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ABSTRACT. Extreme climatic conditions resulting from global climate change became a challenging
problem adversely affecting the sustainability of horticulture crops. Inconvenient climatic events
seriously affect plant physiology and metabolisms. Poor coloration is one of such problems that
frequently occurred in both table and wine grapes recently. Soilless culture in protected agriculture is one
of the safest methodologies for coping with the negative effects of climate change on grapevines.
Therefore, this study was performed to reveal the changes in berry quality, such as coloration and skin
resistance of table grape cultivars Alphonse Lavallée’, ‘Italia’ and ‘Prima’ (Vitis vinifera L.) in response
to different growth conditions of soilless culture and vineyard cultivation. Bilateral cordon pruned
grapevines of each cultivar were cultivated in two different conditions as soilless culture (solid medium of
peat and perlite mixture) in the glasshouse and open area vineyard (1.2 x 2.7 m). The midday air
temperatures in the glasshouse of soilless culture reached about 37°C for many days, while other lots of
the study grapevines experienced a temperature not higher than 33°C, during the berry growth stages.
Skin color features, such as lightness, chroma, and Hue angle values changed remarkably depending on
the cultivars in response to growth conditions. But berry skin rupture force was higher in grapes from
soilless culture than those of vineyard condition. Viticulturists should, thus, consider new production
techniques under multiple stress conditions, such as soilless culture under protected agriculture to
improve berry coloration and resistance because the skin features of grapes are among the pioneering
agronomic features determining the visual or biochemical quality properties.
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INTRODUCTION

Grapes (Vitis vinifera L.) are among the most widely cultivated crops in the world
with their functional properties as well as attractive cluster shapes and berry colors. The
color, firmness, and other chemical features of grape berries are key parameters
determining the market quality, as well as the postharvest life span of the table grapes.
However, studies have shown that global climate change with its remarkable increase in
air temperature has been believed to decrease the quality properties of grapes cultivated
in temperate regions [1]. Physiologically, air temperature higher than the optimum level
adversely affects the leaf functions [2], plant biochemical metabolism [3], and berry
skin anthocyanin composition [4,5,6]. In a controlled environment, [7], studied the
effects of high temperature on the physiology of ‘Semillon’ grapevines and concluded
that temperatures above 40 °C impaired physiological functions such as berry growth
and sugar accumulation with resultant costs on yield and quality attributes of grapes.
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The optimum temperature for the anthocyanins biosynthesis and berry color formation
is reported to be in the range of 17 and 26 °C [8], depending on the grape cultivar.
Studies on various grape cultivars confirmed that exposure to high temperatures was
detrimental to many aspects of berry growth in particular skin color [9], a prime feature
determining the visual quality. Literature investigations indicated that the grape berry
features appear to be a particular subject to climate change [10], as an increased
frequency of grape berries with poor coloration has been reported in recent years [11].

‘Alphonse Lavallée’ is a black-skinned high quality and fruitful table grape, which
show frequently poor and heterogeneous skin color in many regions of Tiirkiye,
resulting in low commercial value in markets. The grape cultivars with yellowish
berries, like ‘Italia’, also display inconvenient skin coloration when subjected to
improper climate conditions. Therefore, determining the relationship between air
temperature and skin color would make it possible to predict skin color from estimated
air temperatures of grape growing areas, under the effects of climate change in
particular. Furthermore, a such relationship could be employed to assess the impact of
future climate change on the market quality of table grapes. Many studies have already
qualitatively investigated the relationship between air temperature and berry skin
coloration of grapes in temperature manipulation studies [12,13]. The present study was
conducted to investigate the berry coloration responses of internationally popular table
grape cultivars ‘Alphonse Lavallée’, ‘Italia’ and ‘Prima’ (Vitis vinifera L.) in response
to different growth conditions of soilless culture and vineyard cultivation.

MATERIAL AND METHODS
Study Description

These investigations were performed in the research and implementation glasshouse
and vineyard (38°01.814N, 032°30.546E, 1158m altitude) of Selcuk University, Konya,
Tiirkiye. Four years old ‘Alphonse Lavallée’, ‘Italia’, and ‘Prima’ cultivars grafted on
41 B rootstock were included in the study as internationally widespread table grape
cultivars with different colors and/or ripening dates. The main features of the grape
cultivars included in the study have been presented in Table 1.

Table 1. Certain agronomic and cultivation features of grape cultivars used in the study

Cultivar* Main use Berry color Ripening Growing regions
‘Alphonse . Mediterranean, Aegean,
Lavallée’ Table Black Midscason Marmara, Central Anatolia

Mediterranean, Aegean,

fatia Table White Midseason/late Marmara, Central Anatolia
‘Prima’ Table Black Very early Mediterranean
*[14,15]

In the vineyard study, the grapevine rows were east—west oriented with the spacing
between vines and between rows were 1.5 and 3.0 m, respectively. Experimental vines
were trained to a common bilateral with thin vertical summer shoot-positioned canopy.
According to the winter bud fruitfulness of the studied cultivars, the vines were cane
pruned by providing three spur canes (2 buds) for each of two arms per vine. Shoot
thinning was performed at the beginning of the vegetation period (May and June, for the
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glasshouse and vineyard, respectively) to leave an average of 10 and 12 shoots per vine.
Cultivation practices in the vineyard were common for Turkish grape production with
the trellising system. The summer shoots were tied with thread to wires 2.3m above the
pots to provide vines develop on a perpendicular design for similarly benefiting from
the sunlight. The grapevines received the same cultivation applications and were drip
irrigated using one line per plant row, single pressure-compensated emitter per vine.
Irrigations were programmed according to soil water matrix potential. The cluster zone
of the overall grapevines in both conditions was covered with the same bird nets near
the ripening period to prevent the berries from damage. The general growth systems of
the grapevines have been illustrated in Fig. 1.

In the soilless culture, four years old grapevines of each cultivar were grown
individually in about 70 L (solid volume) black pots filled with a solid growth medium
consisted of an equal mixture of sterile peat 1.034% N, 0.94% P»0s, 0.64% KO,
Klassman®) and perlite in climate controlled glasshouse. The study grapevines were
placed in south and north oriented rows with a distance of 0.5%1 m.

[ " i g o'-“-“’ 5 :
Fig. 1. A picture showing the soilless culture (left) and vineyard cultivation (right) of
grapevines (example of ‘Prima’ cultivar)

A

Measurements and Analyses

Midday air temperatures inside the glasshouse conditions were recorded with a
datalogger, while daily records of the Turkish State Meteorological Service were used
for vineyard conditions. Grape cluster samples have been collected at the commercial
ripening stage (at around 15-16 °Brix). For berry measurements, fifteen clusters per
cultivation technique for each cultivar were used. Sixty berries were collected from the
middle of the clusters as indicated in [16], OIV (1983) to measure berry skin color
coordinates using a colorimeter (Minolta® CR-400). Equatorial points of the berries
were used to obtain the following color variables: L* (lightness), C (chroma), and h°
(hue). Lightness values range between 0 (black) and 100 (white). Chroma represents the
intensity or purity of color, the distance from gray (achromatic) toward a pure chromatic
color, and is obtained from the a* and b* values of the CIE Lab scale system, starts
from zero for a completely neutral color and does not have an arbitrary end, but
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intensity increases with magnitude. Hue angle value refers to the color wheel and is
calculated in angles; green, yellow and red correspond to 180, 90, and 0°, respectively
[17,18]. For skin rupture force (SRF) values of the same berries were calculated as
follows; a berry was cradled in a jig attached to a force gauge (DPS-11; Imada,
Northbrook, IL) and the gauge was gently pulled away from the berry so that the berry
skin punctures. The force required to puncture the berry skin was recorded as the SRF
in Newton [19].

Data Analysis

Numerical row data were subjected to one-way ANOVA. Statistical differences were
considered significant at P < 0.05, and analyses means were compared with Student’s
test LSD (least significant difference) test using SPSS version 17.0 (SPSS Inc.,
Chicago, IL, USA). Each cultivar was separately evaluated for parameters as the
cultivars have different colors.

RESULTS AND DISCUSSION

Air temperatures of different cultivation conditions recorded at midday are illustrated
in Fig. 2. In the glasshouse condition, the inside temperature led to an increase of
certain degrees above optimum levels for grapevines. On many dates of berry
development stages, the air temperatures in the glasshouse reached about 37°C (for
example, 30.07.2022, 06.08.2022) which were slightly higher than the recommended
optimum levels of various researchers [8, 20]. On the other hand, the vineyard part of
the study experienced a midday temperature not higher than 33°C (02.08.2022) during
the berry growth stages of the cultivars. Air temperature, among the other
environmental factors, has the most profound influence on anthocyanin coloration in
grapes [1]. Studies on ‘Emperor’ grape cultivar already revealed that a high daily
temperature regime (37°C) completely inhibited coloration in [21] and that high day
temperature (35°C) strongly reduces anthocyanin concentration, while the effect of
night temperature was not very high [22]. The color response of grape berries to
climatic factors is also depending on the growth stages of the berries, as [6], suggests
that the most sensitive stage for the grape berry to temperature treatment was one to
three weeks after the véraison. Therefore, berry coloration of grapevine cultivars in the
same ecology would probably exhibit alteration according to ripening dates, besides
their genetic aptitudes, as they expose to different temperatures during the summer
season. Furthermore, the cultivation of ‘Alphonse Lavallée’ cultivar in Tiirkiye as well
as in Mediterranean Regions around Europe is located in ecologies characterized by
warm climatic conditions. In these areas, high temperature may restrict the synthesis of
anthocyanins color pigments [4], that inevitably results in poor and heterogeneous berry
skin color. Viticulturists should, therefore, take measures in such regions for better
berry coloration as the skin features of table or even wine grape cultivars are one of the
most determinant aptitudes in visual or biochemical quality properties.
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Fig. 2. Air temperatures recorded in vineyard and glasshouse soilless culture during
the berry development stages of the grapevines

As depicted in Fig. 3, berry skin lightness (L) values of ‘Alphonse Lavallée’ and
‘Italia’ cultivars displayed significant variations in response to different environmental
conditions. L values of these cultivars responded oppositely, probably because of their
different berry colors. On the other hand, early ripening ‘Prima’ cultivar did not show
significant variation in response to skin L value. Table grape cultivars are generally
cultivated in ecologies with a warm temperatures and dry climates around the world.
Although warm climates contribute to high yield and good quality, they also frequently
result in the retention of the synthesis of skin color pigments of black and red grapes.
Warmer condition of soilless culture in the glasshouse led to a slight decrease in black
cultivar ‘Alphonse Lavallée’, and little increase in white cultivar ‘Italia’. L value of
‘Alphonse Lavallée’ was closer to those of [23], when cultivated in soilless culture
rather than a conventional vineyard.
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Fig. 3. Changes in berry lightness (L) values of table grape cultivars (Vitis vinifera L.)

in response to different growth conditions
Values of bars indicated by different letters identify significantly different means (P< 0.05, LSD)

Chroma (C) values of the berries among the grape cultivars displayed just similar
changes to those of L values (Fig. 4). A two fold increase in C value of the ‘Alphonse
Lavallée’ grape berries was found in vineyard condition in comparison to soilless
culture in the glasshouse. Whereas a slight but statistically significant decrease in C
value of ‘Italia’ berries was detected in vineyard conditions when compared with
soilless culture. Disparate responses of these cultivars to the growth conditions might be
most probably due to the differences in their berry colors. As an indicator of color
purity, saturation, and intensity of the berry, C value directly influence the appearance

350




Tiirkoglu et al.: Changes in berry coloration and resistance of table grape cultivars (Vitis vinifera L.) in response to different growth
conditions of soilless culture and vineyard cultivation

of the grapes in markets. C value of ‘Prima’ cultivar did not significantly respond to
these environmental conditions. Such responsiveness of ‘Prima’ cultivar might be
attributed to very early ripening metabolism of this cultivar in comparison to others.
Because, in the previous studies [24,25] suggested that the temperature sensitive period
for skin coloration of grape berries begins from soon after véraison. Véraison and the
subsequent ripening stages of ‘Prima’ occurred mostly just before high temperature
events for both conditions.
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Fig. 4. Changes in berry chroma (C) values of table grape cultivars (Vitis vinifera L.) in

response to different growth conditions
Values of bars indicated by different letters identify significantly different means (P< 0.05, LSD)

The Hue angle values of the cultivars significantly changed in ‘Alphonse Lavallée’
and ‘Prima’ cultivars, although there was no significant variation in ‘Italia’ berries in
response to the cultivation conditions (Fig. 5). Hue angle value of the ‘Alphonse
Lavallée’ grapes obtained from soilless culture was very close to general findings of the
previous studies on this cultivar [26]. The greatest change, from 295.0 to 321.7 (with
8.3% increase), was detected in ‘Prima’ cultivar for Hue value.
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Fig. 5. Changes in berry hue angle (Hue) values of table grape cultivars (Vitis vinifera

L.) in response to different growth conditions
Values of bars indicated by different letters identify significantly different means (P< 0.05, LSD)

Skin rupture force (SRF) significantly differed in response to the cultivation
conditions across the studied cultivars (Fig. 6). There were remarkably higher values in
SRF of the berries obtained from the soilless culture with 16.8, 10.9 and 11.6%
improvements for ‘Alphonse Lavallée’, ‘Italia’ and ‘Prima’, respectively. Normally,
postharvest berry skin consistency is inevitably decreased for all grape cultivars [27],
although skin condition has a great impact on visual quality and consumer acceptance of
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table grapes. Furthermore, enhancing and extending the skin hardiness of table grapes is
a prime consideration [28,26] because water loss and pathogen attacks are induced by
hairline cracking on softening skin of the berry during postharvest handling or storage
[29]. Therefore, improvements in berry skin hardness delay postharvest senescence and
provide longer storage to remain in good physical conditions [7]. Findings imply that
the soilless cultivation technique might improve the harvest quality and extend the
postharvest storage duration with a positive effect on the improvement of the SRF.
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Fig. 6. Changes in berry skin rupture force (SRF, Newton) values of table grape

cultivars (Vitis vinifera L.) in response to different growth conditions
Values of bars indicated by different letters identify significantly different means (P< 0.05, LSD)

CONCLUSION

Soilless culture in protected agriculture, as one of the safest methodologies for
coping with the constrains of climate change, has been compared with the traditional
vineyard cultivation technique for the effects of different environments on certain berry
features of table grapes (‘Alphonse Lavallée’, ‘Italia’ and ‘Prima’ (Vitis vinifera L.)
with different agronomic features. The findings revealed that the midday air
temperatures in the glasshouse reached about 37°C for many days during the berry
development stage, while other lots of the study grapevines experienced a temperature
not higher than 33°C. Berry skin color parameters, such as lightness, chroma, and Hue
angle values showed remarkable changes in response to different growth conditions.
Cultivars differently responded to cultivation conditions in terms of berry coloration.
However, berry resistance measured as skin rupture force was persistently higher in
grapes from soilless culture than those of vineyard condition. Viticulturists should,
therefore, consider new production techniques under multiple stress conditions, such as
soilless culture under protected conditions for better berry coloration and resistance as
the skin features of grapes are among the most determinant aptitudes in visual or
biochemical quality properties.
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