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The aim of the research was to analyze the source material nursery (hybridization nursery) in order to identify and involve in the
selection the most suitable cultivars of potatoes and interspecific hybrids created on the basis of phylogenetically remote species.
The intention was to create new potato varieties in relation to soil and climatic conditions of Ukrainian Western Forest-Steppe. It is
established that the source material, created on the basis of phylogenetically distant species, is similar to cultivars in appearance of
the bush and its morphological features. However, interspecific hybrids are inferior to breeding varieties in productivity and average
tuber weight. They have longer stolons, more stems-from 6 to 13 pcs and relatively longer growing season, which corresponds to
the group of late-maturing varieties of potatoes. The length of stolons in interspecific hybrids that we studied ranged from 17 to 24
cm, the growing season-from 120 to 145 days. Interspecific hybrids are characterized by high marketability of tubers, higher starch
content, show high resistance of vegetative mass against late blight. Therefore, the introgression of the genes of these traits in
newly created potato varieties is of practical importance for potato breeding. Regarding varieties in the hybridization nursery, we
should pay attention to the varieties of potatoes created in the Western region of Ukraine and the varieties of selection of the
Scientific Research Center for Potato and Vegetable Growing of the National Academy of Sciences of Belarus. The variety of
selection of the Institute of Potato NAAS-Shchedryk deserves special attention. High resistance to late blight in combination with
high yields showed varieties Kniahynia, Myroslava, Lehenda, Oksamyt-99, Krinitsa, Skarb, Padarunok, Talisman, Brihantina, Harant,
Atlant, Zakhidna, Svaliavska and others.
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Introduction

Extremely important task of potato breeding is to combine in varieties resistance to diseases and pests with the main economic and
valuable traits (Bondarchuk et al., 2015).

The task can be solved through purposeful selection, which is based on the use of various source material, knowledge of the genetic
nature of parental pairs, the use of effective methods of assessment and selection of desired genotypes (Oliinyk et al., 2017).

For the theory of selection is important generalization obtained in population biology, namely: the presence of specific systemic
mechanisms that relate to the integrity of the superorganism of biological systems (Osypchuk, 2012). That's why we conducted
analysis of recent research and publications.

The object of breeders' research is a macrosystem plant, in our case a potato plant, which is programmed to a certain level of
formation of macro-features as a means of obtaining production. The efforts of breeders focus on the functional organization of this
macrosystem, in particular on the phenotypic manifestation of the production process, genetic protection and quality of products
(Osypchuk, 2011).

The current level of biological knowledge allows to form the theoretical basis of selection, the main postulate of which is the
creation of source material using various methods and as a result of all selection work-created variety. To ensure the scientific
implementation of these provisions, it requires the integration of knowledge of genetics, individual development, population biology
and ecology (Osypchuk, 2014).

The main areas of potato breeding in Ukraine are: the creation of varieties of table potatoes, table and technical as well as potatoes
of universal purposes, highly productive, with good taste and culinary qualities, resistant to diseases and pests, adapted to growing
conditions.

High and stable yields are in varieties: very early-Duma, Radomysl; early-Serpanok, Skarbnytsia, Slauta, Povin, Tiras, Shchedryk;
middle-early-Ariia, Obrii, Vodograi, Zhytnytsia, Strumok; medium-ripe-Avangard, Alians, Vira, Dorohyn, Ivankivska early, Kniahynia,
Lehenda, Myroslava, Olexandryt, Opillia, Predslava, Slovianka, Factor, Feia, Fotyniia, Yavir; mid-late-Oksamyt-99, Veresivka, Poliske
dzherelo, Rodynna, Teteriv, Chervona Ruta and others (Derzhavnyi reiestr, 2016).

In the selection for high yields the main role belongs to the selection of parent pairs for hybridization, which is carried out by the
combination ability, yield structure, the effectiveness of selection by economically valuable forms (Hospodarenko et al.,2018;
Andriushko and Solohub, 2014).
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It is possible to get offspring with a combination of high starch content and yield if the starch content of both parents is not below a
certain limit. For selection by high starch content, parental forms are selected according to their phenotype and offspring. Saturating
crosses are effective. The original forms can be varieties: Zarevo, Verba, Erdkraft, Bekra, Svitanok kyivskyi, Chervona ruta,
Volovetska, Ikar, Rodynna, Solokha, Khortytsia, Sluch, as well as a number of interspecific hybrids. High-starch forms are
distinguished by the stability of the trait both over the years and during testing in different soil and climatic zones (Yakovleva et al.,
2018; Oliinyk, 2018; Sydorchuk et al., 2017; Parkhuts, 2017).

The creation and use of resistant varieties plays an important role in protecting potatoes from late blight. In the selection by this
trait two types of resistance must be taken into account: field and hypersensitivity. It is important to combine the stability of the
aboveground mass with the stability of the tubers (Kozlov et al., 2017).

Combining different types of resistance: hypersensitivity to the most common races in a given area and field resistance can provide
high resistance to disease for a long time (Popravko, 1971; Litun et al., 2007).

To do this, use interspecific hybridization and source material of interspecific origin. Selection of parental forms is carried out
according to their phenotype and offspring (Shanina et al., 2017; Cheremysyn and Derhacheva, 2016).

High field resistance against late blight are in potato varieties created in Ukraine: Luhovska, Rakurs, Zakhidna, Chervona ruta,
Dorohyn, Olviia, Ariia, Bazaliia, Kniahynia, Lileia, Lietana, Myroslava, Okolytsia, Oleksandryt, Predslava, Rodynna, Slovianka, Sluch,
Feia, Fotyniia, Yavir and others (Tesliuk et al., 2016).

Potatoes are too time consuming for genetic research. Any variety of this culture is heterozygous, if not for all, then for most traits.
In crosses there is a split by many genes and accordingly by the traits, what considerably complicates the hybridological analysis.
However, the widespread use of remote hybridization involving wild and cultured diploid species, the use of polyploidy and haploidy
in recent decades has stimulated the development of genetic research on potatoes.

Potatoes are characterized by a rich variety of genetic resources that can be used as a source material for breeding. These are wild,
primitive and cultivated species, breeding and local varieties, interspecific hybrids. About 180 tuber-forming species are known. All
species, with some exceptions, form tubers at the ends of stolons. Samples of many species have a wide range of resistance to
diseases and pests, frost, drought, biochemical quality indicators and more.

Old and modern domestic and foreign varieties of potatoes have a significant genetic diversity. They are used in breeding as
genetic sources or donors of high yields, precocity, resistance to viral diseases, good taste and others.

Of great importance for use as a source material are local varieties, as well as varieties created on a multi-species basis, which are
characterized by resistance to adverse growing conditions and high adaptability to cultivation in different soil and climatic zones.
Among the cultivated species, S. tuberosum and S. andigenum, S. rybinii and S. phureja were widely used.

S. tuberosum (2n=48) is characterized by high yields, good taste, good tuber shape, relative resistance to viral diseases, high
content of starch and protein. Breeding varieties of the species are also resistant to cancer of potatoes, nematodes, certain viruses
and others.

In the pedigree of all breeding varieties there are a species of S. tuberosum, S. andigenum (2n=48). Polymorphic species, among
the samples of which are possible sources of resistance to various pathotypes of cancer, potato nhematode, alternariosis, scabies,
blackleg, X-Y-A-L-viruses, late blight, cyst nematodes, aphids, frost. The tubers contain up to 32% dry matter and up to 4% protein.
It is characterized by high yields, has good taste.

S. rybinif (2n=24, 36). Samples are distinguished by resistance to potato cancer, alternariosis, scabies, blackleg, ring rot, late blight,
viruses X, M, Y. The tubers contain up to 26% dry matter, up to 4.5% protein.

S. phureja (2n=24). Samples of this species are distinguished by resistance to potato cancer, alternariosis, scabies, blackleg,
rhizoctonia, ring rot, viruses X, S, M, Y, A, L, aphids, nematodes. Has a high content of dry matter and protein.

The centers of genetic resources have a collection of native Chilean varieties that are important for selection. Aboriginal Chilean
potatoes are represented by a large number of species, varieties and clones that differ in morphological, genetic traits and
properties. Some of them have a complex of genes that provide high productivity, resistance to disease, high starch content-19-
21%, protein content-2.4-3%, good shape of tubers, good taste.

Widely used in breeding wild potato species: S. demissum, S. acaule, S. chacoense, S. spegazzinii, S. stoloniferum, S. vemei and
others. Solanum demissum (2n=72)-self-fertile. Its samples are resistant to viruses Y and L, are characterized by hypersensitivity
and field resistance against late blight, resistance to cancer pathotypes, potato nematode (species G. rostochiensis and G. pallida),
Colorado potato beetle and frost, scabies, ring rot, etc. Tubers of individual samples have a high content of starch (22-33%) and
protein (2.5-5.4%). Easily crossed with other species and breeding varieties.

S. acaule (2n=48)-self-fertile. Samples of this species have complex resistance to viruses X (extreme), S, L, Y, cancer pathotypes, potato
nematode (G. rostochiensis and G. pallida), frost, scabies, oosporosis, alternariosis, ring and brown rot. The tubers contain up to 23% starch
and up to 2.8% protein. Easily crossed with wild species and varieties.

S. chacoense (2n=24). Its samples are extremely resistant to viruses A and Y, resistant to S and M viruses, leaf curl, late blight, Colorado
potato beetle, potato moth, common scabies, blackleg, ring rot. The tubers contain up to 29% starch and 3.3% protein. Relatively resistant to
frost and drought.

S. spegazzinii (2n=24). Specimens of this species are resistant to the pathotypes of cancer, potato nematode (G. rostochiensis and G.
pallida), stem and root nematode, relatively resistant to fusariosis.

S. stoloniferum (2n=48)-self-fertile. Some specimens of the species are characterized by extreme resistance to viruses X, Y and A,
hypersensitivity and field resistance against late blight, resistance to potato cancer, scabies, blackleg, alternariosis, potato and stem
nematodes, Colorado potato beetle.
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S. vernei (2n=24). Samples of this species are distinguished by protein and starch content, low sugar content, resistance to late blight
(hypersensitive and field), potato nematode (all known races), potato cancer, alternariosis, rhizoctonia, scabies, blackleg, frost.

S. bulbocastanum (2n=24). Its samples are characterized by high resistance to late blight, relative resistance to alternariosis, blackleg, potato
nematode, rhizoctonia, Colorado potato beetle, viruses X and Y (Bakunov, 2003; Ermyshyn, 1998; Bradshaw, 1994; Ross, 1989; Budin,
1986; Tai, 1976; Overchuk et al., 1973; Popravko, 1971; Yashyna, 1970;).

Involvement of various source material in selection work, namely, both cultivars and hybrids of interspecific origin will make it possible to
create varieties of potatoes with high economic value and resistant to various diseases.

The aim of the research was to analyze the source material nursery (hybridization nursery) in order to identify and involve in the selection the
most suitable cultivars of potatoes and interspecific hybrids created on the basis of phylogenetically remote species with intention to create
new potato varieties in terms of soil and climatic conditions of Ukrainian Western Forest-Steppe.

Materials and Methods

Breeding experiments were conducted in the fields of 4-field crop rotation of the Department of Agricultural Breeding of the Institute of
Agriculture of the Carpathian region of NAAS, which is located in the village Obroshyne, Lviv district, Lviv region. The predecessor of potatoes
were winter cereals with post-harvest sowing of green manure crops.

Mineral fertilizers were applied in the form of nitroammophoska (N1sP16K1¢), potassium deficiency was balanced by potassium magnesium
(K28MgsS15s).

Soils in experiments are gray forest surface-carbonated coarse-grained light-loamy on les-like deposits. They are heterogeneous in profile of
mechanical composition, and this largely depends on the mode of their humidification. The upper horizons have higher humidity than the
lower ones. For this reason, soils in rainy seasons or years with high rainfall are subject to excessive moisture and gleying. In dry years, they
are well supplied with productive moisture. In addition, groundwater has a significant impact on gleying, the depth of which varies between
1.5and 1.8 m.

Based on the conducted agrochemical analyzes, it was found that the soils under the experiments are poor in humus (1.58-1.67%), have an
acid reaction of the soil solution (pH 4.80-5.17), the amount of absorbed bases 6.20-7, 22, hydrolytic acidity 2.87-3.29 mg-eq. per 100 g of
soil.

The research was carried out according to generally accepted methods in potato growing (Bondarchuk and Koltunov, 2019; Ermantraut et
al., 2018; Metodychni nastanovy, 2018; Trybel et al., 2013). Experimental data were processed using Microsoft Excel (Perehudov, 2018).

Results and Discussion

The selection of parental forms for crossbreeding largely determines the process of selection work. In the process of creating hybrids, heredity
is the basis for creating a new form. The role of parent pairs in creation of hybrid plant is that they have some opportunities to create a new
form of plant that combines the characteristics of both parents.

The difficulty is that every trait or property of the parental organisms is not transmitted directly to their offspring. In a hybrid organism the
traits and properties of parental forms are combined in different ways. They can be recombined in each hybrid individually (Zakharchuk,
2014).

Successful selection of pairs requires in-depth study of all valuable economic traits and biological properties of the components intended for
crossing, their history, as well as the conditions under which they better develop the traits and properties of interest to the breeder. Only then
you can stop choice on a certain parental pair (Zakharchuk, 2020; Sydorchuk, 2018).

Breeding work during 2021 was carried out according to the full scheme of the selection process. Scientific researches on formation
of a characteristic nursery of initial material of potatoes of various origin were carried out. Its complex estimation on productivity
and qualitative indicators, and also on resistance of available material against late blight were carried out also.

Potato late blight is caused by the fungus Phytophora Infestans (mont.) De bary and is one of the most harmful diseases of the crop
and causes loss of photosynthetic apparatus of plants during the growing season and tuber rot during storage.

Harmfulness of the disease largely depends on the area of cultivation, and losses in the years of epiphytosis are 50-60% or more.
Located territorially in the area where outbreaks of this disease are observed almost annually, we analyzed all available breeding
material for resistance to this disease.

Samples of S. andigenum, S. Bulbocastanum, S. Berthaultii S. brachycarpum and others are considered to be promising for
selective use in terms of resistance to late blight (Elanskii, 2017; Zhuchenko, 2015; Zelia, 2012; Yashyna, 1990; Dobrovolskyi,
1983;).

In addition to 225 varieties, hybrids created on the basis of species were studied in the collection nursery (hybridization nursery):
88.1450 c.2-with the participation of species S. acaule, S. bulbocastanum, S. phureja, S. andigenum, variety Aureliia; 81.386 c.4-
((S. acaule x S. bulbocastanum) x S. phureja) x (S. demissum x S. andigenum); 91.765/15-participation of species S. acaule, S.
bulbocastanum, S. phureja, S. demissum, varieties Marko and Volovetska; 90.841 c.2-participation of species. acaule, S.
bulbocastanum, S. phureja, S. demissum, S. andigenum, varieties Poliska rozheva, Lvivianka, Gidra, Gitte; 89.721 c.23-participation
of species S. demissum, S. bulbocastanum, S. andigenum, variety Biloruska 3; 90.674/12-participation of S. acaule, S.
bulbocastanum, S. phureja, S. demissum, Marko and Volovetska varieties; 86.563 c.4-participation of species S. acaule, S.
bulbocastanum, S. phureja, S. demissum,, varieties Poliska rozheva, Hibrydna 14, Gitte.

Characteristics of interspecific hybrids created on the basis of phylogenetically distant species by individual qualitative indicators are
shown in Table 1.
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Evaluation of potato samples by resistance to late blight on leaves was carried out in the field on a natural infectious background by
visual records of plant damage (three times during the growing season) from the time of disease appearance (first signs were
observed 03.06.2021).

The source material, created on the basis of phylogenetically distant species is similar to common cultivars in appearance of the
bush and its morphological features. However, interspecific hybrids are inferior to breeding varieties in productivity and average
tuber weight. They have longer stolons, more stems-from 6 to 13 pcs and a relatively longer growing season, which corresponds to
the group of late-maturing varieties of potatoes.

The length of stolons in interspecific hybrids that we studied ranged from 17 to 24 cm, the growing season-from 120 to 145 days.

Table 1. The results of hybrids' evaluation created on the basis of phylogenetically distant species, 2021.

Interspecific hybrids Number of Length of !‘lumber of stems Productivity,
tubers, pcs/bush  stolons, cm in the bush, pcs g/bush
88.1450 c.2 19.5 18 9 523
90.841 c.21 11.4 22 6 401
91.765/15 16.2 20 10 478
89.721 c.23 18.7 17 6 460
90.674/12 22.3 23 9 427
86.563 c.4 27.2 24 13 570

However, interspecific hybrids are characterized by a large number of tubers in the bush (11.6-28.0 pcs) and low weight (20-28 g),
except for the hybrid 89.721 c.23, created on the basis of S. demissum, S. bulbocastanum, S. andigenum, variety Biloruska 3. This
hybrid has all the characteristics of a cultivar, provides relatively high productivity, average weight and marketability of tubers,
which are respectively 570 g/bush and 95.4%. Its growing season is shorter-120-130 days.

Interspecific hybrids are characterized by high marketability of tubers, higher starch content, high resistance of vegetative mass
against late blight (Table 2). Therefore, the introgression of the genes of these traits in newly created potato varieties is of practical
importance for potato breeding.

The starch content in the tubers of interspecific hybrids created on the basis of phylogenetically distant species averages 20.1-
25.4%. The highest starch content (24.8%) had a hybrid 86.563 c.4, obtained with the participation of species S. acaule, S.
bulbocastanum, S. phureja, S. demissum, varieties Poliska rozheva, Hibrydna 14, Gitte.

Table 2. The results of the study of hybrids created on the basis of phylogenetically distant species, 2021.

Marketability of Starch content, Vegetation Resistance to

Interspecific hybrids tubers, % %% period, days late blight,
score
88.1450 c.2 84.1 23.3 126-140 7.9
90.841 c.21 76.6 25.4 130-145 8.7
91.765/15 83.9 20.1 126-140 7.7
89.721 .23 95.4 23.0 120-130 7.4
90.674/12 71.7 21.4 125-135 8.2
86.563 c.4 76.8 24.8 130-145 8.4

Summing up the analysis of interspecific hybrids we can conclude that the involvement in the selection of such source material, will
create varieties with high starch content in combination with high resistance to disease, as the latter carry R-genes for resistance to
late blight and tops and tubers are high in starch.

Regarding varieties in the hybridization nursery, we should pay attention to potato varieties created in the Western region of
Ukraine and varieties of selection of the Scientific Research Center for Potato and Vegetable Science of the National Academy of
Sciences of Belarus (Table 3). The variety of selection of the Institute of Potato NAAS-Shchedryk deserves special attention.
Although by the group of maturity it belongs to the early ripening, but in the Western Forest-Steppe already for six years is
characterized by high resistance to late blight and fairly high yields (according to various studies the lowest yield was 28.0 t/ha).

Table 3. The results of the evaluation of hybrid nursery varieties, 2021.

Number of Average tuber Commodity Resistance to Yield, t/ha
Variety name tubers, weight, g tubers,% late blight,
pcs/bush score
Varieties of IACR NAAS
Mavka 7.2 67 80.0 7.9 21.6
Slava 6.7 77 78.0 7.8 35.4
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Vira 7.8 78 79.0 7.3 30.9
Oksamyt-99 6.6 74 80.0 8.0 28.0
Lehenda 8.0 89 79.8 8.1 38.0
Varieties LNAU
Zakhidna 8.1 78 77.0 8.0 25.6
Student 5.6 77 79.4 7.8 26.5
Duzha 7.1 80 90.0 7.7 31.0
Varieties of Transcarpathian SARS NAAS
Svaliavska 7.8 80 75.4 8.2 27.0
Perechynska 7.6 63 78.9 8.7 25.3
Varieties of IP NAAS
Chervona ruta 7.4 81 80.9 8.8 33.0
Myroslava 6.5 89 89.0 7.9 37.9
Sluch 6.9 80 87.6 7.9 32.9
Shchedryk 8.0 90 91.0 7.5 41.0
Varieties of SPC (Belarus)
Aksamit 7.8 76 78.0 5.8 19.3
Delfin 6.9 67 75.5 5.9 16.2
Yavar 9.1 78 78.2 6.1 17.6
Arkhideia 8.9 81 80.1 6.3 15.6
Krinitsa 14.5 83 84.1 6.9 28.7
Skarb 12.4 87 76.6 6.8 29.9
Padarunok 16.2 85 83.9 7.0 26.4
Talisman 18.7 82 95.4 7.6 31.8
Brihantina 22.3 91 81.7 7.9 29.7
Harant 19.4 94 86.8 8.1 28.7
Lan 20.1 89 85.0 8.2 33.0
Atlant 16.7 87 79.9 8.3 37.4
Vytok 16.9 88 90.1 8.0 30.4
Suzorie 14.5 91 89.4 8.1 45.2

High resistance to late blight in combination with high yields showed varieties-Slava, Duzha, Svaliavska, Shchedryk, Suzorie, Atlant-
various originators.

Analyzing the data in Table 3 by the economic characteristics of varieties, it should be noted that these varieties are recommended
to be involved in the selection process as donors of resistance to late blight and high economic value in terms of soil and climatic
conditions of Western Forest-Steppe of Ukraine.

Conclusion

The source material, created on the basis of phylogenetically distant species, is similar to cultivars in appearance of the bush and its
morphological features. However, interspecific hybrids are inferior to breeding varieties in productivity and average tuber weight.
They have longer stolons, more stems-from 6 to 13 pcs and a relatively longer growing season, which corresponds to the group of
late-maturing varieties of potatoes.

The length of stolons in interspecific hybrids that we studied ranged from 17 to 24 cm, the growing season-from 120 to 145 days.
Interspecific hybrids are characterized by high marketability of tubers, higher starch content, high resistance of vegetative mass
against late blight. Therefore, the introgression of the genes of these traits in newly created potato varieties is of practical
importance for potato breeding.

Regarding varieties in the hybridization nursery, worth noting are varieties of potatoes created in the Western region of Ukraine and
the varieties of selection of the Scientific Research Center for Potato and Vegetable Growing of the National Academy of Sciences of
Belarus.

The variety of selection of the Institute of Potato NAAS-Shchedryk deserves special attention. Although by the group of maturity it
belongs to the early ripening, but in the Western Forest-Steppe for six years was characterized by high resistance to late blight and
fairly high yields (according to various studies, the lowest yield was 28.0 t/ha).

High resistance to late blight in combination with high yields showed varieties Kniahynia, Myroslava, Lehenda, Oksamyt-99, Krinitsa,
Skarb, Padarunok, Talisman, Brihantina, Harant, Atlant, Zakhidna, Svaliavska and others.
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