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Assessing vine water status is crucial to optimising cultural practices, including irrigation 
strategies, to guarantee environmentally and economically sustainable viticulture in 
a context of increasing water shortages and global warming. Vine water status can 
be assessed indirectly, via soil-based or atmospheric-based methods, or directly via 
plant‑based methods. This brief review aims to provide an up-to-date perspective on 
findings in the literature comparing plant-based methods. Scientific advances regarding 
hydraulic regulation in vines are outlined and applied to discuss the strengths and 
limitations of direct methods for assessing vine water status, particularly in the context of 
drought and/or high vapour pressure deficit (VPD). Finally, the methods are compared 
according to operational criteria that should help in choosing a tool to assess the vine 
water status for day-to-day decision making, especially in irrigation. 

Review of plant-based methods for assessing 
vine water status

high at the leaf-air interface, air bubbles can form inside the xylem 
vessels. This phenomenon is called cavitation and results in leaves 
becoming gradually disconnected from the shoot and progressively 
dehydrating in relation to the atmospheric demand (VPD). In other 
words, leaves can act as hydraulic fuses, which causes SWP or LWP 
to become lower than the shoot water potential when the VPD is 
high. Therefore, picking one of the leaves during measurements with 
a pressure bomb may lead to an overestimation of the vine actual 
water stress.

Carbon isotope discrimination
Two different stable carbon isotopes of CO2  are present in the 
atmosphere, with 12C being highly predominant over 13C. Therefore 12C 
is preferentially picked up by the enzymes involved in photosynthesis, 
but the ratio 13C/12C tends to increase as the vine undergoes a water 
or nitrogen deficit. Hence, an index called δ13C that is based on 
the 13C/12C ratio is measured on sugars in the plant organs, berries, 
must or wines. It reflects the water and nitrogen uptake regimes before 
the measurement date. Thus, it is not well-adapted for day-to-day 
irrigation or agronomic management, but can typically be performed 
at the end of the growing season for a posteriori considerations 
about the effect of previous season management strategies on carbon 
assimilation in relation to nitrogen and water deficits. Commonly 
observed values of vine δ13C and the associated empirical water 
status estimation are summarised in Table 1.

Sap flow measurement
Sap flow corresponds to the movement of water mainly through the 
xylem vessels from the roots to the leaves, where it is transpired through 

Description of the methods
Visual observation
The loss of turgor, first noticeable in tendrils and followed by the 
slowing down of vegetative growth, is among the earliest visual 
symptoms of a plant sensing water stress. This slackening of shoot 
growth can be primarily noticed by simply observing the shoot apical 
meristem or apex of vines. However, this method cannot be applied 
for determining irrigation needs after shoot growth ends or once 
the meristem is cut. Observing visual symptoms after this date often 
leads to a misperception of the vine’s water status, particularly as 
the effects of nitrogen deficiency, drought or high vapour pressure 
deficit are not distinguished. In addition, visual observation is highly 
operator-dependent and therefore not very reproducible. However, 
methods (e.g., the apex method applied during vegetative growth) 
and associated tools such as smartphone applications to facilitate 
their use (e.g., Apex Vigne) have been developed to support the use 
of visual observations.

Water potential measurement
Vine water potential (Ѱ) is the tension (i.e., negative pressure) under 
which the water circulates, mainly through the xylem vessels, from the 
roots to the leaf air interface where it gets vaporised. Water potential 
can be measured at stem level (SWP) or petiole level to reflect leaf 
(LWP) using a pressure bomb. SWP is measured after enclosing a leaf 
in an aluminum foil bag for 45–120 min prior to the measurement, so 
that the leaf is assumed to reduce its transpiration rate and equilibrate 
its water potential with the stem water potential. 
LWP measurements can be performed at noon (midday leaf potential) 
or just before sunrise (predawn leaf potential). At solar noon on a 
well‑exposed adult, LWP measurements provide an indication of the 
‘worst case’ vine water status. The drawback of this measurement 
protocol is that the value reading can vary rapidly as a function of 
environmental conditions, such as passing clouds or high VPD. Before 
sunrise, it is generally assumed that LWP and soil water potential 
have reached an equilibrium overnight. However, this assumption has 
been recently challenged since LWP remains affected by nighttime 
transpiration and VPD1. Thus, predawn LWP reflects a soil water 
refilling effect on xylem potential, but does not necessarily reflect the 
amount of soil moisture available at the root level. 
Commonly observed values of vine LWP and the associated empirical 
water status estimation are summarised in Table 1. However, it should 
be kept in mind that SWP or LWP measurements may overestimate the 
water stress really experienced by the vine under drought or high VPD 
events. Indeed, the tension of the water column inside the vine usually 
increases from soil-root to leaf-air interfaces (i.e., the water potential 
value gradually decreases from root to leaf) to maintain a continuous 
water flow from the roots to the leaves. When xylem tension gets too 

ѰPD (MPa) ѰMD (MPa) Ѱstem (MPa) δ13C

No water deficit > -0.2 > -0.9 > -0.6 < -26

Mild water deficit -0.2 to -0.3 -0.9 to -1.1 > -0.6 to -0.9 -24.5 to -26

Moderate water 
deficit -0.3 to -0.5 -1.1 to -1.3 -0.9 to -1.1 -23 to -24.5

Moderate water 
deficit to light water 

stress
-0.5 to -0.8 -1.3 to -1.4 -1.1 to -1.4 -21.5 to -23

Severe water stress < -0.8 to -0.9 < -1.4 < -1.4 -21.5

TABLE 1. Commonly observed values of predawn and midday leaf water potentials (ѰPD and ѰMD 
respectively), stem water potential values (Ѱstem) and δ13C according to empirical levels of water 
status. A water deficit corresponds to a reduction in vine water consumption due to hydraulic regulation 
that is not detrimental to the harvest yield and quality. In contrast, water stress corresponds to a 
detrimental reduction in vine water consumption. Adapted from Carbonneau (1998), Lovisolo et al. 
(2010, 2016) and van Leeuwen et al. (2009)7,8,9,10.

1 The translation of this article into English was offered to you by Moët Hennessy.
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Selection criteria for plant-based methods 
based on their practicality to support 
irrigation decision-making in the field

the stomata. It provides an assessment of water use at the whole vine 
level. Two methods of measurement exist.

The thermal dissipation probe method 
This method uses probes inserted as needles into the vine. One needle 
is used as a reference and the other one provides continuous heating. 
The measure is based on the principle that the temperature difference 
between the heated and the reference needle declines when sap flow 
increases. A careful placement to avoid any contact of the needles 
with non-conductive tissues is required. Moreover, it has been shown 
that circumferential and radial variation of sap flow can lead to 
both under- and over-estimations of sap flow. Therefore, the thermal 
dissipation probe method is not used for commercial application.

The stem heat balance method
This method uses a non-intrusive sleeve equipped with a heating 
resistor flanked by two thermocouples. The sleeve is wrapped 
around the stem and maintains a snug fit between the stem and the 
thermocouples during stem diurnal contractions (Figure 1). Heat is 
provided uniformly and radially across the whole stem section to 
avoid disturbance due to the contact with non-conductive tissues and 
to integrate any circumferential and radial variation of the sap flow.
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FIGURE 1. A dismantled installation of sensors for sap measurement with the heat balance method. 

Method Real time Temporal 
support

Spatial 
support

Already 
used in 

commercial 
vineyards

Important factors to take 
into account for proper 

interpretation

Visual 
observation

After a 
latency 
period

Discrete Discrete Yes
Symptoms are visible 
after water stress has 

started

Stem or 
Leaf water 
potential

Yes Discrete Discrete Yes
May overestimate the 

plant water status due to 
cavitation

Carbon 
isotope 

discrimination

A 
posteriori

Represents 
the 

trajectory 
of the 
whole 
season

Discrete No or very 
few

Does not only represent 
the effect of water but 
also that of nitrogen 

deficit on vine 
photosynthetic activity

Sap flow Yes Continuous Discrete

No (thermal 
dissipation) 
/ yes (heat 
balance)

For thermal dissipation 
method only: 

circumferential and radial 
variation of sap flow can 
lead to both under- and 
over‑estimations of actual 

sap flow

TABLE 2. Selection of criteria to be taken into account in the choice of a plant-based method to 
measure the vine water status for day-to-day decision support in irrigation.

Irrigation scheduling must be responsive, precise and pre-emptive to 
optimise the rotation and duration of irrigation in all the blocks of 
a large vineyard. Measurements that support the irrigation decision-
making process should provide real-time, almost continuous (intervals 
of less than a day) and spatially representative information of vine 
water status. Table 2 positions the methods presented in this article 
according to these three criteria.
Discrete temporal support methods (Table 2) are laborious and typically 
infrequent. Continuous measurement avoids missing stress episodes 
and buffers biological and environmental variation but requires semi-
permanent or permanent installations.

All the methods presented in this article are performed on only a few 
plants which means that they are prone to spatial sampling issues (i.e., 
discrete spatial support). The challenge is to select measurement sites 
that are representative of the whole vineyard to be able to expand the 
chosen method to all the blocks.
Table 2 also outlines limitations in the interpretation and application 
of the different methods. Visual symptoms appear after the onset of 
water stress2 when it is too late to make informed irrigation decisions. 
Water potential measurements may be affected by cavitation and 
not be representative of the water stress the vine is experiencing3. 
Carbon isotope discrimination measurements integrate the effects of 
water and nitrogen deficits from the start of the season to the date of 
measurement4 and therefore do not inform of specific irrigation events. 
Finally, sap flow measurements greatly support irrigation scheduling. 
Thermal dissipation methods are, however, prone to circumferential 
and radial variation of sap flow, while non-intrusive heat balance 
methods are not5.
In general, plant-based methods do not provide a direct measurement 
of soil moisture or air water content (VPD), but rather show the 
response of the vine to these two factors at the time of measurement. 
Consequently, plant-based measurements allow us to determine 
the actual vine water status, but they should be interpreted jointly 
with either soil water content or VPD to adapt irrigation decisions.  
However, because it is not possible to determine whether vine water 
needs are being satisfied from soil moisture measurements6, weather 
data and particularly VPD should always be analysed in conjunction 
with plant-based measurements to keep irrigation to a minimum. 
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