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Abstract: Grapevine physiology is influenced by several environmental factors, such as temperature,
precipitation, potential evapotranspiration, and sunshine hours. Due to climatic changes, effects
in grapevine physiology and consequently on the grape berry composition and quality have been
observed. This work aims to make a comparative study of the effect of foliar mitigation treatment
with kaolin (5%) and potassium silicates (0.1% and 0.05%) on the grape berry quality; namely on berry
weight, pH, probable alcohol, total phenolics, tannins, total anthocyanins, monomeric anthocyanins,
calcium, potassium, and magnesium composition from Portuguese grapevines (Vitis vinifera L. cv.
Touriga Nacional and Touriga Franca). The results suggested that the phenolic composition and
anthocyanin content differs between treatments while other parameters showed distinct behavior
among the different applications. Qualitative parameters observed in the present study suggested
non-significant changes upon both the applications.
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1. Introduction

The Douro Demarcated Region is characterized by a typical Mediterranean climate. Climatic
changes influence the physiology and phenology of the grapevine, as well as the composition of the
grapes. Grapes are mostly affected by solar radiation, temperature, wind, precipitation, humidity,
and characteristics of the soil. Mitigation strategies have been evolved to combat extreme climatic
conditions to reduce the negative effect on subsequent crop. Particle film is an advanced method of
mitigation which incorporates the drizzling of inert clay materials to laminate fruits and leaves surface
in the form of a thin film to cope with various climatic conditions [1].

Exogenous foliar application of potassium silicates (K;SiO3) has been used for disease control in
various crops, [2-9] including grapes [10]. These treatments do not improve plant growth or yield;
although some differences might have been observed due to indirect effects resulting from the lower
infestation of disease causing agents, or due to the presence of some agents within silicates material
spray formulations [11].
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Aluminium silicate (commonly known as kaolin-Al,Si;,O5(OH)4)—a radiation-reflecting inert
clay material—has been used in particle film technology for pest control for decades [12,13].
Moreover, it has been used in controlling pierce’s disease in viticulture [14], interception of sun
burn in fruits [15,16], and to control photon flux density in tree species [17,18]. Its use has been
demonstrated as an effective short-term climate change mitigation strategy in Mediterranean vineyards,
e.g., by reflecting infrared radiation [1,16], reducing heat stress [19-21], and by improving qualitative
characteristics [20,22-24] in grapevine. Kaolin application has been recently recommended for
sustainable viticulture for winegrowers to meet various challenges of changing climatic conditions,
especially in Mediterranean-like climates [25].

Foliar exogenous application with silicate materials have been used since the 1990s; however,
efficiency and safety issues have been largely overlooked [26]. Therefore, this work aimed to make a
comparative study of the efficiency of different foliar mitigation treatment, namely with kaolin and
potassium silicate on the grape berries (Vitis vinifera L. cv. Touriga Nacional and Touriga Franca) skins
and seeds phenolic composition. Field experiments were conducted in Vila Nova de Foz Cba, Douro
Demarcated Region in the northern Portugal. Observations of this study may help to understand the
silicates-mediated mitigation strategy better, especially for Mediterranean-like climates.

2. Materials and Methods

2.1. Plant Material, Treatment and Sample Collection

Vitis vinifera L. cv. Touriga National and Touriga Franca were the grape varieties studied in the
vineyard-Quinta do Orgal situated in Castelo Melhor (longitude 41°3’51.768" N, latitude 7°526.491" W,
altitude 127 to 330 m), Vila Nova de Foz Co6a, Douro Superior from the Douro Demarcated Region,
northern Portugal in the year 2016 (July to September month). Three phenotypically similar lines were
marked (consisting of 12 vines each) for different treatments, i.e., kaolin (5.0%), potassium silicate
(0.1%), potassium silicate (0.05%), and control. The vineyard soil has morainic, grass covered, loamy
sand with 15% gravel, and is trained according to the Guyot system. The weather conditions during
the year have been presented in the Supplementary Table S1.

Kaolin and potassium silicate solutions were prepared and applied (leaves and berries) in both
grape varieties while three similar lines were maintained as control. All applications were performed
manually by using sprayer. All the applications were performed at the beginning of veraison (as
soon as the berries start coloring). Leaves and berries were ensured to be covered completely as
white particle film of a kaolin solution. Potassium silicate application was performed similarly on
leaves and berries. Berries were collected randomly in duplicates during seven different time intervals
since veraison until final maturation. Berries were dissected into berry skins, seeds, and pulp from
all the treated grapevines, as well as the control grapevines. Berry skins and seeds were frozen and
freeze-dried for extracts preparations, while pulp was crushed into fine juice and stored in —20° C for
further analysis. Complete experimental set up in the field area has been described diagrammatically
in Figure 1.
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Figure 1. Diagrammatic representation of experimental setup in the field.
2.2. Grape Berry Weight, pH, and Probable Alcohol

A total of 200 berries was collected randomly from all treated grapevines as well as from control
plants. Weight of individual berry and mean weight was recorded by analytical balance (KERN, GmBH,
Germany). The pulp was crushed into fine juice by using a homogenizer (T25 digital ULTRA-TURRAX®,
IKA, GmBH, Germany) and pH was recorded by digital pH meter (TitroLine®7000, Hertfordshire,
UK). The probable alcohol was determined by reading the refractive index of the homogenized pulp by
using digital refractometer with automatic temperature compensation (Hanna HI 96813, Bedfordshire,
UK) and presented as % v/v.

2.3. Calcium, Magnesium, and Potassium

The concentration of potassium, magnesium, and calcium was determined in berry pulps by
atomic absorption spectrometry with flame atomizer (FAAS, PerkinElmer 4110 ZL, USA). Grape pulps
were centrifuged in a 1.5 mL eppendorf tube at 11,000 rpm for 25 mins at 25 °C, and the resulting
supernatant was collected. Calcium evaluation was done by the addition of 200 pL of the sample,
5.8 mL of ultra-pure water, and 0.45 mL of strontium chloride (5% v/v). Potassium and magnesium
were done by mixing sample (100 pL), 20 mL of ultra-pure water, and 0.4 mL of cesium chloride
(5%). Calibration standards were run first followed by all the extracts, absorbance was detected and
concentration was calculated using the least square method in all samples [27].

2.4. Extract Preparation

Extracts were prepared from 100 mg of grounded tissue from all the samples in triplicates.
Grounded tissue was mixed with 3.0 mL of 50% aqueous ethanol and allowed to mix in the agitator
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for 1 h at room temperature. Samples were then centrifuged at 10,000 rpm at 4 °C for 20 min and
supernatant was taken out in a separate tube. Extracts were stored in —20 °C until further analyses.

2.4.1. Total Phenolics, Tannins, and Anthocyanin Content

Methods to analyse total phenolics and total anthocyanins (grape berry skins) was adopted from
previously established protocols with slight modifications [27,28]. In brief, 200 uL of aqueous ethanolic
extract was mixed with 3.8 mL of 1.0 M aqueous hydrochloric acid by gentle shaking. The mixtures
were allowed to incubate at 28 °C for 2 h and absorbance was recorded at 520 nm and 280 nm by
spectrophotometer (Evolution 201, Thermoscientific, USA). Values were calculated and expressed
as mg of malvidin-3-O-glucoside equivalent per mg dry weight for anthocyanin content, and mg of
epicatechin equivalent per mg dry weight for total phenolic content. All experiments were done in
triplicates to minimize the standard error.

Aqueous ethanolic extract (200 uL) from skins and seeds were mixed with 0.04% methyl cellulose
solution and incubated at room temperature for 3 min. A saturated solution of ammonium sulphate
(400 pL) was added and volume was made up to 2 mL with deionised water. Separate corresponding
control was prepared by replacing methyl cellulose solution with water. Mixtures were centrifuged
at 4000 rpm for 5 min, the supernatant was taken out in separate tubes, absorbance was recorded at
280 nm, and total tannin content was calculated and expressed as mg epicatechin equivalent per mg dry
weight using the calibration curve. The method described above was adopted from Mercurio et al. [29]
and Sarneckins et al. [30] with slight modifications.

2.4.2. Monomeric Anthocyanins Quantification by HPLC

HPLC analysis was performed by using Gilson chromatograph equipped with a Thermo Finnigan
Surveyor PDA plus detector. Kinetex C18 columns were used (150 mm long, 4.6 mm in diameter, 5 pm particle
size). The details of the two mobile phases, A and B are as follows: mobile phase A consisted of ultra-pure
water, formic acid and acetonitrile in the proportions 87:10:3 (v/v/v) respectively; and the mobile phase B
consisting of ultra-pure water, formic acid and acetonitrile in the proportions 40:10:50 (v/v/v), respectively.
Before being used for analysis, the samples were filtered through a 0.2 um membrane filter. Detection
was performed at 518 nm with an injection volume of 20 pL, a flow rate of 0.8 mL/min, and a temperature
of 40 °C for a running time of 45 min. Monomeric anthocyanins were quantified according to the peak
areas obtained in the chromatograms. Calibration curves were obtained with cyanidin-3-O-glucoside,
malvidin-3-O-glucoside, peonidin-3-O-glucoside, and pelargonidin-3-O-glucoside. =~ Using the
coefficient of molar absorptivity (¢) and by extrapolation, it was possible to obtain the slopes for
delphinidin-3-O-glucoside (¢ = 23,700 L/mol/cm), petunidin-3-O-glucoside (e = 18,900 L/mol/cm), and
malvidin-3-O-coumaroylglucoside (¢ = 20,200 L/mol/cm) to perform the quantification. The results
of delphinidin-3-O-acetylglucoside, petunidin-3-O-acetylglucoside, peonidin-3-O-acetylglucoside,
cyanidin-3-O-acetylglucoside, and cyanidin-3-O-coumarylglucoside were expressed as respective
glucoside equivalents.

2.5. Statistical Analysis

Two replicates were taken from the field were considered as “biological”, and the three from the
lab as “technical” and expressed as mean =+ standard deviation. Statistically significant differences
between means were determined by analysis of variance (ANOVA, one-way) followed by Tukey’s
honestly significant difference (HSD, 5% level) post-hoc test. All analyses were performed using
Statistica 7 software (StatSoft, Tulsa, OK, USA).

3. Results

The present investigation was aimed to study the comparative mitigation effect of kaolin and
potassium silicate on two different Portuguese red grapevines (variety Touriga National and Touriga
Franca) in Douro Demarcated Region. The grape berries were collected from each treatment as well as
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control and analyzed concerning different parameters. The collection of the grape berries began on July
26, 2016, followed by days 2, 9, 17, and 23 August and finally 7 and 20 September (final harvesting).

3.1. Weight of the Berries

Grape berries from each treatment were randomly collected in duplicate on different days after
treatment; as well as from control grapevine lines. A total of 100 berries were collected randomly in
duplicates, and the weight of each berry was determined, and the mean weight was calculated and
presented in Table 1. Mean values indicated an increasing pattern in berry weight during maturation
for both grape varieties. Observation suggested that Touriga National variety presents the lower
weight of grape berries than Touriga Franca; although, no significant difference was observed in each
grape variety in all treatments at final maturation in comparison to the control.

Table 1. Grape berry weight (g) of Touriga Nacional and Touriga Franca varieties during different

times of sampling until maturation.

Variety/Sampling . o Potassium Silicate =~ Potassium Silicate
Time Control Kaolin 5% 0.1%) (0.05%)

Touriga National
26/07 0.68 + 0.06 2A 0.65 + 0.06 2A 0.54 + 0.01 A 0.57 + 0.04 2A
02/08 0.73 £ 0.05 A 0.63 + 0.08 2A 0.59 + 0.02 2A 0.62 + 0.14 abA
09/08 0.81 + 0.05 3 0.70 + 0.04 24 0.62 + 0.09 2A 0.67 + 0.11 abA
17/08 1.00 + 0.08 beA 1.06 + 0.01 bA 0.96 + 0.02 bA 0.86 + 0.12 abA
23/08 0.99 + 0.02 beA 1.06 + 0.03 bA 1.04 +0.11bA 0.92 + 0.04 abA
07/09 1.25 + 0.00 9A 111 +0.15bA 0.94 + 0.02 PA 1.10 £ 0.21 bA
20/09 1.19 + 0.09 «dA 1.18 £+ 0.11bA 1.09 £ 0.13 bA 1.05 + 0.13 abA

Touriga Franca

26/07 1.01 £0.112A 0.92 £ 0.04 34 0.92 +0.19 34 1.04 +0.02234
02/08 1.101 + 0.33 abA 1.19 £ 0.01 34 1.12 £ 0.21 abA 1.05 £ 0.15 34
09/08 1.51 + 0.16 abcA 1.20 + 0.41 bA 1.16 + 0.23 abA 1.05 + 0.48 a4
17/08 1.59 + 0.04 abcA 1.54 + 0.01 aA 1.60 £ 0.17 bA 1.28 + 0.080 2A
23/08 1.69 + 0.02 beA 1.47 +0.17 A 1.43 + (.12 3bA 1.32 £ 0.04 24
07/09 1.58 + (.03 abeA 1.52 + 0.03 abA 1.41 + 0.03 2bA 1.43 £0.14 24
20/09 2.01+020¢A 1.59 + 0.19 abA 1.56 + 0.04 baA 1.59 + 0.02 24

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety and sampling data are
not significantly different from each other at p < 0.05.

3.2. pH Values

The grape berries were separated into skin, seeds, and pulp. The pulp was crushed into fine juice
and the pH was determined and presented in the Table 2. Gradual increase along maturation was
observed but potassium silicate treatment showed no difference in pH in the Touriga National variety,
while a slight decrease was recorded upon kaolin treatment. Touriga Franca variety showed a slight
increase in pH values upon potassium silicate treatment, whereas a slightly lower pH upon kaolin
treatment was recorded. However, no significant difference was observed in each grape variety in all
treatments at final maturation in comparison to control.
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Table 2. The pH of grape must of Touriga Nacional and Touriga Franca grape variety during different

time of sampling until maturation.

Vanet;%?::znplmg Control Kaolin 5% Potass(lgill/os)lhcate Potas?(l)l.lgo/f)lhcate

Touriga National
26/07 2.77 £ 0.02 2A 2.79 +£0.02 27 2.78 + 0.04 2A 2.77 £0.04 27
02/08 2.93 + (.09 2A 2.84 + 0.04 abA 2.83+0.012A 2.89 + 0.04 abA
09/08 3.05 + 0.00 abA 2.97 + 0.06 abeA 3.00 + 0.06 24 2.96 + 0.08 abA
17/08 3.46 +0.00 <A 3.22 +0.04 beA 3.33 £0.03bA 3.28 +0.16 beA
23/08 3.37 + 0.16 bcA 335+0.11¢A 3.54 + 0.04 PA 348 +022¢A
07/09 391 +0.1694 3.89 + 0.20 94 406 +0.12 A 3.95 + 0.04 94
20/09 419 +0.08 44 407 +0.1194 421 +0.09 A 426 +0.00 94

Touriga Franca

26/07 2.86 + 0.07 2A 2.86 +0.01 24 2.91 +0.032A 2.88 +0.07 A
02/08 2.99 + (.02 2A 3.06 + 0.03 abA 3.07 + 0.08 2A 3.10 + 0.03 2A
09/08 3.23 +0.00 b~ 3.22 +0.012bA 3.25 +0.252A 327 £0.1824A
17/08 3.68 + 0.14 <A 3.68 + 0.12 beA 3.84 + 0.08 PA 3.81 +£0.12bA
23/08 3.60 = 0.00 <A 3.65 + 0.21 beA 4.01 + 0.06 PA 3.99 + 0.11 beA
07/09 4.06 +0.01 94 3.92 +0.24¢A 421 +0.01°A 430 + 0.13 ¢dA
20/09 434 +0.01¢A 429 +025¢A 4.67 +0.01 A 4.71 + 0.06 94

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety and sampling data are
not significantly different from each other at p < 0.05.

3.3. Probable Alcohol

Probable alcohol was measured in pulps of all samples and it showed a gradual increase during
maturation in both grape varieties (Table 3). Treated grapevines showed a slight decrease in the
probable alcohol in Touriga National in comparison to the control while Touriga Franca showed a
slight increase in all treatments, especially in the grape berries with potassium silicate treatment in both
concentrations. Although no significant difference was observed in each grape variety in all treatments
at final maturation in comparison to control.

Table 3. Probable alcohol (%u/v) in grape berries of Touriga Nacional and Touriga Franca grape variety

during different time of sampling until maturation.

Variety/Sampling

Potassium Silicate

Potassium Silicate

: 0,
Time Control Kaolin 5% 0.1%) (0.05%)
Touriga National
26/07 5.6 +0.13A 54+ 023 54 +0.13A 54+ 0293
02/08 8.4 +(0.1bA 7.8 £0.8bA 8.6+ 0.6bA 8.4 + 1.63bA
09/08 12.8 + 1.5¢dA 122 +1.84dA 11.0 £ 024 115+ 1.7beA
17/08 9.6 +(0.2bcA 112+£0.1¢A 10.6 £ 0.1 <A 11.3 £ 0.7 beA
23/08 10.6 + 1.4 bedA 117 £0.1¢A 11.6 £ 0.1 <dA 11.5 + 0.4 beA
07/09 12.8 + 0.9 cdA 12.8 +0.14A 135+ 0.1¢A 134 +£0.6A
20/09 134 +0.094 13.0 £ 0.144 12.7 £ 0.5 deA 12.9 £ 0.0 A
Touriga Franca

26/07 5.6 +0.13A 52+ 0.9 5.4 +0.73A 55+ 0.6
02/08 93 +03bA 6.7 + 0.3 abA 7.4 +253A 6.5 + 2.8 abA
09/08 9.1+0.1bA 83 +0.8bA 8.8 +23bA 9.0+2.6bPA
17/08 10.2 £ 0.6 <4 10.6 + 1.2 A 104 £ 0.0 <A 113 £0.0¢A
23/08 11.0+1.1¢A 11.0 £ 0.7 beA 12.2 + 0.8 <dA 11.0 £ 0.6 A
07/09 119 + 0.6 94 124 +0.8¢A 13.0+0.194 134 +0.14A
20/09 12.2 +0.144 125+ 0.6<A 13.0 £ 0.8 44 132 +0.34d4

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety and sampling data are
not significantly different from each other at p < 0.05.
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3.4. Total Phenolics

Phenolic compounds are very important for grape berry quality due to their nutraceutical and
health benefit properties. An increase in the total phenolics were recorded in the Touriga National
grape berries throughout the maturation in control as well as in all the treated grapevines (Table 4).
Moreover, there was no significant difference observed in Touriga National grape berries upon any
treatment in comparison to control at final maturation data. In contrast, Touriga Franca grape berries
showed a differential pattern in phenolic compounds accumulation during the maturation process.
Although kaolin treated grapevines of Touriga Franca reflected a small increase in phenolic compounds
but potassium silicate showed a slight decrease in both the concentrations in comparison to control
(Table 4). However, there was no significant difference observed in Touriga Franca grape berries upon
any treatment in comparison to control at final maturation data. Moreover, Touriga Franca berries
contained higher phenolics in comparison to the Touriga National in control as well as in all the
treatments. Highest total phenolic content in the Touriga Nacional corresponds to the berries subjected
to treatment with 0.1% potassium silicate (50.9 mg/g dry wt) was comparable to the control sample
(46.1 mg/g dry wt), and to the kaolin-treated berries (67.2 mg/g dry wt) in Touriga Franca. Although
these differences were not significantly different when compared to the untreated sample in both grape
varieties at final maturation in comparison to control.

Table 4. Total phenolics (mg/g) in grape berries of Touriga Nacional and Touriga Franca grape variety
during different time of sampling until maturation.

Variety/Sampling . o Potassium Silicate =~ Potassium Silicate
Time Control Kaolin 5% 0.1%) (0.05%)

Touriga National
26/07 37.98 + 0.46 A 33.62 £ 0.75 24 35.33 £ 2.53 24 33.17 £ 2.54 A
02/08 35.66 + 2.42 A 33.68 £ 0.99 24 36.03 £ 2.26 24 35.95 £ 1.722A
09/08 41.88 + 4.66 24 4337 +11.832A 4226 + 65734 39.71 + 4.36 A
17/08 38.78 + 2.53 A 39.47 + 3.04 %A 43.73 £9.212A 43.26 + 13.09 24
23/08 39.82 +9.33 24 41.19 + 6.51 24 47.87 +11.053A 51.24 + 6.69 2A
07/09 4416 + 3.473A 4242 + 8.053A 44.81 + 15.83 A 41.76 + 5.823A
20/09 46.18 + 8.18 A 50.96 + 1.07 24 52.07 + 11.28 3A 51.32 £ 49734

Touriga Franca

26/07 53.53 + 1.09 24 4933 £ 1.742A 49.17 £ 8.132A 52.21 + 3.59 A
02/08 53.48 + 9.94 abA 52.71 + 4.65 A 58.09 + 4.46 24 54.07 £ 1.352A
09/08 84.81 + 6.06 A 67.55 + 12.80 24 67.57 +£2.79 aA 58.78 + 18.07 24
17/08 67.46 + 13.31 abA 7412 +1.90 24 68.69 + 5.08 24 61.25 + 7.54 2A
23/08 68.29 + 3.97 abA 70.96 + 17.97 @A 65.82 + 16.04 2A 62.51 + 0.46 24
07/09 81.62 + 9.66 BbA 74.97 +9.29 aA 57.07+ 3.96 24 59.48 + 10.74 3A
20/09 66.48 + 3.58 bA 67.22 + 0.90 24 55.39 + 6.79 aA 54.87 + 11.39 aA

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety and sampling data are
not significantly different from each other at p < 0.05.

3.5. Total Tannins in Berry Skins and Seeds

Astringency is a peculiar characteristic of grape berries and its derived products, which depends
on the tannin content (Table 5). The highest concentration of the total tannins for both grape varieties
was recorded on August 9 and started decreasing until the final maturation. Touriga Nacional grape
variety treated with 0.05% potassium silicate had a higher total tannin content (33.62 mg/g dry wt)
compared to the control (32.36 mg/g dry wt), on the date of final harvesting. While in Touriga Franca
grape variety, the highest concentration was recorded in kaolin-treated samples (49.77 mg/g dry wt).
However, the tannin content at the time of final harvesting was not significantly different among the
different treatments in either Touriga Nacional or Touriga Franca grape variety.
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Table 5. Total tannins (mg/g) in grape berry skins of Touriga Nacional and Touriga Franca grape variety

during different time of sampling until maturation.

Vanet;%?::znplmg Control Kaolin 5% Potass(lgill/os)lhcate Potas?(l)l.lgo/f)lhcate

Touriga National
26/07 20.01 +0.31b 2242 £2.112 22.04 +1.072 21.23 +0.522
02/08 20.25 + 1.46 P 20.42 + 0.80 2 20.19 + 0.26 2 22.82 +0.232
09/08 37.39 +0.182 4924 + 12422 51.28 +7.25b 4553 £ 6.00P
17/08 39.99 +2.262 35.71+1.182 37.66 + 5.12 2P 35.53 + 6.75 2P
23/08 32.74 +£1.962 34.31 +10.182 35.92 + 6.80 @b 39.63 + 2.39 ab
07/09 37.31 £5.342 37.80 + 6.522 29.93 + 12.06 2 29.26 + 3.052
20/09 32.36 + 3.28 abA 31.69 + (.57 abA 31.92 + 5.33 abA 33.62 + 2.66 bA

Touriga Franca

26/07 26.93 + 0.68 2 3246 +1.602 28.45 +2.272 25.76 £ 1.59 b
02/08 26.30 + 2.66 2 27.94 £1.262 23.48 £0.922 22.06 + 0.68 P
09/08 45.04 + 19.162 4829 +7.052 5432 + 11422 53.73 +3.892
17/08 4895+ 0.842 45.77 +1.032 4177 £+ 6222 51.29 + 3.11 @b
23/08 4578 +0.152 4412 +5.60 2 4022 +2.382 50.43 +2.13 2
07/09 4868 £7.312 4637 £ 5542 34.79 £21.222 53.27 +£3.78 2
20/09 4759 + 2.4523A 49.77 £3.89 aA 45.08 £ 5.423A 39.89 + 6.02 abA

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety at final maturation
data are not significantly different from each other at p < 0.05.

Total tannin content was also analyzed in grape seeds as well upon all the treatments in comparison
to control in both the grape varieties (Table 6). The highest concentration was found in grape seed
samples treated with 0.05% potassium silicate for the Touriga Nacional (87.94 mg/g dry wt) and the
Touriga Franca as well (127.68 mg/g dry wt). However, the tannin content in grape seeds at the time
of final harvesting was not significantly different among the different treatments in either Touriga
Nacional or Touriga Franca grape variety.

Table 6. Total tannins (mg/g) in grape seeds of the Touriga Nacional and the Touriga Franca grape
variety during different time of sampling until maturation.

Potassium Silicate

Variety/Sampling Control Kaolin 5% Potassium Silicate )

Time (0.1%)

Touriga National

26/07 12815+ 4.29P 109.37 + 7.38 2 128.39 + 1.232 130.79 + 4.46 2
02/08 116.67 + 7.95P 118.96 + 10.24 2 119.43 + 8.172 114.92 + 0.54 2
09/08 114.14 + 9.08 103.58 = 6.77 2 116.67 + 18.68 P 113.42 + 10.66 P
17/08 105.97 +2.29 2 100.51 + 10.452 107.17 + 3.02 ab 104.47 + 5.58 @b
23/08 102.51 +0.822 93.94 + 6.14 2 103.29 + 4.82 ab 107.62 + 8.453b
07/09 93.26 +7.222 7211 +8.112 82.81 +6.162 73.70 £3.992
20/09 84.56 + 3.62 abA 78.72 + 4.68" 78.15 + 9.60 abA 87.94 + 2.66 bA
Touriga Franca
26/07 156.04 = 10.58 2 159.44 + 10.19 2 162.03 +2.63 2 148.40 + 6.49 P
02/08 157.32 + 3.522 166.19 + 11.83 2 151.73 + 32.69 2 167.52 + 3.47b
09/08 150.52 + 22.83 2 152.43 £ 2.00 @ 150.99 + 5.36 2 157.39 + 14.89 2
17/08 145.25 + 5.132 147.23 + 3972 146.66 + 11.66 2 145.09 + 4.69 2P
23/08 129.51 + 12.27 2 134.64 + 19.382 126.27 + 12.69 2 129.60 £ 1.912
07/09 105.58 + 5.53 2 128.68 + 4.68 2 114.30 + 3.03 2 121.96 + 18.79 2
20/09 104.84 + 15.67 @A 109.14 + 4.48 @A 108.37 + 8.39 2A 127.68 + 7.28 abA

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety at final maturation
data are not significantly different from each other at p < 0.05.
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3.6. Total Anthocyanins in Berry Skins and Monomeric Anthocyanins

Total anthocyanin content was analyzed in the grape berry skins of both grape varieties under all
the treatments and compared to the control grapevines (Table 7). Touriga Nacional showed a tendency
of a significant increase in the total anthocyanins over the maturation time, and at final harvesting time
a higher concentration of anthocyanin was recorded. Total anthocyanins in grapevines treated with
0.05% potassium silicate (9.42 mg/g dry wt of berry skin) compared to control sample (8.07 mg/g dry
wt of berry skin) demonstrated the highest value of total anthocyanins. However, data presented in the
Table 7 for Touriga Nacional grape variety demonstrated that no significant difference was recorded
between the different treatments and control at the time of final harvesting.

On the contrary, Touriga Franca showed a gradual and significant increase in total anthocyanins as
on 23 August (at veraison cessation) and then a slight decrease in the concentration of these compounds.
The highest value of total anthocyanins was recorded in kaolin treated grapevines (11.37 mg/g dry
wt). Grapevines treated with 0.1% potassium silicate revealed the lowest value for these compounds
(8.59 mg/g dry wt).

However, also in the total anthocyanins, there were no significant differences among all the trials
at the time of final maturation in both varieties studied.

Table 7. Total anthocyanins (mg/g) in grape berry skins of Touriga Nacional and Touriga Franca grape
variety during different time of sampling until maturation.

Variety/Samplin . o Potassium Silicate = Potassium Silicate
t}"}ime plng Control Kaolin 5% (0.1%) (0.05%)

Touriga National
26/07 0.07 +0.052 0.05 + 0.012 0.04 + 0.00 2 0.05 + 0.022
02/08 0.85+0.352 026 +0.162 0.26 + 0.02 2 0.53 +0.572
09/08 321+ 0263 2.18+0392 1.92 +0.01 2 1.89 + 0.572
17/08 5.39 + 0.60 b 7.02 +0.65P 7.03 +0.13 be 7.22 +2.94ab
23/08 6.82 + 2.56 b¢ 7.63 + 1.66 b¢ 8.93+044°¢ 10.01 £ 1.41P
07/09 7.82+271°¢ 774 +£156°¢ 832+0.11¢ 7.81 +1.44°
20/09 810+ 1.49 <A 8.80 + 0.35 <A 9.25 + (.39 <A 9.42 + 0.85bA

Touriga Franca

26/07 1.55+0.842 1.13 +0.282 1.43 +0.382 1.67 +0.782
02/08 475 +4323b 6.17 £ 0.51 3P 5.06 + 2.463b 426 +3.053b
09/08 15.02 £ 0.21 be 11.07 + 2.93 abe 9.93 £2.72bc 9.26 + 5.473b
17/08 12.33 + 3.49 be 14.61 + 0.66 bed 13.33 £ 1.45¢<d 12.63 +1.73 be
23/08 14.05+1.85¢ 14.62 + 4.99 bed 13.89 +3.734d 12.72 £ 0.23 ¢
07/09 15.40 +2.32 ¢ 13.83 +1.19 <d 10.27 + 0.25 < 10.37 + 1.91 b¢
20/09 10.92 + 0.51 <A 11.37 £ 0.39 94 8.59 + (.94 cdA 8.98 + 1.89 beA

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety at final maturation
data are not significantly different from each other at p < 0.05.

Various monomeric anthocyanins (a total of 14) in different forms (glycosylated, acetylated, and
coumarylated) were identified and quantified in berry skins of both the varieties by using HPLC (Table 8).
The identification and quantification of monomeric anthocyanins were performed only in samples
collected at the time of the final harvest. Berry skins of the Touriga Nacional and the Touriga Franca
grapevines subjected to different types of treatment showed the highest concentration of glycosylated
anthocyanins. Malvidin-3-glucoside was observed as the predominant anthocyanin. In general, for
both varieties, glycosylated anthocyanins marked an increase in their concentration in the samples
where the leaf treatments were applied. In acetylated anthocyanins, delphinidin-3-O-acetylglucoside
was not detected in any of the studied grape varieties, either for the treated or control samples. In
general, there was also an increase in the concentration of acetylated anthocyanin in the treated samples
compared to the control samples, except for the Touriga Franca malvidin-3-O-acetylglucoside, which
showed a higher concentration in the control samples.
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Delphinidin-3-O-coumaroylglucoside, a coumarylated anthocyanins, was detected only in the
samples treated with kaolin in Touriga Nacional grape berries. Cyanidin-3-O-coumaroylglucoside was
recorded in a higher concentration in treated samples, while the remaining coumarylated monomeric
anthocyanins were decreased in their concentration compared to control samples. In Touriga Franca
grape berries, there was an increase in its concentration except for malvidin-3-O-coumaroylglucoside
where there was a decrease in the concentration of the samples subjected to both types of leaf treatment.

Table 8. Monomeric anthocyanins (jg/g) in grape berry skins of Touriga Nacional and Touriga Franca
grape varieties during different time of sampling until maturation.

Potassium Silicate = Potassium Silicate

Variety/Sampling Time Control Kaolin 5% ©.1%) (0.05%)
Touriga National
d1-3-gluc 50 +0.00 2 50 + 0.00 @ 50 +0.022 70 +0.00 2
cy-3-gluc 10 +0.002 10 +0.00 2 20 +0.00 2 20 +0.002
pt-3-gluc 80 + 0.01 2P 80 + 0.00 2P 80 + 0.022 110 + 0.00 2
pe-3-gluc 120 + 0.02 2P 140 + 0.04 2P 150 + 0.06 2P 180 + 0.02°
mv-3-gluc 780 + 0.05 2b¢ 780 + 0.00 2b¢ 850 + 0.02 € 820 + 0.00 b¢
cy-3-acetylgluc 20 +0.00 2 10 +0.00 2 20 +0.00 2 20 +0.002
pt-3-acetylgluc 10 +0.002 30 +0.032 30 +0.032 40 +0.04 2
pe-3-acetylgluc 30+0.01% 30+0.00? 40+0.012 40+0.007
mv-3-acetylgluc 250 + 0.01 2be 260 + 0.01 be 270 + 0.04 230 + 0.02 2be
dl-3-coumaroylgluc n.d. 10 + 0.00 n.d. n.d.
cy-3-coumaroyllgluc 20+0.00? 20+ 0.002 20+0.00? 20+ 0.002
pt-3-coumaroylgluc 20+0,00° 10 + 0.00 2P 10 + 0.01 2P n.d.
pe-3-coumaroylgluc 60 +0.022 60 +£0.012 60 +0.002 60 +0.002
mv-3-coumaroylgluc 271 +£0.012 312+0.032 280 £ 0.052 242 +0.012
Touriga Franca
dl-3-gluc 20 +0.00° 50 + 0.012 50 + 0.01 2P 60 + 0.00 2
cy-3-gluc nd. 10 +0.002 20 +0.002 10 +0.002
pt-3-gluc 40+0.00° 90 +0.00 2 80 + 0.02 2 10 +0.00 2
pe-3-gluc 50 +0.012 90 + 0.02 @b 100 + 0.02 2 140 + 0.01 2P
mv-3-gluc 690 + 0.012 780 + 0.00 2bc 730 + 0.02 2P 780 + 0.02 2b¢
cy-3-acetylgluc 10 +0.00? 10 +0.00? 10 +0.00? 20+£0.012
pt-3-acetylgluc 10 +0.002 20 +0.002 10 +0.002 10 +0.002
pe-3-acetylgluc 10 +0.002 20+ 0.002 20+0.002 30+0.002
mv-3-acetylgluc 200 + 0.01 2b¢ 190 + 0.00 2P 190 + 0.022 190 + 0.00 2P
d1-3-coumaroylgluc 10 + 0.00 be 10 + 0.00 b¢ 10 +0.00 € n.d.
cy-3-coumaroylgluc 20 +0.00? 20+ 0.002 20 +0.002 20+£0.012
pt-3-coumaroylgluc 10 + 0.00 2P 10 +0.00 2P 10 + 0.00 2P 10 + 0.00 2P
pe-3-coumaroylgluc 30+0.012 40+0.00° 30+0.00? 40+0.01°%
mv-3-coumaroylgluc 350 +0.032 290 +0.022 250 £ 0.032 250 +0.00 2

dl-3-gluc—delphinidin-3-O-glucoside; cy-3-gluc—cyanidin-3-O-glucoside; pt-3-gluc—petunidin-3-O-glucoside;

pe-3-gluc—peonidin-3-O-glucoside;

mv-3-gluc—malvidin3-O-glucoside;

dl-3-acetylgluc—delphinidin-3-O-

acetylglucoside; cy-3-acetylgluc—cyanidin-3-O-acetylglucoside; pt-3-acetylgluc—petonidin-3-O-acetylglucoside;
pt-3-acetylgluc—peonidin-3-O-acetylglucoside; mv-3-acetylgluc—malvidin-3-O-acetylglucoside; d1-3-coumaroylgluc
—delphinidin-3-O-coumaroylglucoside; cy-3-coumaroylgluc—cyanidin-3-O-coumaroylglucoside; pt-3-coumaroylgluc—
petonidin-3-O-coumaroylglucoside; pe-3-coumaroylgluc—peonidin-3-O-coumaroylglucoside; mv-3-coumaroylgluc—
malvidin-3-O-coumaroylglucoside. n.d—not detected, Means (average + standard deviation) within a line followed by

different letters are significantly different (p < 0.05).

3.7. Calcium, Potassium, and Magnesium Content

Calcium concentration was analyzed in the grape pulp of both the grape varieties to evaluate the
influence of foliar applications (Table 9). Touriga Nacional grape pulp samples recorded a significantly
higher concentration of calcium (98.4 mg/g dry wt) in 0.05% potassium silicate treatment, followed
by 0.1% potassium silicate treated grapevines (69.0 mg/g dry wt), and was recorded the lowest in the
kaolin treatment (65.0 mg/g dry wt) when comparison to the control. The significant difference was
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observed only for the treatment with 0.1% potassium silicate in comparison to the control at the final
maturation data. On contrary, kaolin treated grapevines in Touriga Franca grape variety showed an
increase (68.6 mg/g dry wt) in comparison to the control. Moreover, both potassium silicate applications
also increased this parameter in the Touriga Franca as well, however, there was no significant difference
observed upon any treatment in comparison to control at final maturation data.

Table 9. Calcium content of Touriga Nacional and Touriga Franca grape variety during different time
of sampling until maturation.

Variety/Sampling . o Potassium Silicate =~ Potassium Silicate
Time Control Kaolin 5% 0.1%) (0.05%)

Touriga National

26/07 1115 +21.124 121.6 + 26.6 24 130.0 + 47.9 24 117.1 + 26.3 24
02/08 459 +2.3bA 68.7 £ 27.6 34 73.2 +28.03A 78.2 + 57.33A
09/08 107.2 + 2.8 34 55.5 + 51.43A 66.5 + 19.53A 35.5 £ 15937
17/08 84.6 + 15.8 abA 60.0 = 0.7 37 85.3 + 1.83A 715+ 11.723A
23/08 822 + 14.8 abA 65.6 5437 57.7 +0.93A 56.1 + 5.0 34
07/09 75.3 + 12.2 abA 582 +12.63A 75.0 + 14.8 2A 833 + 16.7 34
20/09 65.0 + 9.5 abA 56.5 + 1.9 a4 69.0 £ 4.4 37 98.4 +7.42B
Touriga Franca
26/07 104.5 + 13.83A 92.9 +30.53A 98.0 £2.03A 785+ 13.82A
02/08 96.4 + 50.8 3A 53.7 £17.23A 71.9 + 20.8 34 79.4 + 24334
09/08 87.7 +13.23A 78.4 + 4.3 37 109.3 + 40.7 A 160.8 + 97.7 aA
17/08 57.6 + 16.6 34 76.1 + 8.0 34 101.6 + 13.73A 86.5 + 19.0 34
23/08 731+ 11324 74.6 +9.02A 60.6 £ 1.134A 73.1 £ 4.02A
07/09 86.5 + 1.034A 842 +843A 84.9 £ 9.83A 89.8 £ 11.92A
20/09 58.7 + 16.2 2A 68.6 + 2.7 37 715 + 6.7 37 67.8 +£2.63A

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety and sampling data are
not significantly different from each other at p < 0.05.

Potassium concentration was analyzed in the grape pulp of both grape varieties and presented in
the Table 10. Touriga Nacional grape pulp samples recorded the highest concentration of potassium
(1113.7 mg/g dry wt) when treated with 0.05% potassium silicate, followed by a decrease in 0.1%
potassium silicate treated grapevines (806.5 mg/g dry wt), and it was found the lowest in kaolin
treatment (792.7 mg/g dry wt), in comparison to the control. On the other hand, 0.1% potassium silicate
treated grapevines in the Touriga Franca variety recorded the highest potassium (1446.1 mg/g dry
wt), and 1384.7 mg/g dry wt upon 0.05% potassium silicate treatment in comparison to the control.
Moreover, kaolin treatment recorded lower concentration (853.0 mg/g dry wt) in the Touriga Franca
variety. However, there was no significant difference observed in both the grape varieties upon any
treatment in comparison to the control at the final maturation data.

The concentration of magnesium was also analyzed in the grape pulp of both grape varieties and
presented in the Table 11. Touriga National samples showed an increase in all the three treatments in
comparison to the control, whilst its highest concentration was recorded in 0.05% potassium silicate
treatment. Similarly, the Touriga Franca variety showed the highest quantity of magnesium in 0.05%
potassium silicate treatment followed by 0.1% treated grapevines. Kaolin treated Touriga Franca
grapevines did not exhibit a distinct difference in comparison to the control. However, there was no
significant difference observed in both grape varieties upon any treatment in comparison to control at
final maturation data.



Biology 2020, 9, 58

12 of 17

Table 10. Potassium content of Touriga Nacional and Touriga Franca grape variety during different

time of sampling until maturation.

Variety/Sampling . o Potassium Silicate =~ Potassium Silicate
Time Control Kaolin 5% ©.1%) (0.05%)

Touriga National
26/07 646.2 + 6.2 3AB 685.0 + 47.5 bedAB 729.7 + 12.8 bB 568.9 + 60.6 aPA
02/08 358.9 + 25.4 aA 346.1 + 23334 336.7 + 19.7 aA 468.1 + 139.2 abA
09/08 584.8 + 343.4 27 477.8 + 48.82 abA 856.1 + 45.7 bA 879.8 + 236.1 beA
17/08 585.9 + 141.6 24 362.0 £ 71.52A 358.9 + 57.13A 2449 + 63.83 24
23/08 503.7 + 40.3 24 516.0 + 11.5 abeA 410.2 £ 65.6 24 336.3 + 81.1 24
07/09 767.9 + 166.0 24 861.9 + 108.1 94 808.1 + 39.1 bA 841.1 + 65.0 beA
20/09 839.6 + 84.6 24 792.7 +110.1 <dA 806.5 + 75.9 bA 1113.7+ 12.8 <A

Touriga Franca

26/07 795.8 + 92.0 A 782.8 + 47.4 abA 740.3 + 104.9 aA 701.0 + 168.1 abeA
02/08 382.3 + 50.2 aA 287.9 + 82.43A 343.2 + 103.8 24 318.5 £ 5.73A
09/08 629.4 + 344.7 3A 356.9 + 38.0 abA 308.6 + 144.2 3A 406.4 + 73.3 abA
17/08 502.4 + 114.1 24 393.1 + 57.7 abA 595.8 + 340.2 aA 413.0 + 57.8 abA
23/08 468.8 £ 23.12A 391.1 + 13.52bA 459.9 + 96.5 24 644.3 + 291.8 abeA
07/09 5489 + 64.53A 611.1 + 197.8 abA 898.3 + 78.9 abA 1184.4 + 386.6 b<A
20/09 1084.6 + 283.9 2A 853.0 + 265.6 PA 1446.1 £ 7.3bA 1384.7 + 167.7 A

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety and sampling data are
not significantly different from each other at p < 0.05.

Table 11. Magnesium content of Touriga Nacional and Touriga Franca grape variety during different

time of sampling until maturation.

Variety/Sampling . o Potassium Silicate = Potassium Silicate
Time Control Kaolin 5% ©.1%) (0.05%)

Touriga National
26/07 163.9 + 69.2 bA 121.6 + 26.6 37 223.6 +23.23A 185.3 + 16.9 PA
02/08 1225 + 47.5bA 142.0 + 39.4 a7 166.5 + 32.6 24 172.8 + 28.7 3A
09/08 116.8 + 25.8 24 95.7 +1.53A 129.5 + 9.7 aA 105.7 + 2.9 24
17/08 117.7 + 43234 93.2 £+ 8.2bA 1124 +1.223A 105.5 + 28.2 bA
23/08 91.2 +25.02A 86.6 £ 21.22A 80.3 £ 7.7 A 80.6 + 1.22A
07/09 101.1 + 5.82A 86.9 + 13.0 bA 127.0 + 20.0 beA 102.0 + 18.3 24
20/09 789 + 1.53A 83.0+7.93A 843 + 1537 945+ 13.1bA

Touriga Franca

26/07 139.9 + 21.834A 140.3 + 19.8 37 147.9 + 27.93A 138.3 £ 39.0 a4
02/08 118.0 + 44.83A 106.0 + 17.6 34 154.4 + 63.2bA 153.5 + 4.1 bA
09/08 89.5 +3.02A 112.1 £2.8bA 121.7 + 15.8 bA 137.8 + 45.5¢A
17/08 101.9 + 19.824 95.6 + 10.9 @A 96.4 + 7.83A 103.0 £ 17.2 24
23/08 102.7 + 15.6 24 992 +12.12A 86.9 £ 0.7 24 927 +892A
07/09 106.430.4 24 845 +7.42A 89.7 £ 7.2 24 1325 £ 13.9 A
20/09 83.5 + 6.7 3A 84.8 +2.83A 933+1.1bA 100.5 + 1.3 beA

Means (average + standard deviation) within a column followed by different lower case letters are significantly
different (p < 0.05). Values with the same capital letter on the same line for each grape variety and sampling data are
not significantly different from each other at p < 0.05.

4. Discussion

The mean weight observation indicated that the Touriga National grape variety presents a lower
weight of grape berries than the Touriga Franca. This differential behavior suggested that the Touriga
Franca grape variety has a higher resistance to the conditions of mitigation in the region where it was
collected, as it adapts better to warmer and drier climates [31]. Treatments showed lower berry weights
in both the grape varieties than control. Different mitigation conditions during the growth of the
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berries were studied earlier and the water deficit condition was observed to reduce the average mass
of the berries [32]. Manual pruning was studied in the Dao wine region in Touriga Nacional grape
variety and reported higher berry weight [33]. Influence of the way of conduction on the productivity
and quality of grape berries were studied and subsequent changes resulted in a higher berry mass [34].
Several studies observed different berry mass in the different climate zone upon different mitigation
strategies and observed an effect of varietal dependency in particular climatic conditions [35-38].
Kaolin showed an inhibitory effect in grape berry weight in the Cabernet Sauvignon cultivar [39],
while another study showed an increase in grape berry weight upon its treatment [21]. Potassium
silicate, as well as other silicates, did not influence the berry weight and production [26] in earlier
studies. Present investigation suggests that kaolin and potassium silicate has no stimulatory effect on
the berry weight and production. Kaolin is a silicate of aluminium, which may increase the surface
temperature of berries during strong sunlight and thus increase the transpiration rate as noticed by a
1 °C increase in the tomato temperature upon kaolin spray [15].

Furthermore, the grape pulp juice was prepared from all the treated grapevines as well as from the
control and the pH was determined, and a gradual increase along maturation was observed. However,
potassium silicate treatment showed no difference in the pH. Although kaolin treatment showed a
slight decrease in pH in both grape varieties and supports the recent findings in Cabernet Sauvignon
cultivar [39]. Previously, winemaking behavior of Touriga National grape variety was studied in Douro
Demarcated Region and a similar pH range was observed as in present study [40]. A recent report
demonstrated lower pH values than those recorded in the present study while studying the influence
of the way of conduction [34]. The strategic effects of deficit irrigation on the yield and quality of the
Touriga Franca variety in the Douro region also showed lower pH values. The present study showed
similar observations as reported by Lima [36] in the Douro region and by Sereno [41] in the Tagus
region, whereas the other reports noticed a lower range of pH.

Probable alcohol was measured in all the berries and showed a gradual increase during maturation
in both the grape varieties, indicating that mitigation measures did not influence this parameter in
the Douro region (Table 4). Recent mitigation study demonstrated a lower value of probable alcohol
in the Touriga National grapevine in comparison to the present study [34]. While other reports
observed a 14.0% [35], 11.40% [38], 12.5% [42], and 9.80% to 14.80% [43] probable alcohol content in the
Touriga National.

Shellie and King [24] and Lobos et al. [44] found that the kaolin-treated grapevines had grapes
with a higher content of the total phenolic compounds, which is also verified in the results obtained
in this study, for both grape varieties with a very low quantitative shift, although these differences
are not significant when compared to the untreated sample. In studies by Dinis et al. [20], it was
found that samples subjected to kaolin treatment have higher total tannin content. In this study, this is
only verified for Touriga Franca, unlike Touriga Nacional, where it is the samples treated with 0.05%
potassium silicate that has the highest tannin concentration. However, this difference is not significant
compared to control (Table 9). In the remaining samples, and for both grapevines varieties, the highest
total tannin content was verified in the samples of the seeds treated with 0.05% potassium silicate.
Brillante et al. [39] performed a three year comparative study for kaolin and pinolene application. A
higher total flavonoid accumulation was recorded in the first year, which decreased significantly in the
subsequent two years. There was a constant increase in the total anthocyanins in all the three years of
kaolin application. While the similar study demonstrated a lower berry weight and yield per grapevine
during all three years upon kaolin application. The anthocyanin content for samples subjected to
kaolin treatment was higher in present study, as for the Touriga Nacional and Touriga Franca grapes,
although, as already mentioned, this increase was not significant in relation to the control.

The total phenols, flavonoids and anthocyanins were studied upon kaolin application and a
significant increase was reported in the berries at the final maturation [20]. These findings suggest that
the lower reactive oxygen species and the increased non enzymatic antioxidants in leaf tissues and
berries might be due to the increased phenolic and anthocyanin compounds. A positive correlation
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was assumed between higher phenolics and antioxidants most likely caused by a stimulatory effect of
phenylpropanoids pathway at the molecular level. Higher kaolin doses of up to 60 g/L was applied
in other studies with a wetting of 950 L/ha [16,24]. The effects of kaolin application were observed
differently and were found mainly influenced by the grapevine water status. For example, well
irrigated grapevines showed reduced canopy temperature, higher leaf water potential, and lower
gases with slight fruit compositional variations depending on the cultivar. It has previously been
reported that kaolin did not change the photosynthetic rate [16,45], moreover; Morandi et al. [46] and
Otero et al. [47] did not observe any significant alteration in the rate of transpiration. Findings of
the present study were similar with those by Glenn et al. [16], where no significant differences were
recorded upon kaolin applications on Merlot and Viognier grape varieties. Other reports noticed that
kaolin negates the negative effect of water stress and photoinhibition in a warmer climate indirectly [48].
Finally, no differences were recorded in berry composition upon kaolin treatment, although it may
help to combat the negative effects of hot temperature, especially in warmer climatic conditions in
grape berries [44]. Some of the individual monomeric anthocyanins did show improvement upon
the treatment. Nonetheless, there is no report on the individual anthocyanin analysis earlier on
these applications, and the present study investigates these effects for the first time in the best of
our knowledge.

Most cations are transported by xylem sap, which is directly related to the amount of water
transpired by the plant. After the veraison, due to changes in grape skin and stomatal degeneration,
the intensity of perspiration decreases gradually, which presupposes a similar decrease in cation
translocation [49], explaining the sharp decrease in calcium concentration on August 2, the date when
the veraison began. Donéche and Chardonnet [50] reported that during the ripening there is an
accumulation of calcium in the berries. However, this is not verified in the present study, although the
effect was more evident in the Touriga Nacional variety. Earlier work in the Serra Gatcha grape variety
found a calcium concentration of 68.4 mg/L in the grape must, which was similar to those obtained in
the present study [51].

In this study, an increase in potassium concentration in the last date of harvesting has been
recorded. Potassium allows for the displacement of sugars derived from photosynthesis, and as there
is an increase in sugars, potassium accumulation in the berry is potentiated [52]. Phloem allows
translocation of sugars from photosynthesis. Moreover, potassium is also one of the rare mineral
elements carried by sap through this pathway. Thus, during maturation, the increase of potassium
concentration in the grapes was directly related to the kinetic accumulation of sugar [49], as verified in
the present study and by the work of Rizzon and Miele [51] on grape must. Borges [53] indicated an
average value of potassium concentration in the must in the order of 1000 mg/L. The present study
recorded similar values for the pulp of Touriga Franca grapes, and lower for Touriga Nacional grapes
pulp, while the kaolin application has lower values than the control in both the varieties.

Analysis of the concentration of magnesium content revealed that the foliar applications do not
influence the behavior of magnesium transport in the grapevine, with an exception of potassium silicate
(0.05%) application, which showed a higher accumulation in both the varieties at the final maturation.
Szoke et al. [54] found a slight accumulation of magnesium at the beginning of the veraison similar
to the present study. Pacheco et al. [55] and Parejo et al. [56] reported that the magnesium content
decreased in berries as in the present study. The average value of the magnesium concentration in the
must, as determined by Borges [53], was 150 mg/L, which was much higher than those obtained in the
present study in the two varieties, and in the different treatments performed.

5. Conclusions

Present results showed that the average weight and the pH of the grape berries are not influenced
by the mitigation conditions. In addition, although some improvement has been recorded in treated
grapevines; the differences were however not significant when compared with the control. Although,
total anthocyanins and monomeric anthocyanins were influenced by the foliar applications. In addition,



Biology 2020, 9, 58 15 0f 17

a differential profile was recorded in calcium, potassium, and magnesium content, which changed with
mitigation treatments. The results obtained are of great interest, since it allows a better understanding
of these treatments as a measure to protect grapevines from the severe droughts and the high sun
exposure in the recent times. Non-significant changes in the quality of the grape berries questions the
potential applications of such treatments in the vineyards for qualitative improvements.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-7737/9/3/58/s1,
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