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ARTICLE INFO ABSTRACT

Handling Editor: Dr R Thompson Sweet cherry is mainly cultivated in arid and semi-arid areas. In the last decade, these areas have experienced a

dramatic reduction in rainfall, which has resulted in water shortage for sweet cherry. The use of specific root-

Keywords: stock and scion combinations could help improve the tolerance of plants to water shortage events. This study
Cherry reports on the influence of rootstocks on whole-plant performance under water deficit as detected by hydraulic
?rr;:iﬁaﬁon efficiency sensitivity, root hydraulic conductivity (L,), water use efficiency and sugar content. Four Prunus rootstocks/scion
Hydroscape combinations - ’Bing/Colt’, 'Lapins/Colt’, "Bing/Mx60’, "Lapins/Mx60’, and two self-rooted rootstocks Colt and

Plant hydraulic Maxma 60 - were acclimated for 30 days and then exposed to well-watered (WW) and water deficit (WD)

Sugar conditions for 36 days. Whole-plant transpiration and growth were both influenced by WD, and two groups were
identified based on responses: ’Bing/Colt’, 'Bing/Mx60’ and 'Mx60’ had an early reduction (conservative
strategy), whereas "Lapins/Mx60’, ’Lapins/Colt” and ’Colt’ had late reduction (productive strategy) in transpi-
ration as WD increased. Among the combinations, *Lapins/Colt’ and *Colt” showed a remarkable growth response
to the WD being less affected in shoot and root biomass. The Colt’ rootstock maintained a higher Wg50 (near-
isohydric behavior) than combinations using the "Mx60’ rootstock (near anisohydric behavior). The relationship
between L, and the variation of Wpre.dawn-¥midday Showed differences among rootstock/scion combinations, and
under WD condition the reduction in L, induced by WD affected the whole-plant WUE of combinations differ-
ently. Sucrose and sorbitol content in leaves and roots of WD-tolerant combinations such as ’Colt’ and ’Lapins/
Colt’, showed a remarkable increase under WD condition. Our finding highlights the importance of the specific
interaction between rootstock and scion, suggesting that combinations characterized by a higher water uptake
capacity under conditions of lower water availability would be sustainable under minimal to moderate water
deficit.

1. Introduction

Water deficit is an adverse component of climate change that
threatens the productivity of different ecosystems (Pareek et al., 2020).
With the reduction of rainfall and the increase in temperature over the
past few decades, the magnitude and severity of the drought events have
increasingly affected irrigated crops (Hussain et al., 2019), representing
one of the major causes of agricultural production loss worldwide
(Campbell et al., 2016; Lesk et al., 2016). In the last 10 years, the annual
precipitation in central Chile has decreased by 55-75% resulting in a
period of megadrought (Garreaud et al., 2017), while in arid and
semi-arid regions an increased water shortage is expected as intensity
and frequency of rainfall decrease (Edenhofer, 2015; Ntunez et al.,
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2011).

Sweet cherry (Prunus avium L.) has become one of the most appealing
and economically prolific fruit crops around the world (Goncalves et al.,
2021). In general, sweet cherry is grown under controlled and scheduled
irrigation systems (Blanco et al., 2018), and water limitation is therefore
expected to negatively affect the productivity and yield (Blanco et al.,
2020). The use of rootstocks has been widely adopted around the world
due to benefits related to resistance to soil diseases and abiotic stresses
such as water limitations (Pedroso et al., 2014). The ability to cope with
water stress in grafted sweet cherry plants depends on the integration of
the communication mechanisms between the scion and the rootstock
(Serra et al., 2014). Species within the Prunus genus have been widely
distributed throughout the world (Goncalves et al., 2021) and exhibit a
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variety of physiological strategies when confronting water deficit,
making it possible to identify and select genotypes with high tolerance
to water limitation (Jiménez et al., 2013; Opazo et al., 2020).

Water deficit leads to a decrease in plant water content and turgor,
and consequently causes a decrease in cellular expansion and alters
various vital physiological, biochemical and molecular processes
(Shakeel et al., 2011). Under water deficit, the most critical response is
the decline in stomata conductance because of its negative effect on
photosynthesis; stomatal closure decrease the availability of CO; at the
carboxylation sites, reducing both shoot and root growth and ultimately
affecting productivity (Lovisolo et al., 2010; Mashilo et al., 2017). A
study previously reported a strong reduction in gas exchange in grafted
Prunus induced by water shortage, but also found a high water-use ef-
ficiency (WUE) associated with the most vigorous rootstocks (Jiménez
et al., 2013). The importance of the rootstock how grafted plants tolerate
a water deficit has been reported for several species (Opazo et al., 2020;
Silva et al., 2021; Wright et al., 2019), and the influence of rootstocks on
the hydraulic strategies are key focal points in the response to water
limitations.

Contrasting information has been reported on hydraulic strategies
that would define water deficit tolerance among species (Gambetta
et al., 2020). Classically, plants have been classified on the iso- to ani-
sohydric trait continuum according to their stomatal behavior as the
water deficit increases (Martinez-Vilalta et al., 2014), There are at least
three metrics to evaluate hydraulic strategies according the stomatal
control of water loss based on the plant water potential during water
deficit: i) the slope (o) of the relationship between pre-dawn
(Ypre-dawn) and ¥midday (Martinez-Vilalta et al., 2014), ii) the re-
gion bounded by Ypre-dawn-Pmidday regression and 1:1 line, namely
the hydroscape area (Li et al., 2019), and iii) the relationship between
stomatal conductance (gs) and Ymidday (Carminati and Javaux, 2020).
The use of different metrics could provide a wide perspective of the
response of different species, cultivars, and even between rootstock and
scion to water deficit conditions. For instance, species with stringent
stomatal control and a small hydroscape area tend to be more vulnerable
to embolism, and less likely to protect stem hydraulic integrity (Li et al.,
2019). Recently, this metric has been used to distinguish stomatal
behavior among almond cultivars (Alvarez-Maldini et al., 2021).

From the agronomic point of view (Sade et al., 2012), under minimal
or moderate water deficit, a near anisohydric behavior may have a
productive advantage over the more isohydric behavior by keeping the
stomata open at lower water potentials (Pou et al., 2012). In trees, it is
often observed that isohydric species are not necessarily limited by
carbon starvation compared to anisohydric species during extreme
water deficit because of higher carbon reserves (Garcia-Forner et al.,
2017). Plant productivity under water limitations depends on the
sensitivity of the plant and its stomatal responsiveness to water deficit.
Early stomatal closure caused by water depletion is useful in conserving
water (conservative strategy), but inconvenient for CO, assimilation,
forcing the plant to rely on stored carbohydrates (mainly in woody
species) (Hartmann et al., 2021; Moshelion, 2020). On the other hand, in
late stomatal closure plants, the sugar production is maintained by
keeping stomata open longer during water deficit (productive strategy)
with the risk of hydraulic failure (Hartmann et al., 2021; Moshelion,
2020; Sade et al., 2012; Zacarias Rafael et al., 2020). Delayed or early
stomatal closure (productive or conservative strategies, respectively)
can be considered one of the most important traits in maintaining the
productivity of plants under water limitation. There is evidence that
under water deficit, the tolerant Prunus rootstock induces a late decline
in transpiration and an increased WUE, affecting the biomass accumu-
lation less than in water deficit-sensitive rootstocks (Opazo et al., 2020).
Recently, it has been reported that the first cause of stomatal closure is
associated with hydraulic restrictions in roots rather than other factors
related to cavitation (Carminati and Javaux, 2020;
Rodriguez-Dominguez and Brodribb, 2020).

Root hydraulic conductance is sensitive to water limitations, likely
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controlling the whole-plant hydraulic conductance (Rodriguez-Do-
minguez and Brodribb, 2020) as well as the plant vigor (Goncalves et al.,
2007; Jiménez et al., 2013). Evidence suggests that the differences in
number, size or frequency of the xylem vessels between Prunus root-
stocks and scion could strongly impact on the root hydraulic conduc-
tance (Olmstead et al., 2006b; Peschiutta et al., 2013). Furthermore,
root hydraulic conductance can substantially affect the gas exchange
(Rodriguez-Gamir et al., 2016), although root hydraulic conductance is
poorly correlated with a direct effect on the WUE under water deficit.

WUE refers to the relationship between carbon gain and its associ-
ated cost in water (Medrano et al., 2018). In Prunus, the carbon gain is
mainly related to the formation of two types of sugars, sorbitol and su-
crose (Lo Bianco et al., 2000) The dynamic accumulation and role of
sorbitol and sucrose in leaves and roots is considerably affected by water
deficit (Noiraud et al., 2001). Sorbitol is one of the main sugar alcohols
that has a key role in osmotic adjustment (Jiménez et al., 2013; Lo
Bianco et al., 2000; Ranney et al., 1991). In fact, most vigorous Prunus
rootstock under water deficit had a high WUE, which was explained by
the osmotic adjustment due to high accumulation of sorbitol in the
leaves (Jiménez et al., 2013). A similar result was reported for grape-
vine, where osmotic adjustment promoted the maintenance of open
stomata at lower water potential (Pou et al., 2012). On the other hand,
the role of sucrose in plant responses to water deficit is related to
maintaining the energy level in growing tissues, for instance, preserving
root respiration to sustain root growth, and then water uptake capacity
(Silva et al., 2021).

Chile ranks fourth among the countries with the largest production
and second with highest exportation of sweet cherries around the world
(Gongalves et al., 2021). The main sweet cherry producing regions are
located in central Chile areas, which is currently suffering severe water
scarcity, which is predicted to worsen in the near future (Garreaud et al.,
2020). Therefore, the development and assessment of new sweet cherry
rootstocks adapted to local climate conditions is urgent, as is the phys-
iological characterization of different rootstock/scion combinations to
better understand the effects of water stress in grafted plants. Here, we
hypothesized that in grafted sweet cherry plants, the stomatal regulation
is controlled by the rootstock through root hydraulic conductivity, in
turn affecting water uptake capacity and WUE. We aimed to determine
the influence of rootstocks on whole plant performance under water
deficit through hydraulic sensitivity, root hydraulic conductivity and
water use efficiency.

2. Materials and methods
2.1. Plant material and growth conditions

The experiment was conducted in the summer season using 2-years-
old rootstocks/scion combinations of sweet cherry in vegetative stage.
Two genotypes of Prunus avium L. were used as scion: 'Bing’ (Black
Republican x OP) and ’"Lapins’ (Van x Stella) (Fernandez i Marti et al.,
2012), selected on the based on the commercial relevance in Chile. The
scions were grafted onto two vigorous commercial genotypes of Prunus
rootstocks: Colt (Prunus avium (L.) L. x P. pseudocerasus Lindl.) and
Maxma 60 ('Mx60’) (Prunus mahaleb x P. avium), generating the
following combinations: *Bing/Colt’, 'Lapins/Colt’, *Bing/Mx60’, "Lap-
ins/Mx60’, and self-rooted ’Colt’ and 'Mx60’ (for descriptive conve-
nience, we will refer also self-rooted as "plants or rootstock/scion
combination"). The rootstock/scion combinations generated in this
study correspond to those most used in sweet cherry fields in central
zone of Chile (AGV, 2022). Plants were potted in 20-L container filled
with a substrate mixture of 1:1 perlite:peat supplemented with Basa-
cote® Plus 9 M 16-8-12 (BASF, Limburgerhof, Germany) at 6 g L™}
(slow release fertilizer). Before the experiment began, all plants were
maintained during 30 days for acclimation under greenhouse conditions
(with polycarbonate panels) and watered daily. During the experiment,
the night/day temperature was 17/30 °C, and the relative humidity
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fluctuated between 40% and 50% and with a photoperiod of 16/8
day/night and a maximum light intensity of 1000 + 55 pmol PAR m~2
s~! on the top of the plants at midday.

2.2. Treatments of water availability

After acclimation, the rootstock/scion combinations were grown
under two water availability conditions: well-watered (WW) and water
deficit (WD). One day before starting the substrate dry-down, all pots
(both WW and WD conditions) were saturated with water and left to
drain overnight to constant weight., In the next morning, the pots were
covered with a black plastic film to avoid the water evaporation from the
substrate. After the weight of each pot at maximum substrate water
holding capacity, the field capacity (FC) was determined. Each pot was
weighted daily (PWD) at the same time each morning to calculate the
water to be added.

To setting WW condition, five plants of each rootstock/scion com-
bination were daily weighted and manually irrigated when the water
content of the substrate is less than 80% of the FC, keeping the water
content in each pot as constant as possible close to 75-85% of the FC.
The amount of water to add under WW condition was calculated as
follows: FC—PWD— (FC—[0.8 xFC]). To setting the WD condition, to
five plants of each combination, the substrate was allowed to gradually
dry-down hand watering an 80% of the water transpired on the previous
day, this allows to avoid a drastic physiological impact due to water
deficit. The progressive water deficit was maintained for 36 days until
the plants reached the permanent wilting point.

2.3. Normalized transpiration rate and fraction of transpirable soil water
threshold

All pots were weighed daily in the evening and the daily transpira-
tion rate (DTR) was calculated as the difference in weight of each pot on
successive days. At the end of the experiment, the total transpirable
substrate water (TTSW) to each pot was calculated as the difference
between the initial weight (IW) and final weight (FW). The FW of pots
was established near to permanent wilting point of each plant.

The fraction of transpirable soil water (FTSW) was calculated by
equation proposed by Sinclair and Ludlow (1986) as follows:

DW — FW

FTSW =
S TTSW

where, DW correspond to daily weight of each pot.
The plant transpiration under WD and WW conditions were used to
calculate the transpiration rate (TR) by the equation as follows:

R — DTR
DTR,

where, DTR, is the mean of DTR of the five pots under WW conditions to
each plant combination. To normalize the TR (NTR) and centred around
1.0, since plants under water deficit may vary the size, the DTR of each
plant was divided by the mean DTR of four days while the plants were
under WW condition (Sinclair and Ludlow, 1986). The fraction of
transpirable soil water threshold (FTSWinreshold) Was calculated at the
point when the NTR began to decline in an 80%.

2.4. Plant growth

At the beginning of the experiment, one plant per each rootstock/
scion combination under each water availability condition were taken
from an extra batch of plants. At the end of the experiment, one plant per
each rootstock/scion combination under each water availability condi-
tion from the same batch of plants of the experiment were carefully
extracted from substrate mixture, and roots were gently cleaned and
separated from shoot. Plant, root and shoot dry biomass was determined
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after drying in an oven at 70 °C for 72 h.

2.5. Stomatal conductance and leaf water potential

Stomatal conductance (gs) was measured in one fully expanded and
photosynthetically active leaf per each rootstock/scion combination
under each water availability condition by using a CIRAS-2 portable
IRGA photosynthesis system (PPSystem, Hitchin, UK) with a controlled
environment CIRAS PLC cuvette (broad windows 2.5 cmz). The CO,
concentration inside the cuvette was adjusted to 400 pmol mol L. Air
temperature and relative humidity inside the chamber were recorder,
ranging 30-35 °C and 35-45%, respectively. g; was measured from
10:00-13:30 h on clear days.

Leaf water potential was measured in pre-dawn (¥pre.dawn) before
sunrise (4:30-6:30 h) and midday (Wmidday) nearby to solar noon
(12:30-14:30 h) on fully sun-exposed leaves (different of stomatal
condition) per each rootstock/scion combination under each water
availability condition using a Scholander pressure chamber (PMS In-
strument Company, Corvallis, OR, USA). Each leaf was carefully cut and
quickly placed inside the Scholander chamber with the petiole pro-
truding from the lid, and the xylem sap emerging from the cut end was
observed with an amplifier glass. The daily variation of leaf water po-
tential was calculated by ¥pre.dawn - Wmidday (Klein, 2014).

To know the stomatal sensitivity of the different rootstock/scion
combinations to water deficit, the relationship between ¥pre.dawn and
¥ midday Was performed according to Fu and Meinzer (2019). The slope of
the entire trajectory of the linear regression (c) between ¥pre.dawn and
W midday Was used to know the relative sensitivity of the transpiration rate
and hydraulic conductance. Then, the plant behavior to water deficit
was determined as follow: ¢ < 1 as partial isohydric, c =1 as strict
anisohydric, and ¢ >1 as extreme anisohydric. To calculate the
hydroscape area (HA), the stomatal regulation of Wy;qday prior to com-
plete stomatal closure (¥pre-dawn = Pmidday) Was considered. Then, the
HA was calculated according to Fu and Meinzer (2019), as follows:

(XZ

HA=20-p)

where « is the estimate ¥idday when Wpre-dawn = 0 and p correspond to
the slope of the linear regression between o and the point where Wpe.
dawn — \Ijmidday~

In order to analyze the relationship between g5 and Wnidday We per-
formed a logistic function (gs(¥midday)) according to Klein (2014) and
Guyot et al. (2012), as follow:

g = &5 max
s 1+ Wnidday s
Ygs50

where, gs max is the maximum g reached, Wnidday is the midday leaf
water potential, Wgss is the midday leaf water potential when g decline
in a 50% respect to gs max and s correspond to the rate of g; declining as a
function to ¥idday-

2.6. Root hydraulic conductivity

The root hydraulic conductance in intact root system was determined
at the end of the experiment using a high-pressure flow meter (HPFM,
Dynamax, USA), as described by (Tyree et al., 1995). Briefly, the method
consists of measuring the water flow of whole root system applying
different pressure levels. Before measurements, five whole and intact
root systems of each rootstock/scion combination per water availability
condition were separated from the aerial part by cutting the stem about
10 cm above the substrate surface. The HPFM was connected to each
whole-root system by pressure couplings, and setting as transient mode
(Tyree et al., 1995). The pressure applied into the root system was
increased 5 kPa s !, and both pressure and flow were recorded every 2 s.
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The root hydraulic conductance was calculated as the slope of the curve
between pressure and flow applied. Root hydraulic conductivity (L)
was determined dividing root hydraulic conductance by total root dry
biomass and expressed as mmol H,0 s™! MPa~! g~! DW.

2.7. Whole-plant water-use efficiency

Five whole-plants of each combination and treatment were harvested
at the start and the end of the experiment to quantify the initial (DW;)
and final (DWyf) dry biomass of the whole-plant. The total water
consumed during the experiment was calculated as the sum of the daily
water consumption. The whole-plant water-use efficiency (WUE) was
determined according to Tomas et al. (2012) as follows:

WUE — (DW—DW;)

~ total water consumed
2.8. Determination of sorbitol and sucrose concentration

At the end of the experiment, one gram of leaf and root tissue were
collected from per rootstock/scion combination under each water
availability condition after gas exchange measurement. The complete
procedure to take samples and sugar analysis were performed according
to Pastenes et al. (2014). Briefly, samples were carefully cut from the
petiole and immediately frozen in liquid nitrogen and stored at — 80 °C
until the analysis. Both tissues were ground with liquid nitrogen to a fine
powder. For soluble solids 0.5-1 g were transferred to tubes containing
10 mL of Milli-Q water and incubated at 60 °C for 30 min. The extracts
were clarified by centrifugation for at 4000 x g and 4 °C by 10 min
600 pL of supernatant were mixed with 600 pL of acetonitrile, centri-
fuged for at 12000 x g and 4 °C by 10 min and filtered through a
0.22 mm membrane.

The sugars (sorbitol and sucrose) were analyzed using an Agilent
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1200 series HPLC system. Finally, 20 pL of each sample were injected.
The sugars were detected by a refractive index detector with the refer-
ence cell maintained at 45 °C. A Zorbax carbohydrate column
(4.6 mm x 150 mm, 5 pm) was used with a Zorbax NH; guard column
cartridge (4.6 mm x 12.5 mm, 5 um). The column was kept at 35 °C.
The samples were separated with acetonitrile:water (75:25) and a flow
rate of 1.5 mL min~!. Sorbitol and sucrose were detected for their
retention time and quantifications were performed using the external
standard method with commercial standards (Sigma Chemical Co.).
Sorbitol and sucrose concentration were expressed in mg g~* FW.

2.9. Experimental design and statistical analysis

The experiment was performed using a completely randomized
design with five replications. Six levels of rootstock-scion combinations
were used: 'Bing/Colt’, 'Lapins/Colt’, 'Bing/Mx60’, ’Lapins/Mx60’,
’Colt’” and "Mx60’ and two levels of water availability: well-watered
(WW) and water deficit (WD). A two-way analysis of variance
(ANOVA) was conducted on the influence of two independent factors
(rootstock/scion combinations, water availability) on all parameters
and Tukey’s range (multiple comparison) test was performed when
differences were identified. The R software was used for statistical
analysis and graphics (Team, 2013). All data from linear or non-linear
regression were analyzed and performed using R software (Team, 2013).

3. Results
3.1. Plant transpiration and growth responses to water deficit

Fig. 1 shows the response of the transpiration rate of each rootstock/
scion combination to water reductions at the root level. The NTR of the
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Fig. 1. Variability of the relationship between normalized transpiration rate (NTR) and fraction of transferable soil water (FTSW) of four rootstock/scion combi-
nations and two self-rooted Prunus plants under water deficit condition. Each data point represents the average of five replicate of each rootstock/scion combinations

of the NTR related to FTSW to each day during the experiment.
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rootstock/scion combinations started declining at FTSW values with
FTSWihreshold Tanging between 0.58 and 0.27 (Fig. 1). Two groups of
behaviors were identified in the different rootstock/scion combinations,
which exhibit a contrasting NTR response to FTSW. The first group is
represented by combinations with early reduction of NTR as the FTSW
decreases, thus with higher values of FTSWpreshold Such as *Bing/Colt’,
’Bing/Mx60’ and "Mx60’ (0.58, 0.46 and 0.43, respectively) (Fig. 1A, D
and F). By contrast, the second group is represented by combinations
with a late reduction of NTR as the FTSW decreases, i.e., low
FTSWihreshhold Values, as in ’Lapins/Colt’, *Colt’ and ’Lapins/Mx60’
(0.37, 0.34 and 0.27, respectively) (Fig. 1B, C and E).

The impact of WD on shoot, root and plant biomass on the rootstock/
scion combinations is shown in Fig. 2. Under WW condition, the shoot
biomass weight was similar in all rootstock/scion combinations, but WD
negatively affected the shoot biomass of ’Bing/Colt’, decreasing be-
tween 50% and 75% and ’Bing/Mx60’, *Lapins/Mx60” and "Mx60’ with
reductions of nearly 50% (Fig. 2A). By contrast, both ’Lapins/Colt’ and
*Colt’ were less affected by WD reducing the shoot biomass in around
25% (Fig. 2A). Under WW condition, there were no difference between
the rootstocks/scion combinations (Fig. 2B). However, the WD nega-
tively affected the root biomass accumulation of ’Bing/Mx60’, "Lapins/
Mx60° and "Mx60° in 25%, and to ’Bing/Colt’ in a 50%, while that of
’Lapins/Colt” and *Colt’ were not affected by WD (Fig. 2B). Under WD
condition, the most affected combinations in plant biomass were those
using 'Mx60’ as rootstock, and the "Bing/Colt’ combination, while the
best performance was observed in ’Lapins/Colt’ and ’Colt’, which
maintained the plant biomass productivity similar to the WW condition
(Fig. 20).

3.2. Response of stomatal conductance to changes in leaf water potential

To determine the different behaviors to water deficit, the response of
gs to the changes in the ¥piqday Was studied in the different rootstock-
scion combinations. Fig. 3 shows a strong logistic relationship be-
tween Wpidday and gs of the rootstock/scion combinations. The g max
values (Fig. 3, Table 1) ranged between 0.521 and 0.369, where *Lapins/
Colt’ and ’'Bing/Mx60’ reached the highest g5 max and *Colt’ the lowest.
*Colt’ rootstock induced higher Wgs50 values, nearly — 1.28 MPa on
average (Fig. 3A, Table 1), while scions using "Mx60’ reached lower
Wess0 values, — 1.70 MPa on average (Fig. 3B, Table 1). The rate of g
reduction to ¥pidday decline is shown as the slope of the linear portion of
the logistic regression (s), and no differences were found among the
rootstock/scion combinations (Table 1).

3.3. Sensitivity to water deficit of rootstock/scion combinations

The ¥idday VS. Wpre-dawn relationship of the different rootstock/scion
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combinations showed a clear variability in plant sensitivity to water
deficit (Fig. 4). 'Bing/Colt’ and ’Lapins/Mx60’ had the highest sensi-
tivity of the transpiration rate and hydraulic conductance (c) to the
decrease in water availability, behaving as partially isohydric with ¢
values of 0.73 and 0.75, respectively (Fig. 4A, Table 2). "Lapins/Colt’,
’Colt’ and ’Bing/Mx60" showed a behavior close to strict anisohydric
with ¢ of 0.99, 0.98 and 0.93, respectively (Fig. 4A, Table 2), while
"Mx60° showed a lower plant sensitivity to WD indicating an extreme
anisohydric behavior with a ¢ values of 1.23 (Fig. 4A, Table 2). The
hydroscape area (HA) showed a wide variability ranging from 0.9 to
5.2 MPa? among rootstock/scion combinations (Fig. 4B). ’Colt’ and
"Mx60’ rootstocks showed no significant differences in the HA, aver-
aging 3.4 MPa2 (Fig. 4B and Table 2). "Mx60’ rootstock induced similar
HA for ’Bing/Mx60’ and "Lapins/Mx60’ with 2.5 and 2.2 MPa? of HA,
respectively (Fig. 4B and Table 2). On the other hand, *Colt’ rootstock
induced a higher HA in ’Lapins/Colt’ but not in 'Bing/Colt’ (Fig. 4B and
Table 2). *Lapins/Colt” showed the largest (p < 0.001) HA of the root-
stock/scion combinations, which was 108% and 130% higher than
’Bing/Mx60° and ’Lapins/Mx60’, respectively, and 5-fold higher than
*Bing/Colt’ (p < 0.05) (Fig. 4B and Table 2).

3.4. Relationship between root hydraulic conductivity on the daily
variation of leaf water potential and whole-plant water use efficiency

The positive exponential relationship between L;, and the variation of
Wpre-dawn-Pmidday Showed differences among rootstock/scion combina-
tions (Fig. 5A). After 36 days of experiment, sensitivity to WD condition
that determined a slight variation in ¥pre.dawn-¥midday could be due to
the reduction in Ly (Fig. 5A and Table 3). ’Lapins/Colt’, Bing/Mx60’
and "Mx60’ slightly reduced the variation of ¥pre.dawn-¥Pmidday compared
to the reduction in the Ly, while "Lapins/Mx60’ and *Colt” experienced a
reduction of ¥pre-dawn-¥midday induced by a drastic reduction in Ly;
moreover, 'Bing/Colt’ showed an extreme reduction in Wpre.dawn-¥midday
compared to L;, (Fig. 5A and Table 3). In the same vein, the reduction in
L, induced by water deficit affected the whole-plant WUE (Fig. 5B and
Table 3). Under WW condition, high whole-plant WUE was found in
’Colt’, with high L, but the variability in L, had no effect on whole-plant
WUE in the other rootstock/scion combinations (Fig. 5B and Table 3).
However, we found that the WD condition generated changes in the
whole-plant WUE associated with changes in the L, (Fig. 5B and
Table 3). We observed that under WD condition, Colt’, *Lapins/Colt’,
"Mx60’ and ’Bing/Mx60’ reduced, on average, 35% of L, compared to
the WW condition, while 'Lapins/Mx60’ and *Bing/Colt’ reduced L, by
60% and 80% compared to the WW condition (Fig. 5B and Table 3).
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Fig. 3. Relationship between midday leaf water potential (‘¥ midday) and stomatal conductance (gs) of different rootstock/scion combinations grafted onto A) *Colt’

and B) "Mx60’ rootstocks.

Table 1

Average of the parameters derived from the stomatal conductance (gs) vs. midday leaf water potential (‘¥ midday) relationship of different rootstocks/scion combinations
under WW and WD conditions. The parameters showed correspond to maximum stomatal conductance (g max, mol H,O m~2s1), leaf water potential at 50% of g max
(Wgss0, MPa) and the slope of the lineal part of the curve (s, mol MPa m~2 s7!). Data are means =+ standard error, n = 5.

Combinations 8s max Wess0 s R?
’Bing/Colt’ 0.440 + 0.01 ab -1.28 £ 0.10 a 7.8+2 a 0.720
*Lapins/Colt’ 0.484 + 0.03 a -1.26 £+ 0.06 a 65+2 a 0.671
*Colt’ 0.369 + 0.02 b -1.31 £ 0.04 a 15.7+7 a 0.520
’Bing/Mx60° 0.521 + 0.02 a -1.63 £ 0.10 b 9.7+2 a 0.699
’Lapins/Mx60’ 0.417 + 0.03 ab -1.70 £ 0.08 b 13.6 +4 a 0.550
"Mx60° 0.448 + 0.02 ab -1.78 £ 0.04 b 13.2+ 4 a 0.668
Different letters indicate significant differences (p < 0.05) among rootstock/scion combinations.
lPpre—dawn (M Pa) \Ppre—dawn (M Pa) \Ppre—dawn (M Pa) \Ppre—dawn (MPa)
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Fig. 4. A) Relationship between pre-dawn (Wpre-dawn) and midday (Wmidday) leaf water potential and B) hydroscape area of four rootstock/scion combinations and
two self-rooted Prunus plants under water deficit condition. The black dashed represent 1:1 line. Linear regression lines are also depicted for each plant. The intercept

(A) and the slope (o) of the relationship are shown in the insert.
3.5. Sucrose and sorbitol and content in roots and leaves

There was a significant effect of water deficit on the sucrose and
sorbitol contents in both the leaves and roots of the different rootstock/
scion combinations. Fig. 6 shows the relationship between the WW and
WD conditions with the sucrose and sorbitol content in leaves and roots.
At the end of the experiment, the WD reduced the sucrose content of the

leaves of ’Bing/Colt’, ’Bing/Mx60° and ’Lapins/Mx60° by 25%
compared to the WW condition (Fig. 6A). In roots, the sucrose content of
*Colt’ was significantly lower (between 50% and 75%), followed by
’Lapins/Colt’ and ’Bing/Mx60’ (almost 50%), while ’Lapins/Mx60’,
’Bing/Colt’ and "Mx60’ tended to increase compared to the WW con-
dition (Fig. 6B). To the leaf sorbitol content, a significant increase was
found in "Lapins/Colt’, *Colt” and "Mx60° induced by the WD condition,



G. Toro et al.

Table 2

Average of the parameters derived from the relationship between pre-dawn
(Wpre-dawn) and midday (Wmidday) leaf water potential and plant sensitivity of
the different rootstock/scion combinations under well-watered and water deficit
conditions. The parameters showed correspond to the slope of the linear
regression between Wyre.dawn and Wmidaday (0, the relative sensitivity of the
transpiration rate and hydraulic conductance) and the hydroscape area (HA).
Data are means =+ standard error, n = 5.

Combinations ¢ HA Plant
sensitivity
"Bing/Colt’ 0.725 b 0.962 c Partial
+0.05 +0.12 isohydric
*Lapins/Colt’ 0.996 a 5.169 a Strict
+0.04 b +1.15 anisohydric
*Colt’ 0.981 a 3.019 ab Strict
+0.02 b +0.64 c anisohydric
’Bing/Mx60° 0.931 a 2.528 bce Strict
+0.05 b +0.26 anisohydric
’Lapins/Mx60’ 0.745 b 2.175 bce Partial
+ 0.04 +0.33 isohydric
*Mx60° 1.230 a 3.732 ab Extreme
+0.20 +0.48 anisohydric

Different letters indicate significant differences (p < 0.05) among rootstock/
scion combinations.

while "Bing/Colt’ and 'Lapins/Mx60° decreased the sorbitol content by
25% and ’Bing/Mx60° showed no change (Fig. 6C). The sorbitol content
in the roots showed significant differences in most combinations; how-
ever, the WD induced a remarkable increase in the sorbitol content of
’Colt’ and ’Lapins/Mx60’ (Fig. 6D).

4. Discussion

In this study we investigated whether the relationship between
rootstock and scion plays a role in the response to water deficit, asso-
ciated with an improved performance of water uptake capacity, vari-
ability of stomatal conductance and leaf water potential as well as root
hydraulic conductivity and whole-plant water use efficiency. We found
that Prunus rootstocks with a higher water uptake capacity increased the
productivity (biomass) and water use efficiency (g DW L™! H,0) of a
specific rootstock/scion combination under water deficit. Then, in
grafted Prunus under water deficit, the rootstock greatly affects the scion
stomatal regulation controlling the transpiration through hydraulic
mechanisms at the root.

The water movement across the plant depends on the sum of re-
sistances from root to shoot (Venturas et al., 2017). The transpiratory
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stream may be negatively affected by several environmental conditions,
but water deficit is one of the most detrimental, affecting plant growth
and crop yield (Lovisolo et al., 2010; Mashilo et al., 2017). In grafted
crops such as Prunus, rootstock is key to the regulation of the water
uptake capacity as the water deficit increases (Opazo et al., 2020). In
general, there is a wide variability in the hydric balance of crops in
response to water deficit, which are in a trade-off between carbon gain
and the risk of deleterious soil water depletion (Sade et al., 2012; Tar-
dieu et al., 2018). In Prunus, some species can take advantage of low soil
water content, even below a threshold where transpiration is reduced by
more than 80%, and thus maximize carbon gain (Opazo et al., 2020,
2019). In our study, we found that rootstocks regulate the plant tran-
spiratory stream in response to a decrease in the FTSW (Fig. 1). Our
results highlight two contrasting responses, in which *Colt’ rootstock
maintains transpiration as the water deficit increases, while "Mx60’
reacts early to low water availability, reducing transpiration when FTSW
is still close to maximum (Fig. 1). The maintenance of high g5 under
water deficit, sustaining plant growth, may be related to a “productive”
strategy by the crops, which could result in a better agronomic perfor-
mance (Sade et al., 2012). By contrast, more “conservative” stomatal
response, convenient for maintaining the soil water availability (Adir-
edjo et al., 2018; Casadebaig et al., 2008; Sinclair and Muchow, 2001).
These opposite behaviors found in ’Colt’ and 'Mx60’ rootstocks are
transferred partially to scion, because *Colt’ affects *Lapins’, but did not
on ’Bing’, while "Mx60’ transfers the “conservative” trait both to the
’Lapins’ and ’Bing’ scions. In grafted citrus, Santana-Vieira et al. (2016)
found that the transfer of behavior from rootstock to variety was linked
mainly to hormonal a mechanism, determining either the productive or
conservative strategies in response to dehydration.

The strategy for transpiratory regulation that a crop may adopt will
directly affect both crop growth and productivity (Opazo et al., 2020;
Sade et al, 2012). Our results show that the productivity of

Table 3

Two-ways ANOVA performed between water availability conditions (Treat-
ments) and rootstock/scion combinations (Combinations) on root hydraulic
conductance (L, mmol Hy0 s ' MPa ! g’l DW), the differences between Wpre.
dawn and Wrjaday, and whole-plant water-use efficiency (WUE, g DW L~! H,0).

Factors Lp ¥pre-dawn-¥midday Whole-plant WUE
Treatment * ns
Combinations * * % w %

Treatment x Combinations ek x ek

Asterisk indicates significant level, p < 0.001 * **; p < 0.01 * *; p < 0.05 *.
ns: not significant.
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Fig. 5. Relationship between root hydraulic conductivity (L,) and the difference in pre-dawn (¥pre-dawn) and midday (Wmiaday) leaf water potential A) and whole-
plant water use efficiency (WUE) B) of four rootstock/scion combinations and two self-rooted Prunus plants under well-watered (filled circles) and water deficit (open
circles) for 36 days. Data on graph are represented by means of each rootstock/scion combination under well-watered and water deficit conditions, n = 5.
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rootstock/scion combinations under water deficit, as whole-plant
biomass accumulation, was partially less reduced with Colt’ as root-
stock ("Bing/Colt’), but the rootstock/scion combinations using "Mx60’
rootstock exhibited a higher reduction of plant growth under water
deficit (Fig. 2C). In addition, the strategy observed in ’Colt’ was asso-
ciated with root growth by favoring carbon allocation to this organ
(Fig. 2B). This could suggest a possible link between the “productive”
strategy and the allocation of resources to the specific respiratory
components of growth and ion uptake over the maintenance component.
Although this has not been previously reported for water deficit, it has
been reported for stresses such as saline and hypoxia (Del-Saz et al.,
2017; Toro et al., 2018). Since the success of sweet cherry crops depends
on an optimum water supply, orchards are equipped with controlled
drip irrigation systems. However, it is possible to reduce irrigation in
sweet cherry orchards without a negative effect on productivity, with
significant potential water savings. In this context, the use of root-
stock/scion combinations with a “productive” strategy could be more
convenient than combinations with “conservative” responses (Sade
et al., 2012).

Stomatal regulation is the most important mechanism for the control
of water losses from leaf to atmosphere (Buckley, 2019). Typically, two
kinds of plant sensitivity have been described to explain the stomata
behavior under water deficit. Near-isohydric behavior indicates a nar-
row range of experienced leaf water potential due to a high g sensitivity
to water deficit, while near-anisohydric behavior indicates a wider
range of leaf water potential resulting from a lower stomatal sensitivity
(Carminati and Javaux, 2020; Hochberg et al., 2018; Martinez-Vilalta
et al., 2014; Tardieu et al., 2018). Stomatal regulation may be affected
by environmental conditions, leaf or root hormone signaling and hy-
draulic response or both, and even in grafted plants, the rootstock could

be directly involved in stomatal control (Hochberg et al., 2013;
Lavoie-Lamoureux et al., 2017; Peccoux et al., 2018). We found that
"Colt’ rootstock maintained a higher Wgs50 (near-isohydric behavior)
than combinations using the 'Mx60’ rootstock (near-anisohydric
behavior), even with similar g5 of 0.230 umol m2s! (Fig. 3). This
result supports the idea that rootstock could control the stomatal
response mainly through hydraulic responses rather than hormonal
signaling (mainly ABA). According to Peccoux et al. (2018), the grape-
vine rootstock controls the transpiration rate, g and ¥pjaday of shoot,
mainly through hydraulic responses rather than through ABA signaling,
and the Ynidday could be purely related to a hydraulic response of the
rootstock, closely related to the root-soil interface (Carminati and Jav-
aux, 2020). In fact, recent findings introduce the parameter Wgs50 as a
support to synthesize belowground interactions between soil drying and
stomata regulation because Wgss0 is not only a function of leaf traits, but
also dependent on the soil-root hydraulic condition (Carminati and
Javaux, 2020). Then, this would suggest that *Colt’ rootstock exhibit
mechanisms associated with the root hydraulics which maintain hy-
draulic safety (higher Widday) despite a reduction in gs down to a 50% of
8smax-

It should be noted that in order to have a broader perspective and
knowledge about plant behavior under water deficit, it could be desir-
able to use several metrics for an accurate analysis (Martinez-Vilalta
et al., 2014) and use caution in comparing the response mechanisms for
stomatal control and the concomitant leaf water potential (Garcia--
Forner et al., 2017). Plant response to water deficit has commonly been
determined as follows: ¢ < 1 as partial isohydric, 6 = 1 as strict aniso-
hydric, and ¢ > 1 as extreme anisohydric (Fu and Meinzer, 2019). We
found differences between rootstocks in stomatal behavior through
85 Pmidday curves (Fig. 3) but no differences were found in the
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relationship between ¥pre.dawn and Wmidday (Fig. 4). In this regard, our
results on the stomatal sensitivity deducted from the ¥piqday t0 Wpre-dawn
relationship, showed three categories of stomatal regulation: partial
isohydric (6 < 1) in ’Bing/Colt’ and ’Lapins/Mx60’, strict anisohydric
(o = 1) in ’Lapins/Colt’, *Colt’ and ’'Bing/Mx60’, and extreme aniso-
hydric (6 > 1) in "Mx60’ (Fig. 4 and Table 2). The differences between
may be due, in part, to the complexity between the stomatal response
and leaf water potential, since the water potential gradient under low
water availability would not be determined directly by stomatal sensi-
tivity but by the sensitivity of the plant hydraulic system as a whole, as
reported by Martinez-Vilalta et al. (2014). These authors also argue that
highly stomatal sensitive plants could still show a strict anisohydric
behavior provided that their hydraulic transport system is even more
sensitive than the stomata to reductions in water availability. Thus,
’Lapins/Colt” and ’Colt’ (and pertinent to 'Lapins/Mx60°’) will show a
critically high leaf water potential (isohydric) and low sensitivity of the
transpiration rate and plant hydraulic conductance, running the risk of
hydraulic failure (strict anisohydric) as the water availability declines.
By contrast, 'Bing/Colt’ consistently showed an isohydric behavior
(o < 1) and was highly and negatively affected by water deficit. These
criteria for stomatal behavior are consistent with the hydroscape area,
which according to Meinzer et al. (2016) integrates more accurate in-
formation on the degree of iso- or anisohydrism than other metrics. In
Prunus, Alvarez-Maldini et al. (2021) found that cultivars more tolerant
to water deficit showed a large hydroscape area, which was related to
anisohydric behavior and maintenance of photosynthetic capacity
compared to the cultivars with lower hydroscape area. Our results
showed that ’Bing/Colt’ has the most stringent stomatal control and
small hydroscape area, which could explain its lower biomass accumu-
lation due to carbon limitations. Carbon starvation due to early stomatal
closure could explain the low biomass accumulation exhibited by the
’Bing/Colt’ combination (Fig. 2); however, it has been previously re-
ported that isohydric plants will not necessarily be carbon starved by
making use of the reserves present in stems and roots (Garcia-Forner
et al., 2017).

Root hydraulic conductance is a physiological trait sensitive to water
deficit (Rodriguez-Dominguez and Brodribb, 2020), and in most cases, it
has been reported that hydraulic conductivity loss is closely associated
with gain in hydraulic safety (Goncalves et al., 2007). In addition, it has
recently been demonstrated that the decrease in root hydraulic
conductance and even in the hydraulic of the root-soil interface is the
primary cause of hydraulic limitation leading to stomatal closure prior
to cavitation (Carminati and Javaux, 2020; Rodriguez-Dominguez and
Brodribb, 2020). In this regard, we found at the end of the experiment
that the most conservative combination in water use, 'Bing/Colt’, loses
functionality of the root hydraulic conductivity at lower water potential
gradients (Wpre-dawn-¥Pmidday), While more productive combinations do
not reduce the root hydraulic conductivity (as *Colt’), favoring the dy-
namics of the soil-to-leaf water potential gradient (Fig. 5A). Recently,
Rodriguez-Dominguez and Brodribb (2020) reported that in olive plants
under moderate water stress (Wseem=—2.5 MPa) at least 95% of the
whole-plant hydraulic resistance is controlled by root hydraulic resis-
tance (i.e., a radial pathway from the xylem to the soil-root interface). In
this regard, one limitation of our study was the lack of continuous
measurements of root hydraulic conductance and its correlation with
data obtained from root cross-sections. However, our results suggest that
the differences found in root hydraulic conductance are associated with
specific resistances resulting from differences in the diameter of xylem
vessels between rootstock and scion from each combination.

In our study, we found that despite "Lapins’ and 'Bing’ scions being
grafted onto the same rootstocks ("Colt’ or "Mx60’), both expressed
differences arguably associated with genetic background; for instance,
the remarkable differences in hydraulic conductivity were exhibited
between ’Lapins/Colt’ and ’Bing/Colt’ under water deficit (Fig. 5). In
this regard, a study by Peschiutta et al. (2013) anatomically compared
the "Lapins’ and ’Bing’ scions grafted onto P. domestica rootstock under
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well-watered condition found genetic differences associated with stem
hydraulic traits (xylem vessel frequency and diameter). The authors
showed that "Lapins’ scion had lower density and smaller xylem vessels
(120 vessels mm ™2 and 18 um, respectively) compared to the ’Bing’
scion (190 vessels mm~2 and 21 um, respectively), concluding that
’Lapins’ could be less vulnerable to stem cavitation than 'Bing’. The
higher stem vulnerability to cavitation reported in ’Bing’ suggests that is
mainly affected by the high tension in the xylem caused by the water
deficit in the soil, while ’Lapins’ could avoid the embolism in vessels.
Nevertheless, it is possible that the differences observed between com-
binations may also be due to the variations in the anatomical configu-
ration of rootstock xylem vessels (Olmstead et al., 2006a). Regarding the
xylem vessels of rootstocks, in general, *Colt’ has been reported with 35
vessels mm~2 and 40 um (Olmstead, 2006; Olmstead et al., 2006a),
whereas for 'Mx60° we found no information about xylem vessels.
However, if we use MaxMal4 (P. mahaleb x P. avium) as a reference
showing similar vigor (Goncalves et al., 2007), we may assume that
"Mx60° could have around 300 vessels mm 2 and 25 pm (Goncalves
et al., 2007; Hajagos and Végvari, 2013). For a close hydraulic
connection between the scion and the rootstock, the scion should have
smaller xylem vessels than the rootstock (Olmstead et al., 2006a).
Therefore, we can hypothesize that the losses in hydraulic functionality
of "Bing/Colt’ in water deficit could be associated with large vessels of
both ’Bing’ and ’Colt’, which could increase the vulnerability of the
plant xylem to cavitation (Peschiutta et al., 2013), while the other
combinations have a better hydraulic connection either for having fewer
and/or smaller xylem vessels (Olmstead et al., 2006b).

The effect of the rootstock on scion vigor through the water re-
lationships related to root hydraulic conductance is well known (Jones,
2012; Tombesi et al., 2010). Despite both *Colt’ and 'Mx60’ having been
classified as vigorous rootstocks (Csihon et al., 2018; Olmstead et al.,
20105 Sotirov, 2020), we found a slight difference in water use strategy
between ’Colt’ (productive) and 'Mx60’ (intermediate), which could
redefine the classification of vigor according to the strategy: Colt’
maintains its vigorous trait due to its high capacity to extract water
(Fig. 1) and to maintain ("Lapins/Colt’) or increase biomass (as in root)
(Fig. 2), but 'Mx60’ maintains a semi-vigorous trait through the inter-
mediate capacity of water uptake (Fig. 1) and intermediate growth
(Fig. 2). We believe that the vigor of the rootstocks should be rigorously
reviewed under the new climate scenarios. Interestingly, we found ev-
idence of a correlation between root hydraulic conductance and
whole-plant WUE, revealing that rootstock/scion combinations with low
root hydraulic conductance exhibited low whole-plant WUE (Fig. 5B).
The finding related to whole-plant WUE suggests that root hydraulic
conductivity may not only be controlling the water flow in roots and the
plant, but also that it can maintain the vigor of the whole plant.

The whole-plant WUE referes to the analysis of the balance between
two components: the biomass accumulation given by new growth and
the water consumption during a period of time. Jiménez et al. (2013)
found that the most vigorous rootstock induced higher WUE concomi-
tant to the accumulation of osmoregulators, mainly leaf sorbitol. Our
results show that rootstocks with high whole-plant WUE under water
deficit increased sorbitol content in leaf (Fig. 6C). Sorbitol is considered
the major end-product of photosynthesis and the main form of trans-
located and storage carbon in many fruit tree species of the Prunus genus
(Centritto, 2005; Loescher, 1987). It has also been found that sorbitol
transport (both via xylem and phloem) increases under water deficit
condition (Noiraud et al., 2001) to perform osmotic adjustment func-
tions in both roots and leaves (Jiménez et al., 2013; Lo Bianco et al.,
2000). An early work showed a high capacity to adjust osmolarity of
*Colt’ rootstock under water deficit, mainly associated with accumula-
tion of sorbitol in roots and leaves (Ranney et al., 1991). In ’Colt’ and
’Lapins/Colt’, osmotic adjustments induced by sorbitol accumulation in
leaves may contribute to the maintenance of open stomata at lower
water potentials by sustaining turgor in response to an imposed water
depletion (Pou et al., 2012). Thus, our results would suggest that the
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relationship between rootstock and scion should consider an interaction
that maximizes water uptake capacity, even as water deficit increases,
since this will favor the mobility of sugars, either to increase osmolarity
or as a source of energy for growing organs. Therefore, maintaining
relatively high non-structural sugar levels during water deficit stress and
keeping them available, i.e., during the recovery phase, may be crucial
to tree vigor and survival (Tomasella et al., 2019). As for sucrose, Lo
Bianco et al. (2000) found no influence in osmotic adjustment in peach
plants. This could be due to sucrose having energy rather than osmotic
functions. In our study, the increase in sucrose in roots under water
deficit suggests that this sugar may support energy mainly for root
respiration and the maintenance of root growth, as observed in the *Colt’
and ’Lapins/Colt’ combinations (Fig. 2). Although it has been reported
that tolerance to water deficit may be associated with low root respi-
ration (Durand et al., 2016), in citrus, Silva et al. (2021) revealed that
rootstock with tolerance to water deficit was able to use photo-
assimilates as an energy source to increase root respiration under water
deficit, and then to maintain root growth and improve drought
tolerance.

5. Conclusion

It Is important to consider that rootstocks with a great influence of
productive strategy on whole-plant performance should be considered
an “opportunistic risk-taker” because this behavior, characterized by a
water uptake capacity under conditions of low water availability, is only
sustainable under minimal to moderate water stress and in the short
term (Sade et al, 2012). In our study, we report that the water
deficit-sensitive combination (’Bing/Colt’) exhibited an early reduction
in its water uptake capacity (higher FTSW values), a concomitant lower
hydroscape area and a remarkable reduction in its whole-plant WUE.
Moreover, this was the combination most negatively affected in its
biomass accumulation. Conversely, combinations with late reductions in
their water uptake capacities (lower FTSW values) or risk-taker combi-
nations ("Lapins/Colt’ and ’Colt’) presented a greater hydroscape area,
with barely affected shoot biomass and even with an increase in biomass
at root level under water deficit. Our study shows that there should not
be a strict rule on whether it is the rootstock or scion that controls the
behavior of the whole plant; rather, an integrative view of the physi-
ology of both grafted components should be taken. According to the
above considerations, the choice of which rootstock to take the risk in
order to maintain a sustained water uptake capacity from the soil will be
fundamental to maintaining high productivity. This research highlights
the importance of studying the physiological response of grafted plants
in order to select better rootstock genotypes supporting the scion and
generating a productive plant with an improved performance to cope
with dry environments.
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