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Abstract. Chuvashia has long been the main hop producer in the Soviet 
Union. Today, the Tsivilsky district of Chuvashia is the northernmost point 
of the hop breeding process. To revive this crop in the hop farms of the 

Chuvash Research Institute of Agriculture, the study of hybrids of common 
hop (Humulus Lupulus L.), grown from seeds obtained from different 
combinations of varieties of the hop collection of the Chuvash Research 
Institute of Agriculture is being carried out. The aim of the work is to breed 
new high-yielding hop varieties of high quality, adapted to the agroclimatic 
conditions of Chuvashia. The planting of the selection and control nursery 
was carried out in 2015. The article presents the results of the research for 
2020-2022. As a control, 2 varieties were taken. Standard 1 - Podvyazny, 
has long been the standard in terms of yield, quality, and stability. It belongs 

to the medium-maturing group of varieties. Standard 2 - Fakir, the best 
variety of the mid-early group from a series of recently developed varieties. 
Plants grown from seeds obtained from female plants of Saxon, Marinka, 
Late Cluster, Porphyry 16 and Plunscher were studied. Male plants of 
different varieties were used as pollinators by random pollination or by 
pollen mixture using isolators. A complex of economically useful traits was 
investigated. The main ones, yield and alpha acid content in cones, are given 
in the article. Depending on agroclimatic conditions during the years of 

research, separate hybrid combinations were assigned. Only two 
combinations - Porfir 16 × SR - 25.3 kg/ha, which showed itself as a 
medium-ripening variety with an alpha acid content of 5.2% and Saxon × 
SR - 33 kg/ha - showed itself as a medium-early variety with an alpha acid 
content of 6.1%. Several combinations also outperformed Podvyazny in 
some years, either in terms of yield or quality, but there was no consistent 
outperformance in all three years.  

1 Introduction 

Hop cones (Humulus lupulus) and the products of its raw material processing is an obligatory 

and necessary ingredient in the brewing industry. Hops are also used in pharmacology, 

medicine, cosmetics and preservation. The various compounds present in almost all parts of 

the plant have been (and still are) used to treat or prevent a number of diseases and metabolic 

disorders, from insomnia to menopausal symptoms, as well as obesity and even cancer. Hop 

substances are potential alternatives in the treatment of microbial diseases, metabolic 

syndrome and hormone replacement therapy, and as insecticides, preservatives and perfumes. 

                                                
* Corresponding author: tymondem@mail.ru 

, 01023 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248401023 84

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

RETRACTED



Hop cones contain many compounds such as resins, essential oils, proteins, polyphenols, 

lipids, waxes, cellulose and amino acids, but the value of hops for brewing is mainly due to 

the resins and essential oils of hops [2, 3]. Over the last ten years, annual hop production and 

harvested area worldwide have increased by 34% and 18% respectively. Both of these figures 

have steadily increased from 2012 to 2019, reaching a total production of about 131,000 

tonnes and a harvested area of about 66,000 ha, with an average cone yield of about 2 t/ha. 

The largest producing countries are the United States of America (just under 51,000 tonnes), 

Germany (48,500 tonnes) and the Czech Republic (7,150 tonnes). However, the European 

Union (EU-27) is largely the world's main hop producer, accounting for almost 50% of the 

world's hop production [3]. In Russia, brewers at the moment mainly use foreign raw 

materials, both hop and barley [4]. But, due to the sanctions policy of Western countries, the 
usual logistic chains have been disrupted and the industry is facing a significant shortage of 

such raw materials. The negligible amount of hops grown in Russia can provide no more than 

3% of their needs. To remedy the situation, the government of the country set about restoring 

the lost hop acreage, the first Russian hop harvester appeared in Chuvashia, and various 

subsidies and grants were introduced for hop growers. However, providing the Russian hop 

market with varieties that meet the needs of both growers and end consumers is still a 

challenge that needs to be addressed.  

Hop breeding programmes usually aim to improve yield (through plant architecture or 

resistance to abiotic or biotic stresses) and quality. Progress in hop breeding is limited by hop 

biology due to the fact that under field conditions it can take up to two years for hops to reach 

reproductive maturity alone [5]. Different countries emphasise different performance in hop 

breeding. During the development of industrial brewing, chemical analyses of hop buds were 
used to determine the content of hop resins, and hop selection was thus aimed at increasing 

the alpha acid content. This process was influenced by the economic requirements of 

breweries, which needed cheaper hops to be sufficiently competitive. Therefore, the area of 

aroma hops was gradually reduced at the expense of bittering varieties. Nowadays, many 

large breweries do not use aroma hops at all for the mass production of some beers. 

Everything has been adapted to commercial and economic conditions. The quality of aroma 

hops has been neglected, although such hops are the basis for the production of good beer. It 

should be realised that the quality of the beverage depends not only on alpha acids but also 

on other important compounds [6]. In the Czech Republic, since 2000, hop breeding has 

focused on resistance to fungal diseases, Verticillium wilt and stability of agronomic and 

brewing properties. In recent years, however, stability of qualitative and quantitative traits 
has been favoured. The aim is drought tolerance. For this reason, breeding material is tested 

for trait stability during hop cultivation. Genotypes with low variability are the basis of hop 

breeding in the Czech Republic [7]. In Germany, varieties resistant to powdery mildew are 

being developed using classical and molecular breeding methods to improve environmentally 

friendly hop production. Saazer transgenic plants are grown in a greenhouse and show stable 

expression. The resistance gene has also been transferred to other varieties [8]. These 

qualities are important for hop growers, but modern breeders need to take into account that 

in recent years craft brewers have been asking for alternative flavours. Aromatic varieties 

with intense fruit flavours are beginning to be in demand due to the trend towards hop beers 

and dry hops [9]. For example, in New Zealand, the variety Nelson Sauvin, which stands out 

for its strong grape flavour, began to spread in 2000, for which it has been used as an 

alternative flavouring in brewing [10]. Thus, the varieties to be bred should be plastic, high-
yielding, with good aroma and high alpha acid content, as well as distinguished by other 

economic and useful traits that will play a positive role in the process of cultivation, 

harvesting and beer production - the duration of vegetation, density, colour and aroma of 

cones, the ratio of resins and aromatic substances in them, lack of susceptibility to diseases, 

resistance to pests and stability of indicators [11, 12]. 
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The development of new varieties in hop breeding is mainly carried out in two ways. The 

first method is individual clonal selection, for which already known varieties are used, mostly 

those that have been introduced to a particular region. In this case, a completely new original 

variety is not created, but an existing variety can be significantly improved. Therefore, 

predicting the main characteristics of a variety seems to be a rather simple task, as a perennial 

plant propagated vegetatively receives the characteristics of the original plant. Nevertheless, 

due to the high level of variability, the obtained clones can significantly exceed some 

parameters of the original variety [13]. The second method is generative, i.e., seeds are 

obtained by pollination of a particular variety of female plants with pollen from male plants, 

randomly or forcibly using isolators. In the cultivation of the resulting seeds, it is possible to 

predict the economically useful traits of the plants only very, very remotely. It can take up to 
15-20 years to develop a new perennial hop variety in the traditional way. In addition to the 

fact that the crop itself does not reach full fruiting until the 4th year, long-term observations 

in different nurseries under climatic conditions in different years are required in order to 

identify the quantitative and qualitative traits with stable parameters.  

The aim of this work was to identify promising numbers in the selection and control 

nursery of common hop for the development of new varieties.  

2 Materials and methods 

Chuvash Research Institute of Agriculture is the northernmost point of hop breeding in 

Russia, which accordingly affects the quantitative and qualitative indicators of plants. The 

object of research is the selection numbers of hops in the selection-control nursery. In 2015, 
a selection-control nursery of hops was planted. 10 hop plants of one combination were 

planted in one intercropping span. The feeding area of one plant was 2.5*1.2 m. The varieties 

included in the State Register were used as a control. Standard 1 was the medium-ripening 

variety Podvyazny of the bitter-aromatic type and Standard 2 was the medium-early variety 

Fakir of the aromatic type. The Podvyazny variety has been the standard in domestic breeding 

for a long time, and the Fakir variety is the best of a series of recently developed varieties. 

Morphological observations were carried out according to the recommended methodology 

(Methodology of tests for distinctiveness, uniformity, stability. Hops (Humulus lupulus. L.) 

/ Official Bulletin of the Gossortkommission. 2008. №9 (139) pp. 710-720.). The content of 

alpha-acids in cones was determined according to GOST (GOST 21946-76 - GOST 21948-

76 Hops - raw and pressed hops / State Standards of the USSR: M. 1976. 14 P.). The recorded 
productivity per bush was recalculated into yield per ha.  

The soil of the plot is dark grey forest soil, heavy loamy in its mechanical composition. 

The depth of arable layer is 22 cm. Agrochemical parameters pH sol. - 5.25; P2O5 content - 

410 mg/kg, K2O - 202 mg/kg, humus - 4.16 %. Soil tillage was carried out from May to 

September. Agrotechnical measures common for hop plantations were carried out in the plant 

nursery [14]. 

- spring harrowing (PBA-2.5X harrow); 

- inter-row cultivation (plough loosener PRN-2.5AX); 

- making supports (winder SPH-6); 

- hanging of supports (VGH-5.2 and VH-4 towers); 

- support fixing (manually); 

- inter-row cultivation with fertiliser application (machine MVU-1.7); 
- ramming (manually and chemically); 

- step-sprouting (manually); 

- perching of plants (plough loosener PRN-2.5 AH); 

- pesticide spraying (sprayer OPV-2000). 

No irrigation.  
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Fig. 1. Hop plantings in Chuvash Scientific Research Institute of Agriculture 

3 Results and discussion 

Overwintering and growing conditions have a very strong influence on the growth and 
development of hop plants. Some varieties can tolerate hot and dry weather for long periods 

of time, while others are extremely negative when weather conditions deviate from the 

optimum. In 2020, the overwintering conditions for hops were favourable. The spring was 

prolonged, wet and cold. Field work started towards the end of the third decade of April. 

Pruning of the main hop rhizomes and harrowing were carried out in early May. The winter 

of 2020-2021 was frosty with good snow cover. Soil moisture reserves were sufficient. The 

onset of warmth favoured early vegetation. As a result, the main field works (harrowing, 

uncoupling of ridges, root pruning) were started by the end of the third decade of April. In 

2022, the overwintering of hop plants was successful. The snow cover was sufficient. The 

spring was cold with frequent rains, which delayed the start of field work, but replenished 

soil moisture reserves. The vegetation started 7-10 days later. As a result, the main field 

works (harrowing, uncoupling of ridges, root pruning) were started in early May. During 
pruning of the main rhizome for all 3 years, it was found that all plants in the breeding nursery 

were in good condition (3 points on a 5-point scale). No root system desiccation and soaking 

were observed. Pests damaging hop roots and root rot were not detected.  

The 2020 growing season was uneven, as the weather conditions were atypical due to 

excessive rainfall and low temperatures, but there were also warm, even hot periods. 

Precipitation in May was 183.7 % of the multiyear average. During the entire vegetation 

period of hop plant growth and development, the temperature regime was low, with an 

average air temperature of 13.7°C. Flowering and bud formation occurred during a period 

with insufficient precipitation, which did not favour the formation of a large number of hop 

buds. The Selyaninov hydrothermal coefficient (HTC) was 1.45, which characterises the year 

as wet. On the contrary, the year 2021 was dry and hot, the plants went into anabiosis due to 
stress and flowering and cone formation were delayed. The HTC for May-September was 

only 0.8 (dry). The year 2022 had a cool and wet spring, which favoured the formation of 

strong shoots, the summer was warm and dry with a transition to hot and prolonged weather 

without precipitation. HTC - 1.02 - insufficient moisture. This also affected the growth and 

development of hops. For the full realisation of the potential of the hybrid combinations under 

study for 3 years almost no optimal meteorological conditions were created. For normal 

development, hops require precipitation to fall evenly throughout the period, but they are 

particularly demanding of moisture and thermal regime during the periods of flower bud 

setting and formation, flowering and bud filling. Cold and damp conditions favour the 

development of diseases, and hot and dry conditions favour the development of pests. 

Recommended HTC -1.2-1.3. Due to the fact that hops, as a perennial plant grows in one 

place for 15-20 years, it is a strong accumulator of specific diseases, pests and weeds, which 
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also become a food base for specialised pests of hops. Therefore, it is especially important to 

control these biotic factors in years characterised by abnormal weather, as they can 

significantly influence the results of the research. 

Seeds obtained from female hop plants of the Saxon, Marinka, Late Cluster, Porphyry 

and Plunscher varieties available in the World Variety Collection of the Institute [15] were 

used in the breeding process. Pollination took place either by random pollination (AP - 

accidental pollination) or by a mixture of pollen from several varieties of male plants (PM - 

pollen mixture).  

Description of the control varieties: Standard 1 (Podvyazny variety) - average yield 30.0 

kg/ha, average alpha content 9.7 %. Cones have a pleasant hop aroma. Duration of the 

vegetation period 111 days. The variety is a medium-ripening bitter-aromatic type.  
Standard 2 (variety Fakir) - average yield 21.0 centners/ha, average alpha acid content 

5.7 %. Duration of the vegetation period 103 days. Relates to the medium-early ripeness 

group of aromatic type according to the pedigree. The results of research on productivity and 

yield are given in the table. In addition to the above indicators, other economically valuable 

traits not given in the article were evaluated annually.  

In 2020, seven combinations with high productivity - more than 20 c/ha, which exceed 

the standards by 1.3-16.5 c/ha, were identified in the nursery. Two Late Cluster × AP 

combinations are 22.5 and 21.8 c/ha; two Marinka × PM combinations are 20.3 and 33.0 

c/ha, as well as Porphyry 16 × PM is 23.3 c/ha, Plunscher × PM is 26.3 c/ha and Saxon × PM 

is 30.0 c/ha.  

The alpha content of standard 1 was 4.2 % and that of standard 2 was 5.5 %. Thirteen 

nursery combinations exceeded the standards in alpha content by 0.3-7.6 %. The highest 
alpha acid content was observed in combinations Plunscher × PM - 10.9 %, and two Marinka 

× PM - 13.1 % and 11.7 %. 

Among these combinations, there are four with high productivity and good quality. These 

are: Late Cluster × AP productivity 3.0 kg/bush (22.5 kg/ha) alpha content 7.3 %; Marinka × 

PM - 2.7 kg/bush (33.0 kg/ha) alpha content 9. 9 %; Marinka × PM - 4.4 kg/bush (33.0 kg/ha) 

alpha content 8.3 %; Plunscher × PM - 3.5 kg/bush (26.3 kg/ha) alpha content 9.9 %. Hybrids 

Marinka × PM, Plunscher × PM and Saxon × PM significantly exceeded the control 1 - 

Podvyazny variety in yield. At the same time, only Plunscher × PM had a significant 

superiority in the qualitative trait.  

 

Fig. 2. Brush of the hop combination Saxon × PM 

In 2021, five high yielding combinations have been identified that exceed the standard 1 

productivity of 28.5 kg/ha by 1.5-9.0 kg/ha. These combinations are Saxon × AP 33.8 kg/ha, 
Late Cluster × AP 30.0 kg/ha, Marinka × PM 37.5 kg/ha, and Plunscher × PM 30.0 kg/ha and 

Saxon × PM 33.0 kg/ha. Three of these combinations have an excess of 3.0-7.5 kg/ha over 

standard 2 (30.0 kg/ha). 

The alpha acid content of standard 1 is 7.0 % and that of standard 2 is 5.5 %. Nine nursery 

combinations exceed the standards in alpha acid content by 0.5 - 4.4 %. The highest for 2021 
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alpha content was observed in three combinations Saxon × AP - 9.9 %, 8.5 %, 8.2 % and 

Saxon × PM 7.6 %. Four high yielding high quality combinations were identified. These are: 

Saxon × AP productivity 4.5 kg/bush (33.7 kg/ha) alpha content 8.5 %; Saxon × AP - 3.8 

kg/bush (28.5 kg/ha) alpha content 8. 2 %; Marinka × PM - 5.0 kg/bush (37.5 kg/ha) alpha 

content 5.7 %; Plunscher × PM - 4.0 kg/bush (30.0 kg/ha) alpha content 7.6 %. In terms of 

yield in 2021, there was no exceedance by the smallest significant difference over the 

standards. The same situation is noted for the qualitative trait in comparison with standard 1. 

Marinka × AP and 2 Saxon × AP combinations significantly exceeded the alpha acid content 

compared to AP standard 2 - Fakir.  

In 2022, all combinations of the selection-control nursery showed high yields. However, 

none of them reached the level of standard 1, which had a yield of 40.5 kg/ha. But they 
exceeded the yield of standard 2 (22.5ts/ha) by 1.5-16.5ts/ha. Two combinations with a yield 

of 19.5 kg/ha did not reach the level of standard 2. These are combinations Saxon × AP and 

Marinka × PM. 

Table 1. Productivity and quality of cones in the breeding and control nursery for 2020-2022. 

Combinations 

Productivity 
Alpha-acids, % 

kg/bush kg/bush 

2020 2021 2022 average 2020 2021 2022 average 2020 2021 2022 average 

Saxon × AP 2.3 4.5 4.7 3.8 17.3 33.7 35.3 28.8 5.5 8.5 3.0 5.7 

Saxon × AP 2.0 2.0 3.0 2.3 15.0 15.0 22.5 17.5 5.1 2.9 1.4 3.1 

Saxon × AP 1.9 2.1 3.9 2.6 14.3 15.7 29.3 19.8 6.2 9.9 6.5 7.5 

Saxon × AP 2.5 3.8 2.6 3.0 18.3 28.5 19.5 22.1 6.9 8.2 7.7 7.6 

Marinka × AP 2.4 2.6 4.4 3.1 18.0 19.5 33.0 23.5 5.5 8.8 1.9 5.4 

Late Cluster × AP 3.0 4.0 4.8 3.9 22.5 30.0 36.0 29.5 7.3 3.8 2.5 4.5 

Late Cluster × AP 1.4 3.6 3.9 3.0 10.5 27.0 29.3 22.3 7.0 3.7 5.7 5.5 

Late Cluster × AP 1.9 2.0 4.4 2.8 14.3 15.0 33.0 20.8 3.6 3.5 3.9 3.7 

St1 (Podvyazny) 2.6 3.8 5.4 3.9 19.5 28.5 40.5 29.5 4.2 7.0 9.5 6.9 

Late Cluster × AP 2.9 2.8 4.1 3.3 21.8 21.0 30.7 24.5 5.5 2.6 3.2 3.8 

Late Cluster × AP 2.4 2.2 4.3 3.0 18.0 16.5 32.3 22.3 6.4 4.1 5.4 5.3 

Late Cluster × AP 1.8 1.6 - 1.7 13.5 12.0 - 12.7 2.3 3.2 5.4 3.6 

Marinka × PM 2.5 2.8 2.6 2.6 18.8 21.0 19.5 19.8 13.1 4.7 12.4 10.1 

Marinka × PM 1.8 2.8 3.5 2.7 13.5 21.0 26.3 20.3 11.7 5.6 8.8 8.7 

Marinka × PM 2.7 5.0 4.5 4.1 20.3 37.5 33.7 30.5 9.9 5.7 10.2 8.6 

Marinka × PM 4.4 3.0 3.6 3.7 33.0 22.5 27.0 27.5 8.3 2.0 3.6 4.6 

St2 (Fakir) 2.2 4.0 3.0 3.1 16.5 30.0 22.5 23.0 5.5 5.5 6.4 5.8 

Porfir 16 × PM 3.1 3.4 3.6 3.4 23.5 25.5 27.0 25.3 4.8 5.0 5.9 5.2 

Plunscher × PM 3.5 2.4 4.5 3.5 26.3 18.0 33.7 26.0 9.9 5.3 9.3 8.2 

Plunscher × PM 2.3 4.0 3.8 3.4 17.3 30.0 28.5 25.3 10.9 7.6 6.3 8.3 

Saxon × PM 4.0 4.4 4.8 4.4 30.0 33.0 36.0 33.0 5.3 4.7 8.2 6.1 

Saxon × PM 2.3 3.8 5.2 3.8 17.3 28.5 39.0 28.3 5.8 5.3 7.2 6.1 

Saxon × PM 2.5 2.0 3.2 2.6 18.8 15.0 24.0 19.3 3.2 7.3 6.5 5.7 

НСР05Podvyazny 0.6 1.2 1.6 - 4.5 8.9 11.8 - 4.4 3.5 4.8 - 

НСР05Fakir 0.8 1.1 1.4 - 6.1 8.2 10.2 - 4.0 2.7 3.2 - 

* AP - accidental pollination; PM - pollen mixture  

The alpha content of standard 1 was 9.5 %, standard 2 - 6.4 %. Nine combinations of the 

nursery exceeded the standards in AP alpha content by 0.1 - 6.0 %. The highest AP alpha 

retention for 2022 was observed in two combinations Marinka × PM - 12.4 and 10.2 %.  
Among all the combinations, 4 with high productivity and good quality were identified: 

Marinka × PM; Plunscher × PM and two combinations of Saxon × PM. 

It should be noted here that almost all combinations showed themselves as medium-early 

(101-110 days from sprouting to technical maturity) in terms of vegetation period. The 

exception AP was Marinka × PM, in which this duration was 108-114 days, i.e., the sort 
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passes into the group of medium-ripening (111-120 days). Also, Saxon × AP showed itself 

as early maturing (91-100 days) with transition to medium-early sort - 99-103 days of 

vegetation. The peculiarity of hops is that the longer the growing season, the more often the 

yield and AP alpha retention are higher compared to early sort. Therefore, early sorts are 

mostly classified as aromatic, as their AP content of bitter resins is lower. In beer, such sorts 

give little hop bitterness and more aroma. It is difficult for early sorts to outperform later 

sorts in terms of yield and alpha-acid content if the agro-climatic conditions are suitable for 

them. 

4 Conclusion 

1) For three years of research of breeding-control nursery there were no combinations with 

all economically valuable traits exceeding the standard 1.  

2) According to the results of three years of research, two AP combinations with stable 

high indicators by years, both in productivity and alpha-acid content were identified: 

Porphyry 16 × PM - 3.4 kg/bush (25.3 kg/ha) with alpha content of 5.2 %, which proved 

to be a medium-ripening variety, and Saxon × PM - productivity 4.4 kg/bush (33 kg/ha) 

alpha content of 6.1 % (medium-early). The selected combinations outperformed the 

medium-early standard Fakir for three years, demonstrating stable results under 

different climatic conditions. Work is underway to identify other economic-valuable 
traits of the selected combinations in order to separate them into separate plastic 

varieties resistant to different agro-climatic conditions. 

3) One combination Late Cluster × AP showed the worst result in terms of yield 13.5 and 

12.0 kg/ha during the years under study. In the third year of the study, the cones did not 

reach technical solutions before harvesting, but were able to accumulate sufficient alpha 

acids. This combination does not have time to fully mature under the conditions of the 

Northern part of the Chuvash Republic.  

In spite of the fact that in some years the yield and quality of some other hybrids were 

higher than that of standard 1, but none of them recorded both increased indices for all 3 

years. Observations on them will be continued. It is likely that under optimum climatic 

conditions they will significantly exceed standard 1 and could be developed into varieties to 
meet the demands of production and processing in other regions of the country more suited 

to these combinations. 
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