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Abstract: Vegetative propagation of Vitis vinifera cultivars over hundreds of years has led to the
accumulation of a large number of somatic variants of the same grapevine variety. These variants are
now considered a working tool to cope with changing environmental conditions as a result of, among
others, global warming. In this work, three somatic variants of the major grapevine variety of the
South West (SW) of Andalusia (Spain), Palomino Fino, have been genetically and morphologically
characterized, as well as their grape musts from two different vintages. The genetic analysis at
22 microsatellite loci confirmed the identity of the three somatic variants that presented the same
genotype as Palomino Fino, while the morphological study showed differences between the three
somatic variants and Palomino Fino, highlighting the somatic variant Palomino Pelusón. Regarding
the physicochemical analysis of its musts, differences were also observed between the somatic variants
and Palomino Fino. As a result of all of the above, the use of grapes from somatic variants can be a
viable and natural alternative for the production of quality wines in warm climate areas. On the other
hand, promoting the cultivation of the somatic variants could contribute to preventing the loss of
Palomino Fino intraspecific variability.

Keywords: Vitis vinifera; Palomino Fino; somatic variants; simple sequence repeat analysis;
warm climate

1. Introduction

Grapevine (Vitis vinifera L.) is one of the oldest and most widely cultivated fruit crops in the
world [1], used mainly for wine and spirit making [2]. This species presents a wide genetic and
phenotypic diversity mainly due to the history of vine cultivation [3] and vegetative propagation,
which has allowed the conservation of different cultivars for centuries [4]. Grapevine was one of
the first fruit species domesticated, and its vegetative propagation has been practiced since ancient
times [5]. During many cycles of vegetative propagation, mutations have appeared spontaneously,
some of them leading to phenotypic differences giving rise to different somatic variants or clones [6].

The somatic variations have led to grapevine adaptation and to its evolution under changing
environmental and cultivation conditions, this being a source of novel traits [7]. This variation became
the base of grapevine clonal selection, starting in Germany in the nineteenth century and continuing
in some other European countries such as France, Italy and Spain in the second half of the twentieth
century [8]. Initially, the basic aim of clonal selection was to get healthy and highly productive plants [8].
However, the aim of obtaining highly productive plants alongside the trend to cultivate only certain
varieties has contributed to the disappearance of many local cultivars [9]. Recently, this trend has
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started to change, and some wineries, grape growers and consumers have been looking for new local
products considering grape quality as a relevant goal to the detriment of yield [10].

Currently, clonal selection has been postulated as one of the working tools to face the adaptation
of grapevine varieties to new conditions and environments [11] due to climate change. In the medium
to short term, the International Organization of Vine and Wine (OIV) is undertaking the selection and
improvement of new varieties for adaptation to climate change [12]. Since 2016, different resolutions
of the Genetic Resources and Vine Selection group (GENET) and several research projects have aimed
to facilitate the exchange of plant material and germplasm to improve the research and trade in new
grapevine varieties. The conservation of this plant material is not a recent development, since the work
of prospection, collection and conservation of different vine varieties has been the subject of numerous
scientific studies over the years [13–15]. More specifically, in an area with a warm climate such as
South West (SW) Andalusia (Spain), the germplasm bank at Rancho de la Merced preserves different
somatic variants of the main grapevine variety in Andalusia, Palomino Fino [16].

Palomino Fino is considered an autochthonous grapevine variety [17], and its cultivation in this
region has been known since the sixteenth century [18], becoming the eighth most cultivated in Spain
between 1990–2012 [19,20]. Actually, this grapevine variety is predominant in the Marco de Jerez
for the production of Sherry wines. The long history of Palomino Fino cultivation has led to a high
number of clones, which represents an important genetic source. The first clonal selection programme
of Palomino Fino was started by Fernández de Bobadilla [21] and continued by García de Luján et al.,
selecting 28 clones that are currently preserved in the Rancho de la Merced germplasm bank [22].
These clones have been used for new grapevine plantations since the end of the 20th century. Therefore,
it is currently very difficult to find new somatic variants or clones that can meet the current needs of
wine makers. In addition, in order to carry out behavioural studies of this new plant material, it needs
to be preserved in the same plot and growing conditions. These studies are necessary in order to select
new plant material better adapted to the changing climate conditions we are facing.

In this sense, the main objective of this work focuses on the characterization of three different
somatic variants of Palomino Fino (Palomino Gacho, Palomino de Jerez and Palomino Pelusón) by
means of molecular markers, morphological description and physicochemical analysis of grape musts.
Their morphological description and grape must analysis could contribute to the detection of traits
that could contribute to the production of new white wines in warm climate areas from varieties that
could also be better adapted to warm climates.

2. Materials and Methods

2.1. Experimental Design and Grapevine Samples

Three different somatic variants of the grapevine variety Palomino Fino were chosen for the
analysis: Palomino Gacho (PG), Palomino Pelusón (PP) and Palomino de Jerez (PJ). Palomino Fino (PF)
was employed as the control. All samples were selected from the same vineyard and plot (latitude
36◦34’29.7” N and longitude 5◦49’53.5” W; 150 m above sea level), located in the municipality of
San José del Valle (Cádiz, Spain). Vines were 15 years old and were planted with a SW orientation
over a limestone soil and with a 2.4 × 1.2 framework vertically trellised, allowing a plant density of
3472 plants per hectare. No irrigation or fertilization treatments were applied during the studied years,
and different conventional phytosanitary products were applied to ensure correct grape development.
However, during the year 2017, an outbreak of different fungal diseases affected more than 70% of
the plots in the Jerez-Xérès-Sherry zone [23], making it impossible to carry out the study during 2017,
having to postpone it to 2018.

In order to minimize the intrinsic variability of sampling different vines in the same plot,
Santesteban et al.’s [24] criteria were followed. For that reason, 40 vines of each clone’s trunk cross
sectional area (TCSA) were measured at 30 cm height using a digital Vernier Caliper 93,110 (Maurer,
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Padova, Italy). Of all the vines measured, 10 were selected and marked as their TCSA value was the
closest to the average ±10%.

Additionally, and only for the genetic characterization, four reference varieties (Cabernet
Sauvignon (CS), Chardonnay (CH), Muscat a Petits Grains Blancs (MPGB) and Pinot Noir (PN))
were included as reference varieties to compare the genotype obtained in the analysis and those
published in databases in order to confirm the identity of the grapevine variety analysed. Those varieties
came from a plot previously described in recently published papers [25].

2.2. Genetic Analysis

A total of 22 microsatellite loci were employed to perform the genetic analysis following the
methodology established in recently published papers [26]. Young fresh leaves from each somatic
variant and from the reference varieties were collected at the vineyard. A DNeasy Plant Mini Kit
(Qiagen, Hilden, Germany) was employed to extract the DNA. DNA amplifications were carried out
using a 9700 thermal cycler (Applied Biosystensm Foster City, CA, USA), and the amplified products
were separated by capillary electrophoresis using an automated sequencer ABI Prism 3130 (Applied
Biosystensm Foster City, CA, USA). The four fluorescent labelled fragments (6-FAM, VIC, PET and
NED) were detected and measured using GeneMapper v. 3.7 (Applied Biosystensm Foster City, CA,
USA), and the fragments were assessed using international standards GeneScan-500 LIZTM (Applied
Biosystensm Foster City, CA, USA). The microsatellite genotypes obtained after the analysis were
compared with the genetic profiles provided by the databases Vitis International Variety Catalogue
(VIVC) [27] and the Rancho de la Merced Germplasm Bank database [28].

2.3. Ampelographic Description

A total of 58 descriptors from the International Organization of Vine and Wine (OIV) Descriptor
List [29] were evaluated. To this end, five different ampelographers with different knowledge and
expertise described a total of 10 shoots, leaves, bunches and berries from each somatic variant following
Benito et al.’s [30] criterion during the years 2016 and 2018. The modal value was selected as the
final descriptor.

2.4. Grape Musts Physicochemical Characterization

For the physicochemical characterization, the sampling conditions were the same proposed
in recently published papers [25]. pH, sugar concentration (◦Bé), total acidity, tartaric acid, malic
acid and yeast assimilable nitrogen (YAN) were determined in the must of the three Palomino
somatic variants studied and Palomino Fino. The analyses were performed in triplicate during the
years 2016 and 2018 in order to ensure statistical significance. pH was measured using a digital
pH-meter CRISON-2001 (Crison, Barcelona, Spain) equipped with a combined electrode with automatic
temperature compensation. Sugar concentration was assessed using a calibrated Dujardin–Salleron
hydrometer (Laboratories Dujardin–Salleron, Arcueil Cedex, France). Total acidity was determined
following the OIV reference method [31]. The Ripening Index was calculated following the equation
given by Hidalgo [32]. The concentration of tartaric and malic acid was determined using an ionic
exchange chromatograph (Metrohm 930 Compact IC Flex, Herisau, Switzerland) with a conductivity
detector on a Metrosep Organic Acids column-250/7.8 (Metrosep, Herisau, Switzerland) following
the conditions given by Sancho-Galán et al. [33]. Yeast assimilable nitrogen (YAN) was determined
according to the formal method [34].

2.5. Statistical Analysis

Data means and standard deviations were calculated, and significant differences were evaluated
by two-way ANOVA and Bonferroni’s multiple range (BSD) test with a p-adjust < 0.05 (GraphPad
Prism v. 6.01 for Windows, GraphPad Software, San Diego, CA, USA). A hierarchical clustering
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analysis (HCA) using Ward’s method and the Euclidean square distance was performed using the
statistical software SPSS 24.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Genetic Analysis

The allele profiles obtained for the three somatic variants studied, Palomino Fino and the reference
varieties at 22 microsatellite loci are shown in Table 1. All Palomino accessions analysed presented the
same genotype. It was compared with the published genotype at the Rancho de la Merced Germplasm
Bank genotype database [28] and international databases [27].

Table 1. Genetic profiles of different Palomino variants at 22 microsatellite loci. Allele sizes are given in
base pairs.

Grapevine Variety Code PF, PJ, PG, PP CS CH MPGB PN

Microsatellite Locus

VVIB01 291 307 291 291 289 295 291 295 289 295
VMC1b11 184 188 184 184 166 184 184 188 166 172
VMC4F31 176 206 174 178 174 180 168 206 174 180
VVMD5 226 238 228 236 232 236 226 234 226 236
VVMD7 236 246 236 236 236 240 232 246 236 240
VVMD21 243 249 249 257 249 249 249 265 249 249
VVMD24 209 209 209 217 209 219 213 217 215 217
VVMD25 240 240 238 246 238 252 240 246 238 246
VVMD27 186 194 176 190 182 190 180 194 186 190
VVMD28 238 250 236 238 220 230 248 270 220 238
VVMD32 254 256 238 238 238 270 262 270 238 270
VVIH54 166 166 166 182 164 168 166 166 164 168
VVIN16 151 151 153 153 151 151 149 149 151 159
VVIN73 256 264 264 268 264 266 264 264 264 266
VVIP31 188 190 190 190 180 184 184 188 180 180
VVIP60 318 322 306 314 318 322 318 318 318 320
VVIQ52 85 85 83 89 83 89 83 83 89 89

VVS2 131 144 137 151 135 142 131 131 135 151
VVIV37 163 167 163 163 153 163 163 165 153 163
VVIV67 364 366 364 372 364 372 364 375 364 372

VrZAG62 187 193 187 193 187 195 185 195 187 193
VrZAG79 250 260 246 246 242 244 250 254 238 244

PF: Palomino Fino. PJ: Palomino de Jerez. PG: Palomino Gacho. PP: Palomino Pelusón. CS: Cabernet Sauvignon.
CH: Chardonnay. MPGB: Muscat a Petits Grains Blancs. PN: Pinot Noir.

3.2. Ampelographical Description

Table S1 shows the modal values obtained after the morphological description of the three somatic
variants compared to the control for the years 2016 and 2018. All the somatic variants and Palomino
Fino presented different phenotypes. In order to sum up the information displayed in Table S1, Table 2
and Figure 1 show the number of differences between the analysed Palomino variants. Table 1 shows
Palomino Pelusón as the somatic variant with a greater number of differences with respect to the rest of
the studied Palomino variants. This is due to the fact that this somatic variant had higher scores in all
the hair-related descriptors (OIV 004, OIV 013, OIV 051, OIV 054, OIV 084, OIV 085, OIV 086, OIV 087
and OIV 088). Additionally, Palomino Fino showed differences with the rest of the somatic variants
regarding three of the six analysed descriptors concerning the bunch (OIV 202, OIV 203 and OIV 502).
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Table 2. Number of different descriptors between the different somatic variants (Palomino de Jerez,
Palomino Gacho and Palomino Pelusón) and the control Palomino Fino.

Palomino Fino Palomino de Jerez Palomino Gacho Palomino Pelusón

Palomino Fino X
Palomino de Jerez 10 X
Palomino Gacho 8 10 X

Palomino Pelusón 19 17 17 X
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According to the 58 descriptors studied, the HCA analysis (Figure 1) shows how Palomino Pelusón
is the most different somatic variant regarding its morphological traits. Furthermore, the rest of the
variants analysed are displayed in one group, Palomino Fino being the most different type among this
second group.

3.3. Grape Must Physicochemical Characterization

Table 3 shows the result of the grape must physicochemical characterization at harvest from the
four Palomino variants analysed during 2016. The pH values ranged from 3.80 for Palomino Fino to
3.53 for the somatic variants Palomino Gacho and Palomino de Jerez. Palomino Fino showed significant
differences with the rest of the somatic variants (p-adjust < 0.05). Regarding sugar concentration,
the results varied between 12.85◦Bé and 10.35◦Bé for Palomino Fino and Palomino de Jerez, respectively,
with significant differences between all the studied variants. In this way, it can be seen how Palomino
Fino was the ripest variant at the time of harvest. In relation to total acidity, this parameter showed
values ranging from 4.851 to 3.151 g/L for Palomino Gacho and Palomino Fino, respectively. In this
way, it can be seen that Palomino Fino, with the highest sugar content, had the lowest total acidity
content, but not the inverse case since the highest values of total acidity were observed for the somatic
variant Palomino Gacho and not for Palomino de Jerez. The Ripening Index, calculated from the
values of sugar concentration and total acidity, showed the highest value for the Palomino Fino (4.07),
while the somatic variant Palomino de Jerez showed the lowest value on the Ripening Index (2.48).
The content of the two main organic acids present in the grape must, tartaric acid and malic acid,
showed significant differences between all the cultivars studied (p-adjust > 0.05). On the one hand,
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tartaric acid content ranged between 4.002 and 2.340 g/L for the Palomino de Jerez and Palomino
Fino variants, respectively. However, the malic acid content showed a completely opposite behaviour,
showing its maximum content in the control Palomino Fino (0.622 g/L) and its lowest concentration in
the somatic variant Palomino Gacho (0.104 g/L). Finally, the YAN content ranged from 247.54 mg/L for
Palomino Gacho to 189.27 mg/L for Palomino Pelusón, the values of the former significantly higher
than in the other somatic variants studied.

Table 3. Palomino Fino (control) and somatic variants (Palomino Gacho, Pelusón and de Jerez) grape
must physicochemical characterization at harvest during the year 2016.

Palomino Fino Palomino Gacho Palomino Pelusón Palomino de Jerez

pH 3.87 ± 0.01 a 3.53 ± 0.01 b 3.61 ± 0.03 b 3.53 ± 0.03 b

Baumé 12.85 ± 0.00 a 11.98 ± 0.09 b 11.10 ± 0.01 c 10.35 ± 0.10 d

Total Acidity (g/L) 3.15 ± 0.05 a 4.58 ± 0.10 b 3.32 ± 0.06 a 4.17 ± 0.06 c

Ripening Index 4.07 ± 0.02 a 2.61 ± 0.08 b 3.34 ± 0.07 c 2.48 ± 0.01 b

Tartaric Acid (g/L) 2.340 ± 0.050 a 2.460 ± 0.062 b 2.663 ± 0.041c 4.002 ± 0.055 d

Malic Acid (g/L) 0.622 ± 0.064 a 0.104 ± 0.006 b 0.264 ± 0.040 c 0.200 ± 0.009 d

YAN (mg/L) 200.16 ± 2.13 a 247.54 ± 2.61 b 189.27 ± 1.54 a 196.47 ± 5.69 a

Different superscript letters mean statistically significant differences between samples at p-adjust < 0.05 obtained by
two-way ANOVA and Bonferroni’s multiple range (BSD) test. Results are the means ± SD of three repetitions.

Given the significant differences observed in the physicochemical composition of the different
grape musts at the time of harvest, it was decided to extend the analysis with different sampling points.
During 2018, the control and the three somatic variants were studied during the final ripening stages,
sampling every 7 days. Technological ripening parameters such as total acidity and sugar concentration
were monitored, as well as tartaric and malic acid concentration given their involvement in some
metabolic processes during grape ripening. Figure 2a,b shows the evolution of the above-mentioned
parameters during the end of the ripening process until harvest.

Agronomy 2020, 10, x FOR PEER REVIEW 6 of 13 

 

On the one hand, tartaric acid content ranged between 4.002 and 2.340 g/L for the Palomino de Jerez 
and Palomino Fino variants, respectively. However, the malic acid content showed a completely 
opposite behaviour, showing its maximum content in the control Palomino Fino (0.622 g/L) and its 
lowest concentration in the somatic variant Palomino Gacho (0.104 g/L). Finally, the YAN content 
ranged from 247.54 mg/L for Palomino Gacho to 189.27 mg/L for Palomino Pelusón, the values of the 
former significantly higher than in the other somatic variants studied. 

Table 3. Palomino Fino (control) and somatic variants (Palomino Gacho, Pelusón and de Jerez) grape 
must physicochemical characterization at harvest during the year 2016. 

 Palomino Fino Palomino Gacho Palomino Pelusón Palomino de Jerez 
pH 3.87 ± 0.01 a 3.53 ± 0.01 b 3.61 ± 0.03 b 3.53 ± 0.03 b 

Baumé 12.85 ± 0.00 a 11.98 ± 0.09 b 11.10 ± 0.01 c 10.35 ± 0.10 d 

Total Acidity (g/L) 3.15 ± 0.05 a 4.58 ± 0.10 b 3.32 ± 0.06 a 4.17 ± 0.06 c 

Ripening Index 4.07 ± 0.02 a 2.61 ± 0.08 b 3.34 ± 0.07 c 2.48 ± 0.01 b 

Tartaric Acid (g/L) 2.340 ± 0.050 a 2.460 ± 0.062 b 2.663 ± 0.041c 4.002 ± 0.055 d 

Malic Acid (g/L) 0.622 ± 0.064 a 0.104 ± 0.006 b 0.264 ± 0.040 c 0.200 ± 0.009 d 

YAN (mg/L) 200.16 ± 2.13 a 247.54 ± 2.61 b 189.27 ± 1.54 a 196.47 ± 5.69 a 

Different superscript letters mean statistically significant differences between samples at  
p-adjust < 0.05 obtained by two-way ANOVA and Bonferroni’s multiple range (BSD) test. Results are 
the means ± SD of three repetitions. 

Given the significant differences observed in the physicochemical composition of the different 
grape musts at the time of harvest, it was decided to extend the analysis with different sampling 
points. During 2018, the control and the three somatic variants were studied during the final ripening 
stages, sampling every 7 days. Technological ripening parameters such as total acidity and sugar 
concentration were monitored, as well as tartaric and malic acid concentration given their 
involvement in some metabolic processes during grape ripening. Figure 2a,b shows the evolution of 
the above-mentioned parameters during the end of the ripening process until harvest.  

 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

Su
ga

r c
on

ce
nt

ra
tio

n 
(°

Bé
)

To
ta

l A
ci

di
ty

 (g
/L

 T
H

2)

PF PG PP PJ

(a) 

Figure 2. Cont.



Agronomy 2020, 10, 654 7 of 13Agronomy 2020, 10, x FOR PEER REVIEW 7 of 13 

 

 

Figure 2. (a,b) Evolution of total acidity (left axis, dotted line) and sugar concentration (right axis, 
solid line) (a) and malic (left axis, dotted line) and tartaric acid (right axis, solid line) (b) during 
ripening final stages of Palomino Fino (PF), Palomino Gacho (PG), Palomino Pelusón (PP) and 
Palomino de Jerez (PJ). 

In general, for all the accessions studied, Figure 2a shows a considerable gradual decrease in 
total acidity during the ripening process. Each cultivar studied starts the ripening process with 
different acidity values, Palomino Gacho being the somatic variant with the highest total acidity value 
(12.38 g/L TH2) and Palomino Pelusón the somatic variant with a significantly lower value (8.25 g/L 
TH2) (p-adjust < 0.05). Noting the evolution of this parameter, it can be seen how Palomino Fino 
undergoes a rapid decrease in total acidity between the 01 August 2018 and 17 August 2018, and then 
stabilizes until the date of harvest. In the remaining cases, the evolution of the different somatic 
variants between 17 August 2018 and 31 August 2018 is not so pronounced, with similar final total 
acidity values and no significant differences between all the Palomino variants studied. With regard 
to sugar concentration, the most significant increase during the ripening process is observed during 
the first 16 days of sampling. From this moment on, two different trends can be observed: on the one 
hand, Palomino Fino and Palomino de Jerez show a similar concentration of sugar until harvest. On 
the other hand, Palomino Gacho and Palomino Pelusón continue increasing their sugar concentration 
until 21 August 2018, stabilizing at that time until the harvest date. At the end of the ripening process, 
sugar concentration of somatic variants and the control ranged from 10° Bé for Palomino Fino and 
Palomino de Jerez to 12° for Palomino Pelusón. 

Figure 2b shows how the tartaric acid content decreases gradually as the grapes ripen. The initial 
concentration of tartaric acid is different for each somatic variant studied, highlighting the 
significantly low value of Palomino Fino (3.504 g/L of TH2) and the significantly high value (p-adjust 
< 0.05) of the somatic variant Palomino de Jerez (5.114 g/L TH2). Tartaric acid content shows a linear 
and constant decrease during the grapes’ ripening process, being more pronounced near the end of 
the ripening. Malic acid content (Figure 2b) shows that both the somatic variants and the control 
experience a similar decrease of this acid during ripening. In the first phase of the ripening process 
(until 08 August 2018), there is a sharp drop in the concentration of this analyte, which decreases until 
16 August 2018. From then on, the concentration of malic acid remains stable (close to zero) and no 
significant differences between the different somatic variants and the control can be observed. 

4. Discussion 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Ta
rt

ar
ic

 A
ci

d 
(g

/L
)

M
al

ic
 A

ci
d 

(g
/L

)

PF PG PP PJ

 
(b) 
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line) (a) and malic (left axis, dotted line) and tartaric acid (right axis, solid line) (b) during ripening final
stages of Palomino Fino (PF), Palomino Gacho (PG), Palomino Pelusón (PP) and Palomino de Jerez (PJ).

In general, for all the accessions studied, Figure 2a shows a considerable gradual decrease in
total acidity during the ripening process. Each cultivar studied starts the ripening process with
different acidity values, Palomino Gacho being the somatic variant with the highest total acidity
value (12.38 g/L TH2) and Palomino Pelusón the somatic variant with a significantly lower value
(8.25 g/L TH2) (p-adjust < 0.05). Noting the evolution of this parameter, it can be seen how Palomino
Fino undergoes a rapid decrease in total acidity between the 01 August 2018 and 17 August 2018, and
then stabilizes until the date of harvest. In the remaining cases, the evolution of the different somatic
variants between 17 August 2018 and 31 August 2018 is not so pronounced, with similar final total
acidity values and no significant differences between all the Palomino variants studied. With regard to
sugar concentration, the most significant increase during the ripening process is observed during the
first 16 days of sampling. From this moment on, two different trends can be observed: on the one hand,
Palomino Fino and Palomino de Jerez show a similar concentration of sugar until harvest. On the
other hand, Palomino Gacho and Palomino Pelusón continue increasing their sugar concentration until
21 August 2018, stabilizing at that time until the harvest date. At the end of the ripening process, sugar
concentration of somatic variants and the control ranged from 10◦ Bé for Palomino Fino and Palomino
de Jerez to 12◦ for Palomino Pelusón.

Figure 2b shows how the tartaric acid content decreases gradually as the grapes ripen. The initial
concentration of tartaric acid is different for each somatic variant studied, highlighting the significantly
low value of Palomino Fino (3.504 g/L of TH2) and the significantly high value (p-adjust < 0.05) of the
somatic variant Palomino de Jerez (5.114 g/L TH2). Tartaric acid content shows a linear and constant
decrease during the grapes’ ripening process, being more pronounced near the end of the ripening.
Malic acid content (Figure 2b) shows that both the somatic variants and the control experience a
similar decrease of this acid during ripening. In the first phase of the ripening process (until 08 August
2018), there is a sharp drop in the concentration of this analyte, which decreases until 16 August
2018. From then on, the concentration of malic acid remains stable (close to zero) and no significant
differences between the different somatic variants and the control can be observed.

4. Discussion

Simple sequence repeat (SSR) markers are one of the most widely used tools in genetic identification
of grapevine varieties [35], but it is important to use the same set of microsatellites in every work
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to be able to compare the results with those published in different databases. In spite of the high
heterozygosity that vine has, a set of six microsatellites is enough to discriminate between two grapevine
varieties [36]. However, if the grapevine varieties are highly related, it is compulsory to extend the
number of microsatellites. In this study, a set of 22 microsatellite loci comprised of the six proposed
by the OIV and the consensus established within the European research projects GENRES 081 and
GrapeGen06 were used. In this sense, the analysis of this number of microsatellites allows us to create
a unique genetic fingerprint [37]. The use of these 22 microsatellite loci did not allow finding genetic
differences between the different somatic variants studied. Similar results in which no genotypic
differences were observed at 20 microsatellite loci but morphological differences were observed were
obtained by Jimenez-Cantizano et al. [38]. However, clear phenotypical differences were observed
over time. This result could be due to mutation or epi-mutation events that take place in single cells
that belong to specific grapevine meristem cell layers [38]. In this way, grapevine genetic profile was
not affected by somatic variation. However, the genetic profile of Palomino Fino was presented at
22 microsatellite loci, 14 of which are not listed on the Vitis International Variety Catalogue (VIVC) [27].
Furthermore, Palomino de Jerez and Palomino Pelusón are listed on the VIVC database as synonyms
of Palomino Fino, but Palomino Gacho is not. However, this database does include the accession Listán
Gacho as a synonym for Palomino Fino. Jiménez-Cantizano [28] analysed both accessions, preserved
in the germplasm bank of Rancho de la Merced (Cádiz, Spain), with 20 SSR loci and presented the
same genotype. Phenotypic analysis showed slight differences for the OIV descriptors 202, 204, 206,
502 and 506. Therefore, Palomino Gacho could be considered a synonym for Listán Gacho, and both
somatic variants of Palomino Fino.

Despite that vegetative propagation is used in vineyards to multiply plant material and produce
descendants identical to the original parent, spontaneous phenotypical variation can occur on some
shoots as a result of somatic mutations [39]. In this sense, in order to complete grapevine characterization,
and following the recommendations established for an adequate characterization of Vitis plant
material [40], a complete ampelographic description was carried out. Of the 58 descriptors analysed,
14 corresponded to the primary ones proposed by the OIV to discriminate between varieties [29], and
the additional 34 were analysed in order to look for differences between the somatic variants. In these
first 14 descriptors’ set, differences in 50% were found (OIV 004, OIV 051, OIV 076, OIV 079, OIV 084,
OIV 087, OIV 203). These differences in the different organs within the same genotype constitute an
interesting genetic resource that could be transferred through classical breeding or genetic engineering
in the creation of new cultivars [41]. In this sense, the genetic erosion that the Vitis vinifera species is
undergoing could be diminished, and the transfer of interesting traits between parents and descendants
could also be possible. One of these characteristics of interest could be the one shown by the somatic
variant Palomino Pelusón. This somatic variant showed a greater intensity in the expression of those
characteristics that imply the presence and density of hairiness (Table S1). High density of erect and/or
prostate hairs in any organ can be a trait that could make a grapevine variety better adapted to a warm
climate zone. Non-glandular vine hairs or trichomes play a functional role in the plant since they
modulate evapotranspiration by restricting air flow between the stomatal pores [42].

Currently, the conditions imposed by global warming are substantially affecting the ripening
phase of the grape, as well as other previous processes such as plant bud break and flowering [43].
Thus, in recent years, differences have been observed in the metabolic rates of the vine, and therefore in
the production and accumulation of metabolites [44,45]. The high temperatures and consequent high
evaporation of water from the plant during the months of fruit ripening make this process difficult [46].
This fact, together with the decrease and irregularity of rainfall, makes the obtention of quality grapes
for wine making a difficult task for wine makers. Given this trend, one of the possible solutions to
solve the problems being experienced could be the study of the physicochemical composition of musts
of different somatic variants. The results observed during 2016 show a general trend between the
different somatic variants studied and Palomino Fino. The latter showed a higher maturity at the
time of harvest and analysis (higher sugar concentration, lower total acidity value and consequently a
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significantly higher maturity index (p-adjust < 0.05)). This fact shows that the control had a lack of
synchrony with the somatic variants analysed. Despite this lack of synchrony, the YAN content in all
cases was higher than the minimum value required to carry out fermentation [47].

Thus, the analysis of different parameters of interest during ripening has shown that differences
between somatic variants and the control were observed during the two years of study, confirming in a
preliminary way that the differences are inter-annual and that they are specific to each somatic variant.
Regarding sugar concentration in the second phase of the study, the evolution observed between the
first and the ninth day could be due to the effect of the high temperatures of those days, exceeding 40 ◦C
(Figure S1). Temperature has a direct influence on sugar content [48]. An increase in temperature leads
to increased transpiration and a greater transfer of sugars to the fruit [30]. In addition, in areas with high
temperatures and a great amount of sunlight present, photosynthesis is encouraged, increasing CO2
fixation and its conversion into sugars that are transported to the fruit [49]. Furthermore, grapevine
production is also a very influential factor in the ripening process, largely determining the final state of
ripeness of the vines [50]. This fact could explain the differences in the evolution of some of the somatic
variants studied, since the control Palomino Fino presented the highest production of all of them
(497 g/bunch), and the process of accumulation of sugars stopped on the 17th day, while Palomino
Pelusón experienced the opposite effect, being the somatic variant with the lowest production of grapes
(269 g/bunch) and able to accumulate sugars until the end of the ripening process. In this sense, it is
clear that Palomino Fino, unlike the other somatic variants, was selected for its high yield. However,
in the case of varieties employed for the production of Sherry wines, it would be advisable to select
those that have a longer phenological cycle and mature later, thus allowing wines with a higher alcohol
content to be obtained and minimizing the addition of alcohol involved in the production of these
kinds of wines.

As far as the evolution of total acidity is concerned, the differences described (Figure 2a) are
considered normal, since during ripening, different physical-chemical processes take place that lead to
a reduction in the acid fraction of the berries and, therefore, to a decrease in total acidity and an increase
in pH [51]. The great decrease in the acid fraction of the must may be due to the high temperatures
observed in the first phase of ripening (Figure S1a–c), which produces an increase in the respiratory
combustion phenomena of malic acid [52,53]. Theoretically, the best weather conditions for optimum
ripening of sherry grapes include sunny but not excessively hot weather [54]. If temperatures exceed
38 ◦C for 4–6 consecutive days, fruit ripening stops and the musts obtained under these conditions
have high pH values and low sugar and acid content [55].

When selecting the appropriate cultivars for the production of wines according to the parameters
studied in this section, it is essential to take into account that warm regions such as SW Andalusia
(Spain) tend to have high values of sugars and low values of acidity, which is a problem when producing
table wines, which are too soft [56]. Therefore, it would be interesting to select those grapevine varieties
or somatic variants with greater acidity values in case of early vintages (PG, PP, PJ).

Tartaric and malic acids (Figure 2b) represent 70–90% of the acid fraction of the grapes [57],
showing the most important differences when comparing the behaviour of the somatic variants and
Palomino Fino [58]. The tartaric acid content of each cultivar is due to differences in adaptation to the
environment or possible somatic differences [58]. As in this case all the accessions were planted in the
same plot, we can assume that these differences in tartaric content between accessions were determined
by somatic differences between them. The decrease in tartaric acid content during ripening is mainly
due to its salification and the formation of tartrate salts [59], as well as dilution processes caused by the
increase in berry size, accentuating this effect in the moments close to the harvest [53]. The tartaric acid
content is hardly influenced by the effect of high temperatures, as its concentration does not change
much in the first nine days of the ripening final stages. This is due to the fact that tartaric acid is not
a substrate for the respiratory combustion of the grain and remains practically constant during the
ripening process [60].
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As for the malic acid content, the drastic decrease in malic acid concentration does match the
period of high temperatures in the first week of August. This is because the high temperatures favour its
combustion in the grape cells. Malic acid combustion occurs during ripening, when the plant switches
from using carbohydrates as an energy source to using organic acids (including malic acid) [53]. This,
in addition to the decrease in malic acid synthesis during the ripening process, results in a significant
decrease in malic acid concentration in the fruit [61]. It is important to take into account the strong
influence of temperature on respiratory processes, which increase whenever temperature rises and
vice versa [52]. For this reason, in periods when there are significant increases in temperature, lower
concentrations of malic acid are obtained in wines, which mean lower total acidity and a higher pH.
It should also be noted that the Palomino Fino usually has low levels of malic acid [58]. Therefore,
in general terms, it could be said that the decrease in total acidity that occurred in the different
accessions was mainly due to the combustion of malic acid in the early stages of maturation and the
salification and dilution of tartaric acid in its final stages.

5. Conclusions

Genetic analysis at 22 loci microsatellites confirmed the identity of the three somatic variants
that presented the same genotype as Palomino Fino. However, the morphological analysis of the
plants did show differences between the different variants studied. The greater presence of hairs
in the different organs of Palomino Pelusón may give it a greater adaptation in hot climate areas.
After the physicochemical analysis, it was observed that there was a lag in the phenological cycles of
the variants studied, the somatic variants having a longer phenological cycle than the control variety
Palomino Fino; this fact is beneficial for the production of white wines in early vintages in warm
climate areas. As a result of all the above, the use of grapes from somatic variants can be a viable and
natural alternative for the production of quality wines in hot climate areas, as well as for preventing
the genetic erosion of the Vitis vinifera species. In addition, promoting the cultivation of the somatic
variants could contribute to preventing the loss of the intraspecific variability of Palomino Fino.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4395/10/5/654/s1,
Figure S1 (a) Humidity (%) (H_max, H_min, H_avg), (b) Temperature (◦C) (T_max, T_min, T_avg) and (c) radiation
(W/m2) and rainfall (L/m2) among July and September 2018. Table S1. Ampelographic description of Palomino
Fino (PF), Palomino de Jerez (PJ), Palomino Gacho (PG) and Palomino Pelusón (PP) using the International
Organization of Vine and Wine (OIV) descriptors.

Author Contributions: Conceptualization, P.S.-G., A.A.-A., V.P. and A.J.-C.; formal analysis, P.S.-G., A.A.-A., V.P.
and A.J.-C.; funding acquisition, V.P. and A.J.-C.; investigation, P.S.-G., A.A.-A. and A.J.-C.; project administration,
A.J.-C.; supervision, V.P.; writing—original draft, P.S.-G., A.A.-A., V.P. and A.J.-C.; writing—review and editing,
P.S.-G., A.A.-A., V.P. and A.J.-C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the project OT2018/093 PALOMINOSWINES. P.S-G. gratefully thanks the
student assistantship received under the contract OT 3/2019/1 from Cadiz University.

Acknowledgments: The authors would like to thank the Programa de Fomento e Impulso de la Actividad
de Investigación y Transferencia (“Program for the Promotion and Support of Research and Transfer”) at the
University of Cadiz for the funding provided to disseminate the results.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Dzhambazova, T.; Tsvetkov, I.; Atanassov, I.; Rusanov, K.; Martínez-Zapater, J.M.; Atanassov, A.; Hvarleva, T.
Genetic diversity in native Bulgarian grapevine germplasm (Vitis vinifera L.) based on nuclear and chloroplast
microsatellite polymorphisms. Vitis 2009, 48, 115–121.

2. Organisation Internationalde de la Vigne et du Vin. OIV World Vitivinicultural Statistics 2013–2014;
Organisation Internationalde de la Vigne et du Vin: Paris, France, 2014.

3. McGorven, P.E. Ancient Wine: The Search for the Origins of Viticulture, 2nd ed.; Princeton University Press:
Princeton, NJ, USA, 2003; p. 57.

http://www.mdpi.com/2073-4395/10/5/654/s1


Agronomy 2020, 10, 654 11 of 13

4. Laucou, V.; Lacombe, T.; Dechesne, F.; Siret, R.; Bruno, J.P.; Dessup, M.; Dessup, J.; Ortigosa, P.; Parra, P.;
Roux, C.; et al. High throughput analysis of grape diversity as a tool for germplasm collection management.
Appl. Genet. 2011, 122, 1233–1245. [CrossRef] [PubMed]

5. Billiard, R. La Vigne Dans L’Antiquité; Jean Laffite Editions: Marseille, France, 1913.
6. Moncada, X.; Pelsy, F.; Merdinoglu, D.; Hinrichsen, P. Genetic diversity and geographical dispersal in

grapevine clones revealed by microsatellite markers. Genome 2006, 49, 1459–1472. [CrossRef] [PubMed]
7. Carbonell-Bejerano, P.; Royo, C.; Mauri, N.; Ibáñez, J.; Martínez-Zapater, J.M. Somatic variation and cultivar

innovaion in grapevine. In Advances in Grape and Wine Biotechnology, 1st ed.; Morata, A., Loira, I., Eds.;
Intechopen: London, UK, 2016; p. 8.

8. Anon. Estadísticas 2012. SeVi 2012, 3379, 1031.
9. Buhner-Zaharieva, T.; Moussaoui, S.; Lorente, M.; Andreu, J.; Núñez, R.; Ortiz, J.M.; Gorgocena, Y.

Preservation and molecualr characterization of ancient varieties in Spanish grapevine germplasm collections.
Am. J. Enol. Vitic. 2010, 61, 557–562. [CrossRef]

10. Zinelabidine, L.H.; Cunha, J.; Eiras-Dias, J.E.; Cabello, F.; Martínez-Zapater, J.M.; Ibáñez, J. Pedigree analysis
of the Spanish grapevine cultivar ‘Hebén’. Vitis 2015, 54, 81–86.

11. Martinez-Zapater, J.M.; Carmona, M.J.; Díaz-Riquelme, J.; Fernández, L.; Lijavetzky, D. Grapevine genetics
after the genome sequence: Challenges and limitations. Aust. J. Grape Wine Res. 2010, 16, 33–46. [CrossRef]

12. Compés, R.; Sotés, V. El Sector Vitivinícola Frente al Desafío del Cambio Climático, 1st ed.; Monografías Cajamar:
Murcia, Spain, 2018; pp. 45–64.

13. González-Andrés, F.; Martín, J.P.; Yuste, J.; Rubio, J.A.; Arranz, C.; Ortiz, J.M. Identification and molecular
biodiversity of autochthonous grapevine cultivars in the “Comarca del Bierzo”, León, Spain. Vitis 2007,
46, 71–76.

14. Casanova, J.; Mozas, P.; Ortiz, J.M. Ampelography and microsatellite DNA analysis of autochthonous and
endagered grapevine cultivars in the province of Huesca (Spain). Span. J. Agric. Res. 2011, 9, 790–800.
[CrossRef]

15. Balda, P.; Ibáñez, J.; Sancha, C.; de Toda, F.M. Characterization and identification of minority red grape
varieties recovered in Rioja, Spain. Am. J. Enol. Vitic. 2014, 65, 148–152. [CrossRef]

16. Jiménez-Cantizano, A.; Lara, M.; Serrano, M.J.; Puig, A.; García de Luján, A. Caracterización de diferentes
tipos de la variedad Palomino. In Proceedings of the XXIV Jornadas de Viticultura y Enología Tierra de
Barros, Almendralejo, Spain, 6–10 May 2002.

17. Jiménez-Cantizano, A.; Puertas, B.; Serrano, M.J. Adaptation and selection of cultivars of grapevine quality
wines in warm climate. In Proceedings of the II International Symposium on Tropical Wines, Petrolina,
Brasil, 25–28 May 2010.

18. De Herrera, G.A. Agricultura General, 1st ed.; Editorial Real Sociedad Económica Matritense: Madrid,
Spain, 1819.

19. Cabello, F.; Ortiz, J.; Muñoz-Organero, G.; Rodríguez-Torres, I.; Benito, A.; Rubio, C.; García-Muñoz, S.;
Sáiz, R. Variedades de Vid en España, 2nd ed.; AMV Ediciones: Madrid, Spain, 2019.

20. Serrano, J.; Valcárcel, M.C. Variabilidad del Palomino Fino (Vitis Vinifera), 1st ed.; Consejería de Agricultura y
Pesca, Junta de Andalucía: Seville, Spain, 1997; p. 11.

21. De Bobadilla, G.F. Viníferas Jerezanas y de Andalucía Occidental; Instituto Nacional de Investigaciones
Agronómicas: Madrid, Spain, 1956.

22. González-Moreno, J.M.; Bustillo-Barroso, J.M.; Lara Benítez, M.; García de Luján, A. Catálogo de Clones de
Variedades de vid en Andalucía, 1st ed.; Consejería de Agricultura y Pesca, Junta de Andalucía: Seville, Spain,
2004; pp. 145–188.

23. Red de Alerta e Información Fitosanitaria de Andalucía (RAIF). Available online: https://www.
juntadeandalucia.es/agriculturapescaydesarrollorural/raif (accessed on 11 February 2020).

24. Santesteban, L.G.; Miranda, C.; Royo, J.B. Vegetative growth, reproductive development and vineyard
balance. In Methodologies and Results in Grapevine Research, 1st ed.; Delrot, S., Medrano, H., Or, E., Bavaresco, L.,
Grando, S., Eds.; Springer: New York, NY, USA, 2010; pp. 45–56.

25. Sancho-Galán, P.; Amores-Arrocha, A.; Palacios, V.; Jiménez-Cantizano, A. Identification and characterization
of white grape varieties autochthonous of a warm climate region (Andalusia, Spain). Agronomy 2020, 10, 205.
[CrossRef]

http://dx.doi.org/10.1007/s00122-010-1527-y
http://www.ncbi.nlm.nih.gov/pubmed/21234742
http://dx.doi.org/10.1139/g06-102
http://www.ncbi.nlm.nih.gov/pubmed/17426761
http://dx.doi.org/10.5344/ajev.2010.09129
http://dx.doi.org/10.1111/j.1755-0238.2009.00073.x
http://dx.doi.org/10.5424/sjar/20110903-431-10
http://dx.doi.org/10.5344/ajev.2013.13050
https://www.juntadeandalucia.es/agriculturapescaydesarrollorural/raif
https://www.juntadeandalucia.es/agriculturapescaydesarrollorural/raif
http://dx.doi.org/10.3390/agronomy10020205


Agronomy 2020, 10, 654 12 of 13

26. Sancho-Galán, P.; Amores-Arrocha, A.; Palacios, V.; Jiménez-Cantizano, A. Genetical, morphological and
physicochemical characterization of the autochthonous cultivar ‘Uva Rey’ (Vitis vinifera L.). Agronomy 2019,
9, 563.

27. Vitis. International Variety Catalogue. Available online: www.vivc.de (accessed on 21 January 2020).
28. Jiménez-Cantizano, A. Caracterización Molecular del Banco de Germoplasma de vid del Rancho de la

Merced. Ph.D. Thesis, Universidad de Cádiz, Cádiz, Spain, 2014.
29. Organisation Internationale de la Vigne et du Vin (OIV). OIV Descriptor List for Grape Varieties and Vitis Species,

2nd ed.; OIV: Paris, France, 2009.
30. Benito, A.; Muñoz-Organero, G.; de Andrés, M.T.; Ocete, R.; García-Muñoz, S.; López, M.A.; Arroyo-García, R.;

Cabello, F. Ex situ ampelographical characterisation of wild Vitis vinifera from fifty-one Spanish populations.
Aust. J. Grape Wine Res. 2017, 23, 143–152. [CrossRef]

31. OIV Office International de la Vigne et du Vin. Recuéil des Méthodes Internationales D’Analyse des vins et des
Moûts; OIV Office International de la Vigne et du Vin: Paris, France, 2014.

32. Hidalgo-Togores, J. Vendimia. Recepción de uva en la bodega. Índices de maduración químicos. In Tratado
de Enología, 5th ed.; Hernández-Úbeda, I., Ed.; Editorial Mundi-Prensa: Madrid, Spain, 2019; Volume I,
pp. 238–240.

33. Sancho-Galán, P.; Amores-Arrocha, A.; Jiménez-Cantizano, A.; Palacios, V. Use of multiflora bee pollen as a
flor velum yeast growth activator in biological aging wines. Molecules 2019, 24, 1763. [CrossRef] [PubMed]

34. Aerny, J. Composés azotés des moûts et des vins. Rev. Suisse Vitic. Arboric. Hortic. 1997, 28, 161–168.
35. This, P.; Jung, A.; Boccacci, P.; Borrego, J.; Botta, R.; Constantini, K.; Crespan, M.; Dangl, G.S.; Eisenheid, C.;

Ferreira-Monteiro, F.; et al. Development of a standard set of microsatellite reference alleles for identification
of grape cultivars. Theor. Appl. Genet. 2004, 109, 1448–1458. [CrossRef] [PubMed]

36. This, P.; Lacombe, T.; Thomas, M.R. Historical origins and genetic diversity of wine grapes. Trends Genet.
2006, 22, 511–5199. [CrossRef]

37. Tattersall, I.; Desalle, R. A Natural History of Wine, 2nd ed.; Yale University Press: New Haven, CT, USA, 2015;
pp. 62–90.

38. Jiménez-Cantizano, A.; Lara, M.; Ocete, M.E.; Ocete, R. Short communication. Characterization of the relic
Almuñécar grapevine cultivar. Span. J. Agric. Res. 2012, 10, 454–460.

39. Thompson, M.M.; Olmo, H.P. Cytohistological studies of cytochimeric and tetraploid grapes. Am. J. Bot.
1963, 50, 901–907. [CrossRef]

40. Torregrosa, L.; Fernandez, L.; Bouquet, A.; Bourisquot, J.M.; Pelsy, F.; Martinez-Zapater, J.M. Origins and
consequences of somatic variation in grapevine. In Genetics, Genomics and Breeding of Grapes, 2nd ed.;
Adam-Blondon, A.F., Martinez-Zapater, J.M., Kole, C., Eds.; CRC Press: Boca Raton, FL, USA, 2011; pp. 68–92.

41. García-Muñoz, S.; Muñoz-Organero, G.; De Andrés, M.T.; Cabello, F. Ampelography: An old technique with
future uses, the case of minor varieties of Vitis vinifera L. from the Balearic Islands. J. Int. Sci. Vigne Vin 2011,
45, 125–137. [CrossRef]

42. Iriarte-Chiapusso, M.J.; Ocete-Perez, C.A.; Hernández-Beloqui, B.; Ocete-Rubio, R. Vitis vinífera in the Iberian
Peninsula: A review. Plant Biosyst. 2017, 151, 245–257. [CrossRef]

43. Gago, P.; Conéjéro, G.; Martínez, M.C.; Boso, S.; This, P.; Verdeil, J.-L. Microanatomy of leaf trichomes:
Oportuities for improved ampelographic discrimination of grapevine (Vitis vinifera L.) cultivars. Aust. J.
Grape Wine Res. 2016, 22, 494–503. [CrossRef]

44. De Orduña, R.M. Climate change associate effects on grape and wine quality and production. Food Res. Int.
2010, 43, 1844–1855. [CrossRef]

45. Coombe, B. Influence of temperature on composition and quality of grapes. In Proceedings of the International
Symposium on Grapevine Canopy and Vigor Management, Davis, CA, USA, 11 August 1986.

46. Winkler, A.J.; Cook, J.A.; Kliewer, W.M.; Lider, L.A. General Viticulture; University California Press: Berkeley,
CA, USA, 1974.

47. García-Romero, J.P. Impacto y adaptación al cambio climático en España. In El Sector Vitivinícola Frente al
Desafío del Cambio Climático, 1st ed.; Compés, R., Sotés, V., Eds.; Monografías Cajamar: Murcia, Spain, 2018;
pp. 265–268.

48. Tesnière, C.; Brice, C.; Blondin, B. Responses of Saccharomyces cerevisiae to nitrogen starvation in wine
alcoholic fermentation. Appl. Microbiol. Biotechnol. 2015, 99, 7025–7034. [CrossRef] [PubMed]

www.vivc.de
http://dx.doi.org/10.1111/ajgw.12250
http://dx.doi.org/10.3390/molecules24091763
http://www.ncbi.nlm.nih.gov/pubmed/31067673
http://dx.doi.org/10.1007/s00122-004-1760-3
http://www.ncbi.nlm.nih.gov/pubmed/15565426
http://dx.doi.org/10.1016/j.tig.2006.07.008
http://dx.doi.org/10.1002/j.1537-2197.1963.tb06569.x
http://dx.doi.org/10.20870/oeno-one.2011.45.3.1497
http://dx.doi.org/10.1080/11263504.2016.1165751
http://dx.doi.org/10.1111/ajgw.12226
http://dx.doi.org/10.1016/j.foodres.2010.05.001
http://dx.doi.org/10.1007/s00253-015-6810-z
http://www.ncbi.nlm.nih.gov/pubmed/26201494


Agronomy 2020, 10, 654 13 of 13

49. Ramos, M.C.; de Toda, F.M. Variability of tempranillo grape composition in the rioja DOCa (Spain) related to
soil and climatic characteristics. J. Sci. Food Agric. 2019, 99, 1153–1165. [CrossRef]

50. Andrades-Rodríguez, M.S. Influencias Climáticas Sobre el Proceso de Maduración del Fruto de Vitis Vinífera, 1st ed.;
Consejería de Agricultura y Alimentación Ed, Gobierno de La Rioja: Logroño, Spain, 1991.

51. de Luján, A.G.; Peña, B.; Morales, M. Comportamiento de la Variedad de vid Palomino Fino con Distintos Tipos de
Poda, 1st ed.; Instituto Nacional de Tecnología Agraria y Alimentaria: Madrid, Spain, 1989.

52. Catalina, L. Estudio de la maduración del fruto de la vid. In Proceedings of the II Jornadas Universitarias
Sobre el Jerez (Universidad de Cádiz), Cádiz, Spain, 24–28 May 1982.

53. Gerber, C. Researches sur la maduration des fruits charnus. Ann. Sci. Nat. Bot. 1897, 8, 1–16.
54. Mullins, M.G.; Bouquet, A.; Williams, L.E. The Biology of the Grapevine, 1st ed.; Cambridge University Press:

Cambridge, UK, 2008; pp. 80–146.
55. Pérez-Rodríguez, L. Formación y evolución de alcoholes superiores y otros componentes en vinos de Jerez.

Ph.D. Thesis, Universidad de Sevilla, Seville, Spain, 1979.
56. Sepúlveda, G.; Kliewer, W.M. Effects of high temperature on grapevines (Vitis vinifera L.). II: Distribution of

soluble sugars. Am. J. Enol. Vitic. 1986, 37, 20–25.
57. Puertas, B. Estudio Sobre el Potencial Vitícola y Enológico de Quince Variedades Blancas de vid en la Zona

del Jerez. Ph.D. Thesis, Universidad de Cadiz, Cadiz, Spain, 1989.
58. de Álvaro, J.S. Evolución de los principales ácidos orgánicos durante el periodo de maduración de la uva en

la Denominación de Origen Jerez-Xérèz-Sherry. Bachelor’s Thesis, Universidad de Cádiz, Cadiz, Spain, 1986.
59. Hrazdina, G. Physiological and biochemical events during development and maturation on the grape berries.

Am. J. Enol. Vitic. 1984, 35, 220–227.
60. Iland, P.G.; Coombe, B.G. Malate, tartrate, potassium and sodium in flesh and skin of shiraz grapes during

ripening concentration and compartmentation. Am. J. Enol. Vitic. 1988, 39, 71–76.
61. Lakso, A.N.; Kliewer, W.M. The influence of temperature on malic acid metabolism in grape berries.

II. Temperature responses of net dark CO2 fixation and malic acids pools. Am. J. Enol. Vitic. 1977, 29, 145–148.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/jsfa.9283
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Experimental Design and Grapevine Samples 
	Genetic Analysis 
	Ampelographic Description 
	Grape Musts Physicochemical Characterization 
	Statistical Analysis 

	Results 
	Genetic Analysis 
	Ampelographical Description 
	Grape Must Physicochemical Characterization 

	Discussion 
	Conclusions 
	References

