., 2017). The system can turn on when the temperature 
exceeds a certain preset threshold. Although no differences in Brix were detected, 
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sugar per berry was significantly higher in treated plants due to increased berry 
mass (Caravia et al., 2017). On the other hand, berry and wine chemical and pheno-
lic composition were not affected. Some studies in the past discarded this technique 
because it generates favorable conditions for botrytis and other diseases. The new 
development shown by Caravia et al. (2017) seems to avoid these drawbacks but 
requires installing a misting system and additional management costs.

10.2.6 � Limiting the Source: Sink Ratio to Balance Berry 
Maturity and Delay Harvest

At the beginning of the season, vine carbohydrate sources are the perennial organs 
(i.e., cordons, trunk, and roots), and thereafter, the leaves. Berry quality is largely 
determined by the leaf area/fruit ratio, in particular by the percentage of leaves that 
are exposed to the sun and its relation to yield (Kliewer & Dokoozlian, 2005). It has 
been proposed that a leaf:fruit ratio between 0.6 and 1.2 m2 kg−1 indicates balanced 
vines that produce grapes and wines of high oenological quality (Kliewer & 
Dokoozlian, 2005). Less than 0.6 m2/kg leaf:fruit ratio would slow down ripening. 
Therefore, decreasing leaf:fruit ratio during ripening could slow down berry sugar 
accumulation and provide more time for a higher synthesis and accumulation of 
phenolic compounds (Palliotti et al., 2014). In any case, a delay in maturity does not 
always imply an improvement in grape chemical composition in terms of phenolic 
compounds or total acidity (Caccavello et al., 2017; Gatti et al., 2019).

10.2.6.1 � “Apical” Leaf Removal

Leaf removal is a widespread management practice that can be applied in different 
ways, at different stages of the vegetative cycle, and pursuing different objectives. 
Traditional leaf thinning removes basal leaves in the cluster zone between pea-size 
and veraison to improve microclimate and berry chemical composition, and to avoid 
fungal diseases. In our area, it is carried out only on the east side of the canopy in 
VSP systems to avoid excessive exposure of the west-side bunches during the after-
noon when temperature is high. When leaf removal is conducted between flowering 
and fruitset, called “early leaf removal”, its main objective is to reduce fruitset and 
therefore number of berries in varieties with very compact bunches to avoid botrytis 
and to favor the oenological quality of the grapes. In this practice, all the leaves 
below the inflorescences are removed after flowering or fruitset. This practice 
strongly alters the carbohydrate source and, therefore, affects the final number of 
berries per bunch. In both types of leaf removal (traditional and early) the basal 
leaves, or up to the first third of the shoots, are removed.

By contrast, an “apical” leaf removal has been evaluated and proposed these last 
years to reduce the leaf:fruit ratio and slow-down ripening. It consists of the removal 
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of the leaves of about five or six nodes just above the last bunch between veraison 
and harvest when the berry is around 12–15 °Brix (Palliotti et al., 2014). At this 
time, leaves located in the two thirds of the canopy have already reached their maxi-
mum expansion, are far from their senescence, and they constitute the most photo-
synthetically active leaves (Palliotti et  al., 2014). Because they are far from the 
bunches, apical leaf removal is easy to mechanize (Palliotti et  al., 2013). It has 
shown to be effective to delay harvest by about 2 weeks, slow down sugar accumu-
lation, and decrease wine alcohol (Caccavello et al., 2017). However, results related 
to phenolic compounds (and sugar: anthocyanin ratio) are variable. It has been 
observed that post veraison leaf removal can decrease, increase, or not affect the 
concentration of phenolic compounds (Caccavello et al., 2017; Palliotti et al., 2013). 
The results seem to depend on the intensity and moment of leaf removal, being 
necessary to avoid excessively severe defoliation, eliminating less than 30% of the 
total leaf area (Pallioti et al., 2013; Caccavello et al., 2017). Some current experi-
ments with Malbec in our region, have shown that when performing this practice at 
12° and 14° Brix, no delay in maturity was observed over two seasons.

10.2.6.2 � Severe Shoot Trimming

Shoot trimming is a management technique that is commonly performed to facili-
tate machinery transit, to improve the effectiveness of phytosanitary treatments, and 
to adapt the shape of the canopy to the training system. It eliminates the portion of 
shoots above 15–20  cm from the top wire. The number of trimming operations 
depends mainly on vine vigor. By contrast, a severe shoot trimming consists of 
removing a larger portion of the shoot, leaving between 7 and 15 nodes per shoot. 
This technique was evaluated post-setting (Martinez de Toda et al., 2014) or after 
veraison when the berry was close to 15 °Brix (Filippetti et al., 2015; Caccavello 
et  al., 2017). This practice proved to be effective to delay sugar accumulation, 
increase or maintain acidity, and increase anthocyanins concentration (Martinez de 
Toda et al., 2014) when it was applied at post fruitset. Our group has obtained simi-
lar preliminary results in Malbec over two seasons, where harvest was delayed up to 
2 weeks with consequences on berry and wine composition (Prieto et al., in prog-
ress). When carried out in veraison it can also favor or maintain the chemical com-
position of the grape and reduce the concentration of soluble solids at harvest 
(Filippetti et al., 2015; Caccavello et al., 2017).

10.2.7 � Some Enological Alternatives

In the last decades, the alcohol levels of wines have increased in most of the produc-
ing wine regions (Longo et al., 2017). This can be associated with consumer prefer-
ences for well-structured, full-bodied wines, rich in ripe-fruit flavors. To achieve 
this purpose, it is required to efficiently extract phenolic and aromatic compounds 
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from the skins during maceration, grape maturity being a key factor. Under this 
scenario, winemakers tend to delay harvest, searching a high concentration of these 
compounds, leading simultaneously to the increase of berry soluble solid concentra-
tion and, therefore, increasing wines alcohol concentration (Rolle et al., 2018). This 
trend has been exacerbated these last years by the observed climatic changes that 
promote a higher berry sugar concentration. In this context, several possible oeno-
logical approaches to reduce the alcohol levels while preserving high phenolics 
compounds in wines have been proposed. Pre-fermentation and  post-
fermentation practices can be applied to lower the alcohol levels. Pre-fermentation 
practices include dilution or blending with juice from low-sugar grapes early har-
vested, microbiological strategies (including the use of yeast strains that reduce the 
efficiency of ethanol production), and post-fermentation technologies include 
blending of high and low alcohol wines, and membrane-based techniques with 
physical removal of alcohol after fermentation.

In several experiments carried out in Mendoza, a technique easy-to-adopt, flexi-
ble, and cost-effective, for simultaneously reducing the alcohol content and the pH 
of red wines was tested on Malbec, Bonarda, and Syrah varieties. This technique, 
previously proposed by other authors (Piccardo et al., 2019), consisted of blending 
wines made from grapes of different ripeness. Specifically, using a low-ethanol and 
highly acidic wine to replace an equal volume of well-ripened grape juice, prior to 
fermentation, without altering the chemical and sensory quality of the wines. In 
another study (Fanzone et al., 2020), harvest blending was combined with inocula-
tion of native yeasts to reduce simultaneously alcohol content and pH of Malbec 
wines. For this, Sauvignon blanc grapes harvested at the beginning of ripening were 
employed to obtain a wine with high acidity and low alcohol content (LW) that was 
blended with Malbec grapes of full phenolic maturity. Three treatments were estab-
lished: Malbec grapes were harvested at 13.0% (1H) and 14.5% (2H) v/v of proba-
ble alcohol and elaborated following a standard protocol. A third treatment was 
obtained from 2H, where a part of the grape juice was removed and replaced with 
LW (2RW) as a strategy for alcohol reduction. Each treatment (1H, 2H, 2RW) was 
elaborated by triplicate. These wines were also inoculated with three kinds of yeasts, 
including native strains (NS; S. cerevisiae BSc114 native yeast), commercial yeasts 
(CS; S. cerevisiae EC 1118) and co-inoculation of different strains (CI; Hanseniaspora 
uvarum BHu9/Saccharomyces cerevisiae BSc114). Results showed that 2RW 
wines, fermented with different yeast strains, showed similar levels of total phenols, 
tannins, anthocyanins, and polymeric pigments concerning control wines (2H). In 
all cases, those wines presented greater phenolic potential compared to wines from 
1H. At the same time, the strategy of vintages blending (2RW) produced wines with 
1.4% v/v less alcohol than 2H wines, also achieving a pH decrease of 0.3 units. 
Combined treatments with native strains, especially as single inoculum (2RW–NS), 
were the most efficient in reducing both parameters, showing higher tannins, antho-
cyanins levels, and color saturation, without affecting the sensory quality, in terms 
of aromas and mouthfeel aspects (Fig. 10.6). These strategies proposed could be 
simple and economic tools for red wine production with low alcohol content, pre-
serving phenolics concentration and organoleptic perception.
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Fig. 10.6  Principal component analysis (PCA) of descriptive sensory data of Malbec wines evalu-
ated by a trained panel (n = 12). (a) wine factor map. (b) sensory attributes loadings with 95% 
confidence ellipses based on the multivariate distribution of Hotelling’s test (p < 0.05)

10.3 � Conclusions

Climate change in Argentina will modify, on the one hand, the ways and varieties 
used to produce grapes in traditional wine regions, and on the other hand, it will 
move the planting of new vineyards to regions where no viticulture existed before. 
While some companies may relocate their vineyards to more suitable areas in the 
future, climate change imposes the challenge of maintaining the sustainability of 
current wine-growing areas. Although some information already exists, more 
knowledge about the short- and long-term effects of single and combined adaptation 
strategies to climate change must still be developed. For instance, it is necessary to 
develop adaptation strategies and study their long-term impacts in different training 
systems, varieties, and areas. It is also necessary to evaluate the combination of dif-
ferent techniques and their potential cumulative effects (for example, late pruning 
and subsequent severe shoot thinning, or leaf removal) or to understand their inter-
actions. Generating this information would allow to make more solid recommenda-
tions for each situation. It’s worth noting that strategies must be sustainable, meaning 
that they must be economically beneficial for the grapegrower and winery, environ-
mentally friendly, and socially accepted. To achieve this, it will be necessary to 
provide grapegrowers opportunely with climatic information of different potential 
viticultural regions and with the necessary tools for canopy management, irrigation, 
nutrition, and use of adapted plant material.
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Chapter 11
Autochthonous Grapevine Varieties 
From Argentina
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11.1 � General Overview

Currently, between 6000 and 10,000 cultivars of Vitis vinifera L. exist worldwide, 
which are cultivated for different purposes, wine production, table grapes, raisins, 
or juice (Lacombe et al., 2013). These existing cultivars have originated since grape-
vine cultivation and domestication commenced 11,000  years ago (Dong et  al., 
2023). The main sources of variability are crosses between different cultivars and 
somatic mutations selected and conserved by vegetative reproduction (Myles et al., 
2011). While this considerable genetic diversity is mainly conserved in germplasm 
collections (This et al., 2006), the global wine market is limited to a small group of 
cultivars. The 13 most planted cultivars around the world, Kyoho, Cabernet 
Sauvignon, Sultanina, Merlot, Tempranillo, Airen, Chardonnay, Syrah, Red Globe, 
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Garnacha Tinta, Sauvignon Blanc, Pinot Noir, and Trebbiano Toscano, cover more 
than one-third of the total cultivated surface area. The 33 most planted cultivars 
cover more than 50% of the global cultivated area (OIV, 2017), which represents 
less than 1% of the total existing genetic diversity (Wolkovich et al., 2018). This 
global trend to cultivate some international cultivars has led to the disappearance of 
numerous minor and local genotypes (Muñoz Organero et al., 2015; Zinelabidine 
et al., 2015). Furthermore, these 13 international cultivars cover more than 60% of 
the cultivated surface area of the main producer countries (Anderson & Nelgen, 
2020), and even more (up to 80%) in some countries, such as Australia, New 
Zealand, or Chile (Wolkovich et al., 2018). In Argentina the situation is somewhat 
different since the two more cultivated varieties (Malbec and Bonarda) are not 
within these 13 most important varieties, and almost 30% of the cultivated area cor-
responds to local cultivars or criollas (INV, 2020). The main cultivated criollas in 
our country are Cereza and Criolla Grande, two varieties widely spread during the 
1960s and 1970s because of their high yield potential. Other criollas varieties 
widely cultivated are Pedro Giménez, Torrontés Riojano, and Moscatel Rosado and 
a large number of minority varieties spread over different regions.

In recent years, however, on a global scale, this situation has slowly begun to 
change, and producers, wineries, and consumers are looking for new products, elab-
orated from local resources (García-Muñoz et al., 2014). Minor and local cultivars 
are thus an opportunity to offer product diversification in the global market (Antolín 
et al., 2021), and probably to adapt to climate change (Florez-Sarasa et al., 2020). 
Yet, there is still a long way to evaluate these “new ancient” varieties in different 
environmental conditions, to develop the most appropriate cultivation and elabora-
tion methods, and especially to convince growers and consumers about their quali-
ties. Here we briefly present our results corresponding to our project conducted for 
more than 10 years, covering different aspects such as the rescue, identification, 
conservation, characterization, and valorization of these genotypes.

11.2 � A Brief History of Grapevine in America

The history of grapevine (Vitis vinifera L.) in America dates to the fifteenth century, 
when it was first introduced to the Antilles during the Spanish colonization where it 
did not prosper due to climatic conditions (Maurín-Navarro, 1967; Martínez et al., 
2006). However, it was cultivated with success in Mexico a few years later, and then 
in Peru in the early sixteenth century (Martínez et al., 2006) expanding subsequently 
to the rest of the South American colonies (Milla Tapia et al., 2007). Some evidence 
suggest that it was brought from the Canary Islands (Agüero et al., 2003), and others 
that it arrived from Spain (Toro-Lira, 2018), but it is still unclear if it was introduced 
in the form of seeds, cuttings, plants, or buds. The introduction to Argentina would 
have been in 1557, when the father Juan Cidrón introduced some plants to Santiago 
del Estero (North of Argentina) from La Serena (Chile). A few years later, at the 
founding of Mendoza in 1561, Pedro del Castillo implanted a plot of plants brought 
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from Santiago de Chile and in 1562 more plants were brought by Juan Jufré who 
was an experienced grapegrower. From that moment, its cultivation began to grow 
(Maurín-Navarro, 1967). During these first steps of South American viticulture and 
for more than 300  years, the Spanish variety Listán Prieto was the predominant 
variety (Lacoste et al., 2010). It was grown under different names such as Criolla 
Chica or Criolla de vino in Argentina, Uva País in Chile, Negra Corriente or Negra 
Criolla in Peru, Misión in Mexico, and Mission in USA (Agüero et  al., 2003; 
Martínez et  al., 2006). Then, during the early eighteenth century, Muscat of 
Alexandria was also highly cultivated in Argentina for longtime, where it was called 
Uva de Italia (Alcalde, 1989). It was introduced from Spain to Mendoza by Jesuit 
missionaries at the end of the seventeenth century. It was one of the most cultivated 
white varieties until the end of the twentieth century (Lacoste, 2013). During the 
eighteenth century, the vast majority of the criollas were originated. Several recent 
studies have demonstrated that the two most planted varieties at that time (Criolla 
Chica and Muscat of Alexandria) were the main progenitors of South American 
varieties, including the group of the Torrontés, Criolla grande, Cereza, and Pedro 
Giménez, for instance (Agüero et al., 2003; Martínez et al., 2006; Milla-Tapia et al., 
2007; Durán et al., 2011; Boursiquot et al., 2014). The Peruvian variety Quebranta, 
a crossing between Criolla chica and Mollar Cano (This et  al., 2006), another 
Spanish variety, was an exception to this group. The most probable processes lead-
ing to the origin of these genotypes may probably be the unintentional sowing of 
raisin seeds which spontaneously generated from marcs that were mixed and incor-
porated as manure to fertilize the vineyards (Aliquó et al., 2021).

In 1853, the foundation of the Quinta Normal of Mendoza took place. At this 
moment, the paradigm shifted towards French viticulture since Michel Pouget intro-
duced French varieties and a gradual abandonment of criollas varieties began. 
Among the varieties introduced, growers rapidly adopted Malbec, which became the 
most cultivated variety in the country some years later. Between 1948 and 1978 the 
engineer José Vega pioneered the rescue, identification, and evaluation of native 
varieties collected in Mendoza, San Juan, and the Northwest provinces of Argentina. 
In 1949, he implanted the first collection of criollas located at the INTA EEA 
Mendoza. Between 1970 and 1990 the industry was more focused on yield over 
wine quality. For that purpose, some criollas were well adapted, such as Criolla 
Grande or Cereza, highly productive varieties with more characteristics of table 
grapes than wine grapes. During those years, they were widely cultivated to make 
common wines, and from that moment, criollas began to be related to low oenologi-
cal potential and the interest in them declined progressively. In 2011, our team 
resumed the work concerning the identification, rescue, ampelographic description, 
and agronomic and oenological characterization of Argentine varieties. Our objec-
tive was to identify, conserve, and valorize this genetic diversity that was previously 
dismissed. Local varieties represent an opportunity to elaborate unique products, 
related to the identity, history, and culture of a given region. A new collection is 
implanted nowadays conserving all the genetic diversity found in ancient vineyards. 
Our collection holds 71 accessions collected from ancient vineyards located in 
Patagonia, Cuyo, Valles Calchaquies, and Cordoba.
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11.3 � Genetic Diversity Within Argentinian Varieties

The earliest study on some of the main criollas cultivars was made by Storni (1927), 
while Vega made the first full description of these cultivars in the 1950s and 1960s 
(Vega, 1950, 1976, 1977; Vega et al., 1962). Many years later, molecular studies 
characterizing the genetic origin of some of the most known criollas (e.g., Torrontés 
Riojano) appeared (Agüero et al., 2003; Martínez et al., 2006; Milla-Tapia et al., 
2007), and a renewed interest has been observed lately in different countries (Prieto 
et al., 2021).

During these last 10 years, we have analyzed more than 100 accessions. We first 
analyzed accessions conserved at the Grapevine Collection, located at the INTA EEA 
Mendoza experimental campus (lat. 33°S; long. 68°51′W), Argentina. Those acces-
sions were collected by Gonzalez and Vega (1949) in ancient vineyards in the western 
provinces of the country. From that date, they were conserved in the collection with-
out identification. We also collected samples found in ancient vineyards located in 
different provinces of Argentina (Torres et al., 2022). A first morphological analysis 
was performed in situ to determine the putative origin of specific plants identified 
within the vineyards. Then, a sample was extracted and analyzed in the lab. For each 
collected sample or accession, a set of 19 microsatellites was analyzed (Aliquó et al., 
2017) and the identity and parental analysis were performed with CERVUS v3.0.7. 
The genetic profiles obtained were compared with the Vitis International Variety 
Catalogue (VIVC, http://www.vivc.de/) to verify the identity and check for synonyms 
and homonyms. We also compared our results with the INRAe database, which com-
prises more than 4000 accessions genotyped (Lacombe et al., 2013).

Our studies have revealed that (i) the diversity among criollas varieties is higher 
than previously supposed (Aliquó et al., 2017), and (ii) this diversity is conserved in 
ancient, isolated, small vineyards where growers have played a key role in conserv-
ing this genetic diversity (Torres et al., 2022). Summarizing, we have found 70 dif-
ferent varieties, including 21 European, 49 criollas of which 34 of them were 
previously unknown criollas (Aliquó et al., 2017; Torres et al., 2022). As expected, 
a big group corresponded to the progeny originated from Listan Prieto × Muscat of 
Alexandria (Fig. 11.1). Still, many other varieties have also participated as parents, 
such as Muscat a Petits Grains Blanc, Mollar Cano, and many backcrossing. 
Surprisingly, Malbec also participated in the origin of two red cultivars. This finding 
suggests that the process leading to the origin of criollas varieties continued after 
the introduction of French cultivars by Pouget in 1853.

11.3.1 � Crossings Between Muscat of Alexandria 
and Listán Prieto

Listán Prieto and Muscat of Alexandria are considered the major founders of South 
American grapevine varieties (Milla-Tapia et al., 2007). Around 29 direct descen-
dants from this crossing have been reported until now. This group include the widely 
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Fig. 11.1  Schematic pedigree and parental relationship of criollas varieties showing European 
varieties (in red). The circle with 1 in the center indicates the group of varieties originated by the 
crossing between Muscat of Alexandría and Listán Prieto. In the table, a detail is shown of this 
group of varieties classified by their berry skin color. In the scheme, in green appear varieties 
belonging to group 1 that gave origin to other variety through backcrossing either with another 
criolla or with other European cultivars

spread Cereza, Criolla Grande Sanjuanina, Torrontés Riojano, Torrontés Sanjuanino, 
Pedro Gimenez and some minor varieties such as Moscatel Amarillo, Uva Anís, 
Malvasia Criolla, or San Francisco. It’s interesting to note that within this group, we 
found varieties collected from ancient vineyards located in different regions of our 
country with long distances among them. Some were collected from isolated valleys 
where no varietal replacement has been carried out for many years. The main and 
accepted hypothesis until this moment indicates that all these genotypes originated 
by spontaneous crossing for around 300 years. Another recent hypothesis is that 
they proceed from a very ancient, pioneer “breeding” program performed some-
where during the colonial period (Mejía et al., 2021). During the vineyard prospec-
tion, we could verify that even if some genotypes are found along the different 
regions of our country, there are some trends. For example, in the North (e.g., Salta), 
we found predominantly Torrontes Riojano and Criolla Chica, while Criolla Grande 
Sanjuanina, Cereza, or Pedro Giménez are scarce. These later varieties are more 
frequently found in Mendoza and San Juan. Besides those major varieties, we found 
several minor crossings that are not always the same among the regions. We may 
suppose that a group of them, the most spread nowadays, originated in a single place 
and then transported to the other regions where several other minor varieties origi-
nated. The number of varieties originated by this crossing is probably larger, consid-
ering the preliminary results obtained in different countries of the region such as 
Peru (Mendoza et al., 2022), Bolivia, or Chile (Prieto et al., 2021).
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11.3.2 � Crossing With Other Varieties

Besides the crossing between Listán Prieto and Muscat of Alexandria, other culti-
vars participated in less frequent crosses and originated some criollas. In some 
cases, these crosses involved varieties that the Spanish also introduced during the 
colony, while in others, some criollas have been identified as parental indicating 
backcrosses. The extended Peruvian variety, Quebranta, derives from Mollar cano 
and Listan Prieto (Lacombe et al., 2013). In the same way, Uva Pascua and Canela, 
both cultivars already reported by Vega (1950) and Alcalde (1989) as criollas, 
derived from a crossing between Listán Prieto and Muscat à Petits Grains Blanc. 
Other varieties such as Breval Negro and Moscatel Rosado also participated, lead-
ing to new varieties, such as Fintendo and Botija, respectively. The historical records 
point out that Muscat à Petits Grains Blanc, Mollar Cano, and Breval Negro were 
introduced to America and grown in the colonial period mixed in the same plots 
(Hudson, 1867; Storni, 1927). Moscatel Rosado has been described since the first 
ampelography of South America (Suarez, 1911; Storni, 1927; Vega et  al., 1962; 
Alcalde, 1989), whereas it is not mentioned in European literature. The smaller 
number of progenies related to these cultivars might be explained by the fact that 
they were less spread than Listán Prieto and Muscat of Alexandria. Finally, a group 
of varieties (e.g., Cereza Ellipsoidal, Blanca Chica, Ferra, Moscatel Apicia) are 
varieties that originated from other criollas, revealing even more clearly the dyna-
mism of the population (Fig. 11.1).

11.3.3 � Crossings With Malbec

Interestingly, within the family of criollas, there are two genotypes, Criolla N°1 and 
Balsamina Patagónica, where Malbec participated as a parent. The presence of 
Malbec in these crossings indicates that these genotypes were generated after 1853, 
when French varieties arrived to Mendoza brought by Pouget. We can confirm that 
they are criollas since the other parents (i.e., Criolla Grande Sanjuanina and 
Torrontés Mendocino) are local genotypes. The evaluation carried out these last 
years confirms the oenological potential of these varieties for red winemaking, since 
the characteristics of the grapes, berry size, and color intensity resemble those of 
Malbec more than those of criollas (see next point concerning the enological poten-
tial). The relationship between Malbec and Criolla N°1 could also be demonstrated 
through the similar phenolic profile. Some recent studies have demonstrated that 
Malbec wines and berries have a high concentration of dihydroquercetin-3-glucoside 
(Fanzone, 2012). This compound has not been found in other varieties such as 
Merlot or Cabernet Sauvignon. Our analysis showed that Criolla N°1 presented a 
moderate concentration of dihydroquercetin-3-glucoside whereas the other criollas 
analyzed do not (Table 11.1). Furthermore, we analyzed the berries of the varieties 
Prunelard and Magdeleine Noire de Charentes, two ancient cultivars which are the 
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progenitors of Malbec (Boursiquot et al., 2009). This compound was also present in 
both cultivars, but it was three times higher (170 μg/g of skin) in Magdeleine Noire 
de Charentes than in Prunelard (67 μg/g of skin). Apparently, Malbec inherited this 
berry and wine composition related trait from these varieties, and Criolla N°1 
from Malbec.

11.3.4 � Importance of Ancient Vineyards as Genetic Reservoirs

Most of the prospected vineyards were trained in an overhead system (i.e., “par-
ral”), a traditional training system in Argentina, that still represents around 50% of 
the cultivated surface (INV, 2019). These family vineyards, with less than 1 ha of 
surface, are mostly cultivated for local market and self-consumption. They are 
planted with the most cultivated criollas (e.g., Pedro Gimenez, Criolla Grande 
Sanjuanina, Cereza), but they present a high diversity of other varieties planted in 
the same block, many of them not still identified or confounded with others. The 
role played by growers in maintaining the vineyards has been crucial to avoid the 
genetic erosion of the species. Since the first vineyard census carried out in our 
country in 1936, the cultivated surface has increased by 30% while the number of 
vineyards decreased by 13% (INV, 2020). In 1936, 11,331 small vineyards up to 
1 ha were registered, representing 15% of the total number of vineyards, and con-
centrating 3.7% of the cultivated hectares. These numbers remained relatively stable 
until the year 2000 when the number of these small vineyards decreased 60%. In 
2019, 4088 small vineyards still existed, representing 8.9% of the total vineyards 
and corresponding only to 1% of the cultivated hectares. This decline was accompa-
nied by the globalization of international varieties, together with the loss of local, 
minor varieties. Small vineyards located in isolated Andes valleys, that have not 
been submitted to varietal changes, represent a reservoir of genetic diversity and 
growers have played a key role in preserving it.

11.4 � Agronomic and Oenological Potential 
of Criollas Varieties

We evaluated the general characteristics of some of these varieties implanted in the 
Grapevine collection at INTA EEA Mendoza. We evaluated a group of more than 20 
different varieties over 8 years (from 2012 to 2019). Not all varieties were evaluated 
every year. For each variety a total of five plants were evaluated and results pre-
sented here correspond to varieties that were studied for at least 2 years. Plants were 
own-rooted, planting distance was 2.5 m between rows and 1.5 m between plants. 
The plants were trained in a vertically shoot-positioned system, spur pruned, and 
drip irrigated. During winter 2012, 2013, and 2016, we measured pruning weight 
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and calculated Ravaz Index (RI). During 2013 and 2016 seasons, berry weight, 
sugar accumulation, and solids soluble concentration (°Brix) were measured every 
10 days from berry set until harvest. For those years, maturity dynamics and sugar 
accumulation rate were evaluated by the model proposed by Sadras and Petrie 
(2011). Based on this model, for each variety we calculated the sum of degree days 
value at which the onset of sugar accumulation occurred, and that at which berry 
sugar accumulation stopped. The sugar accumulation rate (SA) was calculated as the 
slope of the regression between Brix accumulation and the sum of degree days 
between these two points. White and pink varieties were harvested at 21–22 °Brix 
while red varieties were harvested at 23–24 °Brix. At harvest, we registered yield 
(kg/plant), and we analyzed berry maturity (°Brix, pH, and total acidity). After har-
vest, grapes were transported to the experimental winery at INTA EEA Mendoza for 
winemaking in 25 L plastic tanks following a standardized protocol. Wine composi-
tion was analyzed on red cultivars.

A high variability was found among cultivars in terms of yield level, from 15 kg/
plant in Canelón to around 1 kg/plant in Criolla Chica N°2. This latter accession 
corresponds to a clone of Listan Prieto (syn. Criolla chica) present also in the Vassal 
collection (http://bioweb.supagro.inra.fr/collections_vigne; Montpellier, France). 
This accession presents inflorescences with male flowers type 2 (atrophied gynoe-
cium present) and very few berries per bunch, which explains the low yield levels. 
The same variability was observed in berry weight, which ranges from around 1.3 g 
(Criolla Chica) to around 5.0 g in Cereza ellipsoidal, Huevo de Gallo or Cereza 
(Fig. 11.2). It is interesting to observe that most spread criollas in Argentina corre-
spond to those with higher berry weight and yield (e.g., Criolla Grande SJ, Cereza). 
However, there is a huge diversity within this group of varieties and many of them 
are not cultivated. Sugar content per berry followed the trend in berry weight (i.e., 
higher berries, higher sugar content per berry). This variability is higher than com-
monly thought and may be related to the process of natural crossings over 500 years 

Fig. 11.2  Berry weight (a) and soluble solid concentration (°Brix, b) of different grapevine culti-
vars cultivated at the INTA germplasm collection, located at Mendoza, Argentina. Each point is the 
mean of at least 3 years of measurements ± standard deviation
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of cultivation. Beside the two main progenitors of South American varieties (i.e., 
Criolla Chica and Muscat of Alexandria), many other cultivars have contributed to 
the origin of criollas varieties, leading to a higher diversity. For instance, Muscat à 
Petit Grains Blanc, Malbec, Criolla Grande Sanjuanina, Canela, and Mollar Cano 
are also progenitors of some criollas (Aliquó et al., 2017) adding more diversity to 
these agronomic traits.

Sugar accumulation rate (SA) was calculated as the slope of the first part of the 
ripening curve (Sadras & Petrie, 2011). A regression analysis showed that the vari-
eties presented statistical differences for the slope between Brix accumulation and 
accumulated degree days. Some varieties (e.g., Criolla N°1, Canela) presented 
higher SA compared to other varieties with lower rates (e.g., Cereza Ellipsoidal). We 
compared the regressions between Brix and accumulated degree days for two con-
trasting years: a typical season (2013) with 295 mm of precipitation and 2140 °Cd 
of accumulated growing degree days and a humid season (2016) with 500 mm of 
rainfall and 1760 °Cd. We identified some varieties that presented a more stable 
relationship such as Canela, Anis, or Criolla N°1 while others such as Cereza, 
Cereza Elipsoidal, or Criolla Chica Ballista showed a more variable relationship, 
related to climatic conditions. A more stable relationship would be beneficial 
regarding climate change, given that it would be possible to obtain the same berry 
characteristics independently of seasonal conditions (at least in terms of soluble 
solids accumulations).

Color intensity was weak in most of the red or pink criollas varieties studied, 
except Criolla N°1 that presented similar phenolic content than some European 
ones (Table 11.1). As already explained, Criolla N°1 is a progeny of Criolla Grande 
Sanjuanina and Malbec. Actually, berry size, color intensity, uniformity, and wine 
composition of Criolla N°1 are much closer to Malbec than to the wines coming 
from the other traditional criollas varieties (e.g., Criolla Grande Sanjuanina, 
Cereza). Our analysis suggests that also Balasamina Patagonica presents this color 
potential similar to Malbec, but no data is presented here. After several years of 
evaluation and sensorial analysis, some of these genotypes (e.g., Canela, Uva Anis, 
Uva Pascua, Mosatel Rosado, Moscatel Blanco, Criolla N°1 or Balsamina 
Patagonica) present an interesting enological potential to be developed in the future.

11.5 � Diversity of Listan Prieto Clones (Syn. Criolla Chica) 
From Different Regions

Listán Prieto is a variety that was traditionally supposed to be present only in the 
Canary Islands, since it would have disappeared after the phylloxera crisis in the 
Peninsula (Milla-Tapia et al., 2007). However, recent prospections in ancient vine-
yards in Spain have detected the presence of Listán Prieto in many vineyards in the 
region of Castilla La Mancha, Extremadura, and Andalucía (Muñoz Organero et al., 
2015). Such evidence supports the hypothesis that this cultivar is not extinct in the 
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continental part of Spain and maybe native of this region. This variety was intro-
duced in America in the early sixteenth century, and as already signaled in the prec-
edent points has a prominent importance in South American genetic diversity. It’s 
actually known as País in Chile, Criolla Chica in Argentina, Negra Corriente in 
Peru, Misionera in Bolivia, Misión in Mexico, Mission in the United States. Its long 
history of cultivation in different environmental conditions has raised to different 
“ecotypes” or clones, which present differences that are evident at a visual level in 
terms of berry size, color, and cluster size. The oldest vines that are still in produc-
tion in Argentina, and that are formally registered by National Institute of 
Vitiviniculture (INV), were implanted between 1862 and 1869 with this variety 
(INV, 2020) These vines probably represent the oldest formally registered vineyard 
in South America (Fig. 11.3).

Furthermore, our team has visited and prospected small vineyards in the 
Calchaquies valleys (Salta, North of Argentina) that are not formally registered and 
most probably are older (Fig. 11.4).

Including the material collected during the prospection of ancient vineyards, we 
have attempted to perform a first, preliminary characterization of Criolla Chica 
accessions conserved in our collection. We evaluated the concentration of phenolics 
compounds in six accessions of Listan Prieto collecting three samples of 20 berries 
each per accession during two seasons (2018 and 2019). Berry and skin weight was 
registered, and the concentration of total phenols (TP), total tannins (TT), and total 
anthocyanins (TA) were analyzed. The results showed that berry and skin weight 
were different among the accessions. The accession Criolla Chica N8 presented 
consistently over the two seasons a higher berry weight and lower phenolic 

Fig. 11.3  Vineyard implanted with Listán Prieto between 1862 and 1869, the most ancient vine-
yard formally registered in Argentina (INV, 2020) located in Cafayate, Salta
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Fig. 11.4  Vineyard implanted with Listán Prieto, not formally registered and probably with more 
than 150 years considering the morphological aspect and sizes of trunk, arms, and whole plant size 
(e.g., see the trunk in the floor giving rise to a new plant). These kinds of vineyards are maintained 
by very small, isolated grapegrowers in the middle of Calchaquies valleys, Salta (Argentina)

compounds either expressed per mg of skin or per berry (Table 11.2) indicating a 
lower phenolic potential. No interaction between accession and season was found 
for berry weight, and therefore, when expressing the values in mg per berry, no 
interaction was observed either (except for anthocyanins). Criolla Chica N3 showed 
the lowest berries weight of the two seasons, and higher concentration (mg/g of 
skin) but also higher values expressed per berry, indicating a high synthesis. Criolla 
Chica N4 presented also high values of skin and berry weight but lower AT per berry 
compared to N3. The accessions N5 presented similar values to N3 while N6 and 
N7 presented intermediate values (Table 11.2). This variability among the acces-
sions must be more explored including more material in different environments to 
be able to identify clones with higher concentration of phenolic compounds. These 
preliminary results open the avenue to interesting questions concerning the physi-
ological response of each accession to different environmental factors (e.g., 
drought), and the possible adaptation mechanisms developed during long-term cul-
tivation under different environments, specially related to epigenetic modifications. 
The high variability observed in the accessions of Criolla Chica, in our country and 
others from South America, deserves certainly more attention, regarding the physi-
ological, sanitary, and molecular basis that would explain the variability in 
Criolla Chica.
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11.6 � Varietal Potential for Sparkling Wine Production

In order to evaluate the potential of some varieties for sparkling wine elaboration, 
we selected a group of them that in previous analyses presented high acidity levels. 
We analyzed the base wine and the final sparkling wine in terms of chemical com-
position and sensorial perception at different moments of aging (3, 6, 9, and 
12 months). The selected varieties were Listán Prieto (syn. Criolla chica), Moscatel 
rosado, Pedro Gimenez, Blanca Oval, Canelón, while Chardonnay was used as a 
control. The harvest was performed when berries soluble solids achieved between 
17 and 18 °Brix. Three wine base replicates per variety were elaborated and foam 
intake was performed by the traditional method (i.e., “champenoise”). We present 
here the results concerning the sensorial analysis carried out using the flash profile 
technique at 9 and 12 months after contact with the lees (Fig. 11.5). Only the 15 
main descriptors that contributed the most to multiple factor analysis were plotted. 

Fig. 11.5  Sensory analysis performed after 9 and 12 months after aging in bottle in contact with 
the lees for sparkling wines elaborated with Criolla Chica, Canelón, Moscatel Rosado, Blanca 
Oval, Pedro Gimenez, and Chardonnay. The evaluation was carried out using the Flash Profile 
technique with 20 panelists

J. A. Prieto et al.
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Ellipses representing a 95% confidence interval were used, indicating that wines 
were perceived differently by panelists if the ellipses did not overlap.

At 9 months of bottle aging, the first two dimensions explained 60% of the exist-
ing variability. Sparkling wines made from Moscatel Rosado and Canelón grapes 
were grouped at the right of Dimension 1. These wines were perceived with floral, 
terpenic, and fruity aromas, and exhibited high aromatic intensity. To the left of 
Dimension 1, Blanca Oval, Pedro Gimenez, and Criolla Chica wines were grouped, 
characterized by descriptors such as color intensity, alcohol, bubbles, and even hints 
of burned rubber. The Chardonnay wine exhibited similar characteristics to Pedro 
Gimenez, with descriptors such as acidity and toasted bread. At 12 months of bottle 
aging, the situation remained similar. The first two dimensions accounted for 57% 
of the variability. Once again, Blanca Oval, Pedro Gimenez, and Criolla Chica 
wines were grouped. However, in this case, the Criolla Chica wine exhibited much 
more variability and even overlapped with Moscatel Rosado. This increased vari-
ability may have been due to the smaller number of judges at the 12-month analysis 
session. The Canelon wine, which was previously close to Moscatel Rosado at 
9 months, moved to the left side of Dimension 1, showing similarities to Blanca 
Oval, Criolla Chica, and Pedro Gimenez wines. These wines were characterized by 
descriptors such as high aromatic intensity and spiciness. Moscatel Rosado, which 
remained to the right of Dimension 1, was perceived with fruity, floral, and citrus 
descriptors. Chardonnay was placed apart from the rest, with descriptors such as 
yeast, fullness, and higher color intensity.

This study highlights the potential of criollas varieties for sparkling wine elabo-
ration and it will be completed soon with the rest of the sensorial data and chemical 
analysis such as variety foamability. Our preliminary results revealed the techno-
logical potential of autochthonous genetic material to diversify the production of 
sparkling wines, either as varietal wines or blends, providing products with a strong 
regional identity.

11.7 � Perspectives and Conclusions

Grapevine genotypic diversity in Argentina, and probably also in South America, is 
higher than previously thought. The identification through molecular markers has 
allowed us to highlight this diversity. Small grapegrowers distributed in different 
locations in the western counties of Argentina and the Grapevine Collection at 
INTA (which conserves material brought to our country more than 100 years ago) 
has played a key role in conserving this diversity that otherwise would have been 
lost. This collection has now been enriched with a criollas section, including around 
71 accessions of different autochthonous varieties and their related genotypes (e.g., 
Listan Prieto accessions).

Some attempts have been made to characterize the agronomic and enological 
potential of these varieties under our environmental conditions. However, the small 
quantities of plants per some of these genotypes make their characterization 
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difficult at a higher level. More efforts should be invested in reproducing free-virus 
material to generate the information necessary to carry out field experiments. A 
small group of selected varieties are now being planted in different regions of 
Argentina to evaluate their characteristics and potential in different environmental 
conditions. It is also necessary to get a consensus among the different actors of the 
industry about the potential use of each variety, and the most appropriate blendings 
for different kinds of wines and/or sparkling wine. A key challenge remains about 
the communication of this diversity, its origins, and its potential to avoid confound-
ing the consumers and more efforts should be made in this sense.
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Chapter 12
Impact of Climate Change on Argentine 
Viticulture: As It Moves South, What May 
Be the Effect of Wind?

Rodrigo Alonso, Rubén Bottini, Patricia Piccoli, and Federico J. Berli

12.1 � Introduction

Argentina has diverse wine-producing regions, each one with a unique climate and 
topography that significantly affects grape-grow and wine characteristics. 
Argentinian viticulture extends from 22° to 45° South latitude, and mainly along the 
piedmont of the Andes Mountains under a semi-arid continental climate. The pre-
cipitations mostly occur during spring and summer, nevertheless insufficient to 
cover the vine plant cycle, thus requiring irrigation. The country has vineyards that 
range from sea level to over more than 3000 m a.s.l., making it one of the highest 
wine-growing countries in the world (Arias et al., 2022). Mendoza, the most impor-
tant wine province with 71% of the total vineyards, has five winegrowing zones: 
North, East, South, First Zone, and Uco Valley. San Juan, the second most important 
province, with 21% of the total area planted (INV, 2021), presents valleys spread 
across the centre-west of the province: Pedernal, Calingasta, Zonda, Ullum, Iglesia, 
and Jáchal. Salta and La Rioja are important wine provinces in northern Argentina, 
located mainly in the Calchaquí Valleys and Famatina Valleys, respectively. The 
establishment of vineyards in the mentioned regions has been primarily motivated 
by climatic conditions, as well as traditional factors. Generally, wine regions located 
at high altitudes have cooler night temperatures, more thermal amplitude, and lower 
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humidity levels than those at lower elevations, all of which create “ideal” growing 
conditions for wide grape varieties. These cooler temperatures slow down the ripen-
ing process, allowing grapes to retain acidity, and to develop more complex aromas 
and flavours (Gutiérrez-Gamboa et  al., 2021). In addition, vineyards located at 
higher altitudes receive more direct solar UV-B radiation, which increases the levels 
of polyphenols in red wines (Alonso et al., 2021). On the other hand, regions located 
at lower altitudes tend to have higher temperatures, which accelerate the ripening 
process, leading to grapes with higher sugar levels, lower acidity, and less complex-
ity in their flavours and aromas (Van Leeuwen & Destrac-Irvine, 2017).

In the last decades, several publications have highlighted from different perspec-
tives the impact of climate change on viticulture, either worldwide or in specific 
regions (Arias et al., 2022; Cabré et al., 2016; Caffarra & Eccel, 2011; Dunn et al., 
2015; Gutierrez-Gamboa et al., 2021; Hannah et al., 2013; Jones, 2006; Mira de 
Orduña, 2010; Pomarici & Seccia, 2016; Santillán et al., 2020; Schultz, 2000; Van 
Leeuwen et al., 2019). Due to global warming, the climatic projections model for 
the next 50–75 years, Argentine viticulture may have a displacement of winegrow-
ing regions towards the southwest and higher altitudes (Cabré & Nuñez, 2020). 
Arias et al. (2022) suggest that high altitude viticulture may be an adaptation strat-
egy for Argentina, as it offers cooler temperatures and increased solar radiation, 
which can positively impact grapevine physiology and biochemistry, and the quality 
of the wines. Therefore, high altitude wine regions like Uco Valley, Pedernal, 
Famatina, Cafayate, among others, have the present potential to continue increasing 
the cultivated area with vineyards.

Patagonia, the southernmost wine-growing region in the world, nowadays repre-
sents less than 3% of the area with grapevines in Argentina and includes mainly 
zones of the banks of the Negro and Colorado rivers, in the provinces of Neuquén, 
La Pampa, and Río Negro, but also a small oasis in the Chubut province (INV, 
2018). In general, the climate of this wine region is continental, temperate, desertic, 
with a great thermal amplitude, and strong winds that exert their influence on the 
crops (Villarreal et al., 2007). Taking into account that Patagonia is one of the wind-
iest regions in the world, particularly during spring and summer (Palese et  al., 
2000), and the potential shift of winegrowing regions in Argentina towards the 
southwest, it is crucial to investigate the impact of wind on grapevine plants. 
Therefore, the aim of this paper is to provide a comprehensive review of the existing 
literature on the effects of wind on vine plants, emphasizing its significance in 
ensuring the long-term sustainability of Argentine viticulture.

12.2 � The Effect of Wind on Plants

One of the major sources of mechanical loading on plants is the wind, which, in 
turn, has a major impact on plant growth, morphology, physiology, and ecology 
(Gardiner et al., 2016). Plant responses, ranging from changes in morphology to 
lodging, are more dependent on the intermittent and turbulent nature of the wind 
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rather than its mean velocity (Van Gardingen & Grace, 1991). Wind can physically 
damage plants through abrasion (when leaves and other plant parts rub together, 
disturbing the surface layers of the tissues), leaf stripping (physical removal of plant 
material), and sandblasting (particles suspended in the air to strike the plant, causing 
both abrasion and removal of tissue) (Cleugh et  al., 1998). Furthermore, plants 
exposed to wind experience physiological responses that impact the leaf boundary 
layer, consequently influencing vital gas exchange processes such as photosynthesis 
and transpiration.

The influence of wind on gas exchange occurs through convection, as the leaf 
surface is swept by the wind. Additionally, wind indirectly affects photosynthesis by 
causing light shedding. The motion induced by the wind on leaves and plants plays 
a significant role in the dispersion of light within a plant canopy (De Langre, 2008). 
Mechanically-induced stress (MIS) occurs as a natural consequence of environmen-
tal conditions as the aerial parts of the plant are moved, usually by wind, but also by 
such agents as rain, irrigation, animals, or machinery (Biddington, 1986). The most 
apparent effect of MIS is a reduction in the shoot length, often accompanied by 
increased radial growth. This response has been named “thigmomorphogenesis” 
(Jaffe, 1973), and has been described in several species (Gardiner et  al., 2016), 
including grapevine (Dry et al., 1989). Even if the evidence is incomplete, it sug-
gests that endogenous plant hormones elicit MIS responses. Ethylene has been a 
favourite candidate in causing shoot length decrease, although abscisic acid (ABA) 
and auxins may also play a role in the response to mechanical stress (Mitchell, 1996).

Most studies on the effects of wind on plants have focused on food crops, given 
their commercial significance, specifically on cereals, oilseed rape, and sunflower, 
and less attention has been paid to fruit and hort crops (Gardiner et al., 2016).

12.2.1 � The Effect of Wind on Grapevine

Relatively little is known about the effect of wind on grapevines (Kobriger et al., 
1984). Although wind is not present in most wine-growing regions of the world, 
constant winds of moderate (3–6 m/s) to strong (>6 m/s) intensities are components 
of terroir in viticultural regions such as the Salinas Valley in California (Freeman 
et al., 1982), the Swan Valley in Australia (Campbell-Clause, 1998), and the Western 
Cape Province in South Africa (Pienaar, 2005), among others.

Strong daily winds characterize spring and summer months in the Salinas Valley. 
In this region, Freeman et al. (1982) and Bettiga et al. (1997) evaluated on plants of 
Vitis vinifera cv. Chardonnay the importance of windbreaks on vine vegetative 
growth, yield components, fruit composition, and wine quality. Freeman et  al. 
(1982) observed that after 13:00  h, when wind speed markedly increased, vines 
grown without a windbreak had markedly lower stomatal conductance than vines 
protected by a windbreak. Bettiga et al. (1997) found that sheltered vines had larger 
primary and lateral leaves, greater total leaf area, and increased pruning weight as 
compared to the non-sheltered. Similarly, like Freeman et  al. (1982), they also 
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observed greater stomatal conductance, compared to non-sheltered vines. 
Furthermore, their study revealed that wind shelters increased vine yield by 15% 
over a 5-year period, correlated with an increased number of clusters per vine and 
higher cluster weight.

Yet, sensory analyses performed on the wines produced indicate no preferences 
between the treatments. Also in the Salinas Valley, but under controlled conditions 
in a phytotron, Kobriger et al. (1984) observed in several grape cultivars (Carignane, 
Chardonnay, Chenin Blanc) that stomatal conductance and transpiration rates 
decreased in response to moderate (3.6 m/s) and strong (10.7 m/s) winds, but these 
responses disappeared within 1 day when the moderate wind stopped, while they 
continued for longer periods when the strong wind stopped. Additionally, leaf water 
potentials were not affected by either wind treatment. According to Kobriger et al. 
(1984), exposure to wind can initially have detrimental effects on grapevine growth 
and water relations. However, these negative impacts are temporary and can be alle-
viated by the influence of prior wind conditions. It is worth noting that higher plants 
possess a remarkable ability to induce stress “memory” or “imprinting” (Borges 
et al., 2014). As defined by Bruce et al. (2007), stress imprinting refers to the genetic 
or biochemical modifications triggered by an initial stress exposure, which subse-
quently enhance the plant’s resistance to future stressors (phenomenon, also known 
as “priming”). According to various studies (Bettiga et al., 1997; Freeman et al., 
1982; Kobriger et  al., 1984), grapevine growers in windy regions may consider 
implementing windbreaks or other measures to protect their vines from excessive 
wind exposure.

In the Swan Valley, the main table grape growing area in Western Australia, one 
of the management problems is wind, where 23% of the long-term wind speed 
assessments are over 5.5 m/s. To appraise the effect of wind on stomatal resistance, 
Campbell-Clause (1998) performed a field experiment with Vitis vinifera cv. Italia 
and cv. Ribier. It was found that wind caused some stomatal closure in both cultivars 
due to an exponential increase in stomatal resistance. In addition, wind speeds 
above 4 m/s were found to reduce estimated evapotranspiration compared to less 
windy conditions. Gokbayrak et al. (2008) observed that high wind speeds led to an 
increase in stomatal density in grapevine leaves, suggesting that this increase may 
contribute to enhanced gas exchange regulation under high wind speeds. These find-
ings offer a partial explanation for the lower stomatal conductance and transpiration 
rates previously observed (Campbell-Clause, 1998; Freeman et al., 1982; Kobriger 
et al., 1984) in windy conditions.

Grapevines situated in the Barossa Hills experience consistent winds of low to 
moderate intensity throughout the growing season, primarily originating from the 
south to west. Additionally, there are occasional episodes of strong winds blowing 
from the southwest during the spring. In this Australian region, Dry et al. (1989) 
evaluated the effect of wind on the performance of V. vinifera cv. Cabernet Franc 
through the use of an artificial windbreak (shadecloth) in the vineyard. In the two 
study seasons, sheltered vines exhibited higher pruning weights and longer shoots 
than non-sheltered vines. Furthermore, sheltered vines produced heavier berries that 
ripened earlier, showing elevated levels of anthocyanins and phenolics (measured in 
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milligrams per berry). In the second season, no significant effects were observed on 
bunch weight, berry weight, or ripening time, but the yield was 13% higher in shel-
tered vines due to an increased number of bunches per vine.

The work of Pienaar (2005) was conducted on Vitis vinifera cv. Merlot over a 
period of 2 years in a vineyard located in the windy South Western Cape region, 
which is one of the main wine regions of South Africa. The observed effects of wind 
on vegetative parameters were similar to those obtained by Campbell-Clause (1998), 
Dry et al. (1989), Freeman et al. (1982), and Kobriger et al. (1984), i.e., sheltered 
vines exhibited significantly longer shoots, higher pruning weights, and greater sto-
matal conductance. Regarding yield components, dissimilar results can be observed 
between Pienaar (2005) and Dry et al. (1989), possibly due to the use of different 
varietals and/or different experimental systems. The study conducted by Pienaar 
(2005) revealed that sheltered Merlot plants exhibited more bunches per vine as 
compared to the exposed vines, but this did not result in a significantly higher crop 
yield. The reason behind this observation was attributed to the lower mass of indi-
vidual bunches in the sheltered vines, primarily caused by a reduced number of 
berries per bunch. It is well-known that the formation of cluster primordia is 
favoured by high-intensity light on the bud and elevated temperatures (Williams, 
2000). Thus, the author speculated that the less favourable microclimatic environ-
ment within the denser canopy of the sheltered treatment during the formation of 
flower cluster primordia might be responsible for this outcome.

Regarding enological quality indicators, the grape skin colour index for sheltered 
vines was lower compared to exposed vines. In explaining this result, Pienaar (2005) 
attributed it to the positive response of two important enzymes involved in regulat-
ing anthocyanin biosynthesis to UV light and mechanical damage (Seymour et al., 
2012). Given that the exposed vines experienced more shoot breakage and defolia-
tion, it was anticipated that these enzymes would be present in higher concentra-
tions, leading to increased anthocyanin expression in the exposed vines. Moreover, 
sensory evaluation of the wine indicated no significant differences in terms of 
astringency and colour intensity (both parameters related to the content of phenolic 
compounds). However, it is worth noting that wine derived from sheltered vines 
consistently received higher ratings for overall quality.

Vines in windy sites may develop asymmetrical canopy architecture depending 
upon the angle of attack of the prevailing wind, which can have implications for 
fruit quality, an attribute highly linked to the exposure of grape clusters to solar 
radiation. Tarara et al. (2005) conducted a field experiment in the windy wine region 
of Columbia River, USA, and measured irradiance at the fruiting zone and shoot 
geometry in two contiguous vineyards differing only in row orientation. The study 
revealed that wind-induced canopy asymmetry led to uneven berry ripening, par-
ticularly in areas with high solar irradiance. As a result, the authors suggest that 
growers in windy locations should consider establishing row orientation based on 
both sun-earth geometries to maximize radiation interception by the canopy and the 
potential consequences of radiation distribution at the fruiting zone due to wind-
induced canopy asymmetry. In established vineyards, growers have the opportunity 
to mitigate the effects of non-uniform canopy architecture to some extent through 
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modifications to the trellis system and standard training practices. These adjust-
ments can help promote more balanced berry ripening and improve overall fruit 
quality.

12.3 � Conclusions and Future Directions

In this article, a thorough review of the existing but limited literature on the influ-
ence of wind on grapevines has been undertaken. Our primary objective was to 
evaluate the potential implications for vineyards in the Patagonia region and pro-
pose future directions to foster the long-term sustainability of viticulture in this 
Argentine wine-growing area. From a physiological standpoint, wind exposure can 
harm grapevine growth and water relations. The reviewed studies concur that wind 
induces stomatal closure and reduces vegetative expression. However, research is 
scarce on the effects of wind on yield components and the enological quality of ber-
ries, and the results obtained with diverse cultivars and in different climates so far 
are contradictory. From an agronomic standpoint, it is essential to consider the pro-
duction objective when assessing the impact of wind.

In the case of vineyards aiming for high yields, grapevine growers in windy 
regions, such as Patagonia, may need to consider implementing windbreaks that are 
maintained throughout the vineyard’s lifecycle. On the other hand, vineyards to 
produce lower yields with high quality may benefit from moderate winds. A sparse 
canopy resulting from moderate winds can improve lighting conditions for the clus-
ters, leading to an increase in compounds related to oenological quality. However, 
further studies are necessary to confirm this hypothesis. Another crucial area for 
future research is the study of how different varieties of Vitis vinifera respond to 
wind, as their responses to environmental factors can vary (Schultz, 2003). In addi-
tion, it is important to investigate the interaction between wind and water relations 
in grapevines. Assessing the combined effect of wind and different irrigation strate-
gies on stomatal conductance, transpiration rates, water use efficiency, and overall 
vine water status would provide valuable insights into optimizing irrigation prac-
tices in windy regions and effectively managing water resources.

Finally, to comprehend the impact of wind in the specific climatic and soil condi-
tions of the Argentine Patagonia, it will be crucial to conduct comprehensive and 
long-term field trials in the region. These trials should compare the performance of 
grapevines grown with and without windbreaks. It is important to assess various 
parameters, including vegetative growth, yield components, fruit composition, and 
wine quality, in order to determine the benefits and potential disadvantages of 
implementing windbreaks. By conducting these future studies, researchers can 
expand the knowledge base on the effects of wind on grapevines, provide practical 
recommendations for grape growers, and facilitate the successful expansion of 
grape cultivation in the Patagonia region of Argentina.
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Chapter 13
Growing Vines in the Mapuche Heartland: 
The First Report About the Vitiviniculture 
of the Araucanía Region

Gastón Gutiérrez Gamboa, Cristóbal Palacios-Peralta, Rafael López-Olivari, 
Pamela Castillo, Milton Almonacid, Raúl Narváez, Luis Morales-Salinas, 
Nicolás Verdugo-Vásquez, Marcela Hidalgo, Alejandra Ribera-Fonseca, 
and Ignacio Serra

13.1 � Introduction

Climate change has affected the distribution of grapevine varieties in different wine 
growing regions (Jones et al., 2005; Santos et al., 2020; Gutiérrez-Gamboa et al., 
2021a). Climate trends have suggested that climate change considerably affected 
vine cultivation in Chilean central valleys, increasing their heat unit accumulation 
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during growing season (Montes et  al., 2012; Verdugo-Vásquez et  al., 2023). 
Bioclimatic indices have reported that most of the Chilean viticultural valleys 
changed their classification towards warmer climates over the last three decades 
(Verdugo-Vásquez et al., 2023), favoring the viticultural aptitude of the Southern 
Chilean valleys. In addition, Central and Southern valleys of Chile considerably 
increased their risk for temperatures higher than 35  °C (Verdugo-Vásquez et  al., 
2023), which have negatively affected grape and wine production (Gutiérrez-
Gamboa et al., 2021b). Based on these reasons, vineyard plantation in Chile is mov-
ing to the south and vineyard surface in the Araucanía Region (37°35′ to 39°37′ 
South Latitude) increased by 953% from 2003 to 2020 (Morales-Henríquez 
et al., 2022).

The Decree 464 of the Chilean law divide the Araucanía Region in two different 
viticultural regions (BCN, 2020): South Region that considers Malleco valley 
(Angol, Collipulli, Ercilla, Los Sauces, Lumaco, Purén, Renaico, Traiguén and 
Victoria communes); Austral Region that considers Cautín valley (Perquenco and 
Galvarino communes). Malleco valley was the chosen zone to begin the establish-
ment of the new commercial vineyards in the Araucanía Region (Leiva, 2007). The 
vines were planted in the 1990s by using grapevine varieties adapted to cold climate 
conditions similar to the viticulture developed in the Southern valleys of Australia 
and New Zealand (de Solminihac, 2015). Nevertheless, the new vineyard planta-
tions in the Araucanía Region have been established with scarce edaphoclimatic 
background linked to viticultural aptitude of each variety (Leiva, 2007). Nowadays, 
the Araucanía Region surface of planted vines accounts 107.3 ha (0.08% of the total 
national vineyard surface), in which Traiguén (46%), Purén (14%), and Victoria 
(13%) communes are the most important (SAG, 2021). Some the European famous 
grapevine varieties, such as Pinot Noir (55.5%), Chardonnay (31.0%), and 
Sauvignon Blanc (5.3%) are the most planted in this region, which are mostly estab-
lished in the Malleco valley (SAG, 2021).

The Araucanía Region holds comparative advantages with respect to the viticul-
ture developed in the central valleys for the production of high-quality white and 
sparkling wines due to its climatic conditions (Verdugo-Vásquez et al., 2023) and its 

N. Verdugo-Vásquez 
Instituto de Investigaciones Agropecuarias, INIA Intihuasi, La Serena, Chile 

M. Hidalgo 
Departamento de Suelos y Recursos Naturales, Facultad de Agronomía, Universidad de 
Concepción, Concepcion, Chile 

A. Ribera-Fonseca 
Centro de Fruticultura, Facultad de Ciencias Agropecuarias y Forestales, Campus Andrés 
Bello, Universidad de La Frontera, Temuco, Chile 

I. Serra 
Departamento de Producción Vegetal, Facultad de Agronomía, Universidad de Concepción, 
Concepcion, Chile

G. Gutiérrez Gamboa et al.



199

soils of volcanic origin (de Solminihac, 2015). Climatic conditions of the Araucanía 
Region are widely different compared Malleco to Cautín valleys. Summer thermal 
regime in Malleco valley is warm, whereas Cautín valley is cool (Leiva, 2007). 
Growing degree days accumulation in the Araucanía Region ranged from 968 
(Nueva Imperial corresponding to Cautín valley) to 1409 (Los Sauces correspond-
ing to Malleco valley) heat units (Leiva, 2007). The viticulture in this zone is per-
formed over volcanic-ash-derived soils that have light porosity, high water retention 
capacity, acid to slightly acid pH, and high organic matter content (Gonzalez et al., 
1974). Soils of the region are mostly cultivated with annual crops, such as wheat 
(Triticum aestivum), barley (Hordeum vulgare), oat (Avena sativa), and rapeseed 
(Brassica napus), reason for which the Araucanía Region is commonly called “the 
granary of Chile” (Román-Figueroa et al., 2017; González et al., 2021).

The vitiviniculture of the Araucanía Region has interesting peculiarities that 
must be promoted given its landscapes and its symbolism, which have been used in 
a racist and commercial manner by the national big companies (Martin Bastidas, 
2020). Small viticulturists of the Araucanía Region generally reach low production 
levels at harvest due to factors associated mostly to (i) climate: short vegetative 
cycle, hot summer temperatures, spring and summer frosts, and water scarcity and 
(ii) management decisions: scarce availability of plant material, as productive clones 
and rootstocks adapted to the zone, low adoption of viticultural technology, defi-
ciencies in pest and diseases management, scarce number of available specialists, 
and high productive costs. Based on this, the goal of this chapter is to provide the 
first scientific information of the viticulture of the Araucanía Region and give to 
viticulturists some guidelines to enhance production under the edaphoclimatic con-
ditions of the zone.

13.2 � Productive Characterization of Viticulturists 
in the Araucanía Region

A survey was performed on 20 viticulturists (34% of the total) of the Araucanía 
Region to understand basic aspects of their productive system in order to define the 
training needs (Leiva & Soto, 2016). The viticulturists develop this activity in a 
complementary way with forestry (22.0%), livestock (12.2%), crops and cereals 
(17.1%), fruit trees (34.2%), vegetables (2.3%), and others (12.2%). Dryland viti-
culture is developed by 30% of the viticulturists, whereas the rest of the producers 
are located in areas with irrigation availability (Leiva & Soto, 2016). Some techni-
cal difficulties are defined by the viticulturists of the Araucanía Region as the most 
important to taken into account to enhance the wine industry in the region, such as 
lack of specialists workers (24%), high incidence of spring frost (22%), low produc-
tion levels (19%), lack of water or access to irrigation (13%), shortage of labor 
(9%), access to inputs (7%), heterogeneous maturity (4%), and fruit theft (2%) 
(Fig. 13.1). The viticulturists defined some topics of priority the be trained, such as 
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Fig. 13.1  Percentage (%) of the main productive problems defined by the viticulturists of the 
Araucanía Region

frost protection (16.7%), diseases control (14.6%), marketing of wines (10.4%), 
pruning strategies (10.4%), organic vineyard management (8.3%), irrigation sys-
tems (8.3%), vine nutrition (6.3%), pest management (4.2%), shoot management 
(4.2%), ripening monitoring (4.2%), planting (2.1%), vine physiology (2.1%), anal-
ysis interpretation (2.1%), among others (Leiva & Soto, 2016). The viticulturists 
defined some complementary topics the be trained, such as support in wine cellar 
equipment (19.2%), analysis of feasibility of wine production (15.4%), and physi-
cochemical analysis of grapes and wines (11.5%) (Leiva & Soto, 2016).

13.3 � Geomorphology of Soils 
of the Araucanía Vitiviniculture

13.3.1 � Geology of the Araucanía Soils

The area landscape is determined by three main morpho-structural units: Coastal 
Range, Central Depression, and pre- and Andean Mountain Range (de Solminihac, 
2015; Gutiérrez-Gamboa & Moreno-Simunovic, 2019). The morphologic elements 
most representative in the area correspond to the Central Depression and the Coastal 
Range, referred to as Nahuelbuta Cordillera at these latitudes (38°00′ to 38°30′ S). 
The hydrology is dominated by the fluvial basin of Cholchol river borne from the 

G. Gutiérrez Gamboa et al.



201

Fig. 13.2  Geomorphology of the Malleco valley. Note: Circles correspond to Mapuche communi-
ties where vines are cultivated

Nahuelbuta Cordillera. That basin defines the limit between both morphological 
units, which can be observed to the west of Galvarino city (Fig. 13.2). The viticul-
ture in the Araucanía Region is developed mostly in the oriental hills of the 
Nahuelbuta Cordillera and in the Intermediate Depression (Fig. 13.2), specifically 
in the viticultural zone of Malleco valley (de Solminihac, 2015).

Geology of the area is dominated by Paleozoic metamorphic and intrusive rocks 
that form the Coastal Range, aged between the Devonian and Triassic periods 
(~420  Ma; million years before the present). In the Central Depression, these 
Paleozoic rocks constitute the basement where younger volcanic and sedimentary 
formations were deposited (SERNAGEOMIN, 2004). The rocks in Nahuelbuta 
Cordillera correspond to the Bahía Mansa Metamorphic Complex, a group of meta-
morphic rocks developed in the subduction zone (Mella & Quiroz, 2010), under 
high pressure and temperature conditions. This metamorphic complex is in contact 
with granitic rocks of Coastal Batholith, which are distributed at the east of the 
Nahuelbuta Cordillera and at the western section of the Central Depression in the 
north of the area. Coastal Batholith Unit corresponds to a large mountain range 
elongated north–south. In the Central Depression appears (i) sedimentary lacustrine 
and fluvial rocks of Triassic age (237–200 Ma), (ii) volcanic and sedimentary rocks 
of 33 Ma (Mella & Quiroz, 2010), recognized in the Ñielol-Huimpil hills (Fig. 13.2), 
(iii) marine sedimentary rocks dated in 14 Ma, and (iv) glacio-fluvial deposits aged 
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from 3 to 0.8 Ma. The landscape is finally modulated by fluvial activity, generating 
the current fluvial basins composed by Quaternary sediments in meandric rivers, 
alluvial and landslide deposits.

13.3.2 � Soil Parent Materials of the Araucanía Vitiviniculture

Different soil macrounits were defined based on the parental soil material of vines 
cultivated in Malleco valley, such as phyllite (José Cariqueo, Manuel Santander, and 
Juan Pichún), granitoids (Pedro Antipan, Alfonso Reiman, Luis Marileo, and 
Antonio Cadin), sandstones (Iván Castro), alluvial with volcanic ash (Ernesto 
Lincoñir), alluvial with metamorphic rocks (Pedro Sanhueza, José Santander, and 
Manuel Conejeros), and volcaniclastic deposits (Ángela Pérez) macrounits 
(Fig. 13.2). This only concentrates a sample of producers from the Malleco valley, 
which were chosen with the goal of covering a large part of the territory.

13.3.2.1 � Soil Physical Parameters of the Araucanía Vitiviniculture

The phyllite and granitoid macrounits present clayey soils of high bulk density with 
a predominance of micropores of high soil water availability for root extraction 
close to 12% of soil volume (Table 13.1). Sandstone macrounit presents loamy tex-
ture in the first horizon and sandy in the second and lower horizons of high bulk 
density with a predominance of micropores in the first horizon and macropores in 
the lower horizons, which favors water drainage (Table 13.1). Sandstone macrounit 
has a water availability available for root extraction of close to 20% of the soil vol-
ume (Table 13.1). Soils of alluvial origin present clayey texture oh high bulk density 
and a predominance of micropores with a water availability for root extraction of 
close to 16% of the soil volume (Table 13.1). Soils of volcaniclastic deposits present 
a loamy to sandy texture of high bulk capacity with pores of variable size due to the 
presence of rocks or clasts of different sizes, which confers them a good oxygen-
ation and soil drainage. This macrounit has a water availability for root extraction of 
close to 17% on average of the soil volume (Table 13.1).

13.3.2.2 � Soil Chemical Parameters of the Araucanía Vitiviniculture

Phyllite and granitic soils present low pH and low levels of organic matter (OM), 
macro- and micro-nutrients, and cation exchange capacity (CEC) (Table  13.2). 
Based on soil fertility it could be beneficial for the development of the viticulture 
since these soils could limit growth of vines (Gutiérrez-Gamboa et  al., 2018). 
Phyllite soils present high aluminum saturation due to their geochemical composi-
tion, which results in calcium (Ca) and magnesium (Mg) deficiencies (Keller, 2020). 
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Table 13.1  Soil physical parameters of different macrounits of the Araucanía Region

Physical soil 
parameter Phyllite Granitoids Sandstones

Alluvial 
with 
volcanic 
ash

Alluvial with 
metamorphic 
rocks

Volcaniclastic 
deposits

Horizon 1

Sand (%) 15.2 26.8 26.0 7.2 16.0 20.2
Silt (%) 32.5 21.4 35.4 41.7 33.9 28.5
Clay (%) 52.4 51.8 38.6 51.1 50.1 51.3
Bulk density 
(g/ml)

1.35 1.34 1.31 1.31 1.37 1.33

Soil water 
availability 
(%)

12.09 10.66 22.79 13.96 13.64 18.36

Horizon 2

Sand (%) 16.4 23.8 46.8 10.7 10.4 48.3
Silt (%) 36.8 23.8 44.7 34.2 31.1 29.3
Clay (%) 46.8 52.4 8.4 55.1 58.5 22.4
Bulk density 
(g/ml)

1.33 1.38 1.18 1.43 1.41 1.22

Soil water 
availability 
(%)

12.80 12.43 14.76 14.76 14.63 19.97

Horizon 3

Sand (%) n.d n.d n.d 12.4 58.1 80.2
Silt (%) n.d n.d n.d 38.6 18.8 16.1
Clay (%) n.d n.d n.d 49.0 23.1 3.7
Bulk density 
(g/ml)

n.d n.d n.d 1.35 1.35 1.30

Soil water 
availability 
(%)

n.d n.d n.d 19.05 13.00 12.17

n.d not determined

Aluminum (Al) tends to bond with phosphorus (P) in a less available and insoluble 
form in soils and plant roots, thereby creating a P deficiency for plant growth 
(Bojórquez-Quintal et al., 2017). Under these conditions, high concentrations of Al 
results on inhibition of root elongation and plant growth through a diversity of bio-
chemical and physiological mechanisms (Kochian et  al., 2015). Sandstone mac-
rounit has low levels of OM and macronutrients as nitrogen (N), P and potassium 
(K). Sandstone soils presents high levels of Ca, Mg, iron (Fe), manganese (Mn) and 
medium CEC, which could be attributed to the presence of montmorillonite-type 
clays (Macías-Quiroga et al., 2018). Low OM content was shown in alluvial soils 
with volcanic ash. These soils also presented medium levels of N and high levels of 
Ca, Mg, Fe, Mn, copper (Cu), and CEC. The mineralogy of these soils is not as 
consistent with the chemical results (Table 13.2). The medium levels of CEC and 

13  Growing Vines in the Mapuche Heartland: The First Report About…



204

Table 13.2  Soil chemical parameters of different macrounits of the Araucanía Region

Chemical soil 
parameter Phyllite Granitoids Sandstones

Alluvial 
with 
volcanic 
ash

Alluvial with 
metamorphic 
rocks

Volcaniclastic 
deposits

pH in water 5.59 4.88 6.30 5.82 5.63 5.81
Organic matter 
(%)

0.31 0.70 0.56 0.69 0.21 0.02

Nitrate (mg/kg) 0.9 15.5 1.1 1.2 1.2 0.9
Ammonium 
(mg/kg)

2.3 11.5 4.8 28.0 3.0 6.4

Nitrogen (mg/
kg)

3.2 27.0 5.8 29.2 4.3 7.3

Extractable P 
(mg/kg)

3.3 7.0 0.1 0.2 4.7 3.6

Extractable K 
(mg/kg)

12.0 94.8 83.9 99.8 174.7 219.6

Exchangeable 
K (cmol/kg)

0.03 0.24 0.22 0.26 0.45 0.56

Exchangeable 
Ca (cmol/kg)

1.89 2.55 11.32 8.47 5.73 11.81

Exchangeable 
Mg (cmol/kg)

1.36 0.80 4.64 3.57 2.18 3.77

Exchangeable 
Na (cmol/kg)

0.08 0.10 0.35 0.10 0.18 0.17

Sum of bases 
(cmol/kg)

3.36 3.72 16.52 12.39 8.53 16.32

Exchangeable 
Al (cmol/kg)

0.02 0.31 0.10 0.19 0.17 0.15

CEC (cmol/kg) 3.57 4.03 16.63 12.58 8.70 16.46
Al saturation 
(%)

5.69 7.65 0.62 1.49 1.91 0.89

K saturation 
(%)

0.86 6.04 1.29 2.04 5.15 3.42

Ca saturation 
(%)

52.99 63.31 68.11 67.29 65.86 71.77

Mg saturation 
(%)

38.26 20.41 27.88 28.36 25.04 22.92

Extractable S 
(%)

30.4 12.6 0.1 2.3 4.9 0.1

Fe (mg/kg) 3.0 16.2 36.6 10.4 17.8 27.8
Mn (mg/kg) 2.3 39.6 6.0 6.8 31.8 17.4
Zn (mg/kg) 0.1 0.2 0.2 0.1 0.2 0.3
Cu (mg/kg) 0.1 1.3 1.5 1.5 0.7 1.3
B (mg/kg) 0.4 0.2 0.2 0.2 0.2 0.1
EC (dS/m) 0.1 0.1 0.1 0.1 0.1 0.1

CEC cation exchange capacity, EC electrical conductivity, NO3
− nitrate, NH4

+ ammonium, P phos-
phorous, K potassium, Ca calcium, Mg magnesium, Na sodium, Al aluminum, S sulfur, Fe iron, Mn 
manganese, Zn zinc, Cu copper, B boron
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Table 13.3  Geographical information of the weather station located in Malleco and Cautín valleys

Weather station 
name

Latitude 
(°South)

Longitude 
(°West)

Elevation 
(m)

Distance to the Pacific 
Ocean (km)

Traiguén −38.26 −72.65 234 72
Carillanca −38.68 −72.42 470 87
Maquehue −38.77 −72.64 92 64

the high sum of bases of these soils could be explained by their high percentage of 
clay minerals (>85%) despite that kaolinite is a low CEC clay. The origin of these 
results could probably be due to the presence of volcanic ash in these alluvial depos-
its, which can produce amorphous minerals such as allophanes and imogolite 
(Parfitt, 2018). These minerals have high CEC due to the high superficial area. 
Alluvial soils with metamorphic rocks have low levels of OM, N, P, and CEC and 
high levels of Fe, Mn, and Cu. These microelements are transition metals that exist 
in various oxidation states but only Mn2+ and Cu2+ could be taken by roots and trans-
ported throughout the plant in both the xylem and phloem (Keller, 2020). Cu avail-
ability increases at low pH in soils and long-term application of Cu-based fungicides 
allows its accumulation in the soil surface (Kakutey et al., 2023). Mn toxicity is rare 
and occurs on acid soils (<5.5) with high Mn availability (Pittman, 2005). This soil 
macrounit presents low pH and high aluminum saturation (Table 13.2), which may 
affect vine root development and P availability (Bojórquez-Quintal et  al., 2017). 
Volcaniclastic deposit macrounit presents low content of OM, N, and P, whereas it 
has high levels of K, Ca, Mg, Fe, Mn, Cu, sum of bases, leading to medium levels 
of CEC (Table 13.2). Similar to the Sandstone soil macrounit, the medium CEC 
levels of volcaniclastic deposit macrounit may be attributed to the presence of mont-
morillonite type clays (Macías-Quiroga et al., 2018).

13.4 � Climatic Conditions in the Araucanía Region

13.4.1 � Meteorological, Bioclimatic, and Risk Indices

The climatic information available in the Araucanía valley allows to obtain trends 
and general averages correspond to those located in the sub-valleys of Malleco 
(Traiguén station) and Cautín valley (Carillanca and Maquehue stations) due to the 
existence of data from more than three decades of data. The coordinates of these 
stations are shown in Table 13.3.

The above stations provide systematized information on temperatures (maxi-
mum and minimum) and precipitation, with a daily resolution, for the period 
1985–2015, making it possible to obtain averages and trends for different types of 
indices (climatic, bioclimatic, and risk), according to the methodology described by 
Verdugo-Vásquez et al. (2023). Table 13.4 shows the mean values of different mete-
orological and risk indices for the period 1985–2015. Minimum temperature 
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Table 13.4  Mean values (1985–2015 period) obtained in each weather station for meteorological 
and risk indices

Weather station 
name

Tmin 
(°C)

Tmax 
(°C)

PP 
(mm) Day T > 30 °C Day T > 35 °C Day T < 0 °C

Traiguén 7.0 17.8 1002.2 8.3 0.6 1.9
Carillanca 5.6 17.5 1310.7 6.0 0.6 12.9
Maquehue 6.3 18.0 1128.8 6.5 0.7 8.0

Tmin minimum temperature, Tmax maximum temperature, PP precipitation, T temperature

Table 13.5  Mean values (1985–2015 period) obtained in each weather station for bioclimatic indices

Weather 
station name

GST 
(°C)

GDD 
(heat 
units)

BEDD 
(heat 
units)

HI (heat 
units)

CI 
(°C)

SONMean 
(heat units)

SONMax 
(heat units)

Traiguén 15.1 1104.3 1009.2 1655.8 9.0 1069.7 1580.4
Carillanca 14.0 883.9 883.0 1479.3 7.3 1015.6 1556.3
Maquehue 14.5 970.3 944.0 1558.8 7.8 1053.7 1596.0

GST Growing Season Temperature, GDD Growing Degree Days, BEDD Biologically Effective 
Degree Days, HI Huglin index, CI cold night index, SONMean sum of the mean temperatures of 
September, October, and November, SONMax sum of the maximum temperatures of September, 
October, and November

average for the 1985–2015 period ranged from 5.6 to 7.0  °C (Carillanca and 
Traiguén, respectively), whereas maximum temperature average varied from 17.5 to 
18.0 °C (Carillanca and Maquehue, respectively). The highest precipitation reached 
in Carillanca (1311  mm), followed by Maquehue (1128  mm) and Traiguén 
(1002 mm), respectively. The risk of temperature higher than 30 °C was higher in 
Traiguén (8 days) than in Maquehue (7 days) and Carillanca (6 days), whereas in 
the studied stations the risk of temperatures higher than 35 °C was lower than 1 day. 
The risk of frost temperatures (lower than 0 °C) is considerably lower in Traiguén 
(2 days) than in Maquehue (8 days) and Carillanca (13 days).

Table 13.5 shows the mean values of bioclimatic indices calculated for the 
1985–2015 period with data obtained in Malleco (Traiguén station) and Cautín val-
leys (Carillanca and Maquehue stations). The Growing Season Temperature (GST) 
varied from 14.0 to 15.1 °C, which characterize Malleco valley as intermediate and 
Cautín valley as cool climate (Jones et al., 2005). The Growing Degree Days (GDD) 
varied from 884 to 1104 heat units, whereas Biologically Effective Degree Days 
ranged from 883 to 1009 heat units. GDD characterizes Malleco and Cautín valleys 
in the Region I of climatic classification in which the most suitable grapevine variet-
ies for cultivation are the early ripening varieties (Amerine & Winkler, 1944). 
Huglin index varied from 1479 to 1656 heat units, which allows to classify Carillanca 
as very cool climate and Maquehue and Traiguén as cool climates (Huglin, 1978). 
Cool Night Index varied from 7.3 to 9.0 °C, which allows to classify Malleco and 
Cautín valleys with cold nights, which favors the accumulation of secondary metab-
olites in grapes (Tonietto & Carbonneau, 2004).
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Table 13.6  Trends for the 1985–2015 period obtained in each weather station for meteorological 
and risk indices

Weather 
station 
name

Tmin (°C/
year)

Tmax 
(°C/
year)

PP 
(mm/
year)

Days T > 30 °C 
(day/year)

Days T > 35 °C 
(day/year)

Days T < 0 °C 
(day/year)

Traiguén −0.025 0.0273 2.656 0.200 0.000 0.000
Carillanca −0.0167 0.0017 −6.888 0.091 0.001 0.118
Maquehue −0.0171 0.0213 −2.352 0.222 0.048 0.278

Data in bold correspond to significant trends for the period described

13.4.2 � Trends in the Meteorological, Bioclimatic 
and Risk Indices

Table 13.6 shows the trends in meteorological and risk indices calculated for the 
1985–2015 period for Malleco (Traiguén station) and Cautín valleys (Carillanca 
and Maquehue stations).

Maquehue was the zone most influenced by climate change in the last three 
decades in the Araucanía Region, in which the trends in maximum temperature and 
risk indices varied significantly (Table 13.6, Fig. 13.3). Contrary to this, the trend in 
precipitations did not change in Traiguén, Carillanca, and Maquehue for the studied 
period (Table 13.6, Fig. 13.3).

In the 1985–2015 period, the minimum temperature decreased 0.03 °C by year 
in Traiguén, whereas the maximum temperature increased 0.02  °C by year in 
Maquehue (Table 13.6, Fig. 13.3). The number of days with temperatures higher 
than 30 °C increased 0.22 days per year in Maquehue (Table 13.6, Fig. 13.3). The 
number of days with temperatures higher than 35 °C increased 0.001 and 0.048 days 
per year in Carillanca and Maquehue (Table 13.6, Fig. 13.3), respectively. The num-
ber of days with frost temperatures (lower than 0 °C) increased 0.278 days per year 
in Maquehue (Table 13.6, Fig. 13.3).

13.5 � Trends in Reference Evapotranspiration 
in the Araucanía Region

The reference evapotranspiration (ET0) is the first step in estimating crop water 
requirements and irrigation water management, thereby a better understanding of its 
trends is crucial for scientific management of water resources (Yassen et al., 2020). 
The Araucanía Region has been undergoing a process of significant climatic vari-
ability, where a significant increase in maximum temperature, a significant decrease 
in minimum temperature, and a non-significant decrease of pluviometry is shown in 
the last three decades (Verdugo-Vásquez et al., 2023). The trends in the ET0 values 
were compared between two-time intervals in 1960–1990 and 1985–2015 in differ-
ent agroclimatic zones of the Araucanía Region (Fig. 13.4).
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Fig. 13.3  Significant trends for the 1985–2015 period obtained in each weather station for meteo-
rological and risk indices. Note: T Min: minimum temperature. T Max: maximum temperature. T: 
temperature

The average annual ET0 value was 875 mm for the 1960–1990 period and 1045 mm 
for the 1985–2015 period, which means an average increase close to 22% (Fig. 13.4). 
The most affected areas by the increase in the ET0 were the (i) Interior Drylands (Los 
Sauces, Purén, Lumaco, Galvarino, and Loncoche), (ii) the Intermediate Depression 
(Angol and Renaico), (iii) the Coastal Dryland (Carahue, Puerto Saavedra, Puerto 
Domínguez, and Toltén), and (iv) the Dryland Valley (Collipulli, Ercilla, Victoria, 
Traiguén, Perquenco, Lautaro, Vilcún, Temuco, Nueva Imperial, Freire, Pitrufquén, 
Gorbea, and Villarrica) with average increases of 26% (213 mm), 31% (281 mm), 
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Fig. 13.4  Reference evapotranspiration (ET0) average values of the Araucanía Region during the 
calendar year (January to December) and vine growing season (September to April). ET0 values of 
1960–1990 (a, c) and ET0 of 1985–2015 (b, d). (Source: Figure obtained from the publication of 
López-Olivarí et al. (2022))

Fig. 13.5  Reference evapotranspiration (ET0) average values of the Araucanía Region during the 
warmest month (January). ET0 values of 1960–1990 (a) and ET0 of 1985–2015 (b). (Source: 
Figure obtained from the publication of López-Olivarí et al. (2022))
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35% (269 mm), and 26% (225 mm), respectively (Fig. 13.4). The average ET0 value 
for the vine growing season (September to April) was 784 mm for the 1960–1990 
period and 948 mm for the 1985–2015 period, which represents an increase close to 
24% (Fig. 13.4). The greatest increases in ETo values in the vine growing season 
period occurred in Coastal Dryland, Intermediate Depression, Interior Drylands, and 
Dryland Valley with an increase of 31% (221 mm), 29% (243 mm), 25% (184 mm), 
and 24% (192 mm), respectively (Fig. 13.4).

During the warmest month, the variation of ET0 value in the 1960–1990 and 
1985–2015 periods reached a 28% that represents a quantity of 1.3  mm/day 
(Fig. 13.5). There was a significant increase in the 1960–1990 to 1985–2015 period 
close to 34% (1.5–1.8 mm/day), in the Intermediate Depression (1.8 mm/day) and 
Coastal Dryland (1.5 mm/day), followed by Interior Dryland and Dryland Valley, 
with an increase of close to 30% (both 1.4 mm/day) (López-Olivarí et al., 2022).

13.6 � Phenology of Grapevine Varieties Growing 
in Cautín Valley

Cautín valley is characterized by a low accumulation of growing degree days (GDD) 
compared to Malleco valley (Leiva, 2007). Based on this, the study of phenology of 
the varieties growing in Cautín valley allow to define the suitability for the variety 
cultivation in a cold viticultural zone. Table 13.7 shows the average data and accu-
mulated degree days of the phenological stages of ungrafted Chardonnay, Sauvignon 
Blanc, and Pinot Noir and grafted onto different rootstocks. The timing and duration 
of some phenological stages, such as bloom, veraison, and harvest, was significantly 
affected by the plant material.

Budburst timing and duration was not statically affected by the plant material. 
The date of budburst ranged from 31.9 to 50.3 GDD in ungrafted Chardonnay and 
Chardonnay grafted onto 101–14  Mgt, respectively. Budburst to bloom duration 
varied from 54 to 63 days (ungrafted Sauvignon Blanc and Sauvignon Blanc grafted 
onto SO4, respectively). Chardonnay (311 GDD) and Sauvignon Blanc grapevines 
grafted onto SO4 (298 GDD) bloom later than the rest of the studied plant materials 
(270–284 GDD). Bloom to veraison duration varied from 58 to 70 days (Pinot Noir 
grafted onto 101–14 Mgt and ungrafted Sauvignon Blanc, respectively). Pinot Noir 
grapevines grafted onto 101–14 Mgt presented the lowest bloom to veraison dura-
tion (58  days) and reached veraison earlier than the rest of the plant materials 
(701–758  GDD). Pinot Noir grapevines (932  GDD) were harvested earlier than 
Sauvignon Blanc (942  GDD) and Chardonnay varieties (950 and 956  GDD). 
Veraison to harvest duration varied from 56 to 65 days (ungrafted Pinot Noir and 
Chardonnay grafted onto 101–14 Mgt). The grapevines grafted onto 101–14 Mgt 
rootstocks presented higher veraison to harvest duration than ungrafted grapevines 
(Table 13.8).
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Table 13.8  Length between phenological phases (days) in varieties growing in Cautín valley from 
2021 to 2023 seasons

Plant material Bb to Bl Bl to Ver Ver to Har

Chardonnay onto 101–14 Mgt 57.55 ± 2.55a 66.33 ± 2.73ab 64.75 ± 3.35a
Chardonnay 60.50 ± 6.50a 70.00 ± 0.00ab 56.00 ± 0.00b
Sauvignon Blanc 54.53 ± 1.86a 70.33 ± 1.28a 57.17 ± 1.28b
Sauvignon Blanc onto SO4 63.11 ± 1.24a 64.00 ± 1.42b 59.89 ± 10.69ab
Pinot Noir onto 101–14 Mgt 57.50 ± 3.05a 58.13 ± 0.84c 64.25 ± 0.47a
Pinot Noir 62.50 ± 6.50a 68.00 ± 0.00ab 55.50 ± 0.50b
Significance n.s. *** **

For each parameter, different letters within a column represent significant differences (LSD 
Fisher < 0.05)
Bb budburst, Bl bloom, Ver veraison, Har harvest, n.s. non statistical differences
**p-value < 0.05; ***p-value < 0.001

13.7 � Proposal Guidelines

The vitiviniculture in the Araucanía Region has comparative advantages in relation 
to its pedoclimatic conditions and cultural landscape compared to the rest of the 
viticultural valleys of Chile. Despite this, it is important to develop an own narrative 
that considers its potential in order to provide a specific identity. This proposal nar-
rative could consider the following issues: (i) gathering information about the plant 
material brought by European conquerors in the Southern Chile; (ii) the develop-
ment and sustainability of a wine tourist route taking advantage of the region’s 
scenic beauty and typical products; and (iii) the development of sparkling wines 
given the climatic conditions using local varieties of the area.
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Chapter 14
Heroic Viticulture in Itata Valley, Chile: 
Characteristics and Challenges 
for the Development of Unique Wines 
in Southern Chilean Vineyards

Ignacio Serra, Arturo Calderón-Orellana, and Marcela Hidalgo

14.1 � Characteristics of the Heroic Viticulture 
of the Itata Valley

The Itata Valley is located in the Ñuble region, Chile, between latitudes −36 to −37° 
South and longitudes −72.8°O to −71.6°E, and includes 13 municipalities (Quirihue, 
Ninhue, San Carlos, San Nicolas, Portezuelo, Treguaco, Coelemu, Ranquil, Chillán, 
Chillán Viejo, Quillón, Florida, and Bulnes) (Fig. 14.1).

The formation of the Itata Valley dates back to the Upper Carboniferous, about 
320 Myr B.P. (million years before present). It began when subduction was acti-
vated at the margin of the tectonic plates, and convergence began to frontally deform 
the present-day Eastern Series protolith (Willner et  al., 2005). Gradually, basal 
accretion was generated by a high accumulation of material, forming the Eastern 
Series (Willner et  al., 2005), which vertically deformed the subduction wedge 
(Hervé et al., 2013). Near the Carboniferous-Permian boundary, at 305 Myr B.P., 
subduction generated large masses of magmatic material, which formed the meta-
morphic complex. The successive magmatic pulses continued until the Upper 
Triassic (237 Myr B.P.), when the tectonic subduction ceased and convergence 
stopped, ending the magmatic generation and the formation of the metamorphic 
complex series. Progressively, the high accumulation of magmatic pulses generated 
a large batholith-like intrusive body, which in the Coastal Cordillera occurred in a 
large, elongated, north-south trending intrusive rock mass with hilly complex topog-
raphy (known as the Coastal Batholith) (Hervé et al., 2013). The tectonic cycle that 
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Fig. 14.1  Municipalities of the Itata valley, scale 1:1.000.000. (Own elaboration using the avail-
able shapes from the “Infraestructura de datos geoespaciales de Chile, IDEChile” for the Google 
Earth platform)

gave rise to the Andes began in the Early Jurassic (less than 200 Myr B.P.) when 
new subduction activity was reactivated, generating continuous and uninterrupted 
arc magmatism (to the present) (Charrier et  al., 2007). Throughout the Andean 
Cycle, the volcanic arc has moved eastward to its present position, with the young-
est rocks being close to the volcanoes of the Andes (Charrier et  al., 2007). This 
process has modeled the main geomorphology of Chile and the evolution of the soil 
parent material. The Itata valley covers five geomorphological zones: (1) Coastal 
mountain range, (2) marginal granitic basins, (3) central fluvial-glacial-volcanic 
plain, (4) fluvial or alluvial sedimentation plains, and (5) marine or fluvial-marine 
plain (Cedeus, 2015) (Fig. 14.2) and a variety of parent materials, described in the 
Geological Map of Chile (scale 1:1.000.000), such as CPg: Plutonic ambient with 
granites, granodiorites, tonalites and diorites, hornblende and biotite, locally of 
muscovite rocks; Q1: Continental sedimentary ambient presenting parent material 
of alluvial, colluvial, and landslide deposits; Qf: Continental-sedimentary environ-
ment with parent material of fluvial deposits such as gravels, sands, and silts from 
the current course of major rivers or their sub-current terraces and floodplains; 
Pz4b: Metamorphic environment representing slates, phyllites, and meta-sandstones 
with low-gradient metamorphism; and Jig: Plutonic environment representing 
pyroxene diorites, gabbros and monzodiorites, quartz diorites and granodiorites, 
and hornblende and biotite tonalites (SERNAGEOMIN, 2003). The soil found in 
the valley is mainly derived from the geomorphological formations of the coastal 
mountain range, conglomerates, volcanic tuffs, and alluvial plain, as mentioned 
before, from where parent material can be convened in three main groups: (i) weath-
ered metamorphic rock, (ii) granitic origin, and (iii) coarse to fine alluvial sediment. 
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Fig. 14.2  Geomorphology of the Itata valley, scale 1:1.000.000. (Own elaboration using the avail-
able shapes from the “CEDEUS - Centre for Sustainable Urban Development UC - UdeC” for the 
Google Earth platform)

There are different soil groupings according to their origin. The Metamorphic soils, 
formed from the formation of the coastal batholith of the Cordillera de la Costa, are 
composed by the weathering of metamorphic rocks such as schists, micas, and 
gneiss (Stolpe, 2006). The Granitic soils are formed mainly by the weathering of 
granitic rocks or quartz diorites, which form a large part of the coastal mountain 
range (Casanova et al., 2013). A group of sandy soil, coming from sediments origi-
nated by alluvium in the last period of glaciation, being the alluvial cone of the Laja 
River, the formation present in part of the Itata Valley extending from the Itata River 
in the north to the Rarinco River in the south, and from the coastal mountain range 
in the west to the quarries in the east with Andes mountain range (Casanova et al., 
2013; Stolpe, 2006). Finally, Sedimentary alluvial fine sedimentary corresponds to 
soil of similar origin to the previous group but with different distributed character-
istics originated by the removal and redistribution of sediments product of erosive 
processes of the rivers Biobío and Laja that have removed great extensions of mate-
rial Flavio glacial of the last glacial epoch originating sediments of fine particles 
(Stolpe, 2006). In this soil, aggrupation described by Stolpe (2006) classified soils 
as the following soil orders such as Mollisols, Vertisols, and Entisols predominate 
in groupings of sandy soils and fine alluvial sediments, while soil orders such as 
Ultisols, Alfisols, Inceptisols predominate in groupings of granitic and metamor-
phic soils. From the interaction of soil forming factors, parent material, climate, 
weather, soil micro and macro biota, and topography, today we find a variety of soils 
depending on their origin, evolution, different degrees of weathering, and composi-
tion of secondary minerals, which confer different attributes and properties to the 
soils. In the case of Itata Valley, as discussed above, the soil is grouped about its 
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geomorphological formation and geological formation ambient, where the soils 
found around the first metamorphic group (i) exhibit low natural fertility, low 
organic content, clayey soil texture, and slow water infiltration. This soil type is 
normally found in elevated positions in areas with a topography that presents steep 
hills or variable and complex slopes, exhibiting Catena formation due to the topog-
raphy and drainage characteristics. The soils of the second group (ii), of granitic 
origin, have been derived from granitic and diorite rocks, also presenting low natu-
ral fertility, low content of Organic matter, clayey textures, and low water infiltra-
tion in the topography of hills with variable and complex slopes that make the soil 
susceptible to water erosion. The soils in this group are normally classified as for-
estry soils, mainly due to the steep slope. However, these soils have exceptional 
qualities for viticulture. Finally, the third group (iii) derived from fine alluvial sedi-
ments. The thickness of the deposit varies considerably due to the influence of the 
rivers present in the area that transport large quantities of sediments, especially of 
the fine material that has formed the soils of this group with sandy loam and clayey 
loam textural classes with good to irregular drainage (Casanova et  al., 2013; 
Stolpe, 2006).

The classification of soils is based on taxonomic characteristics based on their 
physical and biochemical properties, such as texture, bulk density, water holding 
capacity, and arrangement of soil aggregates. As well as chemical characteristics 
such as pH, cation exchange capacity, nutrient availability, mineral content, among 
others. The mineralogical and climatic conditions of the area mainly determine these.

The valley has an elevation from 70 to 700  m.a.s.l., (meters above sea level) 
where the highest altitude of the valley is in the coastal range mountain, marginal 
granitic basins, and fluvial or alluvial sediment plains geomorphology (CEDEUS, 
2015) (Fig. 14.3) representing almost the half of the valley, where there are also 
found catena’s formations due to the topography from strongly undulating to loins 
with a complex slope from 15° to 30° and a Mediterranean climate with rainy win-
ters (IDE, 2016). Catena formation describes a repeating sequence of soils from the 
top of a hillslope to the adjacent valley bottom. A consequence of soil erosion pro-
cesses is the redistribution of soil material downslope. The catena is defined as a 
sequence of soils of about the same age, derived from similar parent material, and 
occurring under similar climatic conditions, but have different characteristics due to 
variation in relief and drainage (Grunwald, 2016). Characteristics that give more 
variability to the soil of the valley, even in a single hill, showing differences in soil 
properties such as soil texture, nutrient availability and soil water content. 

The land use capacity is a technical classification system which classifies soils in 
terms of the limiting constraints they may have, which hamper or impede their use 
for crop production. Based on the classification system, almost the whole valley 
presents a land use capacity of four (arable land with severe use limitations for agri-
cultural crop production requiring special soil management and conservation prac-
tices for its conditions and limitations) to seven (no arable land with very severe 
limitations, not suitable for crops, mainly forestry use) (Stolpe, 2006). Nevertheless, 
due to the soil limitations in the valley, either for low natural fertility or steep slope 
of the hills. The viticulture for wine production is favored due to the restriction of 
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Fig. 14.3  Contour lines 100 m of the Itata valley, scale 1:1.000.000. (Own elaboration using the 
available shapes from the “CEDEUS - Centre for Sustainable Urban Development UC - UdeC” for 
the Google Earth platform)

conditions for vine growth and development, resulting in naturally stressed vines 
that generate a higher concentration of secondary metabolites favoring the produc-
tion of higher quality grapes with unique wines.

Considering the whole geographic area of Itata Valley, approximately 32% is 
covered by forests (mostly pine and eucalyptus plantations), 41% is used in agricul-
ture, and 24% are grasslands and scrubs (Serra et al., 2017). Compared to the other 
Chilean wine valleys, the Itata Valley has the highest number of  registered vine-
yards. The average vineyard size in the Itata Valley is 2.2 ha, while in the Maipo 
Valley, it is 32 ha (Serra et al., 2021). As the vineyards are very small, growers use 
the number of plants rather than the area planted to describe the size of the vineyard. 
The vineyards of the Itata Valley are among the oldest in Chile, with vines that can 
be several decades old since planting, up to 100 to 200 years old, cv. País (Mora-
Penrose et al., 2020). The predominant cultivars in the Itata Valley, País, and Muscat 
of Alexandria, among others, are considered “heritage cultivars” since they played 
a pivotal role in the wine history of Chile. Wine production in Chile began with the 
País cultivar, brought by the Spanish conquerors.

The Itata Valley was very relevant for the early Chilean wine production during 
the colonial period. However, in the nineteenth century, french cultivars were intro-
duced to Chile, which moved the production of high-quality wine to the Central 
Valley, the modern center for wine exportation in Chile. Currently, Chile is the 
fourth largest wine exporter in the world (OIV, 2022), generating US$1.69 billion 
(The Growth Lab at Harvard University, 2020). In this context, for the last 100 years, 
the Itata Valley has mostly produced fruit oriented to elaborate table wines for the 
local market. However, during the last decades, the Itata Valley has experienced a 
resurgence due to its potential to produce high-quality wines with a unique identity. 

14  Heroic Viticulture in Itata Valley, Chile: Characteristics and Challenges…



220

Over the past century, the development of viticulture and oenology, and the intro-
duction of new technologies like fertilization, commercial yeast, and oak casks, 
have allowed “wine production” to become safer and more stable, and feasible, at 
the expense of the product’s distinctiveness (Lukacs, 2012). Some Itata winemakers 
have found “natural winemaking” an interesting commercial niche that benefits 
from the characteristics of traditional agroecosystems. Although there is no single 
definition of a “natural wine,” there is consensus that it promotes the inherent natu-
ralness of the product by diversifying the winemaking processes in the vineyard and 
winery, focusing on social equity and environmental and economic sustainability 
(Fabbrizzi et al., 2021). In general, natural wines use native, unconventional yeasts 
that favor the synthesis of new volatile aromatic compounds in the fermentation 
process. In this context, the meteorological conditions of Itata would be favorable 
for the production of natural wines since the high pluviometry and relative humidity 
of air during harvest seems to stimulate the growth of native yeasts (Metschnikowia), 
capable of synthesizing new volatile aromatic compounds, and can help to produce 
sweet, tropical, and aromatic wines (Jara et al., 2016).

The vineyards of the Itata Valley have characteristics that make them very differ-
ent from those of the Central Zone, where a large part of Chile’s exported wines 
come from (Serra et al., 2021). Many of the cultural practices and technologies cur-
rently used in the Itata Valley are the same as those developed by the Spanish con-
querors during the colonial period 200 years ago (Mora-Penrose et al., 2020). These 
practices include (1) the head training system, (2) dry farming, (3) manual harvest-
ing, (4) low use of agrochemicals, (5) the use of indigenous yeasts for fermenta-
tions, and (6) traditional weed control by digging the soil under the vines (i.e., 
“cava” and “recava” in August and September, respectively). For example, the Itata 
Valley is dominated by rainfed viticulture (84%) and a head-trained vine training 
system (76%). At the same time, in the Central Valley (Valley of Maipo, Rapel, 
Curicó and Maule), vineyards are irrigated (92%) and mainly trained on trellises 
(>90%) (SAG, 2021).

Heroic viticulture, also known as Mountain Viticulture, is defined as a type of 
viticulture that occurs on land with more than 30% decline; altitude higher than 500 
meters above sea level; on terraced land and viticulture or small islands in a struc-
tural and socioeconomic context penalized from the point of view of business profit-
ability (CERVIM, 2004). The heroic viticulture of the Itata Valley represents a 
traditional type of agroecosystem characterized by internal regulation since the 
application of external inputs (irrigation, fertilizers, herbicides, fungicides, insecti-
cides) is low. This type of agriculture has a high level of nitrogen and carbon recy-
cling; weeds are usually controlled based on competition; and it is a suitable habitat 
for beneficial insects, among others (Peterson et  al., 2018). Although traditional 
agroecosystems are often less productive than conventional ones, they are much 
more resilient and diverse. While Itata vineyards are traditionally rainfed, the avail-
ability of irrigation water is low at higher elevations. There is a strong relationship 
between water access difficulties and population poverty (WWAP, 2009). This is 
particularly important for the Itata Valley, as this viticultural area is considered a 
highly vulnerable zone (“Zona de rezago”) due to its geographical isolation, low 
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presence and coverage of public services, and high poverty indices (SUBDERE, 
2019). The relationship between water availability and community development 
depends on (i) physical water scarcity, (ii) lack of access to water due to infrastruc-
ture or institutional frameworks, (iii) exposure to hazards related to water availabil-
ity, such as drought or floods, and (iv) water productivity, which is low for dry-farmed 
agriculture (Cook et al., 2011).

In dry-farmed vineyards, water supplementation depends exclusively on rainfall, 
the water storage capacity of the soil and the presence of groundwater tables. At 
these latitudes, rainfall is concentrated in the winter months (June to September) 
and averages between 500 and 800 mm per year. The peculiar hilly topography of 
this valley has led many vineyards to be planted in areas with complex slopes 
(>15%). Under these topographic characteristics, surface, and subsurface move-
ments of soil particles, by migration or leaching, in favor of the slope, have gener-
ated the presence of a sequence of soil profiles, with progressive variations in their 
physical properties from the interfluve to the valley floor (i.e., catena). In addition, 
applying cultural practices that involve tillage, such as weed control with draft ani-
mal ploughs, and their effect on creating the “plow foot” can create preferential 
water flows in favor of the slope (Dorner & Dec, 2008). The interaction of these 
edaphic and cultural factors has a major impact on the ease of movement and stor-
age of water, gases, and nutrients in Itata vineyards established in a catena. Also, the 
high geomorphological variability, the ambient diversity in geological soil forma-
tion and the diversity of parent materials of the Itata valley have induced a consider-
able heterogeneity in pedogenic characteristics. These soils usually have clayey 
textures with slow water infiltration and topography of hills with complex slopes 
between 20% and 30%. It predisposes the soil to water erosion, loss of surface hori-
zons and gully formation. Consequently, it is unsurprising that vineyards planted in 
a catena from the Itata valley exhibit high variability in vegetative and reproductive 
development. The variability of these vineyards is partially explained by a heteroge-
neous water status among vines during the season. The plant water status of the 
vineyard determines the cellular turgor and photosynthetic capacity that sustains the 
growth and development of each plant organ. Comparing the severity of water stress 
among vines planted across an Inceptisol catena in the Itata Valley (Footslope–sum-
mit difference in elevation  =  11  m) (Fig.  14.4), Calderón-Orellana et  al. (2022) 
showed no differences in plant water status, measured as midday stem water poten-
tial (ΨSWP), and between vigorous vines planted on the footslope and weak vines 
planted on the summit (ΨSWP of −0.9 MPa). However, the variability in ΨSWP of the 
summit was almost twice that of the footslope. Taylor et al. (2010) indicated that as 
soils dry, variability in plant water status increases, related to heterogeneity in soil 
physical properties and their ability to store water.

It is often assumed by the wine industry that higher variability in the vineyard 
can lead to lower wine quality. However, studies in California have shown that vine-
yards with high variability in maturity do not produce grapes of lower commercial 
value (Calderón-Orellana et al., 2014). In fact, modern winemaking practices con-
sider blending fruit from vineyards with very different characteristics to produce 
“premium” wines. This practice aims to obtain a greater organoleptic complexity of 
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Fig. 14.4  Image of cv. País vineyard established in a catena in the Itata Valley with an illustration 
of the Visible Atmospheric Resistance Index (VARI) obtained from the drone deploy software. On 
the left side of the image, the green shades indicate higher vigor and a greater number of plants 
(Footslope); in the center of the image, the yellow shades indicate moderate-low vigor and a 
smaller number of plants (Backslope), on the right side of the image, the red shades represent very 
low vigor and a low number of plants (Summit) (Ortiz, 2023)

the wines, which suggests that the artificial introduction of different sources of vari-
ability could improve the quality of the wines. Therefore, the high variability of the 
Itata vineyards may be an advantage for obtaining wines with a distinctive character.

The head training is the oldest and most economical system used in viticulture to 
define plant architecture, where the vines support their weight and are kept at a short 
distance from the ground (Freeman et al., 1992). This training system, also known 
as the bush training or goblet, consists of a central trunk from which the spurs (two 
to three buds) or canes (more than four buds) are born. In the Itata Valley, grape 
growers often place the fruit zone at the ground level or between 0.5 and 1.0 m 
above the ground (Lobato et al., 2003) (Fig. 14.5).

Head training tends to be less productive than other training systems (Reynolds 
& Vanden Heuvel, 2009), mainly because the leaf area does not cover a large soil 
area. The yield per plant in head-trained Muscat of Alexandria vines under dry-
farmed conditions in the Itata valley was 50% lower than those of the same cultivar 
located under irrigated conditions and with the pergola-type training (Puentes, 
2019). In this context, the number of clusters and the individual cluster weight con-
tributed similarly to the low yield per plant. The dryness of the vineyards, where the 
plants compete for the moisture available in the soil, is one of the factors that could 
explain the low yield of the Muscat of Alexandria vines in Itata. The soil water is 
likely exhausted a few weeks before harvest due to the low water-holding capacity 
of the soils of the Itata Valley and the high evaporation demand of the area, favored 
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Fig. 14.5  Head training or Gobelet in vine plants conducted at two heights from the trunk (High: 
50 cm; Low: 0 cm) (Ibarra et al., 2023)

Table 14.1  Yield components in cultivar Muscat of Alexandria vine plants conducted at two 
heights from the trunk (High: 50 cm; Low: 0 cm) during the 2017/2018 season

Yield estimates High fruit zone Low fruit zone Reference values

Yield per vine (kg) 3.82 a 3.74 a 7.8*
Cluster number 16.1 a 15.7 a 34–50**
Cluster weight (g) 236.1 a 212.9 a 475***

*Muscat of Alexandria in overhead pergola (Agraria Sur)
**Flame Seedless (Lavin et al., 2003)
***Flame Seedless (Salazar, 2012)

by the high wind speeds under the canopy (van Zyl & van Huyssteen, 1980). Stem 
water potential values evaluated on País vines grown in a catena (Fig. 14.4) con-
firmed that rainfed vines were moderately water-stressed after harvest, which may 
affect berry differentiation (Matthews & Anderson, 1988). Although Muscat of 
Alexandria vines from the Itata Valley had a low cluster number per plant, the clus-
ter weight was also low (Table 14.1). These results suggest that vine capacity, which 
determines the number of grapes that can adequately ripen on each plant, is proba-
bly low under the growing conditions of the Itata Valley.

The head training system was used by ancient grape growers to produce wines 
made with mature berries in cold climates, taking advantage of the proximity of 
clusters to the warm soil to accelerate berry ripening (Freeman et  al., 1992). In 
South Africa, van Zyl and van Huyssteen (1980) compared different training sys-
tems and recorded the highest grape and soil temperatures on head-trained plants. In 
the Itata Valley, a study of head-trained Muscat of Alexandria vines under rainfed 
conditions showed that during the phenological stage of veraison, which initiates 
the grape ripening stage, the air temperature in the fruiting zone was between 30 and 
35 °C for about 45% of the day (Pascual et al., 2017). Although harvest often occurs 
in late summer or fall, the technical maturity of berries exposed to warm air and soil 
temperatures usually ranges between 21 and 24 Brix. The fact that a variety such as 
Muscat of Alexandria does not reach technical over-ripeness values (>25 °Brix) 
when grown head-on and without irrigation would indicate that the lack of water 
and the high air temperatures would not be sufficient to cause dehydration of the 
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Table 14.2  Quality of cultivar Muscat of Alexandria vine plants conducted at two heights from 
the trunk (High: 50 cm; Low: 0 cm) during the 2017/2018 season

Berry quality attributes High fruit zone Low fruit zone Reference values

Soluble solids concentration 20.5 a 20.7 a 17–20*
Polar diameter (mm) 1.93 a 1.73 a >1.6*
Equatorial diameter (mm) 1.65 a 1.54 a >1.6*
Berry volume (mm) 2.92 a 2.42 a >2.6*
Color

Chroma 15.5 a 13.6 a 16.3**
Hue 119.7 a 90.1 a 110.2**
CIRG 2.2 a 1.5 a 1.2*- 1.3**

*Export Standard Del Monte Fresh Pink Muscat
**Muscat of Alexandria (Carreño et al., 1996)
Adapted from Puentes (2019).

grapes and a significant increase in the concentration of soluble solids before 
harvest.

Results of this study showed that skin coloration for Muscat of Alexandria ber-
ries collected in the Itata Valley (CIRG between 1.5 and 2.2) was higher than the 
skin color standard for that cultivar (CIRG of 1.2) (Carreño et al., 1996). The CIRG 
values measured in the Itata valley were closer to those obtained in grape cultivars 
with pink pigmentation or more color, probably indicating the damage of “sunburn” 
in berry skins (Table 14.2).

14.2 � Challenges of the Heroic Itata Valley

One of the most relevant silvicultural and livestock farming activities in the Ñuble 
Region is forestry plantations, which have some 277,653  ha (INFOR, 2020), of 
which 148,568 ha are in the communes that make up the Itata Valley. According to 
the Chilean Ecological Society (SOCECOL, 2023), the occurrence of forest fires is 
due to the combination of three main factors: (i) favorable weather conditions, (ii) 
ignition source, and (iii) fuel accumulation. Regarding this last point, a large part of 
the 10,736 ha of vineyards in this valley (SAG, 2021) are enclosed by forest planta-
tions (Serra et al., 2017), which represents a high fire risk since forest plantations 
are made up of high flammable invasive species (SOCECOL, 2023). Forest fires 
have increased by 50% over the last 10 years (CONAF, 2018). In the summer of 
2017, the largest fire in Chile’s history occurred, affecting more than 518,000 ha 
(CONAF, 2017). These fires occurred mainly in the South Central Zone of the coun-
try (Fig. 14.6).

Six years later (summer of 2023), fires occurred in the South Central Zone of the 
country, covering an area of approximately 363 thousand ha (SENAPRED, 2023) 
and mainly affecting the Itata and Bio Bio Valleys. Numerous publications have 
shown that smoke from fires negatively affects wine quality (Kennison et al., 2009; 
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Fig. 14.6  NASA satellite image of the outbreaks of the mega-fire* (January 28, 2017) in south-
central Chile (Pineda, 2020). *Red dots indicate the outbreaks of the mega wildfire

Treatments
Acceptability Acceptability
Before MFL After MLF

Ránquil 6.17 b 6.33 b
Pinihue 4.67 a 4.61 a

Different letters within a column indicate a significant difference according to the Kruskal Wallis 
test (P < 0.05). The Ránquil wines came from vineyards far from the fires while the Pinihue vine-
yards were located next to one of the fire outbreaks

Table 14.3  Hedonic test of Cinsault wines before and after malolactic fermentation (MLF) from 
the Ránquil and Pinihue locations during the 2016–2017 season (Pineda, 2020)

Krstic et al., 2015). Due to wood combustion, several volatile compounds are gener-
ated, including vinyl phenols (Fine et  al., 2001), which deliver smoke aromas. 
Studies conducted on wines from the Itata Valley after the mega-fire of 2017 con-
firmed the presence of the vinyl phenols guaiacol, syringol, and 4-ethyl guaiacol 
and the negative effect on wine acceptance (Table 14.3) (Sabugo, 2019; Pineda, 2020).

A study of small producers in the Itata and Bio Bio Valleys showed that produc-
tion activities are generally carried out individually (65%) rather than associatively 
(25%), which harms their ability to obtain certifications, form strategic alliances, 
and generate innovation. This contrasts with the situation of the medium and large 
wineries in the Central Valley, which are united through “Wines of Chile,” an entity 
financed by the producers themselves and with support from the Chilean govern-
ment that allows them to face challenges ranging from market access to certifica-
tions and R&D (Innovation and Development). In general, small producers in the 
Itata Valley have serious deficiencies in the marketing and/or commercialization of 
their products, and most of their wine production is destined for the domestic mar-
ket (Serra et al., 2021).
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14.3 � Conclusions

The unique conditions that the Itata Valley presents in terms of geology, soil, cli-
mate, and wine management, as well as its people who have been making wine for 
generations, give it great potential to produce quality wines with identity. However, 
several challenges range from aspects related to climate change, such as forest fires, 
to socioeconomic, and associative gaps that make wine production and marketing 
difficult.

References

Calderon-Orellana, A., Matthews, M. A., Drayton, W. M., & Shackel, K. A. (2014). Uniformity 
of ripeness and size in Cabernet Sauvignon berries from vineyards with contrasting crop price. 
American Journal of Enology and Viticulture, 65(1), 81–88.

Calderón-Orellana, A., Serra-Stepke, I., Ortiz, I., Bustos, C., Correa, C., Cuevas, J., & Hermosilla, 
N. (2022). Vine capacity, abiotic stress severity, and wine composition of a non-irrigated vine-
yard along an Inceptisol catena in the Itata Valley. In 29th International applied geochemistry 
symposium IAGS2022. Linking geology and geochemistry to viticulture and wine, October 
2022, Viña del Mar. p. 83.

Carreño, J., Martínez, A., Almela, L., & Fernández‐López, J. A. (1996). Measuring the color of 
table grapes. Color Research & Application, 21(1), 50–54.

Casanova, M., Salazar, O., Seguel, O., & Luzio, W. (2013). The soils of Chile (Vol. 10, p. 185). 
Springer.

CEDEUS. (2015). Centro de Desarrollo Urbano Sustentable. Retrieved from http://datos.cedeus.
cl/layers/

CERVIM. (2004). Centro de Investigación, Estudio, Salvaguarda, Coordinación y Valorización de 
la Viticultura de Montaña CERVIM STATUTE. Retrieved from https://www.cervim.org/d/146/
statute-en.pdf

Charrier, R., Pinto, L., & Rodríguez, M. (2007). Tectonostratigraphic evolution of the Andean 
Orogen in Chile. In T. Moreno & W. Gibbons (Eds.), The Geology of Chile (The geological 
society) (pp. 21–114).

CONAF. (2017). Análisis de la afectación y severidad de los incendios forestales, ocurridos en 
enero y febrero 2017 sobre los usos de suelo y los ecosistemas naturales presentes entre las 
regiones de Coquimbo y la Araucanía de Chile. Informe Técnico. CONAF.

CONAF. (2018). Estadísticas históricas. Corporación Nacional Forestal, Chile. Retrieved from 
http://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas.

Cook, S., Fisher, M., Tiemann, T., & Vidal, A. (2011). Water, food and poverty: Global- and basin-
scale analysis. Water International, 36, 1–16. https://doi.org/10.1080/02508060.2011.541018

Dörner, J., & Dec, D. (2008). Efecto de la estructura sobre el movimiento de agua en una catena 
de suelos. Agro Sur, 36(2), 93–100.

Fabbrizzi, S., Alampi Sottini, V., Cipollaro, M., & Menghini, S. (2021). Sustainability and natural 
wines: An exploratory analysis on consumers. Sustainability, 13(14), 7645.

Fine, P.  M., Cass, G.  R., & Simoneit, B.  R. T. (2001). Chemical characterization of fine par-
ticle emissions from fireplace combustion of woods grown in the northeastern United States. 
Environmental Science & Technology, 35(13), 2665–2675.

Freeman, B. M., Tassie, E., & Rebbechi, M. D. (1992). Training and trellising. Viticulture, 2, 42–65.
Grunwald, S. (Ed.). (2016). Environmental soil-landscape modeling: Geographic information 

technologies and pedometrics. CRC Press.

I. Serra et al.

http://datos.cedeus.cl/layers/
http://datos.cedeus.cl/layers/
https://www.cervim.org/d/146/statute-en.pdf
https://www.cervim.org/d/146/statute-en.pdf
http://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas
https://doi.org/10.1080/02508060.2011.541018


227

Hervé, F., Calderon, M., Fanning, C. M., Godoy, E., & Pankhurst, R. J. (2013). Provenance varia-
tions in the Late Paleozoic accretionary complex of Central Chile as indicated by detrital zir-
cons. Gondwana Research, 3(2), 1122–1135.

Ibarra, K., Serra, I. M., Peña-Neira, Á., Bambach, N., Puentes, P., & Calderón-Orellana, A. (2023). 
Sunburn and its Relation to Maturity and Concentration of Aromatic Compounds in Bush-
Trained Muscat of Alexandria Vines. American Journal of Enology and Viticulture, 74(2).

IDE. (2016). Infraestructura de datos Geoespaciales. Retrieved from https://www.ide.cl/index.
php/informacion-territorial/descargar-informacion-territorial

INFOR. (2020). Superficie de plantaciones forestales Región de Ñuble. Retrieved from https://ifn.
infor.cl/index.php/informacion-regional/region-de-nuble

Jara, C., Laurie, V. F., Mas, A., & Romero, J. (2016). Microbial terroir in Chilean valleys: Diversity 
of non-conventional yeast. Frontiers in Microbiology, 7, 663.

Kennison, K. R., Wilkinson, K. L., Pollnitz, A. P., Williams, H. G., & Gibberd, M. R. (2009). Effect 
of timing and duration of grapevine exposure to smoke on the composition and sensory proper-
ties of wine. Australian Journal of Grape and Wine Research, 15(3), 228–237.

Krstic, M. P., Johnson, D. L., & Herderich, M. J. (2015). Review of smoke taint in wine: Smoke-
derived volatile phenols and their glycosidic metabolites in grapes and vines as biomarkers for 
smoke exposure and their role in the sensory perception of smoke taint. Australian Journal of 
Grape and Wine Research, 21, 537–553.

Lavín, A., Lobato., A., Muñoz., y Valenzuela, J. (2003). Viticultura. Poda de la vid Boletín 
INIA°99. INIA Cauquenes, Cauquenes, Chile.

Lobato, A., Lavín, A., Muñoz, I., & Valenzuela, B. (2003). Viticultura: Poda de la Vid. Boletín 
INIA - Instituto de Investigaciones Agropecuarias. N° 99. Retrieved from: https://hdl.handle.
net/20.500.14001/6975

Lukacs, P. (2012). Inventing wine: A new history of one of the world’s most ancient pleasures. WW 
Norton & Company.

Matthews, M. A., & Anderson, M. W. (1988). Fruit ripening in Vitis vinifera L.: Responses to sea-
sonal water deficits. American Journal of Enology and Viticulture, 39, 313–320.

Mora-Penrose, Z., Arriagada-Cortés, F., & Serra-Stepke, I. (2020). Chile se hace Vino en el Itata: 
La enología ancestral de un valle único. Book. 278 p.

OIV. (2022). State of the world vine and wine sector in 2022. Retrieved from https://www.
oiv.int/sites/default/files/documents/OIV_State_of_the_world_Vine_and_Wine_sector_
in_2022_2.pdf

Ortiz, I. (2023). Comparación de parámetros de desarrollo vegetativos en plantas y variables como 
predictores del rendimiento en vides de secano conducidas en cabeza a lo largo de una cat-
ena. Undergraduate Thesis, Ingeniero Agrónomo. Universidad de Concepción, Facultad de 
Agronomía. Chillán, Chile.

Pascual, G. A., Serra, I., Calderón-Orellana, A., Laurie, V. F., & Lopéz, M. D. (2017). Changes in 
concentration of volatile compounds in response to defoliation of Muscat of Alexandria grape-
vines grown under a traditional farming system. Chilean Journal of Agricultural Research, 
77(4), 373–381.

Peterson, C. A., Eviner, V. T., & Gaudin, A. C. (2018). Ways forward for resilience research in 
agroecosystems. Agricultural Systems, 162, 19–27.

Pineda, N. (2020). Efectos del mega incendio forestal del 2017 en la composición química y car-
acterísticas sensoriales del vino cv. Cinsault. Undergraduate Thesis, Ingeniero Agrónomo. 
Universidad de Concepción, Facultad de Agronomía. Chillán, Chile.

Puentes, P. (2019). Aptitud del cultivo Moscatel de Alejandría del Valle del Itata para la produc-
ción comercial de uva de mesa. Undergraduate Thesis, Ingeniero Agrónomo. Universidad de 
Concepción, Facultad de Agronomía. Chillán, Chile.

Reynolds, A. G., & Vanden Heuvel, J. E. (2009). Influence of grapevine training systems on vine 
growth and fruit composition: A review. American Journal of Enology and Viticulture, 60(3), 
251–268.

Sabugo, D. F. (2019). Efecto de la quema de distintas maderas (pino, eucalipto y hualle) en las car-
acterísticas organolépticas y químicas del vino cv. Cinsault. Undergraduate Thesis, Ingeniero 
Agrónomo. Universidad de Concepción, Facultad de Agronomía. Chillán, Chile.

14  Heroic Viticulture in Itata Valley, Chile: Characteristics and Challenges…

https://www.ide.cl/index.php/informacion-territorial/descargar-informacion-territorial
https://www.ide.cl/index.php/informacion-territorial/descargar-informacion-territorial
https://ifn.infor.cl/index.php/informacion-regional/region-de-nuble
https://ifn.infor.cl/index.php/informacion-regional/region-de-nuble
https://hdl.handle.net/20.500.14001/6975
https://hdl.handle.net/20.500.14001/6975
https://www.oiv.int/sites/default/files/documents/OIV_State_of_the_world_Vine_and_Wine_sector_in_2022_2.pdf
https://www.oiv.int/sites/default/files/documents/OIV_State_of_the_world_Vine_and_Wine_sector_in_2022_2.pdf
https://www.oiv.int/sites/default/files/documents/OIV_State_of_the_world_Vine_and_Wine_sector_in_2022_2.pdf


228

SAG. (2021). Catastro vitícola nacional 2021. División de Protección Agrícola-Forestal y Semillas 
Subdepartamento de Viñas, Vinos y Bebidas Alcohólicas. Servicio Agrícola y Ganadero.

Salazar, D. (2012). Descripción de los componentes del rendimiento de uva de mesa variedad 
Flame Seedless. Memoria de título, Ingeniera Agrónoma, Mención Fruticultura. Universidad 
de Chile, Facultad de Ciencias Agronómicas. Santiago, Chile.

SENAPRED. (2023). Informe de Emergencia “Consolidado de incendios forestales relevantes”. 
Servicio Nacional de Prevención y Respuesta ante Desastres. Retrieved from https://senapred.
cl/incendios-forestales-relevantes/

SERNAGEOMIN. (2003). Mapa Geológico de Chile: Versión digital. Servicio Nacional de 
Geología y Minería, Publicación Geológica Digital, N°. 004. Santiago, Chile. Retrieved from: 
https://www.sernageomin.cl/visor-de-mapas/

Serra, I., Castillo, P., Hidalgo, M., Fuentealba, O., Cerda, R., & Salazar, F. (2017). Itata Valley: 
How traditional farming and geomorphological characteristics can became from a limiting 
factor to key factor in competitiveness. In Fifth International Congress on Mountain and Steep 
Slope Viticulture. March 31–April 01, 2017. Centre for Research, Environmental Sustainability 
and Advancement of Mountain Viticulture. Conegliano, Italy. pp. 19–27.

Serra, I., Cerda, R., Aguilera, S., & Díaz, N. (2021). Economical characterization of small wine 
producers from three wine regions from Chile: Challenges for the future. In R. Vasconcelos 
Botelho & A. M. Jordao (Eds.), Vitis products composition, health benefits and economic valo-
rization (p. 440). Nova Science Publishers, Inc.

SOCECOL. (2023). Declaración pública de la Sociedad de Ecología de Chile frente a los incen-
dios forestales catastróficos que nuevamente afectan al sur de Chile. Sociedad de Ecología 
de Chile. Retrieved from: https://www.socecol.cl/wp-content/uploads/2023/02/declaracion-
socecol-2023.docx-2.pdf

Stolpe, N. (2006). Descripciones de los principales suelos de la VIII Región de Chile. Publicaciones 
del Departamento de Suelos y Recursos Naturales 1. Trama Impresores S.A. Publicaciones - 
Departamento de Suelos y Recursos Naturales. N° 01. Retrieved from: https://hdl.handle.
net/20.500.14001/56740

SUBDERE. (2019). Reglamento que fija la Política Nacional sobre Zonas Rezagadas en Materia 
Social. Subsecretaría de Desarrollo Regional y Administrativo. Retrieved from: http://terri-
toriosdeconvergencia.subdere.gov.cl/files/doc_zonas_rezagadas/Presentaci%C3%B3n%20
Reglamento%20Pol%C3%ADtica%20Nacional%20Zonas%20Rezagadas%20en%20
Materia%20Social.pdf

Taylor, J. A., Acevedo-Opazo, C., Ojeda, H., & Tisseyre, B. (2010). Identification and significance 
of sources of spatial variation in grapevine water status. Australian Journal of Grape and Wine 
Research, 16(1), 218–226.

The Growth Lab at Harvard University. (2020). The Atlas of Economic Complexity. Retrieved 
from: http://www.atlas.cid.harvard.edu

Van Zyl, J. L., & Van Huyssteen, L. (1980). Comparative studies on wine grapes on different trel-
lising systems: I. Consumptive water use. South African Journal of Enology and Viticulture, 
1, 7–14.

Willner, A. P., Hervé, F., Kröner, A., Thomson, S. N., Wartho, J. A., & Wijbrans, J. R. (2005). Time 
markers for the evolution and exhumation history of a late Paleozoic paired metamorphic belt 
in north-Central Chile (34°– 35°30’S). Journal of Petrology, 46, 1835–1858.

WWAP. (2009). The United Nations World Water Development Report 3 (WWDR3). Water 
in a changing world. World Water Assessment Programme, United Nations Educational, 
Scientific and Cultural Organization (UNESCO). Retrieved from: http://unesdoc.unesco.org/
images/0018/001819/181993e.pdf#page=5 (Accessed July 2023).

I. Serra et al.

https://senapred.cl/incendios-forestales-relevantes/
https://senapred.cl/incendios-forestales-relevantes/
https://www.sernageomin.cl/visor-de-mapas/
https://www.socecol.cl/wp-content/uploads/2023/02/declaracion-socecol-2023.docx-2.pdf
https://www.socecol.cl/wp-content/uploads/2023/02/declaracion-socecol-2023.docx-2.pdf
https://hdl.handle.net/20.500.14001/56740
https://hdl.handle.net/20.500.14001/56740
http://territoriosdeconvergencia.subdere.gov.cl/files/doc_zonas_rezagadas/Presentación Reglamento Política Nacional Zonas Rezagadas en Materia Social.pdf
http://territoriosdeconvergencia.subdere.gov.cl/files/doc_zonas_rezagadas/Presentación Reglamento Política Nacional Zonas Rezagadas en Materia Social.pdf
http://territoriosdeconvergencia.subdere.gov.cl/files/doc_zonas_rezagadas/Presentación Reglamento Política Nacional Zonas Rezagadas en Materia Social.pdf
http://territoriosdeconvergencia.subdere.gov.cl/files/doc_zonas_rezagadas/Presentación Reglamento Política Nacional Zonas Rezagadas en Materia Social.pdf
http://www.atlas.cid.harvard.edu
http://unesdoc.unesco.org/images/0018/001819/181993e.pdf#page=5
http://unesdoc.unesco.org/images/0018/001819/181993e.pdf#page=5


229© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024
G. Gutiérrez Gamboa, M. Fourment (eds.), Latin American Viticulture Adaptation to 
Climate Change, https://doi.org/10.1007/978-3-031-51325-1_15

Chapter 15
Concluding Remarks and Future 
Directions of Latino America 
Vitiviniculture

Mercedes Fourment and Gastón Gutierrez Gamboa

15.1 � Overview of the Book’s Content

A diversity of knowledge characterizes and determines Latin American viticulture. 
Latin American vitiviniculture is currently taking into account social and historical 
aspects in its development to create a true identity and to diversify the range of 
products for the consumer. These efforts have been generated from the association 
of different actors, such as the public sector, the private sector, producers, universi-
ties, and the academic world, who seek to promote initiatives that promote equity in 
the sector. Based on the show, it was evidenced that the Anglo-Saxon European 
scientific journals related to vine and wine sciences encourage a high degree of 
discrimination related to the origin of their editorial board members compared to 
Revista Iberoamericana de Viticultura, Agroindustria y Ruralidad (RIVAR). This 
Chilean journal presented the highest diversity in the number of editors, reaching 
53.8% of Latino Americans and 46.2% of the rest of the world members, comparing 
the most important journals related to vine and wine sciences. Notably, the editorial 
board of RIVAR presents an equitable incorporation of gender in the editorial board, 
reaching the same number of male and female editors. The scientific world does not 
widely discuss this discrimination related to genre and origin in access to science. 
Still, they are now a matter of concern not only for science but also for international 
guidelines for promoting development and the medical sector (Eliason et al., 2010; 
Amrein et  al., 2011; Higa et  al., 2014; Flanagin et  al., 2021). Similar to those 
observed in the vine and wine sciences journals, Shim et al. (2021) confirmed that 
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the race and ethnicity of editorial board members and editors indicate structural rac-
ism in Psychiatry and Neuroscience journals.

The book’s chapters reflect and exalt Latin American viticulture from various 
angles. On the one hand, an approach to the historical development and local para-
digms is shown, exploring Latin American viticulture through different paradigms 
and highlighting the influence of colonial, French, and Anglo-Saxon models on the 
wine industry (Villanueva, 2017; Lacoste, 2019). Through it, the historical trajec-
tory and the evolution of the identity of Latin American wines can be elucidated, 
which determines the market positioning and consumption patterns. Since the intro-
duction of the first cuttings in the American colonial period, viticulture in Latin 
America has greatly evolved. In less than two centuries, the wine industry went 
from the pre-industrial towards the industrial model and later to the technological, 
scientific model. These revolutions in the wine industry were carried out under the 
idea of progress and development, which allowed to marginalize the knowledge 
acquired during the first stage of the history of Latin American wine. The ceremo-
nial character of colonial viticulture was also highlighted, which was in the hands of 
women. Colonization processes resulted in the process of invisibility and disposses-
sion of knowledge of women that were important in pre-hispanic societies.

Sustainability and global changes are another issue explored throughout the 
book. The sustainability of wine production systems and the current challenges of 
environmental problems and the context of climate change generate the need to 
focus on national sustainability frameworks. Countries such as Argentina, Chile, 
Brazil, and Uruguay have a long way to go in this regard. This requires investing in 
sustainable practices, offering insights into achieving a sustainable competitive 
advantage and improving overall business performance. Examples of the seal of 
certification valid for the Sustainability Code of Chile, Argentina, and Uruguay are 
presented in Fig. 15.1. An interesting case is the one that has been developed in 
Chile and has united together most of the Chilean wine companies (Marola et al., 
2020; Aguilera et  al., 2022; Valenzuela et  al., 2022). The Chilean Sustainability 
Code is a voluntary instrument that aims to guide the Chilean wine sector towards 
sustainable wine production based on high social, environmental, and quality stan-
dards and to motivate grape growers and winemakers to improve their management 

Fig. 15.1  Seal of certification valid for the Sustainability Code of Chile (left), Argentina (middle), 
and Uruguay (right)
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by complying with the requirements stipulated in the standard (Wines of Chile, 
2015). To comply with the requirements of the Code, wineries must have an envi-
ronmental and social management system that complies at least with current national 
legislation, regardless of the complexity of their operations (Wines of Chile, 2015). 
There are different areas, such as green (vineyard management), orange (facilities), 
red (winemaking), and purple (wine tourism), which have defined roles and act 
independently. The governance, updating and administration of the Code is the 
responsibility of “Wines of Chile,” through the Wines of Chile R&D Consortium. 
Eighty-four wine companies (more than 80% of exported wine) have adhered to this 
code, substantially improving their winemaking practices. Certified wineries can 
sell their wine using a distinctive seal that lets consumers know that the bottle of 
wine was produced under the development of environmentally sustainable practices.

However, this is a critical issue for small and medium-sized producers, which 
usually promote internal initiatives for the development and positioning of their 
wines based on the participation of experts and political authorities (Fig. 15.2).

The pesticide applications in plant production cause an increase of heavy metal 
content in soils (Schwalbert et al., 2021). In humid subtropical climates, such as in 
the South of Brazil and Uruguay, fruit crops receive several fungicide applications 
during the growing season that can increase heavy metals accumulation in soils, 
mostly those belonging to the chemical group of dithiocarbamates and the inorganic 
Cu-based ones, which are used for the control of downy mildew (Plasmopara viti-
cola) in orchards (Brunetto et  al., 2017). High contents of heavy metals in soils 
induce great damage in the roots, leading to important changes in morphology and 
anatomy (Ambrosini et al., 2018). Some plant species activate specific strategies to 
shrink the acquisition and the allocation of the metals to the shoot (Ambrosini et al., 

Fig. 15.2  Sensory evaluation of the organic and conventional wines produced by the “Asociación 
Gremial Viñateros del Valle del Itata A.G.” (a) Recognition to Viña Männle. (b) Sensory evaluation 
performed by academics, journalists, and specialists in the sector. (c) Closing photography with 
producers, specialists, and regional authorities
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2018), which could be a useful input for future plant breeding. Several approaches 
have been proposed to heavy metal management, such as limestone, organic com-
post, and use of cover crops, among others (Cesco et al., 2021), which could improve 
the sustainability of grape production in these regions. Based on the difficulties 
above-mentioned, Brazil has developed a serious breeding program to provide the 
industry plant material adapted to subtropical and tropical viticulture, and the future 
perspective is to continue its breeding program to provide high-quality plant mate-
rial for the international market (Gazolla et al., 2020; de Carvalho et al., 2023; de 
Leao & de Carvalho, 2023; de Oliveira et al., 2023; Verslype et al., 2023).

Book’s chapters also discussed climate change and adaptation using sustainable 
practices. There are a variety of responses to climate change adaptation strategies 
that winegrowers can implement in the small, long, and medium term. Some viticul-
tural strategies to face global warming effects on the wine industry were provided in 
terms of plant material selection (varieties, rootstocks and clones), vineyard design 
(row orientation, training systems, and pruning strategies), canopy management 
(late winter pruning, double cropping and forcing bud growth), strategies to decrease 
canopy temperature (shading nets, agrivoltaism, and water sprinkling), and strate-
gies to limits sink to source ratio (apical leaf removal and severe shoot trimming). 
Besides, the study of enological strategies for this goal was also discussed in terms 
of must dilution (blending musts with juice from low-sugar grapes early harvested), 
microbiological strategies (use of unconventional or native yeast strains that reduce 
the efficiency of ethanol production), and post-fermentation technologies (blending 
high and low alcohol wines, and membrane-based techniques with physical removal 
of alcohol after alcoholic fermentation processes). Over the last few decades, the 
introduction and spread of recognized European grapevine varieties have caused a 
massive loss of minority and autochthonous grapevine varieties traditionally grown 
in several wine-growing regions (Balda & Martínez de Toda, 2017; Gutiérrez-
Gamboa & Moreno-Simunovic, 2019; Sargolzaei et al., 2021). The exception to the 
rule is Georgia, which has been able to maintain its ancestral practices and preserve 
its genetic material for centuries (Imazio et  al., 2013; De Lorenzis et  al., 2015; 
Maghradze et al., 2014, 2015, 2020). The disappearance of a large number of old 
grapevine varieties and the varietal homogenization of the vineyards entail an 
increase in genetic vulnerability to biotic and abiotic stress against which the culti-
vated varieties are not resistant (Balda & Martínez de Toda, 2017). South American 
viticulture holds a valuable diversity of grapevine genetic material adapted to 
extreme desert conditions, including unknown vine genotypes, minority, and criolla 
varieties (Milla-Tapia et al., 2013; Franck et al., 2020). Some of them are Uva Anís 
(Listán Prieto × Moscatel de Alejandría), Picanta (Moscatel de Alejandría × 
unknown), Moscatel Amarillo (Listán Prieto × Moscatel de Alejandría), Canela 
(Listán Prieto × Muscat à Petit Grains), Moscatel Rosada (Moscatel de Alejandría × 
unknown), Blanca Ovoide (Moscatel de Alejandría × unknown), among others that 
are under study by Argentinean and Chilean researchers.

Climate change has brought a series of changes in viticulture, considerably 
affecting the distribution of grapevine varieties in different wine growing regions of 
the world (Jones et al., 2010; Nesbitt et al., 2022). The rise in annual air temperature 
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has significantly expanded the distribution of grapevines to the poles and acceler-
ated the growth cycle of grapevines in cool climate zones, such as Finland, Poland, 
Romania, Hungary, Serbia, Slovenia, Slovakia as well as in Latino America as can 
be observed in south zones of Argentina and Chile (Lisek, 2008; Baduca Campeanu 
et al., 2012; Vršič & Vodovnik, 2012; Vršič et al., 2014; Ruml et al., 2016; Kovács 
et al., 2018; Ivanišević et al., 2019; Maciejczak & Mikiciuk, 2019; Karvonen, 2020; 
Cabré & Nuñez, 2020; Bernáth et  al., 2021; Verdugo-Vásquez et  al., 2023). The 
vineyard plantation in Chile is moving to the south and vineyard surface in the 
Araucanía Region (37°35′ to 39°37′ South Latitude) increased by 953% from 2003 
to 2020 (Gutiérrez-Gamboa et al., 2021), whereas Argentina’s viticulture is expand-
ing towards Southern latitudes in which Patagonia emerged as the southernmost 
wine-growing region in the world. However, Patagonia is one of the windiest regions 
and some guidelines about this subject were addressed in the book.

A little-known aspect technocrats consider is the cultural heritage and regional 
development of Latin American viticulture. The historical exploration of wine-
growing regions in Chile, such as Pica, Maule, and Itata emphasizes the importance 
of preserving cultural heritage and the role it plays in territorial development 
(Pascual et  al., 2017; Reyes Muñoz & Lavín Acevedo, 2022; Gutiérrez-Gamboa 
et al., 2023) (Fig. 15.3). The valorization of local plant material such as criolla vari-
eties and the identification of collective savoir-faire in terroir delimitations linked to 
wine tourism are also fundamental pieces in Latin American regional development 
(Gabardo & Valduga, 2019; García-Rodea et  al., 2022), which is usually poorly 
understood in other continents. The French paradigm promoted by some national 
elites in South America led to the disappearance of protected products and the 
import of European products with origin appellation (Castro et al., 2016; Lacoste 
et al., 2016). The technocrats at national industry service, admirers of the French 
paradigm, questioned the quality of the vineyards and wines produced in these tra-
ditional areas (Jerković et al., 2022). A strong narrative was built to denigrate the 
viticulturists to keep their traditional methods of grape and wine production from 
the prestige of universities, business associations, newspapers, and specialized 

Fig. 15.3  Vestiges of winemaking materials preserved from the eighteenth century in Chile. (a) 
Barrels preserved in “Hacienda Cucha Cucha” which was property of the Society of Jesus (Itata 
Valley). (b) Wine press “Lagar de Matilla”, whose construction is a national monument of Chile 
(Matilla Oasis)
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journals (Hernández & Moreno, 2011; Jerković et al., 2022). Based on this domi-
nant discourse, the wine industry should favor decisions based on market criteria in 
order to increase sales and profits, leading to a decrease of the surface of traditional 
vineyards from 60,000 to 15,000 ha (Jerković et al., 2022). Despite this pressure, 
some producers have maintained their vineyards and continue to make their own 
wines, such as the “asoleado” in Maule and Itata valleys, the “pajarete” in Huasco 
and Elqui valleys, the “pintatani” in Codpa valley, and the “pipeño” from the dry-
lands of Maule, Ñuble, and Biobío regions (Castro et al., 2016; Lacoste et al., 2016; 
Gutiérrez-Gamboa et al., 2023).

15.2 � Future Directions

Based on a deep understanding of the reality of Latin American vitiviniculture, it is 
important to consider certain key points to promote the sector’s development in the 
region that is currently in crisis due to the economic consequences derived from the 
COVID-2019 pandemic, mainly by the decrease in exports to China. In this fashion, 
it is of wide importance to promote sustainable viticultural practices in grape and 
wine production in Latin America with the exception of Bolivia due to its rational 
particularities to develop this industry. Sensitizing viticulturists and winemakers 
can be achieved through the promotion of the current and future advantages of sus-
tainable viticulture systems. To adopt these techniques, the population must be edu-
cated, resources must be available, and incentives must be provided by public and 
private institutions. Certification programs and labeling initiatives that are recogniz-
ably environmentally friendly and socially responsible for the wine sector must be 
developed and provided with equity. Recently, the “Asociación Nacional de 
Ingenieros Agrónomos Enólogos de Chile” promoted an online seminar to take the 
subject of regenerative viticulture. In this event, Chilean, French, Spanish, and 
American specialists will talk about their experiences.

An elemental issue to favor the vitiviniculture sector in Latin America is to foster 
innovation and local research through public and private investments for the specific 
challenges of each country in the region. In this sense, the in-depth study of the 
impacts of climate change and variability on viticulture, the development of adapta-
tion, and mitigation responses to these changes in specific regions as well as explo-
ration of the potential of criolla plant material could be lines of research that would 
have a cultural and economic impact on the development of the sector. To this end, 
it is key to foster collaborations between academics, industry professionals, and 
public policymakers to lead the exchange of research and innovation from a hori-
zontal viewpoint of knowledge. In addition to the above, it is important to empha-
size strengthening regional collaborations to facilitate knowledge sharing. Thus, 
promoting regional cooperation in areas such as marketing, sustainable practices, 
and research are key points in this regard. Basically, working together leverages 
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collective knowledge and can help to enhance the resiliation of Latin American 
vitiviniculture to the current socioeconomic and environmental changes.

To conclude, the most valuable treasure is our cultural wine heritage that can be 
seen throughout the continent. The recognition and preservation of this material and 
immaterial heritage associated with traditional winemaking methods, local grape 
varieties, and historic wine regions make up a proper identity. Thus, initiatives that 
promote the protection and valorization of this heritage should be promoted, provid-
ing better opportunities for the ancestral and local communities.

15.3 � Concluding Remarks

The book serves as a valuable contribution to the understanding and appreciation of 
Latin American vitiviniculture, highlighting its rich diversity, its ongoing efforts 
towards sustainability, and the importance of preserving its cultural heritage. By 
acknowledging these factors and working together to address challenges, Latin 
American viticulture can continue to thrive and gain recognition on the global stage.
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