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Abstract

Climate is the major factor influencing the dynamics of the vegetative cycle and can determine the timing of
phenological periods. Knowledge about varieties’ phenology, their chronological duration, and thermal
requirements, allows not only the better management of interventions in the vineyard, but also to predict
varieties’ behaviour under a scenario of climate change, giving the wine producer the possibility of selecting
the varieties that are best adapted to the climatic conditions of a certain terroir. In 2014, Symington Family
Estates established two grape variety libraries in two different places with distinctive climate conditions, with
the commitment of contributing to a deeper agronomic and oenological understanding of some grape varieties,
in hot climate conditions. Since 2017, phenological observations have been made to determine the average dates
of budbreak, flowering and véraison, the thermal requirements and the chronological duration of each phase
have been also calculated. During maturation, berry samples have been collected to study the dynamics of sugar
accumulation. The data was analysed applying phenological and sugar accumulation models available in
literature.The results obtained show significant differences between the varieties over several parameters,
between the two locations, confirming the influence of climate on phenology and maturation, in these specific
conditions.

Introduction

The climate conditions play a relevant role in vine’s growth (Jones et al., 2005; Lopes et al., 2008; Alves et al.,
2013) and temperature is one of the major factors interfering in grapevine ‘s development. (Parker et al., 2011,
Malheiro et al., 2013; Parker et al., 2013) The expected rise of temperature caused by climate change can lead
to phenology advance and jeopardize the viability of high-quality grapes production, in some wine regions.
(Jones et al., 2005; Fraga et al., 2012) To counteract this trend and adapt varieties to future climatic conditions
is important to know the thermal requirements to complete the main phenological stages and reach a desired
target sugar concentration value. (Parker et al., 2020a)

The aim of this work is to study the influence of climate in a wide range of varieties. The mid-date occurrence
for budbreak, flowering (both not showed in this work) and veraison was determined for the cultivars present
in two Grape Varieties Libraries. To evaluate the dynamic of sugar accumulation, the day of the year (DOY)
when a target value of sugar was reached was determined.

Materials and methods

This study was conducted at Symington’s Grape Variety Libraries, located at Quinta do Bomfim (41.189245, -
7.540943, sub-region Cima Corgo) and Quinta do Ataide (41.248395, -7.111794, sub-region Douro Superior),
Douro region, Portugal. The vineyards were planted in 2014, with the aim of study the oenological and
viticultural potential, preserve less known cultivars and study the varieties’ adaptability to climatic conditions.
At Ataide are planted 53 varieties, with 200 plants per grape variety, grafted in 196-17 rootstock. The vines are
pruned in Royat single cordon, vertical shoot positioned trellis, with ca 8 to 10 buds per vine. The second grape
library is smaller than the previous one, with 29 grape varieties, grafted in 196-17 rootstock. The number of
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plants per cultivar varies from 25 to 75 plants and the vines are pruned in Royat single cordon, vertical shoot
positioned and have around 8-10 buds per plant.

The climate in both locations is summarized on table 1. Data from the five years study display the most
important differences in the two environments. At Quinta do Ataide we get less annual and growing season
precipitation, with lower temperature during winter and spring, and a summer warmer than Quinta do Bomfim,
with influence on ripening dynamic. The heat accumulation (Growing Degree Days) is quite similar in both
locations, but with different speeds on the accumulation, lower at beginning of the cycle in Quinta do Ataide,
and faster in late season, from veraison to harvest time.

Table 1. Climate conditions at Quinta do Bomfim and Quinta do Ataide from 2017 to 2021. Viticultural year from
November to October. Growing season from April to October.

Prec. Prec. GS Tmed Tmed GS T>30°C T>35°C T>35°C ETp ETp GDD* GDD*

Year Nov-Oct Apr-Oct Nov-Oct Apr-Oct Apr-Oct Apr-Oct Jun-Jul-Aug Nov-Oct Apr-Oct Jan-Oct Apr-Oct

(mm) (mm) (o) (0) (days) (days)  (days) %) (mm) (mm)  (Day)  ("Day)

2017 3162 86,6 16,9 22,0 112 38 34 36% 1208 1108 2810 2643
E 2018 71,0 2744 16,0 20,9 96 36 26 27% 1136 939 2515 2440
E 2019 485,6 197,6 16,2 20,5 87 27 23 24% 1154 939 2495 2336
@ 2020 5764 2162 17,0 21,1 87 48 39 41% 1160 950 2669 2453

2021 5300  223,6 16,3 20,3 70 23 22 23% 1095 909 2504 2306

A(‘g”age 5158 1997 165 21,0 90 34 29 30% 1150 969 2509 2435

years)

2017 3146 80,8 16,7 22,1 128 58 49 53% 1167 1075 2743 2596
o 2018 5438 2182 157 20,8 109 M 32 35% 1139 938 2425 2359
'S 2019 35,6 1700 158 20,5 100 40 36 39% 1198 976 2369 2257
< 2020 5126 2000 167 21,3 100 56 47 51% 1215 1001 2602 2429

2021 5044 2562 159 20,2 80 29 27 29% 1126 921 2411 2249

A(‘éey'fag;) 4464 1850 16,2 21,0 103 45 38 42% 1169 982 2510 2378

* Growing Degree Days (3 >10°C)

The phenological records have been done since 2017, following a strict protocol of observation, the same used
in the VitAdapt Project (Destrac-Irvine & van Leeuwen, 2016). The observations are performed always three
times per week at budbreak (stage C), flowering (stage 1) and veraison (stage M), according to the Baggiolini
scale, always in the same group of plants, with 2 to 4 repetitions per variety, depending on the place.

During the ripening, samples of 50 berries/block were collected weekly. The berry quality was analysed for
several parameters with FTIR Oenofoss. To define a common target on sugar accumulation, we estimate by
two-point linear interpolation the day of year when each variety reach a certain value of sugar concentration,
following the protocols described in literature (Parker et al., 2020). In this study only the results for Ataide are
presented and although we simulate the accumulation from 170 g/l to 230g/l, only the results for 200g/I of sugar
concentration are shown on this work.

Results and discussion

The figure 1 shows the mid-veraison average dates (day of the year) of 29 varieties common in both collections
to different climatic conditions. The varieties show great variability among them, and we observe that budbreak,
flowering and veraison occurs first at Bomfim than Ataide, however, during the period from veraison to
maturation, the development is faster at Ataide, consequence of higher temperatures during the summer months.
The amplitude of the intervals between the first and the last variety reaching 50% of budbreak at Bomfim are
12 days, to mid-flowering are 7 days and for mid-veraison 19 days. At Ataide the range of values is similar: 13
days between the first and the last variety for mid-budbreak, 7 days mid-flowering and 18 days to mid-veraison.
The figure 1 shows that the variation of days for reach 50% of veraison, for 29 varieties, in the two places, have
a similar amplitude and a similar categorization for earlier, medium or late varieties, which indicates the genetic
behaviour identical to these varieties under different climatic conditions.

We also have studied the maturation phase, to understand the climate influence not only in vines phenology but
also grapes quality. In this paper we only present the results for Ataide, including the 53 varieties.
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Figure 1. Distribution of varieties according to mid-veraison date in Bomfim and Ataide. Average of 5 years.

The figure 2 shows the mid-date veraison for 53 varieties, at Ataide Grape Library and the day of the year
(DOY) when each variety reach a target value of 200g/l of sugar. The values presented were obtained from an
interpolation, considering the results of analysis done every week. The year of 2020 was very hot, with 47 days
with maximum temperature above 35°C, and as it seems that high temperatures influence the sugar accumulation
(Parker et al., 2020b; Suter et al., 2021), disturbing the rhythm of sugar accumulation and causing irregular
maturation in some varieties, this year is not included in the results.

At Ataide, the interval of days from the earliest variety to reach 50% of veraison from the latest is 19 days.
When the interpolation is performed to determine the date when a certain variety reaches 200g/l of sugar
accumulation, we see that the order between them changes, which evidences different maturation dynamics and
the interval between the first and the last variety to reach the desired value is higher, 35 days on the 5 years
average. This reveals a great variability between the cultivars and offers a wide potential of adaptation.

This collection of data will be useful to further works on modelling the dynamic of the phenology to future
climatic scenarios, allowing the winegrower to select the most suitable varieties to face a scenario of climate
change, prioritizing late-ripening varieties in places where is the temperature rise is expected. (Santos et al.,
2021)

Conclusion

The present work represents a valuable tool to understand the climate influence in grape vine varieties
phenology and maturation. Knowledge about those characteristics could be very useful to elect the most suitable
variety to a determined terroir. We pretend to keep this project a few more years to obtain more data and build
a strong and reliable phenology database, useful for future works, to apply models and simulate vine’s response
to climate change. Once our grape variety libraries have some cultivars in common with another experimental
vineyards, where this kind of work is done, the data could be used to compare the interaction of genotype x
environment, with the integration of different terroirs. To enrich this work, we are applying the same protocol,
since 2020, in another experimental vineyard, exclusively dedicated to white varieties in common, locate a high
elevation in the Region.
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Figure 2. Classification of varieties by date of mid-veraison and sugar accumulation (target value 200g/1) for 53 varieties (Quinta do Ataide, Douro Superior).
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