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ABSTRACT

The uncertain effects of climate change pose drought-related challenges in grapevine-
producing regions. Novel adaptation measures to climate change through experimental
research must be explored for grapevine production in drought-prone areas. Studies indicate
that abundant fertilization with potassium aids against harmful drought effects in crops. The
objective of the present research was to evaluate the effects of potassium availability on
grapevine (Vitis vinifera cv.) physiology and productivity under short but severe drought stress
periods through an experimental setup with weighing lysimeters under six treatments based
on three potassium levels (concentrations in irrigation water: 5, 15 and 60 mg K* L'!) and two
irrigation regimes (well-watered and water-deficit). The study hypothesized that abundant
potassium levels enable grapevines' tolerance to drought periods, sustaining plant
physiological development and improving yield under episodic drought stress. Whole-tree
actual evapotranspiration during the growing season was calculated from water balance in
the lysimeters. Midday stomatal conductance (gs) and stem water potential (Wstem) were
measured during two drought trials, and leaf area index (LAI) before, during, and after each
trial. Additionally, reference evapotranspiration (ETo) and vapor pressure deficit (VPD) were
monitored during trials. The study's results regarding physiological parameters indicate that
plant dehydration had similar patterns in gs among treatments in both trials. In contrast, gs
recovery was staggered between treatments, with the 60WD treatment the last to recover in
both trials. Regarding Wstem, its behavior during plant dehydration in the first trial was similar
among treatments, while in the second trial, differences between treatments were noticeable.
Lastly, Wstem recovered in all treatments on the first day of rehydration in both drought events.
Regarding ET,, both drought events suffered a post-drought reduction without reaching
similar values as the well-watered treatments. The ET, rate patterns were different between
well-watered and water-deficit treatments during severe water stress days. Furthermore,
lysimeter coefficients (Kiys) were noticeably different regarding crop coefficients (Kc) from the
second half of the growing season onwards. In terms of LAI, drought significantly impacted
plant canopy development, mainly in consecutive days of severe water stress. Ultimately,
short drought events did not affect grapevine yield, water productivity, number of clusters,
and brix degrees of the grape juice among treatments. In contrast, it affected average berry
and cluster weights mainly between K-5 and K-60 treatments. In sum, the study findings were
against the proposed hypothesis.

Keywords: Vitis vinifera cv., weighing lysimeter, potassium treatments, stomatal
conductance, stem water potential, leaf area index, yield.
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CHAPTER ONE
1.1. INTRODUCTION

Growers and researchers of grape vineyards are interested in how short drought stress
periods impact vines' productivity in terms of quality and quantity (Cogato et al., 2022). The
uncertain effects of climate change may negatively impact grapevine production regarding
yield and berry attributes in grape-producing regions (Fraga, 2019). Projections of population
growth coupled with climate change scenarios propose that it is only possible to meet future
global food production demands if agricultural production improvement is stimulated and
accelerated (Fahad et al., 2023).

Sustainable food production faces severe global challenges due to adverse environmental
conditions and increasing demand for agricultural products, especially in developing countries
and countries with limited natural resources (Fahad et al., 2023). In arid and semi-arid regions,
the objective of controlling water availability is oriented to achieve optimal yields in terms of
quality and quantity and water use optimization in agriculture (Netzer et al., 2019). Abiotic
stresses such as drought and heat can affect plant growth, development, and productivity
through plant morphological, physiological, biochemical, and molecular changes (Fahad et al.,
2023). Drought-prone areas expose plenty of food security challenges (Bitew, 2015).

After coffee and olive trees, the grapevine is one of the world's most cultivated perennial fruit
crops, presenting approximately 6.75 to 7.1 million hectares and producing 66 to 80 Mt
between 2010-2021 (FAO, 2023). According to Chaves et al. (2010), grapevine productivity
ranges from 5 tons per hectare in rain-fed to 40 tons per hectare in well-irrigated vineyards.
Water limitations directly affect water relations in grapevines, either due to its low availability
or high environmental demand (Smart, 1974; Hochberg et al., 2023).

Drought-prone areas where grapevines are cultivated expose plenty of food security
challenges (Bitew, 2015). Resilience to droughts is critical in productive semi-arid and arid
regions where food production is compromised under the uncertain climate change effects
(Fahad et al., 2023). Experiences from research indicate that potassium nutrition can improve
tolerance to drought stress in annual crops and trees (Premachandra et al., 1991; Gupta &
Berkowitz, 1987; Battie-Laclau et al., 2014). Therefore, in the present investigation, it was
proposed that controlled levels of potassium supplementation would encourage grapevines'
resilience to drought periods.

The present thesis is divided into six chapters. The first chapter presents the introduction,
problem statement, and thesis objective. Then, the second chapter contains the concepts and
research questions. Consequently, the third chapter refers to methods, the fourth to results,
and the fifth to discussion. Finally, the sixth chapter integrates conclusions and
recommendations.



1.2. PROBLEM STATEMENT

The Intergovernmental Panel on Climate Change (2022) indicated that climate change effects
will aggravate drought events in arid and semi-arid regions, intensifying the use of irrigation
(Gambeta et al., 2020). Several climate change scenarios indicate that grapevine-producing
regions will be prone to water stress conditions due to extreme weather conditions (Fraga,
2019). The drought effects, whether induced by humans or critical environmental conditions,
are part of current and future food production and must be considered in the production and
food security efforts (Fahad et al., 2023). Therefore, it is urgent to explore new adaptation
measures to climate change through experimental research on-field and consequently
disseminate knowledge among agricultural producers (Fraga, 2019).

The grapevine (Vitis vinifera cv.) is one of the most important perennial fruit crops in the world
in relation to economic terms (Alston & Sambucci, 2019; Gambeta et al., 2020). Nowadays,
grapevine is cultivated in over 90 countries for diverse purposes such as wine production,
liquors, juice, table grapes, and raisins (FAO-OIV, 2016; Gambeta et al., 2020).

Vineyards are often exposed to drought stress periods due to being widely cultivated in semi-
arid areas. However, even well-irrigated grapevines occasionally experience drought stress
periods between irrigation events, due to temporal irrigation failures, heat events, or during
peak crop evapotranspiration periods (Sepulveda & Kliewer, 1986; Hochberg et al., 2016;
Hochberg et al., 2023).

As part of adequate agricultural management, the quality and quantity of grapes are
influenced by the plant water status of the vines throughout its growing season (Smart et al.,
1990; Williams, 2000; Keller, 2010; Baert et al., 2013).

Studies in maize and wheat (Premachandra et al., 1991; Gupta & Berkowitz, 1987) and in
eucalyptus trees (Battie-Laclau et al., 2014) have reported that fertilization with potassium
improved drought stress tolerance and osmotic adjustment and, consequently, its harmful
effects. Potassium is an essential macroelement in plant nutrition as well as the most
abundant cation in plant tissues. Plant growth and productivity demand high potassium doses
for its consequent distribution throughout the plant (Marschner, 2011; Nieves-Cordones et
al., 2016). However, there is a large knowledge gap in understanding the role of potassium
fertilization in relation to drought resiliency in grapevines.

The present research was driven by the hypothesis that abundant potassium levels enable
grapevines' tolerance to drought periods, sustaining plant physiological development and
improving yield under episodic drought stress.

1.3. OBJECTIVE

To evaluate the effects of potassium availability on grapevine (Vitis vinifera cv.) physiology
and productivity under short but severe drought stress periods, estimating actual
evapotranspiration and measuring physiological and canopy growing parameters.



CHAPTER TWO
2.1. CONCEPTS

This section presents the concepts used in this research and the detailed conceptual
framework (Figure 1).

Plant physiology

Plant physiology studies plant behavior and functions in order to examine and interpret
processes of growth, metabolism, reproduction, defense as well as communication between
plants (Salisbury & Ross, 1992; Baluska et al., 2006; Scott, 2008; Smith et al., 2019). Due to
most of the aforementioned processes occurring at the cell, tissue, and organ level, there is a
strong association between plant physiology and plant anatomy. Understanding plant
physiology requires basic knowledge of chemistry and physics (Smith et al., 2019). Drought
events directly affect plant physiology and water uptake. In the present investigation, short
periods of drought are induced in grapevines to study the interactions of the whole-tree actual
evapotranspiration in relation to the stomatal conductance, stem water potential, and the leaf
area index in different fertigated potassium treatments. Likewise, the interactions between
the whole-tree actual evapotranspiration regarding the yield per tree, number of clusters,
average cluster and berry weight are studied, which may interact with grape juice brix degrees
and pH (Figure 1).

Stomatal conductance to H.0 vapor (gs)

Stomatal conductance (mol m™2 s™!) is an indicator of the plant water status that defines the
degree of stomata aperture. Using a porometer, plants' gas exchange rate (carbon dioxide
uptake) and transpiration (water vapor losses) are measured. The water loss due to plant
transpiration and photosynthesis are dominated by stomatal closure. Moreover, in
grapevines, H,0 vapor diffusion out of vine leaves is less dependent on stomatal opening than
CO, diffusion into leaves (Keller, 2020). The stomatal conductance with regard to plant
transpiration is conditioned by the soil water availability, the plant phenological stage, and
weather conditions. As long as the soil presents available water, the plant will meet its
transpiration demand and maintain stomatal conductance and water potential levels close to
well-watered conditions. However, when available water is reduced, the water potential will
drop along with the plant transpiration, gradually decreasing the stomatal conductance by
closing the stomata to maintain fundamental plant functions. In general, reductions in
stomatal conductance prevent decreases in water potential by reducing transpiration. The
stomatal conductance is related to leaf water potential (Giménez et al., 2013).

Stem water potential (Wstem)

Stem water potential (MPa) is a water status indicator that directly measures the water
tension within the plant's xylem. It expresses the ability to convey water from the soil to the
environment (Choné et al.,, 2001). According to Choné et al. (2001), Wstem is “the most
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discriminating indicator for both moderate and severe water deficits” (p. 477), mainly on
peach and plum orchards. Moreover, Wsenm is influenced by stomatal regulation, which is
driven by climate and watering factors; reductions in water potential generate stomatal
closure and, consequently, lower stomatal conductance values. The Wsem is estimated
through a pressure chamber instrument and measured in pressure units, always being a
negative value (Blanco & Kalcsits, 2021; Naor, 2000).

Weighing lysimeters

Weighing lysimeters are devices that directly measure water quantities used by the combined
effect of evaporation and transpiration in crops (actual evapotranspiration) by closing the
water balance. Lysimeters measure the mass of the plant, soil, and container at defined times.
The change in mass allows for calculating the actual evapotranspiration (Fisher, 2012; Payero
& Irmak, 2008). These devices represent the most direct method of estimating actual crop
evapotranspiration (Payero & Irmak, 2008; Dong & Hansen, 2023).

Reference evapotranspiration (ETo)

The reference evapotranspiration (mm day) (also called reference crop evapotranspiration)
is a standard evapotranspiration parameter based on a reference surface assuming a well-
watered virtual grass (as a reference crop) that is continually growing and covering the soil
surface with a uniform height of 1.2 m, surface resistance of 70 s m™* and albedo of 0.23. The
method recommended by FAO to calculate the ETpis the Penman-Monteith method. It can be
calculated using meteorological data of the area of interest, such as radiation, air
temperature, air humidity, and wind speed (Allen et al., 1998).

Actual evapotranspiration (ET,)

Actual evapotranspiration (mm tree-! day ! or L tree-! day?) is defined as the amount of water
through vapor actually removed from the soil and plant surfaces into the atmosphere; it is the
sum of the evaporated and transpired water by crops driven by ETo components, such as
temperature, relative humidity, wind, radiation, etc. (Sepulveda, 2021). Actual
evapotranspiration is one of the most important and difficult-to-estimate components of the
hydrological cycle in ecosystems and agroecosystems. In addition, the exchange of energy and
water between the soil, land, and atmosphere is explained by the actual evapotranspiration
(Ochoa-Sanchez et al., 2019).

Water balance

The water balance is a valuable and straightforward approach to defining water inflows and
outflows at specific time and area scales. The water balance computation considers irrigation,
precipitation, and capillary rise as inflows parameters. Additionally, it considers crop
evapotranspiration, deep percolation, and surface runoff as outflows, not to mention the
change in soil water storage that can be a negative or positive value (Allen et al., 1998;



Ochoa et al., 2007). In the elemental water balance expression shown in Equation 1, the
rootzone in a crop field is defined as the water balance threshold.

I+P+C.— ET,—Dy—R, +AS =0 (1)

Where:

I = Irrigation (mm)

P — Precipitation (mm)

C, — Capillary rise (mm)

ET, — Actual crop evapotranspiration (mm)

D,, — Deep percolation under crop root zone (mm)
R, — Surface runoff (mm)

AS — Change in soil water storage (mm)

The water balance is normally used to indirectly estimate parameters that are difficult to
measure in field conditions (e.g., evapotranspiration, deep percolation, capillary rise, among
others). It is important to highlight that, for controlled experimental conditions, where the
parameters Cr and Ro are not important, Equation 1 can be modified for convenience and
simplicity.

Leaf area index (LAI)

The leaf area index (m? m™2) is an indicator that illustrates plant canopy, representing the
projected leaves area in a unit of land. It represents an essential variable for understanding
the biophysical vegetation in processes such as photosynthesis, respiration, and precipitation
interception (Alton, 2016; Fang et al., 2019). LAl can be easily estimated using a ceptometer.

Vapor Pressure Deficit (VPD)

The vapor pressure deficit (kPa) is defined as the difference in the saturation vapor pressure
and the actual vapor pressure (Allen et al., 1998). VPD is an important parameter in plant-
water relations and can be computed for defined periods of time for its analysis.

High VPD values encourage plant water stress when soil water availability is reduced by
increasing plant transpiration rates and reducing the photosynthesis process (Franks et al.,
1997; Grossiord et al., 2020). Furthermore, high VPD values usually induce the progressive
closure of the stomata (impacting stomatal conductance) in order to reduce water loss due to
the increase in plant transpiration, in addition to generating critical values of water tension in
the plant xylem (impacting stem water potential) (Running, 1976; Grossiord et al., 2020).
Moreover, high VPD values impact the accelerated water loss from the crop surface (Dai,
2013; Grossiord et al., 2020).



2.1.1. CONCEPTUAL FRAMEWORK
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Figure 1. Conceptual framework of the thesis research.



2.2. HYPOTHESIS

Abundant potassium levels enable grapevines' tolerance to drought periods, sustaining plant
physiological development and improving yield under episodic drought stress.

2.3. RESEARCH QUESTIONS

2.3.1. MAIN RESEARCH QUESTION

What are the effects of potassium availability on grapevine physiology, actual
evapotranspiration, growth, and vyield characteristics under short drought stress
periods?

2.3.1. SUB-QUESTIONS

What is the behavior of the stomatal conductance and stem water potential during
plant dehydration and recovery regarding potassium availability?

What are the drought effects on grapevine actual evapotranspiration regarding
potassium availability?

What are the drought effects on tree canopy regarding potassium availability?

What are the drought effects on grapevine yield characteristics regarding potassium
availability?



CHAPTER THREE: METHODS

3.1. EXPERIMENTAL SITE

3.1.1. LOCATION
The experimental platform is located in the southern district of Israel, specifically in the

northern region of the Negev desert at the Gilat Research Center for Arid & Semi-Arid
Agricultural Research, Agricultural Research Organization— Volcani Institute of Israel's
Ministry of Agriculture. The institution is situated at latitude 31° 20' N, longitude 34° 40' E,
and approximately 150 m above sea level; Be'er Sheva city is 20 km away (Figure 2).

Figure 2. Location of the Gilat Research Center.

3.1.2. CLIMATE

The climate of the experimental site based on the Koppen climate classification is defined as
BWh, hot and dry summers, and mild winters. Precipitation is mainly concentrated in the
winter season, being rare in summer (Potchter & Ben-Shalom, 2013). According to historical
meteorological data of the Land Conservation Division of Israel's Ministry of Agriculture, in
the station Gilat during the period 2008-2022, the average maximum temperature was 27.8°C
(range of 35-18.5°C), August being the hottest month with an average maximum temperature
of 35°C and an average minimum of 21.7°C. Likewise, the average minimum temperature was
14.5°C (range of 21.7-7.8°C), January being the coldest month with an average maximum
temperature of 18.5°C and an average minimum temperature of 7.8°C. The average annual
temperature was 21.2 °C (Figure 3) (Agrometeo, 2023).
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Figure 3. Monthly maximum, minimum, and average temperature in the experimental site (Gilat station,
period 2008-2022).

Moreover, the average yearly precipitation was 221 mm. The rainy season was concentrated
in winter, mainly between October and March. The rainiest month was January, and the driest
was July. Precipitation in summer was scarce (Figure 4) (Agrometeo, 2023). During data
collection, precipitation was insignificant and not considered in calculations.
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Figure 4. Average yearly precipitation in the experimental site (Gilat station, period 2008-2022).

Furthermore, the historical reference evapotranspiration calculated using meteorological
data by the Penman-Monteith equation fluctuated approximately between 2 mm/day in
January, increasing to 6.7 mm/day in July and decreasing to 2.3 mm/day in December (Allen
et al., 1998) (Figure 5). However, during the data collection of the experiment, maximum
values of up to 10 mm/day were reported (see results section).
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Figure 5. Average reference evapotranspiration in the experimental site (Gilat station, period 2008-2022).

3.2. EXPERIMENTAL DESIGN

The research comprised weighing lysimeter experimentation to evaluate potassium
concentration effects in physiological development response under short drought stress
periods in Early Sweet (var) grapevines (Vitis vinifera cv.). The experiment was conducted in
an experimental set-up with twenty-eight weighing lysimeters, but just twenty-four were
used (the remaining four were not necessary for the present research); every lysimeter
contained a single grapevine.

In March 2018, the grapevines (“Early Sweet” grafted on “140 Ruggeri”) were planted in 10L
pots. In March 2020, they were transplanted to the weighing lysimeters (see lysimeter
experimentation section). The trees were distributed homogeneously in four rows of seven
lysimeters, the separation between trees was 2.5 m and between rows 5 m.

Six treatments with four replicates randomly allocated (twenty-four grapevines) were
established based on three potassium levels and two irrigation regimes (Appendix 1), as
described below:

Well-watered grapevine with 60 mg K* L' (60WW)
Well- watered grapevine with 15 mg K* L' (15WW)
Well- watered grapevine with 5 mg K* L't (SWW)
Water-deficit grapevine with 60 mg K* L' (60WD)
Water-deficit grapevine with 15 mg K* L't (15WD)

o ok w N E

Water-deficit grapevine with 5 mg K* L'* (5WD)
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The well-watered treatments integrated approximately 130-140% water from last-day actual
evapotranspiration. In contrast, in water-deficit treatments, the grapevines were dehydrated
by interrupting irrigation during episodic drought trials until reaching critical physiological
values in stomatal conductance and stem water potential (see drought trials and data
collection sections).

Grapevines were fertigated daily with mineral fertilizers through drip irrigation, varying the
potassium concentration depending on the experimental treatment (60-15-5 mg K L-1) at 40
mg N L-1, 10 mg P L-1, 35 mg Ca L-1, 15 mg Mg L-1, 0.025 mg Cu L-1, 0.6 mg Fe L-1, 0.3 mg
Mn L-1, 0.016 mg Mo L-1, and 0.15 mg Zn L-1, following commercial vineyard management
(Hochberg et al., 2023).

3.3. LYSIMETER EXPERIMENTATION

Weighing lysimeters (Figure 6) were composed of polyethylene containers with a volume of
2 m3 (1.4 m diameter and 1.3 m high), four load-cells brand Zemic Europe B.V model H8C-C3-
2.0T-4B in parallel, and a metal platform (Hochberg et al., 2023). The lysimeter’s containers
were filled with loamy sand soil (88-95% sand and 4-10% clay) (ibid.) The excess of water was
drained by an inert rockwool extension to 50 L buckets at one meter below the soil container
bottom (Ben-Gal & Shani, 2002; Hochberg et al., 2023). Drainage water accumulated in the
collection buckets was automatically emptied through an electric valve. As the bucket was
connected to the weighing lysimeter, measurement of lysimeter mass before and after its
emptying indicated volume of the drainage. A drip irrigation line was installed per lysimeter
with 16mm pipeline diameter and eight pressure-compensated drip emitters of 2.0 L h'?
model PC online, brand Netafim Tel Aviv. Grapevines grew vertically to 1.2 m height
supported by a commercial Y-shaped trellis with dimensions of 1.4 by 2.7 m (Figure 6)
(Hochberg et al., 2023). The group of lysimeters included an automatic water and fertilizer
preparation and delivery system (Ben-Gal et al., 2010).

Lysimeter mass data were collected and stored with a field-installed data logger and
automatically downloaded to a comma-separated Excel file through a preprogrammed digital
interface (LoggerNet 4.7, Campbell Scientific) using a main project PC located in the research
center offices. Likewise, the lysimeters were calibrated on-field with a known mass (< 50 kg)
before each drought trial through the mentioned interface and the project's main PC using
the AnyDesk application and mobile data (in order to use the main PC remotely); the
admissible percentage error in the calibration (known mass concerning measured mass) was
defined as t 2%.

The data collection system in the lysimeters was programmed to measure mass at five-minute
intervals and considering the expected mass changes in a day (relative mass ranging from
approximately -100 to 100 kg). The main objective of using weighing lysimeters was to
calculate the actual daily evapotranspiration through a water balance, considering the mass
of the irrigation, drainage, and change in water storage components (see data collection
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section) (Ben-Gal et al., 2010). Appendix 2 shows schemes elaborated in AutoCAD 2023 that
highlight the components of the weighing lysimeters used in the present investigation (front,
side, and top view).

LYSIMETER

Figure 6. Lysimeter setup at Gilat Research Center, ARO-Volcani Institute, Israel (Hochberg et al., 2023).

3.4. DROUGHT TRIALS

In the present investigation, two drought trials were carried out. The trials were monitored
on a daily basis considering daily actual evapotranspiration and two physiological parameters:
stomatal conductance and stem water potential (see data collection section). In the case of
grapevines, a severe water deficit was defined when the midday stomatal conductance was
approximately equal to or greater than 0.02 mol m? s and stem water potential was
approximately -1.0 to -1.2 MPa (Flexas et al., 2002; Hochberg et al., 2023).

The drought trials comprised irrigation interruption, inducing the dehydration of the plant
until reaching a severe water deficit based on the mentioned physiological parameters. The
critical drought point was maintained for some days by supplying daily small amounts of water
equal to the previous day's stress level ET,. Subsequently, the irrigation was re-established
for the vine recovery, and measurements continued until reaching the same values in both
physiological parameters as the well-irrigated homologous treatments (Hochberg et al.,
2023).

The first drought trial was carried out from April 28 to May 11, and the second from June 8 to
18. The critical drought days in the first drought were May 10 and 11, while the second were
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from June 14 to 18. The vine rehydration (or recovery) in the first drought comprised from
May 12 to 17 and the second from June 19 to 23.

3.4.1. DROUGHT VISUAL ASSESSMENT

A drought visual assessment on the water-deficit trees regarding their canopy appearance
was carried out during the critical days of drought in each drought trial. According to the
canopy status in relation to the effect of drought, values from 1 to 5 were assigned. The
scoring was given between 11:30 and 14:00 hrs. The score 5, “high drought effects”, indicated
that leaves have dropped and the existence of extreme curling leaves; the score 2.5, “medium
drought effects”, expressed that leaves have not dropped and the presence of some curling
leaves; and the score 0, “no drought effects” pointed out that leaves have not dropped and
the inexistence of curling leaves.

In addition, two drone flights (model Mavic Mini 2, brand DJI) were carried out on June 22
and July 6 to define the impact of the fertilization levels on the trees' canopy at the end of the
growing season.

Moreover, a visual assessment of berries comparing water-deficit trees concerning well-
water trees was carried out. It was observed how potassium availability and drought events
affected the berries' appearance in the clusters between the studied treatments. Likewise,
pictures of the identified damage were taken.

3.5. DATA COLLECTION
3.5.1. METEOROLOGICAL PARAMETERS

3.5.1.1. REFERENCE EVAPOTRANSPIRATION

The daily reference evapotranspiration ETo (mm day?) was consulted from the Gilat
meteorological station, which was calculated using the Penman-Monteith equation (Allen et
al., 1998).

3.5.1.2. MIDDAY VAPOR PRESSURE DEFICIT

Vapor pressure deficit (VPD) is an important factor closely related to stomatal conductance
and stem water potential. In the present investigation, the use of the midday vapor pressure
deficit (VPDmidday) Was established, which considers the maximum value of the VPD in 10-
minute intervals between 11:30 and 14:00 hrs. (along with the data collection of the
physiological parameters). The VPD was calculated using weather data from the Gilat
meteorological station during the days of the drought trials and its plant recovery.

Firstly, the saturation vapor pressure (e°, kPa) was calculated through the average air
temperature at 2m height in ten-minute intervals (T1omin, °C) (Equation 2) (Allen et al., 1998).
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(17'27*T10min)
e 10min = 0.6108exp\T1omin*2373

(2)

Subsequently, through the relative humidity in 10-minute intervals (RHiomin, %) and the
saturation vapor pressure in 10-minute intervals (e°10min, kPa), the VPD in ten-minute intervals

(VPD1omin, kPa) was calculated (Equation 3) (Allen et al., 1998).

VPDiomin = (100 - RHlOmin)/eOIOmin (3)

Finally, VPDmidday Was defined as the maximum value of VPD1omin.

3.5.2. WATER BALANCE
3.5.2.1. ESTIMATION OF DAILY ACTUAL EVAPOTRANSPIRATION (ET-)

The whole-tree daily actual evapotranspiration (henceforth referred to as actual
evapotranspiration) (ET,) was calculated through the water balance method throughout the
growing season, specifically between April 20 (lysimeters calibration) and July 13 (three days
after grapevines harvest), 2023 (Allen et al., 1998). Although ET was measured, it is assumed
that the evaporation portion tends to be insignificant due to mainly two factors: mulching of
the soil with a permeable (for air entry) woven plastic sheet and vines' dense canopy over the
relatively small wetted soil surface (more noticeable during mid and late-season).

Irrigation was supplied to the weighing lysimeters through drip irrigation approximately
between 01:00 to 06:00 hrs., depending on the irrigation needs based on the day-before ET,;
note that the irrigation was stopped during drought trials. Accumulated drainage was
measured and removed daily at 23:00 hrs. The twenty-four-hour change in soil water storage
was measured through the difference in weight regarding the analyzed day with respect to
the day before. Averages for thirty minutes intervals were used in the calculations.

Daily actual evapotranspiration (ET., L tree? day?) was calculated per tree from irrigation (I,
L), drainage (D, L), and change in soil water storage (AS, L) (Ben-Gal et al., 2010; Hochberg et
al., 2023) (Equation 4). Figure 7 illustrates the water balance components, as well as the
behavior of a weighing lysimeter during a typical day.

ET,=1—-D—AS (4)
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Figure 7. Water balance components throughout a day in an irrigated grapevine.
Moreover, the instantaneous evapotranspiration rate (L h'!) was calculated in representative

trees in order to analyze the daily patterns and ET. peak rate between treatments during both
drought trial and its recovery.

The actual evapotranspiration during the growing season was calculated and analyzed.
Considering seasonal actual evapotranspiration (ETas, m3) and yield (Y, kg), water productivity
(WP, kg m3) per tree was calculated and analyzed (Equation 5) (van Halsema & Vincent, 2012).

wp =~
ETg s

(5)

It is important to mention that, due to a technical failure detected at the end of the growing
season, ET, data from lysimeter number 3 was not used (n=3 for K-15WD).

3.5.3. PHYSIOLOGICAL PARAMETERS
3.5.3.1. STOMATAL CONDUCTANCE

Midday stomatal conductance to H.O vapor (henceforth referred to as stomatal conductance)
(gs) was measured in five sun-exposed, healthy, well-developed, and expanded leaves
(normally located in the upper part of the tree canopy) approximately between 12:00 to 14:00
hrs. using a porometer model LI-600, brand LI-COR (Figure 8) (Hochberg et al., 2023).

The gs was measured once before and after the drought trial and daily during the drought and
recovery of the grapevines (not measuring on Saturdays). During data collection, gs data was
stored in the instrument, assigning an identifier per tree through a bar code. Subsequently,
the data was downloaded in an Excel file separated by commas using the LI-COR LI-600 2.0.0
application. A median gs per tree was used for further analysis.

15



Figure 8. Porometer model LI-600, brand LI-COR.

3.5.3.2. STEM WATER POTENTIAL

Midday stem water potential (henceforth referred to as stem water potential, Wsem) was
measured in parallel to gs measurements. One leaf per vine in the shade was covered in
aluminum + plastic bags for approximately 30 minutes. The leaves were removed from the
vine between 12:00 to 14:00 hrs and stored in a plastic bag and then in a polystyrene
container for transport to the laboratory. The Ws.em measurements were done no more than
one hour after the leaves excising using a pressure chamber model 600D, brand PMS
instruments (Figure 9) (Hochberg et al., 2023; Hochberg, 2020).

Figure 9. Pressure chamber model 600D, brand PMS instruments.
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3.5.4. CANOPY GROWTH
3.5.4.1. LEAF AREA INDEX

In order to track the plant growth leaf area index (LAI) was measured before, during a drought
critical day and after each drought trial. LAl was measured around 12:00 to 14:00 hrs. using
twenty positions (27 cm intervals) under the trellis’ surface area (Figure 10A) with a
ceptometer model LP-80, brand Decagon (Figure 10B). The vine canopy was allowed to grow
only on the trellis; hence the excess was trimmed after drought trials. The first pruning was
done on May 28, and the second on June 29, 2023. To account for the drought effect on the
behavior of the canopy, the LAl was particularly studied during the critical days of drought in
both drought trials.
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Figure 10. Leaf area index measurement set-up (A) and ceptometer model LP-80, brand Decagon (B).

3.5.5. HARVEST

Grapevines were harvested on July 10. The clusters per tree were counted and placed in
containers for transport to the laboratory, where the yield per vine was measured with a
digital scale model Mirav 6000, Shekel scales brand. The average cluster weight per vine was
calculated based on the number of clusters and the yield per vine. Also, the average berry
weight was estimated based on the weight of 50 randomly selected berries per vine using a
precision digital scale model ENTRIS4202I-1S, brand Sartorius.

In the laboratory, twenty-five berries were squeezed to get the juice in order to measure the
brix degrees using a refractometer model ATC-1, brand ATAGO (Figure 11A), and the pH using
a potentiometer model pH 700, brand Eutech Instruments (Figure 11B).
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Figure 11. Refractometer (A) and potentiometer (B).

It is important to mention that, to achieve the harvest of the vines, agricultural management
in terms of fungicides, insecticides, phytoregulators, and foliar fertilizers was performed
based on commercial vineyard management; Appendix 3 shows the agrochemicals applied
throughout the growing season to the trees and their purpose. A light thinning was done in
the grapevines' clusters from May 22 to 24, 2023. Also, the clusters were covered with paper
bags open at the bottom to avoid damage caused by birds from May 22 to 30, 2023.

3.6. LYSIMETER COEFFICIENT

The lysimeter coefficient (Kys, mm mm) was calculated based on the daily actual
evapotranspiration per lysimeter (ETys, L day® tree?), the Penman-Monteith reference
evapotranspiration (ETo, mm day?), and the lysimeter area of influence (S; 2.5m * 5m)
(Equation 6) (Hochberg et al., 2023).

(6)

An analysis of the Kiys, based on grapevine's initial season stage (Kiys ini), mid-season stage (Kiys
mid) and final season stage (Kiysend) for this specific experimental setup was carried out.

3.7. DATA STATISTICS

The data (gs, Wsem, LAI, daily ETa, accumulated ET,, normalized ETa, Kys, drought visual
assessment scores and harvest components) were analyzed using one-way AVONA to evaluate
statistically significant differences between the means of the treatments and if necessary, a
Tukey's HSD test (post-hoc test) to evaluate statistically significant differences between pairs
of treatments (Montgomery & Runger, 2018). The statistical analysis was done using the IMP
Pro 16 software (SAS Institute, USA) and defining a statistical significance at P < 0.05 in both
tests.
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CHAPTER FOUR: RESULTS

4.1. PHYSIOLOGICAL CHANGES DURING PLANT DEHYDRATION AND RECOVERY

During the first drought trial (April 28 to May 11), the well-watered treatments and the
drought treatments at all potassium levels did not present significant statistical differences
during the first five days (April 28 to May 02) in the gs (average value of 0.28 mol m2 s) and
Wstem (average value of -0.5 MPa) (Figure 12C and 12D) (Table 1). In the case of the second
drought trial (June 8 to 18), the physiological parameters responded rapidly to the drought
event due to the daily water demand of the plant. Unfortunately, due to the weekend, the
second and third days of drought were not measured (June 9 and 10).

On the sixth day of the first drought trial (May 03), significant statistical differences in the
physiological parameters between the treatments began to be observed. In the case of g, the
5WW treatment (average value of 0.30 mol m s!) significantly differed from 5WD and 15WD
treatments (average values from 0.22 to 0.23 mol m? s1). At the same time, 15WW, 60WW,
and 60WD treatments (average values from 0.25 to 0.28 mol m2 s?) had no significant
differences regarding 5SWW, 5WD, and 15WD treatments (average values from 0.22 to 0.30
mol m2 s1) (Table 1). Concerning Wstem, the SWW and 60WW treatments (average values
around -0.38 MPa) had significant differences with 5WD and 15WD treatments (average
values from -0.51 to 0.52 MPa). In contrast, the 15WW and 60WD treatments (average values
from -0.41 to -0.44 MPa) did not have significant differences with respect to the remaining
treatments (Figures 12C and 12D) (Table 2).

In the case of the second drought trial, significant statistical differences from the fourth day
of drought were observed (June 11). Concerning gs, the well-watered treatments (average
value of 0.55 mol m~2 s!) and water-deficit treatments (average value of 0.35 mol m?s?) were
significantly different, regardless of the potassium levels (Table 1). About the Wsiem, there
were significant differences between the 15WD and 60WD treatments (average values from
-0.79 to -0.84 MPa) concerning 5SWW, 15WW, and 60WW treatments (average values from -
0.57 and -0.61 MPa). Contrary, 5WD (average value of 0.72 MPa) did not have significant
differences from the remaining treatments (Figures 13C and 13D) (Table 2).

The physiological parameters gradually decreased from May 3 in the first drought trial and
June 11 in the second drought until they reached severe water deficit levels on May 10 and
June 14, respectively (gs under 0.02 mol m2 s*and Wstem of -1.0 MPa) (Figure 12C, 12D, 13C,
and 13D) (Table 1 and 2).

On the tenth day of dehydration of the first drought trial (May 7), the gs had significant
differences between the well-watered treatments (average value of 0.38 mol m? s?) and
water-deficit treatments (average value of 0.20 mol m? s!), no matter potassium levels (Table
1). Regarding Wstem, the 5SWW and 60WW treatments (average values from -0.41 to -0.42
MPa) had significant differences concerning the 5WD, 15WD, and 60WD treatments (average
values from -0.61 to -0.65 MPa). Additionally, the 1I5WW treatment (average value of 0.52
MPa) had no significant differences from the remaining treatments (Figures 12C and 12D)
(Table 2).
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Plant dehydration during the second drought trial was quicker than the first trial (seven days
compared to fourteen days) (Figures 12 and 13). On the fifth day of dehydration of the second
trial (June 12), the gs had significant differences between the 5SWW and 15WW treatments
(average values from 0.49 to 0.50 mol m? s!) compared to the 60WW treatment (average
value of 0.53 mol m2 s?), 15WD treatment (average value of 0.095 mol m2 s?) and 60WD
treatment (average value of 0.06 mol m? s!). In contrast, the SWD treatment (average value
of 0.09 mol m? s) was statistically similar to the 15WD and 60WD treatments (Table 1).
Regarding Wsiem, there were significant differences between the 5SWW, 15WW, and 60WW
treatments (average values from -0.48 to -0.52 MPa), 15WD and 60WD treatments (average
values from -0.94 to -0.98 MPa), and the 5WD treatment (average value of -0.72 MPa) (Figures
13C and 13D) (Table 2). It is important to highlight, during the second drought trial, June 13
was abnormal since it was cloudy and rained slightly. For that reason, it was impossible to
measure the gs because the leaves were wet; fortunately, Wstem was measured. The rain was
neglected since the weather station measured 0 mm at the Gilat Research Center.

The critical days in the first drought trial were on May 10 and 11 (Figure 12C and 12D), while
the second drought were from June 14 to 18 (Figure 13C and 13D) (Table 1 and 2). In order to
maintain drought stress, in the first drought trial, 10L liters of water were manually irrigated
to each tree in water-deficit conditions on May 10. Similarly, in the second drought trial, +30
L were irrigated on June 15 and £15L on June 16 and 17 through drip irrigation (Appendix 4).

During the two critical days of drought in the first drought trial, there were significant
statistical differences in gs between the 5SWW, 15WW, and 60WW treatments (average values
from 0.32 to 0.37 mol m2 s) and the 5WD, 15WD, and 60WD treatments (average values
from 0.022 to 0.032 mol m?s!) (Table 1). Likewise, there were significant differences in Wstem
between the 5WW, 15WW, and 60WW treatments (average values from -0.48 to -0.64 MPa)
and the 5WD, 15WD, and 60WD treatments (average values from -1.0 to -1.12 MPa) (Figure
12C and Figure 12D) (Table 2).

Concerning the critical days of drought in the second drought trial, on June 14, there were
significant differences in gs between the 60WW treatment (average value of 0.59 mol m? s
1), SWW and 15WW treatments (average values from 0.52 to 0.53 mol m? s) and 5WD,
15WD and 60WD treatments (average values from 0.0087 to 0.01 mol m2 s?) (Table 1).
Regarding Wsiem, there were significant differences between the 5WW, 15WW, and 60WW
treatments (average values from -0.57 to -0.66 MPa) and 5WD, 15WD, and 60WD treatments
(average values from -0.91 to -1.08 MPa) (Table 2). On June 15, it was observed that Wstem
reacted rapidly due to the 30L irrigation on June 15, varying from approximately - 1.0 MPa to
- 0.8 MPa; however, the gs values remained as severe water-deficit. On June 16, there were
significant differences in gs between the 5WW treatment (average value of 0.5 mol m2 s?),
15WW and 60WW treatments (average values from 0.58 to 0.63 mol m2 s!) and 5WD, 15WD,
and 60WD treatments (average values from 0.011 to 0.13 mol m2s?) (Table 1). In relation to
Wsiem, there were significant differences between the 5SWW, 15WW, and 60WW treatments
(average values from -0.7 to -0.75 MPa) concerning 5WD, 15WD, and 60WD treatments
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(average values from -1.05 to -1.15 MPa) (Table 2). On June 17, no physiological parameters
were measured (Saturday). On June 18 (the last day of critical drought), the physiological
parameters were slightly higher than the previous days; there were significant differences in
gs between the 60WW treatment (average value of 0.59 mol m? s!), SWW and 15WW
treatments (average values from 0.46 to 0.49 mol m? s') and 5WD, 15WD, and 60WD
treatments (average values from 0.34 to 0.35 mol m2 s?) (Table 1). Considering the Wstem,
there were significant differences between the 5WW, 15WW, and 60WW treatments
(average values from -0.43 to -0.51 MPa) with regard to the 5WD, 15WD, and 60WD
treatments (average values from -0.82 to -0.91 MPa) (Figure 13C and 13D) (Table 2).

In general, during the critical drought days, the gs values were lower in the second drought
trial than in the first one (Table 1). Likewise, in both drought trials, the Ws.em values were not
less than -1.2Mpa; the 60WD treatment had the lowest values, while 5WD had the highest
(Table 2). In both drought events, gs and Wgem presented an inversely proportional
relationship regarding the midday vapor pressure deficit for well-watered treatments (Figures
12E and 13E). Finally, irrigation was reestablished on May 11 in the first drought trial and June
18 in the second drought trial.

Concerning the plant recovery of the first drought trial in terms of gs (May 12 to 17), on May
15, the 5WD treatment reached statistically similar levels with respect to the 5WW treatment
(average value of 0.425 mol m2 s), while the 15WD and 60WD were statistically different
from 15WW and 60WW, respectively. On the other hand, on May 16, the 15WD treatment
recovered levels statistically similar to the 15WW treatment (average value of 0.533 mol m
s1); the 60WD treatment was the only one remaining to recover compared to the 60WW
treatment. Finally, on May 17, the 60WD treatment reached levels statistically similar to
60WW (average value of 0.506 mol m2 s?) (Figure 12C) (Table 1).

Similarly, in the plant recovery of the second drought trial regarding gs (June 19 to June 23),
on June 21, the 15WD treatment recovered at statistically similar levels as the 15WW
treatment (average value of 0.518 mol m? s?) and the 5WD and 60WD treatments were
statistically different from the 5WW and 60 WW treatments, respectively. Subsequently, on
June 22, the 5WD treatment reached statistically similar levels to the 5WW treatment
(average value of 0.508 mol m~?s1), while the 60WD treatment was statistically different from
the 60WW treatment. Ultimately, on June 23, the 60WD treatment statistically recovered the
same values as 60WW (average value of 0.586 mol m2 s!) (Figure 13C) (Table 1).

On the other hand, in both drought trials, the Ws.m recovered statistically similar values to
the well-watered treatments in all water-deficit treatments (average value of -0.57 MPa) on
the first day of recovery (May 12 in the first drought event and June 19 in the second) (Figures
12D and 13D) (Table 2). Data collected from all experimental days regarding gs and Wstem are
show in Appendix 4 and 5.
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Table 1. Average per treatment of gs (mol m? s) analyzed in both drought trials during plant dehydration and
rehydration. The letters in brackets represent the statistical report where levels not connected by the same
letter are significantly different (n=4, a= 0.05).

Event Date Treatment

5WD 5ww 15WD 15WWwW 60WD 60WW
May 02 0.229 0.274 0.233 0.261 0.260 0.265

(A) (A) (A) (A) (A) (A)
May 03 0.234 0.307 0.224 0.282 0.252 0.280

Let (B) (A) (B) (AB) (AB) (AB)
dehy- May 07 0.228 0.374 0.209 0.388 0.186 0.371

dration (8) (A) (8) (A) (8) (A)
May 10 0.032 0.373 0.023 0.33 0.024 0.329

(B) (A) (B) (A) (B) (A)
May 11 0.022 0.330 0.024 0.378 0.022 0.358

(B) (A) (B) (A) (B) (A)
May 15 0.428 0.424 0.394 0.443 0.359 0.418

Lt (B) (B) () (A) (c) (8)
rehy- May 16 0.474 0.489 0.539 0.528 0.388 0.506

dration (8) (8) (A) (A) (©) (A)
May 17 0.508 0.521 0.494 0.509 0.499 0.514

(A) (A) (A) (A) (A) (A)
June 08 0.500 0.499 0.492 0.497 0.496 0.522

(A) (A) (A) (A) (A) (A)
June 11 0.298 0.503 0.306 0.486 0.306 0.520

(B) (A) (B) (A) (B) (A)
June 12 0.092 0.501 0.095 0.494 0.063 0.533

2nd (cD) (B) () (B) (D) (A)
dehy- June 14 0.009 0.52 0.010 0.528 0.01 0.596

dration (© (8) (© (8) (©) (A)
June 15 0.009 0.514 0.012 0.538 0.01 0.598

(©) (B) () (B) () (A)
June 16 0.012 0.504 0.013 0.585 0.011 0.629

(©) (B) (9] (A) (€) (A)
June 18 0.035 0.462 0.034 0.496 0.034 0.593

(©) (B) () (B) () (A)
June 21 0.399 0.475 0.521 0.515 0.452 0.583

2nd () () (B) (B) (©) (A)
rehy- June 22 0.513 0.503 0.523 0.508 0.435 0.618

dration (8) (8) () (8) (©) (A)
June 23 0.493 0.516 0.59 0.591 0.586 0.587

(B) (B) (A) (A) (A) (A)
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Table 2. Average per treatment of Wstem (MPa) analyzed in both drought trials during plant dehydration and
rehydration. The letters in brackets represent the statistical report where levels not connected by the same
letter are significantly different (n=4, a= 0.05).

Drought Date Treatment
event 5WD 5WW 15WD | 15WW | 60WD | 60WW
May 02 -0.517 -0.455 -0.503 -0.477 -0.448 -0.493
(A) (A) (A) (A) (A) (A)
May 03 -0.503 -0.388 -0.510 -0.410 -0.448 -0.385
1st (B) (A) (B) (AB) (AB) (A)
dehy- May 07 -0.613 -0.428 -0.635 -0.518 -0.653 -0.418
dration (B) (A) (B) (AB) (B) (A)
May 10 -1.038 -0.643 -1.023 -0.488 -1.123 -0.590
(B) (A) (B) (A) (8) (A)
May 11 -1.005 -0.595 -1.055 -0.610 -1.118 -0.605
(B) (A) (B) (A) (B) (A)
r:*s\:l- May 12 -0.573 -0.588 -0.573 -0.593 -0.563 -0.550
dration (A) (A) (A) (A) (A) (A)
June 08 -0.605 -0.610 -0.578 -0.585 -0.555 -0.593
(A) (A) (A) (A) (A) (A)
June 11 0718 | -0578 | -0.795 | -0.595 | -0.840 | -0.610
(AB) (A) (B) (A) (B) (A)
June 12 0728 | -0.485 | 0988 | -0.528 | -0.943 | -0.525
2nd (B) (A) (C) (A) (€) (A)
dehy- June 14 -0.915 -0.660 -1.033 -0.583 -1.078 -0.575
dration (B) (A) (B) (A) (B) (A)
June 15 -0.713 -0.553 0.720 -0.558 -0.770 -0.608
(AB) (A) (AB) (A) (B) (AB)
June 16 -1.055 -0.703 -1.135 -0.730 -1.145 -0.750
(B) (A) (8) (A) (8) (A)
June 18 -0.820 -0.460 -0.863 -0.433 -0.910 -0.515
(B) (A) (B) (A) (B) (A)
fi::- June 19 -0.558 -0.560 -0.570 -0.575 -0.645 -0.570
dration (A) (A) (A) (A) (A) (A)

4.3. DROUGHT EFFECTS ON ACTUAL EVAPOTRANSPIRATION
4.3.1. DAILY ACTUAL EVAPOTRANSPIRATION

During the first drought trial, the daily actual evapotranspiration (ET.) had no statistically
significant differences between treatments from April 28 to May 4 (first seven days of the
drought event) (average values from 18.16 to 27.61 L tree day™) (Figure 12B) (Table 3).
Similarly, the physiological parameters did not differ significantly during the mentioned days.
On May 5 (8th day of drought), there were statistically significant differences in daily ET,
between the treatments 15WW (average value of 42.57 L tree’! day'), 15WD (average value
of 34.07 L tree? day?), and 60WD (average value of 25.96 L tree! day!) treatments, while
there were no differences between the 5SWW, 15WW and 60WW treatments (average values
from 37.40 to 42.58 L tree* day?), the 5WW, 60WW and 15WD treatments (average values
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from 34.08 to 39.55 L tree! day?), the 60WW, 15WD and 5WD treatments (average values
from 31.12 to 37.4 L tree! day?), and the 5SWD and 60WD treatments (average values from
25.96 to 31.12 L tree? day?) (Table 3). On May 11 (a critical day of drought), there were
significant differences in the 5SWW, 15WW, and 60WW treatments (average values from
37.24 to 41.24 L tree! day?) concerning the 5WD, 15WD, and 60WD treatments (average
values from 9.9 to 11.6 L tree* day?) (Table 3). Subsequently, on May 15 (middle of the plant
recovery), there were significant differences in the 5WW and 15WW treatments (average
values from 37.98 to 40.03 L tree! day?) in relation to the 5WD and 60WD treatments
(average values from 26.75 to 29.17 L tree! day?). Parallelly, there were no significant
differences between the 5WW, 15WW, and 60WW treatments (average values from 36.82 to
40.03 Ltree! day!), 60WW and 15WD treatments (average values from 31.39 to 36.82 L tree’
1 day), and 5WD, 15WD, and 60WD treatments (average values from 26.75 to 31.39 L tree™!
day?) (Figure 12B) (Table 3).

Finally, on May 18, when the physiological parameters in the water-deficit treatments
reached statistically the same values as the well-watered treatments, the daily ETa was
significantly different in the 1I5WW (average value of 39.44 Ltree! day') concerning the 5WD
(average value of 27.94 L tree! day), while there were no statistical differences between
5WW, 15WW, 60WW and 15WD treatments (average values from 32.64 to 39.44 L tree day
1), SWW, 60WW, 15WD and 60WD treatments (average values from 28.59 to 34.87 L tree™
day?) and 5WW, 5WD, 15WD and 60WD treatments (average values from 27.94 to 34.07 L
tree! day) (Figure 12B) (Table 3).

In general, based on the daily actual evapotranspiration average, during the drought and
recovery days, the 60WD and 60WW treatments were the lowest values, while the 15WD and
15WW were the highest in water-deficit and well-watered cases, respectively. Surprisingly,
after the plant recovery, the 5WD and 5WW treatments were the lowest values, and the
15WD and 15WW treatments were the highest (Figure 12B) (Table 3).

In the case of the second drought trial, on June 8 (the first day of drought), there were no
significant differences in daily ET, between all treatments (Table 3). Consequently, significant
differences were observed on June 9 (the second day of drought) in the 1I5WW treatment
(average value of 60.75 L tree! day™?) regarding the 5WD treatment (average value of 48.04 L
tree! day!), while there were no significant differences between the 15WW, 60WW, 15WD,
and 60WD treatments (average values from 52.39 to 60.95 L tree™ day?), 5SWW, 60WW and
60WD treatments (average values from 51.49 to 57.73 L tree! day') and 5WW and 5WD
treatments (average values from 48.04 to 51.5 L tree! day?) (Table 3). Subsequently, on June
11, there were significant differences between the 5WW, 15WW, and 60WW treatments
(average values from 51.44 to 57.59 L tree? day?) concerning SWD, 15WD, and 60WD
treatments (average values from 37.41 to 39.91 L tree* day!) (Table 3). Similarly, on June 15
(a critical day of drought), there were significant differences between the 5WW, 15WW, and
60WW treatments (average values from 48.67 to 55.54 L tree™ day™) regarding 5WD, 15WD,
and 60WD (average values from 15.58 to 17.24 L tree™! day!), while on June 18 (last critical
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day of drought) there were similar trends between treatments as June 15 (for 5WW, 15WW,
and 60WW average values from 51.31 to 59.52 and for 5WD, 15WD, and 60WD average
values from 17.24 to 19.27) (Table 3). On the other hand, on June 21 (middle of the plant
recovery), there were significant differences between the 15WW and 60WW treatments
(average values from 60.14 to 63.2 L tree™* day™!) with respect to 5WD treatment (average
value of 38.87 L tree’! day?), while there were statistical similarities in the 5WW, 15WW, and
60WW treatments (average values from 54.97 to 63.2 L tree* day?!), 5SWW, 15WD, and 60WD
treatments (average values from 44.74 to 54.97 L tree! day™), and 5WD, 15WD, and 60WD
treatments (average values from 38.87 to 47.09 L tree* day!) (Figure 13B) (Table 3).

Ultimately, on June 23, there were significant differences between the 15WW and 60WW
treatments (average values from 61.01 to 66.9 L tree™! day?) concerning the SWD treatment
(average value of 43.64 L tree! day?), existing statistical similarities in the SWW, 15WW,
60WW, 15WD, and 60WD treatments (average values from 50.12 to 66.89 L tree! day) and
5WW, 5WD, 15WD, and 60WD treatments (average values from 43.64 to 60.09 L tree! day™)
(Figure 13B) (Table 3).

Analogously, based on the daily actual evapotranspiration average, in the first four days of
drought, the 15WD treatment had the highest values, followed by the 5WD treatment until
the recovery of physiological parameters. Similarly, during the first four days of drought, the
5WD treatment was the one that presented the lowest values, the following four days it was
the 60WD treatment, and later it was the 15WD treatment until the recovery of the
physiological parameters. During plant recovery (and even after), the 5WD treatment
presented the lowest values, while the 60WD treatment presented the highest values. In the
case of the well-irrigated treatments, the 15WW treatment was the one that consistently
showed the highest values, while 5WW the lowest (Figure 13B) (Table 3).

It is important to highlight that, even after plant recovery in both drought events, the daily
ET, did not reach the same levels in the water-deficit treatments compared to the well-
watered treatments (Figure 12B and 13B). Daily ET, values were statistically similar in both
cases only after tree pruning (Figure 14). The daily components of the water balance used to
calculate the daily ETa throughout the growing season are shown in Appendix 6.
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Table 3. Average per treatment of ET. (L tree™ day?) analyzed in both drought trials during plant dehydration
and rehydration. The letters in brackets represent the statistical report where levels not connected by the

same letter are significantly different (n=4 except for 15WD where n=3, a= 0.05).

Drought Date Treatments
event 5WD 5Ww 15WD 15Ww 60WD 60WW
April 28 18.13 17.68 18.78 19.41 17.22 17.90
(®) (®) ) ) (®) (A
26.20 26.64 29.45 31.09 26.19 26.59
domy. | (®) ) ) (®) )
dration May 05 31.12 39.55 34.08 42.58 25.96 37.4
) | 8 | (9 ) 0 | (a0
May 11 11.2 39.57 11.61 41.24 9.90 37.24
) (®) ) (A) ) (A)
1st May 15 29.17 37.98 31.34 40.03 26.75 36.81
ool (© (®) (60) ) © (1B)
dration May 18 27.94 34.07 32.64 39.44 28.59 34.87
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Figure 12. First drought trial measurements. (A) Reference evapotranspiration (ETo), (B) Whole-tree actual
evapotranspiration (ETa), (C) Midday stomatal conductance (gs), (D) Midday stem water potential (Wstem), (E)

Midday vapor pressure deficit (VPDmidday). Vertical dotted lines comprise the beginning and end of the drought

event, while the solid line indicates the end of the plant recovery in all treatments. Points represent averages

and error bars standard deviations (n

=3).

4, excluding 15WD in ETa where n
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Figure 13. Second drought trial measurements. (A) Reference evapotranspiration (ETo), (B) Whole-tree actual
evapotranspiration (ETa), (C) Midday stomatal conductance (gs), (D) Midday stem water potential (Wstem), (E)

Midday vapor pressure deficit (VPDmidday

). Vertical dotted lines comprise the beginning and end of the drought

event, while the solid line indicates the end of the plant recovery in all treatments. Points represent averages

and error bars standard deviations (n

=3).

4, excluding 15WD in ETa where n
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Figure 14. Daily actual evapotranspiration throughout the season.
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4.3.2. ACCUMULATED EVAPOTRANSPIRATION DURING GROWING SEASON

The accumulated actual evapotranspiration (ETa) per tree had no significant differences
between treatments from April 20 to May 7 (Figure 15). During the first drought trial, on May
8, there were statistically significant differences in accumulated ET, between the 15WW
(average value of 428.68 L tree! day!) and 60WD (average value of 351.21 L tree? day™)
treatments, while there were no significant differences between the 5SWW, 60WW, 5WD, and
15WD treatments (average values from 374.63 to 402.56 L tree! day) (Table 4). Likewise,
during the critical day of drought on May 11, there were significant differences between the
15WW treatment (average value of 529.45 L tree! day?) concerning the 5WD and 60WD
treatments (average values from 382.51 to 408.06 L tree! day); there were no significant
differences between the treatments 5WW, 15WW and 60WW (average values from 484.38
to 529.45 L tree?! day?), 5WW, 60WW and 15WD (average values from 423.64 to 496.77 L
tree* day!) and 5WD, 15WD and 60WD (average values from 382.51 to 423. 64 L tree! day’
1) (Table 4).

On the first day of the second drought trial, June 8, there were significant differences in
accumulated ET, between the 15WW treatment (average value of 1910.61 L tree™! day!) with
respect to the 5WD treatment (average value of 1436.8 L tree! day), while there were no
significant differences between the 5WW, 15WW, and 60WW treatments (average values
from 1701.82 to 1910.61 L tree’* day?), 5SWW, 60WW, 15WD, and 60WD treatments (average
values from 1525.65 to 1775.27 L tree! day?!) and 5WD, 15WD, and 60WD treatments
(average values from 1436.8 to 1600.9 L tree’! day™?) (Table 4).

Moreover, during the critical day of drought on June 15, there were significant differences in
the 15WW and 60WW treatments (average values from 2127.1 to 2289.43 L tree? day™?)
concerning 5WD and 60WD treatments (average values from 1638.96 to 1727.89 L tree day’
1) but without significant differences between the 5WW, 15WW, and 60WW treatments
(average values from 2033.24 to0 2289.44 L tree* day!), 5SWW and 15WD treatments (average
values from 1812.47 to 2033.24 L tree? day?!) and 5WD, 15WD, and 60WD treatments
(average values from 1638.96 to 1812.47 L tree* day™!) (Table 4).

Finally, the accumulated ET, on the day of harvest on July 10 presented significant differences
in the 15WW and 60WW treatments (average values from 3478 to 3652.67 L tree day) in
relation to 5WD treatment (average value of 2505.45 L tree! day!), while there were no
significant differences between the 5WW, 15WW, and 60WW treatments (average values
from 3256.75 to 3652.67 L tree* day!), SWW, 15WD, and 60WD treatments (average values
from 2793.2 t03256.75 Ltree* day!) and 5WD, 15WD, and 60WD treatments (average values
from 2505.45 TO 2801.3 L tree ! day™?) (Table 4).

It is important to highlight that during the late season (June and July), the ETaccum line slope of
the 60WD treatment increased substantially, while the slope of 15WD remained relatively
constant, observing similar values of ETaccum between the aforementioned treatments.
Similarly, this occurred in the 60WW treatment compared to the 15WW treatment (to a lesser
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extent), observing a slight increase in the slope in the 60WW line. The K-5 treatments were
consistently observed below the K-15 and K-60 treatments, maintaining slopes of their ETaccum
lines relatively constant, even with canopy damages due to potassium deficiency (Figure 15).

The recovery of the 60WD treatment in terms of increase in ET, was evident in the late season,
although without statistically significant differences in relation to the 15WD treatment (Figure
15 and Table 4).

As can be seen in Table 4 and Figure 15, throughout the growing season, the treatment that
consistently presented the highest ETaccum was 15WW, while the consistently lowest

treatment was 5WD.

Table 4. Average per treatment of ETaccum (L) analyzed in diverse days during growing season. The letters in
brackets represent the statistical report where levels not connected by the same letter are significantly
different (n=4 except for 15WD where n=3, a= 0.05).

Date Treatment
5WD 5WW 15WD 15WW 60WD 60WW
May 08 374.63 387.95 388.47 428.68 351.21 402.56
(AB) (AB) (AB) (A) (B) (AB)
May 11 408.06 484.38 423.64 529.45 382.51 496.77
() (AB) (BC) (A) (C) (AB)
June 08 1436.80 1701.82 1600.91 1910.61 1525.65 1775.27
(C) (AB) (BC) (A) (BC) (AB)
June 15 1638.96 2033.24 1812.46 2289.44 1727.89 2127.1
(€) (AB) (BC) (A) (C) (A)
July 10 2505.45 3256.75 2793.20 3652.67 2801.33 3478.01
(C) (AB) (BC) (A) (BC) (A)
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Figure 15. Accumulated actual evapotranspiration.



4.3.3. ACTUAL EVAPOTRANSPIRATION RATE DURING DROUGHT TRIALS

Vine-scale hourly actual evapotranspiration rates were calculated for the drought and
recovery days per trial based on a single but representative lysimeter per treatment (SWW
represented by lysimeter 17, 5SWD lysimeter 19, 15WW lysimeter 7, 15WD lysimeter 15,
60WW lysimeter 8, and 60WD lysimeter 12) (Figure 16 and 17). No statistical analysis was
elaborated due to the lack of repetitions per treatment.

On one hand, during the first drought trial, the daily ET, patterns were similar between well-
watered and water-deficit treatments during the first six days of drought (D1-D6).
Subsequently, from the seventh to the twelfth drought day (D7-D12), the ET, rates in the
water-deficit treatments decreased progressively. Likewise, the daily ET, patterns in the
water-deficit treatments were gradually below the well-watered treatments. In the case of
the water-deficit treatments, a noticeable trend was observed in which the highest peak ET,
rates corresponded to the 5WD treatment, followed by the 15WD treatment, and finally, the
60WD treatment. On the critical days of drought (D13-D14), the trend mentioned above was
observed in the peak ET, rates (5WD treatment was the highest and 60WD the lowest).
Finally, after the irrigation re-introduction for the plant recovery (R1-R6), the rates of ET,
increased gradually in the water-deficit treatments but without reaching the same values as
the well-watered treatments. Throughout the trial, in terms of peak ET, rates, the well-
watered treatments were not noticeably different (Figure 16).

On the other hand, in the second drought trial, the daily patterns and ET, rates were similar
in both water regimes during the first three days of the trial (D1-D3), but with the difference
that the ET, rates in the K5 treatments were lower compared to K15 and K60 treatments.
Consequently, from the fourth to the fifth drought day (D4-D5), the water-deficit treatments
decreased abruptly concerning the well-watered treatments in terms of ET, rate; also, the
daily ET, patterns in the water-deficit treatments were significantly below well-watered
treatments. Subsequently, from the sixth to the tenth drought day (D6-D10), the ET, rate
values of the water deficit treatments were consistently below the well-watered treatments,
with no visible differences among them. Similarly to the first trial, during the plant recovery
(R1-R6), the rates of ET, in the water-deficit treatments increased progressively but without
reaching similar values to the well-watered treatments; the 5WD treatment had visibly lower
ET, rates than the 15WD and 60WD treatments at the end of the plant recovery. Regarding
the well-watered treatments, the ET, rate was consistently higher in the 15WW treatment,
followed by 60WW, and finally 5WW (Figure 17).
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Figure 17. Actual evapotranspiration rate during first drought and recovery. The X-axis represents the days of drought (D) and recovery (R) (April 28 to May 17). 5WW is lysimeter
17, 5WD is lysimeter 19, 15WW is lysimeter 7, 15WD is lysimeter 15, 60WW is lysimeter 8, and 60WD is lysimeter 12.
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Figure 16. Actual evapotranspiration rate during second drought and recovery. The X-axis represents the days of drought (D) and recovery (R) (June 8 to June 23). 5SWW is
lysimeter 17, SWD is lysimeter 19, 15WW is lysimeter 7, 15WD is lysimeter 15, 60WW is lysimeter 8, and 60WD is lysimeter 12.
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4.4. DROUGHT EFFECT ON CANOPY
4.4.1. DROUGHT EFFECT ON LEAF AREA INDEX

In the first drought trial, during the critical day of drought on May 5, statistically significant
differences were found in the leaf area index (LAI) in the 15WW treatment (average value of
3.23 m?m=) compared to the 5SWD treatment (average value of 2.49 m?m2), while there were
no significant differences between the SWW, 15WW, 60WW, 15WD and 60WD treatments
(average values from 2.59 to 3.23 m?m2) and the 5SWW, 60WW, 5WD, 15WD and 60WD
treatments (average values from 2.49 to 2.95 m?m-) (Figure 18).
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Figure 18. LAl in the first drought trial during a drought critical day (May 5) (n=4, a= 0.05)

Concerning the second drought trial, in the critical day of drought on June 15, there were
statistically significant differences in LAl between the 5WW and 15WW treatments (average
values from 4.5 to 4.51 m?m2) with respect to the 15WD and 60WD treatments (average
values from 3.56 to 3.62 m?m2), but there were no significant differences between the SWW,
15WW, and 60WW treatments (average values from 4.29 to 4.51 m?m2), the 60WW and 5WD
treatments (average values from 3.73 to 4.29 m?m™) and the 5WD, 15WD, and 60WD
treatments (average values from 3.56 to 3.73 m?m) (Figure 19).

Data collected regarding LAl before and after drought trials are show in Appendix 7, while LAI
values per critical drought day for both trials are presented in Appendix 8.
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Figure 19. LAl in the second drought trial during a drought critical day (June 15) (n=4, a= 0.05).

4.4.2. DROUGHT VISUAL ASSESSMENT

The drought visual assessment carried out on critical drought days of the first drought trial
(May 11) and second drought trial (June 14, 15, 16, and 18) indicates that there were no
significant differences between the six treatments in terms of visible affectation due to
drought in the appearance of the trees canopy. Appendix 9 shows the scores associated with
each drought trial, critical day of drought, lysimeter number, and treatment.

Furthermore, through drone images, it was observed that potassium availability had an effect
on the appearance of the grapevines' leaves, showing necrosis and chlorosis. Approximately
in mid-May, considerable portions of the trees' canopy in the 5WW and 5WD treatments
adopted and maintained a yellowish hue and intervening diffuse discoloration on leaves
(chlorosis) and small brown lesions on the edges and sun-exposed portions of the leaves
(necrosis) compared to the 15WW, 15WD, 60WW, and 60WD treatments. In addition, the
edges of some leaves acquired a curved behavior. Appendix 10 illustrates the affectation of
potassium availability in the different treatments on two dates.

Following heat events (June 1 and 2), a change in appearance of the clusters in the form of
rot and brown spots in the berries was observed. The affectation was present mainly in the
5WD treatment and slightly in the 5WW treatment; likewise, the affectation was visually
negligible in the 15WW, 15WD, 60WW, and 60WD treatments. Although the mentioned
problem was not studied in detail in the present investigation, a variety of images regarding
the clusters' affectation per treatment are shown in Appendix 11.
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4.5. LYSIMETER COEFFICIENT THROUGHOUT GROWING SEASON

The lysimeter coefficient (Kiys) per treatment is shown in Figure 20. In particular, an analysis
of the Kyys for the established grapevines corresponding to the initial season stage (Kiysini) (from
April 20 to May 18), the mid-season stage (Kiys mi¢) (from May 19 to June 16), and the final
season stage (Kiys end) (from June 17 to July 13) for well-watered conditions was carried out.
Similarly, an analysis regarding the Kiys during the critical day of drought for each drought trial
was done (May 11 for the first trial and June 15 for the second trial). In order to elaborate
statistical analyses and further discussion, a representative day per stage was chosen: before
the first drought trial for Kiysini, between the drought trials for Kiys mig, and after the second
drought trial for Kiys end.

On April 26, in the case of Kisini, there were no statistically significant differences between
the treatments; the average value considering all treatments was 0.29. Similarly, on June 3,
for the case of Kis mid, there were no significant differences between the treatments; the
average value was 0.60. Finally, on July 3, in the case of Kys end, there were significant
differences between the 60WW and 60WD treatments (average values from 0.53 to 0.56)
concerning the 5WD treatment (average value of 0.41); there were no significant differences
between the 5WW, 15WW, 60WW, 15WD, and 60WD treatments (average values from 0.47
to 0.56) and between the 5WW, 15WW, 5WD, and 15WD treatments (average values from
0.41 to 0.52) (Table 5).

Furthermore, in the first drought trial, on the critical day of drought on May 11, there were
statistically significant differences in Kiys between the 5SWW, 15WW, and 60WW treatments
(average values from 0.45 to 0.50) with regard to the 5WD, 15WD, and 60WD treatments
(average values from 0.12 to 0.14). Similarly, in the second drought trial, on the critical day
on June 15, there were significant differences between the 5WW, 15WW, and 60WW
treatments (average values from 0.65 to 0.74) with respect to the 5WD, 15WD, and 60WD
treatments (average values from 0.21 to 0.23) (Table 5).

Table 5. Average per treatment of Kiys (mm mm™) analyzed in diverse days during growing season. The letters
in brackets represent the statistical report where levels not connected by the same letter are significantly
different (n=4 except for 15WD where n=3, a= 0.05).

Date Treatment
5wWD 5ww 15WD 15WwW 60WD 60WW

May 11 0.14 0.48 0.14 0.50 0.12 0.45

(B) (A) (B) (A) (B) (A)
May 26 0.31 0.27 0.31 0.29 0.28 0.29
(Kiys ini) (A) (A) (A) (A) (A) (A)
June 03 0.56 0.61 0.60 0.66 0.59 0.58
(Kiys mia) (A) (A) (A) (A) (A) (A)
June 15 0.41 0.48 0.47 0.52 0.53 0.56

(B) (AB) (AB) (AB) (A) (A)
July 03 0.23 0.65 0.21 0.74 0.21 0.72
(Kiys end) (B) (A) (B) (A) (B) (A)

37



~4--5WD

S5Ww

4 15WD

15WW

o
=
o
©
+

60WW

1.0

09 T+

08 +

(- ww wiwa ) sApy

0.0

LO/€T

£0/80

LO/€0

90/8¢

90/€¢C

90/81

90/€T

90/80

90/€0

s0/6¢

S0/ve

so/6T

So/vT

s0/60

So/v0

r0/6¢

r0/ve

¥0/61

Date

Figure 20. Lysimeter coefficient (Kis) throughout growing season considering daily actual evapotranspiration per lysimeter (ETys, L day™ tree!), Penman-Monteith

reference evapotranspiration (ETo, mm day), and lysimeter area of influence (S; 2.5m * 5m) (April 20 to July 13).
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4.6. DROUGHT EFFECTS ON HARVEST

4.6.1. YIELD

According to the data collected, no significant statistical differences among all treatments
regarding the yield per tree were found (Figure 22). Concerning the 5WW treatment, the yield
ranged from 3.64 to 22.74 kg/tree, while the 5WD treatment ranged from 5.32 to 16.03
kg/tree. Regarding the 15WW treatment, the yield fluctuated from 9.53 to 29.73 kg/tree,
while the 15WD treatment ranged from 12.53 to 18.79 kg/tree. Finally, in the 60WW
treatment, the yield ranged from 17.15 to 21.32 kg/tree, while the 60WD treatment ranged
from 11.08 to 23.73 kg/tree (Appendix 12).
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Figure 21. Yield per treatment (n=4, a= 0.05)

4.6.2. WATER PRODUCTIVITY

In order to relate the seasonal whole-tree actual evapotranspiration with the grapevine yield,
the water productivity was calculated. It was found that there are no significant statistical
differences in water productivity among all treatments (Figure 23). About the 5WW
treatment, the water productivity ranged between 1.09 and 7.95 kg/m3, while the 5SWD
treatment ranged from 2.04 to 7.03 kg/m3. Concerning the 15WW treatment, the water
productivity fluctuated from 2.47 to 8.80 kg/m3, while the 15WD treatment ranged from 5.64
to 6.35 kg/m3. Ultimately, in the 60WW treatment, the water productivity ranged from 4.96
to 6.25 kg/m3, while the 60WD treatment ranged from 4.35 to 8.59 kg/m3 (Appendix 12).
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Figure 22. Water productivity per treatment (n=4, except for 15WD where n=3; a= 0.05).

4.6.3. NUMBER OF CLUSTERS

Concerning the number of clusters per grapevine, no significant statistical differences among
all treatments were found (Figure 24). Regarding the 5WW treatment, the number of clusters
fluctuated from 11 to 83, while the 5WD treatment ranged from 21 to 68. About the 15WW
treatment, the number of clusters ranged from 32 to 77, while the 15WD treatment varied
from 31 to 60. Finally, in the 60WW treatment, the number of clusters ranged from 41 to 54,
while the 60WD treatment varied from 33 to 59 (Appendix 12).
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Figure 23. Number of clusters per treatment (n=4, a= 0.05).
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4.6.4. AVERAGE CLUSTER WEIGHT

Concerning the average cluster weight, no significant statistical differences between 5WW,
15WWw, 15WD, 60WW, and 60WD treatments, and 5WD, 15WW, and 15WD treatments were
found. In contrast, there are significant statistical differences between 5WD with respect to
60WW and 60WD treatments (Figure 25). In relation to the 5SWW treatment, the average
cluster weight ranged from 0.234 to 0.331 kg, while the 5WD treatment ranged from 0.233
to 0.272 kg. About the 15WW treatment, the average cluster weight fluctuated from 0.298 to
0.462 kg, while the 15WD treatment varied from 0.313 to 0.404 kg. Ultimately, in the 60WW
treatment, the average cluster weight varied from 0.341 to 0.454 kg, while the 60WD
treatment ranged from 0.326 to 0.517 kg (Appendix 12). On the whole, the 5WD treatment
presented the smallest average cluster weight.
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Figure 24. Average cluster weight per treatment (n=4, a= 0.05)

4.6.5. AVERAGE BERRY WEIGHT

Regarding the average berry weight, there were significant statistical differences between the
5WW and 5WD treatments with respect to the 15WD, 60WW, and 60WD treatments.
Moreover, the 15WW treatment did not present significant statistical differences concerning
the other treatments (Figure 26). About the SWW treatment, the average berry weight
ranged between 4.68 and 4.94 gr, while the 5WD treatment varied from 4.34 to 5.78 gr. In
relation to the 1I5WW treatment, the average berry weight fluctuated from 5.31 to 6.58 gr,
while the 15WD treatment ranged from 6.28 to 7.27 gr. Ultimately, in the 60WW treatment,
the average berry weight ranged from 5.49 to 7.30 gr, while the 60WD treatment fluctuated
from 6.43 to 7.75 gr (Appendix 12). In other words, 5WW and 5WD treatments had the
smallest berry weights than the remaining treatments.
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Figure 25. Average berry weight per treatment (n=4, a= 0.05).

4.6.6. BRIX DEGREES OF THE GRAPE JUICE

Considering the brix degrees of the grape juice, no significant statistical differences among all
treatments were found (Figure 27). Regarding the 5SWW treatment, the brix degrees ranged
from 13.0 to 16.1 °Bx, while the 5WD treatment fluctuated from 11.0 to 17.2 °Bx. About the
15WW treatment, the brix degrees ranged from 15.0 to 16.2 °Bx, while the 15WD treatment
varied from 12.5 to 15.0 °Bx. Finally, in the 60WW treatment, the brix degrees ranged from
13.5 to 17.2 °Bx, while the 60WD treatment varied from 12.5 to 15.5 °Bx (Appendix 12).

19

17 + A T A

16 + = A

15 + = _|_

12 1
1 1 \

5WW 5WD 15Ww 15WD 60WW 60WD

Brix degrees (°Bx)

Treatments

Figure 26. Brix degrees of the grape juice per treatment (n=4, a= 0.05).
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4.6.7. GRAPE JUICE pH

Finally, considering the pH of the grape juice, there were significant statistical differences
between the 5WW and 5WD treatments compared to the 60WW and 60WD treatments. In
turn, there were no significant differences in the pH in the 15WW and 15WD treatments
regarding the remaining treatments (Figure 28). In the 5WW treatment, the pH ranged
between 3.34 and 3.58, while the 5WD treatment fluctuated from 3.37 to 3.51. Regarding the
15WW treatment, the pH varied from 3.44 to 3.74, while the 15WD treatment ranged from
3.45 to 3.75. Ultimately, in the 60WW treatment, the pH ranged from 3.64 to 3.88, while the
60WD treatment varied from 3.62 to 3.85 (Appendix 12). Overall, 5WW and 5WD treatments
had the smallest pH values, and 60WW and 60WD were the highest.
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Figure 27. pH of the grape juice per treatment (n=4, a= 0.05).
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CHAPTER FIVE: DISCUSSION
5.1. PHYSIOLOGICAL CHANGES DURING DROUGHT TRIALS AND PLANT RECOVERY

Exceedingly negative stem water potential, reduced photosynthetic rate, and stomatal
conductance denote stress to grapevine water status (Romero et al., 2010; Netzer et al.,
2019). The phenological stage, fruit load, weather factors, and the degree of water stress play
a role in the stomatal responses during the grapevine’s growing season (Wu et al., 2021;
Hochberg et al., 2023). In the first drought trial, the behavior of the gs during plant dehydration
in the drought-exposed treatments showed that all treatments had similar patterns
throughout dehydration and during the critical days of drought (Figure 12C). Similarly, in the
second drought trial, the behavior of the gs during plant dehydration and critical days of
drought was statistically similar between the water-deficit treatments (Figure 13C).

According to Ghaderi et al. (2011), plant recovery in terms of gs would not be significantly
delayed considering values above 0.05 mol m? s (approximately above Wem values of -
1.0MPa; Hochberg et al., 2023). However, gs values below 0.02 mol m? s* were reached in
both drought events (Figures 12C and 13C). Generally, the recovery of gs due to drought
events can take days to weeks (Lovisolo et al., 2008; Belfiore et al., 2021; Herrera et al., 2021;
Hochberg et al., 2023). In the present research, the recovery of gs to drought stress in both
trials took up to six days, considering all treatments. Likewise, gs recovery was staggered
between treatments in both drought events (Figures 12C and 13C).

On the one hand, the first treatment to recover in gs in the first drought trial was 5WD (fourth
day), possibly because trees still did not show leaves yellowing and to the slightly low LAl levels
compared to the 15WD and 60WD treatments (Appendix 7). On the other hand, in the second
drought trial, the first treatment to recover was the 15WD treatment (third day), which
presented slightly lower LAl values than the 60WD treatment and without affectations on the
trees' canopy due to the potassium availability as in the 5WD treatment. Furthermore, the
second treatment to recover in the first trial was the 15WD treatment (fifth day), which
presented moderately lower LAl values than the 60WD treatment. In contrast, in the second
trial, the second treatment to recover was the SWD treatment (fourth day), which even
presenting consistent yellowing in the trees' canopy, recovered before the 60WD treatment.
Finally, the 60WD treatment was the last to recover in both drought events (six days in the
first trial and five in the second) (Figures 12C and 13C). As a consequence, it is evident that
the plant recovery in terms of gs was mainly driven to a greater extent by the vegetative
vigorousness of the trees (estimated through the LAI) and, to a lesser extent, by the affectation
caused by the potassium availability in the vines. However, collected data of LAl in the present
study was limited.

Although the second drought trial had more critical days of drought than the first (five days
compared to two days), the time in which the last treatment recovered in gs did not differ
considerably (one day of difference). In general, gs values were lower in the second drought
trial than in the first one (Figures 12C and 13C); however, that can be coincidental due to gs
being influenced by climate factors, such as VPD (Ben-Gal et al., 2010; Grossiord et al., 2020).
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The Wgem recovered on the first day of rehydration in both drought events in all treatments
(Figures 12D and 13D); similar results were reported by Hochberg et al. (2023) in vines
subjected to drought stress with potassium concentrations of 60 mg L. During the plant
dehydration of the first drought trial, the behavior of the Wsem was similar between the water-
deficit treatments (Figure 12D). In the second trial, the Wstem behavior in the 15WD and 60WD
treatments was statistically similar, while the SWD treatment was the least affected by
drought, having higher values than previously mentioned treatments, possibly due to its
higher actual evapotranspiration compared to 15WD and 60WD treatments (Figure 13B and
13D). Nevertheless, the Wsiem variation in the critical days of drought in the second trial due
to soil wetting through small irrigation doses was remarkably high, reaching values even
higher than those delimited as severe water deficit (Figure 13D) (Hochberg et al., 2023). At
least concerning to Wsem, it was challenging to maintain critical drought levels through
controlled irrigation doses. Contrary, gs did not change with irrigation, being a reliable
parameter in the effort to maintain critical drought levels (Figure 13C).

In addition, Wsem values were higher in the second drought trial than in the first trial during
plant dehydration (Figures 12D and 13D). Similarly, as stomatal conductance, Wstem would also
be influenced by climate factors so that difference can be attributed to weather conditions
that are time and place-specific (Ben-Gal et al., 2010; Grossiord et al., 2020). The values of g
and Wsem were similar between drought trials during critical days of drought, so the weather's
influence was less at severe water stress levels (Figures 12C, 12D, 13C and 13D) (Ben-Gal et
al., 2010).

5.2. DROUGHT EFFECTS ON ACTUAL EVAPOTRANSPIRATION

The plants' evapotranspiration responses are closely related to the soil (or substrate) moisture
at the drought onset, as well as the duration and harshness of the drought (Paulson, 1991).
Kool et al. (2016) estimated that soil evaporation in commercial vineyards (without
fertilization deficiencies) irrigated by drip irrigation systems is at most 12% of the seasonal
actual evapotranspiration, even being ignored after the full development of the grapevine
canopy. However, the conservative parameter "actual evapotranspiration (ET,)" to account
for the plant transpiration and soil surface evaporation was adopted in the present study (Ben-
Gal et al., 2010), mainly due to differences in LAl between treatments driven by K levels.

The ET, decrease depended on the total available water (TAW) in the lysimeter soil, the vine
phenological stage, the canopy conditions of the vine and the weather conditions in the study
area (Hochberg et al., 2023). The water demands of the vine were higher in the second
drought trial (average values of 45 L tree™ day* at the beginning of the trial) compared to the
first trial (average values of 18 L tree! day! at the beginning of the trial), so the TAW was
depleted faster in the second trial than in the first (Figures 12B and 13B).

In the first drought trial, the 60WD treatment dehydrated faster, presenting significantly lower
daily ETa values from the second half of the drought compared to the other drought-stressed
treatments; this can be explained by the fact that the LAl was slightly higher in the 60WD
treatment than the 5WD and 15WD treatments (Appendix 7). However, daily ET, was similar
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between the water-deficit treatments during the severe water deficit days. Surprisingly, daily
ETa was significantly similar between treatments in the first half of plant recovery and similar
during the second half of plant recovery between the 5WD and 60WD treatments but higher
in the 15WD treatment (Figure 12B). In the case of the second drought trial, the daily ET,
pattern during the first half of plant dehydration showed that the 5WD treatment had lower
values compared to the 15WD and 60WD treatments. During the second half of the plant
dehydration, the 5WD treatment dehydrated slowly with respect to the other treatments,
having higher values than the 15WD and 60WD treatments. Similar to the first trial, the daily
ET. values were similar during the critical days of drought among water-deficit treatments.
Subsequently, during plant recovery, the 5WD treatment had the lowest daily ET, (due to the
canopy affectations by fertilization deficiencies), while the 15WD and 60WD treatments had
significantly similar higher data (Figure 13B).

Both drought events suffered a reduction in post-drought ET, without recovering similar levels
as the well-watered treatments (Figures 12B and 13B). Actual evapotranspiration losses after
plant recovery have been reported, additionally to in grapevines (Hochberg et al., 2023), in
olives (Ben-Gal et al., 2010), and peach trees (Ferreira et al., 1996) and in annual crops such
as wheat (Wu et al., 2021) and barley (Wraith et al., 1995). Consequently, Ben-Gal et al. (2010)
claimed that ET, reduction in olive trees “was due simply to reduced growth during the
drought itself and to the subsequent lower growing capacity” (p. 131). Moreover, based on
several studies, Keller (2020) states that even mild water stress can reduce shoot growth and
therefore canopy development, “because a reduction in cell expansion usually occurs before
the stomata begin to close” (p. 288). In the present research in the case of vines, the LAl values
denote that post-drought ET, reductions may also be mainly due to the growth capacity of the
drought-affected trees (Ben-Gal et al.,, 2010; Keller, 2020) (Appendix 7). However, it is
important to highlight that the trees' pruning may have impacted LAl values, not to mention
that it induced a re-set of the evapotranspiration (Figure 14).

Furthermore, ET, reduction was noticeable in the ETaccum through pronounced slope changes
approximately parallel to the x-axis (Figure 15). The recovery of the 60WD treatment in terms
of ETaccum Was notably observed during the late season, reaching similar values to the 15WD
treatment (and increasing the ETaccum line slope regarding 15WD treatment). Also, 60WD
treatment presented slightly higher gs values compared to the 15WD treatment and
considerably higher than the 5WD treatment (notable on the last day of gs measure on June
27 in Appendix 4); the Wgem did not differ between treatments (based on June 27 in Appendix
5). However, the late recovery in the 60WD treatment did not have significant beneficial
effects on yield. The treatment with the highest ETaccum Was 15WW, while the lowest was
5WD. The effects on plant water uptake when trees are subjected to drought episodes should
be considered for estimating water use in vineyards (Hochberg et al., 2023).

Ultimately, the actual evapotranspiration rate patterns during both drought events had
noticeable differences between the well-watered and water-deficit treatments; the
differences were most visible during severe water stress days (Ben-Gal et al., 2010). Midday
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actual evapotranspiration rate normally represented the peak ET, rates in both irrigation
regimes (Figures 16 and 17).

5.3. DROUGHT EFFECT ON CANOPY

Prolonged drought stress can cause reductions in shoot and axial branch growth and stem
thickening (Buesa et al., 2017; Munitz et al., 2016; Intrigliolo & Castel, 2007; Netzer et al.,
2019), as well as lower hydraulic conductivity and xylem cross-sectional area (Gerzon et al.,
2015; Hochberg et al., 2015; Netzer et al., 2019) that directly impacts trees growing capacity.

The effect of drought episodes on LAl was appreciable during severe water deficit days in both
drought trials. In the case of the first trial, the differences were evident between the 5WD and
15WW treatments (Figure 18). In contrast, in the second trial, the differences were notorious
between the 5WD treatment compared to the 15WW and 60WD treatments (Figure 19).
Hence, the 5WD treatment was consistently the most affected on LAl during critical days of
drought, although highly varying in daily ET,, g5, and Wstem. In general, low LAl values coupled
with low gs values led to ET, reductions during and after plant recovery (Hochberg et al., 2023;
Ohana-Levi et al., 2022) (Appendix 7).

Furthermore, the drought visual assessment was not a reliable technique to describe the
drought effect on trees, possibly due to the defined range of scores and the scoring procedure.
Contrarily, potassium availability affected the appearance of the grapevines' canopy,
presenting necrosis and chlorosis in some leaves of the K-5 treatments (James et al., 2023).
Likewise, the K-5 treatments were the most affected by berry damage following extreme heat
events, possibly aggravated due to the drought events to which trees were subjected.
Unfortunately, the effects of potassium availability on leaves and heatwaves' effects on
grapevines were not deeply investigated in the present investigation. This illustrative analysis
was included mainly due to the influence that may have existed during the gs data collection.

5.4. LYSIMETER COEFFICIENT

The conditions in which the lysimeter coefficients (Kis) were obtained differ from commercial
vineyards, mainly due to the canopy growth control during the experiment, but also due to
the relatively small soil surface to canopy area ratio, the vines' boundary conditions since their
soil surface is 1.5 meters above the actual soil surface, and the relatively large spacing
between rows. That said, the analysis may assume that relative differences between the Kiys
values due to treatments would reflect similar differences in vineyard single crop coefficients
(Kc). The Kc presented by Allen et al. (1998) are defined for well-managed and non-stressed
crops in subhumid areas. In the case of table grapes, values of Kcini, Kc mid, and Kceng are 0.30,
0.85, and 0.45, respectively, in trees with a maximum height of 2m.

In periods with no drought, the Klysini coefficient (average value of 0.29) was similar to the K¢
ini coefficient. Similarly, the Kis mia coefficient (average value of 0.60) considerably
underestimates the K¢ miq coefficient, mainly due to controlled vegetative development and
the large plant spacing in the present experiment. Finally, the Kiysend coefficient overestimates
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the K¢ end coefficient in the SWW, 15WW, 60WW, 15WD, and 60WD treatments (average
values from 0.47 to 0.56). At the same time, it underestimates the Kceng coefficient in the SWD
treatment (average value of 0.41) (Allen et al., 1998). At the end of the growing season, the
effects due to potassium deficiency (necrosis and chlorosis) were notorious in the K-5
treatments, so the difference between the Ky values was evident. Consequently, Kys is an
approximation under controlled conditions to the K., which would be valid for similar
conditions as the present experiment (Allen et al., 1998). It is important to highlight that the
Kiys alone is not representative during the drought trials. Although it helps calculate the water
stress coefficient (Ks) to understand the drought effects on the plant transpiration capacity,
according to Hochberg et al. (2023), modeling actual evapotranspiration in grapevines under
episodic drought events is inaccurate. That was the reason why the mentioned approach was
not studied in the present investigation.

5.5. DROUGHT EFFECTS ON HARVEST

Drought stress has been found to significantly affect grapevine berry diameter, leading to a
reduction in berry and cluster weight (Lauer, 2012). However, within the same K level, there
were no significant differences in average berry and cluster weights regarding well-watered
and water deficit treatments in the present study. In contrast, there were significant
differences between treatments, mainly between K-5 and K-60 (Figures 25 and 26). Similarly,
in the case of pH, the same was found as the mentioned harvest components (Figure 28).
Conversely, the short drought events did not significantly affect the yield, water productivity,
number of clusters, and brix degrees of the grape juice among treatments, possibly due to the
duration and number of drought events.

In general, even though potassium is known to contribute to the proper functioning of
physiological responses such as stomatal regulation and osmotic adjustment (Marschner,
2011) and yield quality and quantity (James et al., 2023), the results obtained in the present
research go against the proposed hypothesis since abundant potassium levels did not enable
grapevines' tolerance to drought periods regarding plant physiological and productivity
parameters.

5.6. LIMITATIONS OF THE STUDY

An important limitation to highlight is that the experimental setup used in the present
investigation demanded abundant maintenance, mainly in relation to failures in the loadcells
and drainage valves. The reliability of the data is strongly dependent on maintenance, which
must be monitored on a daily basis.

Data collected from LAl were few and far between time periods, making it challenging to
compare them between treatments. In that sense, the LAl was likely not the most appropriate
parameter to attribute the drought effects on grapevines, which is variable depending on the
season of the year and the measurement time.
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Furthermore, irrigation was the most variable parameter within treatments in the lysimeter
water balance, even with new drippers (up to 20% difference; reason unknown). Although it
was not an obstacle in well-watered treatments, it was problematic in water-deficit
treatments during critical days of drought. Despite efforts to provide tailored supplemental
irrigation in the water-deficit treatments, maintaining severe water stress in physiological
parameters was challenging, mainly regarding stem water potential.

The selection of healthy leaves following the methodology used by Hochberg et al. (2023) for
gs measurement, even though it was random, directly influenced and stimulated a bias in the
results obtained. Additionally, the number of data collected and the decision to use the
average or median of gs for data analysis impacted in the results (in the present research was
used the median of five gs data collected). Likewise, although an attempt was made to
measure gs at consistent times (12:00 to 2:00 p.m.), due to the various field activities, it was
sometimes measured around 12:00 hrs. and other times around 14 hrs.; hence, there may be
variations that are not considered among measurement days. Regarding Wstem, the decision
to collect a single value per tree and day could have influenced the data in case of an
erroneous measurement.

Moreover, the canopy condition had a role in the research results, in the second half of the
growing season, the trees of the 5SWW and 5WD treatments became affected in their canopy
in the form of consistent yellowing due to the potassium availability. The gs turned out to be
a challenging parameter to measure due to the affectation above mentioned, varying
considerably between healthy and affected leaves. As mentioned before, in the present
investigation, only healthy leaves were considered; however, this decision could have affected
the results concerning the order of plant recovery.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

The main research question of this present research was: What are the effects of potassium
availability on grapevine physiology, actual evapotranspiration, growth, and yield
characteristics under short drought stress periods? Four main conclusions emerge from the
four sub-questions that were formulated to answer the main research question.

The first sub-conclusion is that gs behavior during plant dehydration had similar patterns
among treatments in each trial. Consequently, gs recovery was staggered between
treatments, separated by one day; in the first trial, the treatments recovered successively in
the following order: 5WD, 15WD, and 60WD, while in the second: 15WD, 5WD, and 60WD.
Necrosis and chlorosis conditions presented in the leaves of the 5WD treatment could have a
role in the gs recovery in the second trial. The Wsem behavior during plant dehydration in the
first trial was similar among treatments. In contrast, in the second trial, 5WD treatment had
higher values than 15WD and 60WD, while the pattern between 15WD and 60WD treatments
was similar. The Wsem variation during critical days of drought by supplemental irrigation was
high, being more noticeable in 5WD. The W.m recovered on the first day of rehydration in
both drought events in all treatments.

The second sub-conclusion is that plant dehydration based on ET, was quicker in the second
trial than the first one, mainly due to the plant's water requirements regarding the
physiological stage (canopy size) and the weather conditions. Both drought events suffered a
reduction in post-drought ET, without recovering similar levels as the well-watered
treatments, indicating reduced growth capacity of the drought-affected trees. The pruning of
the trees after the drought trials stimulated a re-set in ET,, which could influence the
cumulative effects of drought stress at the plant level. Similarly, ET, reduction was noticeable
in the ETaccum, boosting differences between treatments: the highest ETaccum Was 1I5WW, while
the lowest was 5WD. At late season, the 60WD treatment reached similar levels in ETaccum as
the 15WD treatment (and slightly higher levels of g;), denoting an apparent late recovery. The
ET. rate patterns differed significantly between well-watered and water-deficit treatments
during severe water stress days. Finally, Kiys coefficients are not fully applicable in commercial
vineyards, presenting differences regarding K. coefficients, mainly due to the K. coefficients
are site specific in terms of plant spacing, soil type, soil wetting and weather conditions. Kiys
coefficients use should be restricted to similar conditions as the present study.

The third sub-conclusion is that the drought significantly impacts plant canopy development.
The impact during severe water deficit days between treatments was statistically more
significant when the drought was prolonged for consecutive days, as in the second trial.
Furthermore, the drought visual assessment did not show significant differences between
trees, so it did not represent a viable method to evaluate the drought effect on trees. Finally,
potassium deficiency affected trees' canopy in the form of necrosis and chlorosis, worsening
in the 5WD treatment by having the most unfavourable conditions in the experiment.

The fourth sub-conclusion is that short drought events did not affect the yield, water
productivity, number of clusters, and brix degrees of the grape juice, possibly due to the
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duration and number of drought events. In contrast, it affected average berry and cluster
weights and pH mainly between K-5 and K-60 treatments.

In general, the results obtained in the present research go against the proposed hypothesis
since abundant potassium levels did not enable grapevines' tolerance to drought periods
regarding plant physiological and productivity parameters.

The following ideas are recommended for future research on grapevines:

e Extend the periods of severe water deficit to generate statistically noticeable effects
on dehydration and recovery regarding physiological parameters, plant growth, and
yield components.

e Explore physiological responses, plant growth, and yield components with deficit
irrigation treatments subjected to short drought periods.

e Measure the leaf area index at least every third day to monitor its behavior during
plant dehydration and rehydration.

e Conduct tests with fruit load to define how the physiological parameters, plant growth,
and yield components are affected in drought stress episodes.

e Integrate additional parameters to monitor tree water status, such as sap flow, leaf
water potential, canopy temperature, quantum vyield of photosystem I
photochemistry, fraction of absorbed photosynthetically active radiation, soil
moisture, photosynthetic parameters and diameter changes in the plant's trunk,
branches, and fruits, among others.

e Explore the potential of sensors on-tree (e.g., dendrometers, sap flow, and/or water
potential sensors) and on-soil (e.g., tensiometers or moisture probes) to monitor water
stress in the plant.

e Study the physiological responses, plant growth, and yield components under different
potassium treatments (e.g., K-10 and/or K-30) and drought events to contrast these
results with the present research results.
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APPENDIX

APPENDIX 1. OVERVIEW OF THE EXPERIMENTAL SETUP

XVI

Figure 28. Overview of the experimental setup. K-5 defines 5 mg K* L'}, K-15 describes 15 mg K* L' and K-60 expresses 60 mg K* L.

WW stands for well-watered, WD for water-deficit, and NW describes lysimeters not integrated in the research analyses.



APPENDIX 2. LYSIMETER SCHEMES
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Figure 29. Front view scheme of the lysimeter used in the research (own elaboration).
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Figure 30. Side view scheme of the lysimeter used in the research (own elaboration).
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Figure 31. Top view scheme of the lysimeter used in the research (own elaboration).
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APPENDIX 3. AGROCHEMICALS USED DURING GROWING SEASON

Table 6. Agrochemicals used during growing season.

Cubic centimeters (cm?
Date Product name in 100 liters of waster ) Purpose
Phytoregulator to break dormanc
2/3/2023 Dormex 4000 yand iimulate bud sprouting '
2/3/2023 BB5 100 Foliar fertilizer N-P (3-18%)
16/03/2023 Amistar 50 Fungicide
29/03/2023 Tracer 80 Insecticide
29/03/2023 Mancodi 250 Fungicide
16/04/2023 Amistar 50 Fungicide
16/04/2023 Vertigo 80 Fungicide
27/04/2023 Sufa 700 Fungicide
27/04/2023 Talstar 100 Insecticide
10/05/2023 Aplord 150 Fungicide
10/05/2023 Amistar 50 Fungicide
14/05/2023 Giberlon 40 Fruit growing
14/05/2023 Triton 25 Fruit growing
24/05/2023 Sufa 700 Fungicide
24/05/2023 Mancodi 250 Fungicide
6/06/2023 Amistar 50 Fungicide
6/06/2023 Tracer 80 Insecticide
22/06/2023 Acrobat 200 Fungicide
22/06/2023 Vertigo 80 Fungicide
4/07/2023 Aplord 150 Fungicide
4/07/2023 Tracer 80 Insecticide
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APPENDIX 4. DATA COLLECTION OF STOMATAL CONDUCTANCE

Table 7. Data collection of stomatal conductance. Yellow cells represent drought days and blue cells depict plant recovery days.

Treatment 15w 60W 15W 5w 60W 5w 15W 60W 5w 60W 15W
Date/Lysimeter 2 7 8 10 11 16 17 13 2 2 u | % |

204203 | 04179 | oses9 | 04749 0.5869 05154 02227 04519 02569 | 03636 | 03079 | 0267 | 03455 | 04551 | 02644 | 05090 | 02797 | o247 | o8t | 03059 | o023n | 02809 | 02499 | 02527 | 01940
/04203 | o685 | 0205 | 05437 02103 0323 03087 0.3486 02370 | 02355 | 01595 | 02151 | 01488 | 01685 | 02925 | 0378 | 02977 | 0262 | 0269 | 03045 | 02380 | 0181 | 02112 | 0287 | 02350
004208 | 0374 | 02045 | 02082 0776 02912 01921 03055 02170 | 02470 | 02655 | 02525 | 01672 | 02557 | 02421 | 02735 | 03213 | 02450 | 02968 | 02640 | 02752 | 02733 | 026% | 02685 | 0.2085
oyos203 [ st | oasst | oo 03113 02285 02531 02577 0181 | o244 | 02809 [ oasg | o283 | 0203 | 0247 | oams | o2ses | 02911 | 01665 | 02905 | 0253 | o2 | o218 | 02916 | 02088
0205208 | 02512 | 03155 | 02559 0.2438 0.2616 03027 0278 0263 | 0268 | 0246 | 0201 | 0198 | 02538 | 02519 | 02684 | 02441 | 02615 | 02611 | 02672 | 0243 | 02539 | 02500 | 02045 | 0066
0305208 | 02097 | 03048 | 02126 02425 0.2850 03015 02431 02930 | 030 | 02085 | 01904 | 0209 | 0320 | 02742 [ 02537 | 0281 | 0252 | 02376 | 03389 | 02687 | 02612 | 02981 | 02305 | 03
0405203 | 02083 | 03077 | o188 0.1986 03335 02848 0411 0302 | 03133 | 0208 | 0241 | 02027 | 0293 | 02998 | 0332 | 02160 | 03314 | 02171 | 030% | 02889 | 02468 | 02910 | 02589 | 02007
05/05/203 | o072 | 02684 | 0.088%4 0.1012 02188 02250 01728 0338 | 02307 | 01019 | 01125 | 0128 | 01428 | 02598 | 01873 | 04179 | 04947 | 04409 | 02379 | 0225 | 097 | 0710 | 0.33% | 0034
0705203 | 016 | 038 | o 0.2097 04111 0.38%9 03235 04145 | 039% | 0106 | 02163 | 01557 | 0347 | 03555 | 0337 | 028 | 03397 | 0334 | 0386 | 04163 | 0159 | 0387 | 01850 | 0237
0805203 | 00897 | 02889 | 00775 01182 0.3686 0.2360 0.1426 02%1 | 02806 | 00853 | 0179 | 00988 | 03072 | 0354 | 0381 | 0435 | 0309 | 00 | 03084 | 03185 | 00987 | 0360 | 0355 | 01736
09/05/203 | 00503 | 03075 | o048 0.0800 0332 0346 0.0805 0288 | 0379 | 00433 | 00759 | 00601 | 0338 | 0298 | 03035 | o128 | 0374 | 0062 | 03333 | 0287 | 0088 | 03306 | 00556 | 00788
1005203 | 0031 | 0384 | 00259 0.0367 03831 0.2950 00290 03173 | 04305 | 0042 | 00400 | 0018 | 03014 | 03009 | 02959 | 00235 | o03d0r | oowes | 0403 | 03079 | 0030 | 03m1 | o009 | 0029
/o503 | 0027 | 03336 | 00291 00276 04190 02833 00307 0412 | 03801 | 0053 | 0024 | 00135 | 04014 | 02645 | 03590 | 00166 | 03506 | 00211 | 03437 | 04215 | 00301 | 03190 | 0006 | 0021
/05208 | 01969 | 0410 [ o167 01632 04434 03940 01673 04460 | 04193 | 01630 | 01609 | o0m05 | 04365 | 0385 | 0430 | 01520 | 04163 | 01586 | 04007 | 04127 | 01993 | 0420 | 0143 | 01600
1405208 | 02412 | 03619 | 03100 0.3087 0.3852 0.3456 02827 03935 | 03390 | 0278 | 03133 | 02517 | 03669 | 03986 | 04091 | 02951 | o3s | 0250 | o036 | 04137 | 0247 | 0367 | 0309 | 03145
15/05/208 | 03550 | 03999 | 0382 0.4548 04347 03760 03882 04687 | 04531 | 0310 | 03910 | 0367 | 03923 | 04085 | O0d6ls | 04438 | 0436 | 03495 | 04330 | 0435 | 0390 | 04085 | 04350 | 0426
16005208 | 03830 | 0475 | 0562 04781 05815 0.5466 05575 0602 | 05501 | 03906 | 0425 | 05368 | 04335 | 0421 | 04828 | 0532 | 04588 | 0390 | 0515 | 05206 | 03791 | 04456 | 05003 | 04577
17/05208 | 04505 | 0500 [ 04786 04857 05137 05509 05026 05000 | 0580 | 05131 | 05153 | o494 | 0469 | 05005 | 05502 | o553 | o528 | 050 | 0536 | 042 | 05012 | odess | 052 | o4ie2
18005208 | o007t | o0son9 | ose3 04785 04420 05102 04995 04711 | o528 | o639 | o511 | 05200 | 04801 | 05609 | osot | 05095 | 05263 | 05056 | 04874 | 05286 | 04835 | 05089 | 04%45 | 05083
205203 | 02313 | 0250 | oxu 0.2303 0238 0.1957 0533 02249 | 02386 | 02089 | 02358 | 02258 | 02594 | 02155 | 0230 | 02432 | 02599 | 02700 | o260 | 02505 | 0250 | 02040 | 0278 | 0816
305203 | 05007 | 05102 | 04664 04433 05233 05057 048% 05044 | 04537 | 04873 | o4a44 | 05382 | 05335 | 04563 | 04833 | 04709 | 0452 | 05363 | 04911 | 04776 | 0520 | 05541 | 04719 | 0484
08/06/203 | 04687 | 04685 | 04928 05031 05347 05416 04775 04761 | 0476 | 0507 | 0581 | 0510 | 05379 | 0533 | 05127 | 0486l | 04789 | 0458 | 0528 | 0462 | 05395 | 04634 | 04851 | 04810
11/06203 | 030 | o0s082 | 032 0303 04782 05036 03069 0458 | 04979 | 03233 [ o2ss1 | o028 [ osow7 | oas3t | 0497 | 02001 | osatr | o026 | oswo [ 04953 | 03031 | oswe | 02901 | 03041
/052023 | 0.05% | 04856 | 0090 0.0965 05173 0.5565 0.1089 04955 | 04999 | 00688 | 00835 | 00907 | 05631 | 05137 | 04858 | 00%5 | oS00 | o076 | 05038 | 04730 | 00518 | 04778 | 00870 | 00933
/062003 | 0009 | 05631 | 00106 0.0103 05207 05979 0,009 0528 | 04975 | 00085 | 0008 | 0019 | 05973 | 05190 [ 04899 | o000s4 | o0s574 | oou6 | 04995 | 0567 | 00097 | 0573 | 00109 | 00064
150602003 | 0012 | 05190 [ 00155 00112 0.5462 06109 00118 0508 | 04779 | 0002 | 0009 | 00087 | 05895 | 0561 | 05573 | 00068 | 06273 | 00083 | 05031 | 06310 | 00085 | 05458 | 00125 | 0.00%4
160602003 | 0002 | o485 | 00155 00148 06065 06558 00121 05601 | 0513 | 00097 | 0017 | 0012 | 06259 | 05643 | 05836 | 0011 | 06158 | 00132 | 04597 | 05814 | 00119 | 0591 | 0014 | 00092
1806203 | 00365 | 04557 | 0037 00355 04946 05662 00386 04792 | o46m | 00369 | ooz | oo | o030 | oass | 04937 | o001 | 05508 | 00304 | o047 [ o508 | 00336 | osu8 | 00293 | 003%0
19006203 | 01089 | 04081 | 00937 0.1014 0.48%9 05938 01183 0517¢ | 0415 | 01236 | 00705 | 00954 | 05404 | 04434 [ oasss | 00715 | o603 | 00993 | o042 | 05003 | 01149 | 04500 | 00863 | 0.068
20/06/208 | 03061 | 04706 | 02910 071 04625 05368 0756 0477 | 0413 | 0291 | 02565 | 0297 | 05307 | 04370 [ 04513 | o261 | o547 | 02949 | o4 | o469 | 0320 | 04653 | 02665 | 0.3085
2106208 | 04397 | 04971 | 05106 0.4346 04773 06337 05576 05399 | 04458 | 05039 | 03549 | 05535 | 0568 | 04710 | 05254 | 03862 | 05698 | 04209 | 04879 | 06270 | 04439 | 05168 | 04613 | 0419%
206208 | 0480 | 0542 | 05575 05262 0515 06330 05292 0532 | 05302 | 04352 | 04824 | 05166 | 05793 | 04896 | 04930 | 05237 | 06294 | 04281 | 04508 | 05935 | 0.4489 | 04864 | 04876 | 05188
23006208 | o0ses4 | 05376 | 06in 04701 05767 06063 05760 06005 | 0535 | 0573 | osu6 | o578 | 05730 | 04833 | os0sL | 0493 | 05963 | 0629 | 0524 | 05757 | 05754 | 0582 | 05892 | 0474
/05203 | o634 | osa4 | 0sga 05206 05897 0.6044 06120 0598 | 0527 | 05711 | 04858 | 06141 | 06161 | 05088 | 05754 | 05319 | 05627 | 06145 | 0495 | 06001 | 05725 | 05978 | 05719 | 0541
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APPENDIX 5. DATA COLLECTION OF STEM WATER POTENTIAL

Table 8. Data collection of stem water potential. Yellow cells represent drought days and blue cells depict plant recovery days.

Treatment 15W 60W 15W W 60W 5W 15W 60W W 60w 15W
imeter 7 8 10 1 16 17 18 0 2 u

w0203 | 040 -0.39 055 038 038 0.9 051 041 045 043 | -0a8 | 039 [ 051 | 035 048 | 046 | 0w oM | 051 053 00 00 039 041
004208 | 047 041 033 055 0.9 002 037 051 057 045 | -0a8 | 058 | 083 049 | 03 | 053 054 | 039 0.6 053 039 040 0.5 043
005208 | 08 084 057 046 047 046 041 037 046 050 | 0% | 056 | -044 | 055 041 046 | 08 051 040 | 04 055 051 040 041
0005208 | 040 037 055 060 054 | 08 050 036 0.6 043 | 056 | 051 | 057 | 051 | -048 | om | 08 052 0.8 037 oM | 08 0.5 047
B/05208 | 04 041 056 047 083 Y 037 036 050 | 0% | 045 | 0@ | 038 | -om 051 0.33 0483 00 | om 041 043 060 051
08/05/203 | 060 053 054 0.0 0.6 061 057 0.9 0.4 066 | 051 | 053 | 086 | 047 | -085 064 | 057 059 047 038 056 060 052 069
0505208 | 063 047 068 073 061 060 | 083 058 050 075 | o7 | 089 | 057 | 057 | 089 | 07 | -060 | m 052 059 Y 060 0.85
07j05208 | 083 002 060 064 0.5 038 058 040 045 064 | 056 | 061 | 03 040 [ o [ 083 002 063 oM | 0w [ om 052 075 062
0805203 | 087 041 091 067 T 0.0 037 040 08 | o | om [ 04 | 03 0402 068 | 050 | 069 0.6 041 077 0.5 0.83 082
0905208 | L1 073 -1.05 10 071 055 092 054 | o 0% | 08 | 0% | 081 | om | -061 0.93 o0 | a0 [ 05 05 | 0 054 | . 103
10/05208 | 115 069 107 114 051 0.8 096 051 065 110 | 083 [ 0% | 083 06 | o4 | aw 050 | 109 061 058 115 049 110 -106
/05208 | 119 055 -1.05 -1.08 057 060 | 0% 058 065 40 | 0% [ aw [ on | 05 062 09 | 048 | a0 [ 06 067 115 067 118 -105
12/05/208 | 06 057 065 060 058 054 | 056 054 | 05 0% | 055 | 050 | -085 060 | 061 055 08 | 0% 061 059 055 064 | 058 0,59
/05208 | 055 047 040 047 045 046 060 039 052 048 | 050 | 048 | 047 | 057 | 03 | 060 | 083 047 oM | 08 052 056 0.9 054
1505208 | -041 047 0.8 053 0.5 0.5 051 047 0.5 055 | -050 | 05 | -048 | 052 | -067 | 058 | -051 053 0.3 068 064 | 08 056 053
1605208 | 050 002 046 053 0.39 037 041 04 | 04 00 | s | o | 0 | om | om 060 | -0 051 083 I 035 051 056
17/05/208 | 062 059 0.0 068 075 078 077 073 073 068 | 057 | 076 | -080 | -065 0n 063 061 00 | 05 Y 071 078 0.80
18/05203 | 060 038 051 084 083 047 053 055 046 054 | 060 | 045 | -040 | 054 | 056 | 054 | 082 058 | 039 050 | 047 055 051 0.8
2/05203 | 056 0.9 060 068 063 064 | om 059 055 07 | 065 | 050 | 067 | 055 062 065 058 | 05 | R 061 066 054 | 05 068
3105208 | 069 0.5 067 059 0.9 054 | 046 047 055 065 | -051 | 055 | -050 | 07 | -089 | 054 | -066 | 068 | 083 062 058 057 0,54 051
08/06/203 | 045 060 066 055 064 | 083 052 058 062 065 | 064 | 063 | 059 | 055 060 | 057 | 060 | 083 067 057 0.9 052 050 066
1106208 | 085 067 0n 0.0 0.9 055 0.89 060 057 081 | 068 | 085 | 01 | 059 | 083 073 052 087 0.8 065 083 066 0N 076
12006208 | 085 053 0.95 0.9 059 05 | 09 002 050 09 | o [ a0 [ st | 058 | 051 | s 0 | 0w | o3 055 091 053 0.93 077
13006208 | 102 051 111 0.8 045 0.39 105 040 043 098 | 060 | 099 | 088 | 042 | -046 | -065 041 0.95 0.9 0.8 115 046 087 086
06203 | 107 065 115 083 055 068 102 060 059 43 | 106 | 0% | o4 | s | 066 | 088 | 057 | -0 058 069 -1,00 052 0.7 0.89
1506203 | 0.3 0.49 068 065 051 052 0n 049 050 o | 0. | 067 | 066 | 067 | 065 071 067 | 081 0.5 064 | o7 058 081 0.7
1606203 | 114 069 -1.06 -1.06 073 068 132 067 0.0 406 | 00 | a2 | 06 075 o | 09 | om [ 4w 067 075 121 078 104 112
18/06/203 | 095 046 -1,00 0.90 050 | 051 092 002 050 0% | 066 | 0B | 045 I .79 053 082 0.6 0.8 0.97 039 0.80 0.95
19/06/203 | 066 0.9 055 067 0.9 054 | 059 055 052 00 | -0a8 | 050 | 054 | 058 | -0 046 | 05 064 | 06 059 058 065 064 062
0/06/208 | 058 047 058 055 oM | 08 062 058 048 058 | -051 | 062 | -046 | 051 | -054 | 060 | -057 | 060 | -056 050 | 083 0.6 061 058
206208 | 08 075 083 068 o | 08 -0.80 053 061 079 | 076 | 069 | -065 040 | on 071 055 071 061 067 056 077 076 065
2[065/208 | 065 048 051 050 051 050 | 04 052 037 058 | 046 | 055 | -083 054 | 08 0.49 055 055 053 062 065 061 057 0,54
B06/208 | 069 056 064 060 054 | 060 | 06 062 064 066 | 05 | 061 | -050 | 066 | -068 | 066 | -088 | 067 060 | 058 062 055 054 059
/06203 | 060 051 061 052 078 073 066 065 063 on | on [ om [ om | am 075 o | 080 [ 089 078 071 083 on | i 081
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APPENDIX 6. WATER BALANCE COMPONENTS DURING GROWING SEASON
IRRIGATION

Table 9. Daily irrigation during the growing season. Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest.

Treatment SW 15W 60w 15W SW 60W 5w 15W 60w 5w 60W 15w
Date/Lysimeter 2 1 8 10 1 16 17 1 2 0 U 2%

20/04/2023 15.9 17.38 16.67 18.93 .79 20.65 19.15 21.56 19.78 19.14 19.99 19.25 15.66 16.97 20.06 246 1829 1820 1433 1911 2.67 1825 20.69
21/04/203 1533 17.61 16.78 19.56 1983 2014 2012 0.5 19.92 19.94 1993 2038 17.20 18.06 2163 21.36 1838 19.12 17.04 1989 20.50 18.18 2.8
22/04/2023 15.50 17.59 16.91 19.61 2.8 2.0 2048 21.98 19.85 2014 19.14 2.0 1741 17.87 21.88 2.4 1827 18.99 16.78 19.46 2047 17.90 21.62
23/04/2023 15.29 18.19 16.89 19.14 19.20 19.80 19.76 210 2031 19.85 19.20 2.6 1677 1.0 2040 118 1817 19.02 16.32 1892 19.94 17.85 2.26
24/04/2023 1570 17.18 17.01 19.82 2110 20.86 0.2 2,04 1981 2004 20.54 2.59 17.36 1852 240 267 1874 19.06 18.26 0.2 0.2 1858 2.70
25/04/2023 18.93 2.53 2151 24.55 26.50 25.58 25.18 2741 25.20 25.39 25.03 25.63 203 2319 21.38 27.48 B.15 39 282 25.33 25.09 280 7.1
26/04/2023 1937 0.1 2019 23.69 25.9 25.15 113 2.0 2527 2517 U1l 25.48 nn 2078 2685 26.30 2.69 2384 2108 345 5.15 249 2741
27/04/2023 1912 207 2082 43 234 25,04 2.1 21.03 41 24.19 Un 2.95 2136 208 26.60 26.59 nn 249 0 233 281 230 26.95
28/04/2023 0.00 %35 0.00 3017 33.09 0.00 3091 3099 0.00 0.00 0.00 3280 213 2863 0.00 3431 0.00 2954 2620 0.00 3097 0.00 0.00
29/04/2023 0.00 354 0.00 30.54 3261 0.00 3.7 3.3 0.00 0.00 0.00 33.05 33 289 0.00 34.65 0.00 3038 2.10 0.00 3140 0.00 0.00
30/04/2023 0.00 2.8 0.00 3034 32.60 0.00 30.83 3105 0.00 0.00 0.00 33.06 315 289 0.00 34.9 0.00 217 2132 0.00 31 0.00 0.00
01/05/203 0.00 230 0.00 319 3280 0.00 3214 3156 0.00 0.00 0.00 348 2361 2929 0.00 343 0.00 2953 2139 0.00 3119 0.00 0.00
02/05/2023 0.00 2.06 0.00 3154 32.66 0.00 30.93 30.27 0.00 0.00 0.00 3.3 28 284 0.00 3431 0.00 2839 .11 0.00 3120 0.00 0.00
03/05/2023 0.00 817 0.00 35.81 38.20 0.00 35.33 36.25 0.00 0.00 0.00 381 2.2 3157 0.00 39.58 0.00 33.05 3139 0.00 3540 0.00 0.00
04/05/2023 0.00 814 0.00 3543 36.47 000 35.00 3B 0.00 0.00 0.00 3694 2617 313 0.00 35.95 0.00 3060 2804 0.00 3426 0.00 0.00
05/05/2023 8.97 34.14 11.89 4240 4365 13.90 475 4.15 nn 1339 1.2 Mn 35.26 4 15.04 46.68 9.83 42.80 3163 12.83 8307 12.60 15.52
06/05/2023 nn 3.4 18 an 410 1387 4258 47165 1.9 37 1100 Xy 3690 4097 1541 46.29 0.2 4437 3744 13.69 4287 1141 1.9
07/05/2023 13 37.60 1186 4289 4338 1168 .24 447 1253 13.16 1051 4362 358 39.60 14.48 8351 814 4510 3433 1191 440 11.69 7
08/05/2023 0.00 3140 0.00 36.02 3549 0.00 3580 35.67 0.00 0.00 0.00 3540 2711 33.00 0.00 36.19 0.00 318 2048 0.00 3599 0.00 0.00
09/05/2023 5.00 319 0.00 3647 35.63 0.00 3%.13 36.02 0.00 0.00 0.00 3578 .19 319 0.00 36.85 0.00 3195 246 0.00 35.65 5.00 0.00
10/05/2023 10.00 3741 10.00 414 4049 10.00 4080 4.9 10.00 10.00 10.00 41.09 3203 3765 10.00 42.66 10.00 3826 3493 10.00 40.75 10.00 10.00
11/05/2023 0.00 4.03 0.00 4528 491 0.00 4451 46.89 0.00 0.00 0.00 4571 35.94 41.56 0.00 4655 0.00 8327 38.08 0.00 493 0.00 0.00
12/05/2023 112.50 %011 103.72 96.42 93.64 14.25 94.36 100.32 120.38 106.69 116.21 8.13 75.04 80.25 12741 9%6.44 98.98 94.96 7133 118.15 96.35 116.83 122.95
13/05/2023 55.38 58.37 5019 62.98 58.30 63.20 62.25 65.05 58.01 49.90 6106 58.63 50.56 58.27 6278 60.30 50.19 5949 4193 51.94 62.04 58.59 63.54
14/05/2023 54.24 4181 4.9 53.00 57.65 58.50 58.52 54.27 57.49 4170 51.21 57.60 41.68 5386 5260 58.95 48.94 47.48 46.88 56.30 5192 55.43 50.77
15/05/2023 62.64 57.98 50.54 68.07 66.96 66.85 67.63 65.63 66.44 49.78 65.81 67.48 5038 6247 61.78 61.29 56.74 51.94 5425 64.73 65.85 6141 64.06
16/05/2023 73.00 61.34 58.67 7851 78.06 7115 117 75.07 7817 5131 7541 7938 5193 B8 7168 7891 65.23 66.18 63.25 75.61 76.13 69.76 72.%
17/05/2023 1348 61.27 58.85 78,61 .15 79.86 7.1 76,04 7151 5831 76.39 7894 56.85 nn 73.86 80.55 65.57 69.14 63.99 71.29 78.00 68.04 5.4
18/05/2023 62.56 948 46.17 68.07 66.89 67.21 66.49 64.80 66.33 4511 6634 66.58 423 6146 6168 68.34 5.4 59.85 5286 65.92 66.95 60.60 63.48
19/05/2023 61.67 4930 4.19 68.38 66.31 67.39 66.83 65.60 65.55 45.32 66.64 66.60 45.65 6228 6243 61.13 55.03 50.48 5.9 64.43 66.39 6215 63.25
20/05/2023 6145 49.16 459 671.36 65.75 61.24 66.41 64.33 65.05 44.87 65.87 65.86 45.50 6221 62.52 67.66 54.88 58.95 53.57 64.43 66.18 6231 62.94
21/05/203 60.17 4891 45.89 6121 6479 6641 66.12 63.70 63.82 4475 65.70 64.90 45.16 6143 6161 65.72 5402 5843 5161 62.66 64.95 6243 62.64
22/05/2023 51.17 64.36 60.39 84.09 8103 84.64 82.45 8471 7957 58.77 82.92 8125 58.88 797 81.82 83.28 67.49 76.06 65.90 7943 8237 7.1 8114
23/05/2023 50.73 55.74 5241 74.68 nu 7497 11 .1 017 5092 13.61 175 5102 68.90 7048 BU 59.51 65.64 58.40 69.88 7282 68.88 037
24/05/2023 4428 41.12 ua 65.26 6134 65.30 63.92 60.86 60.78 43.06 64.30 62.25 4355 59.84 5.15 63.20 5154 5522 5089 60.33 63.28 60.04 59.60
25/05/2023 5284 56.06 5248 7441 7295 7334 nB& 7.5 4 5033 ns 7362 5117 67.53 68.66 1324 60.80 6479 5697 7444 7136 6732 7015
26/05/2023 5074 56.45 5319 76.24 1 7611 7448 nn 1.4 5175 7481 7325 5293 70.06 7101 7490 6117 66.70 60.82 7146 7400 70.54 70.84
27/05/2023 61.56 10.76 66.30 87.65 85.35 87.08 83.20 9170 84.69 62.52 83.56 86.59 63.17 8175 85.59 85.20 7194 79.76 65.9 82.55 86.04 8191 86.21
28/05/203 5059 55.84 5210 7326 68.76 7572 73.68 728 68.43 5027 7350 69.64 5220 67.97 6935 7174 5791 64.96 55.63 69.51 7407 6871 68.29
29/05/2023 4619 52.59 0.7 65.58 6221 66.24 64.60 68.60 61.32 4810 65.13 63.49 49.04 60.62 65.30 64.76 52.64 50.87 5181 61.62 64.71 60.73 65.06
30/05/2023 4769 5218 4833 65.92 60.43 66.77 64.9 66.95 60.24 47.09 65.21 60.45 4185 817 63.77 62.9 52.64 61.65 6251 59.59 64.17 60.23 65.45
31/05/203 848 5241 4912 66.86 6214 67.01 66.24 68.72 61.65 4199 65.93 59.95 4835 4874 64.86 64.05 56.02 63.21 6271 6114 6551 6171 6637
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Table 9. Daily irrigation during the growing season. Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest (continuation).

01/06/2023 53.49 56.30 5196 65.21 69.28 65.75 65.00 n38 68.13 50.02 64.79 67.03 511 4697 68.50 7038 62.66 6535 7002 6743 63.83 60.08 69.97
02/06/2023 80.58 T1.04 7.2 7538 80.54 5.17 7.9 7119 80.03 .75 73.64 71.63 7481 7254 76.08 8L76 5.6 76.00 8291 80.88 1541 7252 1552
03/06/203 80.58 T1.04 7.2 7538 80.54 5.1 7.9 7119 80.03 1175 73.64 71.683 7481 7254 76.08 8L76 5.6 76.00 82.91 80.88 1541 7250 7552
04/06/2023 60.44 5203 5098 512 59.64 50.93 5346 5203 59.81 5054 50.08 5135 5112 4851 5229 £0.20 5541 5129 6095 59.08 5L17 875 5208
05/06/2023 8263 82.09 80.54 80.43 8215 9.8 8103 83.95 8234 835 7831 8127 80.55 76.14 8170 8232 76.08 8121 8290 19.94 8031 76.12 8233
06/06/2023 9.5 73.08 8930 .25 52 88.20 N4 7 9447 9215 86.60 .76 1104 67.28 9051 144 8471 7180 13 9218 1064 84.92 9218
07/06/2023 81.87 8159 1980 80.57 8.00 7883 8L17 8297 8.4 8.1 79.9 79.39 80.16 76.39 8106 8241 75.18 80.47 8437 8158 80.02 75.90 8170
08/06/203 8137 80.57 78.64 79.80 8106 1881 80.71 8L76 8156 82.48 7152 7861 1985 7518 80.88 82.18 5.4 78.03 83.16 80.96 7991 7540 80.92
09/06/2023 0.00 7109 0.00 7 80.62 0.00 8241 730 0.00 0.00 0.00 1874 7182 70.19 0.00 8095 0.00 68.18 1982 0.00 N4 0.00 0.00
10/06/2023 0.00 nn 0.00 7562 8251 0.00 1598 B2 0.00 0.00 0.00 9.0 073 0.8 0.00 83.11 0.00 14 7426 0.00 1559 0.00 0.00
11/06/2023 0.00 56.74 0.00 61.50 67.01 0.00 6172 51.8 0.00 0.00 0.00 64.97 56.15 51.68 0.00 68.24 0.00 55.83 6.2 0.00 6L71 0.00 0.00
12/06/203 0.00 5.33 0.00 60.81 66.43 0.00 6181 57.49 0.00 0.00 0.00 64.30 55.34 5152 0.00 67.00 0.00 55.46 60.62 0.00 60.88 0.00 0.00
13/06/203 0.00 5.11 0.00 60.63 66.17 0.00 6L15 56.99 0.00 0.00 0.00 63.96 55.52 57.00 0.00 66.79 0.00 %5.12 60.16 0.00 59.46 0.00 0.00
14/06/203 0.00 5536 0.00 60.53 65.64 0.00 6150 56.27 0.00 0.00 0.00 60.59 5381 56.80 0.00 66.29 0.00 53.63 59.22 0.00 6097 0.00 0.00
15/06/203 30.67 1Y 2865 7169 7598 828 n9 7454 3043 0.7 1576 708 n4 67.21 2.9 1585 215 7034 6832 30.02 7105 2680 30.08
16/06/2023 0.00 7466 0.00 1281 1.0 0.00 B4 7648 0.00 0.00 0.00 6.3 n3 67.01 0.00 19.59 0.00 1118 7146 0.00 L85 0.00 0.00
17/06/203 16.94 63.80 1580 61.09 65.07 1467 63.28 64.99 1638 1554 138 56.69 62.99 51.80 1578 64.68 1352 59.00 58.87 15.06 6130 1434 1577
18/06/2023 1846 6531 1671 63.63 66.74 16.79 6437 66.07 17.61 1710 1386 6175 64.01 59.69 17.53 67.09 1475 63.22 60.84 17.98 63.10 1553 18.09
19/06/2023 11459 9091 1123 88.11 89.97 11082 89.88 91.84 11412 11556 95.24 1995 88.05 8246 11455 8873 10270 86.18 8150 mn4 87.19 106.10 11473
20/06/2023 mna 88.94 11075 81.10 87.9% 109.28 89.24 90.55 11151 114.09 94.13 98.03 81.8 81.4 1.0 86.21 10262 83.57 78.03 110.19 86.34 10548 1128
21/06/203 76.64 66.62 65.70 7454 1563 B4 1579 67.60 7685 68.53 63.92 N3 6533 6941 66.67 7469 7160 6335 66.83 7531 1358 70.60 6737
2/06/203 78.06 61.76 66.24 7597 7131 7420 76.16 68.57 1115 69.61 63.34 69.45 65.90 68.38 66.85 T1.04 B 64.64 66.44 76.38 1541 7185 68.49
23/06/203 8.38 68.87 67.63 8140 8.1 9.4 8158 69.66 837 70.95 67.56 75.01 67.21 15 61.33 8193 7.9 65.49 69.94 7139 80.75 7114 70.05
24/06/203 8214 6733 6597 12 81.08 7839 8036 68.53 8.9 6934 66.80 75.00 6539 B35 67.01 1989 1535 6346 7082 80.33 7886 7490 6771
25/06/203 8163 70.84 0.2 7939 8047 1875 1981 .74 8154 1404 66.56 7.9 1015 BY .08 80.06 6.17 66.95 i 80.07 1889 464 N4
26/06/203 8131 7136 7038 887 80.08 7831 1939 38 8167 740 66.66 7635 69.73 BI5 719 80.14 7632 61.55 763 79.93 7891 1 7210
27/06/2023 80.74 7106 69.94 78.84 19.76 i 1.1 7163 8L11 B9 65.99 7.19 69.60 7301 7198 19.65 75.56 61.75 nn 79.50 7878 1451 nn
28/06/203 80.65 7045 69.74 78.64 79.58 78.66 1881 7259 8125 1367 66.26 71.14 69.55 71390 7197 7991 76.13 66.31 B9 79.89 7891 7535 nn
29/06/2023 8.2 69.66 6892 7683 7151 7656 791 7163 1887 nx5 65.29 n4 6830 730 7055 51 7193 65.65 6940 7658 7632 7331 037
30/06/2023 81.24 025 69.69 78.16 1997 7810 7858 7226 8168 1381 65.66 8321 6947 na 7184 1950 iy 67.20 N34 79.59 7828 748 7110
01/07/2023 7813 69.33 68.88 76.95 7.3 77.00 71.68 7110 7894 7191 64.99 80.56 67.60 7163 10.66 1513 1167 63.81 66.92 76.60 16.74 7381 69.37
02/07/203 5.4 5246 5015 56.10 56.54 55.99 5.29 53.63 51.76 54.46 47.01 95.15 5138 5.3 5081 55.71 5260 4828 4.5 56.07 55.01 5289 5084
03/07/203 64.46 59.14 5846 616 6439 63.10 6189 60.05 65.04 61.59 5159 6261 5790 56.68 6032 6340 60.38 5531 57.69 6335 62.16 59.48 59.68
04/07/203 65.02 59.53 5883 6275 64.76 6210 6220 60.86 66.21 61.66 5220 59.72 58.05 5.79 60.73 6440 60.68 56.16 5891 64.00 6239 59.40 59.72
05/07/2023 62.9 58.32 57.65 6121 63.43 60.21 61.24 60.33 64.3 60.35 51.49 6119 56.09 55.00 51.90 60.33 58.21 53.69 53.01 61.93 60.29 58.03 58.58
06/07/203 64.35 59.08 58.53 6233 64.38 6155 6164 60.67 65.26 61.24 5.4 59.47 51.78 518 60.01 62.69 60.30 54.35 51.00 63.21 60.90 58.26 59.12
07/07/203 64.24 59.07 5847 61.91 64.46 6141 6164 60.29 65.40 618 5203 66.81 57.66 514 60.14 63.483 60.57 5269 56.29 63.21 61.38 59.08 59.9
08/07/203 64.42 59.66 58.63 6235 64.59 6194 6165 6121 65.09 6167 5219 66.81 5832 5171 60.46 64.22 60.97 5254 5748 63.82 62.14 59.04 6038
09/07/203 63.87 5890 5842 61.84 64.11 6138 6117 59.94 65.27 61.28 5135 6291 5119 5.57 59.86 6280 59.29 5190 55.18 63.02 6134 5873 5936
10/07/203 6341 58.35 57.83 61.60 64.04 6116 60.71 5.19 64.92 614 5131 56.51 56.32 56.04 58.88 59.35 58.96 5104 53.75 6192 60.58 58.17 59.26
11/07/203 64.03 60.03 58.57 62.26 64.49 61.39 6161 60.60 65.33 5.2 5179 61.46 518 56.53 59.94 60.53 59.57 5191 55.36 6244 60.80 59.07 58.15
12/07/203 8176 n1s .00 19.44 8292 .11 N7 7480 83.86 1084 66.33 80.57 7030 .9 7401 184 7661 64.74 BAa 8118 1836 75.94 B4
13/07/203 8189 ns 167 7870 8236 7835 141 7408 83.27 69.12 66.17 7836 6937 .36 .88 5572 548 6332 69.17 7961 718 7489 .16
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DRAINAGE

Table 10. Daily drainage during the growing season. Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest.

Treatment SW 15w 60W 15W W 60W SW 15W W 60W 15w
Date/Lysimeter 2 7 8 10 1 16 17 18 P % 2%

20/04/203 444 527 6.59 287 445 235 3.9 5.96 368 440 3.59 5.18 334 267 3.53 39 38 486 13 335 197 310 310
21/04/2023 444 482 531 291 352 27 4.04 571 365 3 391 521 298 2.9 34 40 385 450 131 345 191 34 240
22/04/2023 407 432 469 286 470 27 402 558 375 360 3.94 5.00 265 275 3.70 421 33 418 1.06 336 183 312 242
23/04/203 4.08 416 433 E3Y) 5.09 3.84 4.05 5.65 3.60 4.08 409 5.48 3.03 356 3.58 439 n 428 0.39 347 176 348 433
24/04/2023 355 441 455 340 591 3N 451 641 378 346 426 6.03 38 361 395 468 35 470 13 325 209 328 1.88
25/04/2023 289 413 449 346 476 362 41 6.57 352 346 391 5.60 286 367 357 454 344 452 0.71 389 198 320 232
26/04/203 283 5.8 4.69 357 6.19 353 4.86 6.61 352 365 416 6.14 3.61 354 456 5.03 37 5.16 159 387 230 319 168
27/04/2023 214 491 465 276 480 1.64 438 635 33 400 3.5 580 38 219 ERE] 43 297 481 120 344 170 21 362
28/04/203 146 [3Y 391 340 598 083 443 6.01 248 250 261 6.68 28 461 PRE] 6.12 234 3.8 136 3.08 116 0.64 0.86
29/04/203 0.50 5.08 262 6.63 12.28 0.00 913 9.18 131 297 087 1338 433 820 175 1115 1.03 487 145 129 255 0.30 4.52
30/04/203 033 691 1.68 7.06 1239 0.00 10.72 873 101 162 0.66 12.52 441 14 132 10.65 0.83 5.16 261 114 3.04 0.00 186
01/05/2023 0.00 746 114 1021 13.20 0.00 1165 9.58 035 135 045 13.01 463 695 095 11.20 024 5.82 265 0.38 3.64 0.00 195
02/05/2023 0.00 791 0.53 1046 1291 0.00 114 92 032 037 0.00 12.60 429 6.73 036 1053 0.00 6.82 33 0.00 3.9 0.00 0.23
03/05/203 0.00 9.53 0.19 14.09 17.09 0.00 1745 JURE] 0.00 0.00 0.00 16.95 1.4 1087 0.00 14.65 0.00 738 468 0.00 6.25 0.00 0.00
04/05/2023 0.00 9.83 0.00 13.65 U0 0.00 1247 1.4 0.00 0.00 0.00 17.16 9.82 9.53 0.00 16.70 0.00 13.02 7.62 0.00 10.64 0.00 0.00
05/05/2023 0.00 6.61 0.00 1127 1.9 0.00 9.99 1325 0.00 0.00 0.00 15.65 9.07 740 0.00 16.48 0.00 936 6.10 0.00 133 0.00 0.00
06/05/2023 0.00 114 0.00 922 1.97 0.00 830 1168 0.00 0.00 0.00 15.50 749 788 0.00 15.99 0.00 930 499 0.00 643 0.00 0.00
07/05/2023 0.20 8.56 0.00 9.49 13.26 0.00 946 133 0.00 0.00 0.00 16,59 1.5 10.59 0.00 17.38 0.00 1191 476 0.00 6.71 0.00 0.00
08/05/2023 0.00 9.62 0.00 10.08 12.65 0.00 9.81 1195 0.00 0.00 0.00 15.15 703 991 0.00 1452 0.00 987 510 0.00 6.61 0.00 0.00
09/05/2023 0.00 9.87 0.00 11.03 12.85 0.00 1191 1241 0.00 0.00 0.00 14.94 6.58 9.67 0.00 13.58 0.00 1061 571 0.00 126 0.00 0.00
10/05/203 0.00 973 0.00 1190 12.95 0.00 1339 B 0.00 0.00 0.00 1573 6.70 9.59 0.00 1355 0.00 929 5.63 0.00 741 0.00 0.00
11/05/203 0.00 10.27 0.00 1257 13.16 0.00 1236 B4 0.00 0.00 0.00 1583 6.88 843 0.00 1331 0.00 10.78 5.61 0.00 8.4 0.00 0.00
12/05/203 0.00 34.34 0.00 4031 4210 0.00 4367 4451 0.00 0.00 0.00 Kl 25.06 311 0.00 4410 0.00 3345 16.01 0.00 2573 0.00 0.00
13/05/203 0.00 848 0.00 3241 207 0.00 29.90 3218 0.00 0.00 0.00 EVAE] 231 2617 0.00 3146 0.00 30.76 15.27 0.00 2158 0.00 0.00
14/05/203 759 19.29 0.06 25.57 2480 107 1.8 246 0.08 0.00 0.00 21.55 15.08 2011 020 25.63 0.00 231 11.9 210 216 53 416
15/05/203 16.76 20.16 017 28.36 2.8 18.65 297 25.73 15.02 0.00 14.35 33.04 1493 2.62 796 3111 101 1983 1392 3425 2318 52 15.84
16/05/203 3146 25.90 1.1 34.55 3118 267 34.35 30.95 35.15 459 EEN) 4057 18.58 29.10 246 3In 1491 24.38 16.09 431 2664 14.35 3501
17/05/203 30.63 2.66 2.9 2.8 3048 249 27.00 2493 3407 923 3178 3507 15.85 21.50 11 3261 17.50 2038 1381 4032 .72 235 34.00
18/05/203 26.67 16.16 17.04 1993 33 2051 18.06 1639 30.19 867 0.3 28.06 9.76 1385 19.97 248 1451 1455 10.80 353 17.07 19.73 21.76
19/05/203 .17 17.54 16.57 1482 2158 2604 2451 23.60 3148 9.68 3.07 31.08 9.25 20.68 220 2867 16.68 16.72 10.78 35.16 2019 260 2.3
20/05/2023 29.04 1947 18.16 2.1 29.9 28.10 2663 25.02 3264 1.9 35.01 3216 10.60 .73 26.79 2021 1825 20.00 1173 36.3 2.89 2543 3144
21/05/2023 2.15 1875 18.79 25.51 2680 21.08 2382 178 30.70 1488 3384 275 11.81 19.61 2699 2683 17.51 21.65 12.84 36.3 21.89 2435 33.04
2/05/203 1134 21.63 21.36 2410 2049 2004 25.9% 748 3226 17.19 3101 3265 12,06 2010 24 2812 17.78 21.64 10.53 3190 18.36 3029 3159
23/05/2023 716 1345 14.66 1470 17.36 18.25 15.65 1482 297 1033 262 203 7.04 1097 26.85 17.91 11.81 12.53 6.02 21.85 10.70 20.94 26.92
2/05/203 29 526 191 531 53 746 534 22 1168 4 15.44 1.4 202 1.84 21.28 771 5.8 342 150 17.81 303 1159 16.25
25/05/203 247 540 7.62 5.58 9.44 13.62 LRE] 507 16.55 324 18.65 1731 152 4.06 15.90 nn 537 255 0.73 19.03 288 13.85 17.14
26/05/2023 269 6.76 9.00 898 13.98 19.53 1454 1481 21.93 480 30 201 182 831 20.20 18.09 883 3.54 479 2631 141 20.00 21.85
27/05/203 4.60 133 14.30 16.01 236 3046 26.60 2.8 3182 9.03 3114 3.8 3.89 16.20 3147 28.56 U8 9.04 6.90 3591 14.69 3019 340
28/05/203 9.66 18.67 18.79 148 2695 349 26.28 .34 323 15.99 3946 ErAY 8.38 2.8 3207 302 16.70 18.88 10.98 3488 285 3175 3697
29/05/2023 121 18.45 18.70 818 2597 2.4 26.86 21.25 2764 17.74 3187 21.02 10.56 1831 2061 2178 2.8 21.20 1074 29.60 24.58 26.79 35.14
30/05/203 1011 16.9% 16.76 24.56 2439 2536 711 21.16 2.9 1741 2157 2187 175 730 7.1 26.06 194 2352 1250 432 248 24 331
31/05/203 719 1.9 13.68 18.95 19.49 19.60 2043 2048 17.33 1511 28 16.34 10.50 188 131 19.97 144 2021 9.1 1881 1821 17.93 251
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Table 10. Daily drainage during the growing season. Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest (continuation).

01/06/203 532 9.57 18 1338 225 1738 15.04 1963 14.94 1368 14 1622 9.9 2 245 262 6.42 1858 9.87 7.3 1435 B2 2.9
02/06/2023 8.55 1358 1380 9.56 801 10.9 9.1 14.93 1461 2.9 15.65 1857 16.04 101 1938 288 54 1760 6.00 1176 10.65 9.9 133
03/06/203 5.09 181 10.14 5.04 951 0.98 5.05 6.49 567 18.06 1 6.4 9.69 0.00 1036 8.86 250 8.55 219 151 4.9 4.91 1325
04/06/2023 2.8 2458 1943 14 3611 2074 30.35 2021 2545 4160 .16 343 .33 6.86 26.03 3624 8,61 18.14 10.95 2890 1450 16.26 2024
05/06/2023 2633 3101 3210 2049 34.94 2598 33.00 2181 30.11 .01 21.06 32.68 35.67 1440 32.9% 3.9 1545 851 U8 3185 2,01 5.4 2131
06/06/203 3897 3158 48 238 BN 3.8 3166 2862 4450 45.54 3830 30.84 3$5.12 1652 37.09 3436 25.26 3L 1613 U3 25.94 39.69 827
07/06/2023 344 3116 42.98 26.80 39.83 313 33.19 3490 39.73 45.67 36.15 36.43 4280 2.9 36.18 4013 B2 37.64 17.84 40.24 3103 385 831
08/06/203 30.36 34.66 3617 2.9 362 218 4.9 3198 35.05 4.9 3188 3.4 33.68 2167 3420 3692 1753 3440 1755 335 29.63 872 3.3
09/06/2023 1116 35.34 16.00 2630 4111 5.74 3n 33.05 1145 1417 1101 3.1 4085 313 1355 40.28 151 B.15 417 11.09 30.70 9.45 1947
10/06/2023 Iy 350 265 1753 34.18 0.11 26.39 2.00 0.97 4 0.63 30.54 821 1361 4 3299 118 2535 16.01 049 24.55 4 545
11/06/2023 0.00 1428 0.26 11.29 81 0.00 1613 175 0.2 0.44 032 19.58 118 5.26 0on 205 0.00 1531 81 0.00 1636 0.00 0.60
12/06/2023 0.00 1.04 0.00 541 1461 0.00 10.07 1 0.00 0.00 0.00 1116 1289 109 0.00 1368 0.00 8.16 5.6 0.00 875 0.00 0.00
13/06/2023 0.00 4.68 0.00 286 14.09 0.00 9.5 53 0.00 0.00 0.00 1039 1048 0.15 0.00 1508 0.00 6.11 411 0.00 115 0.00 0.00
14/06/2023 0.00 10.73 0.00 4n 1.1 0.00 2.9 143 0.00 0.00 0.00 3047 na 19 0.00 2£.90 0.00 9.83 9.9 0.00 1225 0.00 0.00
15/06/2023 0.00 1469 0.00 513 B4 0.00 1 1889 0.00 0.00 0.00 21.53 2657 6.19 0.00 061 0.00 1430 9.86 0.00 139 0.00 0.00
16/06/2023 0.00 1661 0.00 6.03 391 0.00 2150 19.86 0.00 0.00 0.00 018 28.00 6.24 0.00 817 0.00 1803 947 0.00 1548 0.00 0.00
17/06/2023 0.00 8.48 0.00 425 9.95 0.00 169 9.48 0.00 0.00 0.00 9.10 1731 0.07 0.00 91 0.00 9.66 38 0.00 135 0.00 0.00
18/06/2023 0.00 476 0.00 0.98 162 0.00 5.69 6.67 0.00 0.00 0.00 6.70 1500 0.18 0.00 181 0.00 553 217 0.00 390 0.00 0.00
19/06/2023 0.00 1334 0.00 107 2080 0.00 2440 061 0.00 0.00 0.00 6.70 34.08 0.88 0.00 2107 0.00 1265 4.88 0.00 9.46 0.00 0.00
20/06/2023 5.04 28.58 0.36 344 30.57 0.00 3.2 35.66 0.00 559 0.00 29.54 4267 1071 031 33.60 0.00 2860 1.9 un 24.45 0.00 112
21/06/203 182 B 356 12 26.44 115 29.05 2%6.20 1186 2159 4.9 26.26 3368 1336 inn 2.0 0.00 259 1% 29.58 26.24 133 1690
2/06/2023 19.07 1263 5.3 9.4 1789 16.34 1.4 1559 018 33.53 1230 1972 263 13 1940 2083 144 1437 9.8 201 2051 20.92 111
23/06/203 20.28 837 iy 6.72 17.8 20.75 2480 1327 88 35.52 1512 2.89 23.05 180 2150 048 un n 873 2.6 1889 585 20.19
24/06/2023 1981 5.8 2068 5.54 1448 2154 19.63 10.14 23.56 3420 15.20 1851 20.15 571 2145 20.70 14.04 6.57 1.8 288 1.9 2540 18.64
25/06/2023 1820 380 20.05 356 1118 1931 16.98 9.67 2151 35.29 14.09 1578 071 416 831 18.14 1.9 49 6.36 21.09 1498 0.9 178
26/06/2023 17.06 266 1899 13 164 17.09 1403 9.10 2549 3490 04 176 188 120 23.05 1487 1077 330 440 2488 119 1949 1696
27/06/2023 170 184 1895 126 6.56 1635 37 873 24.93 35.03 1175 nn 19.65 0.53 2363 138 10.14 251 4.46 2436 1136 18.96 16.16
28/06/2023 1750 14 19.3 0.81 576 16,67 1431 8 541 35.65 13 134 071 0.53 24.03 1446 0.2 248 375 B9 1103 19.26 1645
29/06/2023 19.84 156 21.03 0.95 631 19.75 19.19 10.44 815 38.54 U 9.2 0.9 031 26.59 16.70 1146 251 4.64 25.88 1354 2191 18.18
30/06/2023 5.5 550 2637 431 1936 27.34 30.5 0.9 36.69 45.45 2031 20.70 3037 1135 33.60 3101 1857 m 13 361 4.2 3120 2068
01/07/203 26.46 1689 .10 U863 30.9 3166 3135 3180 4.2 4531 051 .18 3N 2069 350 3491 025 1937 1598 39.94 3139 36.00 3263
02/07/2023 1780 1549 24.04 nn 1870 2105 2085 2150 28.05 33.00 1576 16.74 2.9 nn 2501 2032 1420 1942 1119 30.17 2530 2.9 2881
03/07/2023 1450 1433 U 1939 1850 2.0 2359 08 501 3.58 1363 1778 2169 01 391 19.9 1362 1807 9.46 26.36 2095 0.8 26.78
04/07/2023 1176 1226 2038 1707 1569 1887 1860 2040 091 3176 1.9 1175 246 8.13 n1n 1798 3 1488 8.36 131 184 19.18 2460
05/07/2023 1042 10.89 1844 1552 1430 1867 1855 1736 2.9 3044 1n 18.12 1865 .08 20,94 16.92 10.9 32 6.05 B 1637 1941 004
06/07/203 n4 1% 195 1790 1797 2129 288 236 2.84 34.25 B8 B4 0% 1174 2436 B8 152 138 84 25.18 1882 2194 318
07/07/2023 14.89 14.60 2170 2.8 2083 347 2465 B4 213 36.83 1507 281 5.2 1438 3.5 2191 1378 1571 10.89 8.15 220 25,01 25.06
08/07/2023 16.00 1631 834 2.8 2.9 B8 26.52 U8 2828 3135 1561 1646 26.84 1557 1264 16.18 14.65 1659 10.99 29,04 24.60 2630 2576
09/07/2023 16.07 1748 874 23.00 21.06 347 2115 B8 2.9 36.66 15,00 16.05 2681 1440 238 1571 13.89 1670 11.03 2861 115 25.80 25.38
10/07/2023 1550 1621 03 181 1940 2362 2591 UM 27.68 35.94 431 14.85 26.46 1348 143 14.69 134 1550 1030 813 2351 260 U0
11/07/203 1492 1556 2193 2150 9.1 241 2.9 059 26.60 072 1B4a 1493 2134 18 511 U8 175 un 1075 2761 nn 853 .55
12/07/203 1862 16.18 B 115 25.39 231 3490 B4 353 1.0 16.67 2893 353 175 2841 1891 154 1556 1467 3.8 26.63 .15 21419
13/07/203 240 1678 515 2.8 .15 3043 36.99 2620 38.14 0.95 1878 35.10 35.09 19.26 3154 138 1790 16.03 17683 3176 30.63 329 53
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CHANGE IN STORAGE

Table 11. Daily change in storage during the growing season. Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest.

Treatment W 15w oW 15w W oW W 15w 60w w 6w W
Date/Lysimeter 1 1 8 10 1 16 n 18 0 0 % %

20/04/203 370 085 047 367 38 425 267 175 30 251 13 176 18 316 430 675 35 150 6.06 380 5.18 207 Al

21/04/203 048 073 087 1 092 404 0.9 090 075 0.70 204 0.68 045 158 141 19 0.3 0.6 155 08 13 .12 1%

/042083 -1 039 077 0.4 .10 001 033 0. 007 -0.26 065 -0.38 034 0.3 -0.16 0.05 093 -0.15 -151 0.00 026 -201 0.16

23/04/2023 046 007 13 2% 365 17 35 350 340 153 115 2% L77 240 36 254 165 207 347 110 33 00 163

/04203 A7 3.4 31 435 585 -4.06 467 -4.26 517 -386 33 A9 31 -446 353 -362 417 301 -146 -L54 39 -b61 431
25/04/203 -1.00 171 14 162 380 148 148 191 13% 200 281 234 215 168 191 2% 100 19 308 264 1 -146 261

26/04/203 -189 -186 177 -135 33 30 -2 -0 -8 12 -164 L4 105 -168 -200 -1t -2.08 -0 -137 -151 31 574 -260
27/04/203 -1018 387 6.4 557 A8 14 5.3 5.8 687 6.9 -b.14 -462 -5.56 420 671 -5.36 -8.00 A1 -6.04 693 -115 -1044 190
28/04/203 1949 451 -18.66 136 946 07 847 5% 049 0.8 040 867 26 512 B0 840 -19.56 638 811 1870 849 031 2019
29/04/203 -17.88 468 1611 5% 519 1581 635 480 1819 -18.62 1643 3n 445 13 -19.08 461 -17.00 651 1049 149 910 -16.05 -20.69
30/04/203 1111 265 -16.07 3.06 A7 1612 m 158 1798 1130 1677 280 126 087 0.8 374 -16.79 45 6.58 1528 6.1 1741 1556
01/05/2023 021 137 Rl 265 031 071 151 18 103 -1991 021 030 231 107 150 061 193 6.98 097 -16.09 34 1832 046
02/05/203 0.6 0.68 -19.5 0.8 127 126 0.56 037 LTS 00 -20.08 -167 175 -102 04 -L79 -1881 078 367 1411 100 -19.53 1853
03/05/203 B3 -L64 0713 -231 -241 100 -5.95 460 -B3.60 -1.50 -BU 189 347 348 W16 -367 001 -0.76 -155 187 184 0.9 -19.60
04/05/203 1.8 -L17 -15.60 -1005 -840 3071 873 471 0944 B3 953 561 -1.27 -364 148 434 -26.19 BN 630 .85 1230 810 B
05/05/203 1493 432 -16.76 -11.49 6.6 B389 429 984 -16.26 -19.4 -2043 -5.66 1012 -1.00 -1864 661 1741 -8.86 417 -1086 1108 012 139
06/05/2023 958 205 570 168 163 1195 41 119 962 119 179 14 036 237 1203 315 1% 31 11 691 041 1138 76
07/05/203 -861 535 651 581 419 -163 4n 685 -b.74 -163 -16 413 491 465 -136 458 910 110 549 304 3 898 418
08/05/203 878 14 1151 6.06 3% 1570 6.06 30 492 33 -1483 10 037 18 -16.62 110 1312 034 103 -155 3n 1380 -1633
09/05/203 4% -2 -1038 138 171 B 154 237 -3.06 32 01 -163 137 -163 1350 -9 1154 -1.06 -L46 1381 0.3 538 1148
10/05/2023 -1.98 A8 17 429 401 192 AR 451 134 -0.66 -160 A4 512 438 0.4 476 0.15 438 387 0.3 404 131 041
11/05/203 1132 181 -1063 189 674 B4 -6.58 18 953 -1081 984 -4.26 480 5.5 -1064 632 1107 -1078 429 169 -1028 1124 L7
10/05/2083 9401 2069 8.9 2000 1645 0.1 09 1618 102.16 9216 %812 1749 190 1425 1015 113 8209 2681 1890 9.1 3037 101.09 107.95
13/05/203 339 057 04 -0.89 -145 218 0n 01 39.09 318 4167 240 033 051 408 14 3032 -281 -0.16 36.76 -036 4056 478
14/05/2023 08 1.3 1903 38 -190 2151 -L15 -5.00 3250 1751 48 -186 -115 -L54 803 -183 %33 952 480 1 538 vl 180
15/05/203 9.3 -0.16 15 .02 012 1451 -101 -103 B3 i 2365 056 027 067 nu 0.8 113 0.8 042 673 048 353 1
16/05/2023 3n 450 641 188 563 0.3 140 18 350 148 251 37 28 -610 539 526 10.16 80 304 236 67 612 28
17/05/203 -0.26 575 053 -1 49 090 -107 -110 -0.03 594 081 38 -8.58 -836 047 A4 0.60 -1.60 -3 134 554 -9 390
18/05/2023 129 365 38 9.98 145 1239 932 1007 565 839 174 560 19 937 1018 83 9.3 847 697 110 16 6.65 879

19/05/203 6.80 6.05 13 990 652 1026 1 mn 636 097 622 548 687 6.3 952 537 18 1018 611 6.3 825 630 991

20/05/203 061 0.50 EAL) 113 037 33 017 -156 053 507 052 081 47 12 1% -0.68 119 107 0.8 0.3 0.00 032 33

21/05/203 -176 498 381 -11.56 -135 805 -1.08 A1 682 573 -152 -6.29 -6.84 878 858 -1075 -6.60 1305 1347 487 1304 839 18

2/05/203 -132 31 032 536 441 -0.65 -89 488 -L15 19 241 594 047 144 3 -L47 21 -380 304 .34 31 0.0 0.0

/05203 -1.00 -1.18 A3 48 5.5 18 -8.34 49 310 38 38 -169 -10.96 461 1130 -6.67 563 142 -197 A15 677 -131 401

24/05/2023 -12.61 -1063 194 -1430 -6.09 301 112 4% -4.06 .48 505 448 1544 AL 037 -1088 S04 1104 1290 -197 48 4% 182

25/05/203 58 647 191 864 1074 11.39 978 1488 11.91 9.03 852 8.16 6.74 9.67 852 103 11.83 868 1537 1B 1348 097 1416
26/05/203 215 448 577 15 306 113 37 A1 209 593 19 104 594 390 168 111 231 549 265 -0.04 An 082 682

27/05/203 1554 L7 1630 B0 163 89 9.10 1416 874 Ay 854 841 1806 n3 948 13 1001 1935 930 559 1759 935 1590
28/05/203 .17 15 437 9.5 552 381 597 6.00 0718 07 -0.54 6.7 3 0.26 037 250 126 844 108 240 110 461 280

29/05/2023 240 0.80 081 106 513 190 167 18 204 58 0.68 23 063 450 350 6.5 021 034 -L78 381 44 3 29

30/05/203 -885 -8.98 482 -89 -151 993 -157 -885 -390 557 832 -1094 585 -11.61 11 812 926 A1 -6.64 -1002 8.2 84 865

31/05/203 -178 -6.60 14 5.3 -158 -126 -170 -156 5.2 358 A4 336 137 -158 T4 -1.26 407 535 -112 AT 545 460 552
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Table 11. Daily change in storage during the growing season. Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest (continuation).

01/06/2023 437 -186 117 1532 304 1671 453 98 S8 81 -1048 A4 150 -L.08 130 497 113 1181 1393 -155 140 1362 1141
02/06/203 9718 999 139 43 038 36 16 17 68 1586 33 110 1557 371 6.86 138 03 ) 00 0.9 38 438 05
03/06/203 30 UK 8% B4 B3 084 10 %1 194 1586 B33 359 U4 N4 856 3.8 503 %3 3114 un 194 %5 0%
04/06/203 932 1438 667 436 1126 1480 1125 1549 98 1961 1691 -18.68 143 115 1333 168 31 94 40 981 1.3 145 836
05/06/203 879 9% 9% 10y 101 113 901 10113 188 6.65 692 6.1 991 3% 910 615 94 1194 14 559 1474 108 154
06/06/203 1180 316 191 416 506 1y 438 555 860 4n 5715 330 541 569 645 407 933 398 33 1% 478 151 1051
07/06/203 471 75 448 145 365 A1 431 308 698 484 1093 A8 310 360 .74 560 B84 448 40 90 191 11 -154
08/06/203 1073 1.8 860 10.06 976 11.98 45 1313 0 6.50 175 108 11.90 12,03 89 84 871 111 124 671 949 109 634
09/06/203 -B8.67 1791 6532 1947 118 -62.00 1.4 154 175 -55.61 1041 4 1569 119 6380 -3 -B8.05 -15.95 1253 -61.68 1663 -67.60 1083
10/06/203 5084 18 4418 18 167 4518 2% 0.04 4110 313 HiREF! 11 163 261 434 409 4693 107 369 443 13 4180 460
1106203 A3 1288 3130 1347 1% AL 54 99 4167 -36.59 -36.60 -180 S8 1 390 40 -40.16 111 518 Rl -1069 AL5S 3186
12/06/2023 B 1376 2.0 1884 48 3051 32 1157 53 -36.16 B 18 584 129 B3 194 0.3 B4 42 -11.05 -1276 548 310
13/06/2023 L7 U5 1184 B4 %31 1287 %1 565 121 1548 983 U5 103 510 -1481 B 1176 0% %03 881 BU 1219 -13.26
14/06/203 951 948 1038 4% 1254 1139 1381 93 -1060 -16.70 917 1845 1049 108 163 -1049 -1098 434 160 -161 509 978 1246
15/06/203 1426 478 .14 530 100 1090 130 5.5 138 128 11,05 -1 501 266 1063 136 1040 JAY 151 16.13 38 1.4 1313
16/06/203 1531 13 -16.34 1140 18 1535 142 .74 1561 1118 1148 153 43 48 1612 b4 150 448 53 1441 448 -13.68 110
17/06/203 L4 -18.05 24 3130 1294 33 119 1.3 147 30 147 1119 99 048 38 1191 3% -16.05 1815 -151 1183 -5 176
18/06/203 AN 30 -191 43 369 -5 588 6.19 13 110 18 416 14 23 2 5.3 U 476 618 0.9 33 145 118
19/06/203 81.87 ni 8.19 208 1430 804 JEE) 1757 8.4 9468 .00 1686 JEN 161 8.2 1538 nn B8 208 8416 U8 80.76 8.5
20/06/203 07 149 80.12 B8 1066 i 1151 1198 .75 87.22 6477 1010 943 08 8278 897 1055 18 1366 5115 7.9 735 80.02
21/06/203 6.05 198 114 430 118 7.3 93 1435 1945 1047 1693 1094 1225 990 1464 962 Uy 1849 1136 200 1161 13y 672
2206203 5.9 143 090 -b.67 108 951 03 201 919 47 59 097 187 113 8.06 008 1 13 -5 338 30 838 1%
2306203 4T 103 114 425 310 570 317 338 380 078 155 -161 31 204 348 045 38 580 067 154 085 360 183
24/06/203 163 1139 34 43 536 036 231 425 041 08 08 366 30 411 7 248 08 569 383 0.01 340 051 34
25/06/203 0.6 981 141 967 415 18 431 367 -8 013 32 -158 245 10 116 480 300 530 41 190 -S4l 48 18
26/06/2023 13 A% 131 503 29 094 019 09 101 19 018 24 100 34 156 0.15 109 28 A1 118 -116 151 08
27/06/2023 35 351 204 2% 140 211 170 0.8 180 13 116 104 203 19 256 13 148 091 064 145 051 210 Y
28/06/203 288 169 1% 110 05 JE 186 136 204 148 4 33 13 097 176 138 1.64 189 170 0 174 21 258
29/06/203 6.5 9% 679 1305 9Q 6.8 643 871 437 43 566 126 659 1119 6.00 19 651 1056 165 465 180 51 855
30/06/203 6.20 0y 104 350 193 un 1.3 34 684 19 6.0 139 332 200 098 191 116 B8 1457 1211 1415 915 164
01/07/2023 154 91 34 1180 316 56 0% 126 025 0.3 0.3 15.% 018 539 0.9 034 132 866 180 154 48 18 508
02/07/203 41 440 564 431 -S4 314 134 240 159 28 585 534 253 238 S0 406 5% 6.0 652 809 914 466 -b61
03/07/203 482 -153 208 -167 -1 137 433 33 269 118 268 331 245 33 180 29 A1 2% 43 175 40 -116 30
04/07/2023 S S AT 3N AN 431 261 S34 375 305 33 30 30 38 256 316 A% .62 A7 308 509 184 11
0/07/2023 371 44 43 516 535 331 4 5.06 38 4% 3% 179 34 an 28 367 U 408 1% 457 497 3% 210
06/07/203 458 489 551 649 43 33 310 369 304 156 34 -054 356 416 31 17 340 5.06 Am 440 An 40 416
07/07/2023 36 397 [3Y 481 315 14 L4 150 214 117 160 160 200 191 206 0.8 118 181 081 14 175 18 31
08/07/203 03 051 034 0n 19 0.5 037 18 138 082 14 091 AU 091 301 091 103 036 033 N 01 051 010
0/07/203 111 079 -080 081 14 045 135 09 079 117 091 08 01 090 0.3 085 170 230 025 030 13 076 -162
10/07/203 1451 3% 516 -154 1478 -16.92 887 100 303 -18.14 -3 1454 04 1580 1478 -14.54 -15.26 411 140 854 -15.58 1361 465
11072083 4571 -b61 A8 53 53 34 208 58 29 308 319 31 28 360 31 31 A8 36 091 246 29 13 114
12072083 13 140 419 478 3n 538 2% 145 689 281 38 (X 209 13 081 43 517 037 487 693 610 59 115
13072083 090 014 13 -8 268 0% 085 2l 08 101 13 1% 003 167 13 194 -260 108 10 0% 031 066 14
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ACTUAL EVAPOTRANSPIRATION

Table 12. Daily actual evapotranspiration during the growing season. Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest.

Treatment 5W 15W 60W 15W 5W 60W 5W 15W 60W 5W 60W 15W
Date/Lysimeter 2 7 8 10 11 16 17 18 20 22 24 26

20/04/2023 7.82 11.25 9.61 12.39 13.91 14.05 12.52 13.84 13.00 12.22 9.01 12.30 10.42 11.14 12.24 9.79 10.93 11.84 7.04 11.96 13.52 13.07 14.82
21/04/2023 11.38 12.07 12.34 15.42 15.39 13.34 15.50 15.92 15.52 15.54 13.97 14.49 13.78 13.52 16.80 15.21 14.30 13.92 14.17 16.02 17.26 15.07 17.47
22/04/2023 14.15 13.66 12.98 16.60 17.22 17.31 16.07 16.11 16.17 16.79 14.55 15.58 15.11 15.35 18.35 17.19 15.47 14.96 17.23 16.10 18.38 16.79 19.04
23/04/2023 10.75 14.10 10.22 13.06 10.45 14.16 12.47 12.96 13.30 13.24 12.97 11.83 10.97 1175 14.20 14.25 12.80 12.67 12.47 14.36 14.95 14.64 15.30
24/04/2023 16.94 16.52 16.19 20.77 21.03 21.70 20.38 19.89 21.20 20.43 19.67 18.85 17.80 19.38 21.98 21.61 19.38 18.07 19.50 20.01 22.55 21.90 23.13
25/04/2023 17.03 16.69 15.59 19.47 17.94 20.49 18.97 18.93 2032 19.92 18.32 17.69 17.02 17.84 21.90 19.99 18.72 17.55 19.02 18.80 21.60 21.07 22.28
26/04/2023 18.83 18.85 18.27 2247 23.11 24.64 21.50 23.50 24.59 23.65 21.59 20.58 19.86 19.92 24.30 22.98 21.51 20.74 20.86 21.09 25.98 25.05 28.38
27/04/2023 27.16 20.98 22.41 27.04 237 30.89 25.78 26.57 28.28 21.74 26.82 23.77 23.64 25.08 29.58 21.72 21.75 23.73 26.06 27.82 30.26 30.47 31.23
28/04/2023 18.03 15.68 14.75 19.41 17.64 18.93 18.01 19.02 18.01 18.13 17.73 17.45 16.68 18.89 2031 19.79 17.22 19.33 16.72 15.62 2132 19.67 19.33
29/04/2023 17.38 13.78 13.49 17.97 15.14 15.81 15.79 17.14 16.87 15.66 15.57 15.90 14.53 1837 17.32 18.89 15.96 18.99 15.76 13.64 19.76 15.75 16.16
30/04/2023 16.79 14.71 14.39 20.21 16.04 16.12 17.90 19.74 16.96 15.68 16.11 17.74 16.48 20.69 18.96 20.57 15.96 19.50 18.13 14.14 22.05 17.41 13.70
01/05/2023 20.27 15.47 16.63 19.09 19.29 20.71 18.99 20.16 20.67 18.57 19.83 20.11 16.67 21.27 20.55 23.64 18.89 16.73 25.71 15.71 24.42 18.32 18.51
02/05/2023 20.76 15.47 18.53 20.20 21.02 21.26 18.95 20.69 21.43 19.64 20.08 22.20 16.78 22.52 22.10 26.57 18.87 22.35 28.30 14.11 26.23 19.53 18.30
03/05/2023 23.91 21.29 20.54 24.03 23.52 24.02 23.82 26.43 23.60 21.50 23.24 23.05 23.45 24.12 24.16 28.59 22.07 26.43 29.26 18.72 30.99 22.29 19.60
04/05/2023 27.28 21.07 25.60 31.83 30.64 30.72 31.26 30.58 29.44 28.23 29.53 25.39 23.62 25.34 27.43 23.59 26.19 31.30 26.73 21.85 35.92 28.10 23.54
05/05/2023 23.90 36.85 28.65 42.62 37.97 37.80 41.05 42.74 28.97 32.62 3172 34.12 36.31 39.81 33.68 36.81 27.30 42.30 40.69 23.69 46.83 3272 29.52
06/05/2023 21.35 28.55 21.52 3231 30.43 31.82 31.86 33.77 22.56 25.71 23.79 27.47 29.06 30.72 27.44 27.14 22.18 31.36 29.73 20.60 36.03 22.79 24.74
07/05/2023 19.65 23.69 18.37 27.59 25.93 19.37 28.07 27.30 19.27 20.79 18.13 22.90 23.61 24.35 21.84 21.55 17.25 26.10 24.08 14.95 28.47 20.67 16.45
08/05/2023 8.78 20.54 11.51 19.87 19.30 15.70 19.93 20.71 9.92 13.23 14.83 19.24 19.71 21.28 16.62 20.57 13.12 21.21 2335 7.55 25.65 13.80 16.33
09/05/2023 9.99 24.32 10.38 24.07 24.49 13.25 25.36 25.98 9.06 13.21 12.21 22.53 23.57 25.15 13.50 26.25 11.54 23.40 26.14 13.81 28.10 10.38 11.48
10/05/2023 12.98 32.54 8.83 33.53 31.55 11.92 32.14 33.24 8.66 10.66 11.60 29.85 31.04 32.44 10.44 33.88 9.85 33.35 33.17 9.71 37.32 11.31 10.41
11/05/2023 11.32 39.57 10.63 40.60 38.49 13.74 38.73 41.60 9.53 10.81 9.84 34.14 33.86 38.68 10.64 39.57 11.07 43.27 36.77 7.69 46.97 11.24 12.74
12/05/2023 18.49 35.09 14.78 36.11 34.49 22.08 37.73 39.64 18.21 14.53 18.09 3737 30.92 37.79 17.26 35.21 16.89 34.70 4.4 20.38 40.25 15.74 15.00
13/05/2023 19.99 30.52 17.74 31.46 30.69 21.01 31.64 32.15 18.92 18.62 19.40 28.90 27.86 31.59 21.88 30.08 19.87 31.54 32.82 21.18 34.82 18.03 16.77
14/05/2023 23.77 35.75 22.84 37.26 34.75 29.92 35.90 37.81 2491 24.19 24.85 3291 33.75 36.29 2931 36.15 24.54 35.68 39.70 21.86 41.14 25.00 24.81
15/05/2023 26.75 37.98 25.85 39.73 37.02 33.69 39.66 40.93 27.89 28.05 27.82 33.88 35.17 38.52 31.68 36.46 28.61 37.83 39.91 23.75 42.20 32.67 31.10
16/05/2023 37.78 39.94 34.49 51.84 46.51 48.24 51.23 51.65 39.52 37.90 39.19 42.54 4.23 50.18 42.83 46.45 40.16 49.82 50.19 33.66 56.21 49.29 40.47
17/05/2023 43.10 44.36 37.43 58.55 52.64 55.85 57.86 58.81 43.53 43.14 45.53 47.59 49.57 59.59 50.16 52.32 47.47 56.36 52.51 3831 61.82 47.44 45.14
18/05/2023 28.59 29.61 25.27 38.15 36.20 3431 39.11 38.34 30.49 28.04 29.37 32.90 3149 38.23 31.52 35.27 3177 36.82 35.09 23.51 42.25 34.23 26.92
19/05/2023 27.09 25.71 22.09 33.65 32.22 31.10 35.05 34.78 27.71 24.67 27.34 30.04 29.52 35.37 29.71 33.69 30.53 32.57 37.04 23.04 37.94 32.25 24.21
20/05/2023 31.80 29.19 24.67 42.81 36.83 35.81 39.95 41.87 31.88 27.80 30.34 34.51 33.43 41.21 33.80 39.13 35.45 37.87 40.95 28.08 43.29 36.56 28.15
21/05/2023 39.78 35.14 3091 53.25 45.35 47.38 49.38 51.19 39.93 35.60 39.38 41.45 40.18 50.60 43.19 49.63 43.12 49.82 52.24 36.30 56.10 46.47 36.89
22/05/2023 47.15 46.44 39.35 65.35 56.01 56.26 65.44 62.17 49.45 42.88 48.32 54.54 53.30 65.30 51.64 57.63 51.92 58.23 58.40 41.87 67.73 47.23 43.74
23/05/2023 50.56 49.47 41.87 69.81 59.11 58.55 65.87 62.89 5131 44.47 51.21 57.40 55.13 67.54 54.94 62.00 53.33 60.53 60.34 46.18 68.90 50.31 47.46
24/05/2023 53.97 52.49 44.39 74.26 62.20 60.85 66.30 63.62 53.16 46.06 54.11 60.26 56.97 69.78 58.24 66.37 54.74 62.84 62.28 50.49 70.06 53.40 51.17
25/05/2023 44.54 44.18 36.95 60.19 52.77 48.32 54.91 52.58 43.95 38.06 45.30 48.15 42.90 53.81 44.24 48.76 43.60 53.56 40.87 41.66 54.99 42.50 38.84
26/05/2023 47.91 45.21 38.41 64.66 55.07 54.45 56.77 54.54 47.40 41.03 48.21 50.14 45.17 57.86 49.13 55.70 50.02 57.68 53.39 45.13 61.81 49.72 42.16
27/05/2023 41.41 41.67 35.10 57.94 50.36 47.70 52.51 48.69 44.13 36.32 42.88 46.36 41.23 53.22 44.65 49.27 46.50 5137 49.76 41.05 53.76 42.37 36.91
28/05/2023 31.76 34.57 28.93 42.59 36.29 38.42 41.43 39.48 35.33 27.21 34.58 3131 36.59 44.88 36.92 39.03 38.95 37.64 43.57 32.23 42.52 32.35 28.52
29/05/2023 32.58 33.33 29.76 35.35 30.52 36.35 30.07 42.77 31.64 25.08 32.58 38.86 37.79 37.81 32.18 30.42 29.61 39.00 42.86 35.82 35.64 30.83 32.84
30/05/2023 46.44 44.19 41.39 50.28 43.55 51.40 45.41 48.64 46.16 35.25 45.96 49.52 40.95 53.48 43.87 45.02 42.76 47.24 56.66 45.28 49.97 44.97 40.78
31/05/2023 49.01 46.09 42.87 53.30 45.23 54.67 47.52 50.79 49.54 36.47 47.55 46.97 39.22 54.44 44.44 46.34 50.64 4835 55.71 47.09 52.75 4837 42.38
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Table 12. Daily actual evapotranspiration during the growing season.

Yellow cells represent drought days, blue cells depict plant recovery days, and the blue cell the harvest

(continuation).

01/06/2023 56.54 54.59 51.81 67.15 52.08 65.08 56.50 62.18 59.03 43.15 57.79 55.27 49.41 66.83 54.54 58.73 67.57 58.58 74.08 51.75 63.70 60.42 54.09
02/06/2023 62.25 53.47 50.18 70.19 57.14 61.26 56.20 61.09 68.10 37.97 54.64 57.96 43.20 67.82 49.83 58.50 70.17 57.18 7711 62.82 60.93 58.22 53.25
03/06/2023 40.45 44.54 43.14 46.94 31.12 43.35 45.85 44.49 39.42 34.03 42.94 39.80 4038 50.14 4.16 37.02 41.73 4.12 43.98 38.54 42.52 41.02 39.28
04/06/2023 47.08 41.83 38.21 48.15 40.80 43.99 40.36 47.25 44.26 30.55 43.83 41.81 36.12 48.79 39.78 40.24 49.93 42.99 54.29 40.05 44.40 39.93 40.20
05/06/2023 47.51 41.16 37.90 48.77 40.20 42.53 39.01 44.95 44.35 30.99 4433 42.58 34.98 47.81 39.64 40.25 51.40 40.69 56.84 42.49 43.56 40.15 39.55
06/06/2023 44.75 38.34 36.76 43.70 36.43 39.48 36.71 39.95 41.38 42.49 42.55 38.62 30.50 45.07 46.96 36.01 50.12 36.70 54.67 39.86 39.92 31.12 36.41
07/06/2023 54.11 47.18 45.25 55.22 45.85 50.22 46.35 51.16 49.67 4231 54.07 47.44 40.46 56.00 51.62 47.93 60.78 4731 70.75 50.36 50.91 49.17 45.94
08/06/2023 40.28 34.01 33.88 45.45 35.04 3872 34.90 36.66 38.79 31.68 42.89 34.64 34.27 42.08 37.76 37.02 49.21 3591 53.20 40.91 40.79 39.39 3735
09/06/2023 57.51 53.66 49.32 65.96 50.94 56.25 54.83 54.69 56.30 41.44 68.45 52.05 46.66 63.75 50.25 54.39 60.53 50.98 52.18 56.58 58.47 58.15 5116
10/06/2023 49.67 50.45 41.53 56.21 46.66 45.07 46.62 51.23 46.73 34.66 49.22 47.44 40.84 54.61 41.92 46.03 45.75 47.14 54.56 43.63 49.70 46.33 40.75
11/06/2023 41.23 55.34 37.24 63.69 51.80 41.90 51.02 54.53 41.55 36.15 36.28 53.19 44.16 59.63 38.99 52.38 40.16 51.72 58.63 21.77 56.04 41.55 37.26
12/06/2023 2371 63.04 27.20 74.19 60.65 3051 59.87 61.90 2533 36.16 23.69 60.98 49.29 69.38 3337 61.28 29.13 60.74 63.62 17.05 64.88 25.48 31.22
13/06/2023 11.79 2691 11.84 3435 25.76 12.87 25.19 2521 1121 15.48 9.63 29.02 21.07 3116 14.81 28.44 11.76 26.03 32.02 8.87 29.07 12.19 13.26
14/06/2023 9.51 54.11 1038 61.27 51.05 11.39 50.35 51.27 10.60 16.70 9.17 48.57 41.89 59.09 16.13 51.87 10.98 48.13 57.05 7.61 53.81 9.78 12.46
15/06/2023 16.41 54.82 16.51 60.66 51.55 17.38 50.52 50.13 16.60 16.85 1471 56.64 40.82 51.77 18.67 51.62 17.12 48.92 56.94 13.90 53.22 14.65 16.95
16/06/2023 15.31 65.37 1634 78.25 62.78 1535 59.03 63.36 15.61 17.18 1143 72.70 48.36 69.65 16.12 62.86 15.22 62.23 67.22 14.41 64.85 13.68 17.72
17/06/2023 17.98 73.37 18.22 88.14 68.07 18.00 67.58 67.63 17.85 18.62 1533 58.78 55.61 78.15 19.61 67.47 16.77 65.41 74.20 16.63 71.79 16.86 17.53
18/06/2023 19.17 57.53 18.63 67.59 55.43 19.04 52.79 53.20 18.94 18.80 15.68 59.21 41.59 61.86 19.80 54.09 16.99 52.94 52.50 17.69 55.84 16.98 19.87
19/06/2023 32.73 55.20 27.12 66.15 54.88 3039 51.54 5161 29.99 20.89 24.24 56.39 40.86 59.97 2636 52.29 24.93 49.87 55.72 28.30 53.30 25.34 29.21
20/06/2023 37.20 45.43 30.27 54.83 46.72 35.16 42.52 42.91 33.76 21.28 29.96 57.39 35.18 49.91 28.98 43.64 32.07 4.15 51.45 31.82 43.95 31.92 3174
21/06/2023 52.37 62.99 41.00 71.82 61.04 49.46 56.09 55.75 45.54 3048 42.01 57.07 43.90 65.95 40.26 57.21 46.72 57.25 65.24 8372 58.96 42.78 .75
22/06/2023 53.60 69.36 42.01 73.40 61.76 48.36 55.12 55.06 46.39 3139 45.06 48.76 43.14 62.18 39.40 56.29 51.52 57.60 59.72 44.98 58.00 42.55 45.45
23/06/2023 58.35 71.24 46.59 78.93 68.54 52.79 59.96 59.77 50.74 34.65 49.89 53.73 47.27 65.99 4235 59.90 59.99 62.08 61.88 45.58 62.71 47.69 50.99
24/06/2023 60.70 73.44 48.76 82.50 72.01 56.50 63.10 62.65 53.14 35.82 52.49 60.14 48.26 71.76 44.28 61.66 61.74 63.58 66.68 51.47 64.97 50.01 52.51
25/06/2023 63.49 76.85 51.57 85.50 71.45 61.25 67.20 66.74 56.84 38.01 55.74 63.98 51.89 76.42 47.61 66.73 66.22 67.52 69.47 54.87 69.32 54.16 56.65
26/06/2023 62.88 73.68 50.08 82.46 75.43 60.28 65.55 64.21 55.17 37.12 54.35 66.08 49.91 75.80 47.32 65.12 64.46 66.53 68.44 53.87 67.88 53.71 54.32
27/06/2023 60.01 72.74 48.96 80.53 74.60 59.36 63.70 62.03 54.38 36.39 53.08 66.10 47.91 74.39 45.79 64.11 63.94 66.15 67.67 53.69 66.91 53.51 53.89
28/06/2023 60.27 .n 47.65 78.93 74.08 60.08 62.71 63.02 53.80 35.54 53.06 67.04 47.41 74.33 46.18 64.07 64.26 65.71 68.34 54.07 66.15 54.07 53.09
29/06/2023 51.86 58.15 a1 62.83 61.78 50.52 52.35 52.49 46.36 29.38 45.46 50.60 38.73 60.74 37.97 51.15 53.96 52.52 57.12 46.05 54.98 46.28 43.64
30/06/2023 49.30 41.91 36.28 38.82 41.29 38.55 37.10 36.12 38.16 26.40 39.25 48.58 35.58 40.87 37.26 40.58 44.55 3635 46.04 33.88 39.92 34.48 31.99
01/07/2023 50.13 43.23 36.37 40.51 43.88 39.72 39.39 37.03 38.99 26.62 41.95 35.43 36.07 43.55 36.87 41.37 47.89 35.77 49.15 35.12 40.49 36.04 31.66
02/07/2023 48.14 4137 33.75 38.35 43.28 37.88 36.78 34.53 37.30 24.35 37.10 43.75 32.95 41.97 32.87 39.51 44.36 34.92 44.84 33.99 39.05 32.59 30.64
03/07/2023 54.58 47.34 38.82 44.44 48.62 43.27 42.63 40.54 42.66 29.20 40.64 48.13 38.66 48.02 38.21 46.45 50.88 40.19 52.47 38.74 45.42 38.79 36.61
04/07/2023 58.98 52.49 43.21 49.39 53.79 47.54 46.27 45.80 46.98 32.95 43.14 45.19 40.88 52.29 4.13 49.58 53.40 47.90 52.32 .77 49.75 42.05 4230
05/07/2023 48.83 42.96 34.87 40.53 43.78 38.17 38.47 37.91 38.43 25.35 36.41 44.86 34.00 43.65 34.08 39.73 44.05 36.34 45.21 34.09 38.96 34.64 33.74
06/07/2023 47.34 41.25 33.47 37.94 42.17 36.93 35.66 36.02 37.39 24.44 35.52 36.62 31.23 4138 3191 39.05 44.38 35.46 44.01 33.62 37.30 32.12 32.39
07/07/2023 45.72 40.50 32.64 36.27 40.48 35.53 34.25 3535 35.94 23.43 35.36 36.34 30.43 4115 34.56 34.62 44.01 35.16 44.59 32.82 36.43 3217 3175
08/07/2023 48.78 42.84 34.96 38.77 43.95 37.97 35.51 38.07 38.20 24.94 37.82 51.26 3172 43.05 50.83 43.96 47.34 36.51 47.03 37.50 37.56 33.26 34.52
09/07/2023 48.91 2.22 35.49 39.65 44.50 38.36 35.37 37.65 38.07 25.78 37.24 4.1 30.44 43.06 31.16 47.94 47.11 37.69 44.40 34.65 38.42 33.69 35.61
10/07/2023 45.38 42.45 34.43 37.74 4.27 35.67 33.88 36.78 36.54 27.78 34.01 37.60 27.54 39.89 30.20 37.88 42.20 34.87 39.68 31.25 35.20 3048 3432
11/07/2023 53.68 51.08 41.50 46.11 50.71 2.8 38.72 43.87 41.64 59.58 41.56 49.65 3291 47.28 37.88 49.22 51.66 40.81 45.51 37.29 41.02 36.90 4174
12/07/2023 56.82 55.18 44.04 50.51 53.76 45.42 41.32 47.94 43.44 66.95 45.79 47.32 35.68 53.11 44.78 55.20 55.97 48.81 53.67 40.40 45.04 40.86 46.48
13/07/2023 58.59 55.59 45.19 53.37 57.28 46.97 43.08 50.65 46.01 69.18 48.62 45.20 3432 54.78 42.66 56.28 60.12 48.37 52.75 42.81 46.91 42.59 48.25
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Table 13. Data collection of leaf area index before and after drought trials.

April 25 May 30 June 22 July 3
Treatment (before 1st (between (after 2nd (end of the
drought trial) drought trials) | drought trial) season)

2.39 3.40 4.31 3.27
2.65 3.63 3.70 3.62

5WD
2.75 3.87 4.44 4.08
2.23 4.04 4.30 4.18
2.50 3.51 4.43 4.19
2.44 4.12 4.92 4.05

5WwW
2.23 3.71 4.04 3.82
2.24 3.63 4.81 3.71
3.00 3.98 4.44 3.92
2.96 3.75 4.11 3.80

15WD
2.53 4.06 4.00 3.69
2.48 3.75 5.04 3.67
2.30 4.08 5.01 3.85
2.75 3.97 4.63 3.87

15WwW
2.24 4.31 5.42 4.28
2.57 3.95 5.16 3.82
2.73 3.90 491 4.24
2.79 3.91 4.18 3.55

60WD
2.55 3.92 4.40 4.05
2.04 3.46 4.32 3.84
241 4.04 4.37 4.16
2.27 3.90 5.00 3.97

60WW
2.30 3.76 4.50 4.11
2.15 3.69 5.62 4.01

APPENDIX 7. DATA COLLECTION OF LEAF AREA INDEX BEFORE AND AFTER DROUGHT TRIALS
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APPENDIX 8. LAl ON CRITICAL DROUGHT DAYS

Table 14. LAl (m? m™2) on critical drought days in both trials.

LAI (m? m?)
Treatment May 11 June 15
. 2nd drought
1st drought trial .

trial
2.06 3.65
2.33 3.48

5WD
3.12 3.9
2.46 3.9
2.49 4.49
3.27 4.68

5WwW
3.14 4.43
2.9 4.43
2.53 3.55
2.62 3.64

15WD
2.6 3.64
2.81 3.67
2.97 4.29
3.28 4.17

15Ww
3.66 491
3.01 4.67
2.52 33
2.54 3.73

60WD
3.02 3.8
2.29 34
2.73 3.77
3.01 4.66

60WW
2.53 4.18
3.29 4.53
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APPENDIX 9. DROUGHT VISUAL ASSESSMENT

Table 15. Drought visual assessment during critical drought days. Score 5, “high drought effects” indicates that
leaves have dropped and the existence of extreme curling leaves; score 2.5, “medium drought effects”
expresses that leaves have not dropped and the presence of some curling leaves; and score 0, “no drought

effects” points out that leaves have not dropped and the inexistence of curling leaves.

Lys. Treatment 11/5/2023 14-06-2022 15-06-2023 16-06-2023 18-06-2024
Number 1st drought | 2nd drought | 2nd drought | 2nd drought | 2nd drought
1 60WD 4 3.5 3 3.5 35
3 15WD 4 4 3 4 35
4 5WD 3 35 3 3.5 3
9 15WD 3 3 2.5 4 3
12 60WD 3 35 3 3.5 3
13 5WD 3 3.5 3 3 2.5
15 15WD 3 4 3 3.5 2.5
19 5WD 3 3.5 2.5 3 2.5
21 60WD 3 3.5 3 3.5 3
25 60WD 3 4 3 4 3
27 15WD 4 4 3 3.5 3
28 5WD 3 4 3 3.5 35
Average 60WD 3.1 3.6 3.0 3.6 3.1
Average 15WD 3.3 3.8 2.9 3.8 3.0
Average 5WD 2.8 3.6 2.9 3.3 2.9
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APPENDIX 10. VISUAL EFFECTS OF POTASSIUM ON GRAPEVINE’S CANOPY

e L
9) 15WD
; il

X
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20 60Www il 25 60wD 26) 15SWW 27) 15WD

Figure 32. Drone images to visualize the effects of potassium on the canopy of the grapevines (Drone model Mavic Mini 2, brand DJI). Image A corresponds to June 22, while
image B to July 6. Red titles are trees not integrated in the analysis of the present research.

XXXIII



APPENDIX 11. IMPACT OF POTASSIUM AVAILABILITY AND HEAT ON BERRIES
K-5 TREATMENTS
5WD TREATMENT

Figure 34. Impact of potassium availability and heat on berries, 5SWD treatment in lysimeter 13.
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Figure 36. Impact of potassium availability and heat on berries, 5SWD treatment in lysimeter 28.
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S5WW TREATMENT

Figure 37. Impact of potassium availability and heat on berries, SWW treatment in lysimeter 2.

—

Figure 38. Impact of potassium availability and heat on berries, 5SWW treatment in lysimeter 11.
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Figure 40. Impact of potassium availability and heat on berries, SWW treatment in lysimeter 22.
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K15 TREATMENTS
15WD TREATMENT

Figure 41. Impact of potassium availability and heat on berries, 15WD treatment in lysimeter 27.

15WW TREATMENT

Figure 42. Impact of potassium availability and heat on berries, 15WW treatment in lysimeter 26.

XXXV



K60 TREATMENTS
60WD TREATMENT

Figure 43. Impact of potassium availability and heat on berries, 60WD treatment in lysimeter 25.

60WW TREATMENT

Figure 44. Impact of potassium availability and heat on berries, 60WW treatment in lysimeter 24.
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APPENDIX 12. DROUGHT EFFECTS ON HARVEST

Table 16. Data of yield, water productivity, number of clusters, average cluster and berry weight, brix degrees,
and pH per treatment (n=4, except for 15WD where n=3).

Yield Water Number of Brix Average Average
Treatment | pertree | productivity (kg | clusters per degress cluster berry pH
(kg) m?3) tree (°Bx) weight (kg) weight (gr)
3.64 1.09 11 13.0 0.331 4.76 3.38
11.82 3.42 46 15.0 0.257 4.90 3.34
5Ww
22.74 7.95 83 16.1 0.274 4.94 3.48
6.78 2.01 29 15.0 0.234 4.68 3.58
6.17 2.53 26 17.2 0.237 5.42 3.49
SWD 15.86 7.03 68 13.1 0.233 4.34 3.37
16.03 5.91 59 14.1 0.272 5.78 3.51
5.32 2.04 21 11.0 0.253 5.14 3.46
9.53 2.47 32 16.2 0.298 5.31 3.72
29.73 8.80 77 15.1 0.386 6.48 3.44
15WwW
18.47 4.96 40 16.0 0.462 5.86 3.64
17.45 4.77 52 15.0 0.336 6.58 3.74
12.53 6.35 31 14.0 0.404 7.27 3.71
18.79 5.64 60 15.0 0.313 6.28 3.75
15WD
15.30 6.17 41 13.2 0.373 6.62 3.51
16.69 ND 49 12.5 0.341 6.64 3.45
17.15 4.96 47 13.5 0.365 7.30 3.88
18.60 5.58 41 17.2 0.454 5.49 3.7
60WW
21.32 6.25 54 15.5 0.395 6.64 3.64
18.07 4.86 53 15.2 0.341 6.87 3.76
17.05 5.85 33 15.5 0.517 7.75 3.76
23.73 8.59 59 15.0 0.402 6.59 3.85
60WD
18.60 6.24 57 12.5 0.326 6.43 3.62
11.08 4.35 34 14.0 0.326 6.47 3.81
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