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ABSTRACT
The aim of the work was to study the growth, drought tolerance and biochemical characteristics of introduced cultivars 
(‘Jonkheer van Tets’, ‘Hollandische Rote’ and ‘Viksne’) and some selected Russian cultivars and red currant genotypes 
(‘Shchedraya’, ‘Natali’, 129-21-61, 111-19-81, 261-65-19 and 271-58-24). The studies were conducted between 2014 and 
2018 under temperate continental climate conditions. The intensity of transpiration was determined by using a torsion 
balance. The soluble solid concentration (SSS – % Brix) of the fruits was determined by using a digital refractomer. The 
content of the sum of sugars was determined by the weight method according to Bertrand’s method. Ascorbic acid content 
was then determined by the iodometric method. The total phenolic content was determined by a colourimetric method. 
Climatic conditions were found to have significant influence on the disease severity of the red currant genotypes, while 
the infections caused by Sphaerotheca mors-uvae increased in optimum seasons and damages caused by Pseudopeziza 
ribis increased in drought seasons. None of the selected genotypes was found to be resistant to any of the diseases/pests, 
but ‘Jonkheer van Tets’, ‘Hollandische Rote’ and 111-19-81 were less affected by these diseases/pests. Weight, yield and 
raceme length of berries and the number of berries in a raceme were found to be higher in optimum seasons, and different 
cultivars/genotypes had superior characteristics for different parameters. The highest berry weight was observed in the 
261-65-19 genotype (0.65 g), while the highest yield was noted in ‘Hollandische Rote’ (15.6 t · ha−1). It was also found that 
the water content of leaves and transpiration have a strong positive relationship with soil moisture at a depth of  0–200 mm 
but a week correlation with soil moisture at a depth of 200–400 mm. Results also showed that the transpiration of leaves 
decreases in later developmental stages (July). Hierarchical clustering suggested four clusters: the introduced cultivars 
produced one cluster, Russian cultivars are another cluster, 261-65-19, 111-19-81 and 129-21-61 genotypes make up a third 
cluster and the 271-58-24 genotype (superior in terms of phenolic contents) forms the fourth cluster.
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INTRODUCTION

Berries, with their high antioxidant capacities, 
are among the healthiest fruits for human beings. 

Moreover, they have a unique flavour, colour 
and diverse content of vitamins and minerals 

http://www.foliahort.ogr.ur.krakow.pl
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(Pereira  et  al.,  2018; Gündeşli  et  al.,  2019; Okatan, 
2020). Commercially important berries are 
strawberries, blueberries, blackberries, raspberries, 
red currants and blackcurrants. Berry fruits can be 
consumed fresh or processed in the form of jams, cakes 
or pies. Red currant (Ribes rubrum L.) belongs to the 
gooseberry (Grossulariaceae) family and is reported to 
be native to Western Europe. However, it is now widely 
distributed mostly in the temperate regions of the 
world (Albuquerque et al., 2018). Regular consumption 
of the red currant fruits has been reported to have a 
positive influence on the prevention and/or reduction 
of several chronic diseases, including diabetes, some 
type of cancers and cardiovascular diseases (Zdunić 
et al., 2016). Currently, because of the scientifically 
confirmed nutritional values and health benefits, 
consumers have a special attention on the berries, which 
provides an opportunity for farmers to increase their 
berry production (Jimenez-Garcia et al., 2018). Berries 
have an important contribution on the development 
of the domestic economy of countries too (Łakomiak 
and Zhichkin, 2020). Most of the cultivated berries 
have been known to be developed by the European 
breeding programmes. Moreover, introduction of these 
cultivars into different growing (climate and soil) 
conditions may result in adaptation problems, low yield 
or changes in biochemical compositions. Since cultivar 
introduction is an important decision for the economy 
of the countries and/or regions, most of the world’s 
research institutes include cultivar and genotype 
evaluation in their research programmes (Gilbert and 
Gardner, 2003).

The red currant market is mostly dominated by 
European originated cultivars including ‘Jonkheer van 
Tets’, ‘Hollandische Rote’ (‘Prins Albert’), ‘Viksne’, 
‘Rosetta’, ‘Rovada’, ‘Rolan’ and ‘London Market’, some 
old Russian cultivars like ‘Natali’ and ‘Shchedraya’ 
and few American cultivars, i.e. ‘Red Lake’. Besides 
the climatic adaptation of cultivars, resistance to 
gooseberry mildew (Sphaerotheca mors-uvae (Schw.) 
Berk et Curt.) and leaf spots (Pseudopeziza ribis Kleb.) 
is also important. In terms of both climatic adaptability 
and resistance to pests and diseases, ‘Augustus’, ‘Rolan’, 
‘Red Pool’ and ‘Roodneus’ cultivars are commonly 
grown in Denmark (Pedersen, 2007; Pedersen and 
Andersen, 2012), ‘Detvan’, ‘Red Lake’ and ‘Primus’ 
are commercially grown in Slovakia (Milošević and 
Milošević, 2018), ‘White Crape’, ‘Blanka’, ‘Versailles 
Blanche’, ‘Rovada’, ‘Rondom’, ‘Junifer’, ‘White Pearl’ 
and ‘Jonkheer van Tets’ are grown in Germany, Holland 
and Belgium (Hummer and Dale, 2010; Wiethold, 2016), 
‘Red Lake’, ‘Detvan’, ‘Rovada’, ‘Tatran’ and ‘Jonkheer 
van Tets’ are grown in the United States of America 
(Bratsch and Williams, 2009), ‘Jonkheer van Tets’ and 
‘Viksne’ are grown in Ukraine (Tereshchenko, 2018) and 
‘Jonkheer van Tets’, ‘Natali’, ‘Viksne’ and ‘Hollandische 
Rote’ are grown in the Russian Federation (Rodyukova, 
2008).

Production of crops in a range of environmental 
conditions is as important as high yield for ensuring 
food security on the earth. Therefore, the adaptation 
of different cultivars/genotypes into different 
environmental conditions is very important for food 
security. However, global climate change with extreme 
precipitation events, increase in temperature and drought 
in some places has been significantly impacting the 
plants’ adaptation and growth in different environments 
(Myhre et al., 2019; Kusmec et al., 2021). Changes in 
CO2 concentration, precipitation and temperature also 
affect the growth, survival and spread of pathogens and 
indirectly impact crop cultivation (Zavala et al., 2008; 
Heeb et al., 2019). Thus, production of non-adapted 
cultivars in such conditions makes it difficult to obtain 
a high yield and requires more input. Thus, excessive 
use and misuse of the inputs may cause environmental 
degradation and induce global climate change. The 
plant response to climate change and to stresses is 
complex and includes changes at both the biochemical 
and physiological levels (Kumar et al., 2019; Kapoor 
et al., 2020). It is necessary to consider cultivar-specific 
physiological and biochemical reactions of plants that 
directly participate in the formation of adaptation 
processes in a particular climatic zone for a better 
identification of resistance in berry crops during 
breeding. Quite often, the consequences of drought can 
be seen visually as withering of leaves, reduced plant 
growth, shedding of the ovary and berries and decline 
in yield (Kawecki et al., 2006; Grabowski et al., 2009; 
Olen et al., 2016). Therefore, in breeding programmes, 
nowadays, breeders aim at adapting crops to multiple 
factors and climate change (Ceccarelli and Grando, 
2020). On the one hand, breeders include abiotic 
stresses, especially drought and  high temperature, 
and biotic stresses (the pathogens) together for them to 
characterise and analyse their multiple objectives. The 
available literature demonstrates that mainly single 
elements of adaptation have been studied on berry 
crops such as black currant, raspberry and strawberry, 
and data were found on some cultivars of red currant 
(Golyaeva and et al., 2020; Panfilova et al., 2021). 
According to Bratsch and Tech (2009), currant is a 
very sensitive crop to drought. In some black currant 
cultivars, the effects of drought led to a decrease in 
dry matter, water content, water loss and transpiration 
(Cosmulescu et al., 2008; Čereković et al., 2013; Netzer 
et al., 2019). The relationship between water exchange 
and drought stress was also noted for several other 
berry crops (Klamkowski and Treder, 2008; Morales 
et al., 2013; Álvarez-Herrera et al., 2019). This is 
mostly accepted as the initial response of adaptation 
mechanisms to drought stress (Chartzoulakis et al., 
2002; Guerfel et al., 2009). In the present study, 
the growth, drought tolerance and biochemical 
characteristics of some introduced cultivars (‘Jonkheer 
van Tets’, ‘Hollandische Rote’ and ‘Viksne’) and some 
selected Russian cultivars and genotypes (‘Shchedraya’, 
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‘Natali’, 129-21-61, 111-19-81, 261-65-19 and 271-58-24) 
were evaluated to provide complete information about 
cultivar resistance in the growing zone to farmers.

MATERIALS AND METHODS
Experimental plot
The present study was conducted on a loamy 
haplic Luvisol soil located in the zone of temperate 
continental climate between May and July from 2013 
to 2018 in the Сentral Сhernozem area of Russia. 
Characteristics of the soil were analysed separately at 
a depth of 0–200 mm and 200–400 mm according to 
the standard methods (Mineev, 2001). The thickness of 
the humus horizon was 300–550  mm. In the horizon 
with a thickness of 0–200 mm, the soil organic matter 
(OM) was 2.14%  ±  0.08%, soil pH was 5.40 ± 0.15  
and available elemental concentrations of potassium 
and phosphorus were 182.50 ± 62.75 mg · kg−1  and 
208.74  ±  27.6  mg  ·  kg−1, respectively. Furthermore, in 
the soil horizon with a thickness of 200–400 mm, the 
soil OM was 1.85%  ±  0.06%, soil pH was 5.5 ± 0.2 
and available elemental concentrations of potassium 
and phosphorus were 125.42 ± 38.65 mg · kg−1 and 
149.12 ± 24.34 mg · kg−1, respectively. The climatic 
characteristics of the study site during the experimental 
research are given in Table 1. 

Besides the above given climatic data, the water 
availability of the region was also calculated according 
to the formula of Chirkov (1986) to find out optimal and 
drought seasons. The water availability was estimated 
as the value of the hydrothermal coefficient (K).

K R
t

=
×10
S

.

In the above formula, R represents the amount 
of precipitation in millimetres and St is the sum of 
temperatures above +10 °C for the same period. A lower 
K value means drier area. The hydrothermal coefficient 
(K) of the experimental site during the study period is 
given in Table 2. According to the results obtained, the 
years 2016 and 2017 had optimal conditions, whereas 
other years had drought conditions. Therefore, the 

growth of biochemical characteristics of the red currant 
plants in current study were tested and compared 
separately for optimal and drought seasons. 

Experimental studies and data collection
In this study, three introduced cultivars (‘Jonkheer van 
Tets’, ‘Hollandische Rote’ and ‘Viksne’) and five Russian 
cultivars or genotypes (‘Shchedraya’, ‘Natali’, 129-21-
61, 111-19-81, 261-65-19 and 271-58-24) were tested. 
More information about the cultivars and genotypes is 
presented in Table 3. The site was planted in October 
2010. A randomised complete block design (RCBD) 
with three blocks (replications) was used in the present 
study. A total of 40 registered plants were arranged in 
each replication according to the scheme with 0.5 × 
2.8  m dimensions. During data collection, 10 plants 
from each replication were used. The soil in the row 
spacing was kept under black steam during the research 
period. No irrigation was performed during the growing 

Table 1. Some climatic characteristics of the experimental 
site. 

Year Average monthly 
air temperature 

(°С)

Humidity 
(mm)

Maximum soil 
temperature 

(°С)
May July May July May July

2014 16 19.1 37.1 20 46.6 53
2015 19.5 20.8 44.2 79.1 56 46
2016 17.7 21.2 47.2 66.5 34.5 31
2017 16.3 22.2 56.3 85.5 38.5 41
2018 17.7 21.2 31.4 120 42 29
Long-
term 
average

13 18.5 36.3 88.8 N/A N/A

Table 2.  Hydrothermal coefficient of the experimental 
site during the study period.

Period 2014 2015 2016 2017 2018
May 0.27 0.81 1.21 1.11 0.62
July 0.34 0.98 1.05 1.25 0.94

К > 1.3 represents excessive hydration; К = 1.0–1.3 represents 
optimal hydration; К < 1.0 represents insufficient hydration 

Table 3. Introduced and Russian red currant genotypes of the present study.

Genotype Origin
Genetic Geographic

Jonkheer van Tets Faya Plodorodnaya ×  London Market The Netherlands
Natali Ribes vulgare × R. rubrum × Ribes petraeum Russia
Hollandische Rote R. rubrum × Ribes petraeum The Netherlands
Viksne Ribes warscewiczii Jancz. Latvia
Shchedraya Faya Plodorodnaya ×  Houghton Castle Russia
129-21-61 Jonkheer van Tets ×  Hollandische Rote Russia
261-65-19 Jonkheer van Tets × Ribes atropurpureum Russia
111-19-81 Jonkheer van Tets - free pollination Russia
271-58-24 Jonkheer van Tets × Ribes meyeri Russia
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period. Once a year (spring, early April) ammonium 
nitrate (NH4NO3) was applied under the plants. After the 
occurrence of pests and diseases, chemical control was 
performed. Penconazole (С13Н15Сl2N3) was used against 
Sphaerotheca mors-uvae, and malathion (C10H19O6PS2) 
was applied against pests.

The selected forms (129-21-61, 111-19-81, 261-65-
19 and 271-58-24) were obtained by us in the Russian 
Research Institute of Fruit Crop Breeding (VNIISPK) 
currant breeding laboratory. These genotypes were 
obtained in 2007 by the method of combinative selection 
using intersort crosses of red currants of various genetic 
and geographical origins. For 3  years (2007–2010), 
field surveys were carried out on a set of economically 
valuable indicators (the degree of flowering, fruiting, 
weight accounting of the harvest, the state of plants after 
winter). Based on the results of the field assessment, four 
genotypes were selected for further laboratory studies. 
‘Jonkheer van Tets’, ‘Hollandische Rate’ and ‘Viksne’ 
were obtained as cuttings from the Federal State 
Scientific Institution ‘I. V. Michurin Federal Scientific 
Center’ (Michurinsk, Russia). ‘Natali’ and ‘Shchedraya’ 
were also obtained as cuttings from the Federal 
Horticultural Centre for Breeding, Agrotechnology and 
Nursery Russian Federation.

During the growing seasons, observations were 
done on each genotype about the disease resistance/
sensitivity of the genotypes. The percent of disease 
scores (Table 4) were used for the observation of 
powdery mildew of red currants (Sphaerotheca mors-
uvae (Schw.) Berk et Curt.) and leaf spots (Pseudopeziza 
ribis Kleb). Ten bushes of each cultivar were examined 
during the observations. 

Berry yield and productivity indicators
Harvesting of fruits had been performed from 1 to 
10 July every year. Productivity was determined 
from three accounting plants of the same genotype 
in each replicate. The total yield of each genotype 
had been calculated and counted to present as tonne 
per hectare. The length of the raceme was measured 

from 10 accounting plants from each replication of 
each genotype. To determine the average weight of one 
berry, a sample of 100 berries from one genotype was 
weighed on a technical scale (Scout Pro SP202, Ohaus, 
USA) and divided by 100. Berries were picked without 
choice. 

Biochemical compositions of the berries
For biochemical analysis of berries, 300  g (from 
each genotype) of ripe berries was collected from 10 
accounting plants of each replication. Samples (berries) 
for biochemical composition analysis were collected 
from 1 to 10 July in each season. The soluble solids 
concentration (SSS (sum sucrose soluble) – % Brix) of 
the fruits was determined by using a digital refractomer 
PAL-3 (ATAGO, Tokyo, Japan). The content of the sum 
of sugars (sucrose + monosaccharide) was determined 
by the weight method according to Bertrand’s method 
(Kumar et al., 2014). Titratable acidity (%) was 
measured by titration with 0.1 M NaOH solution in 
the presence of a phenolphthalein indicator. Ascorbic 
acid content (100 mg · g−1) was then determined by the 
iodometric method based on the titration of ascorbic 
acid in coloured extracts with potassium iodate (KIO3) 
in an acidic medium in the presence of potassium iodide 
(KI) and starch. Finally, the total phenolic content 
(100 mg · g−1), which was the total sum of contents 
of anthocyanins, leucoanthocyanins and catechins, 
was determined by a colourimetric method using a 
photocolorimeter photometer KFK3-‘3OM3’ (Zagorsk 
Optical and Mechanical Factories, Sergiev Posad, 
Moscow Region, Russia). 

Water regime of plants
The studies were carried out in dynamics from 25 
to 30 May and from 20 to 25 July. The intensity of 
transpiration was determined in the field by using 
a VT-500 torsion balance (Central Research Textile 
Institute, Russia) from 11:00 to 12:00. The first weighing 
measurement was carried out immediately after cutting 
the leaf (a), and the second one (b) was carried out after 

Table 4. Disease scores followed for the observation of Sphaerotheca mors-uvae and Pseudopeziza ribis.

Disease score Sphaerotheca mors-uvae Pseudopeziza ribis
0 No infection (healthy plant) No infection (healthy plant)

1.0 Very weak disease damage (up to 10% of leaves and up to 1% 
of berries are affected)

Very weak damage (up to 5% leaves 
are affected)

2.0 Weak plant disease (up to ¼ of the shrub shoots, up to 25% 
of leaves and up to 3% of berries are affected) 

Weak plant damage (up to 10% of 
the leaves are damaged)

3.0 Average plant disease (up to ⅓ of the shrub shoots, 26-50% of 
the leaves and up to 10% of the berries are affected)

Average plant damage (up to 30% of 
leaves are damaged)

4.0 Severe plant disease (⅓ to ¼ of the shrub shoots, 51-70% of the 
leaves and up to 20% of the berries are affected)

Severe plant damage (up to 50% of 
the leaves are damaged)

5.0 Very severe disease (more than ½ of the shrub shoots, more than 
70% of the leaves and more than 20% of the berries are affected)

Very severe damage (more than 50% 
of the leaves are damaged)
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2  min: this made it possible to measure  the level of 
transpiration at the state of saturation of the leaf with 
water. To determine the level of transpiration, the leaf 
area was taken into account. The area of the leaf (S) 
was determined by die cutting using a cork drill with 
a diameter of 1.0 cm; five die cuts were made from one 
leaf. The central vein and leaf plate were included in 
the sample. Then, the following formula was used to 
calculate the level of transpiration (I):

I a b
t S

 ( )mg m h⋅ ⋅ =
−
×

− −2 1

I – transpiration rate
a – initial weight of the leaf (mg)
b – leaf weight in 2 min (mg)
t – exposure time (h)
S – leaf area (m2)

The content of free and bound water in the leaves 
was determined according to the Okuntsova-Marinchik 
method (Voskresenskaya et al., 2008). The method is 
based on a change in the concentration of a sucrose 
solution when a leaf sample is immersed in it. Test tubes 
with stoppers were used. They were weighed; then, 
2 ml of 30% sucrose solution was poured and weighed 
again. Next, 2  g of crushed leaves was placed in a 
sucrose solution and weighed. After 2 h, the refractive 
index of sucrose solution was determined in test tubes 
with plants using a PAL 1 refractomer (ATAGO, 
Tokyo, Japan). At the same time, the dry leaf mass (for 
bound water determination) of red currant cultivars 
was determined. Metal containers with a volume of 
70 ml were used. A leaf sample (10 g) was placed and 
dried in an artificial climate chamber ‘Espec’ PSL-
2KRN (ESPEC, Osaka, Japan) at 105 °C for 3 h. The 
containers were then placed in a desiccator with CaCI2 
for cooling and then weighed. The total water content 
(%) (WC.in.L) of the leaves was then calculated by 
taking the sum of free and bound water percentages. 
The coefficient of bound water (%)  /  free water (%) 
in leaves was calculated by taking into account the 
calculated ratio. 

Soil moisture determination
Annual measurements were done for the determination 
of soil moisture and absolute soil moisture. The field 
soil moisture was estimated at a depth of 0–200 mm and 
200–400 mm by drying the soil samples to a constant 
weight at a temperature of 105 °C and then weighting on 
a Scout Pro SP202 technical scale (OHAUS, Parsippany, 
NJ, USA). Calculations were made according to the 
following formula (Mineev, 2001):

W a
b

(%) = ×100

In the above formula, W is the soil moisture (%), 
a is the mass of water evaporated during drying (g) 
and b is the mass of dry soil (g). Then, the following 

formula was used for the calculation of the absolute soil 
moisture (W1):

W W
FC

1 100(%) = ×

where W is the soil moisture (%) and FC is the ultimate 
field moisture capacity. For FC, the field capacity (C) 
was multiplied with 0.43, which was the value of the 
coefficient factor established experimentally for the 
loamy soil (Terpelets and Slyusarev, 2010):

FC Cn(%) .=  0 43

Statistical data processing
The comparison of the studied genotypes was done 
according to the studied characteristics (disease 
resistance, biochemical composition, water regime, 
yield and etc.). The raw data of each parameter 
were subjected to analysis of variance (Draper and 
Smith, 2016) by using SPSS, version 22.0, and Excel 
software programmes. To characterise the indicators 
of the variation series, the mean value (M), standard 
deviation (s) and significance level (p  <  0.05) were 
used in combination. Correlations between variables 
were analysed using Pearson correlations. Principal 
component analysis (PCA) was then applied in order 
to reveal the relationships between the parameters and 
genotypes in the form of similarities and differences. 
The relationship of traits (water region of genotypes ~ 
soil water conditions) was also evaluated by using the 
correlation analysis. Both the correlation analysis and 
PCA were performed with R 4.0.3. software (Free 
Software Foundation’s GNU General Public License). 
The hierarchical clustering on principal components 
(HCPC) approach was then used to assess the degree 
of inter-genotype variability which allows users to 
combine the three standard methods of multivariate 
data analyses (Husson et al., 2010). PCA was used to 
reduce the dimension of the data into few continuous 
variables. The ‘FactoMineR’ and ‘factoextra’ 
packages in R 4.0.3. (Free Software Foundation’s 
GNU General Public License) were used for HCPC 
analysis. 

RESULTS AND DISCUSSION
General findings and disease resistance
The breeding programme at the institute is designed in 
such a way that the selection process is preceded by a 
genetic and statistical analysis of the studied quantitative 
traits. Therefore, the effectiveness of breeding 
experiments increases with a smaller volume of hybrid 
material. It is of great importance to determine the size 
of the selection of economically useful traits, which 
require a large cost to analyse. In the course of the work, 
combinations of crossing (interspecific hybridisation) of 
cultivars of European origin and species of red currants 
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were carried out. The involvement in breeding practice 
of other species besides the cultivars of European origin 
reduced the quality index of berries. In the course of the 
study, several hybrid families were studied, including 
>30 seedlings, and such a number allowed us to 
analyse the inheritance of biochemical and economic-
biological traits and to identify valuable genotypes 
(selected forms) for further study. In this experiment, 
the samples obtained on the basis of the descendant of 
the large – fruited Ribes vulgare subspecies – ‘Jonkheer 
van Tets’ were selected. In the conditions of a temperate 
continental climate, according to primary field 
observations, introduced cultivars and genotypes after 
dormant periods were characterised by minor damage 
due to negative winter temperatures.

Lesions of Aegeria tipuliformis Cl. were found to 
be single cases and do not cause significant problems 
on the plants. The bushes had good annual growth 
(3–5 shoots per bush, height from 0.3 m to 1.2 m). The 
flowering was harmonious (70–80% of the flowers on 
the bushes). According to the field assessment of disease 
resistance, in years with optimal weather conditions, all 
the studied genotypes had higher infections of S. mors-
uvae damage than the drought season crops (Figure 1A). 
However, the damages of P. ribis showed a different 
occurrence while it became more problematic in 
drought conditions (Figure 1B). According to the results 
obtained, ‘Hollandische Rote’, 261-65-19 and 111-19-
81 had higher tolerance to S. mors-uvae than other 
genotypes. The most sensitive genotype was found to be 
‘Viksne’, and the most sensitive season was found to be 
optimum conditions. Therefore, it was observed that the 
optimum conditions cause better growth of the plants 
and attraction of diseases. Many scientists who have 
studied the development of S. mors-uvae on berry crops 
(black currant, gooseberry and strawberry) explained 
this phenomenon by the age-related specialisation 
of the fungus which affects young shoots and leaves 
(Amsalem et al., 2006; Pluta et al., 2014; Saltykova et 
al., 2018). During the years of research, most of the 
studied cultivars and selected genotypes were affected 
by P. ribis to a medium (up to 10–15%) or high degree 
(up to 30–40%), and no resistant genotypes were found. 
The most least affected genotypes were observed to be 
129-21-61, 111-19-81, ‘Hollandische Rote’ and ‘Jonkheer 
van Tets’. These studies are confirmed by previously 
obtained results in Vilnius University Botanical 
Garden (Lithuania) on the resistance of red and black 
currants to leaf spots. Certain red currant cultivars 
(‘Jonkheer van Tets’, ‘London Market’, ‘Hollandische 
Rote’, ‘Heinemanns Rote Spatlese’ and ‘Belaya 
Smoljaninovoj’) are more resistant to spotting, and they 
also revealed a correlation between yield and spotting 
damage (r = 0.79) (Zilinskaitë et al., 2003).

Indicators of productivity
Berry weight, yield, raceme length and the number 
of berries in a raceme are among the most important 
characteristics for the determination of productivity and 

economics of berry production. The data about these 
parameters are presented in Figure 2.

In terms of berry weight, a significant difference 
was observed among the test genotypes, where 
drought season only affected ‘Jonkheer van Tets’ and 
had no impact on other genotypes. Although there is 
no significant difference between the berry weights 
of optimum and drought seasons, the drought season 
fruits had slightly less berry weight than the optimum 
season fruits. The highest berry weight was noted in the 
261-65-19 genotype (0.65 g), followed by the 129-21-61 
genotype (0.61 g). The lowest berry weight was noted 
in ‘Viksne’ (0.36  g). Besides berry weight, the total 
yield is also a very important indicator of productivity. 
Contrary to the berry weight, the yield was found to be 
significantly affected by the drought season. Thus, the 
yield of each genotype was found to be significantly 
higher in optimum seasons than in drought seasons. 
Moreover, it was also noted that the berry weight alone 
is not a good indicator of productivity, where the 261-65-
19 genotype, which has the highest berry weight, was 
noted to have a moderate yield, and the highest yield 
was obtained in ‘Hollandische Rote’ (15.6 t · ha−1). And 
the lowest yield was observed in the 111-19-81 genotype 
(5.2 t · ha−1). The yield is also so related with the raceme 
length and number of berries in a raceme. Evaluation 
of such characteristics showed that the 271-58-24 
genotype has the highest raceme length (10.9 cm), while 
‘Shchedraya’ has the lowest raceme length (5.3  cm). 
Growing conditions were also noted to have a significant 
influence on the raceme length, and the highest raceme 
length was measured from plants growing under 
optimal conditions. Growing conditions had a similar 
impact on the number of berries in a raceme. Finally, 
the highest number of berries in a raceme was observed 
in the 271-58-24 genotype (13.6), and the lowest number 
was noted in ‘Shchedraya’ (7.2). A great economic value 
for farmers is not only the length of the raceme, the 
number of berries in a raceme, the weight of the berry 
and the yield, which are the components of productivity, 
but also the biochemical composition of the berries. The 
marketing policy in the sales markets is determined 
by the appearance of agricultural products, and in 
particular, for red currants, the length of the raceme, 
the number of berries in a raceme and berry weight 
are the appearance characteristics. Therefore, many 
breeding programmes for red currants are focussed 
on these characteristics. The biometric analyses made 
it possible to divide the studied genotypes into several 
groups according to the criteria developed by Knyazev 
and Bayanova (1999) (Table 5). 

The genotype choice of agricultural plants 
corresponding to the region of cultivation, including for 
berry crops, is largely determined on the basis of the 
genotypic variability analysis of cultivars with respect 
to complex economically valuable characteristics. In 
terms of these characteristics, it is clear from the table 
that the most superior characteristics are obtained in the 
271-58-24 genotype. Moreover, ‘Jonkheer van Tets’ and 
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261-65-19 genotype have moderate biometric indicators 
for productivity. 

Biochemical composition of the genotypes
In the course of the research, the biochemical 
composition (soluble solid concentration, titratable 

acidity and ascorbic acid and total phenolic contents) 
of the berries was also evaluated (Figure 3). Current 
results demonstrated that the climatic conditions have 
a significant influence on biochemical compositions. 
The SSC (soluble solid concentration) and TA (titratable 
acidity) were mostly found to be higher in optimal 

Figure 1. Disease scores of S. mors-uvae (A) and P. ribis (B) on the test genotypes in optimum and drought seasons. 
Averages of overall seasons that were compared for genotypes and different letters over the green columns were used 
to represent significant differences among the genotypes according to Tukey’s test. Independent samples t-test was 
used to compare optimum and drought seasons separately for each genotype, *Represents significant difference and ns 
means non-significant.
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seasons, where the AA (ascorbic acid) and TPC (total 
phenolic contents) were mostly higher in drought 
seasons. A significant difference was noted among the 
cultivars/genotypes. The highest SSC content was noted 

in ‘Hollandische Rote’ and the lowest in ‘Shchedraya’. 
On the other hand, the highest TA was observed in the 
111-19-81 genotype and the lowest in ‘Natali’. The high 
sugar content combined with the low organic acid content 
provides the berries with a pleasant sweet taste (‘Natali’, 
‘Viksne’ and ‘Hollandische Rote’). The balance of sugar 
to organic acids is important for describing the flavour 
characteristics of the fruits (Battino and Mezzetti, 2006; 
Talcott, 2007). Similar results were noted by Gorbunov 
and Kukushkina (2019) for some red currant genotypes 
which had a complex hybrid origin, i.e. as a result of 
crossing the species forms of red currants R. vulgare, R. 
rubrum and R. petraeum. Most of the other genotypes 
differed slightly in the studied trait. Belarusian and 
American scientists pointed out the absence of inter-
cultivar differences in the accumulation of organic and 
phenolic compounds for berry crops (Rupasova et al., 
1989; Dao et al., 2012; Berezina, 2019).

One of the important indicators of the nutritional 
value of berries is the content of ascorbic acid 
(Djordjević et al., 2010). The analysis of the obtained 
results (average for 2014–2018) showed a significant 
variability among the studied genotypes, which is 
consistent with the data obtained on this culture by 
other scientists (Talcott, 2007; Djordjević et al., 2010). 
The highest content of ascorbic acid was obtained in the 
selected form of 271-58-24, while ‘Jonkheer van Tets’, 
‘Hollandische Rote’ and ‘Natali’ were characterised 

Figure 2. Berry weight (A), yield (B), raceme length (C) and the number of berries in a raceme (D) of test genotypes 
in optimum and drought seasons. Averages of overall seasons that were compared for genotypes and different letters 
over the green columns were used to represent significant differences among the genotypes according to Tukey’s 
test. Independent samples t-test was used to compare optimum and drought seasons separately for each genotype, 
*Represents significant difference and ns means non-significant.

Table 5.  Biometric indicators of productivity 
components.
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Jonkheer van Tets + + +
Natali + + +
Hollandische Rote + + +
Viksne + + +
Shchedraya + + +
129-21-61 + + +
261-65-19 + + +
111-19-81 + + +
271-58-24 + + +
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by a low index. Contrary to current results, in studies 
containing ‘Jonkheer van Tets’ grown in the regions 
of Belgium (Djordjević et al., 2010) and Turkey (Çelik 
and İslam, 2019), ascorbic acid content was found to be 
slightly higher but comparable with the data obtained 
in a temperate continental climate. Similar with the 
AA,  the TPC of the fruits was found to be highest in 
the 271-58-24 genotype. No significant difference was 
noted between ‘Viksne’ and the 271-58-24 genotype. 
These two forms were observed to have about 2-fold of 
TPC than the others. The lowest content was noted in 
the 111-19-81 genotype. 

Clustering and genotype similarity
A moderate positive correlation was found between 
the SSC and TA content of the berries (Figure 4A). 
A  moderate negative correlation was observed 
between the SS and TA contents. A moderate-to-strong 
correlation was then observed between the AA and 
TPC of the berries, supporting the basic information 
that AA is a constituent of TPC of the fruits. One of 
the important results of the current study was about 
the correlation between the TPC and berry weight, 
which was moderately negative. Contrary, the TPC was 
found to have a moderately positive correlation with the 
raceme length and number of berries in a raceme. The 
highest correlation was observed between the raceme 
length and number of berries in a raceme. The impacts 

of the test traits on the cultivars/genotypes are shown in 
Figure 4B. Results demonstrated that ‘Shchedraya’ and 
‘Natali’ are mostly characterised by their high yield, the 
271-58-24 genotype by its high AA, TPC and the number 
of berries in a raceme, the 261-65-19 genotype, ‘Viksne’ 
and ‘Jonkheer van Test’ by the high raceme length, SSC, 
SS and TA and ‘Hollandische Rote’, 111-19-81 and 129-
21-61 genotypes by high berry weight. Hierarchical 
clustering (Figure 4C–4D) suggested four meaningful 
clusters: the introduced cultivars produced one cluster, 
Russian cultivars are another cluster, 261- 65-19, 111-19-
81 and 129-21-61 genotypes make up a third cluster and 
the 271-58-24 genotype (superior in terms of phenolic 
contents) forms the fourth cluster.

Water regime and plant growth
The yield and quality of products are determined by the 
state of the water regime of plants during the growing 
season. Throughout the studies, there were periods 
with optimal weather conditions and dry ones. An 
important indicator of the response of plants to stressful 
conditions (drought) is the assessment of water balance 
(El-Hendawy et al., 2019). A fairly accurate method 
of assessing the water status is focussed on traditional 
physiological measurements (Kovar et al., 2019). The 
water content in the leaves of the studied samples was 
determined in years with optimal moisture and in 
drought periods. At the same time, the field humidity of 

Figure 3. Soluble solid concentration (A), titratable acidity (B), ascorbic acid content (C) and total phenolic content (D) 
of test genotypes in optimum and drought seasons. Averages of overall seasons that were compared for genotypes and 
different letters over the green columns were used to represent significant differences among the genotypes according 
to Tukey’s test. Independent samples t-test was used to compare optimum and drought seasons separately for each 
genotype, *Represents significant difference and ns means non-significant.
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the soil at a depth of 0–200 mm and 200–400 mm was 
taken into account. The correlation among the traits is 
described in Figure 5. Results suggested that there is a 
very strong negative correlation between bound water 
and free water of leaves in May, and this correlation 
decreases in July. At the same time, a strong positive 
correlation was observed between the coefficient of 
bound/free water and bound water. The bound water in 
leaves was negatively correlated with the soil moisture 
and absolute soil moisture in the top layer (0–200 mm). 
This correlation decreased in July and was found to be 
negligible in lower layers (200–400 mm). Contrary to 
bound water, free water had a positive correlation with 
the soil moisture content of the soil. Simply, it can be 
concluded that the increase in the soil moisture content 
in the upper layers can cause an increase in the free water 
content of the leaves and a decrease in the bound water 
content of the leaves. Moreover, these correlations were 
higher in May as compared with those in July. It was also 
found that the water content of leaves and transpiration 
have a strong positive relationship with soil moisture 
at a depth of 0–200  mm but a week correlation with 

soil moisture at a depth of 200–400 mm. Results also 
showed that the transpiration of the leaves decreases in 
later developmental stages.

According to the results obtained, the optimal soil 
moisture content for the growth and development of 
plants is considered to be at least 70%. In the conditions 
of the field experiment, this corresponds to 17.3% 
of the absolute soil moisture (Roeva and Motyleva, 
2013). At the same time, the moisture reserve in the 
underlying soil layers (200–400 mm) is higher than that 
in the upper horizon. Similar results were obtained by 
other scientists. It is suggested that fruit plants get the 
necessary amount of moisture due to the growth of roots 
in the deeper layers of the soil. The biomass of roots 
located in the deep layers of the soil correlates with the 
content of moisture reserve in the underlying layers of 
the soil (r = 0.88) (Wang et al., 2012).

The supply of moisture to plants is determined not 
only by the water content in the soil but also by the 
ability of plants to absorb it. The quantitative moisture 
content in the assimilation apparatus of red currant 
genotypes, as well as the change in this indicator during 

Figure 4. Correlation among selected traits (A), PCA – biplot with loadings (B), factor map (C) and hierarchical cluster 
(D) analysis of red currant genotypes.(1) ‘Jonkheer van Tets’; (2) ‘Hollandische Rote’; (3) ‘Viksne’; (4) ‘Shchedraya’; 
(5) ‘Natali’; (6) 129-21-61; (7) 111-19-81; (8) 261-65-19 and (9) 271-58-24. PCA, principal component analysis.
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the growing season and growing conditions, allow us to 
give an objective assessment of water balance of plants 
and assess the degree of drought resistance. The water 
content in the leaves reflects the complex effect of air 
and soil drought. In the course of the research, direct 
linear dependence of the level of soil horizon moisture 
and leaf hydration was revealed. Under optimal weather 
conditions, the water content in the leaves was high (on 
average 64.68%), and the plants absorb the required 
amount of moisture from the soil horizon at a depth of 
0–200 mm. In drought season, the water content in the 
leaves decreased (to an average of 60.59%), and the plants 
used water for growth and development from lower 
layers with a thickness of 200–400 mm. The maximum 

reduction in leaf hydration was in ‘Shchedraya’ and in 
the 261-65-19 selected form.

By the time of berry maturation (July) and due to the 
physiological ageing of the leaf blade, the water content 
in the leaves of red currants decreases (Figure 6), and 
this phenomenon does not depend on environmental 
conditions (Keller et al., 2006). The studies have shown 
the variability of this trait during the growing season 
in conditions of optimal moisture. The highest values 
of bound water to free water were in ‘Hollandische 
Rote’, ‘Jonkheer van Tets’ and the 271-58-24 selected 
form. From May to July, there is an increase in bound 
water content and, at the same time, a sharp decrease in 
the rate of water loss. There is a decrease in the overall 

Figure 5. Correlation among selected water regime traits in soil and plant leaves of red currant plants in May (A), July 
(B), drought season (C) and optimum season (D). ASM.0–200, absolute soil moisture (%) at 0–200 mm; ASM.200– 
400, absolute soil moisture (%) at 200–400 mm; BW.in.L, bound water in leaves (%); Coef., coefficient of bound/free 
water (%); FW.in.L, free water in leaves (%); SM.0–200, soil moisture (%) in 0–200 mm; SM.200–400, soil moisture 
(%) in 200–400 mm; Transp., transpiration (mg · m−2 · h−1); WC.in.L, water content (%).
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water content of the leaves since water loss depends 
on the water content of the leaves. According to the 
literature data, as this content decreases, the amount 
of water that can be evaporated from the leaf surface 
progressively decreases (Williams and Amer, 1957). 
In addition, the increase in temperature and average 
humidity in July compared to May is the reason for a 
decrease in the rate of water loss since high humidity 
interferes with the normal course of the transpiration 
process and negatively affects the movement of nutrients 
and water through the xylem and the regulation of 
temperature and the movement of the closing cells of 
plant stomata (Kuznetsov and Dmitrieva, 2005). The 
intensity of transpiration during this period decreased 
sharply in comparison with optimal conditions, which 

was associated with a decrease in the rate of nutrient and 
water supply to photosynthetic cells and the movement 
of the closing stomatal cells. In more drought-resistant 
forms of plants, the evaporation process was less intense 
than in unstable ones (Morales et al., 2013; Basu et al., 
2016). The study revealed a positive correlation between 
the level of transpiration and soil moisture and a negative 
relationship between transpiration and the amount of 
bound water in the plant.

The results of the water regime indicators are 
considered as one of the important elements in the 
regulation of the production process and help assess the 
ability of the studied red currant genotypes to tolerate 
the stress factors of the growing season with minimal 
yield losses. However, ‘Hollandische Rote’, ‘Jonkheer 

Figure 6. Comparison of the water content of leaves in May and July (A), optimum and drought seasons in May 
(B) and optimum and drought seasons in July (C); and comparison of transpiration of genotypes in May and July 
(D), optimum and drought seasons in May (E) and optimum and drought seasons in July (F). Averages of overall 
seasons that were compared for genotypes and different letters over the columns were used to represent significant 
differences among the genotypes according to Tukey’s test. Independent samples t-test was used to compare May 
and July or optimum and drought seasons separately for each genotype, *Represents significant difference and ns 
means non-significant.
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van Tets’, ‘Shchedraya’ and the 271-58-24 selected 
form showed high yields consistently (9.5–20.0 t · ha−1). 
According to the field observations, these genotypes 
were characterised by a lower percentage of berry 
shedding. For farms, the establishment of plantations 
with these cultivars would allow us to get a fairly high 
profit and ensure the profitability of crop production in a 
temperate continental climate. For scientific institutions, 
these genotypes are of interest to attract breeding for 
adaptability and yield.

CONCLUSIONS
This study was aimed at assessing and understanding 
the adaptation process of introduced cultivars and 
breeding genotypes of red currants in temperate 
continental climates and regions with a similar climate. 
Based on the long-term study of the red currant cultivar 
phenotypes, it has been found that the choice of a 
particular cultivar for production or breeding research 
is determined by genotypic variability based on the 
analysis of economically valuable and adaptively 
significant traits. None of the selected genotypes was 
found to be resistant to any of the diseases/pests, but 
‘Jonkheer van Tets’, ‘Hollandische Rote’ and 111-19-
81 were less affected from these diseases/pests. The 
highest berry weight was observed in the 261-65-19 
genotype (0.65 g), while the highest yield was noted 
in ‘Hollandische Rote’ (15.6 t · ha−1).

In periods of unstable hydrothermal conditions, 
the cultivars of foreign selection have developed and 
maintained a system of morphological and physiological 
adaptations that protect them from stress factors. These 
studies clearly show the dependence of the yield of the 
cultivar upon the state of the water regime of plants and 
soil moisture. The direct dependence of the water content 
of the leaves of the introduced red currant cultivars on the 
soil moisture and the soil horizon has been revealed. The 
nature of the correlation relationships made it possible to 
determine the direction of individual trait selection. The 
degree of drought resistance of cultivars is determined 
by the amount of bound water in the leaves, the rate of 
transpiration and the period of development. Accurate 
information about the period of plant ontogenesis when 
plants experience the greatest moisture deficiency can be 
taken into account in breeding programmes to increase 
the resistance of cultivars to drought. Indicators of the 
water regime of red currant cultivars can be used to 
predict the yield. The cultivars of European and Russian 
breeding such as ‘Hollandische Rote’, ‘Jonkheer van 
Tets’ and ‘Shchedraya’ retain their resistance to the 
stress factors of the growing season of the temperate 
continental climate. In the framework of breeding 
programmes aimed at finding sources and donors of 
valuable economic-biological and adaptive significant 
traits, it is necessary to use selected forms obtained on 
the basis of the descendant of a large-fruited subspecies 
Ribes rubrum – ‘Jonkheer van Tets’.
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