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Weather trend and impact on sugar accumulation in
Montepulciano grapes in a viticultural area of central Italy
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Abstract.The increase in temperatures and frequency of drought summers is reshaping viticulture,
favoring cooler and higher-altitude areas while challenging traditional wine-growing regions. This study
examines the relationship between climatic variables and sugar accumulation in Montepulciano grapes in
Villalfonsina (Abruzzo, Italy) over the period 1998-2022, using data from a cooperative winery and a
regional weather station.Results show a significant rise in seasonal temperatures since 2010, with growing
degree days (GGDs) increasing by 7.5%, from 1,988 (1998-2009) to 2,135 (2010-2022). High-temperature
events (above 30°C and 35°C) doubled and quintupled, respectively, leading to photoinhibition, leaf
necrosis and berry dehydration. The day-night temperature range also increased by 40%, negatively
affecting metabolic processes such as sugar transport.Harvest dates were highly variable, with 50% of the
grapes harvested between September 29 and October 16. Sugar concentrations ranged from 17.3°Babo
(2014) to 20°Babo (2022), with recent vintages consistently exceeding 19°Babo, enabling wines with
alcohol levels between 13.3% and 13.8%.This research emphasizes the importance of adapting vineyard
practices and choosing harvest dates to reduce climate stress and maintain wine quality as the climate
continues to change.
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1 Introduction

Rising air temperatures (T) and frequentdrought
summerare favouring the production of high-quality
wines in cooler areas, including those at higher
elevations sites, at the expense of those known to be
warmer or at lower elevation sites. New areas,
previously considered unsuitable, are in fact becoming
increasingly important for quality viticulture, while
many of today's wine-producing areas are
unfortunately experiencing significant declines in unit
yields and quality imbalances[1].For this reason, new
plantings require technical updates in terms of grape
varieties, rootstocks, training systems, orientation and
exposure of slopes, while for vineyards in production it
is crucial to use environmental mitigation techniques
(e.g. kaolin, biostimulants, shade nets, localized
irrigation, dry farming interventions, etc.)[2-3]. The
latter are necessary to mitigate the negative effects of
weather changes that can no longer be foreseen, such
as the acceleration of the technological ripening of
grapes, with an increase in the sugar content of the
must and therefore in the alcoholic content of the wine,
the decoupling of the technological and phenolic
ripening, the decrease in the acidic and aromatic
contents and the increase in pH of the must, with
negative effects on the stability of the wine, as well as
the phenomena of dehydration of the berries and
sunburn. The analysis of the evolutionary trends of the
meteorological parameters, especially when they are
long-term, assumes a strategic importance for the
purpose of studying the inter-annual variability, which
is often the result of the alternation of different types of
air circulation and solar activity, as well as to highlight
possible points of discontinuity in the meteorological
parameters. Such knowledge is the basis for carrying
out corrective technical interventions, taking into
account the increasing variations of both the optimum
and the threshold T at different phenological stages.For
example, with respect to air T in recent years, it has
been found that: a) cumulative thermal sums of the
spring period are correlated with the time of harvest
[4]; b) summer T in July-August plays a primary role
in sugar accumulation [5]; ¢) high T's determine the
positioning of the ripening period at a less favourable
time for the production of quality wines [6]; d) in
Burgundy, temperature ranges have been assigned an
important role for red wines, while average maximum
T's are relevant for white wines [7]. Based on the
above, this paper analyses the relationships between
weather trends and harvest data during the period
1998-2022 in a homogeneous wine-growing area in
Abruzzo Region.

2 Materials and methods

The study was carried out using the archives of the
social cooperative winery “Villese” sited in
Villalfonsina (CH, Abruzzo region, central Italy),
covering the period 1998-2022.A database that reports
sugar degree (°Babo) and net weight for each

individual conferment of cv. Montepulciano grapes
was used. As many as 147,398 grape conferments were
analyzed during that period, and in summary, data are
reported for the date of grape conferment and the for
the average °Babo of the must calculated at 50% of the
grape conferment. Daily data of precipitation (P, mm),
minimum and maximum air T (Tmin and Tmax,
respectively, °C) recorded at the weather station near
the winery, affiliated to the climatic monitoring
network of the Regional Agrometeorological Center of
Abruzzo, were used for the climatic analysis. The daily
mean T (Tmed) was calculated as (Tmin+Tmax)/2.
Average daily temperature ranges AT and average
maximum and minimum T were also calculated for the
spring (April-June) and summer (July-September)
periods. Growing Degree Days(GDD) were calculated
based on the Amerine-Winkler index (GDD = (Tmed-
10 °C)) during spring (April-June), summer (July-
September), and for the entire vegetative-productive
cycle (April-September). The occurrence of extreme
temperature events was analyzed from April to
September by calculating the number of days with
Tmax greater than 30 °C (Tmax-30) and 35 °C (Tmax-
35).

3 Results and discussion

In the wine-growing area under consideration, the area
cultivated with Montepulciano grapes occupies 750
hectares. The vineyards exhibit a high degree of
homogeneity, with 80% of the vines trained on
Tendone system (distances of 2.5 x 2.5 m; 1,600
vines/hectare) and 87% grafted on K5BB rootstock.

3.1 Agrometereologicalcharacterization of the
period 1998-2022

The agrometeorological characterization of the period
1998-2022 shows an increase in T and in the number of
days with Tmax above 30°C and 35°C throughout the
vegetative-productive cycle (April-September), without
significant changes in precipitation (Tables 1 and 2,
Figure 1).

Table 1. Average meteorological variables during the period
1998-2022 (rainfall data are cumulative).

Year Spring Sumames Grawing season Erevipitation
(April-June) (July:September) {(April-September) | (April - Sgptember)
Toas | Tmin | P GG | Tmax [ Imin [ P GG GG mm
1998 | 224 | 147 | 1254 | 7750 | 27 19.9 | 260.0 | 12445 2020 3854
1999 | 223 [ 150 | 1474 198 | 1502 | 12258 2013 327.6
2000 | 229 | 158 | 549 196 | 2062 | 1242.0 2101 261.1
2001 | 218 | 141 | 1246 | 72 194 | 532 | 12349 1962 177.8
2002 | 217 | 143 | 2766 | 73 180 | 2842 | 10878 1821 560.8
2003 3.6 8924 | 280 | 205 | 1584 | 13188 2211 266.0
2004 | 203 6153 | 27.0 | 193 | 130.6 | 12125 1828 3446
2005 0 186 | 1822 | 11314 1873 315.6
2006 0 189 | 2144 | 11790 1919 376.6
2007 3. 194 | 846 | 12524 2112 146.4
2008 1 E 193 | 1534 | 12100 1957 308.6
2009 7658 | 27.5 | 203 | 734 | 1283.1 2049 4204
2010 | 229 7616 | 288 | 190 | 1416 | 12863 2048 2474
2010 | 229 | 124 [ 1628 | 6974 | 302 | 183 | 182.0 | 13096 2007 344.8
2012 | 244 | 122 | 1472 | 8464 | 311 | 212 | 2200 | 14869 2333 367.2
2005 | 236 | 139 | 1624 | 7954 | 299 | 198 | 928 | 13707 2166 255.2
2014 | 23.0 | 138 | 1760 | 7639 | 284 | 188 | 2002 | 1253.0 2017 3762
2005 | 249 | 145 | 1168 | 8917 | 313 | 210 | 860 | 14904 2382 202.8
2016 | 232 | 133 | 1592 | 7500 | 283 | 186 | 2388 | 12435 1994 398.0
2007 | 246 | 138 | 1344 [ 8426 | 295 | 189 | 2024 [ 13269 2169 336.8
2018 | 244 | 122 | 147.6 | 8432 | 204 | 19.0 | 3316 | 13129 2156 479.2
2019 | 230 | 13.0 | 2742 | 7262 | 305 | 191 | 998 | 13672 2093 374.0
2020 | 233 | 124 | 1954 | 7260 | 298 | 187 | 894 | 13138 2040 2848
2021 | 234 [ 120 [ 802 [7242[ 303 | 190 | 1212 [ 13514 2076 2014
2022 | 250 | 139 | 97.2 | 8725 | 307 | 195 | 1410 | 13939 2266 238.2
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Table 2. Regression lines for meteorological variables and
degree days for the period 1998-2022. The level of
significance of the error is indicated as follows: *P < 0.05; **
P <0.01. *** P <0.00, ns = not significant.

Season Variable Intercept ] F test R Sign.
AT -348.8 0.18 1057 | 0.82 =
Spring
Tmax -173.7 0.10 166 | 042 e
(April-June) Tmin 175.1 008 | 146 | 039 | ==
P -1059.2 0.60 0.10 | 0.00 ns
GG -1158.1 0.96 025 | 001 ns
AT -382.7 0.19 789 | 077 s
Summer
Tmax 3383 0.18 40.1 | 064 [
(July-Sept: )
lySeatesmber Tmin 44.46 -0.01 032 | 001 ns
P 3213.1 -1L52 | 058 | 002 ns
GG -14412.7 7.81 133 | 037 ]
Growing season GG -15570.9 8.77 6.04 0.21 *
(April - September) | Tmax-30 -3906.9 197 309 | 057 [
Tmax-33 -1146.9 0.57 121 | 034 *

Number of days with Tmax
higher than 30 °C

Number of days with Tmax
higher than 35 °C
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Figure 1. Number of days with maximum air temperature
exceeding 30 and 35 °C in the years range 1998-2022.

The evolutionary trends of some weather parameters
show a clear increase since the 2010 vintage, in fact, in
the last 13 years GGs have increased by 7.5%passing
from 1,988 GGs in the 1998-2009 period to 2,135 GGs
in the 2010-2022 interval (Table 1). Also compared
with the 1998-2009 period, days with Tmax above 30
°C have almost doubled, while those with Tmax above
35 °C have increased by more than 5 times (Figure 1).
The latter situation, if prolonged for more than 2-3
consecutive days causes photoinhibition phenomena at
the leaf level with chlorosis and necrosis, as well as
increased dehydration and sunburn in berries exposed
to direct solar radiation (Figure 2).

Figure 2.Montepulciano vineyard with most of the leaves
chlorotic and necrotic as a result of chronic
photoinhibition caused by thermal and radiative excesses;
berries are also strongly dehydrated and affected by sun-
burn.

Moreover, it emerges that over the past 13 years (2010-
2022), for both the spring and summer periods, there
has been a significant increase (by 40% on average) in
the day-night average temperature range compared to
the 1998-2009 interval (Figure 3).This is caused by
significant increases in daytime Tmax in both
subperiods examined and an equally significant
decrease in night Tmin; however, found to be
significant in the April-June period only (Table 2).
Reduced night Tmin could adversely affect some
growth processes, such as sugar transport, cell division,
synthesis of constituent biopolymers of cell walls such
as cellulose and lignin, and basic metabolism, which,
in many cases, occur during the night, as well as limit
cellular respiration with reductions in the production of
energy essential for all the processes listed above.
Conversely, high  Tmax negatively  affects
photosynthetic activity, which has an optimal range
between 20 and 28 °C, and thus the production of
sugars that are the engine of plant growth and
productivity [8].

As regarding the growing degree sum, a little less than
1/3 of the seasonal values, ranging from a minimum of
1,821 GG in 2002 to a maximum of 2,382 GG in 2015,
were calculated for the April-June period
(corresponding to the phenological stages from bud
burst to blooming time), while the remaining 2/3 in
July-September (i.e. during grape ripening) (Table 1).
Also at this stage, T exert decisive effects on the
sensory profiles of the grapes, the optimum for the



BIO Web of Conferences 235, 03001 (2026)
CONAVI 2024

https://doi.org/10.1051/bioconf/202623503001

synthesis of primary aromas being in fact 20-24 °C, as
well as chromatic since the synthesis of anthocyanins is
maximum between 17 and 26 °C[9, 10].The year 2015
was distinguished by the highest thermal availabilities
of 892, 1,490 and 2,382 GG for the spring, summer and
full cycle periods, respectively, with just 203 mm total
rainfall, while 2002 was the coldest vintage, with just
1,821 GG, and 561 mm of cumulative rainfall (Table
1). It is also confirmed that in the years with high
rainfall in April-June, fungal pressure was higher, such
as 2002 with 277 mm of rainfall, 2004 with 214 mm,
2009 with 347 mm, and 2019 with 274 mm, and of
course 2023 with over 460 mm.
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Figure 3. Day-night temperature range during the period
1998-2022 in the spring (April — June) and summer (July —
September).

3.2 Grape conferral and sugar concentration

The dates of conferring of Montepulciano grapes were
characterized by high variability: 50% of the grapes
delivered to the winery occurred between September
29 (recorded in 1998 and 2017) and October 16 in
2004 (Figure 4A). The values of the weighted average
°Babo, related to 50% of the delivered grapes, were in
the range between the minimum value of 17.3 °Babo
recorded in 2014 and the maximum value of 20 °Babo
recorded in 2022 (Figure 4B). In the last four years,
values have always been above 19 °Babo, coinciding
with high thermal levels, especially in 2022 with as
many as 2,266 GG. The wine Montepulciano
d'Abruzzo DOC appellation indicates a minimum
natural alcohol content by volume of 11.5%, which
rises to 12% in the Riserva version, so grapes are
required to be harvested with a sugar content of 17.1
and 17.8 °Babo, respectively. In all the years
considered, in the 50% of the total grapes conferred,
these gradations were reached, demonstrating the full
suitability of the area under consideration for the
cultivation of cv. Montepulciano. Even in the last 4
vintages, i.e., from 2019 to 2022, the sugar content of
the musts measured at the conferral of 50% of the

grapes varying from 19.3 to 20 °Babo allowed to
obtain wines with not particularly high alcohol content,
i.e,, varying from 13.3 to 13.8%. In general, vintages
characterized by high T and limited rainfall in the
summer period have higher weighted average sugar
content, as in 2007, 2012, 2015, and the last 4 vintages
(Figure 4).
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Figure 4. Dates of 50% grape conferring in the period
from1998 to 2022 (A). Weighted average sugar content
calculated at 50% grape conferring during the time period
1998-2022 (B).

4 Conclusions

The knowledge of the seasonal weather pattern over a
sufficiently long period in a defined area, especially if
it is homogeneous from technical point of view, is
certainly useful for the organization of harvesting dates
and wine-making, especially when social cooperatives
are considered. In the area analyzed, which is quite
homogeneous in terms of grape varieties, rootstocks,
training systems and soil characteristics, the variations
observed in the dates of grape harvesting and in the
sugar content of the musts can be attributed mainly to
the annual cycle of weather factors. This variability is
especially linked to air temperature trends,also
considering that grape yield are relatively
stable,ranging from 14 to 17 t/ha. The increase of
Tmax and Tminand the number of summer days with
Te air higher than 30-35 °C found in the last 4-5 years
obliged to the continuous monitoringof sugar
accumulation in the grapes. This monitoring activity
would help to define the optimal dates of harvest for
each vineyard, avoiding unexpressed and immature
wines to be madeand/or to apply suitable management
techniques to avoid negative effects of environmental
stresses.



BIO Web of Conferences 235, 03001 (2026)

CONAVI 2024

https://doi.org/10.1051/bioconf/202623503001

Acknowledgements

The data used in this study were provided by the
Cantina Sociale Olearia Vinicola of Villalfonsina

(CH).

References

10.

G.V. Jones, M.A. White, O.R. Cooper, & K.
Storchmann. Climate change and global wine
quality. Climatic Change, 73, 319-343.
(2005).

T. Frioni, A. Palliotti, O. Silvestroni, P.
Sabbatini, S. Tombesi, S. Poni, & L. Palliotti.
Kaolin application reduces heat stress and
improves berry composition in Sangiovese
grapevines. Scientia Horticulturae, 246, 769—
776. (2019).

L. Pallotti, O. Silvestroni, E. Dottori, T.
Lattanzi, & V. Lanari. Effects of shading nets
as a form of adaptation to climate change on
grapes production: A review. OENO One, 57,
467-476. (2023).

B. Di Lena, O. Silvestroni, V. Lanari, & A.
Palliotti. Climate change effect on cv.
Montepulciano in some wine-growing areas of
the Abruzzi region. Theoretical and Applied
Climatology, 136, 1145-1155. (2018).

V. Lanari, A. Palliotti, P. Sabbatini, G.S.
Howell, & O. Silvestroni. Optimizing deficit
irrigation  strategies to manage  vine
performance and fruit composition of field-
grown ‘Sangiovese’ (Vitis vinifera L.)
grapevines. Scientia Horticulturae, 179, 239—
247. (2014).

C. Van Leeuwen, A. Destrac-Irvine, M.
Dubernet, E. Duchene, M. Gowdy, E.
Marguerit, P. Pieri, A. Parker, L. de
Resseguier, & N. Ollat. An update on the
impact of climate change in viticulture and
potential adaptations. Agronomy, 9, 514.
(2019).

R.E. Davis, R.A. Dimon, G.V. Jones, & B.
Bois. The effect of climate on Burgundy
vintage quality rankings. OENO One, 53, 59—
73. (2019).

S. Tombesi, I. Cincera, T. Frioni, V. Ughini,
M. Gatti, A. Palliotti, & S. Poni. Relationship
among night temperature, carbohydrate
translocation and inhibition of grapevine leaf
photosynthesis. Environmental and
Experimental Botany, 157, 293-298. (2019).
M. Keller. The Science of Grapevines:
Anatomy and Physiology, 3rd ed. Academic
Press. (2020).

K. Mori, N. Goto-Yamamoto, M. Kitayama,
& K. Hashizume. Loss of anthocyanins in red-
wine grape under high temperature. Journal of
Experimental Botany, 58, 1935-1945. (2007).



	1 Introduction
	2 Materials and methods
	3 Results and discussion
	3.1 Agrometereologicalcharacterization of the period 1998-2022
	3.1 Grape conferral and sugar concentration

	4 Conclusions
	Acknowledgements
	References

