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Abstract  
 
Of all the fruit crops of horticultural importance, the grapevine (Vitis vinifera L.) stands out as the most tolerant 
drought. However, there is relatively little information on grapevine responses to water stress tolerance. Climate 
change is probably the most discussed issue today. Climate change includes uneven distribution of regional water, 
extreme weather events (heat waves, heavy rains, hail, frost, and strong winds), and increasing droughts.  This analysis 
summarizes the latest results on grapevine drought responses, the impact of water scarcity on the physiology of the 
grapevine and its fruit, and highlight some potential solutions in brief and medium-term in grapevine plantations. 
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INTRODUCTION  
 
Climate change scenarios predict that Central  
Europe, including Romania, will be affected by 
water constraints, especially in southern 
Europe, changing rainfall patterns, and will 
suffer from summer drought (Serra et al., 
2014). Drought indicates the state of a 
biological system in which the water 
requirement is below the optimal values and 
works in terms of absorbing a considerable 
variable power depending on the growth phase 
and the stage of development. This 
phenomenon can be considered meteorological, 
hydrological, agricultural and economic. Many 
scientists report a rise in temperature in Europe, 
e.g. Guedon &Legave (2008) with about 1.1-
1.3°C in France, Blanke & Kunz (2017) with 
0.6°C and Waldau & Chmielewski (2018) with 
1.9°C in different regions of Germany. 
Adaptation of fruit crops grown in temperate 
areas in many places will be endangered in the 
future due to climate change, with warmer 
winters and earlier springs (Wenden et al., 
2017, Florea et al., 2020). Climate data for the 
investigated region were first reported in 
Romania about two decades ago (Păltineanu et 
al., 2000, Florea et al., 2020), and the warming 

trend was observed by Păltineanu et al. (2011, 
2012), later by Florea et al. (2020). Studies 
reported by Busuioc et al. (2015) highlight a 
trend of increasing air temperature in the period 
1962-2010 in Romania, while Chitu et al. 
(2015) and Florea et al. (2020) highlighted the 
increased variability of seasonal and annual 
extreme temperature trends over the last three 
decades in the study region. Chmielewski 
(2004) mentions that the phenological stages of 
German crops have shown an advanced trend 
due to heating 
In other parts of Europe, such as France, an 
advance in flowering tree species has been 
reported for some fruit tree species due to 
rising temperatures from January to April. Also 
in Germany, Chmielewski et al. (2011) showed 
an advance of the beginning of apple 
blossoming from 1989 to 2011, caused by 
climate change in the studied areas, and Rivero 
et al. (2017) in Scandinavia. Similar studies 
have been performed by Slavko Bernáth et al. 
(2021) which analyze the period 1985 to 2018 
for the vine and report an earlier budding by 
five to seven days, the earlier onset of 
flowering by 7 to 10 days, the earlier softening 
of the berries by 18 days and dates of advanced 
harvesting with 8 to 10 days on average.  
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In the many Mediterranean and south-eastern 
areas of Europe, with low rainfall, often below 
250 mm per year (Williams & Matthiews, 
1990), and the negative effects of climate 
change could be exacerbated, water scarcity has 
become a problem. Recent studies show that 
limiting water availability in vine cultivation 
can affect productivity (Chai et al., 2015; 
Pérez-Pastor et. al., 2014, 2016), moderate water 
scarcity can reduce yield, but with benefits 
some aspects of fruit quality; Severe water 
shortages lead to low yields and lower fruit 
quality, while the absence of water exacerbates 
these negative aspects, thus harming the proper 
production of crops. Consequently, water storage 
has become a major environmental challenge to 
limit the expansion of irrigated agriculture 
(Williams et al., 2003). Some drought tolerance 
studies of cultivated vine genotypes have 
focused on key agronomic indicators, such as 
grape yield and physico-chemical composition 
(fruit quality indicators), while others have 
focused on the physiology of grapes to the finer 
scale of plants, such as stomatal regulation, 
carbon assimilation, etc. However, it remains 
an open and critical question for water manage-
ment in vineyards and how different varieties 
respond to drought and water needs, fruit 
growth, yield, and quality. Although the yield 
is affected by drought, a recent meta-analysis 
reported by Dayer et al. (2020) suggests that 
this decrease may be specific to the variety. 
Recent work on plant physiological indicators 
suggests that all genotypes can regulate the use 
of vine water (ie stomatal conductance) to 
protect against more severe damage, through 
physiological indicators provided by the petiole 
cavity or leaf, even fall (Hochberg et al., 
2017b; Dayer et al., 2020). Despite studies to 
date, it is unclear to what extent differences in 
the regulation of vine water use between 
varieties result from innate genotypic differen-
ces, or environmental (Hochberg et al., 2018). 
In addition, although the exact mortality rates 
for grapes are not known, vines appear to 
almost always operate within a “safe” margin 
of water potential in which stem cavity is 
extremely rare (Charrier et al., 2018). Thus, 
many gaps remain in understanding what 
constitutes a drought-adapted vine variety, 
which makes it even more difficult to address 
future climate challenges. 

Therefore, in this review, we summarize the 
current state of research on techniques for the 
physiology of drought stress on the vines, the 
impact on the whole plant and leaves, and fruit 
composition to make the best decisions on vine 
irrigation, time, the timing of irrigation. 
 
Visual observation 
The first way to assess the condition of a vine's 
water is to look directly at the field of view. 
One of the earliest responses of a plant that has 
a water supply limit is the loss of turgidity first, 
followed by a slowdown in vegetative growth 
(Markus Rienth &Thibaut Scholasch (2019). 
Such an assessment can be made 
systematically, in which 30-50 peaks per plot 
are observed visually and then classified into 
three groups, as follows: a straight-growing 
apex, where the first expanded leave is small 
and well beneath the apex; then a slowing 
down of growth with the first expanded leave 
covering the apex; until where the apex has 
dropped and shoot growth has completely 
ceased (Rodriguez-Lovelle B. et al., 2018) 
However, this method cannot be applied for the 
necessary irrigation after the growth of the 
shoots ends once the meristem is cut or dried 
(Keller, 2010), moderate water deficit leads to 
wilting and even their subsequent abscission 
when the water deficit becomes severe. (Keller, 
2010; Rodriguez-Lovelle et al., 2018). 
 
Intelligent methods for monitoring, early 
diagnosis of water stress in viticulture based 
on multisensory soil-plant-air techniques 
Classical methods of monitoring crop water 
stress include "in situ" measurements of soil 
water content, taking into account plant 
properties and meteorological variables, to 
estimate the amount of water lost from the 
plant-soil system over some time.  These 
methods are time-consuming and produce 
timely information that provides inaccurate 
indications of the general state of the system in 
question (Jackson, 1982) unless a very large 
number of samples are processed.  
Precision agriculture is doing everything 
possible to increase efficiency, productivity, 
and profitability in many agricultural 
production systems while minimizing the 
unwanted impact on biocenosis and natural 
biotope. Real-time crop status information will 
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provide a solid basis for farmers to adapt to 
strategies at all times. Instead of making 
decisions based on a hypothetical state of the 
environment, an approach in precision agricul-
ture recognizes the differences and regulates 
management actions. Phyto-monitoring is an 
information management technology that 
provides fruit plants with real-time, invaluable 
information about both the dynamic physio-
logical state of the crop and continuous analysis 
of plant growth trends, real-time information on 
moisture dynamics, soil, and microclimate 
conditions. Precision agriculture is doing 
everything possible to increase efficiency, 
productivity, and profitability in many agricul-
tural production systems, while minimizing the 
unwanted impact on biocenosis and natural 
biotope. Real-time crop status information will 
provide a solid basis for farmers to adapt to 
strategies at all times. Instead of making 
decisions based on a hypothetical state of the 
environment, an approach in precision 
agriculture recognizes the differences and 
regulates management actions. Phyto-
monitoring is an information management 
technology that provides fruit plants with real-
time, invaluable information about both the 
dynamic physiological state of the crop and 
continuous analysis of plant growth trends, 
real-time information on moisture dynamics, 
soil, and microclimate conditions. 
Both gas exchange and fluorescence can be 
used to detect water stress in C4 photosynthetic 
plants. However, in C3 photosynthetic plants, 
the exchange of gas from the leaves will 
measure water stress in the very early stages, 
while standard methods based on chlorophyll 
fluorescence will only detect moderate or 
severe water stress. There is a fluorescence test 
for measuring water stress very early, but it 
involves the use of several leaves, and the 
combination of thermal and water stress 
(Burke, 2007).  
The Fs indicator of chlorophyll fluorescence, a 
component of "Fv / Fm" (also known as F / 
FM, or Fms - FS / SMF), has been reported as 
the most sensitive moderate water stress test 
(Flexas 1999). and (Flexas, 2000).  
PI, or "performance index", has been shown to 
detect water stress after about seven days 
(Zivcak et al., 2008), and Fv / Fm is insensitive 
to water stress. 

Another method of investigation to identify 
water stress in time is by measuring the turgor 
pressure in the leaves.  
This can be done using a newly developed 
magnetic clamp leaf pressure probe (LPCP), 
which provides information on the relative 
pressure changes (PC) due to turgidity in 
monitored plants at PC> 50 kPa. PCP probe 
Is an instrument that allows relative measure-
ments changes in leaf turgidity pressure or - 
after calibration against the cell turbidity 
pressure probe (Zimmermann et al. 2004, 
Rüger et al., 2010) - absolute changes in 
turbidity pressure. Records on tall vines in 
greenhouse conditions and the first 
measurements on vines showed that the 
changes in turgidity pressure in response to 
environmental changes and / or watering was 
reflected in the LPCP probe patch outlet 
pressure. 
The theory shows (Zimmermann et al., 2008) 
that the outlet pressure (Pp) sensed by the 
probe is inversely proportional to the PC. 
Under a turgid pressure of approx. 50 kPa, the 
Pp indicator collects valuable information 
about the interaction between air and water 
supply to the leaves. The probe is non-invasive 
and able to operate automatically and 
continuously in real field conditions (Fernandez 
et al., 2011).  
The probe signals are sent over the mobile 
network to an Internet server, in which case the 
data is stored and viewed graphically or as 
tables in real-time.  
Export functions allow data to be retrieved 
from personal assessment software 
(Zimmermann et al., 2008). The evaluation of 
the time constants in the turgescence pressure 
recovery phase can give some information 
about the dynamics of water supply to the trees, 
in extremely variable field conditions.  
SPAC (soil-plant-atmosphere continuum) is the 
system that allows water to move from the soil 
through plants to the atmosphere.  
This system characterizes the state of the water 
in its various components, as expressions of the 
energy level or water potential of each. 
Modeling water transport between SPAC 
components is similar to studies on water 
potential gradients between segments. The 
concept of the soil-plant-atmosphere continuum 
(SPAC) was first proposed by Phillip in 1966. 
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Since then, the fundamentals of soil physics 
have been enriched, for example, by Hillel 
(1980). Allen et al. (1998) presented and 
updated the methodology for calculating 
culture evapotranspiration (ETc). This plant 
parameter depends on both the reference 
evapotranspiration (ETo) and the stage of 
development of the plants for each species. 
Sweating is a process that unites the flow of 
water in the SPAC system (Allen et al., 1998). 
 
Grapevine drought responses 
Stomatal regulation of water use 
Stomata are those tiny pores on the surface of 
the leaves that control the exchange of gases 
between the plant and the atmosphere (Darwin, 
1898). Stomata are key players in a plant’s 
response to drought. The xylem makes it possi-
ble for water to flow from the ground into the 
atmosphere under tension (that negative tension 
(Tyree, 1997), pulled by the more negative 
water potentials (Ψ) in the leaf tissues where 
water is transpired into the atmosphere through 
stomata (Zimmermann, 2002), Figure 1.  

 

 
Figure 1. Cryo-scanning electron microscopy images of 

the underside of a grapevine (Vitis rupestris) leaf at 
various magnifications. Islands of stomata (A) are visible 

in between leaf vascular traces, and there is ample 
aperture diversity (B) of stomata in more closed (C) or 

open (D) states. Scale bars are shown in each panel 
 
Darwin (1898) suggests avoiding water 
potential (Ψ) critically and emphasizing water 
conservation, the stomata being the first to feel 
prolonged drought, the phenomenon of 
transpiration being intense during this period. 
Jordan et al., (1975), later Patakas et al. (1997) 
indicated that mature leaves close stomata 
below Ψ lower compared to younger leaves, as 

mature leaves have more lignified cell walls 
and a potential for more negatively dissolved, 
allowing them to maintain perspiration while 
sustaining the low strain (Hsiao et al., 1976; 
Patakas and Noitsakis, 2001). The response of 
the stomatal conductance (gs) to the water 
potential (Ψ) is considered a basic 
physiological characteristic of a species (Brown 
et al., 1976; O'Toole & Cruz, 1980), these (gs) 
being frequently reduced to the water potential. 
water, up to 50% or 75% stomatal closure 
(Ψgs50 or Ψgs25, respectively; Klein, 2014) 
Transpiration is controlled by the stomata, 
being abundant on the lower part of the leaves, 
the stomata open and close actively to allow or 
restrict the exchange of gases. The stomata are 
often closed at night, photosynthesis being 
slowed down because there is no sunlight. With 
humidity during the day, however, sunlight 
stimulates them to open up to allow the vine to 
take up carbon (CO2) for photosynthesis and 
release oxygen (a byproduct of photosynthesis) 
and water vapor (Tim Martinson & Alan 
Lakso, 2018). 
Without this reduction in transpiration, the 
rapid flow could lead to large disturbances of 
the plant, more precisely to large decreases in 
pressure between the soil and the leaves (ie, Ψ 
more and more negative). Irrigated vineyards 
typically operate in a safe range of water 
potential (Figure 2, Ψ stem> -1.5 MPa, adapted 
from Charrier et al., 2016) that do not lead to 
cavitation or turgor loss in vineyards non-
irrigated rarely exceed these values (Charrier et 
al., 2018). When poor irrigation strategies are 
used, especially in vineyards grown for the 
production of red wine grapes, they normally 
target water deficit levels (Ψ stem -1.2 to -1.4 
MPa) which are sufficient. large to decrease 
stomatal conductance (gs), that are certainly 
great enough to decrease stomatal conductance 
(gs), transpiration, photosynthesis, and 
ultimately fruit yield (Figure 2).  
More severe water deficiency (Ψ stem <−1.6 
MPa) can lead to loss of turgidity and xylem 
cavity, which could lead to leaf loss and 
eventually vine decline. 
Relatively recent studies report that vine 
genotypes are different, their stomata reacting 
differently to water deficiency (Lavoie-
Lamoureux et al., 2017; Charrier et al., 2018; 
Levin et al., 2019; Dayer et al., 2020). Thus, 
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some varieties tend to close their stomata 
earlier than others. Regardless of these 
differences in vine varieties, all close their 
stomata in response to water deficit in a 
relatively narrow range of water potential 
compared to the width of plant taxa in general 
(Lavoie-Lamoureux et al., 2017; Martin-StPaul 
et al., 2017). Understanding the basic 
mechanisms that determine the regulation of 
stomata in drought conditions allows the 
identification of targets that could be used to 
grow more drought-tolerant varieties and / or 
rootstocks. 
 
Extreme drought 
McDowell et al., (2008) state that high levels of 
embolism in perennial organs, also known as 
"hydraulic failures", lead to plant decline, as 
vines can die from prolonged drought and 
extreme water deficits 2, stem Ψ <−2 MPa) 
leading to the loss of a large or the entire roof 
and the crop in the current season. 
In potted-plant experiments even when vines 
are stressed to levels that result in nearly 
complete defoliation and 100% loss of 
conductivity due to embolism in stems, a large 
percentage of vines still regrow the following 
season (Tombesi et al., 2018; Charrier et al., 
2018).  
Knipfer et al., (2015), later Nardini et al., 
(2017) highlight in their studies the ability of 
vines to recover from and/or repair extensive 
embolism over winter may involve their ability 
to refill embolized xylem vessels in the stem 
except for leaves and petioles that do not 
appear to be recovering from embolism 
(Hochberg et al., 2016; Hochberg et al., 2017a). 
One concern is cavitation fatigue, in which 
previous cavitation events lead to an increase in 
cavitation vulnerability (Hochberg et al., 
2017b). In terms of season-to-season transfer 
effects on fruit production, water deficits can 
sometimes lead to a decrease in production in 
the following season (Williams & Matthews, 
1990; Dayer et al., 2013), but so far, few 
studies have investigated the deferral effects of 
more severe drought events (Tombesi et al., 
2018). 
 
Pressure chamber 
The xylem potential of the vine (Ψ) is the 
negative pressure or pressure under which 

water flows from the roots to the interface with 
the leaf air through the xylem and is then 
vaporized. Thus, the xylem potential can be 
measured at the petiole to reflect the potential 
of water from leaves or stems. 
To maintain a continuous flow of water from 
the roots to the leaves, where it is transpired 
through the stomata, the tension of the water 
column inside the vine gradually increases 
from the soil-root interface to the leaf-air 
interface. When the tension of the xylem 
becomes too high, air bubbles form inside the 
xylem vessels, thus leading to the gradual 
disconnection of the petioles of shoot leaves. 
This phenomenon is called cavitation and is 
measured as a loss of hydraulic conductivity 
(Hochberg et al., 2017b; Charrier et al., 2016).  
Figure 2 shows the ximel's vulnerability curves, 
which show that as the xylem potential 
decreases, the hydraulic disconnect between the 
petiole and the shoots increases. 
 

 
Figure 2. Petiole and shoot xylem vulnerability curve 

(adapted from Charrier et al., 2016) 
 
When the xylem potential is close to -12 bar at 
the petiole, only 50% of the xylem vessels 
remain filled with water, and the remaining 
50% no longer contribute to the conductivity of 
the water between the leaf and the shoot 
(Figure 2).  
Based on measurements using a hydraulic 
apparatus, the water potential leading to 50% 
loss of conductance (Ψ50) of petioles was −1.56 
MPa for grapevine and −2.77 MPa for red oak 
(Holbrook, 2017). Sperry (1998) evaluates the 
potential of water leading to a 50% loss of 
conductivity (Ψ50; MPa) using three different 
methods: bench dehydration in combination 
with hydraulic measurements (Sperry et al., 
1988) of petioles, optical measurement of 
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dehydrating leaves, or gas injection in 
combination with optical measurement.  
 
Leaf water potential (Ψleaf) 
This assessment is usually done at noon, on the 
forehead of an adult well exposed to the sun, 
being a fairly quick measurement. The 
disadvantage of this assessment is that 
homeostasis between the water potential of the 
leaves and the water potential of the soil is the 
basis of rapid temporal fluctuations depending 
on environmental conditions (such as passing 
clouds). 
Leaf Ψ is a convenient measurement with the 
use of a leaf pressure chamber. Jones (1990) a 
suggested that the leaf may be an erroneous 
indicator of the state of the plant's water, 
because the homeostasis of the leaf can occur 
under different soil and environmental 
conditions. 
Vine varieties have been shown to vary in their 
homeostasis in declining leaves. The 
differential response between varieties is 
considered to be related to the abscisic acid of 
the leaves and xylem and the hydraulic 
regulation (Dayer et al., 2020). Schutz (2003) 
found in a study of vine varieties for wines that 
the Syrah variety (syn. Shiraz) proved to be 
relatively anizohydric compared to Grenache, 
which was almost isohydric.  Based on these 
physiological responses, the use of Ψleaf for 
irrigation scheduling of relatively isohydric 
plants may underestimate their true water stress 
and therefore irrigation requirements 
potentially leading to a vicious cycle. (Dayer, et 
al., 2020); 
 
Stem water potential (Ψstem) 
It is determined by enclosing a leaf in an 
aluminum foil bag for 30- 120 min before the 
measurement (Delloire et al., 2020). This way, 
the leaf reduces its transpiration and 
equilibrates its water potential to the stem water 
potential (but not necessarily to the shoot water 
potential as this varies with petiole loss of 
hydraulic conductivity). Stem water potential is 
sensitive to vapor pressure deficit and 
integrates the combined effect of soil and tissue 
water availability on the one hand and climatic 
demand on the other hand. The water potential 
of the strain is sensitive to the vapor pressure 
deficit and integrates the combined effect of 

soil and tissue water availability, on the one 
hand, and climate demand, on the other 
(Delloire et al., 2020). Chone (2001) states that 
there is a correlation between the water 
potential of the stem and the climatic 
conditions and the transpiration of the plant. 
 
Pre-dawn leaf water potential (ΨPD) 
The measurement is made just before sunrise 
on the adult leaves, when the state of the living 
water is at its maximum (Deloire, 2020). The 
advantage of pre-dawn water potential 
measurements is that they are stable, regardless 
of climatic conditions, and are closely related 
to the condition of the groundwater in the 
vicinity of the roots (Deloire, 2020). 
 

Table 1. Pre-dawn leaf water potential and grapevine 
water status (Carbonneau, 1998; Lovisolo et al., 2010, 

2016 adapted after Deloire et al., 2020) 
Classes Predawn leaf water 

potential (Ψplwp, MPa) 
Level of water constraint or 
stress 

1 0 MPa ≥ ψplwp ≥ -0.3 MPa No water deficit 
2 -0.3 MPa > ψplwp ≥ -0.5 MPa Mild to moderate water deficit 
3 -0.5MPa > ψplwp ≥ -0.8 MPa Moderate to severe water deficit 
4 < -0.8 MPa Severe to high water deficit  

(= stress) 

 
However, ΨPD remains affected by night 
transpiration, water transfers between organs, 
and vapor pressure deficit (VPD), (Coupel-
Ledru et al., 2014; Rogiers et al., 2012).  
Carbonneau (1998), quoted by Deloire et al. 
(2020) assesses the PLWP threshold for the 
degree of water deficit following a study of 
over 20 years, conducted in several vineyards. 
Table 1 provides answers on vine physiology 
and grain maturation as PLWP decreases 
(Carbonneau, 1998). 
 
Sap flow-based measurement 
One way to measure crop water status, which is 
essential for optimized irrigation scheduling, is 
to manually measure water from leaves or 
stems (Shackel, 2011; Williams & Baeza, 
2007), using a Scholander pressure chamber 
invented in the 1960s. (Scholander et al., 1965).  
In precision agriculture these limitations given 
by manual technique are used precision 
electronic sensors inserted on plants to 
continuously measure the state of the culture 
water developed on the basis of various 
detection methods. These sensors applied to 
fruit crops include either sap flow sensors 
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(Ginestar et al., 1998), thermal diffusivity 
sensors (Pagay & Skinner, 2018), dendrometers 
(Corell et al., 2014), or thermal or infrared 
sensors. (Jones, 1999;  Pagay, 2021). 
Sap flow is the movement of water inside the 
xylem from the roots to the leaves, where it 
transpired especially through the stomata. Sap 
flow directly measures the amount of water 
used at the whole vine level. Two methods of 
measurement exist. 
 
1. The thermal dissipation probe method 
The sap flow is the movement of water inside 
the xylem from the roots to the leaves, where it 
has transpired especially through the stomata. 
The sap flow measures the amount of water 
used in the whole vine. Vergeynst et al. (2014) 
showed that the circumferential and radial 
variation of the sap flow density may be due to 
the overestimation of the sap flow. In addition, 
the sap flow density may be underestimated 
when the heated needle is in contact with non-
conductive tissues. Therefore, this method is 
little used, not being able to be used in 
commercial use. 
 
2. The stem heat balance method 
In this process, the sap flow sensor design 
consists of a heated sleeve wrapped around the 
stem (Lascano et al., 2016). By this method the 
heat is supplied uniformly and radially on the 
section of the rod; the sleeve is flexible and 
maintains a perfect fit between the stem and the 
thermocouple during the diurnal contractions of 
the stem (Figure 3, after Ginestar et al., 1998; 
Scholasch, 2018).  
 

 
Figure 3. Close-up on a sap flow sensor placed on a 

lateral vine branch The heating tab surrounds the entire 
section of the branch. Temperature sensors measure the 
amount of heat displaced by the sap ( after Ginestar et 

al., 1998; Scholasch, 2018) 

The sensors are easy to apply, either over 
slightly bent stems or even when they are 
partially necrotic, as is sometimes seen in 
response to cutting lesions. Because the entire 
section of the stem is heated, the method of 
heat balancing can be applied even if the 
trajectory of the sap flow through the stem is 
sinuous. Zhang et al. (2011) show that the 
thermal balance of the stem can be a reliable 
method for using vine water.  
 

 
Figure 4. Close up view of an individual 

microtensiomete. MT data of trunk water potential 
(Ψtrunk) (Vinay Pagay, 2021) 

 
The potential consequences of drought on 
vegetative growth and yield 
Many studies have shown that stress caused by 
prolonged drought can lead to decreased vigor, 
yield, poor fruit quality (Romero et al., 2004; 
Alves et al., 2013; Gerós et al., 2015), and may 
even induce changes in key metabolic 
pathways (Roby et al., 2004;  Romero et al, 
2010), changes in the abundance of transcripts 
and metabolites involved. in the metabolism of 
phenylpropanoid, isoprenoid, carotenoid, 
amino acids and fatty acids (Oliveira et al., 
2003; Deluc et al., 2009; Savoi et al., 2016)  . 
All these responses of the vine plant depend on 
several factors such as varieties, crop load, 
vineyard age, soil type, phenological stage or 
canopy development (Cook et al., 2015, Ojeda 
et al., 2002). Other researchers Keller et al., 
2008; Castellarin et al., 2007)  mention that 
water stress can have a positive impact on the 
composition of berries by improving sugars, 
flavors and color. Under these conditions, 
irrigation can have a great influence on the 
yield of the vine, the quality of the grains and 
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the sensory characteristics of the wine 
(Matthews , et al., 1990; Keller et al, 2006; 
Keller et al., 2008). 
- Reduction in vegetative growth and hence in 
the exposed leaf area. 
- Reduction in the growth of lateral shoots, with 
positive or negative consequences depending 
on the climatic conditions (increased exposure 
of the bunches to sunshine, reduced activity of 
carbon sinks or sources depending on the 
stage). 
- In the case of severe and early water deficit, 
uneven budburst and a reduction in the fertility 
of latent buds on the growing primary shoots 
(Guilpart, 2014);  
- Deterioration in the growth of inflorescences 
and flowers in year N + 1 (for which the 
primordia were formed in the latent buds in 
year N), which may lead to fertilization defects 
including coulure (poor fruit set) and 
millerandage (uneven berry development and 
ripening), (Deloire &Pellegrino, 2021). 
-  Severe water deficiencies during a growing 
season can lead to both inhibition of the 
biosynthesis of primary metabolites (organic 
acids, sugars) (Wang et. al., 2003), and 
disruption of berry ripening dynamics (Antalick 
et al., 2021) 
- Severe water deficiencies can lead to 
inhibition of the biosynthesis of secondary 
metabolites (phenols, flavor precursors) before 
and after the test, although it is known that the 
content of anthocyanins in berries is favored at 
moderate levels of water deficiency. 
- Change in the aromatic profile of the wine 
when more than 20% of the berries are 
wrinkled (Šuklje et al., 2016). 
- Water deficiencies during fruit formation can 
lead to uneven growth of berries which can 
affect wine style (Antalick et al., 2021). 
- An earlier harvest, which is mainly due to the 
overall concentration of sugar in berries (ie 
Brix or potential alcohol) which is used to 
determine the date of harvest, rather than the 
daily accumulation of sugar per grain, resulting 
in more sugar per grain (mg/berry). 
 
CONCLUSIONS  
 
This analysis summarizes the latest results on 
the responses to drought on vines, the impact of 
water shortages on the plant, and fruit 

production and composition. Based on the 
results provided by us in this review, the 
following conclusions can be drawn: Water 
potential measurements as an index for 
irrigation control are challenging due to the 
effect of environmental fluctuations on 
hydraulic conductivity between the leaf and the 
shoot. This methodological drawback is 
particularly acute in a context of temperature 
warming and increased aridity where irrigation 
must be managed with greater precision. 
As heatwaves become more frequent, the 
irrigation strategy must take into account the 
effect of variations in the vapor pressure deficit 
for optimal use of vine water and, ideally, 
should be taken into account depending on the 
variety and rootstock (Scholasch, 2019). 
Therefore severe water deficiencies should be 
avoided (water stress from the beginning of the 
bud until after harvest.Water potential is 
considered the best indicator of plant water 
status, being the integrated result of above-
ground and subterranean environmental 
conditions, promising as an essential variable 
of the model to which other plant processes 
respond. In this review we wanted to highlight 
some of the physiological processes that are 
mechanically related to the potential of water. 
The following aspects should be considered 
when analyzing the impact of water status on 
the functioning of the vine (vegetative growth; 
fertility/yield of the vine; fruit growth and 
composition; categories and aromatic profiles 
of wines (Deloire &Pellegrino, 2021): 
- The period of onset of water deficit during the 
phenological stages (van Leeuwen et al., 2009). 
- The intensity of water deficit (deficit versus 
stress). 
Irrigation management is crucial for grape 
quality. Therefore, excessive irrigation can 
cause loss of quality due to high yields, 
vigorous tree growth and sparse grains (van 
Leeuwen et al., 2009) 
Quality production on irrigated vines can only 
be achieved when a moderate water deficit is 
mentioned (van Leeuwen et al., 2009). 
The condition of the vine water is most 
accurately assessed by the use of physiological 
indicators. This analysis highlighted research 
showing that the water potential of the phloem , 
stomatal conductance, leaf  are ways to assess 
the state of water in plants and can be precise 
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tools for irrigation management. van Leeuwen 
et. al, 2009) 
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