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Abstract. The application of cytokinins such as forchlorfenuron (CPPU) has been widely used in table grape

varieties to increase yield and berry size. However, the potential interest of these phytoregulators in wine
grapes have been scarcely analyzed. The objective of this study has been to evaluate the influence of CPPU
treatment on the agronomic performance and composition of Verdejo grapes. The trial was conducted in 2021,
in the Protected Designation of Origin “Rueda” (Spain). CPPU was applied using a concentration of 15 mg/L,
by spraying the bunches when the berries were 5-6 mm in diameter. The photosynthesis rates and the stem
water potential, measured after the application, tended to decrease in the treated plants without modify the
values of vine yield and vigour. The treatment significantly affected the content of soluble solids and total
polyphenols of the grape must, detecting increases of 15.4% and 7%, respectively, compared to the controls.
Preliminary results suggest that the application of CPPU on the bunches could improve the quality of the

Verdejo grapes. The treatment would be interesting to apply in cultivation conditions where the harvest has

difficulties to reach an adequate level of maturity, such as excessive vigour or too cold climate.

1. Introduction

Plant growth regulators are substances derived from
natural or synthetic sources, which modulate and control
physiological changes by interfering the plant’s hormone
system, besides being able of improving phenolic
composition, aromatic profile and another quality
compounds [1, 2]. Some growth regulators exogenously
applied produce molecular and physiological changes
during ripening [3, 4] which can help to reach maturity
faster and improve the quality of the must [5, 6] in
vineyards under conditions of excessive vigour or cool
regions, where heat units for maturing fruit are not
enough.

The cytokinins are particularly used for berry
enlargement in grape varieties. They can be applied with
gibberellins to stimulate cell division and elongation as
much as delaying leaf senescence. Cytokinins are thought
to be involved in fruit set and early growth [7, 8]. High
concentrations of cytokinins have been found in Kyoho
berries during berry flesh in early development [9].
Moreover, other authors have reported that certain
cytokinins have an accelerated increase at veraison in
grapes and kiwi fruit, remaining in a high concentration
during ripening [10, 11]. Foliar treatments with
compounds which acts like cytokinins such as
forchlorfenuron (CPPU) have been widely used in table
grapes in order to increase berry size and improve yield
[12, 13]. However, the effect of these product on wine
grapes has been scarcely studied [12]. Polyphenol
increases have been reported by the application of CPPU
in different seedless grapevine cultivars, finding
significant differences depending on the variety, doses
and time of treatment application [13-15].

The aim of the present study was to determine
how CPPU treatment on the clusters, after fruit set,
influences the agronomic performance and the
composition of white wine grapes cv. Verdejo.

2. Materials and Methods

2.1 Experimental design

The experiment was carried out in 2021 in La Seca
(Valladolid, Spain), within Rueda Designation of Origin.
The vineyard corresponds to Verdejo variety, grafted on
110-Richter rootstock. Vines are conducted on double
cordon, in a planting frame 3.0 x 1.5 m (2222 vines/ha)
with a load of about 35,000 buds/ha. The vineyard was
irrigated, receiving globally throughout the cycle an
average water supply of around 30% of the reference
evapotranspiration.

The experiments were performed in a
randomized complete block design with four replications.
The elementary plots were made up of 8 plants for treated
(T) and control vines (C), leaving a border plant between
each two plots. Before treatments, a light defoliation was
carried out manually in the cluster area in all plants.
Clusters were sprayed 21 days after full bloom to full
wetness with an aqueous solution of 15 mg/L
forchlorfenuron (CPPU, Zhengzhou Farm Reaching
Biochemical, Co Ltd, Henan, China), when the berries
were 5-6 mm in diameter. The solution included 0.05 %
Agral (Syngenta Agro, Madrid, Spain), a nonionic
surfactant. The control plants were sprayed with water
plus Agral in the same date. All treatments were applied
with manual sprayers, on both sides of the trellis.
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2.2 Field data collection

Water status measurements of the plants, as leaf stem
water potential, were tested at 9, 30, 41 and 61 days
after treatment (DAT) and photosynthetic activity was
checked at 9, 31, 48 and 63 DAT. Stem water
potentials were measured between 11 and 13 h (solar
time) in adult leaves, on the shaded side of the trellis,
previously covered with aluminum bags for 1.5 hours
before measurement, using a Scholander-type
pressure chamber (Solfranc Technologies SL, Spain).
Net assimilation (umol COy/m?/s), leaf and ambient
temperature, and chlorophyll fluorescence parameters
were determined with a LI-Cor 6400 portable infrared
gas analyzer (IRGA) equipped with a 6400-40 leaf
chamber pulse width modulation fluorometer (Li-Cor,
Inc. Lincoln, Nebr., USA). The fluorescence
parameters measured were: minimum (F0) and
maximum fluorescence, variable and steady-state
fluorescence, efficiency and maximum efficiency of
photosystem II, apparent electron transport rate and
photochemical and non-photochemical (NPQ)
quenching. Photosynthesis measurements were taken
between 11 and 13 h (solar time) on the interveinal
space of the right main lobe of exposed leaves of the
middle zone of the shoot, on a sample of two leaves in
each elemental plot. The airflow rate through the leaf
chamber was kept at 500 umol/s.

The number of bunches per vine, average bunch
weight, and total production per plant were determined at
harvest. Berry weight was obtained from a sample of 100
berries randomly collected from each elemental plot.
Vigour was estimated as mean pruning weight.

2.3 Grape composition analysis

The harvest was carried out until the average value of the
total soluble solids content of the must samples reached
21.5 °Brix. The must obtained from a 100 berry sample in
each elementary plot was used to determine TSS, pH,
titratable acidity, malic and tartaric acid contents, yeast
assimilable nitrogen and potassium content, total
polyphenol index and color parameters (CIELAB)
established by the OIV [16].

2.5 Statistical analysis

Analysis of variance and Student's t-test were applied to
evaluate the effects of the treatment with CPPU on
different variables studied. Data analysis was performed
with version 9.2 of the SAS software package (SAS
Institute Inc., Cary NC, USA).

3. Results and Discussion

3.1 Photosynthetic activity and water status

The values of stem water potential in treated plants were
significantly lower than untreated ones at 41 and 61 DAT
(Figure 1), showing that CPPU treatment would cause
stomatal closure, worsening the water status in the plant.
The normal ranges of water potential in grapevines are
between -0.3 and -2.0 MPa [17]. Therefore, the data
obtained in this study of -0.3 and -0.8 MPa showed
normal ranges.

Environmental and physiological characteristics
such as light, CO, concentration, water status and
abscisic acid (ABA) affects directly the plant stomatal
opening [18]. Davies et al. [19] have reported the
importance of ABA accumulation on the stomatal closure
modulation. Leaf turgor loss have been correlated with
stomatal closure [20-22], showing that leaves with more
negative values of water potential are able to maintain
stomatal and hydraulic conductance and growth under
drought conditions [23].
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Figure 1. Water potential at different days after treatment
(DAT) in plants without treatment (C) and treated with CPPU
(T). Different letters denote significant differences (Student’s T
test, p<0.05).

The values of net photosynthetic CO;
assimilation showed a tendency to decrease in treated
plants at 48 DAT (F= 3.77, p= 0.06). This might be a
consequence of the stomatal closure caused by the
worsening water status after CPPU application. To close
the stomata, the treatment might have increased the ABA
levels in the vines. Several studies have implied that the
stomatal closure is produced as a response of water
deficit, inducing a decline in the photosynthetic activity
by the restriction of CO, assimilation in the leaf
mesophyll [18, 25]. There was a significant decrease of
FO at 48 DAT (Figure 2), in agreement with Hailemichael
et al. [24], who reported a positive correlation between
leaf water potential and FO.
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Several studies have implied that the stomatal
closure is produced as a response of water deficit,
inducing a decline in the photosynthetic activity by the
restriction of CO; assimilation in the leaf mesophyll [18,
25]. According to the above, the results obtained in this
work suggested that the decrease in the stem water
potential in the plants with CPPU treatment could be
caused by the increase of ABA, inducing a stomatal
closure and by consequence a decline in the
photosynthetic activity.
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Figure 2. Comparison of means of minimum chlorophyll
fluorescence (F0) measured at different days after the CPPU
treatment (DAT) in untreated (C) and treated plants (T).
Different letters denote significant differences (Student’s T
test, p<0.05).

The wvalues of NPQ showed a significant
decrease in treated plants at 9 DAT with respect to
control ones (F= 6.3, p<0.05) with no differences on the
other control dates. NPQ represents the thermal
dissipation of absorbed light energy in the photosystem II
by alternative mechanisms [26, 27] and has a strong
connection with water status [28]. Hailemichael et al.
[24] reported a significant relationship between pre-dawn
leaf water potential and NPQ at preveraison and veraison,
disagreeing with Alves et al. [29] who indicated an
increase of NPQ values when drought was intensified.
The results of the analysis of variance showed that CPPU
treatment modified the values of FO and NPQ but not the
other fluorescence parameters measured.

3.2 Vine yield and vigour

The treatment applied did not significantly modify the
yield (Table 1), although it tended to be lower in treated
plants than untreated (F= 3.23, p= 0.08). This is
consistent with the worsening water status and the
tendency to decrease of net assimilation values in treated
plants, as commented above.

Zabadal et al. [11] indicated that the application of CPPU
at different concentrations (5, 10 and 15 mg/L) on the
clusters of “Himrod” vines, before bloom, increased berry
diameter and mass at maturity while the CPPU
concentration increased. These authors also analyzed the
CPPU response at different times of application (4, 5, 7
and 9-mm berry diameter), observing a reduction of

berries per cluster and cluster mass, when the product
was applied at 5- and 7-mm berry diameter, in
comparison with the treatment applied at 4 mm, but equal
to the control. These results agreed with the yield
decrease tendency observed in our work. Other studies
have reported a significant increase of yield by the
application of CPPU when the treatment was applied to a
berry diameter of 11-12 mm in cv. Italia [30] and 7-8 mm
in Flame Seedless grapes [31].

The treatment applied did not produce significant
differences in the 100-berry weight between treated
(181.4 g) and control vines (186.1 g). In any case, the
effect of CPPU on yield and berry size are strongly
influenced by application time and grape variety.

The vigour in treated and untreated plants did
not show significant differences (Table 1). These results
indicated that CPPU treatment could be able to maintain
an appropriate balance between vegetative and
reproductive development regardless its effects on grape
quality.

Table 1. Mean values of yield and vigour and parameters of
grape composition in plants without treatment (C) and treated
with CPPU (T).

Treatment
Parameters C T Sign.
Yield and vigour
Yield (kg/vine) 4.7 3.9
Average bunch weight (g) 140.4 129.2
Pruning weight (kg) 1.28 1.24
100 berry weight (g) 186.1 181.4
Must Composition
Total soluble solids (°Brix) 21.1 21.6 *
pH 3,5 3,5
Total acidity (g/L) 6.1 6.0
Total Polyphenol Index 242 259 *
Malic acid (g/L) 1.7 1.9
Tartaric acid (g/L) 5.5 5.5
Potassium (mg/L) 953.8 1258.0
Assimilable Nitrogen (mg/L) 177.5 186.9
Color Parameters (CIELAB)
L* 76.7 75.8
a* 1.3 2.2
b* 25.9 259
C* 25.9 26.0
h* 87.2 86.8

*Means are significantly different (Student's t-test, p<0.05)
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3.3 Grape composition

In Table 1 are presented the must composition data of
control and treated vines. The results showed that the
application of CPPU caused a significant influence on
TSS and the total polyphenol index, without effects on
other parameters. The treatment increased the
concentration of sugars and polyphenols, consequently,
induced a faster ripening on the Verdejo grapes. It is
possible that earlier ripening occurred in treated plants is
related to an increase of ABA biosynthesis caused by
CPPU application, the same one that would have
generated the lowering of the stem water potential (SEE
SECTION 3.1). The ripening process of non-climacteric
fruits such as grapes is mainly regulated by ABA. It has
been demonstrated that cytokinins play a key role in the
regulation of environmental stress responses having
strong interactions with ABA [32, 33]. Previous studies
have also reported a significant increase of TSS in
Crimson seedless [12] and Ruiduhongyu grapes [34] by
the exogenous application of ABA, inducing an
accelerated sugar accumulation that occurs mainly in the
late ripening period.

Tyagi et al. [15] registered an increase of
proanthocyanidins and flavan-3-ols levels in grapes by
the application of CPPU in Sangiovese grapes (5 ppm,
8.7 mm berry diameter), but decreasing TSS content. In
the same line, other studies [11, 13] have shown that
CPPU treatment can cause a significant delay in sugar
accumulation depending on the dose and time of
application.

In summary, CPPU treatment applied in this
study influenced the phenolic and technological grape
maturity, increasing their values without modify the yield
and vigour of Verdejo grapes. These results suggest that
CPPU treatment could be useful to improve fruit quality
in zones where the grape cultivar has difficulties to reach
an adequate level of maturity at harvest, either due to
excessive vigour or too cold climate.

4 Acknowledgments

The present work has been carried out within the
framework of a collaboration agreement between the
University of Valladolid and Bodega Cuatro Rayas S.
Coop. This communication has been presented thanks to
the support provided by the mobility of doctoral students
UVa 2022.

5 References

1. N. V. Obroucheva, Russ. J. Dev. Biol. 45, 11—

21.(2014)

2. J. Portu, P. Santamaria, 1. Lopez-Alfaro, R.
Lopez, and T. Garde-Cerdéan, J. Agric. Food

Chem. 63(8), 2328-37 (2015)

3. C. Botcher, C. A. Burbidge, P. K. Boss and C.
Davies, BMC Plant Biology 15, 223 (2015).

4. C. M. Cantin, M. W. Fidelibus, C. H. Crisosto,
Postharvest Biol. Technol. 46 (2007)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

S. R. Roberto, A. M. De Assis, L. Y.
Yamamoto, L. C. V. Miotto, A. J. Sato, R.
Koyama, W. Genta, Sci. Hortic., 142, 44-48
(2012)

D. S. NeSmith, HortScience 37, 666-668. (2002)
T. Werner, T. Schmiilling, Curr. Opin. Plant
Biol. 12, 527-538 (2009)

X. R. Zhang, G. G. Luo, R. H. Wang, J. Wang,
and D. G. Himelrick. J. Am. Soc. Hortic. Sci.
(2003)

C. Botcher, C. A. Burbidge, P. K. Boss and C.
Davies, Funct. Plant Biol. 39, 745-753 (2013)

S. Pilkington, A. L. Montefiori, R. J. N. Gale, A.
C. Emery, A. C. Allan, P. E. Jameson, Ann. Bot.
112, 57-68 (2013).

T. J. Zabadal, and M. J. Bukovac, J. Am. Soc.
Hortic. Sci. 41, 154-157 (2006)

G. Ferrara, A. Mazzeo, A. M. S. Matarrese, C.
Pacucci, A. Pacifico, G. J. Gambacorta, Plant
Growth Regul. 32, 491-505 (2013)

I. Maoz, A. Bahar, T. Kaplunov, Y. Zutchi, A.
Daus, S. Lurie, A. Lichter, Am. J. Enol. Vitic.
65,230-237 (2014)

K. Tyagi, I. Maoz, B. Kochanek, N. Sela, L.
Lerno, S. E. Ebeler, A. Lichter, Hortic Res. 8, 1—
15 (2021)

K. Tyagi, I. Maoz, O. Lapidot, B. Kochanek, Y.
Butnaro, M. Shlisel, L. Lerno, S. E. Ebeler, A.
Lichter, Sci. Hort., 295,110860 (2022)
OIV_(International Organisation of Vine and
Wine). Compendium of international methods of
analysis. (France, Paris, 2009)

G. Charrier, S. Delzon, J. C. Domec, L. Zhang,
C. E. L. Delmas, I. Merlin, D. Corso, A. King,
H. Ojeda, N. Ollat, J. A. Prieto, T. Scholach, P.
Skinner, C. Van Leeuwen, G. A. Gambetta, Sci.
Adv. 4, 6969 (2018)

M. M. Chaves and M. M. Oliveira, J. Exp. Bot.
55, 23652384 (2004)

W. Davies, G. Kudoyarova, W. Hartung, J.
Plant Growth Regul. 24, 285-295 (2005)

T. J. Brodribb, N. M. Holbrook, E. J. Edwards,
M. V. Gutiérrez, Plant. Cell. Env. 26, 443450
(2003)

U. Hochberg, A. G. Bonel, R. David-Schwartz,
A. Degu, A. Fait, H. Cochard, E. Peterlunger, J.
C. Herrera. 2017. Planta 245, 1091-1104.

S. Dayer, 1. Reingwirtz, A. J. McElrone, G. A.
Gambetta. In: Cantu D, Walker MA, eds. The
grape genome. Cham: Springer, 223-245 (2019)
M. K. Bartlett, C. Scoffoni, L. Sack, Ecol, 15,
393405 (2012)



https://www.researchgate.net/publication/263172773_Hormonal_regulation_during_plant_fruit_development
https://www.researchgate.net/publication/263172773_Hormonal_regulation_during_plant_fruit_development
https://www.researchgate.net/publication/272189049_Methyl_Jasmonate_Foliar_Application_to_Tempranillo_Vineyard_Improved_Grape_and_Wine_Phenolic_Content
https://www.researchgate.net/publication/272189049_Methyl_Jasmonate_Foliar_Application_to_Tempranillo_Vineyard_Improved_Grape_and_Wine_Phenolic_Content
https://www.researchgate.net/publication/272189049_Methyl_Jasmonate_Foliar_Application_to_Tempranillo_Vineyard_Improved_Grape_and_Wine_Phenolic_Content
https://www.researchgate.net/publication/282040466_Changes_in_transcription_of_cytokinin_metabolism_and_signalling_genes_in_grape_Vitis_vinifera_L_berries_are_associated_with_the_ripening-related_increase_in_isopentenyladenine
https://www.researchgate.net/publication/282040466_Changes_in_transcription_of_cytokinin_metabolism_and_signalling_genes_in_grape_Vitis_vinifera_L_berries_are_associated_with_the_ripening-related_increase_in_isopentenyladenine
https://www.researchgate.net/publication/228430675_Application_of_abscisic_acid_ABA_advanced_red_color_development_and_maintained_postharvest_quality_of_%27Crimson_Seedless%27_grapes
https://www.researchgate.net/publication/228430675_Application_of_abscisic_acid_ABA_advanced_red_color_development_and_maintained_postharvest_quality_of_%27Crimson_Seedless%27_grapes
https://www.researchgate.net/publication/257148043_Application_timing_and_concentration_of_abscisic_acid_improve_color_of_%27Benitaka%27_table_grape
https://www.researchgate.net/publication/257148043_Application_timing_and_concentration_of_abscisic_acid_improve_color_of_%27Benitaka%27_table_grape
https://www.researchgate.net/publication/257148043_Application_timing_and_concentration_of_abscisic_acid_improve_color_of_%27Benitaka%27_table_grape
https://www.researchgate.net/publication/257148043_Application_timing_and_concentration_of_abscisic_acid_improve_color_of_%27Benitaka%27_table_grape
https://www.researchgate.net/publication/279504591_Response_of_Rabbiteye_Blueberry_Vaccinium_ashei_Reade_to_the_Growth_Regulators_CPPU_and_Gibberellic_Acid
https://www.researchgate.net/publication/26799227_Cytokinin_action_in_plant_development
https://www.researchgate.net/publication/26799227_Cytokinin_action_in_plant_development
https://www.researchgate.net/publication/277862597_Growth_and_Developmental_Responses_of_Seeded_and_Seedless_Grape_Berries_to_Shoot_Girdling
https://www.researchgate.net/publication/277862597_Growth_and_Developmental_Responses_of_Seeded_and_Seedless_Grape_Berries_to_Shoot_Girdling
https://www.researchgate.net/publication/277862597_Growth_and_Developmental_Responses_of_Seeded_and_Seedless_Grape_Berries_to_Shoot_Girdling
https://www.researchgate.net/publication/259454184_Interactions_between_ethylene_and_auxin_are_crucial_to_the_control_of_grape_Vitis_vinifera_L_berry_ripening
https://www.researchgate.net/publication/259454184_Interactions_between_ethylene_and_auxin_are_crucial_to_the_control_of_grape_Vitis_vinifera_L_berry_ripening
https://www.researchgate.net/publication/236638408_Endogenous_cytokinin_in_developing_kiwifruit_is_implicated_in_maintaining_fruit_flesh_chlorophyll_levels
https://www.researchgate.net/publication/236638408_Endogenous_cytokinin_in_developing_kiwifruit_is_implicated_in_maintaining_fruit_flesh_chlorophyll_levels
https://www.researchgate.net/publication/236638408_Endogenous_cytokinin_in_developing_kiwifruit_is_implicated_in_maintaining_fruit_flesh_chlorophyll_levels
https://www.researchgate.net/publication/264842900_Effect_of_CPPU_on_Fruit_Development_of_Selected_Seedless_and_Seeded_Grape_Cultivars
https://www.researchgate.net/publication/264842900_Effect_of_CPPU_on_Fruit_Development_of_Selected_Seedless_and_Seeded_Grape_Cultivars
https://www.researchgate.net/publication/257402967_Application_of_Abscisic_Acid_S-ABA_to_%27Crimson_Seedless%27_Grape_Berries_in_a_Mediterranean_Climate_Effects_on_Color_Chemical_Characteristics_Metabolic_Profile_and_S-ABA_Concentration
https://www.researchgate.net/publication/257402967_Application_of_Abscisic_Acid_S-ABA_to_%27Crimson_Seedless%27_Grape_Berries_in_a_Mediterranean_Climate_Effects_on_Color_Chemical_Characteristics_Metabolic_Profile_and_S-ABA_Concentration
https://www.researchgate.net/publication/257402967_Application_of_Abscisic_Acid_S-ABA_to_%27Crimson_Seedless%27_Grape_Berries_in_a_Mediterranean_Climate_Effects_on_Color_Chemical_Characteristics_Metabolic_Profile_and_S-ABA_Concentration
https://www.researchgate.net/publication/264858983_The_Effect_of_the_Cytokinin_Forchlorfenuron_on_the_Tannin_Content_of_Thompson_Seedless_Table_Grapes
https://www.researchgate.net/publication/264858983_The_Effect_of_the_Cytokinin_Forchlorfenuron_on_the_Tannin_Content_of_Thompson_Seedless_Table_Grapes
https://www.researchgate.net/publication/264858983_The_Effect_of_the_Cytokinin_Forchlorfenuron_on_the_Tannin_Content_of_Thompson_Seedless_Table_Grapes
https://www.researchgate.net/publication/349699448_Cytokinin_but_not_gibberellin_application_had_major_impact_on_the_phenylpropanoid_pathway_in_grape
https://www.researchgate.net/publication/349699448_Cytokinin_but_not_gibberellin_application_had_major_impact_on_the_phenylpropanoid_pathway_in_grape
https://www.researchgate.net/publication/349699448_Cytokinin_but_not_gibberellin_application_had_major_impact_on_the_phenylpropanoid_pathway_in_grape
https://www.researchgate.net/publication/357509282_Effects_of_gibberellin_and_cytokinin_on_phenolic_and_volatile_composition_of_Sangiovese_grapes
https://www.researchgate.net/publication/357509282_Effects_of_gibberellin_and_cytokinin_on_phenolic_and_volatile_composition_of_Sangiovese_grapes
https://www.researchgate.net/publication/357509282_Effects_of_gibberellin_and_cytokinin_on_phenolic_and_volatile_composition_of_Sangiovese_grapes
https://www.oiv.int/en/technical-standards-and-documents/methods-of-analysis/compendium-of-international-methods-of-analysis-of-wines-and-musts
https://www.oiv.int/en/technical-standards-and-documents/methods-of-analysis/compendium-of-international-methods-of-analysis-of-wines-and-musts
https://www.oiv.int/en/technical-standards-and-documents/methods-of-analysis/compendium-of-international-methods-of-analysis-of-wines-and-musts
https://www.researchgate.net/publication/322857040_Drought_will_not_leave_your_glass_empty_Low_risk_of_hydraulic_failure_revealed_by_long-term_drought_observations_in_world%27s_top_wine_regions
https://www.researchgate.net/publication/322857040_Drought_will_not_leave_your_glass_empty_Low_risk_of_hydraulic_failure_revealed_by_long-term_drought_observations_in_world%27s_top_wine_regions
https://www.researchgate.net/publication/322857040_Drought_will_not_leave_your_glass_empty_Low_risk_of_hydraulic_failure_revealed_by_long-term_drought_observations_in_world%27s_top_wine_regions
https://www.researchgate.net/publication/322857040_Drought_will_not_leave_your_glass_empty_Low_risk_of_hydraulic_failure_revealed_by_long-term_drought_observations_in_world%27s_top_wine_regions
https://www.researchgate.net/publication/322857040_Drought_will_not_leave_your_glass_empty_Low_risk_of_hydraulic_failure_revealed_by_long-term_drought_observations_in_world%27s_top_wine_regions
https://www.researchgate.net/publication/8241237_Mechanisms_underlying_plant_resilience_to_water_deficit_Prospects_for_water-saving_agriculture
https://www.researchgate.net/publication/8241237_Mechanisms_underlying_plant_resilience_to_water_deficit_Prospects_for_water-saving_agriculture
https://www.researchgate.net/publication/227298796_Long-distance_ABA_Signaling_and_Its_Relation_to_Other_Signaling_Pathways_in_the_Detection_of_Soil_Drying_and_the_Mediation_of_the_PlantAos_Response_to_Drought
https://www.researchgate.net/publication/227298796_Long-distance_ABA_Signaling_and_Its_Relation_to_Other_Signaling_Pathways_in_the_Detection_of_Soil_Drying_and_the_Mediation_of_the_PlantAos_Response_to_Drought
https://www.researchgate.net/publication/227298796_Long-distance_ABA_Signaling_and_Its_Relation_to_Other_Signaling_Pathways_in_the_Detection_of_Soil_Drying_and_the_Mediation_of_the_PlantAos_Response_to_Drought
https://www.researchgate.net/publication/228559667_Relation_between_stomatal_closure_leaf_turgor_and_xylem_vulnerability_in_eight_tropical_dry_forest_trees
https://www.researchgate.net/publication/228559667_Relation_between_stomatal_closure_leaf_turgor_and_xylem_vulnerability_in_eight_tropical_dry_forest_trees
https://www.researchgate.net/publication/228559667_Relation_between_stomatal_closure_leaf_turgor_and_xylem_vulnerability_in_eight_tropical_dry_forest_trees
https://www.researchgate.net/publication/313824680_Grapevine_acclimation_to_water_deficit_the_adjustment_of_stomatal_and_hydraulic_conductance_differs_from_petiole_embolism_vulnerability
https://www.researchgate.net/publication/313824680_Grapevine_acclimation_to_water_deficit_the_adjustment_of_stomatal_and_hydraulic_conductance_differs_from_petiole_embolism_vulnerability
https://www.researchgate.net/publication/313824680_Grapevine_acclimation_to_water_deficit_the_adjustment_of_stomatal_and_hydraulic_conductance_differs_from_petiole_embolism_vulnerability
https://www.researchgate.net/publication/337231323_Response_and_Recovery_of_Grapevine_to_Water_Deficit_From_Genes_to_Physiology
https://www.researchgate.net/publication/337231323_Response_and_Recovery_of_Grapevine_to_Water_Deficit_From_Genes_to_Physiology
https://www.researchgate.net/publication/337231323_Response_and_Recovery_of_Grapevine_to_Water_Deficit_From_Genes_to_Physiology
https://www.researchgate.net/publication/221902595_The_determinants_of_leaf_turgor_loss_point_and_prediction_of_drought_tolerance_of_species_and_biomes_A_global_meta-analysis
https://www.researchgate.net/publication/221902595_The_determinants_of_leaf_turgor_loss_point_and_prediction_of_drought_tolerance_of_species_and_biomes_A_global_meta-analysis

“43ra OIV Congress, Mexico 2022”

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

G. Hailemichael, A. Catalina, M. R. Gonzailez,
P. Martin, South African J. Enol. Vitic. 37.
10.21548/37-2-1004 (2016)

J. Flexas, J. Bota, Escalona, J. M., B. Sampol, H.
Medrano, Funct. Plant Biol. 29, 461-471. (2002)
B. A. Logan, B. Demmig-Adams, W. W.
Adams, W. Bilger, Dordrecht, The Netherlands:
Springer, 187-201. (2014)

A. Ruban, E. Murchie, Biochim. Biophys. Acta,
1817,977-82 (2012)

K. Maxwell, G. N. Johnson, J. Exp. Bot. 51,
659-668. (2000)

F. Alves, J. Costa, P. Costa, C. Correia, B.
Gongalves, R. Soares, J. M. Pereira, Proc. 18th
Int. Symp. (GIESCO, Porto, Portugal, 2013)

G. Ferrara, A. Mazzeo, G. Netti, C. Pacucci, A.
M. S. Matarrese, I. Cafagna, P. Mastrorilli, M.
Vezzoso, V. Gallo, Am. J. Enol. Vitic. 65, 381—
387 (2014)

H. A. Khalil, Hortic, Res, 28 (1) 77-86. (2020)
P. T. Lam-Son, S. Kazuo, Y. S. Kazuko, Plant.
Signal Behav. 5: 2, 148-150 (2010)

S. Ha, R. Vankova, K. Yamaguchi-Shinozaki, K.
Shinozaki, Tran L. S., Trends Plant Sci. Mar.
17(3):172-9 (2012)

J. Li, B. Liu, X. Li, D. Li, J. Han, Y. Zhang, C.
Ma, W. Xu, L. Wang, S. Jiu, C. Zhang, S. Wang.
Front Plant Sci. (2021)



https://www.researchgate.net/publication/309623358_Relationships_between_Water_Status_Leaf_Chlorophyll_Content_and_Photosynthetic_Performance_in_Tempranillo_Vineyards
https://www.researchgate.net/publication/309623358_Relationships_between_Water_Status_Leaf_Chlorophyll_Content_and_Photosynthetic_Performance_in_Tempranillo_Vineyards
https://www.researchgate.net/publication/309623358_Relationships_between_Water_Status_Leaf_Chlorophyll_Content_and_Photosynthetic_Performance_in_Tempranillo_Vineyards
https://www.researchgate.net/publication/237269244_Effects_of_drought_on_photosynthesis_in_grapevines_under_field_conditions_An_evaluation_of_stomatal_and_mesophyll_limitations
https://www.researchgate.net/publication/237269244_Effects_of_drought_on_photosynthesis_in_grapevines_under_field_conditions_An_evaluation_of_stomatal_and_mesophyll_limitations
https://www.researchgate.net/publication/290069857_Context_Quantification_and_Measurement_Guide_for_Non-Photochemical_Quenching_of_Chlorophyll_Fluorescence
https://www.researchgate.net/publication/290069857_Context_Quantification_and_Measurement_Guide_for_Non-Photochemical_Quenching_of_Chlorophyll_Fluorescence
https://www.researchgate.net/publication/290069857_Context_Quantification_and_Measurement_Guide_for_Non-Photochemical_Quenching_of_Chlorophyll_Fluorescence
https://www.researchgate.net/publication/224037626_Assessing_the_Photoprotective_Effectiveness_of_non-Photochemical_Chlorophyll_Fluorescence_Quenching_A_new_Approach
https://www.researchgate.net/publication/224037626_Assessing_the_Photoprotective_Effectiveness_of_non-Photochemical_Chlorophyll_Fluorescence_Quenching_A_new_Approach
https://www.researchgate.net/publication/317745213_Chlorophyll_fluorescence---a_practical_guide
https://www.researchgate.net/publication/317745213_Chlorophyll_fluorescence---a_practical_guide
http://www.advid.pt/imagens/comunicacoes/1373627299278.pdf
http://www.advid.pt/imagens/comunicacoes/1373627299278.pdf
http://www.advid.pt/imagens/comunicacoes/1373627299278.pdf
http://www.advid.pt/imagens/comunicacoes/1373627299278.pdf
https://www.researchgate.net/publication/271063795_Girdling_Gibberellic_Acid_and_Forchlorfenuron_Effects_on_Yield_Quality_and_Metabolic_Profile_of_Table_Grape_cv_Italia
https://www.researchgate.net/publication/271063795_Girdling_Gibberellic_Acid_and_Forchlorfenuron_Effects_on_Yield_Quality_and_Metabolic_Profile_of_Table_Grape_cv_Italia
https://www.researchgate.net/publication/271063795_Girdling_Gibberellic_Acid_and_Forchlorfenuron_Effects_on_Yield_Quality_and_Metabolic_Profile_of_Table_Grape_cv_Italia
https://www.researchgate.net/publication/271063795_Girdling_Gibberellic_Acid_and_Forchlorfenuron_Effects_on_Yield_Quality_and_Metabolic_Profile_of_Table_Grape_cv_Italia
https://europepmc.org/article/MED/20023424
https://europepmc.org/article/MED/20023424
https://europepmc.org/article/MED/22236698
https://europepmc.org/article/MED/22236698
https://europepmc.org/article/MED/22236698

