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Abstract

The scarcity of water for agricultural use is producing a generalization of deficit
irrigations in most of the fruit trees. Regulated deficit irrigation in olive trees is
scheduled with a period of water stress during the pit hardening phase with low or,
even, no decrease in yield. During this phenological stage, fruit is a great sink of
assimilates and competes with vegetative growth, producing a significant change in the
water relation of the tree. The aim of this work is to study the water relations in leaves
and fruits in a period of drought during the phenological stage of pit hardening in a
mature (43 year-old) table olive orchard. Water relations of leaves and fruits were
compared between a Control of fully irrigated trees and Stressed trees (with a period of
drought from 1 week after the beginning of pit hardening until 1 week before harvest).
The water stress conditions were considered as low level, according with the stem water
potential data. Leaf water relations were quickly affected with a reduction of midday
stem water potential and turgor pressure at 14 days after the beginning of the drought
(DABD). Leaf osmotic adjustment was measured only at the end of the drought cycle
(63 DABD). On the other hand, fruit water relations were affected slowly and only
osmotic potential was reduced at 14 DABD. Such variations produced a change in the
source of water flow from xylem to phloem according to the variations in leaf-fruit
water potential. The pattern of adaptation of leaves and fruit during the drought cycle

and the relationship between them is discussed.

Keywords: Leaf conductance, osmotic adjustment, regulated deficit irrigation, water

potential.
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1. Introduction

Water is a scarce natural resource which is very important in agricultural practices.
Although irrigated lands are around 17% of the total agricultural surface, they provide
more than 40% of the total production (Fereres and Evans, 2006). However, the increase
of water scarcity in arid and semi-arid zones, the competition with other social uses
(such as sanitary, landscape uses) and the general feeling that irrigated agriculture is an
over-exploited system, are producing a decrease in the availability of water resources
for agricultural use. Regulated deficit irrigation (RDI) is a practice which was suggested
around the early 80’s in peach trees (Chalmer et al., 1981) and consists of a reduction of
water applied during the most drought resistant phenological stages without a yield
penalty. From the first work in peach orchards, RDI has been a common research line in
most fruit trees (Bebohudian and Mills, 1997). Therefore, in most of the species the
drought sensitivity to water stress has been well described (Bebohudian and and Mills,
1997).

The water deficit schedule in olive trees is traditionally based on severe water
withdrawal around the beginning of massive pit hardening (Goldhamer 1999; Moriana
et al 2003). During this period of time, the fruit development alters all the water
relations of the tree in conditions of high fruit load (Martin-Vertedor et al., 2011). The
effect of water stress in leaf water relations has been widely described for olive trees
(Bongi and Long, 1987; Angelopoulos et al., 1996; Fernandez et al., 1997; Dichio et al.,
1997, 2003 and 2006; Moriana et al., 2002) but little is known about fruit. The olive is a
very drought resistant fruit tree, in which water stress produces leaf osmotic adjustment
(Dichio et al., 1997, 2003 and 2006), strong stomatal control (Angelopoulos et al., 1996,

Moriana et al., 2002) and a high level of dehydration (Moriana et al., 2002).
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Expansion of fruit requires, among other factors, an adequate flow of water to
the organ and sufficient turgor to drive cell enlargement. Berges and Selles (1993) in
peach fruit suggested that the water flow into the fruit was the sum of xylem and
phloem water transport. Therefore, changes in phenological stages and/or water status
of the tree may change the water pathway, in addition to fruit transpiration. Greenspan
et al (1994 and 1996) reported a change in the water transport to the grape berry with
the phenological stage of the fruit. During pre-veraison the net inflow corresponds to
xylem, while in post-veraison it changes to the phloem (Greenspan et al., 1994 and
1996). In olive trees, Proietti et al. (1999) reported a decrease in the photosynthesis
activity of fruits from the beginning of fruit development until 6-8 weeks after
polinisation. Drought sensibility of fruit changes with different phenological stages
(grape, Greespan et al., 1996; strawberry, Pomper and Breede, 1997). Water stress
conditions increase the maximum daily shrinkage at the beginning of fruit growth (pre-
veraison in grape and green-white stage in strawberry) but do not change around
ripening (post-veraison in grape and red stage in strawberry). A significant osmotic
adjustment of strawberry fruits during the green-white phenological stage is reported,
but not in the red fruit stage (Pomper and Breen, 1997).

The aim of this work is to study the water relations of fruit and leaves at pit
hardening in adult olive trees, under field conditions. Since this is the period of time
when water deficit restrictions are common, the response of water relation to a cycle of
water stress during this phenological stage was described. RDI works report that
moderate water stress conditions during pit hardening do not reduce yield. Therefore,

our hypothesis is that fruits would present higher drought resistance than leaves.
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2. Material and Methods

2.1. Description of the experiment

Experiments were conducted at La Hampa, the experimental farm of the Instituto de
Recursos Naturales y Agrobiologia (CSIC). This orchard is located at Coria del Rio
near Seville (Spain) (37°17°°N, 6°3°’W, 30 m altitude). The sandy loam soil (about 2 m
deep) of the experimental site was characterized by a volumetric water content of 0.33
m*® m™ at saturation, 0.21 m®m™ at field capacity and 0.1 m®m™ at permanent wilting
point, and 1.30 (0-10cm) and 1.50 (10-120 cm) g cm™ bulk density. The experiment
was performed on 43-year-old table olive trees (Olea europaea L cv Manzanillo) during
2011. Tree spacing followed a 5 m x 5 m square pattern. Pest control and fertilization
practices were those commonly used by the growers and no weeds were allowed to
develop within the orchard. Irrigation was carried out during the night by drip using one
lateral pipe per tree row and five emitters per plant, delivering 8 L h™ each. Irrigation
requirements were determined according to daily reference evapotranspiration (ET,)
and a crop factor based on the time of year and the percentage of ground area shaded by
the tree canopy (Fernandez et al., 1998).

Trees were irrigated with 100% of ET. in order to obtain non-limiting soil water
conditions until the beginning of pit hardening. The beginning of the pit hardening was
estimated according to Gijén et al. (2010) around day of the year (DOY) 157. One week
later (DOY 165) irrigation was withdrawn to three lines of olives. Measurements were
made in 4 olives irrigated at 100% ET. during all the experiment (Control trees) and 4
olives in the central line of the plot where irrigation was withdrawn (Stressed trees). All
the measurements were made in these 4 trees per treatment. The drought cycle was

performed for 63 days and then trees were irrigated with the same amount of water than
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Control trees. The experiment was stopped 7 days after the recovery because the harvest
had taken place.

2.2 Measurements

Micrometeorological 30 min data, namely air temperature, solar radiation, relative
humidity of air and wind speed at 2 m above the soil surface were collected by an
automatic weather station located some 40 m from the experimental site. Daily
reference evapotranspiration (ET,) was calculated using the Penman-Monteith equation
(Allen et al., 1998). The meteorological data in the period of the experiment is presented
in Figure 1. Maximum temperatures varied from 26.8 °C (19 days after the beginning of
the drought period (DABD)) to 38.5 °C (66 DABD) (Figure 1a). Mean and minimum
temperatures were parallel to the maximum data. Minimum temperatures varied from
15.3 °C (24 DABD) to 24.4 °C (67 DABD) (Figure 1a). The values of the potential
evapotranspiration varied from 7.2 mm day™ (2 DBAD) to 3.5 mm day™ (68 DABD),
though most of the data were between 5.5 to 7 mm day™ (Figure 1b). Only one event of
rain was measured during the experiment at 48 DABD (2 mm).

The daily pattern of the leaf stomatal conductance in olive trees is characterized
with a maximum during the morning with a decrease after that until midday when the
minimum value is measured (Xiloyanis et al., 1996). This maximum leaf conductance is
more sensitive to water stress (Moriana et al., 2002). The drought cycle was
characterized by weekly measurements of maximum leaf conductance (g) and midday
stem water potential (Wsem). Abaxial leaf conductance was measured in two full
expanded and well illuminated leaves per tree in each treatment with a steady state
porometer (LICOR-1600, LICOR, UK) around 10:00 GMT, when maximum values are

expected. Midday stem water potential in one leaf per tree was measured with a
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pressure chamber (Model 1000, PMS, USA) around 13:00 GMT. Leaves were covered
with aluminium foil two hours before measuring.

The water relations of the leaves and fruits were measured around the time of
maximum leaf conductance. Two fully expanded and well illuminated leaves per tree
were selected. Leaf water potential (\Wiear) Was measured with the pressure chamber
(Model 1000, PMS, USA) in one of them. Then, this leaf was covered with aluminium
foil and immediately frozen in liquid nitrogen and stored at -80°C. These samples were
used to measure actual osmotic potential (W ear). The second leaf was put in a test tube
with distilled water, in which only the petiole was in contact with the water. The test
tube was covered with aluminium foil and put into a portable freezer until arrival at the
laboratory. Then the test tubes were kept in the dark for 24 hours at 6-8 °C and then
frozen in liquid nitrogen and stored at -80°C. These samples were used to measure leaf
saturated osmotic potential (***¥; esr). Fruit water potential (W) Was measured with
the pressure chamber (Model 1000, PMS, USA) in one fruit per tree. Then, the fruit was
covered with aluminum foil and immediately frozen in liquid nitrogen and stored at -
80°C. These samples were used to measure actual fruit osmotic potential (W fruir). All
frozen tissues (leaf and fruit) were equilibrated at 20°C for 15 min before determination
of osmotic potentials. In the leaf samples, the central nerve was separated from the rest
of tissue. Then the tissue was used for determination of osmotic potential. Cell contents
in fruit were extracted by centrifugation of samples (10,000 rpm during 3 min). The
osmotic potential of samples (leaf and fruit) was determined using a psychrometer TRU
PSI Model WP3 calibrated against a salt solution. Values of turgor pressure (¥,) were
calculated as:

Y=Y, (1)
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Where:

W, is the turgor pressure

W is the water potential

Y. is the osmotic potential

In order to describe the effect of the different irrigation strategies, the water stress
integral (Wnt) was calculated from the Wg.n data as defined by Myers (1988) and

modified for Garcia-Tejero et al. (2010):

Fpe = Y [Fraalrian =) +35 (%= ¥ = )| @

i=1

Where:
Yt is the integral of stress in a period of t days

¥, Is the value of midday stem water potential at day i+1
¥ is the value of midday stem water potential at day i
Ni+1 IS the day i+1

njisday i

In a similar way, the integral of leaf conductance (gin;) was also calculated:

Gine = i ‘gi+1(ﬂ’i+1 —n) +% (8 = Gis1) (Mg — 1) (3)

Where:
Qint IS the integral of stress in a period of t days

gi+1 IS the value of midday stem water potential at day i+1

gi is the value of midday stem water potential at day i
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Ni+1 IS the day i+1

n; is day i

Finally two fruit surveys were made at 49 and 63 days after the beginning of
drought (DABD) with 10 fruits per tree and treatment. The longitudinal and transversal
(at equatorial point) diameters of the fruit were measured and volume was estimated.
The data were subjected to one-way ANOVA and means were compared using the

Tukey test (Significance was set at P<0.05) with SPSS 10.0.

3. Results

The level of water stress was measured with the midday stem water potential (Wstem)
and maximum leaf conductance (Figure 2). Wqem in Control trees decreased from -1.0
MPa at the beginning of the experiment to -1.4 MPa at 29 DABD, when it was almost
constant until the beginning of the recovery period (Figure 2a). The pattern of the
Stressed trees was similar with almost the same value at the beginning of the
experiment, but with a sharp decrease. Significant differences in W Were measured
from 14 DABD, and the minimum value was around -1.8 MPa in the Stressed trees (42
DABD). The recovery was completed in 7 days after the beginning of the irrigation of
the Stressed trees.

The pattern of maximum leaf conductance (g) is shown in Figure 2b. From the
beginning of the experiment g of Stressed trees was systematically and significantly
lower than in Control trees. The effect of water stress imposed was more patent from 29
DABD, and particularly in the period between 49 and 63 DABD. In both treatments, a

continuous increase in g was measured from the beginning of the experiment until 14
9
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DABD with a maximum around 350 mmol m? s*, with a sharp decrease from 29
DABD when it was around 150 mmol m™ s™. Stressed trees presented lower values than
Control throughout the experiment with significant differences at 0, 14, 29, 35, 56, 63
and even at 7 days after the recovery.

The pattern of leaf (We.) and fruit (Ws.it) water potential, measured at the time
of maximum leaf conductance, and the differences between both is presented in Figure
3. The values of W, in Control trees varied during the experiment between -1.18 to -
2.05 MPa (Figure 3a). Significant differences in W, between Stressed and Control
trees were measured from 14 days after the beginning of the drought cycle (DABD)
until the recovery period. Only 56 DABD Y. values were not significantly different
and this was likely related to a problem in the irrigation of Control trees. The minimum
W\ear Values in Stressed trees reached -2.4 MPa at 35 DABD. The increase of W\eas, at 49
DABD, in both treatments was related to a reduction in the vapor pressure deficit
(VPD). No significant differences in W\, were observed 7 days after the beginning of
the irrigation in Stressed trees.

The values of Wiy in Control trees varied between -1.4 MPa and -2.0 MPa
(Figure 3b). The Ws.yi: in the Stressed trees presented a similar pattern as the Control
treatment. The values of Wy varied from -1.5 MPa to -2.2 MPa. Significant differences
between treatments were observed at 14, 35, 42, 56 and 63 DABD, with clear trend to
decrease from 35 DABD (except for the date 49 DABD, in which a decrease of VPD
was observed). The recovery of Wsi: values were almost completed 7 days after the

beginning of the irrigation in the Stressed trees.

10
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The difference between W and Wruie (AW) presented a different pattern
between treatments (Fig. 3c). Values of AW in Control trees tended to be positive
during the first part of the experiment (until 29 DABD) with a maximum of 0.4 MPa.
From this date the AW decreased and showed values between 0.2 and -0.1 MPa until
the end of the experiment. In Stressed trees, however, though the two first data are
similar to Control, AY tended to lower values than Control from 14 DABD. Such
differences were significant at 21 and 29 DABD and negative values were observed
from 21 DABD until 42 DABD, with a minimum value of -0.4 MPa. After 35 DABD, a
sharp increase in AY is produced and a similar pattern to Control is presented with
oscillation between +0.1 MPa.

The measurements of W ear, WPr fruit Y - "Wx 1eaf are shown in Figure 4. The
pattern of W, ..ot (Figure 4a) was near a constant value in both treatments. In Control
trees, W, iear Varied beween -2.1 and -3.4 MPa, though most of the values were around -
3.2 MPa. The pattern of Stressed trees was very similar to Control but more constant
and tended to produce lower values. Significant differences were found at 0, 14 and 35
DABD. The W e In Stressed trees varied between -2.5 and -3.5 MPa. In both
treatments sharp increases were measured at 35 and 63 DABD. After 7 days of
recovery, the W, o Were still significantly different and the values measured were
around -3.0 MPa for Control and -3.4 MPa for Stressed trees.

The pattern of W, it Was very similar between treatments (Figure 4b). Wy it
values slightly increased, in both treatments, from -2.5 MPa, at the beginning, until -2.0
MPa at the end of the recovery period. There was a sharp increase at 42 DABD in both

treatments. The differences between treatments were lower than 0.5 MPa on all dates,

11
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but Stressed trees tended to produce lower values than Control which were significant at
14, 21, 29, 35, 56 DABD. After 7 days of recovery, the W, it were still significantly
different.

The pattern of ¥, \2r Was almost constant throughout the experiment and the
differences were lower than 0.4 MPa between treatments (Fig 4c). %W, e varied
between -2.34 to -3.16 MPa, with a slight tendency to decrease along the experiment.
Only at 63 DABD were significantly lower values in Stressed trees found, but the
differences were lower than 0.4 MPa. After 7 days f recovery no significant differences
were found, though Stressed trees tended to produce lower values than Control.

The turgor pressure in the leaves and fruits is presented in Figure 5. The pattern
of turgor pressure in leaves (\¥; iear) throughout the experiment in both treatments was
almost constant around 1.2 MPa in Control and slightly lower in Stressed trees (Fig. 5a).
Only at 35 and 63 DABD were sharp decreases measured in both treatments. Significant
differences were found only at 29 and 49 DABD, though Stressed trees tended to
produce lower values from 14 DABD. In recovery ¥, s Of Stressed trees was
significantly higher than Control. Fruit turgor pressure (W, fit) presented an erratic
pattern in both treatments with a trend to a continuous decrease from 1 MPa until 0.4
MPa (Fig. 5b). Negative values were estimated in both treatments and are likely related
to errors in the fruit osmotic pressure, probably related to an overestimation due to the
process of freezing used for the measurement of osmotic potential. Significant
differences were found only at 21, 29 and 36 DABD, with higher values in Stressed
trees on the two first dates and the opposite on the third.

The stress integrals for water potential (‘' ) and leaf conductance (g ) are

shown in Figure 6. In both parameters Stressed trees are significantly higher values than

12
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Control trees (around 15% and 17%). However, such differences did not affect the fruit
volume (Table 1). Fruits in Stressed trees were bigger than Control in volume in the two
samples (at 49 and 63 DABD). The differences in volume were of 6% at 49 DABD and

11% at 63 DABD.

4. Discussion

The period of pit hardening in olives is very important for the physiology of the tree.
Fruit is a very important sink of nutrient and water from this date (Rallo and Suarez,
1989). Fruit development in conditions of high fruit load produced an increase in leaf
conductance and a decrease in water potential (Martin-Vertedor et al., 2011) and an
important decrease in vegetative growth even in fully irrigated conditions (Rallo and
Suarez, 1989). However, in our conditions, there were not clear differences between
Wiear and Wi in Control trees. Therefore, there was not a preferential water pathway
during pit hardening from root to fruit in conditions of low fruit load. The osmotic
potential was lower and the turgor pressure higher in leaves than in fruits throughout the
experiment in Control trees. These conditions would be related to a preferential
vegetative growth respect to fruit growth, which consistent with the low fruit load
conditions of the experiment.

The water stress level obtained after 63 days of the drought period was low, due
to the high spring rainfalls (140 mm from April to June, last rains 30 mm at the
beginning of June). Although, midday stem water potential (Wsem) Was significantly
lower in Stressed than Control trees, the minimum values only reached at -1.8 MPa

from 42 DABD. This minimum Wsem Value is considered a low water stress level in
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comparison to the values reported in the literature in this phase of fruit development
(i.e. potted olive, Dichio et al 1997, 2003 and 2006; field olive, Moriana et al., 2002;
Moriana et al., 2003; Iniesta et al., 2009). According to our results, at this level of water
stress the leaf osmotic adjustment was small, because significant differences in leaf
osmotic potential at full turgor (*°*¥; 1ea) Were only found at the end of the experiment.
On that date (63 DABD), Stressed trees presented an osmotic adjustment of 0.33 MPa,
which was slightly decreased after 7 days of recovery to 0.17 MPa. This result in
osmotic adjustment is slightly lower than the ones reported by Dichio et al (2003) in
low water stress potted trees, which was 0.45 MPa, but is higher than ones reported with
P-V curves in this work, which was 0.11 MPa. The value of osmotic adjustment after
the recovery (0.17 MPa) was very similar to the ones reported by Dichio et al (2006) in
the recovery period of potted olive trees (0.14 MPa). The delay in the recovery of ¥,
leaf 1S also consistent with the data reported by Dichio et al. (2006) who measured a
significant osmotic adjustment even 30 days after the beginning of the recovery of
potted olive trees. This residual osmotic adjustment may be related to an uncompleted
rehydration of the trees. In our results, though there were no significant differences in
Yqem, leaf conductance was slightly, but significantly, lower. The conditions of
completed and fast rehydration are strongly related to a high wet surface in the recovery
period (Pérez-Lopez et al., 2008) that usually is not provided in field conditions.

This low and slow period of water stress produced a different response in leaf
and fruit physiology. In leaves, water potential (\Viear) Was more clearly reduced than in
fruits (Wswit). Such changes meant that from 14 DABD, when a significant water stress

was detected (Wsem, Was significantly lower), the difference between Wiesr and Wit

(AW) was clearly negative. Therefore, Wiessr was lower than Wei. Nobel and de la
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Barrera (2000) in platyopuntias plants suggested that such differences indicated that the
water entered the fruit via the phloem rather than the xylem. Several authors reported a
decrease in AW, in daily cycles, due to the effects of water stress (vines, Greenspan et
al., 1996; strawberries, Pomper and Breen, 1997), though only in
strawberries, AY changes from positive to negative (Pomper and Breen, 1997).
However, these decreases were steady until 42 DABD when a sharp increase meant that
AY were similar to Control trees. On the date (42 DABD), minimum Weer, occurred and
probably a stomatal closure began (though the main differences in g occurred at 56
DABD). Therefore, the main ways for water flow in the fruit may be changed at the
beginning of water stress and reversible if water stress progressed. Greenspan et al.
(1994 and 1996) suggested that the bulk of vascular water flow changes from xylem in
pre-veraison to phloem in post-veraison in full irrigated grape berry. Mathews and
Shackel (2005) suggested that in fully irrigated prunes the relative importance of xylem
and phloem in the water flow to the fruit may be reversible.

The drought conditions, in addition, affected the components of water potential.
The fruit osmotic potential (W fuit) Was significantly reduced from 14 DABD and the
leaf turgor pressure (‘piear) from 29 DABD (though it tended produce lower values
from 14 DABD). On the other hand, fruit turgor pressure (‘¥p fit) and leaf osmotic
pressure (W, 1ear) Were not clearly affected during the experiment. These responses
suggest that vegetative growth is more sensitive to water stress than fruit growth in
olive trees. Such drought resistance of the fruit is likely related to a fruit osmotic
adjustment which may be produced by an increase of the phloem flow in the fruit.
Pomper and Breen (1997) reported an osmotic adjustment of strawberry fruits in

conditions of water stress during green-white stage. In addition, these results are
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consistent with the conclusion of the regulated deficit irrigation works which reported a
decrease in the vegetative growth with low impact on the fruit yield (i.e. Goldhamer,
1999; Alegre et al., 2002; Moriana et al., 2003; Lavee et al., 2007;Tognetti et al., 2006;
Iniesta et al., 2009).

The slow progress of low level of water stress permits the description of several
mechanisms in the water relations of leaves and fruit. Water stress induced, probably
first, a significant leaf dehydration (Wsem and Wiear). Such a response likely reduced the
water transport to the fruit from xylem (decrease of AWY) which produced a decrease of
the fruit osmotic potential (‘W i) and likely fruit osmotic adjustment. Then, the fruit
delayed the decrease of fruit turgor pressure compared to the leaf. Because of the
progression of water stress, fruit water potential was affected (Wsnir) and also the fruit
turgor pressure (Wpuit). This alone, or with the permanent decrease of leaf turgor
pressure, produced the stomatal closure. The reduction of leaf transpiration induced a
change in the water flow into the fruit with an increase of xylem flow and a recovery in
the fruit turgor pressure. Finally, a leaf osmotic adjustment at the end of the experiment
is likely related to the improvement of leaf turgor pressure. In the mechanism proposed
the level of water stress is as important as the duration, as Hsiao (1990) suggests. Olive
trees are considered species tolerant to high internal dehydration (Moriana et al., 2002).
Therefore, the decrease of leaf water potential (Wsem and Wiesr) is one of the most
important signals that likely produce changes in the water relations of the tree. Moriana
and Fereres (2002) in field olive trees, reported that gas exchange is less sensitive to
water stress than water potential at the beginning of a drought cycle. This delay between
the beginning of leaf dehydration and stomatal closure would provide the trees with the

capacity to maintain the assimilation. The closure of stomata would be produced by an
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increase of the loss of hydraulic conductivity (Lo Gullo et al., 1988) from a threshold
water potential (as in conifers (Froux et al., 2005)). The resistance of fruits to these
initial conditions of water stress is consistent with their important role in the water

relations of the tree (Martin-Vertedor et al., 2011).

5. Conclusions

The water flow in the fruit during pit hardening in fully irrigated conditions is produced
from xylem and phloem. In conditions of low fruit load, there were clear differences
between the component of water potential between leaves and fruits. Osmotic potential
at the time of maximum leaf conductance was lower in leaves than in fruits. Turgor
pressure at the same time was higher in leaves than in fruits. Such differences may be
related to a higher vegetative growth produced by the low fruit load.

Low water stress conditions produced significant changes in the water relations
of fruit and leaves. There was a clear delay in the stomatal closure and leaf osmotic
adjustment that produced a decrease in the leaf turgor pressure. On the other hand, there
was a change in the leaf-fruit water potential that likely benefited fruit growth, with no
decrease in fruit turgor pressure, in comparison with leaves. This process is consistent
with a higher drought sensitivity of vegetative growth than fruit growth, which permits
the reduction of irrigation with no effect on yield. The midday stem water potential of -

1.8 MPa is a reference of water stress levels for deficit irrigation.
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Figure Captions

Figure 1. Pattern of temperature (maximum, mean and minimum, °C) (a) and potential
evapotranspiration (ETo, mm day™) (b) during the experiment. White circle in figure b
represented the days when the measurements were made. Time is presented as days

after the beginning of drought (DABD)
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Figure 2. Pattern of midday stem water potential (Wsem, @) and maximum leaf
conductance (b) along the experiment. Each point is the average of 4 data. Asterisk
represents the date when significant differences were found. Time is presented as days

after the beginning of drought (DABD)

Figure 3. Pattern of leaf (a) and fruit (b) water potential and the different between them
(AY, c). Each point is the average of 4 data. Asterisk represents the date when
significant differences were found. Time is presented as days after the beginning of

drought (DABD).

Figure 4. Pattern of leaf omotic potential (a), fruit osmotic potential (b) and saturated
leaf osmotic potential (c). Each point is the average of 4 data. Asterisk represents the
date when significant differences were found. Time is presented as days after the

beginning of drought (DABD).

Figure 5. Pattern of leaf (a) and fruit (b) turgor pressure during the experiment. Each
point is the average of 4 data. Asterisk represents the date when significant differences

were found. Time is presented as days after the beginning of drought (DABD).

Figure 6. Stress integral of midday stem water potential (a) and maximum leaf

conductance (b). Each bar is the average of 4 data.
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Click here to download Tables: tablel.docx

Table 1. Fruit characteristics in the two surveys (49 days after the beginning of stress

(DABD) and 63 DABD). Each value is the average of 10 data. Asterisk in the same

column indicates significant differences (p<0.05, LSD Test).

49 DABD 63 DABD
!‘Oﬂg'tUd Tranversal | L/T Longitudi Tranversal | L/IT
inal . . Volumen | nal . . Volumen
Treatment . Diameter ratio 3 . Diameter ratio 3
Diameter (cm ™) Diameter (cm*)
(mm) (mm)

(mm) (mm)
Control 20.83 16.71 1.24 3.07 21.38 18.06 1.18 3.68
Estressed 21.82 16.91 1.29 3.30 23.42 18.42 1.27 4.18
LSD 0.18 * 0.11n.s. 0.007* | 0.066 * 0.208 * 0.100 * 0.009* | 0.070*
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