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Abstract

Thirteen new grapevine varieties for white wines’ behaviour was studied between 2015-2019, under climate change
conditions in the ampelografic collection of the UASVM Bucharest. During the experimentation period, as compared to
the reference period (1981-2010), the average temperature during the growing season increased by 0.75°C, the average
annual maximum temperatures by 1.26°C, number of hot days by 21, number of very hot days by 6.2 and Huglin index
by 140 units. Phenological cycles (budburst to harvest) varied between 138.6 and 140.6 days, with Aromat de lasi and
Crdamposie selectionatd - the most precocious varieties and Columna - the latest variety, as an average of 5 years of
experimentation. Due to the high temperatures during the growing season, phenological stages were anticipated, the
harvesting being anticipated by approximately 15-25 days. The highest value of sugar content of must was for Aromat
de lagsi variety (23.33°Brix) and the lowest value for Astra (19.38°Brix). Aromat de lasi, Cramposie selectionatd and
Sarba varieties have been distinguished by the best qualities.
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INTRODUCTION Chardonnay, Sauvignon, Pinot gris, Riesling
italian, Muscat Ottonel etc. Germplasm
The vine and wine sector is one of the most  resources and genetic diversity in grapes is an
developed sectors in Romanian agriculture, important basis for new varieties development
which largely benefited from the country  (Antoce et al., 2015).
accession to European Union in 2007 (Antoce The new created grapevine varieties belongs to
& Calugaru, 2017). Romanian viticulture is  different maturation groups and have generally
recognized by the diversity of varieties used for intermediate behavior in relation to their
obtaining high quality wine products: white, genitors. If their obtaining aimed initially at
red, aromatic wines etc. Along with the widening options in wine production, and
recovery of the ancient, autochthonous creation of new varieties, with earlier or later
varieties, many new ones have been obtained, ripening, or more resistant to diseases, today
widening, this way, the assortment of different  the interest focuses on the behavior of these
vineyards. Grapevine varieties’ diversity is  new varieties in the current climate context. In
permanently completed with new varieties in ~ Romania the climate change manifests at the
order to satisfy consumer preference and  entire country level (Bucur & Dejeu, 2016),
adaptation to climate change, to winter frost and causes consequences as well as at the
and to globalization. In the last 5 decades, 87 global viticulture (Jones et al., 2005).
new grapevine varieties were obtained in  Many recent studies have been carried out on
Romania, out of which 17 for white wines  the effects of climate change on vines
(Glaman et al., 2018). phenology (Bucur & Dejeu, 2018), grape
In the breeding programs, there were used, as  production, its quality (Bucur & Dejeu, 2013)
genitors of valuable autochthonous, varieties and climate suitability of Romanian wine
such as Feteasca alba, Feteasca regala, Grasa de growing regions (Irimia et al., 2017).
Cotnari, Tamaioasd romaneascd, Cramposie Global warming requires detailed studies of
etc, alongside foreign ones, such as  varieties’ behavior under the new conditions, to
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adopt appropriate measures in order to mitigate
its effects and to continue ensuring wines
typicity.

Phenology is the first component affected by
climate change and it is a key parameter for
varietal adaption (Fraga et al., 2015; Garcia de
Cortazar-Atauri et al., 2017).

Collecting data about grapevine phenological
stages can help grapegrowers to take better
decision in the vineyard to improve efficiency,
reduced labor cost and to protect vine health.
Thus, canopy management (pruning, shoots and
cluster thinning, shoots trimming, leaf removal,
phytosanitary treatments, irrigation, fertili-
zation) is applied at very precise moments of it
is nesessary to follow and anticipate
phenological  development.  Also, when
establish the news plantations, it is necessary to
choose the varieties with certain stages of
budbreak and ripening of grapes, according to
the local climatic and soil conditions, in order
to obtain quality yield.

Knowing the evolution of grape ripening
(veraison-ripening interval), is very important
for determining the time of grape harvest and
for the quality of the wines according to the
type of wine that is to be obtained. For a
planning of this cultural practices, the growers
need to know an advance the date of
occurrence of the main phenological stades:
budburst, flowering, veraison, grape ripening
(Chuine et al., 2013; Verdugo-Vasquez et al.,
2017).

The increase in air temperature leads to a faster
deployment of the main phenophases
(budbreak, flowering, veraison and ripening),
changes in the physiological and biochemical
processes of the plant, vegetative growth,
production and quality. Many studies have
reported the accelerating effects of rising
temperature on  grapevine  phenology
(Martinez-Liischer et al., 2016).

In climate change conditions, temperature is the
main factor that determines the anticipation of
the phenological stages (Sadras & Pertie, 2011;
Bellia et al., 2007). Along with temperature, the
phenology of grapevine is also influenced by
solar radiation, UV-B radiation, water
availability, CO2 concentration, geografic
location, altitude, nitrogen status (Jones &
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Davis, 2000; Schultz, 2008; Martinez-Liischer
et al., 2016; Cola et al., 2017; De Rességuier et
al., 2018; Alikadic et al., 2019).

Warmer conditions due to climate change are
generally associated with shorter petriods
between phenological events and to earlier
harvest dates (Tomasi et al., 2011). Premature
ripening happens under warm temperatures and
interferes with the balanced accumulation of
sugars, acids, aroma profiles and berry
coloration (Zyprian et al., 2018).

The advance of phenological cycle as a result
of climate change, with ripening period
occurring under warmer climatic conditions can
modify the characteristics of the berries, wich
contain less anthocyanin, less acids, more
sugars and less aroma compounds (Duchéne et
al., 2014). The shift of phenology and
advancement of maturity was also reported by
Ranca et al., 2008; Rotaru et al., 2013; Stroe et
al., 2013; Irimia et al., 2017; Bucur & Dejeu,
2018.

Numerous comparisons between varieties, in
terms of phenological development, in different
wine regions of the world are analyzed in the
scientific literature (Bellia et al., 2007; Rustioni
et al., 2014a; Orlandi et al., 2015; Zapata et al.
2016; Verdugo-Vasquez et al., 2017).

Sadras et al., 2009, reported a high plasticity of
budburst and flowering associated with high
yield plasticity.

The knowleges about the phenotipic diversity
of grapevine varieties or to be obtained by
crossing opens new perspectives to mitigate the
effect of climate warming on grapevine
behaviour and grapes composition (Zyprian et
al., 2018; Bigard et al., 2018). Torregrosa et al.
(2017) proposed a program for the selection of
varieties that limit the accumulation of sugars
in berries, while maintaining other qualitative
compounds.

In this study, there were followed the
phenology and performance of 13 new white
grape varieties created in Romania, according
to the protocol established under COST Action
FA 1003 (Rustioni et al., 2014b). The current
values, averages for the 2015-2019 time period,
are compared with averages for the 1981-2010
in order to find consequences determined by
climate change in their behavior.



MATERIALS AND METHODS

Plant material. The current study was carried
out at the grapevine collection located in the
Southern part of Romania, at the University of
Agronomical Science and Veterinary Medicine
Bucharest (N Lat.: 44° 47" 07"; E Long.: 26°
07' 28"; alt. 87 m). The vines were planted at a
distance of 2.2 x 1.2 m (3787 vines/ha), grafted
on the Kober 5 BB rootstock, with spur pruned
cordon on demi-high stem (0.6-0.7 m).

The new varieties analyzed in this study, all of
them for white wine production (Table 1) are:
green-yellow coloured varieties (Alb aromat,
Aromat de Iasi, Astra, Blasius, Columna,
Cramposie selectionatd, Donaris, Furmint de
Minis, Miorita, Sarba), rose coloured varieties

(Roz de Minis, Selena) and grey coloured
variety (Babeasca gri).

The methodology for phenotyping, sampling,
measurements and the methods for sugar
content (by refractometer in °Brix values) and
juice acidity (g tartaric acid. L!) followed the
standardized protocols for phenotyping berry
enological traits ratified by COST Action
FA1003 project "East-West Collaboration for
Grapevine Diversity Exploration and Mobili-
zation of Adaptive Traits for Breeding"
(Rustioni et al., 2014).

The sugar/acidity balance was estimated on the
basis of the Brix/acidity ratio, that was obtained
by dividing the °Brix value by % titratable
acidity expressed as tartaric acid. All the
activities were performed in four consecutive
years, from 2015 to 2019.

Table 1. Grape varieties for white wine studied (Bucharest, 2015-2019)

Crt. Cultivar VIVC* Genitors Color of berry
no. no skin
1 Alb aromat 23101 Téamaioasd roméanesca x IP165 green yelow
2 Aromat de lasi 20876 Feteasca regald x Pinot gris green yelow
3 Astra 632 Tamaioasd romédnesca open pollination green yelow
4 Babeasca gri 842 Biabeasca neagra-mutant grey
5 Blasius 20959  (lordana x Traminer roz) x (Raisin de Saint Pierre x Perla de green yelow
Csaba)
6 Columna 2787 Pinot gris x Grasa de Cotnari green yelow
7 Cramposie 3238 Cramposie open pollination green yelow
selectionatd
8 Donaris 3642 Bicane x Muscat de Hamburg green yelow
9 Furmint de Minis 16940  Furmint-mutant green yelow
10 Miorita 7845 Coarna neagra open pollination green yelow
Roz de Minis 10289  Clonal selection from a population of local varieties (probably rose
Bacator roz)
12 Selena 21558 (Iordana x Traminer roz) x (Raisin de Saint Pierre x Perla de rose
Csaba)
13 Sarba 10738 Riesling italian open pollination*™* green yelow

“Vitis International Variety Catalogue; ** Confirmed by markers: Riesling italian x Muscat de Hamburg (Lacombe e al., 2013)

Climatic conditions. For this study, there were
used weather data recorded at Bucharest-
Baneasa meteorological station for the
experimental period (2015-2019), as compared
to the reference period (1981-2010). There
were studied the following variables: average
annual temperature (AAT), average tempera-
ture in the growing season (ATGS); average
temperature in summer (ATS); average annual
minimum temperature (AATmin); absolute
minimum temperature (ATmin); average annual
maximum temperature (AATmax); average of
the warmest month's maximum temperatures
(AWMTmax); average maximum temperature in
summer (ASTmax); number of hot days (Tmax >
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30°C); number of very hot days (Tmax > 35°C);
annual total precipitation (ATP); total
precipitation in the growing season (TPGS);
total precipitation in summer months (TPS).
Monthly average temperatures were used to
evaluate a set of bioclimatic indices commonly
used in viticulture: Huglin index (HI, Huglin,
1978), Winkler index (WI, Winkler et al.,
1974) and cool night index (CNI, Tonietto &
Carbonneau, 2004).

Phenological data. The four main phenophases
(budburst, flowering, veraison, harvesting
maturity) were followed, according to BBCH
(Biologische Bundesansalt und Chemische
Industrie), modified under the COST FA 1003



Action (Lorenz et al., 1994; Rustioni et al.,
2014b). According to the recorded data, 50% of
buds, flowers and grapes reached the respective
phenological stages: BBCH 008 (green tips
clearly visible) - budburst; BBCH 605 (flowers
are open) - flowering; BBCH 805 (changing of
berries color, or softening) - veraison and
BBCH 809 (Brix according to the cultivar) -
berries ripe for ripening.

Each data set was analyzed using variance
analysis, One Way ANOVA, post-hoc Tukey
HSD p<0.05.

RESULTS AND DISCUSSIONS

Changes in climate characteristics of the
study area, between 1981-2010 and 2015-2019
time periods

The main climatic parameters of the
experimental period compared to the reference
period are presented in Table 2. During the
studied period (2015-2019), higher temperatu-
res were recorded, as compared to the reference
period (1981-2010): the AAT was higher by
0.61°C; the ATGS (IV-X) increased by 0.32°C
and AWMTmax by 0.31°C. The highest increase
(1.26°C) was recorded at average annual
maximum temperature (AATmax)-

Average temperature for the growing season
(17-19°C) includes the Southern part of
Romania in warm climate maturity grouping
(Jones et al., 2005; White et al., 2006; Ramos et
al., 2018; Tomasi et al., 2011; Neethling et al.,
2012), similar to some wine region from Italy
(Piedmont, Chianti), France (Loire Valley,
Bordeaux, Rhone Valley), USA (Margaret
River, Northern and Coastal California) etc.
The current average of the ATGS maintains
local climate in the warm class suitable for the
Cabernet Sauvignon, Merlot, Cinsaut varieties
(Huglin, 1978), but it approaches by the upper
limit of 19°C which indicates the transition to
the Kot climate suitable only for the production
of table grapes. Compared with the reference
period (1981-2010), during the experimentation
period (2015-2019), the number of hot days in
the growing season (Tmax > 30°C) increased
from 46 to 67, and the number of very hot days
(Tmax > 35°C) it doubled, from 6 to 12.2.

Both annual total precipitation and the one in
the growing season had a small variation. The
increase in ATP by 20 mm in the reference
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period does not have the potential to balance
the increased values of evapotranspiration
generated by temperature increases.

Bioclimatic indices (Huglin index, Winkler
index and Cool night index) also recorded
higher values during the current period, as
compared to the reference period, as follows:
an increase of 140 units for the Huglin index;
an increase of 69 units for the Winkler index;
an increase of 1.09°C for the Cool night index.
By its increase, the Huglin index passes from
the temperate — warm class HI+1 between
1981-2010, to the warm class HI+2 during the
recent period. This also changes the climate
profile to wich local varieties were adapted and
creates the climate context for the growing of
new wine grape varieties.

The Winkler index current average maintains in
the climate profile specific to Regions III
(suitable for high production of standard to
good quality wine table wines) but with an
increased value approaching climate suitability
to that specific to Regions IV (acceptable table
wine quality at best). A similar evolution for
the CI wich maintains in the class of very cool
nights, less suitable to grapes ripening, but with
an increased value that reveal the evolution
towards the superior cool night class.

Phenology data for the 2015-2019 time-period
The first effect of temperature raising is on
advance of phenological stages of grapevine.
The differences in the timing of phenological
stages and the interval between them are given
to genetic factors, climate and soil conditions
and viticultural practices (Bucur & Dejeu,
2018). Table 3 shows the average day of the
year (DOY) and standard deviations of the four
phenological stages of grapevine (budbreak,
flowering, veraison and harvest) for the period
between 2015 and 2019.

The time of budbreak occured on average
106.4 DOY (April 16), earlier for Aromat de
lasi and Cramposie selectionatd varieties
(104.4) and later for Columna variety (110.6).
Considering  year-to-year  variability in
budburst, Donaris exhibited the lowest
variability (SD + 2.3 days) while Cramposie
selectionata has the greatest variation (SD + 4.5
days). Standard deviations indicate a moderate
interannual variability, ranging from 5 to 9
days.



Flowering occurred on average at DOY 150.1
(May 30), earlier for Cramposie selectionata
variety (147.4) and later for Furmint de Minis
(152.0), the differences between varieties being
relatively small. Donaris and Roz de Minis
exhibited the least year-to-year variation (SD =+
5.3 days) while Selena had a highest year-to-
year variation (SD + 6.5 days).

Veraison was registered on average at DOY
2154 (August 03) earlier for Alb aromat
variety (211.4) and later for Selena variety
(220.0). Roz de Minis had the lowest year-to-
year variation of + 2.1 days while Columna
varied by + 8.9 days during 2015-2019.

The average day of the year for grapes
ripening, for the 5 studied years, was the
earliest for Aromat de lasi (243.2) and the latest
for Roz de Minis and Selena (251,2), this
meaning the 8th of September on average, for
the two varieties. Miorita exhibited the lowest
year-to-year variability (SD + 3.4 days) while
Alb aromat showed the highest year-to-year
vari-ation (SD +7.6 days). The results
concerning the main phenological timing across
the growing season shown that there are not
always strong relationships between growth
events.

Table 2. The main climatic indicators of the experimentation period (2015-2019)
compared to the multiannual average (1981-2010)

Climatic parameters and Average Years Average Diference
bioclimatic indices 19812010 2015 2016 2017 2018 2019 20152019 20152019/

1981-2010

Average annual temperature

(AAT), °C 11.55 12.05 11.88 11.74 12.21 12.92 12.16 +0.61

Average temperature in the

growing season (ATGS), °C (IV- 18.07 17.95 18.13 17.99 19.33 18.53 18.39 +0.32

X)

Average temperature in summer

(ATS), °C (VI-VIII) 22.50 2.3 22.92 22.78 22.83 23.05 22.78 +0.28

Average annual minimum

femperature (AATmin), °C 5.03 5.88 578 544 638 657 6.01 4098

Average of absolute minimum

temperature, (ATmin), °C -16.99 -20.40 -19.70 -21.70 -21.70 -15.50 -19.80 101

Average annual maximum

temperature (AATmax), °C 17.05 18.22 17.98 18.04 18.03 19.28 18.31 +1.26

Average warmest month July

maximum temperature 29.87 3.87 27.76 30.16 28.87 29.64 29.66 -0.21

(AWMTmax), °C

Average maximum temperature

in summer (ASTmax), °C (VI- 29.01 29.83 30.17 30.01 29.81 30.5 30.06 +1.05

VIID)

Number of hot days

(Tyue > 30°C) 46 62 75 66 71 62 67 21

Number of very hot days (Tyax >

35°C) 6 23 10 13 6 9 12.2 +62

Annual total precipitation

(ATP), mm 608 632 694 661 623 529 628 +20

Total precipitation in the

growing season (TPGS), 428 371 514 415 312 385 400 -28

mm (IV-X)

Total precipitation in summer

(TPS), mm (VI-VIII) 198 150 164 155 228 142 168 230

Huglin index

(HL Huglin, 1978) 2346 2422 2497 2408 2646 2458 2486 4140

Winkler index

(W1, Winkler, 1974) 1726 1701 1740 1710 1997 1825 1795 469

Cool night index

(CI, Tonietto and Carbonneau, 10.45 12.6 11,06 12.16 11.30 10.60 11.54 +1,09

2004)

258



Table 3. Mean day of year (DOY) of the phenological stages (budburst; flowering; veraison and harvest) and the
corresponding standard deviations (SD in days), for grapevine varieties for white wine (2015-2019)

Variety Budburst Flowering Budburst- Veraison Flowering- Harvest Veraison- Budburst-
(50%) (50%) Flowering (50%) Veraison Harvest Harvest

(days) (days) (days) (days)
Alb aromat 1058 +4.2* 1504+6.1° 44.6+6.5a 2114+51* 61.0+4.6a 244.0 £ 7.6a 32.6+12.5a 138.6+9.1a
Aromat de lasi 1044+32* 148.8+58" 444+67a 2132+£7.8 644+87a 2432+6.8a 30.0+ 7.6a 138.8+5.3a
Astra 106.8£3.1*  150.6+5.7° 43.8+4.6a 2150+49" 644+15a 2498 +3.7a 364+8.la 143.0+4.1a
Babeasca gri 106.2£33* 149.8+55"° 43.6+58a 211.6+45" 618+27a 246.4+5.7a 34.8+89a 140.2 £ 8.5a
Blasius 1072+3.6" 151.6+56" 444+56a 2144+49"° 62.8+3.5a 249.8 £4.3a 354+39a 142.6 £5.2a
Columna 110.6£43* 151.0+64* 404+59a 2150+89" 64.0+6.82a 247.8 +3.6a 328+ 11.4a 137.2+5.6a
Cramposie sel. 1044 +£45 1474+54*° 43.0+6.6a 2192+4.6" 71.8+28a 250.6 +4.3a 31.6+6.2a 146.4 +7.6a
Donaris 1064+£23* 1512+£53* 448+59a 2144+62° 632+13a 244.0 +7.4a 29.6£11.7a  137.6+7.1a
Furmint de Minis 107.0£2.4*  152.0+5.8* 450+52a 2194+82" 674+6.8a 248.2+3.6a 28.4+9.1a 1412 +4.8a
Miorita 1074+3.8 151.8+58 444+56a 2174+50° 656+25a 248.6 +3.4a 31.2+53a 142.4 + 6.6a
Roz de Minis 1074+£34* 151.0+£53* 43.6+57a 219.0+2.1° 68.0+4.1a 251.2+43a 322+39a 143.8 + 6.4a
Selena 1064+2.9* 148.6+6.5° 422+6.8a 220.0+4.8 71.4+18a 251.2+3.9a 30.8+6.1a 144.4 £ 4.0a
Sarba 1054+28" 1492+58" 43.8+63a 213.8+£3.8° 64.6+4.6a 246.2 £5.6a 324+6.5a 140.8 £ 6.4a

Mean 106.4 150.1 43.7 2154 65.2 2474 32.1 141.1

(April 16) (May 30) (August 03) (September 04)
Minimal value 104.4 1474 40.4 2114 61.0 2432 28.4 137.2
Maximal value 110.6 152.0 45.0 220.0 71.8 251.2 36.4 146.4

The intervals between phenological events
also show some variability, ranged from 40.4
days (Columna) to 45.0 days Furmint de Minis
for budbreak-flowering, from 61.0 days (Alb
aromat) to 71.8 days (Cramposie selectionatd)

for flowering-veraison, from 28.4 days
(Furmint de Minis) to 36.4 days (Astra) for
veraison-ripening, and from 137.2 days
(Columna) to 1464 days (Cramposie

selectionata) for budbreak-ripening.

As compared to the reference data in literature
on the maturity stages (Indreas & Visan, 2001;
Rotaru, 2009; Stroe, 2021), grapes ripening was
anticipated with 5-15 days for medium
maturation varieties (Aromat de lasi, Donaris,
Sarba) and 23-28 days for late maturation
(Miorita, Cramposie selectionata, Babeasca gri,
Selena).

Compared with the data presented by Drappier
et al. (2019) for Bordeaux vineyard, the data
obtained in our study for the interval between
flowering and  veraison are  similar
(approximately 65 days), while the veraison-
ripening period is lower (on average 32
compared to 45 days).

The lowest intervarietal variability was found
in flowering (4.6 days) and the highest one in
veraison (8.6 days). Standard deviation (SD)
showed the lowest interannual variability in
budburst (from 2.3 to 4.5 days) and the highest
one in veraison (from 2.1 to 8.9).

In Table 4, the main grape bunch and berry
characteristics are presented for the 13 new
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white grape varieties. Roz de Minis variety
distinguished by the highest value of bunch
weight (399.34 + 24.79 f) and Columna by the
minimum value (167.51 + 22.87¢). In most
varieties, berries weight, on average, between
240 £+ 0.25d g/berry (Selena) and 3.23 +
0.59bd g (Alb aromat). All studied varieties
have a spherical berry shape with small
deviations, and medium length and width (OIV
codes: 220, 221 and 223).

Grape production (kg/vine) was significantly
affected by the minimum harmful temperatures
in winter (Tmin < -20°C), especially during
2014/2015 and 2015/2016 periods. The most
affected variety was Columna (2.13 + 1.33a
kg/vine).

Warmer climate conditions are associated with
increased sugar accumulation and decreased
titratable acidity. As for the sugar concentration
(°Brix), high levels are found in most varieties
(Table 5). Significant maximum sugar accumu-
lations were recorded to Aromat de Iasi (23.33
+ 0.88°Brix), followed by Sarba (23.06 =+
0.87°Brix) and minimum sugar accumulations
to varieties Astra (19.38 + 1.29°Brix) and Co-
lumna (19.98 + 0.79°Brix).

The highest titratable acidity concentration was
registered in Aromat de lasi (7.81 + 0.68 g.L"!
acid tartric) and the lowest in Roz de Minis
(5.33 +£0.76 g.L! acid tartric).

In order to appreciate the optimal grape
maturity, it is important to calculate
glucoacidimetric index and to compare it with



optimal values (Shellie, 2007; Irimia, 2012).
Most varieties are closer to optimum maturity.
The qualitative characteristics of most studied

varieties showed the possibility to obtain good
quality wines, starting from a sugar content
higher than 21 °Brix.

Table 4. Grapes quantitative parameters at harvesting time
for grapevine varieties for white wine* (2015-2019)

Crt. Variety Bunch weight Berry weight Yield
no. (2) (kg / vine)
1 Alb aromat 288.39+£3545b 3.23+£0.59 bd 3.00+1.24a
2 Aromat de lasi 19146 +22.12 ¢ 2.81 +0.40 be 320+0.74a
3 Astra 217.57 £12.46 cd 3.09 £0.30 be 244+0.75a
4 Babeasca gri 186.69 £ 14.24 ¢ 2.85+0.32 bed 2.29+098a
5 Blasius 18539 £39.55 ¢ 3.17£0.67b 3.08+1.30a
6 Columna 167.51£22.87 ¢ 2.59+0.18 cd 2.13+1.33a
7 Cramposie selectionata 220.04+£31.97 ce 3.08+0.25b 3.12+0.70 a
8 Donaris 19597 £22.08 ¢ 3.13+£0.24b 249+0.92a
9 Furmint de Minis 203.65 +40.33 ¢ 3.05+0.20 be 283+1.22a
10 Miorita 206.89 + 38.62 ce 2.92 +0.45 be 273+1.29a
11 Roz de Minis 399.34 £24.79 f 3.17£035b 2.62+0.73 a
12 Selena 189.92 +37.89 ¢ 240+0.25d 278+1.10a
13 Sarba 184.86 + 50.64 ¢ 2.76 + 0.58 bed 2.62+0.88a
Minimal value 167.51 2.40 2.13
Maximal value 399.34 3.23 3.20
Table 5. Qualitative parameters at harvesting time for grapevine varieties for white wine* (2015-2019)
Crt. Variety Sugar content Titratable acidity Glucoacidimetric index
no. (°Brix) (g.L"! tartaric acid)
1 Alb aromat 20.45 +0.89 5.524+0.63 ¢ 37.52+4.59 ¢
2 Aromat de lasi 23.33+£0.88 cb 7.81+0.68a 30.10+3.14b
3 Astra 19.38+1.29a 7.78 £ 0.6l a 25.00 +2.05 bd
4 Babeasca gri 20.87+1.02 b 7.12+0.71a 29.66 +4.01 b
5 Blasius 20.93+£0.86b 7.79+£0.46 a 27.00 +2.57 bd
6 Columna 19.98+0.79 a 6.51 £0.32 ca 30.80+£2.32b
7 Cramposie selectionata 21.97+1.33¢cb 6.78 £0.76 ca 32.83 +£4.58 be
8 Donaris 21.92+1.08 cb 6.77£0.67 ca 32.80 +4.57 be
9 Furmint de Minis 21.77+£0.92 cb 7.50+0.77 a 29.34+3.56b
10 Miorita 20.03+1.22a 7.18+0.47 a 28.07+297b
11 Roz de Minis 21.05+142b 533£0.76 b 4046 £742 ¢
12 Selena 21.83+1.11b 721£1.00a 30.95+546b
13 Sarba 23.06+0.87 ¢ 697+12la 35.39+6.93b
Minimal value 19.38 5.33 25.00
Maximal value 23.33 7.81 40.46

*Average values + standard errors (n=3). The letters in the brackets show the statistical difference among results for grape varieties for p<0.05. For
the same compound, a common letter for 2 or more variants shows no significant difference among them; One Way ANOVA, post-hoc Tukey HSD

p<0.05.

Comparing the qualitative parameters obtained
in this study with those reported in
Ampelography, vol. IX for the period 1980-
2000, differences can be observed. Thus,
during the experimental period (2015-2019) an
anticipation of the grape ripening period was
found by approximately 15 days (for the
Aromat de lasi, Columna, Furmint de Minis
varieties) and up to 30 days (for the Bébeasca
gri, Cramposie selectionata, Roz de Minis and
Selena) (Table 6).

Increased accumulations of sugars were also
recorded, between + 14 g/L (Sarba) and + 33
g/L (Aromat de lasi), compared to the period
1980-2000. In most varieties the titratable
acidity recorded lower values. The optimal
values of the glucoacidimetric index are
between 30-50, for the varieties Alb aromat,
Aromat de Iasi, Columna, Donaris, Roz de
Minis, Selena and Sarba (Table 6).
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Table 6. The main characteristics of the new varieties for white wines obtained
in the experimental period (2015-2019), compared to the reference period (1980-2000)

Period of grapes Sugar content Titratable acidity Glucoacidimetric
Crt. Varicty maturation (°Brix) (g.L! tartaric acid) index

no. 1980- 2015- 1980- 20152019 1980- 2015- 1980- 2015-

2000%* 2019 2000* 2000* 2019 2000* 2019
1 Alb aromat IV-v v 19.7-22.0 20.5 5.4-6.9 5.52 37-32 37
2 Aromat de Iasi v 11 17.0-20.0 233 6.1-6.7 7.81 43-30 30
3 Astra V-VI v 16.4-20.4 19.4 9.2-9.9 7.78 18-21 25
4 Bibeasca gri VI v 16.8-19.5 20.9 9.2-10.3 7.12 18-19 29
5 Blasius V-VI v 19.6-20.0 20.9 8.9-10.5 7.79 22-19 27
6 Columna \% v 18.4-22.0 20.0 7.7-9.2 6.51 24-23 31
7 Cramposie sel. VI v 18.0-20.6 21.9 6.4-7.0 6.78 28-29 32
8 Donaris v v 18.0-22.0 21.9 7.7-8.6 6.77 23-26 32
9 Furmint de Minis A% v 18.0-19.5 21.8 6.1-8.7 7.50 29-22 29
10 Miorita V-VI v 16.5-18.0 20.0 8.6-11.5 7.18 19-16 28
11 Roz de Minis VI v 13.6-18.2 21.1 5.5-6.6 5.33 25-28 39
12 Selena VI v 18.8-21.0 21.8 8.1-9.2 7.21 23-30 30
13 Sarba A% v 18.7-21.7 23.1 7.5-7.9 6.97 25-27 33

*after Ampelography, vol. IX.
CONCLUSIONS

The study has shown that climate warming
influences, to a greater or lesser extent, all the
13 new varieties for white wines.

During the experimentation period (2015-2019)
an increase of the average annual temperature
with 0.61°C was observed, and of the average
maximum summer temperature with 1.05°C,
compared to the reference period (1981-2010).
There was also a marked increase in heat
waves, represented by the number of days with
Timax > 30°C and Tmax > 35°C. In the last five
years was an increase of 140 units for the
Huglin index which passes from temperate -
warm class (HI + 1) to the warm class (HI + 2).
There have been significant changes in
grapevine phenology, as well as in the quantity
and quality of grape production.

The highest differences compared to reference
period, were recorded at grape ripening, the
anticipation being between 11.5-14.3 days.
These differences were due to the increase of
the maximum temperatures in the summer
season, with 1.05°C.

The average length of the budbreak-harvest
cycle for the studied period (2015-2019) and
for all varieties was shortened, reaching 137.2
to 146.4 days. The longest phenological cycle
(from budburst to grapes ripening) were
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observed at Cramposie selectionata variety
(146.4 days), due to early budburst and late
maturation.

The best behavior under quantitative terms, but
mainly under qualitative ones, was found in
Aromat de lagi, Sarba, Cramposie selectionata
and Babeasca gri varieties.

Considering the anticipation of a more intense
climate warming for the future (IPCC, 2018), it
is necessary to promote varieties with moderate
accumulations of sugars, with late grape
maturation, in order to avoid ripening during
excessive temperature periods.

The exploration of the genetic capacity of the
different new varieties of grapevine under the
current conditions, provides an important
means of adaptation to the climatic warming.
The recorded data in our study allow
understanding the local diversity of new
grapevine varieties for white wines, which is an
important step to explore the phenotypic
diversity among grapevine varieties.
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