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Modern climate changes task breeders to adapt viticulture to the new natural resource potential of the regions. A necessary 
condition is the assessment and analysis of current trends in changing the characteristics of contrasting groups of varieties. 
The aim of the study is to identify homogeneous groups of varieties of an ampelographic collection and to compare the 
rates of reaction of their agrobiological parameters to climate changes. Material for the study consists of observations of 
21 agrobiological characteristics of 109 grape varieties from the Don ampelographic collection named after Ya.I. Potapenko 
(Novocherkassk) with an observation period from 10 to 36 years in 1981–2017. The sample included Vitis vinifera L. variet-
ies and the V. vinifera L. × V. labrusca L. and V. vinifera L. × V. amurensis Rupr. interspecific hybrids, and hybrids from crosses 
between V. vinifera L. and several American species. Homogeneous groups of characteristics and varieties are identified 
by principal component analysis (PCA) and analysis of variance (ANOVA) methods. Trends in changing the agrobiological 
characteristics of the varieties and groups of varieties are calculated. PCA revealed that the main differentiating factor of 
the studied fragment of the ampelographic collection is the size of the bunch; the second, the yield; the third, the time of 
ripening. The values of the factors are contrasting in varieties of different directions of use and taxonomic origin, which 
was confirmed by ANOVA. The groups of the V. vinifera × V. labrusca and V. vinifera × V. amurensis hybrids do not differ sig-
nificantly from each other in most indicators, exceeding V. vinifera varieties in the number of elements of productivity, 
winter hardiness and yield. Complex hybrids with American species have an intermediate position between these groups 
 exceeding all groups in bunch weight. All groups of cultivars show trends towards a reduction in productive period, an 
increase in the mass of bunch and yield, sugar content and a decrease in acidity. The V. vinifera × V. labrusca hybrids are 
distinguished by the highest growth rate of the bunch mass caused by a reduction in the duration of active growth and 
a decrease in the percentage of fruit-bearing shoots. A higher reduction rate of the production period and a decrease in 
acidity were observed in later varieties. Regression analysis showed that the acceleration of the ripening of grapes is largely 
due to  rising temperatures.
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Современные изменения климата ставят задачу адаптации виноградарства к новому природно-ресурсному потен-
циалу регионов. Необходимым условием для этого являются оценка и анализ современных тенденций изменения 
агробиологических характеристик контрастных групп сортов. Целью исследования было выделение однородных 
групп сортов ампелографической коллекции и сравнение скоростей реакции их агробиологических показателей 
на климатические изменения. Материалом для исследования послужили наблюдения за 21 агробиологическим 
показателем 109 сортов винограда Донской ампелографической коллекции им. Я.И. Потапенко (г. Новочеркасск) с 
периодом наблюдения от 10 до 36 лет в 1981–2017 гг. В выборку вошли сорта Vitis vinifera L. и межвидовые гибриды 
V.  vinifera L. × V. labrusca L., V. vinifera L. × V. amurensis Rupr., V. vinifera L. c несколькими американскими видами. Ме-
тодами анализа главных компонент (PCA) и дисперсионного анализа (ANOVA) выделены однородные группы при-
знаков и сортов. Рассчитаны тренды агробиологических показателей сортов и групп сортов. Метод PCA позволил 
выявить, что главным дифференцирующим фактором изученного фрагмента ампелографической коллекции явля-
ется крупность грозди, вторым – урожайность, третьим – срок созревания. Значения факторов контрастны у сортов 
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разного направления использования и таксономического происхождения, что подтвердил метод ANOVA. Группы 
гибридов V. vinifera × V. labrusca и V. vinifera × V. amurensis достоверно не отличаются друг от друга по большинству 
показателей, превосходя сорта V. vinifera по количеству элементов продуктивности, зимостойкости и урожайности. 
Комплексные гибриды с американскими видами занимают по этим признакам промежуточное положение, однако 
превышают все группы по массе грозди. У всех групп сортов наблюдались тренды к сокращению продукционного 
периода, увеличению массы грозди и урожайности, росту сахаристости и уменьшению кислотности. Выделяются гиб-  
риды V. vinifera × V. labrusca наибольшей скоростью сокращения продолжительности активного роста, снижением 
доли плодоносных побегов и увеличением массы грозди. Бóльшая скорость сокращения продукционного периода 
и уменьшение кислотности отмечены у более поздних сортов. Регрессионный анализ показал, что ускорение созре-
вания винограда происходит в значительной степени из-за роста температур.
Ключевые слова: ампелографическая коллекция; изменение климата; информационная система; временные ряды; 
агрометеорология; адаптивность.

Introduction
Modern climate change has become a significant factor for the 
viticulture in many countries (Jones, 2012; Vršič, Vodovnik, 
2012; Quenol et al., 2014). A scientific basis for the program 
of adapting viticulture to current and expected climate changes 
are the creation of phenotypic databases of grape genetic 
resources (Delrot et al., 2019; Hausmann et al., 2019), an as-
sessment of trends in the dynamics of economically important 
traits (Jones, 2012; Choudhury, Jones, 2014), as well as their 
modeling and forecasting (Molitor et al., 2014; Quenol et 
al., 2014). Plant phenology was found to be very sensitive to 
climate change (Cleland et al., 2007; Santibáñez et al., 2014), 
and this fact has revived interest in mathematical models of 
phenology, in particular, to the sum of growing degree days 
and the sum of effective daily temperatures during the growing 
season (Cleland et al., 2007; Molitor et al., 2014; Santibáñez 
et al., 2014). However, the accuracy of phenological models 
is still insufficient (Richardson et al., 2012).

Previously, the data accumulated from 1981 through 2011 
for a sample of 20 grape varieties from the Don ampelographic 
collection was used in a study of the dynamics of the ripening 
time duration, which demonstrated uniformity of the variet-
ies’ response to changes in agro-climatic factors (Naumova, 
Novikova, 2013, 2018). To identify the agro-climatic factors 
determining the development of plants, a regression model (1) 
was constructed by a method modified for the time series, i. e. 
pre-differenced variables regression. The analysis in differ-
ences allows improving the quality of time series models by 
removing the agricultural engineering trend (Eliseeva et al., 
2007; Sirotenko, 2012; Wenjiao et al., 2013; Iler et al., 2017). 
The method consists in the regression analysis of the relation-
ship between the annual increments of the indicators, denoted 
by Δ. It was shown (Naumova, Novikova, 2013, 2018) that 
duration of the grape ripening time (N) depends on the total 
temperatures above 20 °C (∑T20) and on duration of the spring 
period with temperatures of 10–15 °С (N10–15 ):

 ΔN = –0.154 – 0.013 · Δ∑T20 + 0.353 · ΔN10–15, R2 = 0.69,  (1)

where R2 is the equation determination coefficient.
The adaptive potential of a grape plant is strongly dependent 

on the variety origin (Negrul, 1946; Troshin, 1999; Nosulchak, 
2015; Zarmaev, Borisenko, 2018). In the 1960s-1980s, it be-
came clear that the possibilities of intraspecific breeding of the 

European-Asian species Vitis vinifera L. had been exhausted, 
and breeding at the interspecific level was intensified, espe-
cially for obtaining varieties resistant to pests, diseases and 
low temperatures (Nosulchak, 2015). An American and East 
Asian species V. labrusca L. was widely used in breeding for 
increasing frost, disease and pest resistance, and V. amurensis 
Rupr. for creating early-maturing and frost-resistant varieties 
(Zarmaev, Borisenko, 2018). When working with large col-
lections, including ampelographic ones, there appear the tasks 
of evaluating polymorphism, structuring the collections, and 
identifying homogeneous groups in them, which are solved 
by multidimensional statistics (Cunha et al., 2009; Leão et al., 
2011; Lamine et al., 2014). Previously, the authors have stud-
ied dynamics of the main agrobiological indicators observed 
for at least 5 years and more for 106 varieties of V. vinifera L. 
and hybrids of V. vinifera L. × V. amurensis Rupr., and revealed 
differences in overwintering factors for the varieties of differ-
ent origin (Novikova, Naumova, 2018). To date, the authors 
have expanded the database and created a program for the 
agrometeorological analysis of time series of observations 
over a large number of varieties, which allowed the inclusion 
of a group of other interspecific hybrids in the present study.

The purpose of the study was to identify homogeneous 
groups of varieties in the ampelographic collection and com-
pare the rates of their agrobiological indicators response to 
climate change.

Materials and methods
The materials used in the study were the results of observations 
in 1981–2017 over 109 grape varieties from the Ya.I. Pota-
penko Don ampelographic collection. The study was carried 
out on the accessions with agrobiological data recorded within 
10 to 36 years. Four groups of different taxonomic origin 
were studied (Table 1): varieties and intraspecific hybrids 
of V. vinifera, complex hybrids of V. vinifera with several 
American species (V. rupestris Scheele, V. riparia Michaux, 
V. lincecumii Buckley, etc.); as well as hybrids of V. vinifera × 
V. labrusca; and V. vinifera × V. amurensis. According to the 
type of use, two groups were distinguished, that is, of wine 
and table varieties. To enlarge these groups, 7 seedless variet-
ies were attributed to the table, and 17 universal varieties to 
the wine-type ones. The presented varieties have an average 
ripening time from 99 to 152 days, which corresponds to 
6 groups of the international Descriptor list (Code…, 1983). 
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Eighty-two varieties are cultivated as the covered and 27 as 
then the non-covered crop.

The study was carried out on varieties grafted onto the 
Kober 5 BB (V. berlandieri × V. riparia) rootstock. The plant 
spacing of 3.0 × 1.5 m was used, and no irrigation provided. 
Ground water occurred at a depth of 15–20 m and did not 
affect the development of vines. The used grape cultivation 
technology was common for the northern zone of industrial 
viticulture in the Russian Federation. The study of grape 
varieties (agrobiological characteristics measurement and 
calculation of indicators) was carried out using the methods 
commonly used in viticulture (Lazarevsky, 1963). The sugar 
content of berry juice and the titrated acidity were determined 
according to GOSTs. Twenty-one agrobiological indicators 
have been analyzed (Table 2), and the data from the weather 
station of the Ya.I. Potapenko Institute of Viticulture and 
Winemaking used.

The application of Statistica 13.0 (StatSoft Inc.) helped to 
reveal the main differentiating factors and contrasting groups 
of varieties by using the method of principal component analy-
sis (PCA). The analysis of variance was applied to investigate 
the influence of the factors of taxonomic origin, type of use, 
and ripening time. The post hoc comparisons were made by 
the Tukey’s test. Many agrometeorological studies of grapes 
employ the ‘average varieties’ notion (Davitaya, 1952; Laza-
revsky, 1961), i. e., the annual data averaged for homogeneous 
varieties. The ‘average varieties’, i. e., the annual indicators 
averaged for a group, have been calculated for each of the 
identified homogeneous groups.

The VITIS TIME SERIES (VTS) program has been devel-
oped in Delphi 2006 for storing and analyzing the time series 
data from observations over agrobiological indicators. VTS 
was used for calculating agro-climatic characteristics for the 
years of observation (dates of temperature transition above 
5, 10, 15, 20, 25 °C (Kelchevskaya, 1971), the sum of tem-
peratures and precipitation for the periods between them), as 
well as the sums of temperatures for the varieties’ interphase 
periods. The main tendencies in the dynamics (linear trends) in 
agrometeorological characteristics and agrobiological indica-
tors of varieties and ‘average varieties’ have been determined. 
The trends were calculated as coefficients of linear dependence 

of the studied characters on the year (Eliseeva et al., 2007) and 
for convenience expressed as units per 10 years. Model (1) 
was validated by comparing the calculated and actual values 
for 2012–2017 which were not used in the model creation. 
By using model (1), the temperature-dependent trend in the 
ripening time duration was calculated. The significance level 
for a study was set at 5 %.

Results
Homologous groups identification. Principal component 
analysis. The PCA for 21 agrobiological indicators allowed 
identifying three factors which explain 28.9, 20.0, 18.1 %, and 
the total of 67 % of the variance, with eigenvalues of 6.1, 4.2, 
3.8 (totaling 14.1). A scree plot of factor eigenvalues is given 
in Supplement 11. The main factor differentiating varieties in 
the studied sample from the ampelographic collection are the 
bunch characteristics (Table 2), such as the bunch mass, the 
berry mass, the bunch length and width, and the berry length 
and width. There is a negative relation between sugar content 
and this factor. In terms of the first factor, there is a contrast 
between the groups of table and wine varieties (the level of 
significance between differences of the factor mean values is 
p = 0.000, Fig. 1). Supplement 2 presents the designations of 
the type of use and the origin of varieties in different figures.

The second factor is the yield and the positively associated 
with it percentage of bud breaks and the number of productivi-
ty elements, as well as the negatively associated date of the bud 
breaking onset. In terms of the second factor, there is a contrast 
between the varieties of V. vinifera and hybrids with V. labrusca 
and V. amurensis (Fig. 1), which are characterized by higher 
yields, high winter-hardiness, early bud break, a higher per-
centage of fruiting shoots and fruiting coefficient. The groups 
of V. vinifera × V. amurensis and V. vinifera × V. labrusca 
varieties do not differ between themselves by either the first 
factor (p = 0.741) or the second one (p = 0.087). At the same 
time, the average value of the second factor in all interspe-
cific hybrids was significantly higher than that of V. vinifera  
(p = 0.000 for the hybrids with V. amurensis and V. labrusca; 
p = 0.006 for complex hybrids).
1 Supplementary Materials 1–4 are available in the online version of the paper: 
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx17.pdf

Table 1. Distribution of accessions in the studied sample according to the taxonomic origin,  
type of use, and ripening time

Taxonomic origin Type of use Ripening time, days

Super-
early, 
<105

Very early, 
105–115

Early, 
115–125

Mid-early, 
125–135

Medium, 
135–145

Mid-late, 
145–155

Total

V. vinifera Wine 0 1 0 7 19 6 33

Table 4 7 4 5 2 0 22

Hybrids of V. vinifera with several 
American species

Wine 0 1 0 4 5 2 12

Table 1 1 2 4 8 3 19

V. vinifera × V. labrusca Wine 0 1 1 2 0 1 5

Table 1 1 1 1 0 0 4

V. vinifera × V. amurensis Wine 0 0 2 3 3 1 9

Table 1 1 2 1 0 0 5

Total 7 13 12 27 37 13 109
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The third factor is the duration of the ripening time and 
interphase periods. There is a positive relation of acidity and 
negative of the glucoacidometric index (GAI) with this factor.

Analysis of variance. The influence of the type of use, 
taxonomic origin and the duration of the ripening time on the 
main indicators differentiating varieties within the sample was 
confirmed by the variance analysis. Fig. 2 shows the three main 
indicators identified by PCA for 8 groups composed according 
to the origin and type of use.

The two-factor analysis of variance showed that table 
varieties within the studied sample have, on the average, a 
significantly shorter ripening time (124 days) than the wine 
varieties (136 days, p = 0.000), and a higher bunch mass (300 
and 196 g, respectively, p = 0.000). There are no significant 
differences in yield (4.7 and 4.1 kg, p = 0.094).

The taxonomic origin distinguished the group of V. vini- 
fera × V. labrusca and V. vinifera × V. amurensis hybrids, 
which did not differ significantly from each other by the aver-
age values of the ripening time duration (123 and 127 days, 
respectively, p = 0.834), yield (6.8 and 5.8 kg, p = 0.491) and 
the bunch mass (190 and 210 g, p = 0.943). If compared with 
V. vinifera hybrids, those with V. labrusca and V. amurensis 
are characterized on the average by higher yields (3.7 kg for 
V. vinifera, p = 0.000 for both groups), a lower bunch mass 
(235 g for V. vinifera, p = 0.450 for hybrids with V. labrusca 
and p = 0.758 for V. amurensis). Also, there was no differ-
ence in the ripening time duration (131 days for V. vinifera, 
p = 0.199 and p = 0.637). Complex hybrids with American 
species are a very polymorphic group, which, on the average, 

Table 2. Factor loads of 21 agrobiological indicators

Indicator Factor 1 Factor 2 Factor 3

Onset of bud break    0.050 –0.654    0.096

Onset of bud break – onset of flowering    0.541 –0.112 –0.125

Onset of flowering – veraison –0.120 –0.524    0.613

Veraison – full maturity of berries –0.204 –0.433    0.702

Ripening time –0.089 –0.584    0.741

Number of budbreaks, % –0.354    0.622    0.276

Number of normally developed shoots –0.478    0.420    0.206

Average bunches per developed shoot –0.534    0.614    0.427

Average bunches per productive shoot –0.413    0.488    0.349

Number of productive shoots, % –0.549    0.592    0.410

Shoot productivity    0.480    0.522    0.497

Yield per vine    0.086    0.757    0.491

Bunch mass    0.907    0.017    0.137

Bunch length    0.707    0.174    0.101

Bunch width    0.730    0.270    0.148

Berry mass    0.855    0.119    0.297

Berry length    0.831    0.065    0.276

Berry width    0.782    0.198    0.163

Sugar content –0.639 –0.249    0.003

Total acidity –0.192 –0.466    0.718

Glucoacidometric index, GAI; sugar to acidity ratio –0.118    0.372 –0.718

Note.  The marked loads are above 0.70.

Vw
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 2
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Fig. 1. 109 varieties in the space of the first two PCA factors.
Hereinafter: w  – wine varieties, t  – table varieties. Vw, Vt  – V.  vinifera, 
wine, table; Uw, Ut  – hybrids with several American species, wine, table;  
Lw, Lt – V. vinifera × V. labrusca, wine, table; Aw, At – V. vinifera × V. amurensis, 
wine, table.

exceeds other groups by bunch mass (292 g, p = 0.010 when 
compared with V. vinifera, and p = 0.018 in comparison with 
hybrids with V. labrusca and V. amurensis). Concerning most 
indicators, these hybrids occupy an intermediate position be-
tween V. vinifera varieties and hybrids with V. labrusca and 
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V. amurensis. If compared with V. vinifera varieties, complex 
hybrids are characterized on the average by higher yields 
(4.8 kg, p = 0.001), while they do not differ in the ripening 
time duration (135 days, p = 0.411).

The analysis of variance of six groups differing by the 
ripening time (see Table 1) confirmed the PCA-detected reli-
able association of the ripening time only with the interphase 
periods, acidity, and GAI. The average duration of the ‘onset 
of flowering – veraison’ period increases from 40 days in the 
group of super-early varieties up to 64 days for the mid-late 
ones, and that of the ‘veraison – full maturity of berries’ period 
from 25 days for super-early to 44 days for the mid-late varieties. 
The average acidity of the berries grows from 6.4 g/dm3 in the 
group of super-early up to 10.2 g/dm3 in the group of mid-late 
ones, and GAI decreases from 3.0 to 1.9 units accordingly.

Trends in agrobiological indicators. In 1981–2017, in 
Novocherkassk, the growing degree days for the period 
with temperatures above 10 °C has increased by 170 °C per 
10 years, the amount of precipitation unreliably decreased 
over this period by 21 mm, the average temperature of 
the winter dormancy period (October 15 – April 15) has 
reliably increased by 0.5 °C/10 years, while the number 
of days during the winter with temperatures below –20 °C 
has not significantly changed. Trends were calculated for 
each trait of each variety, however, for most traits and most 
varieties trends were insignificant against the year-to-year 
fluctuations. The trends of the ‘average varieties’ in 8 groups 
composed according to the taxonomic origin and type of use 
demonstrated reliable values for a number of indicators (Fig. 3, 
Supplement 3). Berry quality indicators showed nonlinear 
dynamics: sugar content was decreasing till the mid-1990s and 
then started increasing, while acidity was at its maximum in 
the 1990s (Novikova, Naumova, 2013), therefore their trends 
have been calculated starting from 1995.

The groups of varieties composed according to the taxo-
nomic origin and type of use are characterized by the same 
direction of change of the economically important traits, 
though with some exceptions. The onset of bud break does 
not change reliably in any group. The ripening time shortens 
in all groups and for the ‘average variety’ from 109 accessions 
for 2 days/10 years due to the shortening of all interphase 

periods. The yield increases in all groups of varieties by  
1 kg/vine/10 years, on the average; the bunch mass increases 
by 10.2 g/10 years, on the average; the sugar content increases 
by 2 g/100 cm3, on the average, and GAI does likewise by 
0.6 units/10 years on the average, while acidity decreases 
by 1 g/dm3, on the average. The sum of temperatures for the 
ripening time has increased by 71 °C/10 years, on the aver-
age, due to the growth of excess temperatures in mid-summer.

The group of wine hybrids with V. labrusca is distin-
guished by the highest rate of the ripening time reduction 
(18 days/10 years) due to shortening of all the interphase 
periods, including the ‘onset of flowering – veraison’ period 
(6 days/10 years), which, on the average, does not change in 
a sample of 109 varieties. The sum of temperatures for all 
the interphase periods and the ripening time for this group 
decreases on the whole by 140 °С/10 years. The percentage 
of fruiting shoots reliably decreases (by 11.1 %/10 years) only 
in wine hybrids with V. labrusca, which leads to the highest 
growth rate of the mass of the bunch (73 g/10 years) and berry 
(3 g/10 years) among the studied groups.

An analysis of trends in groups of different ripening time 
(Supplement 4) showed that even with such a division into 
groups, the direction of trends in different groups basi-
cally coincides. The early-medium, medium and mid-late 
varieties have a higher rate of the ripening time reduction 
(4–5 days/10 years) than the super-early, very early and early 
ones (2–3 days/10 years). Acidity decreases more rapidly (by 
2 g/dm3/10 years) in medium and mid-late varieties than in 
super-early and very early (0.3–0.4 g/dm3/10 years) and in 
early and early-medium ones (1 g/dm3/10 years), which is 
obviously related to the growing heat availability during the 
ripening of berries.

Model analysis of the ripening time duration. The ob-
served trends may have contributions from such factors as cli-
mate change, agricultural engineering trends, and age-related 
changes of the bushes. To assess the contribution of climate 
change to the trend of the ripening time duration, a regression 
model (1) was used. At first, model (1) was checked using 
the data of 2012–2017, which was not used in its creation, 
the data calculated applying model (1) and the actual annual 
increments (∆N) (Fig. 4).
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The average absolute error of the model amounted to 8 days 
(with exception for 5 days in 2016), or 4 % of the ripening time 
duration, which confirmed its adequacy. The accuracy of the 
model is evidenced by the correlation (r = 0.69) of the actual 
and calculated data. The year 2016 was characterized by an 
anomalous precipitation of 338 mm during the ripening period 
against the average value of 214 mm, including the ‘onset of 
bud break – onset of flowering’ period with 182 mm against 
the perennial average of 65 mm. This might be one of the 
reasons for the 17-day increase in the ripening time duration 
compared to the average long-term value, which is not fully 
explained by the model.

The rate of independent variables change in 1981–2017 
was ΔΣТ20 = 324.3 °С/10 years, ΔN10–15 = –0.4 days/10 years, 
therefore ΔN = –4.4 days/10 years according to the formu-
la (1). The model predicts a more significant ripening time 
reduction than the actually observed ΔN = –2.5 days/10 years. 
The actual trend was significantly influenced by 2016 
(see Fig. 3), while in 1981–2015 the actual trend showed 
ΔN = –4.3 days/10 years, which corresponds to the calculated 
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Fig. 3. Trends of economically important characters in grape groups of different taxonomic origin and type of use, 1981–2017, units per 10 years: 
a, ripening time; b, yield per vine; c, bunch mass.

one. Thus, the decrease in the ripening time duration is largely 
due to the rising temperatures.

Discussion
The principal component analysis of the mean long term data 
on 21 indicators of 109 grape varieties has shown that the main 
differentiating phenotypic character of the ampelographic 
collection is the bunch and berry size, which is contrasting in 
the table and wine varieties. A large berry is characteristic of 
a group of table hybrids of V. vinifera with several American 
species. A significant part of this group is represented by vari-
eties from the Republic of Moldova and by hybrids produced 
with the use of the American variety Save Villar and the Cen-
tral Asian variety Katta-Kurgan. The Central Asian varieties 
known for large berries are absent in the used sample. The 
second factor, i. e. the yield and the number of fruiting shoots 
associated with it, winter hardiness and fruiting coefficient, 
is at its maximum in V. vinifera × V. labrusca and V. vinifera 
× V. amurensis hybrids, which retain winter resistance and a 
greater number of productivity elements from the Amur and 
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American species (Troshin, 1999; Nosulchak, 2015), while it 
is at its minimum in the European cultivated grapes. The third 
factor is the ripening time and interphase periods duration, and 
the related berry juice acidity and GAI.

The analysis of variance has confirmed a number of reliable 
differences of the average indicators between the groups of 
varieties composed according to the type of use, origin, and 
ripening time. The table varieties differ from the wine ones 
by a larger bunch and a shorter ripening time. On the average, 
interspecific hybrids exceed V. vinifera varieties in the number 
of productivity elements and yield. The groups of V. vini- 
fera × V. labrusca and V. vinifera × V. amurensis hybrids do 
not differ significantly from each other by the average ripening 
time duration, yield and bunch mass values. The similarity 
of a number of characteristics of these species is noted in 
the literature (Negrul, 1946, p. 120). Complex hybrids with 
American species represent a polymorphic group and oc-
cupy an intermediate position concerning the majority of the 
studied parameters, with an exception for the characteristics 
of the bunch, between V. vinifera varieties and hybrids with 
V. labrusca and V. amurensis. The analysis of variance has 
confirmed the PCA-detected association of the ripening time 
only with the interphase periods duration, acidity, and GAI.

The analysis of trends in agrobiological indicators of ho-
mogeneous groups of varieties has confirmed that varieties 
do not differ in trends of the long-term dynamics of most 
indicators. All groups demonstrated a decrease in the ripening 
time duration (2 days/10 years on the average for 109 variet-
ies), an increase in yield (1 kg/vine/10 years on the average) 
and sugar content (2 g/100 cm3 on the average), a decrease 
in acidity (an average of 1 g/dm3), which corresponds to the 
trends observed in other countries (Vršič, Vodovnik, 2012). 
The trends of the average indicators in the groups of variet-
ies with different ripening time were also similarly directed. 
Thus, the thesis was confirmed that the impact of climate was 
greater than that of variety (Leeuwen et al., 2004).

The group of V. vinifera × V. labrusca hybrids of wine type 
is characterized by the most significant changes, e. g., by the 
highest rate of the ripening time decrease (18 days/10 years), 
a decrease in the fruiting shoots percentage (11 %/10 years) 
and an increase in the mass of the bunch (73 g/10 years) and 
berry (3 g/10 years).

The model of the ripening time duration dynamics (1) was 
validated using the data of 2012–2017, which were not used 
in model creation. The trend of the ripening time duration 
calculated using the model was Δ = –4 days/10 years, which 
corresponds to that observed until 2016. The increase in the 
ripening time duration in 2016 could not be explained by the 
model and was possibly due to the anomalous precipitation 
that year. Thus, it has been shown that the observed decrease 
in the varieties’ ripening time duration was largely due to the 
growing temperatures.

Conclusion
Homogeneous groups of varieties in the ampelographic collec-
tion, composed according to the type of use, taxonomic origin 
and ripening time, are characterized by a similar response to 
the climate change. An increase in temperature in the northern 
zone of industrial viticulture in the Russian Federation leads 
to a reduction in the grapes ripening time, an increase in yield 
and sugar content, and a decrease in berry acidity.
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