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Аbstract 

 
At the Institute for Fruit Growing in Belarus historically, much attention is paid to fruit 

breeding, particularly to apple and pear. The basis for the creation of the Belarusian varieties of 
new generation is National apple (1,264 accessions) and pear (660 accessions) collections, which 
host a selection of new sources of germplasm for the most important breeding traits. During 2011-
2013 are formed target characters collections for disease resistance: for apple - resistant to scab 
and powdery mildew - 42 genotypes, for pear - resistant to scab and septoria – 25 genotypes. The 
work’s collection are presented by biodiversity: 7 progenies of Gr. Sorbomalus, 5 – Gr. Baccatae, 
4 – Gr. Prunifolia, 20 – Gr. Domesticae for apple and 5 – Pyrus communis, 10 – P.ussuriensis, 9 – 
P.pyrifolia, 1 - P.ussuriensis × P.pyrifolia for pear. New Belarusian target collections for resistance 
to diseases are content genetic diversity and advance to development of commercial varieties 
with the long-term, stable resistance to major diseases. 

 
Cuvinte cheie: măr, păr, genotip, colecţii, rapăn, făinare, Septoria 
Keywords: apple, pear, genotype, collections, scab, powdery mildew, Septoria 
 
1. Introduction 
 

The most important component of breeding is the selection of source material for breeding and, 
primarily, the use of eco-geographically and genetically diverse parental forms. In modern conditions of 
development of science only cooperation and coordinated interaction of the scientific potentials of various 
selective institutions with the active use of modern practices and methods will allow for a quick 
assessment of new complex sources of valuable traits and to select from the new hybrid fund elite 
selections for the shortest period of time. According to the information of association “PNWFTA” ("The 
Pacific Northwest Fruit Tester''s Association") a work to improve the assortment of Apple, economically 
the most important fruit crops in the world, was intensively conducted in 57 countries. Priority Apple 
breeding programs is getting varieties resistant to scab (caused by the fungus Venturia inaequalis) and in 
recent years due to the increasing spread of powdery mildew (caused by Podosphaera leucotricha) 
becomes relevant to the creation of varieties resistant to this disease. The loss of stable resistance to 
scab apple varieties with Rvi6-gene is observed everywhere in the world, including Belarus at the present 
time (Kazlouskaya, 2011). There has been increasing damage by scab and Septoria diseases in pear 
orchards (Yakimovich, 2009).  

New aggressive races and biotypes of the pathogen V. inaequalis, the dynamic increase in the 
incidence of powdery mildew, the widespread cultivation of genetically uniform varieties - all of this 
ultimately leads to an annual increase in pesticide load, environmental degradation and, consequently, 
adversely affect the health of the people. The solution to this problem is possible only through search and 
intensive using in crossing new genetically diverse source material apple with high-quality varieties. In 
RUE ' Institute for Fruit Growing" throughout history in apple breeding programs are included different 
genitors of geographical origin: American, Western European and Russian varieties, also widely used old 
local varieties as ‘Antonovka’, ‘Babushkino’, ‘Borovinka’ and others which are not only pronounced 
polygenic resistance to complex diseases but the good taste of the fruit. For a creating the modern 
Belarusian varieties as sources of quality fruit were used elite hybrids – offsprings cvs. ‘Lawfam’ and 
resistant to scab - cv. ‘Liberty’ and  Sweden  selection BM 41497. At the present time new Belarusian 
cultivars ‘Syabrina’, ‘Pamyat’ Kovalenko’, ‘Darunak’, ‘Pospech’, ‘Nadzeiny’, ‘Imant’, ‘Vesyalina’ are 
already widespread in industrial orchards in Belarus and have good combination of  the most important 
economically traits: high yield, resistance to scab, large-fruited, taste, attractive appearance 
(Kazlouskaya, 2009, 2011, 2013).  

In Belarusian  pear breeding programm  are using a lot of foreign varieties with interspecies 
progeny  (most of them are from Maikop Research Station of VIR, Russia) and created on the base a 
diversity  of sources  and donors of winter hardiness, resistance to scab and good taste of fruits 
(Yakimovich, 2009). 
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Thus, the aim of this work was the selection of original sources of stable resistance to complex 
diseases and formation of new target character collections for disease resistance: for apple - resistant to 
scab and powdery mildew, for pear - resistant to scab and Septoria. 
      
2. Material and methods   
 

In  Institute for Fruit Growing (Belarus) was investigated National apple collection with 1264 
accessions: 536 genotypes of Malus×domestica, 36 – progenies of species M. sieboldii, 1 - M. sieversii   
f. niedzwetzkyana, 7 - M. baccata, 5 - M. coronaria, 1 - M. sylvestris, 1 - M. sachalinensis, 1 - 
M.kansuensis, 1 - M. ioensis, 1 - M. mandshurica, 1 - M. sikkimensis, as well as selections obtained with 
the hybrid species: 55 - M.×atrosanguinea, 286 - M.×floribunda, 5 - M×purpurea, 1 - M.×robusta, 7 - M. x 
zumi, 2 - M×micromalus, 7 - M×prunifolia, 2 - M×sargentii, 1 - M.×scheidekeri, 1 - M×spectabilis, 1 - 
M×platycarpa, 1 - M×cerasifera and 303 interspecific hybrids.  

The National pear collection includes  660 genotypes – progenies of 11 species: Pyrus communis 
L. - 391, P.communis L. × P. uyematsuana Makino. - 1, P. communis L. × P. pyrifolia (Burm). Nakai - 86, 
P. communis L. × P. ussuriensis Maks. - 152, (P. communis L. × P. ussuriensis Maks.) × P. pyrifolia 
(Burm). Nakai - 2, P. communis L. × P. bretscheideri Rehd. - 4, P. salicifolia Pall. × P.ussuriensis Maks. - 
1, P. pyrifolia (Burm). Nakai. × P. elaeagnifolia Pall. - 1, P. pyraster Burgsd. - 1, P. pyraster Burgsd. × P. 
pashia Hamilt. - 1, P. calleriana Decne. × P.ussuriensis Maks.- 1, P. regeli Rehd. × P.pyrifolia (Burm). 
Nakai. - 1, interspecific hybrids of unknown origin - 18. 

The collection is kept in the field. Planting schemes are 5 x 3 m, 4 m x 2 m, it depended on the kind 
of the rootstock. The technology system of care of orchards generally accepted that ensure the 
continuous maintenance of the plants in good productive condition. 

Immunological study of the apple-tree on natural infectious background is evaluated according to 
the Program and methods of cultivar testing of the fruit, berry and nut crops (VNIISPK,1999); the 
assessment of the susceptibility of leaf spot on natural background will be used for quantitative 6-score 
scale (0 – no visual symptoms ….5 – very susceptibility). 

Weather conditions in Belarus contributed to optimal growth and development of apple-tree and 
pear-tree as development and spread apple scab, mildew and Septoria on pear-tree. The vegetation 
period is characterized by the predominance of unstable weather with frequent loss of short-term rainfall 
and average daily temperature on the rate of small deviations in decades. So, apple scab has epidemic 
character of development almost every year. The development of powdery mildew stable at moderately 
depressed level, but in 2010 was observed epidemic character of mildew on apple tree. The development 
of major diseases (scab, Septoria) on pear in 2012 and 2013 were at moderately low level. 

In 2008-2013 our collections were investigated by molecular methods in the Institute for Genetics 
of NAS of Belarus by Urbanovich. Were selected a fund of 130 apple genotypes for identification its and 
detected genes of resistant to apple diseases (Urbanovich et al, 2008, 2009, 2012; Urbanovich, 2013).  
Pear fund contains 43 genetic diversity genotypes and was investigated  by SSR-markers (Urbanovich et 
al, 2011).  

 
3. Results and discussions 
 

During 2011 are formed target characters collections for disease resistance: for apple - resistant to 
scab and powdery mildew for pear - resistant to scab and Septoria on base of National apple and pear 
collections. To prevent genetic erosion and preventive selection in the feature national apple collection 
included representatives of different species (Kazlouskaya, 2012). Monitoring of the collection was carried 
out on the basis of long-term observations.  

Collection of wild species is an important source of valuable forms of apple and primarily for 
breeding for resistance to the most harmful pathogens and pests, and to obtain early maturity fruit 
genotypes. Study of the ecological and adaptive potential interspecific hybrid forms and highlighting the 
best of them will increase the genetic diversity of fruit crops and to create new generation cultivars in 
future. The selection of disease-resistant varieties and their implementation in industrial horticulture is 
most secure method of protecting fruit crops and effective way to obtain products with improved 
environmental characteristics that will contribute to the reduction of anthropogenic load on the orchards 
biocenosis. 

Special attention was paid to Groups of Sorbomalus and Baccatae with small fruits. Belarusian 
hybrids and some foreign varieties and hybrids, the origin of which is associated with the wild species of 
the Group Sorbomalus: M. sieboldii, M.xzumi, M.sargentii and Baccatae: M.bacata, M.cerasifera, M. 
mandshurica, M. sachalinensis has high field resistance for many years (table 1). The absence of lesions 
scab and powdery mildew are characterized apple selections: 9/8 M. sachalinensis, 9/36 M. mandshurica, 
25/175 F2 M. sieboldii, K-1-1/43 and K-1-5/94 M.sargentii. Variety Red silver and Belarusian selection 
2000-41/85 of Gr.Prunifolia are characterized high resistance to scab and mildew. Minor damage by 
mildew to 2 score in the absence of scab lesions were observed in the hybrids 99-4/56, 2000-46/61, 
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H1255, 2000-46/17. Varieties Hopa and Dolgo are resistance to mildew but have damage by scab - 2 
score. But the genotypes were included in the work’s collection as were identified genes for resistance to 
mildew  Pl1 - Alamata , Dolgo; Plw - Hopa, Red silver; genes of resistance to scab in Dolgo - Rvi2 and 
Rvi4 (Urbanovich et al., 2008, 2013).  

Molecular analysis using known markers showed the presence of some genes for resistance to 
mildew - Pl1, Pl2, Pl-w, but has not revealed any known genes for resistance to scab on presented 
genotypes of Gr. Sorbomalus, Baccatae and Prunifolia. Selections M.bacata, M.cerasifera contain genes 
Pl1, Pl-w, and M.sargentii - all three gene Pl1, Pl2, Pl-w (Urbanovich, 2013).  By hybridization of small-
fruited genotypes with large-fruited varieties we have obtained hybrids with the size of the fruit, reaching 
45-90 g (table 1). Small-fruited varieties Alamata, Dolgo, Hopa, Red silver belong Gr. M. prunifolia on 
morphological characteristics and the identification by molecular analysis (Urbanovich, 2009). 

Presented genotypes of Gr. Sorbomalus with durable stability resistant to scab are very valuable 
sources for pre-breeding apple.  Not revealed none of the tested markers known oligogenic on the 
resistant small-fruited apple, which indicates the presence of other unknown genes or their immunity to 
scab is determined by polygenes. It is research task for future investigation. 

Analysis of the genotypes of Gr. Domesticae showed high field resistance to scab and powdery 
mildew varieties and hybrids obtained with the participation of the offspring M.×floribunda, M.×prunifolia, 
M.orientalis, M.atrosanguinea and old local varieties  - ‘Antonovka’, ‘Chulanovka’, ‘Borovinka’, ‘Papirovka’ 
and others. In the target character collection included genotypes, contents  2 gene of resistance to scab:  
Rvi2 and Rvi6 - cultivars ‘Belarusskoye sladkoye’, ‘Dаrunak’, ‘Imant’, ‘Pospeh’, Sweden selection K:1430; 
Rvi2 and Rvi17 –‘ Antonovka’, ‘Belarusskii sinap’, cvs. ‘Charawnitsa’, ‘Krasavita’, ‘Pamyat’ Syubarovoi’, 
selections 55/76; genotypes with 3 genes: Rvi2, Rvi6 and Rvi4 – ‘Redfree’ and russian cvs.’Orlovskoye 
Polesse’, ‘Start’, ‘Ven'yaminovskoye’; Rvi2, Rvi6 and Rvi17 - Belarusian cultivars ‘Navavita’, ‘Sakavita’; 
Rvi2, Rvi4 and Rvi5  - Belarusian hybrids 84-39/58, 84-50/9; Rvi2, Rvi4 and Rvi17 - Belarusian cv. 
‘Korobovka krupnoplodnaya’. 

Genotypes possessing one oligogen: Rvi6 – cvs. ‘Diyament’, ‘Topaz’, which are characterized by 
high quality fruit;  Rvi4 - selection 78-14/245.  

Moreover all the genotypes are characterized by a stable field resistance to phyllosticta and 
powdery mildew. However, genes for resistance to powdery mildew are not installed. Undoubted 
advantage of the varieties of Belarusian breeding is high adaptability to cold stressors of the winter 
period.  

Basic national collection of varieties and hybrids pear includes genotypes are genetically linked 
with 11 species of Pyrus: P. communis L., P. ussuriensis Maks., P. pyraster Burgsd., P. pyrifolia (Burm). 
Nakai., P. bretscheideri Rehd., P. uyematsuana Makino., P. salicifolia Pall., P. elaeagnifolia Pall., P. 
pashia Hamilt, P. calleriana Decne., P. regeli Rehd. Selected sources of resistance to major diseases in 
the humid climate of our country - scab and Septoria combining large yields and high quality fruit. Most of 
the character collection pears are Belarusian selections and varieties - 13 genotypes out of 25, 11 -  from 
different regions of Russia, 1 -  from Kazakhstan. 

By genetic origin selected 3 groups of sources of resistance: P. сommunis, P. × ussuriensis,    
P.×pyrifolia. A special place is occupied by interspecific hybrid of Belarusian selection 86-15/94, the 
genetic origin of which is related to P.×ussuriensis and P.×pyrifolia (table 2). 
The most durable stable resistance differs in group P.× pyrifolia, including varieties of Russian breeding – 
‘Dekanka novaya’, ‘Vostochnaya zolotistaya’,’ Illya Muromets’, ‘Moskvichka’, ‘Feeria’, Belarusian 
selections 96/40, 81-12/58, cv. ‘Kudesnitsa’  and Kazachstanian cv. ‘Talgarskaya krasavitsa’. 

In group P.×ussuriensis minor damage by scab and septoria had Belarusian varieties ‘Prosto 
Maria’,  ‘Kupala’ and ‘Vilia’, but these varieties are characterized by high quality fruit - sweet taste and 
large fruits. Russian cultivars ‘Augustovskaya Rosa’, ‘Potapovskaya’ and ‘Chizhovskaya’ are highly 
resistant to both diseases, and are characterized by high winter hardiness, annual productivity and fruit 
above medium in size. 

In the group of P. communis are resistant Belarusian selections 81-14/65, 84-2/75 and the Russian 
cv.’Pamyat’ Ansina’. Hybrid 89-34/47 and cv.’Velesa’ had little damage by scab and septoria not more 1 
score. 

Belarusian selection 86-15/94 (‘Belarusskaya pozdnyaya’ × ‘Druzhba’) shows high stability during 
many years of observations. 

Also the mobilization of genetic resources and the formation of active works, target characters and 
genetic collections allows to create valuable elite material based on monitoring of current collections, 
created in the result of breeding work, collecting old samples by the method of observation and 
examination orchards and old gardens in Belarus and the exchange by biomaterial between scientific 
breeding institutions. 
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4. Conclusion 
 

An important place in solving the problems of modern agriculture-related intensification of fruit 
growing is the creation and widespread use of varieties and hybrids of the new generation. Increasing 
demands of modern varieties in relation to their resistance to stress factors determine more adaptive and 
ecological orientation fruit breeding. The basis for successful breeding should be considered rational use 
of plant genetic diversity, be involved in hybridization as a source of material resistant to abiotic stresses 
winter, polygenic resistance to major diseases and high quality fruits.  

During 2011-2013 are formed target characters collections for disease resistance: for apple - 
resistant to scab and powdery mildew - 42 genotypes, for pear - resistant to scab and Septoria – 25 
genotypes. The work’s collection are presented by biodiversity: 7 progenies of Gr. Sorbomalus, 5 – Gr. 
Baccatae, 4 – Gr. Prunifolia, 20 – Gr. Domesticae for apple and 5 – Pyrus communis, 10 – P.ussuriensis, 
9 – P.pyrifolia, 1 - P.ussuriensis × P.pyrifolia for pear. New Belarusian target collections for resistance to 
diseases are content genetic diversity and advance to development of commercial varieties with the long-
term, stable resistance to major diseases. 

In the vast majority of scientific institutions in the construction of breeding programs on apple and 
pear main aim is to achieve the maximum combination of complex of economically useful traits in future 
varieties, but the most important combination in one genotype high quality fruit with a stable field 
resistance to major diseases.  
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Tables 
Table 1. The character of work’s apple collection for resistance to diseases 

Name of genotypes Genetic origin 
Maximal damage by 

diseases (0-5) 
Fruit weight, 

g 
scab mildew 

Gr.Sorbomalus 
25/175  9/27 x Spartan -  F2 М. sieboldii 0 0 20 
99-4/56  19/2 x Chulanovka 

 -  F2 М. sieboldii 
0 1 25 

2000-46/61  21/175 x Empire -  F3 М. sieboldii 0 1 65 
H1255 F3 M.xzumi 0 2 35 

2000-46/17  HI255 x Empire - F4 M.xzumi 0 2 45 
K-1-1/43 M.sargentii 0 0 8 
K-1-5/94 M.sargentii  Renet Simirenko 0 0 15 

Gr.Baccatae 
9/8 М. sachalinensis 0.5 0 8 
9/36 М. mandshurica 

M. baccata x M. haliana 
0 0 10 

Dolgo F3 M.baccata 2 0 20 
K-1-II-9/1 M. baccata 1 1 5 
K-1-1/6 M.cerasifera 2 1 8 

Gr.Prunifolia 
Alamata hybrid 2 0.5 90 

Hopa hybrid 2 0 15 
Red silver hybrid 1 0 16 

2000-41/85 
 

(Мilena х85-15/115) о.p. 
 F4 M.prunifolia 

0.5 1 135 

Gr.Domesticae 
55/76 Charawnitsa o.p. 1 1 90 

78-14/245 Cola o.p. 0 0 65 
84-39/58 SR0523 o.p. 0 0.5 135 
94-18/37  72-9/160 x Liberty  

F5 M. floribunda 
0.5 0.5 160 

94-23/24 (68-10/60 х Undiene)  Alesya 0.5 0.5 150 
97-5/39  Еlena  Krasnoye ranneye 0.5 0.5 120 

Antonovka Old local cultivar 2 1 170 
Belarusskii sinap Antonovka х Pippin litovskii    

Belarusskoye sladkoye ВМ41497 х КВМF2 1 1 170 
Charawnitsa Belorusskii sinap х Cox’s Renet  0 1 150 

Chulanovka Old local cultivar 0 0 90 

Dаrunak F6 M.floribunda 1 0.5 175 
Diyament Otava o.p. 0.5 11 170 

Imant Antei х Liberti 0.5 1 170 
Korobovka 

krupnoplodnaya 
Korobovka (old local cultivar) o.p. 0.5 1 110 

Krasavita 72-11/47 х Sampion 0.5 1 150 
Nаvаvitа 78-15/242 х 86-54/125,135   

F7 M.floribunda 
1 1 150 

Orlovskoye poles’ye 814 o.p. -  F4 M.floribunda 0.5 1 140 
Pamyat’ Syubarovoi Seruel (Serinka х Wealthy) х Belorusskii 

sinap 
0.5 1 165 

Pоspеh F6 M.floribunda 
72‐41/94 х Antei + ВМ41497 

1 0.5 135 

Redfree PRI1018-101 - F5 M.floribunda 1 1 165 
Sаkаvitа 78-15/242 х 86-54/125,135 

F7 M.floribunda 
1 0.5 155 

Start 814 x McIntosh (4x) 
F4 M.floribunda 

0.5 1 140 

Topaz Ванда х Рубин - F6 M.floribunda 2 0,5 125 
K:1430 BM41497 Seedling of Antonovka 1 0.5 155 

Ven’yaminovskoye 814 o.p. - F4 M.floribunda 0.5 1 130 
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Table 2. The character of work’s pear collection for resistance to diseases  

Name of genotypes
  

Genetic origin 

Maximal damage by 
diseases (0-5) 

Fruit 
weight, g 

scab Septoria 

P. communis  
81-14/65 Vinewka  Packham's Triumph 0 0 100 
84-2/75 Bere loshitskaya  Admiral 

Gervais 
0 0 160 

89-34/47 Maslyanistaya loshitskaya  
Sentyabrskaya 

0 1 110 

Velesa Venera  Fondante des Bois 
(Beaute de Flandres) 

1 1 170 

Pamyat’ Anzina unknow 0 0 140 
P.ussuriensis  

84-4/62 3/4  Seyanetz Yakovleva 104 0 0 150 
89-32/18 Belarusskaya pozdnyaya  

Maslyanaya Ro 
0 1 170 

90-38/97 6/89-100  Maslyanaya Ro  0 1 140 
Avgustovskaya rosa Nezhnost’  Packham's 

Triumph  
0 0 160 

Pamyati Yakovleva  Tyoma Olivier de Serres 0 1 150 
Potapovskaya Olga  (Fondante des Bois + 

Clapp Favorite +Koshkarnok) 
0 0 200 

Prosto Maria 6/89-100 (Belarusskaya 
pozdnyaya 3/20)  

Maslyanaya Ro 

1 1 250 

Vilia 6/89-100 (Belarusskaya 
pozdnyaya 3/20) 
Maslyanaya Ro 

1 1 160 

Kupala Belarusskaya pozdnyaya  
Bordovaya 

1 1 200 

Chizhovskaya Оlga  Fondante des Bois 
(Beaute de Flandres) 

0 0 140 

P.pyrifolia  
96/40 5/5  (98/42 + 3/4) 0 0 190 

81-12/58 Honey Dew  Clapp Favorite 0 0 150 
Vostochnaya 
zolotistaya 

P. pyrifolia (Burm.) Nakai.  
Гнокко 

0 0 150 

Dekanka novaya P. pyrifolia (Burm.) Nakai. 
Doyenné d'Hiver 

0 0 200 

Kudesnitsa 16/62 (Sapezhanka  Druzhba) 
 Lagodnaya 

1 1 210 

Illya Muromets unknow 0 0 110 
Moskvichka Kieffer Seedling o.p. 0 0 140 
Talgarskaya 
krasavitsa 

Fondante des Bois (Beaute de 
Flandres) o.p. 

0 0 170 

Feeria  Talgarskaya krasavitsa  Doch’ 
Zari 

0 0 170 

P.ussuriensis  P.pyrifolia  
86-15/94 Belarusskaya pozdnyaya  

Druzhba 
0 0 130  
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