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Abstract. The need to create a multifunctional electronic system for 
documentation of the grape gene pool, focused on the characteristics of its 
ecological potential, has been updated.  The step-by-step development of the 
system architecture of the grape gene pool documentation program, 
including the program interface, is presented.  As the characteristics that 
most fully describe the economically valuable characteristics of grape 
varieties, 85 indicators were selected, and they were grouped according to 
functional characteristics into 9 groups.  The logical structure was created 
and the physical design of the database was carried out.  An electronic 
information Database has been formed, the development of which is focused 
on the characteristics of the obtained potential of genotypes carrying 
breeding significant traits, their classification, certification and areas of use. 
In the process of research, the screening of the grape gene pool by 
environmental parameters was carried out, which are based on analytical 
methods grouped that make it possible to obtain a complex of physiological 
and biochemical indicators characterizing the resistance of plants to extreme 
stress factors of the environment. To implement the task of varieties 
selection according to specified criterions, three algorithms are implemented 
depending on the type and user requirements for the selected varieties. In 
view of the environment stress full increasing and the need to focus on the 
ecological characteristics of varieties, the algorithms for their assessment 
have been developed with a focus on weather and climatic peculiarity.  In 
order to rank variety forms according to the degree of resistance to 
dehydration and extreme low and high temperatures, a scale of tester 
varieties (standards) from low to highly resistant has been developed. The 
original own scale is proposed to assess every type of resistance.  

Under the contemporary conditions of climate change, the grape plants are exposed to a 
complex of stressful environmental factors. Analysis of long-term data on changes in climatic 
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factors indicates significant changes occurring that have a negative impact the stability, 
productivity and cultivation term of vine plantations, and the quality of products.  In 
achieving stability and controllability of grape production, the formation and improvement 
of regional grape assortments in terms of adaptability, productivity and quality of varieties 
are very important [1]. The issues of increasing in the resistance of grape plants under the 
conditions of abiotic and biotic stressors manifestation occupy one of the main places in 
solving the problem of constructing the highly productive ampelocenoses [2]. In this regard, 
the relevance of research is due to the urgent need for varieties with high complex ecological 
stability [3]. The solution of these problems is possible with the use of information 
technologies that allow us to accumulate large amounts of data, carry out the system analysis, 
develope the mathematical models for optimizing the assortment for specific soil and climatic 
conditions, as well as for carrying out traditional and clonal grape breeding based on target 
characteristics [4, 5, 6, 7]. 

Many countries of the world are implementing the national programs for the preservation 
and use of plant genetic resources (France, USA, India, Italy, Spain, Portugal, Germany, etc.), 
in which the most important direction is given to the identification and breeding use of donors 
of the most important grape breeding traits [8, 9]. Currently, the collection and storage of the 
grape variety information is implemented in national databases: Italian Vitis Database 
(VitisDB) – a publicly open Italian database Vitis L., describing more than 2300 samples 
according to 9 characteristics; La Vigne et le vin – French database containing information 
on 577 varieties by 8 parameters; Portuguese Vitis Database – Portuguese Vitis L. database 
describing about 300 varieties by 10 parameters; Greek Vitisdatabase – Greek Vitis L. 
database with ampelographic description of 270 varieties by 10 parameters; Swiss Vitis 
Microsatellite Database (SVMD) – Swiss microsatellite sequence database of 170 grape 
varieties; Vitis International Variety Catalogue is an international grape catalog containing 
information of more than 1500 varieties [10]. Of all the databases, the latter describes the 
varieties most fully, the characteristics are divided into functional groups: species, generic 
origin, data on breeding and genetics, passport data, microsatellite data, information on the 
distribution of varieties in the countries growing this crop. 

Thus, the main purpose of the development was the screening and creation of a 
multifunctional electronic system for documentation of the grape gene pool, focused on the 
characteristics of its ecological potential. 

The place and conditions for the research are the moderately continental unstable climate 
of the South of Russia, industrial plantings of grapes, ampelocollection in the AZESVaW 
NCFSCHVW (Anapa).  The Anapa ampelographic collection is the largest depository of the 
gene pool of grape varieties in Russia, imported from various countries of Europe, Asia, 
America and regions of Russia.  It contains 4921 variety saplings, including Vitis vinifera L. 
– 2975, V. amurensis Rupr.  – 40, V. labrusca L. – 50, interspecific varieties V. vinifera L. x 
V. amurensis Rupr. – 210, V. vinifera L. x V. labrusca L. – 168, complex interspecific hybrids 
V. vinifera L. x hybrids SV – 220, V. vinifera L. x V. amurensis Rupr. x hybrids SV – 70 and 
other samples. 

The peculiarity of methodological approaches to the study of the gene pool is associated 
with the fact that the objects of research are perennial plants, the annual development cycle 
of which is closely related to extreme biotic and abiotic environmental factors, as well as to 
the genetic and biological characteristics of the origin of most species through interspecific 
and intraspecific hybridization. Large paratypical variability within a variety (clone) and even 
within one plant makes it difficult to objectively describe the characteristics of both 
morphological (size, shape, color) and biological (passage, developmental phases, resistance 
to environmental stress factors, level of realization of the economic productivity potential). 
All this factors require an integrated approach with the simultaneous use of mathematical and 
statistical methods of analysis. 
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At the first stage of work, when creating a software product, the following were 
developed: the system architecture and the interface of the grape gene pool documentation 
program, the basis of which is a database – a program that allows you to receive and store 
large volumes of information related. 

To determine the main characteristics that most fully describe the economically valuable 
characteristics of grape varieties and are recommended for inclusion in the database, the 
requirements of various users to the system being developed were analyzed, as a result of 
which 85 indicators were selected, and grouped according to functional characteristics: 
general characteristic of the variety (14  characteristics); legal basis (it includes the 
information about authors, copyright holder, origin of the variety, date of including into the 
State Register; confirming the right to a breeding achievement - total 9 characteristics);  
resistance to bio- and abiotic factors – information on the resistance / susceptibility of the 
variety to various stress factors of the environment (diseases, vermins, temperature and water 
stress – 19 parameters); phenological indicators (7 characteristics); growth characteristics 
(6 characteristics); agrobiological characteristics of the crop – (7 characteristics); physical 
and chemical composition of grape berries (7 indicators); tasting assessments – for grape; 
raisins; grape juice, wine (13 characteristics); donorship – information about whether a 
variety can be a donor of resistance to biotic factors (16 characteristics) [11]. 

At the next stage, the logical design of the database was carried out, that is, the creation 
of its logical structure based on a specific model, for example, a relational data model (this 
is a model that describes how to organize data in tables and how to determine the relationships 
between them). 

In order to control the integrity and reliability of the data, the physical design of the 
database was carried out, that is, the database management system was developed and its 
description was given. 

To implement the task of varieties selecting according to the specified criterians, three 
variants of the algorithm have been implemented, depending on the type and users 
requirements for the selected varieties: 

- selection of varieties for creating the new varieties (for breeders); 
- selection of varieties for a variety conveyor (for agronomists; specialists; farmers 

cultivated grapes); 
- selection of varieties for high-quality wine-making (for wine-makers and wine-

producing specialists). 
The algorithm developed for selecting the varieties according to the assighnment 

criterions is identical for all query options, but the selection criterions and characteristics of 
varieties received together with the selection result are different.  Depending on the purpose 
of the selection of the variety, the characteristics and parameters that must be selected from 
the base will be different. 

The purpose of new cultivar forms breeding is cultivar improvement, ensured the 
availability of a high-yielding assortment that is resistant to bio- and abiotic environmental 
factors. For this, it is necessary to select the future "parents", which will be gene donors. 

Particularly important inherited traits when creating the new varieties are: high 
productivity and quality of grapes, resistance to phylloxera, resistance to low temperatures 
and slignt frost, water deficiency, seedlessness, early ripening, nutmeg aroma, large berry.   

The input parameters for selection are: the direction of the variety use and the ability of 
the variety to be a donor of certain economically valuable traits. Obligatory parameters for 
selection can be only one or several inherited traits transmitted by donors when creating a 
new variety.  The algorithm for selecting the varieties for creating variety forms is shown in 
Fig. 1. 

It should be noted that the biological characteristics of grapes, which have a long-term 
development cycle, as well as two plant components (rootstock, scion), due to the need to 
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graft a variety on the corresponding rootstock in order to solve a number of problems 
(resistance to phyloxera, to lime, etc.), introduce a certain specificity into the information 
system.  etc.). In this case, the root stock can significantly change the physiology of a 
perennial plant, which must be taken into account when describing the forms and varieties 
cultivated. In addition, the grapes as the genus Vitis Vinifera show significant genetic 
polymorphism. The numerous interspecific hybrids, clones and mutant forms are found in 
the grape gene pool. In addition, ripening times organoleptic assessment, productivity, the 
presence of immunity genes, and so on are important for varieties.  All this as a whole creates 
certain difficulties in the development of an information system that must take into account 
all the above features. 

In this regard, it was necessary to select not only the features describing the characteristic 
features of the sample, but also, to determine their priority, and to unify them. 

The most common abiotic stressors are dehydration, high temperatures in the second half 
of the growing season, and temperature drops to critical values in autumn, winter and spring. 
According to this, studies were carried out to establish biochemical parameters most fully 
characterized the resistance of grape varieties to the stresses of the winter and summer 
periods. 

As the results of research for the period 2007-2019 in the Anapo-Taman zone of Russia, 
the most significant biochemical indicators of grape varieties adaptation to summer stressors 
are: the content of sucrose, starch, proline, protein, ascorbic acid, chlorophyll a + b, carotene, 
indoleacetic acid, abscisic acid, malonic dialdehyde in the leaves,  the sum of 
phenolcarboxylic and organic acids [12, 13]. 

The assessment of winter damages to grape plants was directed to four components of 
winter hardiness: resistance to early frosts, frost resistance during dormancy, recovery from 
dormancy, and resistance to spring slight frosts. The biochemical indicators of interspecific 
grape hybrids adaptation to the stressors of the winter period include: the content of sucrose, 
starch, proline, protein, abscisic acid, malonic dialdehyde, the amount of phenol carboxylic 
acids, the amount of cations [14, 15]. 

In addition to optimizing the structure of the database related to its conceptual orientation, 
as well as the program for working with it, it was necessary to improve the algorithms for 
assessing the ecological potential of grape genetic resources. 

We have developed an algorithm consisting of logical applied analytical methods that 
allow us to assess the degree of manifestation of protective-adaptive reactions in grape 
samples, creating a methodological basis for studying genotype-environmental interactions 
and allowing us to determine quickly the indicators of grape variety resistance to the most 
common abiotic stress factors. 

The peculiarity of these algorithms is the orientation towards the weather and climatic 
specifics. Diagnostics of stability includes two-level: field and laboratory, which increase in 
the reliability of the results obtained. An increase in the accuracy of the results obtained is 
also promoted by the modeling of stress conditions, regime parameters of which were 
specially developed by us for grapes, taking into account its biological characteristics. 

In order to determine the sample resistance degree to the above-mentioned limiting 
environmental factors, the analytical methods were selected with the highest accuracy, some 
of which were modified by us for mass analyzes use. The methods are selected in order the 
indicators obtained with their using complement and / or correct each other. For example, the 
transition from the ecological to the production block of algorithms realizes by the method 
evaluated the resistance of the pigments to stress. Such following turn of methods makes it 
possible to obtain a systemic characteristic of the object under study. 

As a result of the research, significant differences were found in the correlation 
coefficients between the main indicators of degree of grape plants resistance to abiotic 
stresses. For example, the correlation coefficient does not exceed -0.3-0.4 between two 
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indicators of the degree of plant drought resistance as water-retaining capacity and the total 
water content of the leaves under optimum conditions, while under drought conditions it 
increases up to -0.6-0.8 depending on the genotypic features of the sample. In this regard, we 
carried out the assessment of plant response to stresses under model experimental conditions, 
which makes it possible to exclude the influence of a number of undesirable artifacts.  To 
carry out the experiments the corresponding modes, of temperature and humidity have been 
developed, taking into account the biological capabilities of the objects studied. 

In addition to diagnosing the grape resistance degree to abiotic stress factors, a qualitative 
assessment of photosynthesis closely related to plant productivity is required. In this regard, 
studies are being carried out aimed at identifying the genotypes with high photosynthetic 
characteristics. This will allow us to increase in the efficiency of using the grape genetic 
resources in breeding and production. 

A special algorithm has been developed, associated with the assessment of the qualitative 
photosynthetic indicators, indirectly characterized the productivity potential of plants, and it 
increases in the value of the database for solving the practical problems, especially in 
breeding. The assessment of the photosynthetic qualitative indicators is based on the same 
principles then that for stability algorithm. The link between two algorithms is determination 
of pigments resistance degree to dehydration and high temperature. In addition, the 
photosynthetic parameters are determined in the mature leaves, in time of maximum 
manifestation of drought and the highest temperature. 

To assess each type of resistance according to the blocks of the algorithm, a scale of 
varieties-testers or standards was created, which makes it possible to rank the samples 
studied. The need for testers is also due to the comparative rather than absolute nature of 
plant resistance to stress. For the scale of testers, the zoned, widespread varieties were 
selected, so if the evaluated variety is better, then it can be potentially included to a new 
assortment. 

It should be emphasized that in the database being developed, the results of the 
physiological and biochemical assessment are entered into the "Additional" descriptor list, 
and the results of field observations, including the assessment of the resistance (score) of 
samples to diseases and vermins – into the ecological descriptor. This methodological 
approach allows us not only differentiating an information about the sample, but also 
applying the results separately. 
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Fig. 1. Algorithm of grape varieties selection for breeding 
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Thus, the developed electronic system of the grape gene pool documentation, is focused 
on the characteristics of variety ecological potential. The formed algorithms and related 
elements made it possible to create a conceptual model of a decision-making system for 
assessing the stress resistance of grape samples, and their use in different climatic zones, as 
for well as the selection of donors for breeding the new highly resistant to environmental 
stress factors genotypes. The features of the information system, determined by its conceptual 
orientation, make it possible to form the new methodological principles for the study, 
documentation and systematization of the grape gene pool.  The use of algorithms creates 
prerequisites for a multisystematic analysis of protective and adaptive reactions, as well as 
processes associated with plant productivity, which increase in the amount of information 
and along with documentation of the gene pool, allow to conduct theoretical research in the 
field of studying the “genotype-environment interactions”. The formed algorithm and 
accompanying elements made it possible to create a conceptual model of a decision-making 
system for a differentiated assessment of the stress resistance of grape samples and to use 
them in the different climatic zones. 
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