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Summary 

The uncertain effects of climate change pose drought-related challenges in grapevine-
producing regions. New 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 during crop 
development. The objective of the present research is to evaluate the effects of actual 
evapotranspiration (ETa) and leaf area index (LAI) under two short but severe drought stress 
periods considering potassium availability on grapevine (Vitis vinifera cv.). The study 
hypothesizes that abundant potassium levels enable grapevines' tolerance to drought periods, 
sustaining plant physiological development and improving yield under episodic drought stress. 
Data was collected using 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 -1) 
and two irrigation regimes (well-watered and water-deficit). ETa rate was calculated using the 
water balance method, and LAI was measured during the drought event among treatments. 
The results show that ETa rates slightly vary during plant dehydration in the water deficit 
treatments, while had no differences during critical drought days. The ETa rate patterns differed 
exceptionally between well-watered and water-deficit treatments during severe water stress 
days. During plant recovery, ETa suffered a post-drought reduction without reaching similar 
values to well-watered treatments. Regarding LAI, drought significantly impacted plant canopy 
development, mainly in consecutive days of severe water stress. In sum, the study findings 
were against the proposed hypothesis. 
 
Keywords: actual evapotranspiration, leaf area index, grapevine, weighing lysimeters



 

 

Artículo: COMEII-24009 

IX Congreso Nacional y II Congreso Internacional de Riego, Drenaje y Biosistemas 
23 al 25 de octubre de 2024 

Chapingo, Estado de México, México 

2 

Introducción 

 
The Intergovernmental Panel on Climate Change (2022) indicates that climate change effects 
will aggravate drought events in arid and semi-arid regions, intensifying the use of irrigation 
(Gambetta et al., 2020). The uncertain effects of climate change may negatively impact 
grapevine production (Fraga, 2019). 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). 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). 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). 
 
After coffee and olive trees, the grapevine (Vitis vinifera cv.) 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).  The grapevine is one of the most important perennial 
fruit crops in the world in relation to economic terms (Alston & Sambucci, 2019; Gambetta et 
al., 2020). 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, hence the importance of 
optimal agricultural water management. Nowadays, grapevine is cultivated in over 90 countries 
for diverse purposes such as wine production, liquors, juice, table grapes, and raisins (FAO-
OIV, 2016; Gambetta et al., 2020).  
 
Vineyards are often exposed to drought stress periods due to being widely cultivated in semi-
arid areas; drought-prone areas expose plenty of food security challenges (Bitew, 2015).   
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). Water limitations directly affect water relations in grapevines, either due 
to its low availability or high environmental demand (Smart, 1974; 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).  
 
Nevertheless, 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 (Sepúlveda & Kliewer, 1986; Hochberg et al., 2016; Hochberg 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).  
 
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 
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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 investigation was driven by the 
hypothesis that abundant potassium levels enable grapevines' tolerance to drought periods and 
exposes actual evapotranspiration and canopy effects to explore grapevines' resilience to 
drought periods. 
 

Materials and Methods 

Experimental Setup 

 

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 1). 

 

 

Figure 1. Location of the Gilat Research Center. 
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The climate of the experimental site based on the Köppen 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 (Agrometeo, 2023). 

 
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; however, just twenty-four were 

working properly. In the present research, for data management reasons, a single random tree 

was selected per treatment for ETa rates analysis while for canopy were used twenty-four 

grapevines; every lysimeter contained a single grapevine tree. 

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. 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 were randomly allocated and established based on three potassium levels and 

two irrigation regimes (Appendix 1), as described below: 

 

1. Well-watered grapevine with 60 mg K+ L-1 (60WW) 
2. Well- watered grapevine with 15 mg K+ L-1 (15WW) 
3. Well- watered grapevine with 5 mg K+ L-1 (5WW) 
4. Water-deficit grapevine with 60 mg K+ L-1 (60WD) 
5. Water-deficit grapevine with 15 mg K+ L-1 (15WD) 
6. Water-deficit grapevine with 5 mg K+ L-1 (5WD) 

 

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 

based on stomatal conductance and stem water potential (see drought trials). 
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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 Israeli commercial vineyard management 

(Hochberg et al., 2023). 

 

Lysimeter Experimentation 

Weighing lysimeters 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-1 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 2) (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 was collected and stored in 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 ± 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 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). 
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Figure 2. Lysimeter setup at Gilat Research Center, ARO-Volcani Institute, Israel (Hochberg et al., 

2023). 

Drought Trials 

In the present investigation, two drought trials were carried out. The trials were monitored daily 

considering daily actual evapotranspiration and two physiological parameters to monitor critical 

water status: 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 m2 s-1 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 ETa. 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 28th to May 11th, 2023 (1st third of the crop 

cycle), and the second from June 8th to 18th, 2023 (between 2nd and 3rd third of the crop cycle). 

The critical drought days in the first drought were May 10th and 11th, 2023, while the second 
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were from June 14th to 18th, 2023. The vine rehydration (or recovery) in the first drought 

comprised from May 12th to 17th, 2023, and the second from June 19th to 23rd, 2023. 

 
Estimation of Diurnal Actual Evapotranspiration (ETa) 

The diurnal ETa was calculated using the water balance method concerning the period of the 

day in which this process is encouraged. From a whole-tree daily ETa perspective, it must be 

considered the irrigation supply, drainage, and change in soil water storage, as depicted in the 

following equation: 

                                                               ����� � � � 	 � Δ�                                                         (1) 

Where ����� is daily actual evapotranspiration (L tree-1 day-1), I is irrigation (L), D is drainage 

(L), and ΔS is change in soil water storage (L) (Ben-Gal et al., 2010; Hochberg et al., 2023) 

(Equation 1). Figure 3 illustrates the water balance components, as well as the behavior of a 

weighing lysimeter during a day. 

 

 

Figure 3. Water balance components throughout a day in an irrigated grapevine. 

 

However, the actual evapotranspiration phenomena is mainly concentrated between 5:00 hrs 

and 21:00 hrs. In that sense the change of mass in the lysimeter in a defined time represents 

the actual evapotranspiration in the mentioned time (ETa curve in Figure 3). Consequently, the 

ETa rate was calculated in one-hour intervals (L h-1), using the following equation: 
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                                        ����
 ℎ⁄ � � Δ�                                                         (2) 

 

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 (5WW represented 

by lysimeter 17, 5WD lysimeter 19, 15WW lysimeter 7, 15WD lysimeter 15, 60WW lysimeter 8, 

and 60WD lysimeter 12) (Figure 7 and 8). No statistical analysis was elaborated due to the lack 

of repetitions per treatment. 

 
Crop Water Status Monitoring 

The grapevines water status was monitored through physiological parameters: midday stomatal 

conductance to H2O vapor (henceforth referred to as stomatal conductance, gs) and midday 

stem water potential (henceforth referred to as stem water potential, Ψstem).  

The stomatal conductance 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 4) (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. A median gs per tree was used to define the water status along 

with Ψstem. 

 

Figure 4. Porometer model LI-600, brand LI-COR. 
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The stem water potential, Ψstem) 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 Ψstem measurements were 

done no more than one hour after the leaves excising using a pressure chamber model 600D, 

brand PMS instruments (Figure 5) (Hochberg et al., 2023; Hochberg, 2020). 

 

Figure 5. Pressure chamber model 600D, brand PMS instruments. 

 
Canopy Growth 

In order to account for the plant growth effect, the leaf area index (LAI) was measured during a 

drought critical day in each drought trial. In this parameter, all grapevines were considered (24 

lysimeters in the mentioned 6 different treatments). LAI was measured around 12:00 to 14:00 

hrs. using twenty positions (27 cm intervals) under the trellis’ surface area (Figure 6, A) with a 

ceptometer model LP-80, brand Decagon (Figure 6, B). The vine canopy was allowed to grow 

only on the trellis; hence the excess was trimmed some days after the drought trials.  

LAI values between well-watered and water-deficit treatments during a critical drought day were 

analyzed using one-way AVONA to evaluate statistically significant differences between the 

means of the treatments and then using a Tukey's HSD test (post-hoc test) to evaluate 

statistically significant differences between pairs of treatments (Montgomery & Runger, 2018).  
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Figure 6. Leaf area index measurement set-up (A) and ceptometer model LP-80, brand Decagon (B). 

Results and Discussion 

 
Drought effects on actual evapotranspiration rate 

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 in Israel (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 (ETa)" 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 LAI between treatments driven by K levels. 

The ETa 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-1 day-1 at the beginning of the trial) compared to the first trial 

(average values of 18 L tree-1 day-1 at the beginning of the trial), so the TAW was depleted 

faster in the second trial than in the first. 

Vine-scale hourly actual evapotranspiration rates were calculated for both trials in the drought 

and recovery phases based on a single but representative lysimeter per treatment. 
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On one hand, during the first drought trial, the daily ETa 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 ETa rates in the water-deficit 

treatments decreased progressively. Likewise, the daily ETa 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 ETa 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 

ETa rates (5WD treatment was the highest and 60WD the lowest). The latter can be explained 

since plant canopy on 15WD and 60WD was slightly higher than 5WD, thus dehydrating faster 

the vines. Finally, after the irrigation re-introduction for the plant recovery (R1-R6), the rates of 

ETa 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 ETa rates, the well-

watered treatments were not noticeably different (Figure 7). 

On the other hand, in the second drought trial, the daily patterns and ETa rates were similar in 

both water regimes during the first three days of the trial (D1-D3), but with the difference that 

the ETa 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 ETa rate; also, the daily 

ETa patterns in the water-deficit treatments were significantly below well-watered treatments. 

Subsequently, from the sixth to the tenth drought day (D6-D10), the ETa 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 ETa in the water-deficit treatments increased progressively but without reaching similar 

values to the well-watered treatments; the 5WD treatment had visibly lower ETa rates than the 

15WD and 60WD treatments at the end of the plant recovery. Regarding the well-watered 

treatments, the ETa rate was consistently higher in the 15WW treatment, followed by 60WW, 

and finally 5WW (Figure 8).  

Low ETa rate during the second drought trial can be explained since potassium availability 

influenced the health 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 3). 

In general, actual evapotranspiration rate patterns during both drought events had noticeable 

differences between the well-watered and water-deficit treatments during severe water stress 

days (Ben-Gal et al., 2010). Midday actual evapotranspiration rate normally represented the 

peak ETa rates in both irrigation regimes (Figures 7 and 8). 
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Figure 1. 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. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. 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). 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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Drought effects 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 LAI was appreciable during severe water deficit days in both 

drought trials. 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 m2m-2) compared to the 5WD treatment (average value of 2.49 m2m-2), while there 

were no significant differences between the 5WW, 15WW, 60WW, 15WD and 60WD treatments 

(average values from 2.59 to 3.23 m2m-2) and the 5WW, 60WW, 5WD, 15WD and 60WD 

treatments (average values from 2.49 to 2.95 m2m-2) (Figure 9). 

 

 

Figure 9. LAI in the first drought trial during a drought critical day (May 5) (n=4, α= 0.05) 

 

Concerning the second drought trial, in the critical day of drought on June 15, there were 

statistically significant differences in LAI between the 5WW and 15WW treatments (average 

values from 4.5 to 4.51 m2m-2) with respect to the 15WD and 60WD treatments (average values 

from 3.56 to 3.62 m2m-2), but there were no significant differences between the 5WW, 15WW, 

and 60WW treatments (average values from 4.29 to 4.51 m2m-2), the 60WW and 5WD 

treatments (average values from 3.73 to 4.29 m2m-2) and the 5WD, 15WD, and 60WD 

treatments (average values from 3.56 to 3.73 m2m-2) (Figure 10). 
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Figure 10. LAI in the second drought trial during a drought critical day (June 15) (n=4, α= 0.05). 

 

In general, in the case of the first trial, the differences were evident between the 5WD and 

15WW treatments. In contrast, in the second trial, the differences were notorious between the 

5WD treatment compared to the 15WW and 60WD treatments. Hence, the 5WD treatment was 

consistently the most affected on LAI during critical days of drought, although highly varying in 

daily ETa. Low LAI values led to ETa reductions during and after plant recovery (Hochberg et 

al., 2023; Ohana-Levi et al., 2022). 

It is important to highlight that potassium availability affected the health 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. Data collected regarding 

LAI per critical drought day for both trials are presented in Appendix 4.  

 

 

Conclusions 
 

Plant dehydration was monitored based stomatal conductance and stem water potential, ETa 

reduction was quicker in the second drought event than the first one, mainly due to the plant's 

water requirements regarding the physiological stage (canopy size) and the weather conditions. 
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Both drought events suffered a reduction in post-drought ETa without recovering similar levels 

as the well-watered treatments, indicating reduced growth capacity of the drought-affected 

trees. The ETa rate patterns differed significantly between well-watered and water-deficit 

treatments during severe water stress days.  

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. Moreover, 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. 

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 about 

actual evapotranspiration and canopy development.  
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Figure I. Overview of the experimental setup. K-5 defines 5 mg K+ L-1, K-15 describes 15 mg K+ L-1 and K-60 expresses 60 mg 
K+ L-1. WW stands for well-watered, WD for water-deficit, and NW describes lysimeters that did not work properly. 
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Appendix 1. Overview of the experimental setup 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



 

 

IX Congreso Nacional y II Congreso Internacional de Riego, Drenaje y Biosistemas 
23 al 25 de octubre de 2024 

Chapingo, Estado de México, México 

20 

 

Appendix 2. Lysimeter Schemes  

 

Figure II. Front view scheme of the lysimeter used in the research (own elaboration). 
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Figure III. Side view scheme of the lysimeter used in the research (own elaboration). 
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Figure IV. Top view scheme of the lysimeter used in the research (own elaboration). 
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Appendix 3. Grapevine’s canopy during drought trials  
 

 
 
 
 
 
 

Figure V. Drone images to visualize canopy of the grapevines during drought trials (Drone model Mavic Mini 2, brand DJI). Image A corresponds to 
first drought event, while image B to the second drought event.  
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Appendix 4. LAI on critical drought days 

 

Table I. LAI (m2 m-2) on critical drought days in both trials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment 

LAI (m2 m-2) 

May 11 
1st drought 

trial  

June 15 
2nd drought 

trial  

5WD 

2.06 3.65 

2.33 3.48 

3.12 3.9 

2.46 3.9 

5WW 

2.49 4.49 

3.27 4.68 

3.14 4.43 

2.9 4.43 

15WD 

2.53 3.55 

2.62 3.64 

2.6 3.64 

2.81 3.67 

15WW 

2.97 4.29 

3.28 4.17 

3.66 4.91 

3.01 4.67 

60WD 

2.52 3.3 

2.54 3.73 

3.02 3.8 

2.29 3.4 

60WW 

2.73 3.77 

3.01 4.66 

2.53 4.18 

3.29 4.53 


