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Abstract 
Climate scenarios in the medium and long term (2010-2070) foresee increased summer rainfall for Uruguay and the region, 
with increased water deficits and excess episodes. Although at the international level irrigation in viticulture has a long 
experience and tradition, at the local level (Uruguay), only 10% of the vineyard surface area implements a fixed or com-
plementary system for water supply in their crops. This work aimed to model the crop water requirements for a vineyard 
in southern Uruguay based on pedo-climatic variables. In addition, the plant response to controlled deficit irrigation was 
evaluated in two consecutive seasons. The experiment was conducted in a 1.1 ha commercial vineyard in Canelones, 
Uruguay (34°36'S, 56°14W), during two successive seasons (2020-2021). The additional irrigation (I) treatment was com-
pared against a control (C) without irrigation. A controlled water deficit was established from flowering to harvest. The 
adjustment in the demand was made as a function of a percentage of crop evapotranspiration. The Kc of the crop was 
estimated using digital tools. The simulation of the water balance made it possible to evaluate the vineyard water needs. 
Plants subjected to controlled deficit irrigation showed higher vegetative growth, positively impacting yield and the accu-
mulation of sugars and anthocyanins in the berry. Based on our results, a supplementary water supply, at the right doses 
and time, allows us to face water deficit situations, positively impacting the productive and economic variables. Knowing 
the variability in a vineyard is necessary to achieve proper irrigation scheduling and optimize water use. New technologies 
applied to irrigation are an opportunity for winegrowers to obtain more sustainable vineyards and production. 

Keywords: Tannat, irrigation, sustainability, site-specific management, water deficit   

 

Resumen 

Los escenarios climáticos en el mediano y el largo plazo (2010-2070) prevén para el Uruguay y la región un aumento de 
las precipitaciones estivales, con aumento de episodios de déficits y excesos hídricos. Si bien a nivel internacional el riego 
en la viticultura presenta una amplia experiencia y tradición, a nivel local (Uruguay) solamente el 10% de la superficie de 
viñedos implementa de manera fija o complementaria alguna medida de aporte de agua en sus cultivos. El objetivo de 
este trabajo fue modelar a partir de variables pedoclimáticas las necesidades hídricas del cultivo para un viñedo en el sur 
del Uruguay. Además, en dos vendimias consecutivas se evaluó la respuesta de la planta al riego deficitario controlado. 
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El experimento se realizó en un viñedo comercial de 1,1 ha ubicado en Canelones, Uruguay (34°36'S, 56°14W), durante 
dos temporadas consecutivas (2020-2021). El tratamiento con riego adicional (I) se comparó contra un testigo (C) sin 
riego. Se estableció un déficit hídrico controlado desde floración hasta cosecha. El ajuste en la demanda se realizó en 
función de un porcentaje de la evapotranspiración del cultivo. El Kc del cultivo fue estimado mediante herramientas digi-
tales. La simulación del balance hídrico permitió evaluar las necesidades hídricas del viñedo. Las plantas sometidas a 
riego deficitario controlado presentaron un mayor crecimiento vegetativo que impactó positivamente en el rendimiento y 
la acumulación de azúcares y antocianos en la baya. Según nuestros resultados, un aporte suplementario de agua, en 
dosis y momentos justos, permite enfrentar situaciones de déficits hídricos con un impacto positivo en las variables pro-
ductivas y económicas. Para lograr una adecuada programación del riego y optimizar el uso del agua es necesario cono-
cer la variabilidad presente en un viñedo. Las nuevas tecnologías aplicadas al riego son una oportunidad que presenta el 
viticultor para lograr viñedos y producciones más sustentables. 

Palabras clave: Tannat, riego, sostenibilidad, agricultura de precisión, déficit hídrico 

 

Resumo 

Os cenários climáticos a médio e longo prazo (2010-2070) prevêem um aumento da precipitação estival no Uruguai e na 
região, com um aumento dos episódios de déficit e excesso de água. Embora a nível internacional, a irrigação na viticul-
tura tenha uma longa experiência e tradição, a nível local (Uruguai) apenas 10% da superfície da vinha implementa uma 
medida fixa ou complementar de fornecimento de água nas suas culturas. O objetivo deste trabalho foi modelar as ne-
cessidades hídricas das culturas para um vinhedo no sul do Uruguai com base em variáveis pedoclimáticas. Além disso, 
foi avaliada a resposta da planta à irrigação com déficit controlado em duas safras consecutivas. O experimento foi reali-
zado em um vinhedo comercial de 1,1 ha localizado em Canelones, Uruguai (34°36'S, 56°14W), durante duas temporadas 
consecutivas (2020-2021). O tratamento com irrigação adicional (I) foi comparado com um controlo (C) sem irrigação. Foi 
estabelecido um déficit hídrico controlado desde a floração até à colheita. O ajuste no défice foi feito em função de uma 
percentagem da evapotranspiração da cultura. O Kc da cultura foi estimado através de ferramentas digitais. A simulação 
do balanço hídrico permitiu avaliar as necessidades hídricas da vinha. As plantas submetidas a uma irrigação deficitária 
controlada apresentaram um maior crescimento vegetativo, o que teve um impacto positivo no rendimento e na acumu-
lação de açúcares e antocianinas no bago. Com base nos nossos resultados, um fornecimento suplementar de água, nas 
doses e momentos certos, permite-nos enfrentar situações de déficit hídrico com um impacto positivo nas variáveis pro-
dutivas e econômicas. Para conseguir uma programação adequada da rega e otimizar o uso da água, é necessário 
conhecer a variabilidade presente numa vinha. As novas tecnologias aplicadas à rega são uma oportunidade para os 
viticultores alcançarem vinhas e produções mais sustentáveis. 

Palavras-chave: Tannat, irrigação, sustentabilidade, gestão específica do local, déficit hídrico   

 
 

1. Introduction 

Vitis vinifera L., the species to which most of today's 
cultivated vines belong, is centered on the Eurasian 
continent, where the climate is temperate and sub-
tropical(1). It is considered a drought-tolerant spe-
cies(2). Water demand during the growing season can 
range from 300 to 600 mm(3), even reaching 800 mm 
in warm weather conditions(4) in response to in-
creased atmospheric demand. These volumes of wa-
ter are not required equally throughout the crop cycle, 
varying according to the phenological stage (Eich-
horn and Lorenz scale, EyL). It has been reported 
that  frombud-break to bloom (4 to 19 EyL), water 
needs represent 9% of the total demand, while from 
bloom to veraison (19 to 35 EyL), the requirements 
increase to 41%(5). In the period from veraison to har-
vest (35 to 38 EyL), 36% of the requirement is used, 
and finally, between harvest and leaf fall (38 to 47 
EyL), the demand reaches the remaining 14%(5). Alt-
hough water requirements are low compared to other 

crops, under certain conditions, sub-optimal levels of 
this resource can be generated, causing water stress 
that conditions the growth and development of the 
crop. 

The water status of the vineyard is one of the aspects 
that determine the product obtained, and, therefore, 
the type of wine to be produced. To determine the 
vineyard's water status, several techniques allow a 
direct or indirect estimation, being the basic leaf wa-
ter potential (𝜓𝑏) the most established and reported 
methodology(6-7). The advantage of 𝜓𝑏 is that there 
are internationally validated reference thresholds 
(Table 1). These thresholds relate the water status to 
its impact on plant physiology(7) and the type of wine 
to be produced. To obtain high-quality red wines, it is 
necessary to start with excellent grape conditions, 
which is why it is recommended to follow a water 
strategy in 4 stages, depending on the phenology of 
the crop and the water requirements for each 
stage(8). In the first stage, between bud-break and 
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fruit set, it is recommended that the water availability 
of the plants should not be limited. At this stage, wa-
ter is critical to ensure good leaf surface development 
and clusters formation for the next season(9-10). In the 
second stage, a slight water deficit (𝜓𝑏: -0.2 MPa to 
-0.4 MPa) is recommended between fruit set and 
veraison. Vegetative growth and early berry develop-
ment are susceptible to water deficit(11-12).  Mild stress 
at this stage limits vegetative growth and defines 
yield potential due to an adjustment on cell vol-
ume(12). In the third stage, between veraison and har-
vest, it is suggested that stress should be moderate 
(𝜓𝑏: -0.4 MPa to -0.6 MPa). Moderate stress further 
limits vegetative growth and maintains active photo-
synthesis, favoring the accumulation of metabolites 
(sugars and anthocyanins) in the berry(7-8). During the 
fourth stage, from harvest to leaf fall, the plants must 
be brought to a situation without a water deficit. Dur-
ing this period, the assimilates are translocated to the 
roots, trunks, and shoots(13), ensuring the necessary 
reserves for sprouting in the next crop cycle. 

At present, Uruguay has an average annual rainfall 
of 1100 mm. However, the inter-annual variability of 
rainfall is high. Moreover, monthly rainfall distribution 
is not homogeneous throughout the years (0 mm to 
300 mm per month), thus generating periods of water 
deficit or excess during the grape ripening period(14). 
On the other hand, there is high variability in the soils 
of Uruguay(15) due to the diversity in the geological 
materials. The combination of climate and soil makes 
different vineyards more susceptible to water deficit 
situations. In addition, in the climate changecontext, 
a global reduction in precipitation is expected, with an 
increase in temperature and evapotranspiration(16). 
Another phenomenon associated with climate 
change is the increase in the intensity, frequency, 
and duration of heat waves(17). A heat wave is a suc-
cession of more than three days with abnormally high 
daily maximum air temperatures (greater than three 
times the standard deviation of the historical mean) 
for a given year(18-19). Depending on the intensity and 
phenological stage, these extreme phenomena have 
an impact on fruit set(20), sugar and anthocyanin ac-
cumulation(21), smaller berries and lower quality(22). 
For Uruguay and the region, in the medium and long 
term (2010-2080), an increase in rainfall is expected 
with an increase in extreme events (greater intra-an-
nual variability), although springs would be drier(19). 
This situation would be aggravated by ENSO (El 
Niño-Southern Oscillation) cycles, where Niña (or 
water deficit) years would be more severe in the 
south. In addition, the average temperature would in-
crease between 1.5 and 3.0 °C, with an increase in 
the incidence of heat waves(19). 

Based on the above, Uruguayan viticulture (and ag-
riculture in general) will have to adapt to mitigate the 
climate change's effects. A controlled deficit irrigation 
strategy allows Uruguayan winegrowers to adapt to 
the new reality. The principle behind controlled deficit 
irrigation is to eliminate or reduce water inputs during 
specific periods to control vegetative vigor, andopti-
mize yield and grape composition(23). This strategy is 
widely discussed in the literature(23-24), especially in 
arid or Mediterranean conditions. There are fewer re-
ports of applying these techniques in sub-humid con-
ditions or with soils with a high water storage capac-
ity(25-28). These types of soils and conditions are found 
in southern Uruguay, where the largest wine-growing 
area in the country is concentrated. 

In Uruguay, only 10.8% of the vineyard area 
(635 ha) is irrigated(29), and this figure is on the rise 
as a response by winegrowers to a greater percep-
tion of climate change. Although the response is an 
increase in irrigation, the technical criteria for defin-
ing when and how much to irrigate are less clear.  
This work aimed to evaluate, through a climatic 
analysis of a 23-year historical series, the need for 
the implementation of controlled deficit irrigation un-
der sub-humid conditions in a 1.1 ha vineyard in 
southern Uruguay. In addition, the impact of con-
trolled deficit irrigation on vegetative growth, yield, 
grape and wine potential quality during two consec-
utive vintages was evaluated. 

 

2. Materials and methods 

2.1 Site and experimental design  

The experiment was conducted in a 1.1 ha commer-
cial vineyard in Canelones, Uruguay (34°36'S, 
56°14W). The vineyard was planted in 1998 with Vi-
tis vinifera L. cv. Tannat (clon 398), grafted on SO4 
rootstock. The distance between vines was 2.5 m × 
1.2 m (3333 plants.ha-1). The plants were pruned 
with a double guyot system, and the shoots were 
trained with the VSP (vertical shoot positioning) sys-
tem. The vineyard was historically not irrigated and 
received nitrogen fertilization with urea, distributed 
half in pre-flowering and half in post-harvest. The to-
tal urea dose (46% N) was 140 kg per ha. This vine-
yard was selected because of its high variability in 
vine vigor from east to west. Ferrer and others(30) 
defined three vigor zones in this vineyard: high (HV), 
medium (MV), and low (LV). Vigor zones were de-
termined using the normalized vegetation index 
(NDVI) during three consecutive seasons (2015, 
2016, and 2017). The soil was classified as a vertic 
Arguidoll(31) based on the descriptions proposed by 
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FAO(32) and the USDA Soil Taxonomy classifica-
tion(33). Soil physical and chemical characteristics 
also showed a strong spatial variability, mainly in 
clay percentage, clay type, and total available wa-
ter. The winegrower managed the two zones 
(HV/LV) in the same way. In all cases, weeds were 
controlled in the row with herbicides. The inter-row 
consisted of a mixture of grasses and asteraceae, 
with oats sown in autumn, controlled by periodic 
mowing (six times a year). 

The field trial was conducted during the 2020 and 
2021 seasons. Only the low vigor zone was selected 
because the water was identified as the main limit-
ing factor in vigor expression(28). Two treatments 
were established in this LV zone. A control treat-
ment (C) followed the winegrower management (de-
scribed above). The irrigation treatment (I) followed 
the criteria established for regulated deficit irrigation 
(RDI). To determine the irrigation doses, the climatic 
demand (ETo) was adjusted with the Kc of the crop. 
The Kc values of the crop were obtained weekly us-
ing the Williams and Ayars equation(34). This equa-
tion relates the leaf area index (LAI) to the Kc of the 
crop. The determination of LAI is explained in sec-
tion 2.3 (plant measurements). Once the adjusted 
climatic demand (ETc) was defined, irrigation water 
was applied according to the following criteria: 

• From budding to flowering, 100% of the demand 
was applied. 

• During flowering until harvest, 70% of the ETc 
was applied. The irrigation system was drip irriga-
tion with a single irrigation tape. The drippers were 
spaced 40 cm apart and had a flow rate of 4 lt/h. 
Irrigation was carried out during morning hours.  

Each treatment was arranged in a randomized block 
design with three replicates and 21 plants per repli-
cate (63 plants per treatment).  

2.2 Climate, soil and water balance  

Meteorological data were collected from a weather 
station (34° 40' S, 56° 20' W, 10 km from the exper-
imental site) managed according to WMO (World 
Meteorological Organisation) standards, belonging 
to INIA (National Agricultural Research Institute) 
"Las Brujas". Effective rainfall in the vineyard was 
recorded. The following meteorological variables 
were collected: accumulated rainfall during the crop 
cycle (September to March), reference evapotran-
spiration (Eto), maximum monthly air temperature 
(Tmax), minimum monthly air temperature (Tmin), 
and mean monthly air temperature (Tx). 

In winter 2015, 168 soil samples were taken within 
the vineyard at two sampling depths (0-20, 20-40) 

using a grid design (10.8 m × 12.5 m) following the 
methodology proposed by Alliaume and others(35). 
Organic matter (OM), % sand (Sa), % clay (Cl) and 
silt (Si) were determined in the samples taken at 0-
20 and 20-40 cm. In addition, six soil auger inspec-
tions were carried out in each vigor zone to deter-
mine soil depth. With the soil analysis calculations 
and soil surveys, Total Available Water (TAW)(36) 
was calculated using the formulas proposed by Fer-
nández(37), and Silva and others(38) for Uruguayan 
soils. The TAW estimated from soil texture and root 
depth was 180 mm with a predominance of mont-
morillonite (expansive clay) for the HV zone and 
less than 140 mm in the LV zone with higher illite 
content(39). 

In order to analyze how climatic variability affects 
soil water availability for the crops and to verify if ir-
rigation is necessary, a monthly water balance (WB) 
was calculated following the methodology proposed 
by Gaudin and Gary(40) for Mediterranean soils and 
without cover crop for the period 2000 to 2023. 
Model inputs were mean air temperature, effective 
precipitation, reference evapotranspiration, total 
available water, and Kc. The INIA climate database, 
vineyard rainfall, and TAW for each vigor zone (180 
mm and 140 mm) were used. Monthly WB values 
were classified into five categories(41). The criteria 
for each category were as follows: 

1- Very wet: Rainfall above demand and TAW re-
constituted. 
2- Wet: Rainfall higher than demand and TAW 
not reconstituted (TAW of 99 to 90%). 
3- Sub-dry: Rainfall less than demand and be-
tween 90 and 60% of TAW. 
4- Dry: Rainfall less than demand and between 
60 and 20% of TAW. 
5- Arid: Rainfall less than demand and with less 
than 20% of the TAW. 

 

Water supply during the trial years (2020 and 2021) 
is considered to be the sum of effective rainfall and 
irrigation. Rainfall, ETo and water balance are pre-
sented according to the following phenological peri-
ods: bud-break to flowering (BB: September and 
October), flowering to veraison (Bl: November to 
December), veraison (V: January) and harvest (H: 
November). 

2.3 Plant measurements 

Leaf water status: From bloom to harvest (19 to 38 
EyL), vine water status was determined before sun-
rise (𝜓𝑏) using a pressure chamber (SoilMoisture 
equipment, Santa Barbara, CA, USA). Ten evalua-
tions were carried out in each year. Nine healthy, 
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Figure 1. Inter- and intra-annual variability of the water balance from 2000 to 2023 

A- Soil corresponding to the high vigor zone, with a TAW of 180 mm. B- Soil corresponding to the low vigor zone, with a TAW of 140 
mm. R: rain; ETP: Evapotranspiration potential; TAW: Total Available Water 

 

3.2 Climate characterization of the study years 
(2020 and 2021) 

The crop cycles show differences in water supply 
and demand (Fig. 2). In 2020, the water supply was 
484 mm, while in 2021, it was 539 mm. The years 
also differed in the timing of rainfall. In 2020, 60% of 
the rainfall occurred between bud-break and flower-
ing (September, October and November), and 25% 
between flowering and veraison. The remaining 
15% occurred between veraison and harvest. On 
the other hand, in 2021, the highest water supply 
occurred between veraison and harvest with 48%, 

followed by the period between bud-break and 
bloom (31%), and the remaining 22% between flow-
ering and veraison. Atmospheric demand (ETo) was 
903 mm in 2020 and 853 mm in 2021. The water 
balance (accumulated rainfall - accumulated water) 
was negative in both seasons (-419 mm in 2020 and 
-300 mm in 2021). Air temperature was similar in 
both years, with 2020 being slightly warmer in terms 
of mean, maximum and minimum temperature 
(1 °C higher) compared to 2021. In 2020 the warm-
est month was February (29.5 °C); in 2021, it was 
January (29.6 °C). 
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the rooting depth of the vine, and therefore contrib-
ute to the determination of the plant's water balance 
and the expression of vigor(41)(67-68). These differ-
ences in soil water storage capacity mean that vigor 
zones have different sensitivities to water deficit. In 
the simulation of the vineyard water balance, the soil 
with the lowest water reserve (LV) was more sus-
ceptible to months of excess of water and water def-
icit than the soil with the highest water reserve (HV), 
as reported for Mediterranean vineyards(40). Plants 
in the LV zone presented 57% of the months of the 
growing cycle with an arid condition in WB, while in 
the HV zone, these months represented 38%. This 
shows that water needs were greater in the LV, but 
both soils needed supplementary water.  

Another aspect to consider is that the water balance 
was modeled based on methodologies proposed for 
a Mediterranean vineyard without cover crops in the 
soil(40). This situation does not reflect the reality of 
Uruguayan viticulture, where cover crops (planted 
or spontaneous) are present in the vineyards. The 
presence of vegetation in the inter-row can lead to 
competition for water and nitrogen(69-70), especially 
at times of low water availability. The management 
of vegetation cover is a factor to be considered in 
the water balance, especially under pedoclimatic 
conditions of high water availability, such as those 
in Uruguay. Tomaz and others(70) found a reduction 
in vine photosynthesis (during a dry spring) associ-
ated with increased competition for water from plant 
cover. Such a situation would be more plausible for 
vines in the low vigor zone of our study. In years or 
periods of higher water supply, the cover cropsplay 
a role in limiting the vegetative vigor of the vine due 
to this competition effect. Excess water stimulates 
vegetative growth, with less exposure of the clus-
ters, lower quality and phytosanitary problems. This 
situation would be more aggravated in a plot with a 
high water reserve capacity (HV zone in our trial). 

4.3 Opportunities and challenges  

Agriculture is one of the world's largest water-con-
suming sectors. It is estimated that 70% of freshwa-
ter irrigates 25% of cultivated land(71). Within the cli-
mate change outlook, the FAO (Food and Agricul-
ture Organisation of the United Nations) forecasts a 
50% increase in irrigated agriculture by 2050(71). 
Therefore, the pressure on water use will be greater 
and efforts should be focused on improving water 
use efficiency. 

Differences in vigor within a plot are associated with 
the heterogeneity of soil parameters and tend to be 
stable over time. If this variability can be understood 
and characterized, the vineyard can be divided into 

homogeneous management zones to allow differen-
tial management and thus optimize the use of re-
sources. In this approach, productivity is maximized 
through a reasoned use of resources according to 
their needs(72). Differential irrigation according to 
vigor zones has been reported to increase yield, wa-
ter use efficiency and grape composition (in low 
vigor zones), and reduce water input in the high 
vigor zone(72-73). 

The results of our trial indicate that controlled deficit 
irrigation is a suitable option for maintaining good 
yields with good quality in all vineyards, but espe-
cially in vineyards planted on soils with low water 
reserve capacity in critical periods for vegetative de-
velopment and ripening. This technique optimizes 
production and improves economic indicators by 
ensuring a product that can be marketed with a dif-
ferential value. Although our analysis does not in-
clude production costs (associated with the installa-
tion of an irrigation system, maintenance, energy, 
and access to water), the changes in production pa-
rameters seem to justify the use of the technique. 
Because small water supplements applied correctly 
improved yield and grape quality, these results were 
stable over time, as reported in other studies(74-75). 
Associated to this site-specific management strat-
egy, defining how much and when to irrigate is one 
of the key aspects for success. In traditional irriga-
tion systems, changes in meteorological variables 
or spatio-temporal variations in soil characteristics 
are not considered(76). The challenge is to optimize 
water use through smart irrigation systems that 
monitor weather, soil and plant conditions in real-
time (via sensors)(77). Smart irrigation is irrigation 
that delivers the required water at the right time and 
at the right place in the field(78). This strategy avoids 
the application of excessive water sheets, which 
can lead to fertilizer leaching, waterlogging or sur-
face run-off, saving time and money(79). In this 
sense, precision agriculture technologies can con-
tribute to an improvement in smart irrigation plan-
ning. 

In the context of climate change, the increase in the 
timing of periods with water deficits and heat wave 
phenomena can cause most damage to winegrow-
ers. The water status of the crop during a heat wave 
can cushion the damage caused by these phenom-
ena(80). In Australia, it is generally recommended to 
carry out supplementary irrigations before a heat 
wave warning. This favors canopy cooling due to in-
creased evapotranspiration(81). Moreover, as cli-
mate reports can predict these phenomena well in 
advance, the winegrower can prepare to mitigate 
damage before they occur(82). This study 
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demonstrated its productive and economic validity 
in years with low water supply. In years with excess 
water or soils with a high soil water reserve capacity, 
the water demands of the cover crop should be con-
sidered in the water balance to avoid an excessive 
limitation of vine vigor once the period of the excess 
water has passed.   

Access to water is another factor to consider when 
defining irrigation planning. There are limitations in 
the use of irrigation in Uruguayan viticulture. These 
limitations refer to logistical aspects and access to 
water(81). Generally, in Uruguayan vineyards with ir-
rigation the systematization and pumping capacity 
is not optimal to cover the plants' water needs in 
very dry seasons or in all vineyards. Access to water 
in certain regions is one of the most critical points 
limiting the expansion of the technique. The use of 
other water sources for irrigation, such as treated 
wastewater (TWW), has been tested in vineyards 
and other crops. In the case of vineyards, ad-
vantages in yield and grape quality have been re-
ported using TWW(83). The use of TWW should be 
done with caution because the content of nutrients 
and salts is highly dependent on the origin of the 
wastewater (field or city) and the treatment per-
formed(83). 

 

5. Conclusions and perspectives 

Given the climatic characteristics of the years stud-
ied, controlled deficit irrigation proved to be a valid 
technique for improving production and economic 
indicators. The supplementary water supply at spe-
cific times led the plants to show better water "com-
fort", resulting in a better leaf:fruit balance, allowing 
higher yields with a greater accumulation of sugars 
and anthocyanins. The simulation of the water bal-
ance (even with its limitations) made it possible to 
evaluate the water needs of the vineyard and to as-
sess the role of the soil in buffering the water deficit. 
This could be used to define the periods in which to 
irrigate.    

Characterizing the variability present in the vine-
yard, especially in relation to root depth and the 
soil's water reserve capacity, is one of the key fac-
tors in determining when to irrigate and what the 
crop's real water needs are. The new technologies, 
such as the use of smartphones and real-time sen-
sors, are tools that will help the vine grower to make 
decisions regarding irrigation. Deficit and controlled 
irrigation management seems to be validated in 
sub-humid areas, but it is necessary to continue 
generating knowledge about all of them in years of 
higher water supply. Also, the role of cover crops in 

the vineyard water balance should be considered in 
future analyses. 
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