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Quantifying the effect of temperature on decoupling anthocyanins and sugars
of the grape (Vitis vinifera L. 'Maturana Tinta de Navarrete')

F. MarTINEZ DE TopA and P. BALDA

ICVV (Universidad de La Rioja, CSIC, Gobierno de La Rioja), Logrofio, Spain

Summary

The objective of this work consists of the quantifi-
cation of decoupling anthocyanin:sugar ratio produced
by higher temperature on Vitis vinifera L. 'Maturana
Tinta de Navarrete'. Two vineyards were studied in two
different climatic areas during a 3-year period (2010-
2012). The average Winkler index during the three
years in the two studied areas was 1364 °C and 1619 °C,
respectively. This implies a difference of 1.3 °C for the
mean temperature between both areas from April to
October.

Both total anthocyanins and the anthocyanins:sug-
ars ratio decreased, significantly, in the warmer area
during the three years. The highest anthocyanin sugars
decoupling occurred in the warmest year (2012) and the
lowest in the coolest year (2010). Given that the grape
ripening begins in August, it could be concluded that
the above decoupling is higher as higher is the tempera-
ture in August.

For further research, it would be very interesting to
study the anthocyanins : sugar ratio at different times
from veraison onwards.

Key words: climate warming; decoupled anthocyanins;
sugars ratio; quantifying decoupling.

Introduction

Many vineyards around the world produce potentially
higher alcohol levels, because viticultural techniques have
always been designed in order to produce a higher ripeness.
Climatic change has also increased the berry ripeness proc-
ess naturally (ScuuLtz and Jongs 2010) and during the last
few decades, berry ripeness has been developing earlier.

Several studies show earlier development in vine phe-
nology during the last few years in every wine growing
region (JONES et al. 2005, DucHENE and ScHNEIDER 2005).
As aresult berry ripening is taking place during the warmer
part of the ripening period (WEBB et al. 2007, 2008). There
are many studies regarding several temperature indices de-
termining the main changes in the varietal profile in viti-
cultural areas (Scaurtz 2000, STOoCK ef al. 2005),

In warm climates, grape varieties reach sufficient solu-
ble solids levels in order to obtain high quality wines, but
it is not the same regarding the colour (ILanp and GaGo
2002). The temperature levels where the sugar enzymes

are active (8 to 33 °C) are different to the activity of the
colour enzymes (17 to 26 °C) (I,anp and Gago 2002, Sa-
DRAS et al. 2007). Temperatures above 30 °C after veraison
could inhibit anthocyanin synthesis (Mori et al. 2007).

Sabras and Moran (2012) speculate that this increase
in alcohol could be partially explained by the temperature-
driven decoupling of anthocyanins and sugars in berries
of red wine varieties; if accumulation of sugars is more
responsive to temperature than accumulation of anthocy-
anins, delaying harvest to search for higher concentration
of anthocyanins would be associated with higher sugar
concentration and potential alcohol. Their experiments
demonstrate that elevated temperature can decouple an-
thocyanins and sugars in berries in a temperate environ-
ment, and that this decoupling is more likely to be caused
by a delayed onset in the accumulation of anthocyanins,
rather than relative changes in rates. These authors worked
with experiments where temperature was manipulated un-
der realistic vineyard conditions.

MarTiNEZ DE Topa and Barpa (2013) also working in
experiments under realistic vineyard conditions argue that
the ripeness delay due to trimming practices involves ripe-
ning taking place at a later period under cooler tempera-
tures. So decreasing leaf area as a consequence of the trim-
ming treatments, could be useful to obtain a delay in ripen-
ing. When the berry ripeness is developed during cooler
periods, phenol development and aroma synthesis are more
adequate (StoLL ef al. 2009). This fact is very important in
warm wine regions.

The effect of temperature on berry and wine attributes
has also been investigated with indirect approaches com-
paring cool and warm seasons within a region or in ther-
mally contrasting regions (Duchéne and Schneider 2005,
Jones et al., 2005).

In the indirect approach comparing thermally contrast-
ing regions, it is necessary to consider vineyards as similar
as possible in regard to plant material, management prac-
tices and soils. Furtheremore these differences between cli-
matic conditions should be comparable to the effect of the
studied global warming.

In this regard it is noteworthy that the mean tempera-
ture increase projected for 2050 is around 1.5-2.0 °C under
some scenarios and modelling conditions of JoNEs et al.
(2005).

'Maturana Tinta de Navarrete' is a minority red vari-
ety recovered in Rioja appellation in 1991 in a research
project, and its planting was authorized by the Regulatory
Council in 2007. The genetic profile of 'Maturana Tinta

Correspondence to: Dr. F. MarTiINEZ DE Topa, CVV (Universidad de La Rioja, CSIC, Gobierno de La Rioja), 26006, Logrofio, Spain.

E-mail: fernando.martinezdetoda@unirioja.es


https://core.ac.uk/display/235692655?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

118 F. MarTiNEZ DE TopA and P. BALDA

de Navarrete' matches with the variety 'Castets' in France,
where it has almost disappeared. Nowadays there are more
than 50 ha planted recently in Rioja.

'Maturana Tinta de Navarrete' has been cultivated in
Rioja as a minority variety, following the traditional viti-
cultural practices of the region for 'Tempranillo', the most
common variety in the appellation. 'Maturana Tinta de
Navarrete' has always been co-fermented in small percent-
ages with other varieties, so its enological properties have
remained unknown until the last few years.

The objective of this work is to quantify the effect of
temperature on decoupling anthocyanins and sugars in the
variety 'Maturana Tinta de Navarrete', through the behav-
ior of the vineyard into two climatic zones with a mean
temperature difference between them, for the period April
to October, of approximately 1.3 °C or an equivalent dif-
ference of 255 °C in the Winkler index (WINKLER et al.
1974).

Material and Methods

Plant material and climate: The study
was conducted during the years 2010, 2011 and 2012 in
two commercial vineyards of Vitis vinifera 'Maturana Tinta
de Navarrete' located in Badaran (42.36 N, -2.81 W, 615 m)
and Logrofio, inside the Rioja appellation, in the North of
Spain. In both vineyards, 'Maturana Tinta de Navarrete'
was grafted on 110-R rootstock and both were 12 years old.
Planting distance was 1.20 m between vines and 2.70 m
between rows. The rows were oriented North-South along
a 1.5 % sloping terrain. The vines were trellised by simple
horizontal cordon and pruned to twelve buds per vine on
spurs of two buds each and the vineyard was subjected to
the common viticultural practices in the region. It should
be noted that planting material was the same in both vine-
yards as the recovery of this variety was made from only
35 vines found in an old vineyard. Climatic data were ob-
tained from the closest weather stations, located 5 km away
from the vineyard of Badaran (the data were corrected for
the difference in altitude) and less than 1 km distant in the
case of the vineyard in Logrofio.

Experimental design: In each vineyard, the
experimental design was a randomized complete block
with three replications. The experimental plot consisted
of four rows, and each experimental unit consisted of six
contiguous vines in each row. Four different treatments
were applied, consisting of the combination of vertical
shoot positioning (VSP) and free cordon (FC) training
systems with or without a leaf plucking treatment (con-
trol was without plucking): VSP control (VSP), VSP with
leaf plucking (VSP-LP), FC control (FC) and FC with leaf
plucking treatment (FC-LP). The leaf plucking treatment
consisted of removing the basal leaves of each shoot until
the node located above the upper bunch and included the
lateral shoots. The treatment was performed at peppercorn
size berries (4 mm).

In order to determine the leaf area of the shoot, the
Smart method based on discs technique (Smart and Robin-
son, 1991) was used. The leaf area of the shoot at harvest

time was measured on 5 shoots per replicate, removing the
petioles in order to measure the weight according to the
leaf surface. Subsequently, that weight was compared with
the weight of one hundred discs of known surface, and the
leaf surface area per shoot was obtained. The leaf surface
area per vine was obtained by multiplying the leaf surface
area per shoot and the number of shoots per vine.

At harvest time, between October 25 and October 30
over three years, and on five vines of each replicate, the
yield per vine was determined.

A sample of 200 berries for each replicate was crushed
manually to obtain the must for the chemical analysis. The
soluble solids were analyzed by OIV standard methods
(O1V, 2013). Total anthocyanins were analyzed by Iland
method (ILAND ef al. 2004).

Mean comparisons were performed, between the two
vineyards and for the four treatments together, using ¢ Stu-
dent test (p = 0.05). The statistical analysis was performed
using the statistical package SPSS 15.0 for Windows.

Results

Climate: The values of Winkler Index for each of
the three years and its average value in the two studied ar-
eas are presented in Tab. 1. The Winkler Index average of
the three years for each area was 1364 °C and 1619 °C,
respectively.

Table 1

Winkler Index and August mean T* for the three years in the two
areas studied

Badaran Logroio
Winkler Index Average (°C) 1364 1619
2010 Winkler Index (°C) 1299 1516
August mean T* (°C) 19.9 21.3
2011 Winkler Index (°C) 1388 1705
August mean T* (°C) 20.6 22.5
2012  Winkler Index (°C) 1406 1636
August mean T (°C) 21.6 23.1

As grape ripening begins in August, the average tem-
perature in August for the three years in each of the arcas
is also shown. In regard to the average temperature of Au-
gust, there was a difference of around 1.6 °C between the
two areas for the three years.

Leaf area to fruit ratio: As can be seen
in Tab. 2, the leaf area to fruit ratio ranges from 1.36 to
3.00 m*kg! in all cases and is always higher in the vine-
yard in Badaran. In 2010 and 2011 this increased leaf area
to fruit ratio was due to the lower production of the Badaran
vineyard compared to the Logrono vineyard. In 2012, how-
ever, the lower leaf area to fruit ratio was due to the greater
leaf area per vine on the Badaran vineyard.

Soluble solids and anthocyanin con-
tent: Tab. 3 shows the results obtained from grape anal-
ysis in the two vineyards for the three years. Significant
differences were found in the soluble solids between the
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Table 2

Leaf area/yield, leaf area/vine and yield/vine for the two areas in
the years 2010, 2011 and 2012
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Table 3

Soluble solids and anthocyanin content for the two regions in the
years 2010, 2011 and 2012

Badaran Logrofio Badaran Logrofio

2010 Leafarea/yield (m*kg™") 228a 1.36b 2010 Soluble solids (°Brix) 2326a 22.68b
Leaf area/vine (m?) 346a 4.10a Total anthocyanins (mg-g™") 3.75a  3.39b
Yield/vine (kg) 1.51b 3.00a Anthocyanins/sugar (mg-g'/°Brix) 0.161a 0.149b

2011  Leaf area/yield (m*kg™") 3.00a 2.01b 2011 Soluble solids (°Brix) 23.51b 24.68a
Leaf area/vine (m?) 492a 442a Total anthocyanins (mg-g™) 423 a 3.75b
Yield/vine (kg) 1.64b 220a Anthocyanins/sugar (mg-g'/°Brix) 0.180a 0.152b

2012  Leaf area/yield (m*kg™) 2.07a 1.49b 2012 Soluble solids (°Brix) 23.80b 25.11a
Leaf area/vine (m?) 4.15a 246 b Total anthocyanins (mg-g™) 524a 3.73b
Yield/vine (kg) 2.00 a 1.65a Anthocyanins/sugar (mg-g'/°Brix) 0.220a 0.148 b

Different letters across a row show significant differences between
values, according to ¢ student test (p = 0.05).

two regions for all years. In 2010, the soluble solids con-
tent was higher in the cooler area while in 2011 and 2012
that content was higher in the warmer region. Both the total
anthocyanins and the anthocyanins:sugars ratio decreased,
significantly, in the warmer area during the three years. The
reduction in the anthocyanins:sugars ratio for the warmer
vineyard was 7.4 % in 2010, 15.5 % in 2011 and 32.7 %
in 2012.

Discussion

Climate: The difference in average Winkler In-
dex for the three years between the two areas was 255 °C
(Tab. 1), which is equivalent to a mean temperature differ-
ence between them, for the period April to October, about
1.3 °C. In this regard it is noteworthy that this difference
of 1.3 °C is close to the projected increase in the average
temperature for 2050 in some scenarios and modeling con-
ditions (JONES et al. 2005).

With regard to the average temperature of August,
there was also a difference of around 1.6 °C between the
two areas for three years. Overall, 2010 was the coolest
year and 2012 was the warmest year for both areas. In the
month of August, when the grape ripening begins, 2012
was also the warmest year and 2010 the coolest.

Leaf area to fruit ratio: To analyze the
behavior of these two vineyards, it is important that the
leaf area to fruit ratio is sufficiently high to allow proper
ripening. Generally, ripening gradually increases with leaf
area to fruit ratio and then reaches a plateau (KLIEWER and
Dokoozrian 2005). This plateau can be considered as the
potential ripening level that a vine can achieve under non-
source limitation condition. In order to get enough ripe-
ness in the grapes, a leaf area to fruit ratio between 0.8 and
1.2 m*kg! (KLiewer and DokoozLiaN 2005) is needed. As
seen in Tab. 2, the leaf area to fruit ratio is, in all cases,
much higher than these minimum standards listed so we
can say that leaf area has not limited the ripening of the
grapes in any of the experimental units.

Soluble solids and anthocyanin con-
tent: Both the total anthocyanins and the anthocyanins :
sugars ratio decreased significantly, in the warmer area

Different letters across a row show significant differences between
values, according to ¢ student test (p = 0.05).

over the three years (Tab. 3). The reduction in the anthocy-
anins : sugars ratio for the warmer vineyard was 7.4 % in
2010, 15.5 % in 2011 and 32.7 % in 2012.

If we consider that the leaf area to fruit ratio was high-
er than 1.36 m>kg in all cases (Tab. 2) and, therefore, the
grape ripening was not limited by insufficient leaf area,
we have to consider that this decoupling between anthocy-
anins and sugars was due to the higher temperature of the
warmest area. The only explanation that comes to mind is
linked to the higher temperature at which berry ripening
occurs in the warmer area.

Sapras and MoraN (2012) demonstrate that elevated
temperature can decouple anthocyanins and sugars in ber-
ries in a temperate environment. Thus, the decreasing an-
thocyanins:sugars ratio for the warmer vineyard could be
due to the higher temperature of this area.

We have not studied if the decoupling by elevated
temperature is more likely to be caused by a delayed onset
in the accumulation of anthocyanins, rather than relative
changes in rates (SADRAS and MoraN 2012). Regarding this
aspect, it should be noted that the methodology used in this
study did not allow the investigation into the onset of an-
thocyanin synthesis nor its subsequent rate . To resolve this
issue, it would be interesting to study the anthocyanins :
sugar ratio at different times beginning at veraison. This is
one of the aspects we want to study in subsequent works.

With respect to differences between years, the high-
est anthocyanin sugars decoupling occurred in 2012 with a
reduction of 32 % and the lowest in 2010 with a reduction
of 7 %, and if we look at the climate data of Tab. 1 and
especially temperatures of August, we can see that 2012
was the warmest year and 2010 the coolest. Given that
the grape ripening begins in August it could be concluded
that the above decoupling is positively correlated to higher
temperatures in August.

Conclusions

Both total anthocyanins and the anthocyanins : sugars
ratio decreased, significantly, in the warmer area over the
three years. If we consider that the leaf area to fruit ratio
was higher than 1.36 m?kg"! in all cases and, therefore,
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the grape ripening was not limited by insufficient leaf area
we have to consider that this decoupling between anthocy-
anins and sugars was due to the higher temperature of the
warmest area. The only explanation that comes to mind is
linked to the higher temperature at which berry ripening
occurs in the warmer area.

With respect to differences between years, the high-
est anthocyanin sugars decoupling occurred in 2012 and
the lowest in 2010 and if we look at the climate data and
especially temperatures in August, we can see that 2012
was the warmest year and 2010 the coolest. Given that the
grape ripening begins in August it could be concluded that
the above decoupling is higher when higher August tem-
peratures are experienced.

References

DucHENE, E.; ScHNEIDER, C.; 2005: Grapevine and climatic changes: a
glance at the situation in Alsace, Agron. Sust. Dev. 25, 93-99.
Iranp, P.; Gaco, P.; 2002: Australia Wines. Styles and Tastes. Campbell-

town, South Australia. Patrick Iland Wine Promotions.

TLanD P.; BRUER, N.; EWART, A.; MARKIDES, A.; SITTERS, J.; 2004: Monitor-
ing the winemaking process from grapes to wine: Techniques and
concepts. Patrick Iland Wine Promotions.

JonEs, G. V.; DUCHENE, E.; Tomast, D.; YUSTE, J.; BRAsLAVSKA, O.; SCHULTZ,
H. R.; MaARTINEZ, C.; Boso, S.; LANGELIER, F.; PErRrucHOT, C.; GUIM-
BERTEAU, G.; 2005: Changes in European winegrape phenology and
relationships with climate, Proc. XIV GESCO Symposium, Vol. 1,
55-61. Geisenheim, Germany.

KriEwer, W. M.; DokoozLiaN, N. K.; 2005: Leaf area/crop weight ratios
of grapevines: influence on fruit composition and wine quality. Am.
J. Enol. Vitic. 56, 170-181.

MARTINEZ DE Topa, F.; BALDA, P.; 2013: Delaying berry ripening through
manipulating leaf area to fruit ratio. Vitis 52, 171-176.

Mori, K.; Goto-Yamamoro, N.; Kitavyama, M.; Hasuizume, K.; 2007:
Loss of anthocyanins in red-wine grape under high temperature. J.
Exp. Bot. 58, 1935-1945.

0.1.V.; 2013: Compendium of International Methods of Analysis of Wines
and Musts. 498 p. Paris.

Sabpras, V. O.; Moran, M. A.; 2012: Elevated temperature decouples an-
thocyanins and sugars in berries of Shiraz and Cabernet Franc. Aust.
J. Grape Wine Res. 18, 115-122.

Sabras, V. O.; STEVENS, R. M.; PEcH, J. M.; TAYLOR, E. J.; NicHoLas, P. R.;
McCarthY, M. G.; 2007: Quantifying phenotypic plasticity of berry
traits using an allometric-type approach: a case study on anthocy-
anins and sugars in berries of Cabernet Sauvignon. Aust. J. Grape
Wine Res. 13, 72-80.

Schurtz, H. R.; 2000: Climate change and viticulture: a European per-
spective on climatology, carbon dioxide and UV-B effects. Aust. J.
Grape Wine Res. 6, 2-12.

Schurtz, H. R.; Jones, G. V.; 2010: Climate induced historic and future
changes in viticulture. J. Wine Res. 21, 137-145.

SMART, R.; RoBmNson, M.; 1991: Sunlight into Wine: A Handbook for
Winegrape Canopy Management. Winetitles, Adelaide.

Stock, M.; GERSTENGARBE, F. W.; KARTSCHALL, T.; WERNER, P. C.; 2005:
Reliability of climate change impact assessments for viticulture.
Acta Hortic. 689, 29-39.

StoLL, M.; SCHEIDWEILER, M.; LAFONTAINE, M.; ScHuLTz, H. R.; 2009: Pos-
sibilities to reduce the velocity of berry maturation through vari-
ous leaf area to fruit ratio modifications in Vitis vinifera L. Riesling.
Proc. XVI GESCO Symp., pp. 93-96. Davis, USA.

WeBB, L. B.; WHETTON, P. H.; BARLOW, E. W. R.; 2007: Modelled impact
of future climate change on the phenology of grapevines in Aus-
tralia. Aust. J. Grape Wine Res. 13, 165-175.

WEBB, L. B.; WHETTON, P. H.; BarLow, E. W. R.; 2008: Climate change
and wine grape quality in Australia. Climate Res. 36, 99-111.

WINKLER, A. J.; Cook, J. A.; KLIEWER, W. M.; LIDER, L. A.; 1974: General
Viticulture. Univ. California Press, Berkeley, USA.

Received July 8, 2014



