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Первичные результаты оценки потенциала микробиома  
Heracleum sosnowskyi для агропроизводства  
Нечерноземной зоны России
Рассохина И.И., Сухарева Л.В., Ерегина С.В., Платонов А.В.
Вологодский научный центр Российской академии наук
Вологда, Россия 

e-mail: platonov70@yandex.ru
Отставание АПК России от стратегических установок на внедрение экологически безопас-

ных технологий в сельскохозяйственное производство подчеркивает необходимость исследо-
ваний, направленных в том числе на создание и изучение новых микробных препаратов. Цель 
исследования – поиск перспективных для агропроизводства Нечерноземной зоны России бак-
терий. Объектом для получения таких бактерий выбран борщевик Сосновского (Heracleum 
sosnowskyi), обладающий высокой экологической пластичностью и способностью к быстрой 
экспансии. В рамках исследования в 2025 г. проведен выезд в луговое сообщество с плотными 
зарослями H. sosnowskyi неподалеку от д. Мухино Череповецкого округа Вологодской области. 
Собрано 36 растительных образцов различных органов данного вида, из которых в лаборато-
рии выделено 76 бактериальных изолятов (44 эпифитных штамма и 32 эндофитных). Оценке 
подвергали следующие свойства штаммов: способность синтезировать индолилуксусную кис-
лоту, фиксировать молекулярный азот, трансформировать фосфаты в доступную для растений 
форму, проявлять целлюлозо-, протео- и амилолитическую активность. Результаты изучения 
выделенных изолятов показали, что штаммы БЛ-02-25эн и БЛ-03-25эн обладают высоким ро-
стостимулирующим потенциалом, синтезируют индолилуксусную кислоту в количестве 129,8–
151,7 мг/л, отличаются развитой способностью трансформировать фосфаты и фиксировать ат-
мосферный азот. К тому же данные изоляты не проявили целлюлозолитической активности. 
При этом для разложения растительных остатков перспективным оказался изолят БС-05-25эн, 
который одновременно достаточно хорошо гидролизует целлюлозу, крахмал и казеин. Штам-
мы БК-11-25, БЛ-03-25, БП-11-25, БК-02-25эн, БЛ-01-25эн, БС-04-25эн, БС-05-25эн обладают 
высокой амило- и протеолитической активностью, что может указывать на их потенциальную 
способность подавлять развитие фитопатогенов.

Ключевые слова: борщевик Сосновского, микробиом, стимуляция роста, ауксины, фосфор, азот

Initial results of the assessment of the microbiome potential  
of Heracleum sosnowskyi for agricultural production  
in the Non-Chernozem Zone of Russia 
Rassokhina I.I., Sukhareva L.V., Eregina S.V., Platonov A.V.
Vologda Research Center of the Russian Academy of Sciences
Vologda, Russia 

e-mail: platonov70@yandex.ru
The Russian agro-industrial complex's disadvantage in strategic directions for the introduction of 

environmentally friendly technologies into agricultural production highlights the need for research 
aimed, among other things, at the creation and study of new microbial preparations. The purpose of 
the study is to search for bacteria that are promising for agricultural production in the Non-Chernozem 
Zone of Russia. The object chosen for obtaining such bacteria was Sosnowsky's hogweed (Heracleum 
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Initial results of the assessment of the microbiome potential  
of Heracleum sosnowskyi for agricultural production  
in the Non-Chernozem Zone of Russia

Rassokhina I.I., Sukhareva L.V., Eregina S.V., Platonov A.V. 

sosnowskyi), which has high ecological plasticity and the ability to rapidly expand. As part of the 
study, in 2025 a field visit was made to a meadow community with dense thickets of H. sosnowskyi 
near the village of Mukhino in the Cherepovets district of the Vologda region. 36 plant samples of va- 
rious organs of this species were collected, from which 76 bacterial isolates (44 epiphytic strains and 
32 endophytic) were isolated in the laboratory. The following properties of the strains were assessed: 
the ability to synthesize indoleacetic acid, fix molecular nitrogen, transform phosphates into a form 
accessible to plants, and exhibit cellulose, proteolytic, and amylolytic activity. The results of the study 
of the isolated strains showed that the BL-02-25en and BL-03-25en strains have a high growth-stimu-
lating potential, synthesize indoleacetic acid in an amount of 129.8–151.7 mg/l, and are distinguished 
by a developed ability to transform phosphates and fix atmospheric nitrogen. Moreover, these isolates 
did not exhibit cellulolytic activity. Moreover, the isolate BS-05-25en has proven promising for the 
decomposition of plant residues, as it hydrolyzes cellulose, starch, and casein quite well at the same 
time. Strains BK-11-25, BL-03-25, BP-11-25, BK-02-25en, BL-01-25en, BS-04-25en, BS-05-25en 
have high amylo- and proteolytic activity, which may indicate their potential ability to suppress the 
development of phytopathogens.

Keywords: Heracleum sosnowskyi, microbiome, growth stimulation, auxins, phosphorus, nitrogen
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INTRODUCTION  

Modern high-yield agricultural production is 
inextricably linked with the use of fertilizers and 
pesticides [1]. Due to the increasing relevance 
of environmental conservation and public health 
issues, Russian agricultural policy has recent-
ly been shifting its focus more towards organic 
farming [2]. This is confirmed by adopted pro-

gram documents: Strategy for Scientific and 
Technological Development of the Russian Fed-
eration1, Development Strategy for the Produc-
tion of Organic Products in the Russian Federa-
tion until 20302, Strategy for the Development 
of the Agro-Industrial and Fisheries Complexes 
of the Russian Federation for the period up to 
20303, Food Security Doctrine of the Russian 
Federation4.

1Strategy for Scientific and Technological Development of the Russian Federation: approved by the Decree of the President of the 
Russian Federation No. 145 of February 28, 2024 // Official website of the Administration of the President of the Russian Federation. 
URL: http://www.kremlin.ru/acts/bank/50358. 

2Development Strategy for the Production of Organic Products in the Russian Federation until 2030: approved by the Government 
of the Russian Federation Order No. 1788-r of 04.07.2023 // Official website of the Government of the Russian Federation. URL: 
http://static.government.ru/media/files/8tJynEn7pLVLfdqqL6 p3BhArPtCQW9Aw.pdf. 

3Strategy for the Development of the Agro-Industrial and Fisheries Complexes of the Russian Federation for the period up to 
2030: approved by RF Government Order No. 993-r of 12.04.2020 // ConsultantPlus: reference and legal system.URL: https://www. 
consultant.ru/document/cons_doc_LAW_350437/. 

4Food Security Doctrine of the Russian Federation: approved by the Decree of the President of the Russian Federation No. 20 
of January 21, 2020 // Official website of the Administration of the President of the Russian Federation. URL: http://www.kremlin.
ru/acts/bank/45106.
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Первичные результаты оценки потенциала микробиома  
Heracleum sosnowskyi для агропроизводства  
Нечерноземной зоны России

Рассохина И.И., Сухарева Л.В., Ерегина С.В., Платонов А.В. 

One of the common methods in global prac-
tice for increasing the productivity of agricultur-
al crops and the quality of products is the intro-
duction of multifunctional microbial consortia 
that exhibit enzymatic activity and synthesize 
biologically active compounds [3, 4]. Research-
ers note that it is precisely rhizospheric and 
endophytic bacteria, being in close association 
with host plants, that are capable of significantly 
influencing the growth and productivity of agri-
cultural crops [5–7].

However, despite the obvious potential of this 
direction and global trends, the practical imple-
mentation of microbial preparations in domestic 
crop production is difficult, including due to their 
limited range. Thus, only 10% of farms in the 
European North of Russia use biological plant 
protection agents in their practice [8]. The obvi-
ous lag behind strategic guidelines, which imply 
the introduction of environmentally safe technol-
ogies in agricultural production, confirms the rel-
evance of scientific research in this field.

It is necessary to increase the range of mi-
crobial preparations primarily for regions where 
agriculture, being one of the priority areas of 
activity, faces certain difficulties. For example, 
in the Vologda region, located in the Non-Black 
Earth zone of Russia, difficult natural and cli-
matic conditions hinder the production of crop 
products. 

As plant objects that can serve as donors of 
promising bacterial strains, it is advisable to use 
species that are widely distributed in the region 
of potential use of the future preparation. One 
of such species in the Non-Black Earth zone of 
Russia (in particular, in the Vologda region) is 
Sosnowsky's hogweed (Heracleum sosnowskyi 
Manden). This species acquires special interest 
due to its high ecological plasticity and ability 
for rapid expansion [9]. In addition, in the soils 
of communities with a high proportion of H. sos-
nowskyi, changes in the composition and ratio of 
microbiota are observed compared to meadow 
cenoses, while the identified microorganisms 
exhibit bactericidal, antifungal, and complex ac-
tivities, as well as the ability to synthesize phy-
tohormones [10–12]. 

In connection with the above, the purpose of 
the work was to search for bacteria promising 
for agricultural production in the Non-Black 
Soil Zone of Russia, isolated from the microbi-
ome of H. sosnowskyi.

MATERIAL AND METHODS  

In 2025, as part of the study, a field trip was 
conducted to a plot with dense H. sosnowskyi 
thickets (vicinity of the village of Mukhino, 
Yaganovskoye rural settlement, Cherepovetsky 
district, Vologda region; plot coordinates: 
59.296602° N, 38.220652° E). During the expe-
dition, the species diversity of the communities 
was assessed and plant samples of hogweed were 
collected (root system, stem, leaves, fruits).

On the day of departure, the samples were de-
livered to the laboratory of the Vologda Scientif-
ic Center of the Russian Academy of Sciences, 
where the sowing of epi- and endophytic bacte-
ria in Petri dishes was carried out. The bacterial 
sowing was carried out on the LB (Luria Bertani 
Broth, Miller) nutrient medium. To clean the 
hogweed plant samples from epiphytic microflo-
ra, 70% ethyl alcohol and 18.5% hydrogen per-
oxide were used. After disinfection, the samples 
were rinsed of aggressive substances with sterile 
water. To assess the cleanliness of plant samples 
after sterilization, an aliquot was plated; only 
in the case of a clean aliquot was the extraction 
of endophytic bacteria carried out. In total, 36 
samples from plant materials were plated in trip-
licate. As a result, 76 bacterial isolates were ob-
tained: 44 epiphytic strains and 32 endophytic 
strains. Isolation of the isolates at this stage of 
the study was carried out visually, based on mor-
phological characteristics. However, at the next 
stage of the work, isolates promising for agri-
cultural production will be identified through 
molecular-genetic analysis of 16S rRNA gene 
fragments.

The ability of the isolated bacteria to synthe-
size auxins (indoles) was evaluated by cultur-
ing them on LB nutrient medium supplemented 
with tryptophan (500 mg/l). On the third day of 
cultivation, the culture was centrifuged (2 min 
at 14,000 rpm) and the culture fluid was fil-



8 Siberian Herald of Agricultural Science • 2026 • 56 • 1 Agriculture and chemicalization

Initial results of the assessment of the microbiome potential  
of Heracleum sosnowskyi for agricultural production  
in the Non-Chernozem Zone of Russia

Rassokhina I.I., Sukhareva L.V., Eregina S.V., Platonov A.V. 

tered from bacteria (Millipore membrane filter, 
pore size 0.22 μm), after which the Salkowski 
reagent was added (500:1000 μl). The level of 
indoles was determined spectrophotometrical-
ly at a wavelength of 540 nm. To calculate the 
quantitative content of the analyzed substance, 
a calibration curve was constructed using pure 
indole-3-acetic acid (IAA).

The ability of bacteria to dissolve calcium or-
thophosphates was determined by culturing on 
the Muromtsev's glucose-asparagine medium 
with the addition of Ca3(PO4)2, and the ability 
to fix nitrogen was assessed using the Ashby's 
medium. The ability of bacteria to fix nitrogen 
was judged by the intensity of mucous formation 
("0" – absent; "+" – present; "++" – strongly ex-
pressed), and the ability to transform phosphates 
was judged by the appearance of a phosphate 
dissolution zone ("0" – no zone; "+" – present, 
but the size does not exceed the size of the col-
ony; "++" – significantly larger than the size of 
the colony). The Hutchinson medium was used 
to assess the cellulolytic activity, and a special-
ized nutrient media with the addition of starch 
and casein, respectively, were used to assess the 
amylolytic and proteolytic activity. To reveal the 
zones of casein hydrolysis, 10 ml of a 10% tri-

chloroacetic acid solution was placed in the Pe-
tri dishes after incubation; to reveal the zones of 
starch and cellulose hydrolysis, a diluted Lugol's 
solution was used. 

Cultivation was carried out in a thermostat 
at a temperature of 25 °C. To assess the nitro-
gen-fixing properties of the bacteria, cultivation 
was carried out for one day; to assess the enzy-
matic and phosphate-mobilizing properties, for 
3 days.

RESULTS AND DISCUSSION  

The sample collection site is represented by 
a meadow mixed-grass community with dense 
thickets of H. sosnowskyi (see Fig. 1). In addi-
tion to the dominant hogweed, the community 
included a large number of grass species such 
as cocksfoot and meadow fescue, and outside 
the dense thickets, narrow-leaved fireweed grew 
abundantly. Less abundant were bluegrass, field 
milk thistle, woodland beakchervil, chickweed, 
field vetch, cleavers, common wormwood, red 
clover, common nettle, and occasionally found 
were spotted St. John's wort, great burdock, field 
daisy, and field horsetail.

A key aspect of the physiological impact of 
symbiotic microbes on higher plants is their abil-
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Менее обильно были представлены мятлик луговой, осот полевой, купырь 

лесной, звездчатка средняя, горошек полевой, подмаренник цепкий, полынь 

обыкновенная, клевер луговой, крапива двудомная, единично – зверобой 

пятнистый, лопух большой, нивяник обыкновенный, хвощ полевой. 

 

   
Рис. 1. Место сбора растительных образцов 

Fig. 1. The place for collecting plant samples 

Ключевым аспектом физиологического воздействия микробов-

симбионтов на высшие растения выступает их способность к биосинтезу 

широкого спектра фитогормонов, включая ауксины, гиббереллины и 

цитокинины [13, 14]. Наиболее изученным механизмом в данном контексте 

является синтез индол-3-уксусной кислоты. Ее экзогенная секреция 

микроорганизмами в ризосферу оказывает многоплановое стимулирующее 

действие на корневую систему растения-хозяина. Попадая в зону корня, 

микробная ИУК индуцирует процессы растяжения клеток, что непосредственно 

ускоряет ростовые процессы. Кроме того, под ее влиянием происходит 

интенсивное образование боковых корней и корневых волосков, что приводит к 

значительному увеличению общей поглотительной поверхности корневой 

Рис. 1. Место сбора растительных образцов
Fig. 1. The place for collecting plant samples

Mukhino village

Collection site
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ity to biosynthesize a wide range of phytohor-
mones, including auxins, gibberellins, and cy-
tokinins [13, 14]. The most studied mechanism 
in this context is the synthesis of indole-3-acetic 
acid. Its exogenous secretion by microorganisms 
into the rhizosphere has a multifaceted stimulat-
ing effect on the root system of the host plant. 
When microbial IAA reaches the root zone, it in-
duces cell elongation, which directly accelerates 
growth. Furthermore, it stimulates the intensive 
formation of lateral roots and root fibrils, signifi-
cantly increasing the overall absorptive surface 
area of ​​the root system. This, in turn, increases 
the efficiency of plant absorption of water and 
nutrients from the soil [15].

Among the isolates obtained in the study, 
86% demonstrated the ability to synthesize in-
doles. Of these, 67% were capable of synthe-
sizing them in quantities of 10 mg/l or higher, 
41% – 20 mg/l or higher, 33% – 30 mg/l or high-
er, and 25% – 50 mg/l or higher. It is noteworthy 
that the proportion of the strains whose synthesis 
yielded culture fluid with a high indole content 
(50 mg/l or higher) was higher among the endo-
phytes: BP-04-25en – 161.3 mg/l, BL-03-25en 
– 151.7 mg/l, BL-02-25en – 129.8 mg/l, BL-01-
25en – 129.6 mg/l, BK-05-25en – 118.6 mg/l, 
BS-02-25en – 97.8 mg/l, BP-05-25en – 97.0 
mg/l, BP-03-25en – 73.7 mg/l. Among epiphytic 
bacteria, the following isolates showed the great-
est biosynthetic activity: BP-08-25 (143.4 mg/l), 
BP-03-25 (139.6 mg/l), BP-15-25 (134.4 mg/l), 
BP-06-25 (102.1 mg/l), BP-01-25 (100.1 mg/l), 
BS-03-25 (97.8 mg/l), BS-01-25 (86.4 mg/l), 
BL-06-25 (86.0 mg/l), BS-06-25 (64.5 mg/l). In 
general, the strains isolated from the surface and 
internal tissues of H. sosnowskyi fruits synthe-
sized indoles in greater quantities (see Fig. 2).

The significant contribution of microbial as-
sociates to the stimulation of plant growth pro-
cesses is associated with their ability to increase 
the bioavailability of nutrients critical for on-
togenesis [16, 17]. Of particular interest in this 
regard is the mobilization of phosphorus, since 
a significant portion of its soil reserves is rep-
resented by insoluble forms that are difficult for 
plants to access—stable organic compounds and 

inorganic salts (calcium, iron, and aluminum 
phosphates).

To overcome the phosphorus limit, solubi-
lizing microorganisms are used, transforming 
bound forms of phosphorus into soluble forms 
available for plant uptake. This process occurs 
through several mechanisms: acidification of 
the rhizosphere environment through the excre-
tion of organic acids (gluconic, oxalic, and citric 
acids), the production of chelating compounds, 
and enzymes (e.g., phosphatases) that hydrolyze 
organic phosphate esters [18, 19]. The introduc-
tion of such strains into the rhizosphere or their 
use in biopreparations can significantly reduce 
the dependence of agricultural systems on the 
application of mineral phosphorus fertilizers, in-
creasing the efficiency of nutrient use by plants 
and facilitating the transition to more sustainable 
and environmentally friendly agriculture [20]. 

An equally important mechanism by which 
associative microorganisms contribute to the 
productivity of agrocenoses and natural ecosys-
tems is the biological fixation of molecular nitro-
gen. The introduction of effective diazotrophic 
strains into agrosystems allows for a significant 
reduction in the use of mineral nitrogen fertiliz-
ers, the nitrates of which are a source of water 
and atmospheric pollution, and also reduces the 
carbon footprint of agricultural production [21]. 

Considering that microbial phosphate sol-
ubilization and molecular nitrogen fixation are 
key components of the integrated plant nutrition 
management system, the 76 isolates obtained 
were studied for their ability to exhibit these 
properties. It was found that 45% of the strains 
were capable of fixing molecular nitrogen, and 
42% were capable of transforming phosphates. 
However, the most interesting for further re-
search were 20% of isolates (ten epiphytic and 
five endophytic), which could simultaneously 
fix molecular nitrogen, transform phosphates, 
and also synthesize the IAA (see the table).

As can be seen from the results presented in 
the table, further work is advisable primarily 
with the following isolates: BL-06-25, BP-01-
25, BP-03-25, BP-07-25, BP-15-25, BK-07-
25en, BL-02-25en, BL-03-25en. At the same 



10 Siberian Herald of Agricultural Science • 2026 • 56 • 1 Agriculture and chemicalization

Initial results of the assessment of the microbiome potential  
of Heracleum sosnowskyi for agricultural production  
in the Non-Chernozem Zone of Russia

Rassokhina I.I., Sukhareva L.V., Eregina S.V., Platonov A.V. 

time, strains BL-02-25en and BL-03-25en, iso-
lated from the internal tissues of H. sosnowskyi 
leaves, will be subject to further detailed study, 
since they demonstrated the best ability to syn-
thesize IAA (100 mg/l and higher), fix nitrogen 
and transform phosphates (see Fig. 3). It is like-
ly that the endophytic strains BL-02-25en and 
BL-03-25en will be able to exert a growth-stim-
ulating effect on plants, which is associated with 
their ability to provide plants with nitrogen and 
phosphorus in an accessible form, as well as ac-
tively synthesize auxin.

Considering that many phytopathogenic or-
ganisms are capable of hydrolyzing plant resi-

dues, including cellulose [22, 23], when select-
ing isolates promising for stimulating the growth 
of agricultural crops, their enzymatic (primarily 
cellulolytic) activity was assessed. In this re-
gard, it is important to note that this property 
was not expressed in the most promising strains 
BL-02-25en and BL-03-25en, which indicates a 
low probability of phytopathogenicity in these 
bacteria.

In addition, 17% of the isolated isolates ex-
hibited amylolytic activity, 53% - proteolyt-
ic, 30% - cellulolytic. The most pronounced 
activity in relation to cellulose hydrolysis was 
recorded in the following strains: BK-06-25  

а

9 

 

системы. Это, в свою очередь, повышает эффективность усвоения растением 

воды и элементов питания из почвы [15]. 

Среди изолятов, выделенных в рамках исследования, 86% обнаруживали 

способность синтезировать индолы. При этом 67% были способны к их синтезу 

в количестве 10 мг/л и выше, 41% – в количестве 20 мг/л и выше, 33% – в 

количестве 30 мг/л и выше, 25% – в количестве 50 мг/л и выше. Отметим, что 

доля штаммов, в процессе синтеза которых получена культуральная жидкость с 

большим содержанием индолов (50 мг/л и выше), была выше среди эндофитов: 

БП-04-25эн (161,3 мг/л), БЛ-03-25эн (151,7 мг/л), БЛ-02-25эн (129,8 мг/л), БЛ-

01-25эн (129,6 мг/л), БК-05-25эн (118,6 мг/л), БС-02-25эн (97,8 мг/л), БП-05-

25эн (97,0 мг/л), БП-03-25эн (73,7 мг/л). Среди эпифитных бактерий 

наибольшую биосинтетическую активность проявили следующие изоляты: БП-

08-25 (143,4 мг/л), БП-03-25 (139,6 мг/л), БП-15-25 (134,4 мг/л), БП-06-25 

(102,1 мг/л), БП-01-25 (100,1 мг/л), БС-03-25 (97,8 мг/л), БС-01-25 (86,4 мг/л), 

БЛ-06-25 (86,0 мг/л), БС-06-25 (64,5 мг/л). В целом штаммы, выделенные с 

поверхности и из внутренних тканей плодов H. sosnowskyi, синтезировали 

индолы в большем количестве (см. рис. 2). 

а 

 
б 

 
в 

б

9 

 

системы. Это, в свою очередь, повышает эффективность усвоения растением 

воды и элементов питания из почвы [15]. 

Среди изолятов, выделенных в рамках исследования, 86% обнаруживали 

способность синтезировать индолы. При этом 67% были способны к их синтезу 

в количестве 10 мг/л и выше, 41% – в количестве 20 мг/л и выше, 33% – в 

количестве 30 мг/л и выше, 25% – в количестве 50 мг/л и выше. Отметим, что 

доля штаммов, в процессе синтеза которых получена культуральная жидкость с 

большим содержанием индолов (50 мг/л и выше), была выше среди эндофитов: 

БП-04-25эн (161,3 мг/л), БЛ-03-25эн (151,7 мг/л), БЛ-02-25эн (129,8 мг/л), БЛ-

01-25эн (129,6 мг/л), БК-05-25эн (118,6 мг/л), БС-02-25эн (97,8 мг/л), БП-05-

25эн (97,0 мг/л), БП-03-25эн (73,7 мг/л). Среди эпифитных бактерий 

наибольшую биосинтетическую активность проявили следующие изоляты: БП-

08-25 (143,4 мг/л), БП-03-25 (139,6 мг/л), БП-15-25 (134,4 мг/л), БП-06-25 

(102,1 мг/л), БП-01-25 (100,1 мг/л), БС-03-25 (97,8 мг/л), БС-01-25 (86,4 мг/л), 

БЛ-06-25 (86,0 мг/л), БС-06-25 (64,5 мг/л). В целом штаммы, выделенные с 

поверхности и из внутренних тканей плодов H. sosnowskyi, синтезировали 

индолы в большем количестве (см. рис. 2). 

а 

 
б 

 
в 
в

10 

 

 
Рис. 2. Качественная реакция на содержание индолов в культуральной жидкости штаммов 

БК-05-25эн (а), БП-05-25эн (б) и БП-15-25 (в) 

Fig. 2. Qualitative reaction for the content of indoles in the culture fluid of the strains BK-05-25en 
(а), BP-05-25en (б) and BP-15-25 (в) 

 

Существенный вклад микробных ассоциантов в стимуляцию ростовых 

процессов растений связан с их способностью повышать биодоступность 

элементов питания, критически важных для онтогенеза [16, 17]. Особый 

интерес в данном аспекте представляет мобилизация фосфора, поскольку 

значительная часть его почвенных запасов представлена труднодоступными 

для растений нерастворимыми формами – устойчивыми органическими 

соединениями и неорганическими солями (фосфатами кальция, железа, 

алюминия). 

Для преодоления фосфорного лимита применяют микроорганизмы-

солюбилизаторы, осуществляющие трансформацию связанных форм фосфора в 

растворимые, доступные для усвоения растениями. Данный процесс 

реализуется посредством нескольких механизмов: подкисления ризосферной 

среды в результате экскреции органических кислот (глюконовой, щавелевой, 

лимонной), продукции хелатирующих соединений и ферментов (например, 

фосфатаз), гидролизующих органические эфиры фосфорной кислоты [18, 19]. 

Интродукция таких штаммов в ризосферу или их применение в составе 

биопрепаратов позволяют значительно снизить зависимость агросистем от 

внесения минеральных фосфорных удобрений, повышая эффективность 

использования питательных элементов растением и способствуя переходу к 

более устойчивому и экологически безопасному сельскому хозяйству [20]. 

Рис. 2. Качественная реакция на содержание индолов в культуральной жидкости штаммов  
БК-05-25эн (а), БП-05-25эн (б) и БП-15-25 (в)
Fig. 2. Qualitative reaction for the content of indoles in the culture fluid of the strains BK-05-25en (а),  
BP-05-25en (б) and BP-15-25 (в)
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(23 mm), BS-01-25 (22 mm), BP-01-25  
(24 mm), BK-01-25en (32 mm), BS-05-25en 
(41 mm), BS-06-25en (25 mm). The synthe-
sis of proteases was more characteristic of  
BK-11-25 (83 mm), BL-03-25 (74 mm), BP-08-25  
(73 mm), BP-11-25 (76 mm), BK-01-25en  
(62 mm), BK-04-25en (31 mm), amylases – for 
BK-02-25 (34 mm), BL-04-25 (57 mm), BS-07-25  

(75 mm), BS-08-25 (76 mm), BK-02-25en  
(61 mm), BK-05-25en (30 mm), BL-01-25en 
(70 mm). Only 7% of the isolates, all of which 
were isolated from the internal tissues of  
H. sosnowskyi, were capable of simultaneously 
performing the three enzymatic activities stud-
ied: BK-01-25en, BK-02-25en, BL-01-25en,  
BS-04-25en, and BS-05-25en. These strains can 

Результаты изучения ростостимулирующего потенциала наиболее перспективных для агропроизвод-
ства штаммов
Results of a study of the growth-promoting potential of the most promising strains for agricultural production

Strain Amount of IAA, 
mg/l

Nitrogen 
fixation

Transformation 
of phosphates

Activity, mm
amylolytic protolytic cellulolytic

BK-01-25    14,4 ± 0,77 + + 18 0 13
BL-02-25    16,2 ± 0,75 + + 0 0 0
BL-03-25    17,0 ± 3,53 + + 26 74 0
BL-06-25    86,0 ± 3,25 + + 0 0 15
BS-01-25     4,9 ± 1,46 ++ + 0 0 22
BS-08-25     5,0 ± 1,26 + + 76 0 17
BP-01-25 100,1 ± 9,91 + + 29 0 24
BP-03-25 139,6 ± 8,76 + + 6 0 5
BP-07-25   91,7 ± 1,85 + + 9 0 0
BP-15-25 134,4 ± 4,96 + + 0 0 5
BK-07-25en   46,0 ± 3,34 ++ + 0 0 0
BL-02-25en  129,8 ± 9,27 ++ ++ 0 0 0
BL-03-25en    151,7 ± 10,65 ++ ++ 0 0 0
BL-07-25en    14,2 ± 4,80 + + 0 0 0
BS-03-25en      2,3 ± 1,65 + ++ 13 0 18

Note. “+” – this feature is expressed; “++” – this feature is strongly expressed; “0” – this feature is not expressed.
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БЛ-02-25эн 129,8 ± 9,27 ++ ++ 0 0 0 
БЛ-03-25эн 151,7 ± 10,65 ++ ++ 0 0 0 
БЛ-07-25эн 14,2 ± 4,80 + + 0 0 0 
БС-03-25эн 2,3 ± 1,65 + ++ 13 0 18 
 
Примечание .  «+» – данное свойство выражено; «++» – данное свойство выражено сильно; 
«0» – данное свойство не выражено. 

 

Как видно из представленных в табл. 1 результатов, дальнейшая работа 

целесообразна прежде всего со следующими изолятами: БЛ-06-25, БП-01-25, 

БП-03-25, БП-07-25, БП-15-25, БК-07-25эн, БЛ-02-25эн, БЛ-03-25эн. При этом 

штаммы БЛ-02-25эн и БЛ-03-25эн, выделенные из внутренних тканей листьев 

H. sosnowskyi, будут подвергаться дальнейшему подробному исследованию, так 

как именно они продемонстрировали наилучшую способность синтезировать 

ИУК (100 мг/л и выше), фиксировать азот и трансформировать фосфаты (см. 

рис. 3). Вероятно, эндофитные штаммы БЛ-02-25эн и БЛ-03-25эн смогут 

оказать на растения ростостимулирующее действие, что связано с их 

способностью предоставлять растениям азот и фосфор в доступном виде, 

а также активно синтезировать ауксин. 
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Рис. 3. Результаты оценки способности изолятов БЛ-02-25эн и БЛ-03-25эн фиксировать 

молекулярный азот (а, б) и трансформировать фосфаты (в) 

Fig. 3. Results of assessing the ability of the isolates BL-02-25en and BL-03-25en to fix molecular 

nitrogen (а, б) and transform phosphates (в) 
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БП-03-25, БП-07-25, БП-15-25, БК-07-25эн, БЛ-02-25эн, БЛ-03-25эн. При этом 

штаммы БЛ-02-25эн и БЛ-03-25эн, выделенные из внутренних тканей листьев 

H. sosnowskyi, будут подвергаться дальнейшему подробному исследованию, так 

как именно они продемонстрировали наилучшую способность синтезировать 

ИУК (100 мг/л и выше), фиксировать азот и трансформировать фосфаты (см. 

рис. 3). Вероятно, эндофитные штаммы БЛ-02-25эн и БЛ-03-25эн смогут 

оказать на растения ростостимулирующее действие, что связано с их 

способностью предоставлять растениям азот и фосфор в доступном виде, 

а также активно синтезировать ауксин. 

                  а                                б                                      в 

     
Рис. 3. Результаты оценки способности изолятов БЛ-02-25эн и БЛ-03-25эн фиксировать 

молекулярный азот (а, б) и трансформировать фосфаты (в) 

Fig. 3. Results of assessing the ability of the isolates BL-02-25en and BL-03-25en to fix molecular 

nitrogen (а, б) and transform phosphates (в) 
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be used in the methods for increasing soil fertili-
ty by breaking down plant residues. It should be 
noted that of the selected strains, isolate BS-05-
25en proved to be the most active: the hydroly-
sis zone reached 21–41 mm.

Considering that one of the mechanisms pro-
viding biocontrol of phytopathogenic microflo-
ra is also the synthesis of hydrolytic enzymes, 
including proteases, amylases, etc. [23, 24], the 
isolates with high amylo- and proteolytic activi-
ty can also be used to protect plants. The follow-
ing strains turned out to be the most active here: 
BK-11-25 (hydrolysis zone 16–83 mm), BL-03-
25 (26–74 mm), BP-11-25 (14–76 mm), BK-02-
25en (14–61 mm), BL-01-25en (21–70 mm), 
BS-04-25en (17–24 mm), BS-05-25en (21 mm).

CONCLUSION  

Among 76 isolates obtained from various 
parts of H. sosnowskyi, strains BL-02-25en and 
BL-03-25en, isolated from the internal leaf tis-
sues, are of greatest interest for promoting plant 
growth. These strains are capable of significant 
synthesis of indoleacetic acid (129.8–151.7 
mg/l), significant nitrogen fixation, and phos-
phate transformation. However, these strains 
demonstrated negative cellulolytic activity, re-
ducing the likelihood of virulence of the bacteria 
studied. 

In addition, isolate BS-05-25en has shown 
promise for decomposing plant residues, as it si-
multaneously hydrolyzes cellulose, starch, and 
casein in significant quantities. Strains BK-11-
25, BL-03-25, BP-11-25, BK-02-25en, BL-01-
25en, BS-04-25en, and BS-05-25en exhibit high 
amylolytic and proteolytic activity, which may 
indicate their potential ability to suppress the de-
velopment of phytopathogens.
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Постоянное совершенствование сортового состава яблони региона актуализирует проблему 

селекционного отбора на основе методов биохимии, сортоизучения, статистики наиболее 
перспективных генотипов для получения качественных отечественных продуктов переработки 
с улучшенным макро- и микроэлементным составом. Цель исследования – на основе комплекса 
методов статистического анализа выявить долю влияния различных фенотипических признаков 
генотипа яблони на содержание макро- и микроэлементов в сидре; выделить перспективные 
по составу макро- и микроэлементов в сидре сорта. В ходе статистического анализа данных 
сидра из 25 различных сортов и форм яблони не установлено влияние на содержание микро- и 
макроэлементов в сидре плоидности генотипа, срока созревания и степени зрелости плодов. 
Сравнение средних значений содержания химических элементов у сортов и кребов яблони 
позволило выявить статистически достоверные различия по содержанию калия (t = 3,22 при 
p < 0,01), натрия (t = 2,83 при p < 0,01), магния (t = 2,22 при p < 0,05), кальция (t = 2,40 при 
p < 0,05), железа (t = 3,22 при p < 0,05), кадмия (t = 2,39 при p < 0,05). На основе применения 
кластерного анализа по методу Уорда все изученные генотипы яблони распределены на 
три группы, различные по содержанию в сидре макро- и микроэлементов. При сравнении 
распределения по группам выделены для селекции и производства сорта Орфей и Кетни с более 
ценным биохимическим составом, ярким ароматом, гармоничным вкусом плодовой продукции 
и плодов, что, возможно, обусловлено наличием в их родословной видовых форм и старинных 
сортов с ценными технологическими свойствами.

Ключевые слова: яблоня, сорт, элитная форма, сидр, макро- и микроэлементы
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The constant improvement of the varietal composition of apple trees in the region actualizes the 

problem of breeding selection based on a set of biochemistry methods, variety study, statistics of the 
most promising genotypes for obtaining high-quality domestic processed products with improved 
macro- and microelement composition. The purpose of the study is to apply a set of statistical analysis 
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methods in order to identify the share of influence of various phenotypic characteristics of the apple 
tree genotype on the content of macro- and microelements in cider, as well as to identify the varieties 
that are promising in terms of the composition of macro- and microelements in cider. During the 
statistical analysis of cider data from 25 different apple varieties and forms, no influence of genotype 
ploidy, ripening period, and degree of fruit maturity on the content of micro- and macroelements in 
cider was established. Comparison of the average values of the content of chemical elements in apple 
varieties and crabs made it possible to identify statistically significant differences in potassium content 
(t = 3,22 at p < 0,01), sodium (t = 2,83 at p < 0,01), magnesium (t = 2,22 at p < 0,05), calcium (t = 2,40 
at p < 0,05), iron (t = 3,22 at p < 0,05), cadmium (t = 2,39 at p < 0,05). Based on the application of 
cluster analysis using the Ward’s method, all studied apple tree genotypes are divided into 3 groups, 
different in the content of macro- and microelements in the cider. When comparing the distribution 
by groups, Orfey and Ketni varieties with a more valuable biochemical composition, bright aroma, 
harmonious taste of fruit products and fruits were chosen for selection and production, which may be 
due to the presence of species forms and ancient varieties with valuable technological properties in 
their pedigree.

Keywords: apple tree, variety, elite form, cider, macro- and microelements
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INTRODUCTION 

Apple cultivation (Malus × domestica 
Borkh.) occupies a leading position among the 
world's fruit crops due to its important agricul-
tural significance, demand in the agricultural 
sector, and constant consumer popularity. It is 
the leading fruit crop in the North Caucasus re-
gion, characterized by high profitability, early 
fruiting, technological suitability, long storage 
period, and adaptability to growing conditions 
[1–3]. A large-scale import substitution program 
in the country's resource markets and the need 
to increase the competitiveness of domestic fruit 

products make the tasks of creating and selecting 
adaptive high-quality apple varieties of the Rus-
sian breeding [4–6] relevant, including based on 
accelerated breeding selection methods [7–9]. 
The assortment of apple trees in the region has 
been significantly expanded recently, including 
commercially attractive domestic and foreign 
varieties with increased adaptability, resistance 
to scab, and other fungal diseases of the crop1 

[10–12].
Apples are mainly used fresh, but in recent 

years their use for the production of cider and 
low-alcohol fruit products has been increasing. 
It is known that a significant number of apple 

1State Register of Breeding Achievements Approved for Use. Plant Varieties (official edition). Moscow: Rosinformzagrotekh, 
2023, vol. 1, 631 p.
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fruits (up to 15–32%)2 either do not meet the va-
riety standards of the consumer market or have 
low marketability. In addition, producers do not 
always manage to sell all the fruit they grow. In 
this regard, the task of identifying apple variet-
ies and forms of different genetic origins grow-
ing in the North Caucasus region, suitable for 
cider production, is relevant. Research questions 
regarding the concentration of metals in cider 
are important for assessing the quality, safety, 
origin, and authenticity. Minerals and trace el-
ements have significant biological value, influ-
ence biochemical processes in cider, and affect 
its taste characteristics. There can be substantial 
differences in cider in terms of macro- and trace 
element content, even when fruits from apple 
varieties grown under the same agroclimatic 
conditions with similar agricultural practices are 
used, but they differ in genotype and origin. 

The purpose of the study is to determine the 
influence of various phenotypic traits of apple 
varieties and forms on the content of macro- and 
microelements in cider using statistical analysis 
methods and to identify the most promising ap-
ple genotypes in terms of microelement compo-
sition.

MATERIAL AND METHODS  

The subject of the study was 25 varieties and 
elite forms of apple trees of various origins and 
ploidy from the genetic collection of the North 
Caucasian Federal Scientific Center of Horticul-
ture, Viticulture, Wine-making (NCFSC HVW).

Fresh fruits from 25 samples (3 summer, 9 
autumn, and 13 winter varieties) were used to 
make cider, among which 19 are of domestic se-
lection and 6 are foreign, grown at the Central 
Farming Enterprise (Krasnodar), at the Collec-
tive Use Center “Research and Breeding Col-

lection of Genetic Resources of Horticultural 
Crops”.

The studied samples Jin, Soyuz, Exotica, 
12/2-21-36, 12/3-21-6 are triploids (2n = 3x), 
the others are diploids (2n = 2x). Apple fruits at 
the stage of harvest maturity were selected from 
3–5 trees of each variety from different sides of 
the crown. Sampling and description of the sam-
ples were carried out according to the standard 
methodology3. The processing of fruits and the 
study of fresh apple juice parameters were car-
ried out at the SC "Winemaking" and the Collec-
tive Use Center "Instrumental and Analytical" of 
the NCFSC HVW. To obtain cider, each sample 
was crushed separately using a crusher-grinder. 
The mash wort was separated by pressing the 
pomace using a hydraulic press (OOO “Rec-
tify”, Saint Petersburg), fermented under the 
conditions of the “Microwinemaking” unit us-
ing the yeast strain Fruit (genus Saccharomyces 
cerevisiae, Germany, “Erbsle Geisenheim”) at a 
temperature of 18 ± 1 °C. The clarification of 
the cider was carried out by settling it followed 
by sediment separation and filtration. The mass 
concentration of macroelements was deter-
mined by the capillary electrophoresis method 
according to the techniques developed at the 
SC "Winemaking", and trace elements – by the 
atomic absorption method (Quant Z spectrome-
ter, OOO "KORTEK")4, 5. The mass concentra-
tions of titanium, nickel, arsenic, and mercury 
were determined by inductively coupled plasma 
atomic emission spectrometry (ICP-AES) using 
the iCAP 7400 spectrometer (Thermo Scientific, 
USA), and by inductively coupled plasma mass 
spectrometry (ICP-MS) on the iCAP RQ spec-
trometer (Thermo Scientific, USA).

To assess the variability of the studied traits 
and to verify the correctness of the distribution, 

2Apple market balance: market volume, consumption, self-sufficiency // Expert-Analytical Center of Agribusiness "AB-Center", 
2022. URL: https://ab-centre.ru/news/balans-rynka-yablok-obem-rynka-potreblenie-samoobespechennost. 

3Program and methodology for the study of fruit, berry, and nut crops. Orel, 1999, 606 p. 
4Methodology for measuring the mass concentration of ammonium, potassium, sodium, magnesium, and calcium ions in wine 

products using capillary electrophoresis (certification certificate No. 01.00225/61-10, PM registration code in the Federal Register 
FR.1.31.2011.09326) 

5GOST R 51309–99. Drinking water. Determination of element content by atomic spectrometry. Moscow: Standartinform, 2006, 
21 p.
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analysis of variance was applied; for the correct 
construction of homogeneous groups, hierar-
chical cluster analysis using Ward's method and 
Student's t-test were used6. Statistical processing 
was carried out based on the integrated system 
StatSoft Statistica 10.0.

RESULTS AND DISCUSSION  

Based on a set of statistical analysis methods, 
the degree of variation in the content of 15 mi-
cro- and macroelements in cider from the fruits 
of 25 samples of domestic and foreign apple 
breeding germplasm of the NCFSC HVW was 
studied (see Table 1). 

In terms of the content of micro- and macro-
elements in cider from the fruits of various apple 
samples, a different degree of dispersion of these 
around the mean value (standard deviation) has 
been revealed, according to which three groups 
are conditionally distinguished based on the level 
of variability in the content of chemical elements: 

– with low variability (from 0 to 10) – iron, 
titanium, cesium, cadmium, lead, magnesium, 
nickel, and calcium; 

– with an average level (from 10 to 75) – mo-
lybdenum, sodium, zinc, and manganese; 

– with high (75 and above) – copper, rubidi-
um, and potassium. 

A series of variance analyses were conduct-
ed to quantitatively account for the influence of 
various cultivar characteristics on the content of 
micro- and macroelements: ploidy, country of 
origin, fruit ripening period, the degree of fruit 
pulp maturity, fruit mass, the presence of skin 
color, and the intensity of skin color. It was es-
tablished that ploidy, fruit ripening period, and 
the degree of fruit maturity did not have a sig-
nificant effect on the content of the considered 
chemical elements. 

When comparing the average values of 
chemical element content in cultivars and crabs 
(small-fruited interspecific cultivars and forms of 
apple), statistically significant differences were 
found in the content of potassium (1012.21 ver-
sus 1650.00; t = 3.22 at p < 0.01), sodium (22.02 
versus 42.55; t = 2.83 at p < 0.01), magnesium 
(19.82 versus 29.75; t = 2.22 at p < 0.05), cal-

6Eszergár-Kiss D., Eszergár-Kiss D., Caesar B. Definition of user groups applying Ward's method // Transportation Research 
Procedia, 2017, vol. 22, pp. 25–34.

Табл.  1 .  Основные статистические характеристики содержания микро- и макроэлементов в сидре
Table 1.  Main statistical characteristics of the content of micro- and macroelements in cider

Macro- and microelements Average Minimum Maximum Standard deviation 

Macroelement content, μg/dm3: 
   potassium 1063,24 ± 63,27 696,00 1920,00 316,37
   sodium 23,67 ± 2,24 6,70 44,10 11,18
magnesium 20,62 ± 1,30 10,20 36,80 6,52
   calcium 16,22 ± 1,36 4,30 42,30 9,82
   ferrum 1,58 ± 0,08 0,86 2,26 0,41
Microelement content, μg/dm3: 
   copper 122,00 ± 15,08 31,10 375,90 75,42
   zinc 161,98 ± 5,89 88,40 213,70 29,43
   manganese 116,46 ± 11,09 46,10 212,60 55,44
   molybdenum 17,08 ± 2,19 6,30 53,10 10,95
   rubidium 564,85 ± 22,49 424,60 796,30 112,47
   cesium 1,69 ± 0,16 0,24 2,92 0,78
   nickel 19,35 ± 1,87 2,44 36,82 9,36
   titanium 1,58 ± 0,14 0,45 2,82 0,69
   lead 12,84 ± 1,17 3,80 22,60 5,84
   cadmium 7,78 ± 0,39 4,80 11,70 1,93
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cium (14.95 versus 30.85; t = 2.40 at p < 0.05), 
iron (1.52 versus 2.19; t = 3.22 at p < 0.05), cad-
mium (7.52 versus 10.65; t = 2.39 at p < 0.05). 

The Russian-origin varieties differed from the 
American ones in cesium content (1.79 vs. 0.84; 
t = 2.12 at p < 0.05), nickel (16.91 vs. 31.34; 
t  = 2.99 at p < 0.01), lead (11.27 vs. 19.43;  
t = 2.39 at p < 0.05), cadmium (7.05 vs. 9.83;  
t = 2.95 at p < 0.01). A difference was found in 
cadmium content between Russian-origin variet-
ies and Polish (7.05 vs. 11.20; t = 2.81 at p < 0.05) 
and Czech varieties (7.05 vs. 10.70; t = 2.47 at  
p < 0.05).

Grouping of samples by macroelement con-
tent was carried out using the cluster analysis by 
the Ward's method (see Fig. 1). 

At the merging level of 40 units, three groups 
can be distinguished: 

– 14 – Orfey, 12 – Virginia; 

– 21 – 12/2-21-15, 19 – Florina, 10 – Margo, 
7 – Bagryanets Kubani, 3 – Interprice, 25 – 12/1- 
20-16, 15 – Ketni, 11 – Persikovoe, 2 – Djin; 

– 20 – 12/2-20-23, 9 – Ligol, 6 – Renet Pla-
tona, 16 – Champion, 5 – Carmen, 17 – Zolotoe 
letnee, 13 – Amulet, 4 – Liberty, 24 – 12/3- 21-6, 
18 – Prikubanskoe, 8 – Soyuz, 23 – 12/1- 20-3, 
22 – 12/2-21-36, 1 – Ekzotika. 

The average indicators of macroelement con-
tent in the identified clusters are given in Table 2. 

The highest content of macronutrients was 
found in the samples included in the first clus-
ter, and the lowest in the third. Grouping of the 
varieties and forms by micronutrient content 
was carried out using cluster analysis by Ward's 
method (see Fig. 2). 

At the fusion level of 40 conditional units, the 
varieties and forms can be combined into three 
groups: 

Рис. 1. Результаты кластерного анализа сортов и гибридов яблони по содержанию макроэлементов
Fig. 1. Results of the cluster analysis of apple varieties and hybrids by macronutrient content
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– 20 – 12/2-20-23, 23 – 12/1-20-3, 21 – 12/2- 
21-15, 17 – Zolotoe letnee, 16 – Champion, 15 – 
Ketni, 22 – 12/2-21-36, 19 – Florina, 14 – Orfey, 
10 – Margo, 9 – Ligol, 6 – Renet Platona, 5 – 
Carmen, 4 – Liberty, 3 – Interprice; 

– 25 – 12/1-20-16, 12 – Virginia, 24 – 12/3-
21-6, 11 – Persikovoe, 8 – Soyuz, 7 – Bagrya-
nets Kubani; 

– 18 – Prikubanskoe, 13 – Amulet, 2 – Djin, 
1 – Ekzotika.

The average values of macroelement content 
in the clusters are given in Table 3. 

According to the analysis of variance, the dif-
ferences in the content of zinc, cesium, nickel, 
titanium, lead, and cadmium are statistically in-
significant. This allowed adjusting the result of 
the cluster analysis by establishing the distinc-
tion of genotypes from different clusters: in the 
first cluster – the minimum rubidium content and 
maximum molybdenum content, in the second 
– the minimum copper, manganese, and molyb-
denum content, maximum rubidium content, in 
the third – the maximum copper and manganese 
content.

Due to the fact that molybdenum affects the 
rate of synthesis of amino acids, proteins, nucle-
ic acids, chlorophyll, and a number of vitamins 
in apple plants, it can be concluded that the gen-

Табл.  2 .  Средние показатели содержания  
макроэлементов в выделенных кластерах
Table 2.  Average content of macroelements in the 
selected clusters

Macronutrient
Cluster

first second third

Potassium 1875,00 1208,88 853,64
Sodium 43,20 25,14 19,92
Magnesium 30,95 21,82 18,37
Calcium 20,80 19,96 13,16
Ferrum 1,89 1,53 1,55

Рис. 2. Результаты кластерного анализа сортов и гибридов яблони по содержанию микроэлементов
Fig. 2. Results of the cluster analysis of apple varieties and hybrids by microelements content
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otypes from the first cluster possess a valuable 
combination of increased fruit quality indicators 
and yield, often determined by enhanced adapt-
ability to the region's stress factors, which is 
consistent with previously obtained data from 
many years of field and laboratory studies as-
sessing this group of cultivars [3, 13]. 

The varieties and forms included in the sec-
ond cluster may have good growth vigor char-
acteristics, since rubidium is necessary for the 
growth and development of plants. Indeed, the 
second cluster lacks weak-growing and moder-
ate-growth genotypes that are present in the first 
and third clusters. Genotypes included in the 
third cluster may have a valuable combination 
of improved fruit quality traits and disease resis-
tance, as copper is present in enzymes and some 
amino acids, positively affects the taste and col-
or of fruits, and enhances the plant's immunity. 
Manganese, in turn, contributes to the uptake of 
nitrogen, potassium, and magnesium by plants. 
Most of the four varieties included in the group 
have large, high-quality fruits (Prikubanskoe, 
Djin, Ekzotika), are resistant to scab (Amulet, 
Djin, Ekzotika). It is noteworthy that two of the 
five studied triploid varieties were included in 
this group (Djin, Ekzotika). 

CONCLUSIONS  

1.	 The content of micro- and macroele-
ments in cider was not affected by such factors 
as genotype ploidy, ripening time, and fruit ma-
turity. 

2.	 Comparison of the average values of 
chemical element content in apple varieties and 
crabs revealed statistically significant differ-
ences in the content of potassium (t = 3.22 at  
p < 0.01), sodium (t = 2.83 at p < 0.01), magne-
sium (t = 2.22 at p < 0.05), calcium (t = 2.40 at  
p < 0.05), iron (t = 3.22 at p < 0.05), and cadmi-
um (t = 2.39 at p < 0.05). 

3.	 It has been established that the Rus-
sian-bred varieties differ from the American 
ones in cesium content (t = 2.12 at p < 0.05), 
nickel (t = 2.99 at p < 0.01), lead (t = 2.39 at p < 
0.05), and cadmium (t = 2.95 at p < 0.01). A dif-
ference was found in cadmium content between 
the Russian varieties and the Polish (t = 2.81 at p 
< 0.05) and Czech (t = 2.47 at p < 0.05) varieties. 

4.	 Cluster analysis using the Ward's meth-
od made it possible to identify three groups of 
apple genotypes based on the content of mac-
ro- and microelements in cider. For industrial 
use and further breeding, the Orfey and Ketni 
varieties can be highlighted, possessing valu-
able biochemical composition, a bright aroma, 
and a rich harmonious taste of fruit products and 
fruits, which may be due to their genetic origin, 
including the presence of ancient varieties, spe-
cies, and interspecies forms with valuable tech-
nological properties in their pedigree. 
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Cluster
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Оценка устойчивости овса к корневым гнилям in vitro:  
опыт применения в селекции
Луговцова С.Ю., Ступко В.Ю., Нешумаева Н.А., Герасимов С.А.
Красноярский научно-исследовательский институт сельского хозяйства –  
обособленное подразделение Федерального исследовательского центра  
«Красноярский научный центр Сибирского отделения Российской академии наук»
Красноярск, Россия 

e-mail: stupko@list.ru

В рамках селекционного процесса на второй год КСИ проведена оценка устойчивости к ток-
синам корневых гнилей Fusarium poae перспективных селекционных линий ярового пленчато-
го овса (Б-5, Б-1, Б-22, Б-45, Б-70) в условиях каллусной культуры. Индукцию каллусогенеза 
проводили добавлением 2,4-Д (3 мг/л) в среду Мурасиге-Скуга (МС) у незрелых зародышей в 
стадию молочно-восковой спелости. Полученные каллусы культивировали на средах пролифе-
рации (МС + 1,5 мг/л 2,4-Д), содержащих 30 и 50% фильтрата культуральной жидкости (ФКЖ) 
F. poae, а также на контрольной среде. Линии Б-5 и Б-70, как и стандартный сорт Тубинский, не 
снижали пролиферативной активности в присутствии ФКЖ в сравнении с контролем (60–70%). 
Также не отмечено уменьшения и частоты стеблегенеза у этих генотипов. У линии Б-70 частота 
некроза каллусов была на уровне контроля (15%) даже при концентрации ФКЖ 50%. При ран-
жировании по совокупности параметров роста каллусов максимальную сумму рангов имела 
линия Б-70. Линии, выделившиеся по результатам комплексной оценки в условиях in vitro, пре-
вышали стандартный сорт Тубинский по данным полевых испытаний в 2022 г., как и в 2021 г., 
по массе 1000 зерен: 39,3 и 39,7 г соответственно против 35,6 г у сорта Тубинский. Визуаль-
ная оценка 12-дневных проростков сорта Тубинский и линии Б-70 в вегетационных сосудах с 
почвой, инокулированной суспензией спор F. poae, показала отсутствие видимых следов пора-
жения корневой зоны и колеоптиля. Однако зафиксировано снижение максимального кванто-
вого выхода фотосистемы 2 у сорта Тубинский от 0,804 [0,798/0,809] до 0,794 [0,790/0,802], но 
не у линии Б-70, что подтверждает результаты оценки in vitro. По совокупности проведенных 
испытаний линия Б-70 отнесена к категории ценных. 

Ключевые слова: Avena sativa, устойчивость, Fusarium, культуральный фильтрат, каллус-
ная культура, селекция

In vitro evaluation of oat resistance to root rot:  
experience of application in breeding 
Lugovtsova S.Yu., Stupko V.Yu., Neshumaeva N.A., Gerasimov S.A.
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As part of the selection process in the second year of the competitive variety trial, the resistance to 
Fusarium poae root rot toxins of the promising breeding lines of spring hasky oats (B-5, B-21, B-22, 
B-45, B-70) under callus culture conditions was assessed. Induction of callusogenesis of immature 
embryos at the stage of milky-wax ripeness was carried out by adding 2,4-D (3 mg/l) to Murashige and 
Skoog medium (MS). The developed calli were than cultivated on proliferation media (MS + 1.5 mg/l 
2,4-D) containing 30% and 50% F. poae culture filtrate (CLF), as well as on the control one. Lines 
B-5 and B-70, as well as the standard variety Tubinsky, did not reduce their proliferative activity in 
the presence of CLF in comparison with the control medium (60-70%). There was also no decrease 
in the frequency of stem regeneration in callus culture of these genotypes. In the B-70 line, the fre-
quency of callus necrosis was at the control level (15%) even at a CLF concentration of 50%. When 
ranking by a set of calli growth parameters, line B-70 had the maximum sum of ranks. The lines that 
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were identified as outstanding by the results of a comprehensive assessment in vitro also exceeded the 
standard Tubinsky variety according to field tests in 2022, as before in 2021, in terms of 1000-grain 
weight: 39.3 g and 39. 7 g, respectively, versus 35.6 g for the Tubinsky variety. Visual assessment of 
the 12-day-old seedlings of the Tubinsky variety and line B-70 in growing vessels with soil inoculated 
with a suspension of F.poae spores showed the absence of visible traces of damage to the root zone 
and coleoptile. However, a decrease in the maximum quantum yield of photosystem 2 was recorded 
for the Tubinsky variety from 0.804 [0.798/0.809] to 0.794 [0.790/0.802], but not for the B-70 line, 
confirming the results of the in vitro assessment. Based on the totality of tests carried out, the B-70 
line was classified as valuable.

Keywords: Avena sativa, resistance, Fusarium, culture filtrate, callus culture, breeding
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INTRODUCTION  

Oat (Avena sativa) is one of the main cereal 
crops for agricultural producers in Russia. How-
ever, despite having high genetic productivity 
potential, oats show low yields under production 
conditions. One of the reasons is the high level 
of oat infection by various species of fungi of the 
genus Fusarium1 [1, 2]. This pathogen is recog-
nized as the causative agent of one of the main 
diseases affecting the quality of oat grain [3, 4]. 
Also, compared to wheat and barley, oat is more 
susceptible to infection by root rot pathogens of 
this type of fungus2. This makes resistance to 
phytopathogens an important characteristic of 
any variety, especially an adaptive one. 

Currently, active work is being carried out on 
the development of the varieties that, along with 
high grain quality, possess genetic resistance 
to fungal diseases [5, 6], and the assessment of 
resistance plays an important role in it [7, 8]. 
Field tests for resistance, despite being highly 
close to production conditions, are labor-inten-
sive and time-consuming. In addition, due to the 
peculiarities of the pathogenesis of oat diseases 
caused by fungi of the genus Fusarium, there 
are no reliable criteria for resistance3 [9]. One of 
the approaches to evaluation is selection of the 
genotypes resistant to pathogens using biotech-
nological methods, in particular in vitro culture 
of plant cells, tissues, and organs [10, 11]. Ap-

1Vargach Yu.I., Golovin S.E., Loskutov I.G. Research on micromycetes in oats (Avena Sativa L.) under the conditions of 
Stupino district, Moscow province // Proceedings on applied botany, genetics and breeding, 2019, N 3 (180), pp. 96–105. DOI: 
10.30901/2227-8834-2019-3-96-105.

2Efimochkina N.R., Sedova I.B., Sheveleva S.A., Tutelyan V.A. Toxigenic properties of mycotoxin-producing fungi // Tomsk State 
University Journal of Biology, 2019, N 45, pp. 6–33. DOI: 10.17223/19988591/45/1.

3Loskutov I. G., Blinova E. V., Gavrilova O. P., Gagkaeva T. Yu. The valuable characteristics of oats genotypes and resistance to 
Fusarium disease // Vavilov Journal of Genetics and Breeding, 2016, N 3 (20), pp. 286–294. DOI: 10.18699/VJ16.151.
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plication of the in vitro evaluation methods can 
significantly accelerate the creation of promis-
ing initial material for breeding4.

At the Krasnoyarsk Research Institute of Ag-
riculture (KrasNIISKh), oat breeding was re-
sumed in 20135. Based on data on the reaction 
of oat cultures to various levels of culture liquid 
filtrate (CLF), a screening method for resistance 
has been developed, which is being implement-
ed in the breeding process along with other pa-
rameters for evaluating genotypes [12].

The aim of the study is to assess the resis-
tance to infection by the most aggressive strain 
of the fungus Fusarium poae in five promising 
spring oat lines: B-5, B-21, B-22, B-45, B-70.

MATERIAL AND METHODS 

The research objects were spring oat lines 
B-5, B-21, B-22, B-45, B-70 from the competi-
tive variety testing nursery of the Coarse Grain 
Crops Laboratory of KrasNIISKh, obtained by 
traditional breeding methods.

Field trials of competitive variety testing 
were established in 2021–2023 on the experi-

mental fields of the agricultural production site 
"Minino" (Krasnoyarsk Krai). The soil was or-
dinary low-power chernozem, humus content 
(according to Tyurin) – 5.10%, nitrate nitrogen 
N-NO3 (ionometric express method) – from 3.3 
to 10.12 mg/kg of soil, phosphorus P2O5 (ac-
cording to Chirikov) – from 188 to 250 mg/kg of 
soil, exchangeable potassium K2O (according to 
Chirikov) – from 139 to 190 mg/kg of soil, soil 
solution reaction in water extract pH – 6.4–6.6.

Weather conditions at the Minino agricultural 
production site were as follows: with an average 
long-term HTC of 1.25 (sufficient moisture) the 
HTC of the 2021 growing season was 1.38 (suf-
ficient moisture), HTC in 2022 was 1.04 (mod-
erate moisture), HTC in 2023 was 0.82 (gener-
ally characterized as dry). The dryness of the 
2023 growing season was primarily influenced 
by insufficient moisture in the first ten-day peri-
od of June, July, and the first and second ten-day 
periods of August (see Table 1).

The experiments were initiated on complete 
fallow. Sowing was carried out in the second 
and third ten-day periods of May (May 22–30) 

Табл.  1 .  Характеристика весенне-летних месяцев вегетационного периода, ОПХ «Минино» 
(2021–2023 гг.)
Table 1.  Characteristics of the spring and summer months of the growing season, experimental 
production farm “Minino” (2021–2023)

Year

May June July August

Ten-day period

I II III I II III I II III I II III

Total precipitation by ten-day period, mm

2021 1,0 22,0 7,3 27,0 4,8 90,0 9,0 29,0 10,0 32,0 28,0 3,0

2022 0,1 0,0 15,0 23,0 15,0 37,0 20,0 20,0 9,0 3,1 41,0 21,0

2023 5,3 3,7 31,0 6,0 19,0 17,0 2,1 19,0 28,0 0,9 26,0 3,4

Average temperature, °C

2021 9,6 9,6 10,5 15,1 16,5 15,1 19,4 20,2 19,4 18,9 17,3 16,1

2022 7,7 17,4 16,2 10,4 20,1 20,4 18,1 16,5 18,3 17,1 14,7 13,0

2023 8,6 7,0 12,4 22,5 16,4 16,9 19,9 20,1 20,4 19,9 16,0 18,3

4Voloshchuk S.I., Voloshchuk A.D., Girko V.S. Morphological and biochemical characteristics of wheat calluses during cultivation 
with pathogenic fungi // Reports of the Russian Academy of Agricultural Sciences, 2005, N 3, pp. 35–38.

5Lipshin A.G., Gerasimov S.A. The sources of the gene pool of oats of VIR collection for selection in Eastern Siberia // Bulletin 
of KrasSAU, 2017, N 12 (135), pp. 16–21.
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using an SSFK-7 selection seeder in triplicate, 
with a seeding rate of 500 viable seeds/m² per 
plot of 2 m². Analysis of the structure of oat crop 
elements was carried out according to the VIR 
methodology6.

For culture initiation, immature embryos 
were selected at the milk-wax maturity stage in 
2022. Callus induction was carried out on the 
Murashige and Skoog (MS) medium with the 
addition of 2,4-D – 3 mg/l and IAA – 2 mg/l. 
After 30 days, the calluses were passaged to 
proliferation medium (MS + 2,4-D – 1.5 mg/l) – 
control and selective. To simulate toxic stress, 
F. poae fungal culture filtrate (FCF) was added 
to the proliferation medium at concentrations of 
30 and 50%. After 30 days, the proportion of cal-
luses that had changed in size, the frequency of 
necrosis of callus tissues, and the frequency of 
shoot formation were recorded.

The assessment of the reaction of oat seed-
lings to root rot infection was carried out accord-
ing to a modified method 7 in the “infected” soil. 
The soil substrate was sterilized for 30 minutes 
in a drying oven at 100 °C. Cereal seeds were 
sown in the cooled soil. On the third day, after 

the sprouts appeared, an aqueous suspension of 
F. poae spores with a final titer of at least 2 × 106 
conidia/g of soil was added to the substrate. In 
addition to the visual inspection of the roots, the 
measurement of the maximum quantum yield of 
photosystem 2 (Fv/Fm) of the leaves of 12-day-
old seedlings was carried out using a PAM fluo-
rometer (Junior PAM, Walz, Germany).

Statistical data processing was carried out us-
ing the RStudio 1.4.1103 (2009–2024 RStudio, 
PBC). The reliability of differences between the 
mean variants and genotypes was assessed using 
the Fisher's criterion for four-field tables. Field 
experiment results were processed using the 
Snedecor applied software package.

RESULTS AND DISCUSSION 

An assessment of cell resistance was con-
ducted for the promising lines of spring oat 
B-5, B-21, B-22, B-45, B-70, obtained within 
the framework of the program for creating new 
adaptive breeding material of spring oat with 
increased adaptability and productivity, maxi-
mally utilizing the bioclimatic resources of the 
Krasnoyarsk Territory. The lines were selected 

6Loskutov I.G., Kovaleva O.N., Blinova E.V. Methodological guidelines for the study and preservation of the world collection of 
barley and oats. St. Petersburg: VIR, 2012, 63 p.

7Study of genetic resources of cereal crops for resistance to harmful organisms: methodological manual / edited by E.E. 
Radchenko. Moscow: RAAS, 2008, 416 p.

Табл.  2 .  Отдельные элементы структуры урожая овса в конкурсном сортоиспытании  
в 2021–2023 гг. (ОПХ «Минино»)
Table 2.  Individual structure components of oats under competitive variety trial  
in 2021–2023 (experimental production farm “Minino”)

Genotype

Number of plants before 
harvesting, pcs/m2

Productive plant stand, 
pcs/m2

Weight of 1000 grains, g Actual yield, t/ha

2021 2022 2023 2021 2022 2023 2021 2022 2023 2021 2022 2023

Tubinsky 
(standard) 313 459 444 326 465 454 31,0 34,9 32,7 2,35 4,51 4,5
B-5 486 524 – 393 524 – 37,6* 39,7* – 3,13* 4,16 –
B-21 455 479 – 397 479 – 32,8 33,0* – 2,58 4,78 –
B-22 469* 495 – 393 495 – 36,4* 34,4 – 2,63 4,76 –
B-45 445* – – 436 – – 33,1 – – 2,95 – –
B-70 511* 327 450 498 327 465 36,9* 39,5* 32,9 3,23* 4,44 4,53

* p < 0,05. 
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based on the results of the field tests from the 
previous years. Thus, the B-5, B-40, B-45, and 
B-70 samples in the conditions of the first- and 
second-year breeding nurseries (2019–2020) 
exceeded the Tubinsky standard (30.9 c/ha, 
LSD05  = 4.20 c/ha) in yield by 0.46–0.85 t/ha 
(see Table 2). Under the conditions of CVT 2021, 
all studied lines were distinguished by the num-
ber of plants before harvesting (455–511 pcs/m2) 
(Tubinsky – 313 pcs/m2). B-45 and B-70 also had 
a productive stem stand of 436 and 498 pcs/m2 
respectively, compared to 326 pcs/m2 for Tubin-
sky. Lines B-5, B-22, and B-70 had an increased 
1000-grain weight (36.9–37.6  g) (Tubinsky – 
31.6 g). In terms of yield, the lines that year sur-
passed the Tubinsky variety (2.27 t/ ha) by 0.31–
0.96 t/ha. The maximum gains were observed in 
lines B-70 (0.96 t/ ha) and B-5 (0.86 t/ ha).

The resistance of each sample to fusariosis 
was determined based on a combination of three 
indicators. The presence of proliferative activity 
in the calluses was monitored, the appearance 
of stems was noted, and changes in the color of 
the calluses toward brown or orange, indicat-
ing phenolic oxidation processes, were record-
ed [13]. The reaction of oat genotypes to the 
presence of F. poae CLF in the nutrient medium 
depended on the concentration of the agent. As 
the pressure of the selective factor increased, the 
proportion of proliferating calluses decreased in 
all the varieties (see Fig. 1).

The proportion of samples showing prolif-
eration on the control medium for the Tubin-
sky variety was 81.8%, with a 30% concentra-
tion of CLF – 69.2%, and with 50% – 65.2% 
(see Fig. 1). The most resistant to the effects of 
toxins present in the medium was the B-70 line, 
for which the proliferation rate on the control 
reached 94.1%, at the minimum of the used CLF 
level (30%) – 86.4%, and on the medium with 
50% CLF – 54.2%. Close to it in terms of sta-
bility, with parameters of 89.5, 75.0, and 58.3% 
respectively, was the B-5 line. The B-45 line 
turned out to be the most sensitive to an increase 
in the CLF level.

Рис. 1. Активность деления каллусных клеток 
овса при различном уровне ФКЖ в среде, % от 
общего числа каллусов, высаженных на среду. 
Здесь и на рис. 2, 3 одинаковыми буквами отмечены 
значения, не различающиеся в пределах одной кон-
центрации ФКЖ при p < 0,05; *статистически значи-
мое отличие от контрольных условий при p < 0,05
Fig. 1. Activity of division of oat callus cells at dif-
ferent levels of CLF in the medium, % of the total 
number of calli transplanted on the medium. 
Here and in Fig. 2-3 identical letters indicate the values 
that do not differ within the same concentration of CLF 
at p < 0.05; *statistically significant difference from the 
control conditions at p < 0.05

Рис. 2. Влияние различных уровней ФКЖ на ре-
генерационную активность каллусной культуры 
линий овса, % от общего числа каллусов, пасси-
рованных на среду пролиферации
Fig. 2. The influence of different levels of CLF on 
the regenerative activity of callus culture of oat 
breeding lines, % of the total number of calli pas-
saged on the proliferation medium
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In terms of an indicator such as the frequency 
of stem genesis, the B-70 line significantly sur-
passed the other lines and the standard Tubinsky 
variety. In the presence of 50% CLF and 25% cal-
luses, the B-70 lines formed stems (see Fig. 2).

High regenerative activity was noted in 
this genotype even on the control MS medium 
(41.2%) (see Fig. 2). The average rate for the 
other genotypes reached 21.2% under control 
conditions, 15.5% on the medium with 30% 
CLF, and 12.3% at the 50% CLF level. The most 
sensitive lines in terms of regeneration frequen-
cy to the action of the stress factor were line 
B-21, which consistently decreased its ability to 
form shoots with an increasing level of CLF, and 
B-45, which had a statistically lower shoot for-
mation frequency already at a CLF level of 30%. 
Lines B-5 and B-22 showed a weak response to 
an increase in CLF level regarding shoot forma-
tion frequency.

Necrosis of callus tissues is often used to as-
sess the in vitro genotype response to the action 
of CLF toxins8 [14]. An increase in the propor-
tion of calluses with signs of necrosis at a CLF 
level of 50% was observed in all studied geno-
types, except for line B-70 (see Fig. 3).

Among all the samples, it demonstrated a 
reliably minimum necrosis frequency of 15%, 
lower than the standard Tubinsky variety. The 
least resistant in this regard was line B-45. Line 
B-21 also had high tissue death frequencies both 
at a CLF level of 50% and at a lower CLF share 
in the medium (see Fig. 3).

Ranking was carried out based on the total 
of all indicators across all medium variants. 
The highest total rank was held by line B-70 
(see Table 3). Following it in descending order 
are lines B-5, B-22, B-21, B-45. These results 
demonstrate not only the high resistance of line 
B-70 to F. poae, but also the high regenerative 
potential of this genotype. The lines identified 
based on the results of a comprehensive assess-
ment under in vitro conditions also exceeded 
the standard Tubinsky variety according to the 
field-testing data of the Coarse Grain Crops Lab-
oratory in 2022, as well as previously in 2021, in 

Рис. 3. Частота некроза каллусных тканей овса 
под влиянием ФКЖ в разных концентрациях, % 
от числа пассированных на среду пролиферации 
каллусов
Fig. 3. Frequency of necrosis of oat callus tissue 
under the influence of CLF in different concen-
trations, % of the number of calli passaged on the 
proliferation medium

Табл.  3 .  Ранжирование селекционных линий 
ярового овса по устойчивости к заражению гри-
бами Fusarium poae
Table 3.  Ranking of spring oat breeding lines 
based on resistance to Fusarium poae fungal 
infection

Location of the object Genotype Sum of ranks
The group of "best" objects

1 B-70 42,0
2 B-5 33,5

The group of "average" objects
3 Tubinsky 31,0
4 B-22 29,5

The group of "worst" objects
5 B-21 29,5
6 B-45 23,5

8Yerzhebayeva, R.S., Abekova, A.M., Bersimbaeva, G.H., Konysbekov K.T., Bastaubaeva S.O., Roik N.V., Urazaliev K.R. In Vitro 
Cell Selection of Sugar Beet for Resistance to Culture Filtrate of the Fungus Fusarium oxysporum // Cytology and Genetics. 2019. 
Vol.53. P. 307–314. DOI: 10.3103/S0095452719040042.
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1000-grain weight: 39.3 and 39.7 g respectively 
compared to 35.6 g for the Tubinsky variety (see 
Table 2).

The small number of productive stems pre-
vented B-70 from surpassing the Tubinsky vari-
ety in yield in 2022. In turn, line B-5 stood out 
that year in terms of the number of productive 
stems. Line B-45 was excluded from the CVT in 
2022 due to a high tendency to lodging. In 2023, 
lines B-5, B-21, and B-22 were also discarded. 
Under these conditions, line B-70 exceeded the 
standard in terms of productive stand and was at 
the standard level in yield and 1000-grain weight 
(see Table 2).

When assessing the reaction to contact with 
the fungal culture in the vegetative vessels, the 
development of fungal mycelium on the soil 
surface was observed just a day after the spore 
suspension was introduced into the substrate. 
A visual examination of the seedling root sys-
tem, conducted immediately after the fixation of 
chlorophyll fluorescence parameters, revealed 
no visible signs of root and coleoptile damage. 
However, a decrease in the maximum quan-
tum yield of photosystem 2 was recorded in the 
Tubinsky variety from 0.804 [0.798/0.809] to 
0.794 [0.790/0.802], but not in the line whose 
median Fv/Fm level was 0.794 [0.788/0.802]. 
A decrease in Fv/Fm as a response to pathogen 
inoculation has been recorded in several studies 
previously [15, 16].

CONCLUSION 

High cellular resistance of the promising 
B-70 line to root rots in callus culture is shown. 
This characteristic is confirmed in the seedlings 
by maintaining high photosynthetic capacity. 
This breeding specimen also had a high level of 
productivity and is considered a valuable gen-
otype overall. The obtained results confirm the 
feasibility of including the assessment of cellu-
lar resistance to root rot on the media with CLF 
of the pathogen fungi in oat callus culture in vi-
tro in the breeding process.
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Представлены результаты оценки эффективности применения различных средств интенси-

фикации (минеральное удобрение N40P40K80, химический инсекто-фунгицидный протравитель, 
а также препараты на основе гуматов Берес-8 и Реликт) при размножении исходного материала 
сортов картофеля сибирской селекции Юна, Лина, Златка в условиях лесостепи Новосибирского 
Приобья. Цель исследований заключалась в определении оптимальных сочетаний протравите-
лей, гуминовых препаратов и минеральных удобрений для повышения продуктивности и выхода 
массы и количества клубней семенной фракции. Оптимальное соотношение массы и количества 
семенных клубней у сорта Юна (весовой процент 75,6, коэффициент размножения 7,0) получено 
при обработке посадочного материала Селест Топом (0,4 л/т) в сочетании с Бересом-8 (0,2 л/т) 
с дальнейшим опрыскиванием посадок Бересом-8 (0,2 л/га) в период бутонизации на фоне без 
минеральных удобрений. Для сорта Лина сочетание этих показателей было наилучшим (весовой 
процент 71,6, коэффициент размножения 10,2) при обработке посадочных клубней Селест То-
пом (0,2 л/т) в смеси с Реликтом (0,01 л/т) с последующим опрыскиванием растений Реликтом 
(0,2 л/ га) без внесения минеральных удобрений. Для сорта Златка соотношение массы и количе-
ства семенных клубней было оптимальным (весовой процент 77,9, коэффициент размножения 
10,8) при обработке семенного материала Селест Топом (0,2 л/т) в комплексе с Бересом-8 (0,2  /т) 
и опрыскиванием посадок культуры Бересом-8 (0,2 л/га) с внесением минеральных удобрений. 
Полученные результаты подтвердили высокую эффективность интегрированного применения 
химических и биостимулирующих препаратов для повышения урожайности и семенной продук-
тивности картофеля, что может быть рекомендовано для оригинального и элитного семеновод-
ства в условиях Сибири.

Ключевые слова: картофель, протравитель, гуматы, урожайность, семенная фракция, коэф-
фициент размножения
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The article presents the results of evaluating the effectiveness of using various intensification agents 

(mineral fertilizer N40P40K80, chemical insecticide-fungicide seed dressing, as well as preparations 
based on humates Beres-8 and Relikt) in the propagation of the source material of the Siberian potato 
varieties Yuna, Lina, Zlatka in the forest-steppe conditions of the Novosibirsk Priobye. The purpose 
of the research was to determine the optimal combinations of seed dressings, humic preparations and 
mineral fertilizers to increase the productivity and yield of the mass and number of seed fraction tu-
bers. The optimal ratio of the mass and quantity of seed tubers in the Yuna variety (weight percentage 
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75.6, multiplication factor 7.0) was obtained by treating the planting material with Celeste Top (0.4 l/t) 
in combination with Beres-8 (0.2 l/t) with subsequent spraying of the plantings with Beres-8 (0.2 l/ha) 
during the budding period without mineral fertilizers. For the Lina variety, the combination of these 
indicators was the best (weight percentage 71.6, multiplication factor 10.2) when treating planting 
tubers with Celeste Top (0.2 l/t) in a mixture with Relikt (0.01 l/t) followed by spraying the plants 
with Relikt (0.2 l/ha) without applying mineral fertilizers. For the Zlatka variety, the ratio of the mass 
and quantity of seed tubers was optimal (weight percentage 77.9, multiplication factor 10.8) when 
treating the seed material with Celeste Top (0.2 l/t) in combination with Beres-8 (0.2 /t) ​​and spraying 
the crop plantings with Beres-8 (0.2 l/ha) with the addition of mineral fertilizers. The obtained results 
confirmed the high efficiency of the integrated use of chemical and biostimulating preparations in in-
creasing the yield and seed productivity of potatoes, which can be recommended for original and elite 
seed production in Siberian conditions.

Keywords: potato, seed dressing, humates, yield, seed fraction, multiplication factor
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INTRODUCTION 

Potatoes are one of the key strategic food 
crops of the Russian Federation, occupying an 
important place in the structure of agro-industri-
al production. In the Siberian regions, they play a 
special role in ensuring food security, remaining 
one of the main food products for the population 
[1]. The crop's yield potential is largely limited 
by the natural and climatic conditions of the re-
gion, characterized by a short growing season, 
sharp temperature fluctuations, and an increased 
risk of disease infestation [2]. To improve the ef-
ficiency of potato production, it is necessary to 
develop seed production, primarily of the vari-
eties created under the conditions of this region. 
Local varieties have increased adaptability, bet-
ter tolerate temperature fluctuations and dry pe-
riods, which ensures yield stability [3].

Seed potato production occupies a special 
place in the potato-growing system, as potatoes 
are vegetatively propagated crops1. A current 

task of original potato seed production is the 
rapid multiplication of healthy initial material in 
the volumes necessary for conducting elite seed 
production, as well as the environmental safety 
of these crop cultivation technologies [4].

There is a need to create production technol-
ogies aimed at increasing the reproduction rate 
of the improved material. They should include 
various methods of intensification that affect the 
growth and development of the culture, such as 
plant protection agents, growth stimulants, fer-
tilizers, and others [5].

Modern plant protection products are not 
only a way to combat diseases, but also an ef-
fective method to improve the quality indicators 
of the harvest. Pre-sowing treatment is a priority 
and one of the most important activities in the 
protection technology in potato seed production. 
Preparations intended for pre-planting treatment 
of the tubers (seed dressers, biopreparations, bi-
ologically active substances) provide compre-

1Davidson R.D., Xie K.Y. Seed potato production // The Potato: Botany, Production and Uses. Wallingford, UK: CABI. 2014, 
pp. 115–132.
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hensive protection against soil pathogens, dan-
gerous pests, act as root system growth stimula-
tors, and improve stress resistance [6, 7].

The use of intensification means has a posi-
tive effect on photosynthetic activity and nutri-
ent uptake, which ultimately increases yield and 
improves the crop structure [8]. In potato seed 
production, not only the overall yield level is 
important, but also the output of seed fraction 
tubers, which determines the efficiency of repro-
ducing healthy material. Optimizing tuber treat-
ment schemes using seed dressers, humates, and 
biostimulants represents a promising direction 
for increasing the multiplication coefficient and 
the quality of seed material [9].

The reaction of potato varieties to various 
intensification methods can differ significantly. 
This is primarily due to the genetic nature of 
the varieties: intensive and extensive types are 
distinguished, as well as the forms belonging 
to different maturity groups [10]. The biologi-
cal characteristics of each variety determine its 
responsiveness to growth stimulants, fertilizers, 
and protective agents. Therefore, it is important 
to select individual technological cultivation and 
seed production schemes that ensure the best re-
alization of the variety's potential [11].

The purpose of the work is to develop the 
technologies for propagating the initial mate-
rial of potato varieties of Siberian breeding of 
different maturity groups (Yuna, Lina, Zlatka), 
aimed at increasing the yield of high-quality 
seed fraction from the plants grown from the 
first field generation tubers, as well as at reduc-
ing the negative impact on the crop agrocenosis 
through the improvement of the use of modern 
chemical methods: plant growth stimulants, seed 
treatments, and mineral fertilizers and their inte-
grated application.

MATERIAL AND METHODS 

The subject of study was potato (Solanum tu-
berosum L.) represented by the Siberian breed-
ing varieties Yuna (early variety), Lina (mid-
dle-early), and Zlatka (medium-maturing).

The methodological basis of the work was the 
system-alternative approach, implemented in a 
two-factor field experiment2.

The research was conducted in 2022–2024 in 
the Novosibirsk region under soil and climatic 
conditions typical for the forest-steppe zone of 
Western Siberia. The soil cover of the research 
station is represented by drained leached cher-
nozem of medium thickness. The depth of the 
humus horizon is about 40 cm. Agrochemical 
characteristics of the arable soil layer (0–30 cm) 
are: humus (according to Tyurin) – 5%, total 
nitrogen (according to Kjeldahl) – 0.34%, to-
tal phosphorus – 0.30%, available phosphorus 
and potassium (according to Chirikov) – 29 
and 13 mg/100 g of soil respectively, pH = 6.7–
6.8 units.

The climatic conditions are characterized by 
the following parameters. The duration of the 
frost-free period is 110–120 days per year. The 
growing season for cold-resistant plants is about 
150 days, the sum of positive temperatures 
above 5 °C is 2080–2160 °C, above 10 °C – 
1770–1860 °C (according to long-term average 
data). The spring period is the shortest, windiest, 
clearest, and driest of the year. Return frosts are 
typical at the end of April and May. The aver-
age date of the last frosts is May 20, as well as 
the last frosts on the ground, but they are also 
possible in the first ten-day period of June. On 
average, the transition through 0 °C occurs on 
April 15, through 5 °C – on April 28, through 10 
°C – on May 15.

The research site is characterized by suffi-
cient but unstable moisture, with an annual pre-
cipitation of 350–400 mm and a hydrothermal 
coefficient (according to Selyaninov) of 0.9–1.1. 
From May to September, 275 mm of precipita-
tion usually falls, of which about 100 mm occurs 
in May–June. The maximum occurs in the sum-
mer months, July and August, and the minimum 
in February and March. During the growing sea-
son, precipitation often falls in the form of heavy 
rains, which reduces its effectiveness for plants. 

2Kiryushin V.I. Methodological concept of the development of agriculture in Siberia // Zemledelie, 1989, N 12, pp. 7–14.
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The frequency of years with moderately defi-
cient, deficient, and sharply arid types of mois-
ture in this area is 25%, 20%, and 10% of years, 
respectively. The frequency of droughts during 
this period is from 10 to 15% of years3.

Temperatures during the 2022 growing sea-
son were close to the long-term average. It 
should be noted that the third ten days of May 
and the second ten days of June were slightly 
warmer than usual. Precipitation during the cur-
rent growing season was distributed extremely 
unevenly. In the third ten-day period of May, the 
first and second ten-day periods of July, and the 
first and third ten-day periods of August, mois-
ture was insufficient, with precipitation amounts 
16.3; 2.6; 26.0; 6.5 and 4.0 times less, respec-
tively, than the long-term average. In other cas-
es, precipitation amounts were close to the cli-
matic norm (see Table 1).

The 2023 growing season was characterized 
by low precipitation and high temperatures. 
May was particularly humid, with precipita-
tion in the third ten-day period 8.6 times lower 

than the long-term average. Temperatures in the 
first ten-day period of June were 7.9°C above 
the long-term average, with precipitation in the 
second and third ten-day periods 2.6 and 50.0 
times lower than normal, respectively. Over-
all, atmospheric moisture inflow for the month 
was 31.6 mm below the long-term average, or 
2.2 times lower. In the second ten-day period 
of July, temperatures were 4.1°C above normal, 
while in the first and third ten-day periods, they 
were 1.9°C above normal. Overall, temperatures 
for the month were 2.6°C above normal. Aver-
age precipitation for the month was close to nor-
mal. In August, temperatures were close to the 
long-term average, with temperatures in the first 
and second ten-day periods being 2.9 and 4.2°C 
above normal, respectively, and in the third ten-
day period, close to the long-term average. Pre-
cipitation for the month was 1.7 times above 
normal. In the first ten-day period, precipitation 
was 30.0 times below normal, while in the sec-
ond and third ten-day periods, it was 3.3 and 2.0 
times above normal.

3Voronina L.V., Gritsenko A.G. Climate and Ecology of the Novosibirsk Region. Novosibirsk: SSGA, 2011, 227 p.

Табл. 1. Метеоусловия вегетационного периода в годы исследований, АМС Огурцово Новосибир-
ской области (2022–2024 гг.)
Table 1. Meteorological conditions of the growing season during the research years, Ogurtsovo AMS, 
Novosibirsk Region (2022–2024)

Indicator
Month, ten-day period

May June July August
III I II III I II III I II III

2022

Air temperature, оС 19,0 12,0 19,5 20,2 18,5 18,1 20,0 18,8 15,2 15,7
Precipitation, mm 1,0 16,4 20,5 21,9 7,4 1,0 20,4 3,7 13,6 5,5

2023 

Air temperature, оС 15,2 23,3 17,7 16,0 21,0 23,0 20,8 20,8 14,8 17,7
Precipitation, mm 1,5 5,0 0,4 21,0 13,0 15,0 32,0 0,8 67,0 45,0

2024

Air temperature, оС 10,3 14,3 19,3 24,6 20,3 22,1 22,3 20,6 18,6 16,1
Precipitation, mm 25,0 25,0 51,0 10,0 19,0 34,0 27,0 38,0 28,0 66,0
	 Long-time average annual

Air temperature, оС 13,2 15,4 16,7 18,1 19,1 18,9 18,9 17,9 16,0 13,5
Precipitation, mm 13,0 13,0 20,0 25,0 19,0 26,0 27,0 24,0 20,0 22,0
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Meteorological data for the 2024 growing 
season deviated significantly from long-term av-
erages, particularly for moisture. Heavy rainfall, 
often of torrential character, occurred through-
out the season. May, June, and August saw a 
significant excess of atmospheric moisture. Pre-
cipitation in May totaled 70 mm, while in June, 
it totaled 113 mm, exceeding the long-term av-
erage by 94.4% and 94.8%, respectively. In Au-
gust, precipitation increased even further (133 
mm), exceeding the long-term average (66 mm, 
or 201.5% of normal). In July, their number was 
within the normal range. Heavy rains accompa-
nied by high temperatures created a stressful sit-
uation for potato development. The total amount 
of precipitation for the growing season amount-
ed to 396 mm, exceeding the long-term average 
by 1.7 times. This growing season was classified 
as moderately waterlogged. The average daily 
air temperature exceeded the long-term average 
from May to August by 1.1, 2.8, 2.6, and 2.6 °C.

The experiment was conducted in a crop ro-
tation of potato – green manured fallow (rape-
seed)  – potato. All technological operations in 

the cultivation of crops, if they were not the 
subject of the study, were carried out according 
to recommendations4. The experimental design 
met the requirements of the field experiment 
methodology5 (see Table 2).

Each of the three studied potato varieties was 
placed at two levels of mineral nutrition: on the 
background of natural fertility and with mineral 
fertilizers N40P40 K80. The effectiveness of po-
tato protection with the seed treatment Celeste 
Top, SC, and preparations based on humates 
Beres-8 and Relikt was evaluated through pre-
plant treatment of seed tubers with these compo-
sitions, as well as spraying the crop with humates 
during the growing season. The experiment was 
two-factorial: factor A – level of mineral nutri-
tion, B – plant protection.

The experiment is repeated twice, with the 
number of plants in each repetition being 24. 
Planting density is 57.1 thousand plants/ha, with 
a spacing area of 0.25 × 0.7 m.

Crop care included pre-emergence harrowing, 
inter-row cultivation, and hilling. Weed control 
was carried out using the herbicides Boxer, EC 

Табл. 2. Схема опыта (сорта картофеля Юна, Лина, Златка) (2022–2024 гг.)
Table 2. Experimental design (potato varieties Yuna, Lina, Zlatka) (2022–2024)

Level of mineral nutrition Pre-planting treatment of tubers
Treatment during vegetation, 0.2 

l/ha

Without fertilizers Celeste Top (0,4 л/т) –
Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) Beres -8 

Celeste Top (0,2 l/t) + Beres -8 (0,2 l/t) »
Celeste Top (0,4 l/t) + Relikt (0,01 l/t) Relikt 

Celeste Top (0,2 l/t) + Relikt (0,01 l/t) » 
N40P40 K80 Celeste Top (0,4 l/t) –

Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) Beres -8 

Celeste Top (0,2 l/t) + Beres -8 (0,2 l/t) » 
Celeste Top (0,4 l/t) + Relikt (0,01 l/t) Relikt 

Celeste Top (0,2 l/t) + Relikt (0,01 l/t) » 

4Vegetable crops and potatoes in Siberia: recommendations / compiled by G.K. Mashyanova, E.G. Grinberg, T.V. Steinert. No-
vosibirsk: SB RAAS, 2010, pp. 496–507.

5Dospekhov B.A. Methodology of field experiment (with basics of statistical processing of research results): textbook for univer-
sities. Moscow, 2012, 351 p.
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(prosulfocarb, 800 g/l) at a rate of 3 L/ha and 
Fusilade Super, SC (fluazifop-P-butyl, 125 g/l)6.

The removal of tops was carried out by mech-
anized mowing with KIR. The harvesting of ex-
perimental plots was carried out using a two-row 
mounted potato digger (KTN-2V). Potato yield 
and the fractional composition of the new har-
vest were determined according to generally ac-
cepted methods at the appropriate times7.

The calculation of the reproduction coeffi-
cient was carried out according to the standard 
methodology8.

The results were processed using the Snede-
cor application software package9.

RESULTS AND DISCUSSION 

One of the key indicators of the effective-
ness of using intensification means is crop yield. 
Increasing plant productivity reflects the com-
bined effect of nutrition, protection, and growth 
stimulation factors, and also serves as the main 
criterion when evaluating cultivation technolo-
gies. Potato productivity directly determines the 
economic efficiency of production and is a ba-
sic indicator when choosing optimal treatment 
schemes and levels of mineral nutrition [12].

Research has established that the use of in-
tensification means for cultivating Siberian-bred 
potato varieties has increased crop productivity 
(see Table 3), as well as the yield of the seed 
fraction (see Table 4).

Yuna. On average, for the factor “mineral 
nutrition of plants”, a significant increase in the 
gross yield of potato tubers was noted in the case 
of its optimization. In this case, the increase on 
average amounted to 3.5 t/ha (or 28.0%).

On average, in terms of the "protection" fac-
tor, all variants with humates showed a signifi-
cant increase in crop yield compared to treating 
seed tubers with pure Celeste Top (dose 0.4 l/t). 

The highest potato productivity was observed in 
the variant of treating seed tubers with Celeste 
Top (0.2 l/t) + Relikt (0.01 l/t) + Relikt (0.2 l/
ha), in this case the yield increase was 5.8 t/ha 
(49.1%).

Analysis of the averages showed that a com-
plex of factors allowed obtaining a reliable yield 
increase in the Yuna variety in all experimental 
variants (except for the seed tuber treatment – 
Celeste Top (0.4 l/t) + Beres-8 (0.2 l/t) + Beres-8 
(0.2 l/ha)) ranging from 1.1 to 9.4 t/ha (from 9.7 
to 83.2%). The maximum yield increase was 
observed in the variant of planting tuber treat-
ment – Celest Top (0.2 l/t) + Relikt (0.01 l/t) + 
Relikt (0.2 l/ha), which amounted to 83.2%.

Application of mineral fertilizers to the Yuna 
variety, on average according to the “mineral nu-
trition” factor, reduced the seed fraction yield by 
9.1%. On average, according to the “protection” 
factor, the highest yield of the medium frac-
tion was observed in the Celeste Top (0.4 l/t) + 
Beres-8 (0.2 l/t) + Beres-8 (0.2 l/ha) variant, and 
its increase compared to the pure seed treatment 
agent (dose 0.4 l/t) used for treating seed tubers 
was 2.7%.

The analysis of averages showed that a com-
bination of factors allowed the maximum in-
crease in the seed fraction of the Yuna variety 
against the background of natural fertility in the 
Celeste Top (0.4 l/t) + Beres-8 (0.2 l/t) + Beres-8 
(0.2 l/ha) treatment by 11.9%.

The calculation of the reproduction coeffi-
cient showed that for the Yuna variety it reaches 
the highest value when the crop is grown with 
mineral fertilizers and seed tubers are treated 
with Celeste Top (application rate 0.2 l/t) mixed 
with Berez-8 humates (application rate 0.2 l/t) or 
Relikt (application rate 0.01 l/t), as well as when 
plants are treated during vegetation with Berez-8 
(0.2 l/ha) or Relikt (application rate 0.2 l/ha) (see 
the figure).

6State catalog of pesticides and agrochemicals as of April 11, 2022. Website of the Ministry of Agriculture of the Russian Feder-
ation. URL: https://docviewer.yandex.ru/view/1130000058938082/ (date of reference: 01.03.2022).

7Research methodology on potato cultivation. Moscow, 1967, 263 p.
8StudFiles. Determination of biological yield and reproduction rate.URL: https://studfile.net/preview/2981976/page:16/.
9Sorokin O.D. Applied statistics on the computer. Novosibirsk, 2012, 282 p.
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Табл. 3. Влияние средств интенсификации на продуктивность сортов картофеля (2022–2024 гг.)
Table 3. The influence of intensification means on the productivity of potato varieties (2022–2024)
Level of mineral 

nutrition
Treatment option  Yield, t/ha Yield increase Averages by factor

Tubers Plants* t/ha % Protection Level of mineral nutrition

Yuna
Natural fertili-
ty background

СТ 0,4 (control) – 11,3 – – 11,8 12,5
СТ 0,4 + B 0,2 B 0,2 11,9 0,6 5,3 13,6
СТ 0,2 + B 0,2 B 0,2 12,5 1,2 10,6 14,1
СТ 0,4 + R 0,01 R 0,2 12,4 1,1 9,7 14,0
СТ 0,2 + R 0,01 R 0,2 14,5 3,2 28,3 17,6

N40P40R80 СТ 0,4 – 12,4 1,1 9,7 16,0
СТ 0,4 + B 0,2 B 0,2 15,4 4,1 36,3
СТ 0,2 + B 0,2 B 0,2 15,7 4,4 38,9
СТ 0,4 + R 0,01 R 0,2 15,7 4,4 38,9
СТ 0,2 + R 0,01 R 0,2 20,7 9,4 83,2

LSD0,5 average quotients 1,1
LSD0,5 by factors 0,7 0,5

Lina
Natural fertili-
ty background

СТ 0,4 (control) – 20,4 – – 22,1 22,4
СТ 0,4 + B 0,2 B 0,2 23,5 3,1 15,2 24,3
СТ 0,2 + B 0,2 B 0,2 21,5 1,1 5,4 23,1
СТ 0,4 + R 0,01 R 0,2 22,9 2,5 12,2 24,1
СТ 0,2 + R 0,01 R 0,2 23,7 3,3 16,2 25,7

N40P40R80 СТ 0,4 – 23,9 3,5 17,2 25,4
СТ 0,4 + B 0,2 B 0,2 25,1 4,7 23,0
СТ 0,2 + B 0,2 B 0,2 24,7 4,3 21,1
СТ 0,4 + R 0,01 R 0,2 25,4 5,0 24,5
СТ 0,2 + R 0,01 R 0,2 27,8 7,4 36,3

LSD0,5 average quotients 1,1

LSD0,5 by factors 0,8 0,5

Zlatka
Natural fertili-
ty background

СТ 0,4 (control) – 15,6 – – 19,0 18,7
СТ 0,4 + B 0,2 B 0,2 19,1 3,5 22,4 21,6
СТ 0,2 + B 0,2 B 0,2 19,0 3,4 21,8 21,2
СТ 0,4 + R 0,01 R 0,2 19,0 3,4 21,8 20,3
СТ 0,2 + R 0,01 R 0,2 20,7 5,1 32,7 20,4

N40P40R80 СТ 0,4 – 22,5 6,9 44,2 22,4
СТ 0,4 + B 0,2 B  0,2 24,1 8,5 54,5
СТ 0,2 + B 0,2 B 0,2 23,5 7,9 50,6
СТ 0,4 + R 0,01 R 0,2 21,7 6,1 39,1
СТ 0,2 + R 0,01 R 0,2 20,2 4,6 29,5

LSD0,5 average quotients 1,2
LSD0,5 by factors 0,8 0,5

Here and in Table 4: 
* The plants were treated once during the budding phase: 
СТ 0,4 – Celeste Top (the consumption rate of the preparation is 0.4 l/t);
СТ 0,4 + B 0,2 – Celeste Top (the consumption rate of the preparation is 0.4 l/t) + Beres -8 (the consumption rate of the prepara-
tion is 0,2 l/t);
СТ 0,2 + B 0,2 – Celeste Top (the consumption rate of the preparation is 0,2 l/t) + Beres 8 (the consumption rate of the preparation 
is 0,2 l/t);
СТ 0,4 + R 0,01 – Celeste Top (the consumption rate of the preparation is 0,4 l/t) + Relikt (the consumption rate of the preparation 
is 0,01 l/t);
СТ 0,2 + R 0,01 – Celeste Top (the consumption rate of the preparation is 0,2 l/t) + Relikt (the consumption rate of the preparation 
is 0,01 l/t);
B 0,2 – Beres -8 (the consumption rate of the preparation is 0,2 l/ha);
Р 0,2 – Relikt (the consumption rate of the preparation is 0.2 l/ha)



41Сибирский вестник сельскохозяйственной наyки • 2026 • 56 • 1Растениеводство и селекция

Влияние средств интенсификации на выход семенной фракции  
у сортов картофеля сибирской селекции

Малюга А.А., Батов А.С., Гуреева Ю.А. 

Lina. On average, for the factor “mineral nu-
trition of plants”, a significant increase in the 
gross yield of potato tubers was noted in case of 
its optimization. The average increase amounted 
to 3.0 t/ha (or 13.4%). On average, for the fac-
tor “protection”, there was no sharp difference 
in productivity among the variants. The signif-
icant increase in yield ranged from 1.0 to 3.6 t/
ha, but the highest potato productivity, as with 
the Yuna variety, was noted in the variant of seed 
tuber treatment with Celeste Top (0.2 l/t) + Re-
likt (0.01 l/t) + Relikt (0.2 l/ha); in this case, the 
yield increase amounted to 3.6 t/ha (16.3%).

Analysis of the averages showed that the 
combination of factors allowed for a reliable in-
crease in yield of the Lina variety in all experi-
mental options from 1.1 to 7.4 t/ha (from 5.4 to 
36.3%). The maximum yield increase was noted 
in the variant with the treatment of seed tubers 
with Celeste Top (0.2 l/t) + Relikt (0.01 l/t) + 
Relikt (0.2 l/ha), which amounted to 36.3%.

The application of mineral fertilizers to the 
Lina variety, on average according to the “min-
eral nutrition” factor, increased the yield of the 
seed fraction by 3.8%. On average, according to 

Табл. 4. Влияние средств интенсификации на выход семенной фракции, весовой % (2022–2024 гг.)
Table 4. The influence of intensification means on the yield of seed fraction, weight % (2022–2024)

Mineral nutrition 
level

Treatment option 
Quantity

of seed fraction

Increase (+),  
decrease (-)

in the amount
of the seed fraction

Average by factor

Tubers Plants* Protec-
tion

Mineral nutrition 
level

Yuna

Natural fertility 
background

СТ 0,4 (control) – 63,7 – 64,3

67,7
СТ 0,4 + B 0,2 B 0,2 75,6 +11,9 67,0
СТ 0,2 + B 0,2 B 0,2 69,5 +5,8 64,7
СТ 0,4 + R 0,01 R 0,2 62,3 –1,4 57,0
СТ 0,2 + R 0,01 R 0,2 67,6 +3,9 62,6

N40P40R80

СТ 0,4 – 65,0 +1,3

58,6
СТ 0,4 + B 0,2 B 0,2 58,5 –5,2
СТ 0,2 + B 0,2 B 0,2 60,0 –3,7
СТ 0,4 + R 0,01 R 0,2 51,7 –12,0
СТ 0,2 + R 0,01 R 0,2 57,6 –6,1

Lina

Natural fertility 
background

СТ 0,4 (control) – 56,8 – 59,7

63,8
СТ 0,4 + B 0,2 B 0,2 62,6 +5,8 62,5
СТ 0,2 + B 0,2 B 0,2 65,8 +9,0 65,0
СТ 0,4 + R 0,01 R 0,2 62,3 +5,5 68,7
СТ 0,2 + R 0,01 R 0,2 71,6 +14,8 72,5

N40P40R80

СТ 0,4 – 62,7 +5,9

67,6
СТ 0,4 + B 0,2 B 0,2 62,4 +5,6
СТ 0,2 + B 0,2 B 0,2 64,2 +27,7
СТ 0,4 + R 0,01 R 0,2 75,2 +18,4
СТ 0,2 + R 0,01 R 0,2 73,4 +31,7

Zlatka

Natural fertility 
background

СТ 0,4 (control) – 73,1 – 73,9

72,1
СТ 0,4 + B 0,2 B 0,2 72,8 –0,3 71,9
СТ 0,2 + B 0,2 B 0,2 72,7 –0,4 75,3
СТ 0,4 + R 0,01 R 0,2 65,8 –7,3 71,3
СТ 0,2 + R 0,01 R 0,2 76,2 +3,1 77,1

N40P40R80

СТ 0,4 – 74,7 +1,6

75,7
СТ 0,4 + B 0,2 B 0,2 71,0 –2,1
СТ 0,2 + B 0,2 B 0,2 77,9 +4,8
СТ 0,4 + R 0,01 R 0,2 76,9 +3,8
СТ 0,2 + R 0,01 R 0,2 78,1 +5,0



42 Siberian Herald of Agricultural Science • 2026 • 56 • 1 Plant growing and breeding

The influence of intensification agents on the yield  
of seed fraction in Siberian potato varieties

Malyuga A.A., Batov A.S., Gureeva Yu.A. 

а – Yuna

б – Lina

в – Zlatka

Влияние уровня минерального питания и обработки картофеля протравителем и гуматами  
на коэффициент размножения: 
а – Юна; б – Лина; в – Златка (2022–2024 гг.): 1 – СТ 0,4 – Селест Топ (норма расхода препарата 0,4 л/т) –  
на фоне естественного плодородия данный вариант являлся контролем; 2 – СТ 0,4 + Б 0,2 + Б 0,2 – Селест 
Топ (0,4 л/т) + Берес-8 (0,2 л/т) + Берес-8 (0,2 л/га); 3 – СТ 0,2 + Б 0,2 + Б 0,2 – Селест Топ (0,2 л/т) + Берес-8 
(0,2 л/т) + Берес-8 (0,2 л/га); 4 – СТ 0,4 + Р 0,01 + Р 0,2 – Селест Топ (0,4 л/т) + Реликт (0,01 л/т) + Реликт 
(0,2 л/га); 5 – СТ 0,2 + Р 0,01 + Р 0,2 – Селест Топ (0,2 л/т) + Реликт (0,01 л/т) + Реликт (0,2 л/га)

The influence of mineral nutrition level and potato treatment with seed dressing and humates on the 
multiplication coefficient:  
а – Yuna; б – Lina; в – Zlatka (2022–2024): 1 – CT 0.4 – Celeste Top (consumption rate of the drug 0.4 l/t) – against 
the background of natural fertility, this option was the control; 2 – CT 0.4 + B 0.2 + B 0.2 – Celeste Top (0.4 l/t) + 
Beres-8 (0.2 l/t) + Beres-8 (0.2 l/ha); 3 – CT 0.2 + B 0.2 + B 0.2 – Celeste Top (0.2 l/t) + Beres-8 (0.2 l/t) + Beres-8 
(0.2 l/ha); 4 – CT 0.4 + P 0.01 + P 0.2 – Celeste Top (0.4 l/t) + Relikt (0.01 l/t) + Relikt (0.2 l/ha); 5 – CT 0.2 + P 
0.01 + P 0.2 – Celeste Top (0.2 l/t) + Relikt (0.01 l/t) + Relikt (0.2 l/ha)

Natural fertility background

Natural fertility background

Natural fertility background
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the “protection” factor, the highest yield of the 
medium fraction was observed in the Celeste 
Top (0.2 l/t) + Relikt (0.01 l/t) + Relikt (0.2 l/ ha) 
variant, and its increase compared to pure Ce-
leste Top (rate 0.4 l/t), used for treating seed tu-
bers, was 12.8%.

Analysis of the averages showed that a com-
bination of factors allowed the maximum in-
crease in the seed fraction in the Lina variety 
when optimizing mineral nutrition in the Celeste 
Top (0.2 l/t) + Relikt (0.01 l/t) + Relikt (0.2 l/ha) 
variant, amounting to 31.7%.

The calculation of the reproduction coeffi-
cient showed that the highest value for the Lina 
variety is achieved when cultivating the crop 
on the background of natural fertility and using 
Celeste Top for treating seed tubers (application 
rate 0.2 l/t) in a mixture with the Relikt humate 
(application rate 0.01 l/t), as well as treating 
plants during vegetation with Relikt (application 
rate 0.2 l/ha) (see the figure).

Zlatka. On average, for the factor “miner-
al nutrition of plants”, a significant increase in 
the gross yield of potato tubers was noted in the 
case of its optimization. The increase averaged 
3.7 t/ ha (or 19.8%). On average, with respect to 
the “protection” factor, the variants differed little 
in productivity, with a significant yield increase 
ranging from 1.3 to 2.6 t/ha. The highest pro-
ductivity of the Lina potato variety was noted in 
the variant of treating seed tubers – Celeste Top 
(0.4 l/t) + Beres-8 (0.2 l/t) + Beres-8 (0.2 l/ ha); 
in this case, the yield increase was 2.6  t/ha 
(13.7%).

Analysis of the averages showed that the com-
bination of factors made it possible to achieve a 
reliable yield increase in the Zlatka variety in all 
experimental variants from 3.4 to 8.5 t/ha (from 
21.8 to 54.5%). The maximum yield increase 
was observed in the treatment variant of seed tu-
bers – Celeste Top (0.4 l/t) + Beres-8 (0.2 l/t) + 
Beres-8 (0.2 l/ha), which amounted to 54.5%.

The application of mineral fertilizers to the 
Zlatka variety, on average according to the “min-
eral nutrition” factor, increased the yield of the 

seed fraction by 3.6%. On average, according to 
the “protection” factor, the highest yield of the 
medium fraction was observed in the Celeste 
Top (0.2 l/t) + Relikt (0.01 l/t) + Relikt (0.2 l/ ha) 
option, and its increase compared to the pure 
seed dressing agent (rate 0.4 l/t) used for treating 
seed tubers was 3.2%.

Analysis of the averages showed that a com-
bination of factors allowed obtaining the maxi-
mum increase in the seed fraction of the Zlatka 
variety with the optimization of mineral nutri-
tion in the Celeste Top (0.2 l/t) + Relikt (0.01 l/t) 
+ Relikt (0.2 l/ha) option, amounting to 5.0%.

The calculation of the reproduction coeffi-
cient showed that it reaches its highest value for 
the Zlatka variety when the crop is grown on the 
background of natural fertility and Celeste Top 
(consumption rate 0.4 l/t) is used for treating 
seed tubers in pure form (see the figure).

Ranking of such traits as the weight percent-
age of the seed fraction and the reproduction co-
efficient made it possible to identify cultivation 
options for the varieties that allow obtaining the 
optimal ratio of the number and mass of seed tu-
bers (see Table 5).

This statistical method showed that the best 
option for the Yuna variety, allowing to achieve 
an optimal ratio of quantity and mass of seed tu-
bers, is its cultivation without the use of mineral 
fertilizers, as well as the treatment of planting 
material with a mixture of Celeste Top (0.4 l/t) 
and Beres-8 (0.2 l/t) followed by spraying with 
Beres-8 (0.2 l/t).

In this case, it can be seen that the yield of the 
average fraction in weight equivalent is maxi-
mal (75.6%) (see Table 4), and the multiplica-
tion coefficient (7.0) is slightly lower than the 
maximum (7.7) noted for this variety in the ex-
periment (see the figure).

For the Lina variety, the optimal mass-to-tu-
ber ratio was found in the treatment variant of the 
planting material Celeste Top (0.2 l/t) in combi-
nation with Relikt (0.01 l/t), followed by cultiva-
tion of the crop on the background of natural soil 
fertility and treatment of the plantings during 



44 Siberian Herald of Agricultural Science • 2026 • 56 • 1 Plant growing and breeding

The influence of intensification agents on the yield  
of seed fraction in Siberian potato varieties

Malyuga A.A., Batov A.S., Gureeva Yu.A. 

Табл. 5. Ранжирование признаков (весовой процент семенной фракции, коэффициент размножения) 
для различных сортов картофеля (2022–2024 гг.)
Table 5. Ranking of traits (weight percentage of seed fraction, multiplication coefficient) for different 
potato varieties (2022–2024)
Location of 
the object

Mineral nutrition level
Treatment option Sum of

rankstubers plants, 0,2 l/ha 
Yuna

The group of "best" objects
1 NFB* Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) Beres -8 20,5
2 NFB Celeste Top (0,2 l/t) + Relikt (0,01 l/t) Relikt 20,0
3 NFB Celeste Top (0,2 l/t) + Beres -8 (0,2 l/t) Beres -8 19,5

The group of "average" objects
4 N40P40K80 Celeste Top (0,2 l/t) + Beres -8 (0,2 l/t) Beres -8 15,5
5 N40P40K80 Celeste Top (0,4 l/t) – 15,5
6 N40P40K80 Celeste Top (0,2 l/t) + Relikt (0,01 l/t) Relikt 13,5
7 NFB Celeste Top (0,2 l/t) + Relikt (0,01 l/t) » 11,5
8 NFB Celeste Top (0,4 l/t) (control) – 10,5

The group of "worst" objects
9 N40P40K80 Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) Beres -8 6,5
10 N40P40K80 Celeste Top (0,4 l/t) + Relikt (0,01 l/t) Relikt 2,0

Lina
The group of "best" objects

1 NFB Celeste Top (0,2 l/t) + Relikt (0,01 l/t) Relikt 22,0
2 N40P40K80 Celeste Top (0,4 l/t) + Relikt (0,01 l/t) » 21,5
3 N40P40K80 Celeste Top (0,2 l/t) + Relikt (0,01 l/t) » 20,5

The group of "average" objects
4 N40P40K80 Celeste Top (0,2 l/t) + Beres -8 (0,2 l/t) Beres -8 16,0
5 NFB Celeste Top (0,4 l/t) + Relikt (0,01 l/t) Relikt 15,0
6 NFB Celeste Top (0,2 l/t) + Beres -8 (0,2 l/t) Beres -8 14,0
7 N40P40K80 Celeste Top (0,4 l/t) – 13,0
8 N40P40K80 Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) Beres -8 12,0
9 NFB Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) » 10,0

The group of "worst" objects
10 NFB Celeste Top (0,4 l/t) (control) – 4,0

Zlatka
The group of "best" objects

1 N40P40K80 Celeste Top (0,2 l/t) + Beres -8 (0,2 l/t) Beres -8 19,5
2 NFB Celeste Top (0,4 l/t) (control) – 17,0

The group of "average" objects
3 N40P40K80 Celeste Top (0,4 l/t) + Relikt (0,01 l/t) Relikt 14,0
4 N40P40K80 Celeste Top (0,4 l/t) – 14,0
5 N40P40K80 Celeste Top (0,2 l/t) + Relikt (0,01 l/t) Relikt 13,5
6 NFB Celeste Top (0,2 l/t) + Relikt (0,01 l/t) » 12,0
7 NFB Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) Beres -8 11,0
8 N40P40K80 Celeste Top (0,4 l/t) + Beres -8 (0,2 l/t) » 10,5

The group of "worst" objects
9 NFB Celeste Top (0,2 l/t) + Beres-8 (0,2 l/t) Beres -8 8,0
10 NFB Celeste Top (0,4 l/t) + Relikt (0,01 l/t) Relikt 2,5

Note: NFB – natural fertility background.
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vegetation with Relikt (0.2 l/ha). In this case, it 
is seen that the yield of the medium fraction in 
weight equivalent (71.6%) and the reproduction 
coefficient (10.2) are maximal (see Table 4, the 
figure) for this variety in the experiment.

For the Zlatka variety, among all the studied 
options, ranking revealed that using mineral fer-
tilizer for growing this variety, treating the tu-
bers with Celeste Top (0.2 l/t) in combination 
with Beres-8 (0.2 l/t), as well as treating the 
plants during the growing season with Beres-8 
(0.2 l/ha), allows obtaining the optimal ratio 
of the quantity and mass of seed tubers. In this 
case, the yield of the middle fraction in weight 
equivalent is 77.9%, which is slightly less than 
the maximum (78.1%) (see Table 4), and the 
multiplication factor (10.8) is also slightly lower 
than the maximum (11.0) noted for this variety 
in the experiment (see the figure).

CONCLUSIONS 

1. To achieve the highest yield of seed tubers 
for the Yuna variety in terms of weight, it should 
be cultivated on the basis of natural fertility us-
ing Celeste Top (0.4 l/t) for seed tuber treatment 
in combination with Beres-8 humate (0.2 l/t) and 
treating plants during the budding period with 
Beres-8 humate (0.2 l/ha). In this case, the out-
put of the seed fraction increased by 11.9%. To 
increase the number of seed tubers in numerical 
terms, the crop should be grown with mineral 
fertilizers and the use of Celeste Top (applica-
tion rate 0.2 l/t) to treat the seed tubers in com-
bination with Beres-8 humates (0.2 l/t) or Relikt 
(0.01 l/t), as well as treating the plants during 
the growing season with Beres-8 (0.2 l/ha) or 
Relikt (0.2 l/ha), respectively. The reproduction 
coefficient in these cases is 7.7, in the control – 
6.5. The optimal ratio of quantity and mass of 
seed tubers for the Yuna variety was observed 
when cultivating it without the use of mineral 
fertilizers, as well as when treating the planting 
material with a mixture of Celeste Top (0.4 l/t) 
and Beres-8 (0.2 l/t) followed by spraying with 
Beres-8 (0.2 l/t). In this case, the yield of the av-

erage fraction in weight equivalent is maximum 
(75.6%), and the reproduction coefficient (7.0) is 
slightly lower than the maximum (7.7).

2. For the maximum realization of the pro-
ductivity of the Lina variety, it is necessary to 
treat the planting tubers with Celeste Top (appli-
cation rate 0.2 L/t) in a mixture with the humic 
preparation Relikt (application rate 0.01 L/t), 
followed by treatment of the plantings during 
the vegetative period at the budding stage with 
Relikt (application rate 0.2 L/ha). In this case, 
the increase in gross yield amounted to 36.3%. 
To achieve the highest yield of seed tubers of 
the Lina variety in terms of weight, it should be 
cultivated with mineral fertilizers, using Celeste 
Top (0.2 l/t) for seed tuber treatment in combi-
nation with Relikt humate (0.01 l/t) and treating 
the plants during the budding period with Relikt 
(0.2 l/ ha). In this case, the yield of the seed frac-
tion increased by 31.7%. To increase the number 
of seed tubers in numerical terms, the crop should 
be cultivated on the basis of natural fertility and 
the use of Celeste Top for seed tuber treatment 
(application rate 0.2 l/t) in a mixture with Relikt 
humate (application rate 0.01 l/t), as well as the 
treatment of plants during vegetation with Relikt 
(application rate 0.2 l/ha). The reproduction rate 
in these cases is 10.2, in the control – 6.6. For 
the Lina variety, the optimal mass-to-tuber ratio 
was found in the treatment option with Celeste 
Top (0.2 l/t) in combination with Relikt (0.01 l/t) 
for seed material, followed by crop cultivation 
under natural fertility conditions and treatment 
of the plantings during the growing season with 
Relikt (0.2 l/ha). The yield of the medium frac-
tion in weight equivalent was 71.6%, the repro-
duction rate was 10.2, which was the maximum 
for this variety in the experiment.

3. For the maximum realization of the produc-
tivity of the Zlatka variety, it is necessary to treat 
the planting tubers with Celeste Top (applicant 
rate 0.2 l/t) in a mixture with the humic prepara-
tion Beres-8 (applicant rate 0.2 l/t), followed by 
treatment of the plantings during vegetation at 
the budding period with Beres-8 (applicant rate 
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0.2 l/ha). In this case, the increase in gross yield 
was 54.5%. To obtain the highest yield of seed 
tubers of the Zlatka variety in weight terms, it 
should be grown on a background with mineral 
fertilizers using Celeste Top (0.2 l/t) for seed tu-
ber treatment in combination with Relict humate 
(0.01 l/t) and treating plants during the budding 
period with Relict (0.2 l/ha). In this case, the 
yield of the seed fraction increased by 5.0%. To 
increase the number of seed tubers in numerical 
terms, the crop should be grown on the back-
ground of natural fertility and using only Ce-
leste Top (application rate 0.4 l/t) for seed tuber 
treatment. The reproduction rate in these cas-
es is 11.0. For the Zlatka variety, it was found 
that using mineral fertilizer to grow this variety, 
treating tubers with Celeste Top (0.2 l/t) in com-
bination with Beres-8 (0.2 l/t), as well as treating 
plants during the growing season with Beres-8 
(0.2 l/ha), allows achieving an optimal ratio of 
the quantity and weight of seed tubers. The yield 
of the average fraction in weight equivalent was 
77.9%, which is slightly below the maximum 
(78.1%), and the reproduction rate (10.8) is also 
slightly lower than the maximum (11.0).
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В рамках исследования выполнен сравнительный анализ себестоимости получения оздоров-

ленного посадочного материала чеснока озимого с использованием классической технологии 
(из воздушных луковичек) и метода in vitro. Представлены затраты на разных этапах получения 
посадочного материала. При использовании классической технологии общие затраты состав-
ляют 368 чел. ч и 258,94 тыс. р., расчетная себестоимость одной луковицы чеснока доходит до 
26 р. При этом основной статьей затрат является заработная плата. Первый этап технологии 
in vitro (введение в культуру) занимает 3,74% затрат, в денежном эквиваленте – 28,83 тыс. р. 
Этапы микроразмножения, а также укоренения и подращивания растений in vitro по длитель-
ности и объему затрат находятся на одном уровне. Их доля в структуре затрат составляет 17% 
(132,85 и 134,65 тыс. р. соответственно). Себестоимость одного растения чеснока in vitro – 8,86 
и 10,20 р. соответственно. Основными статьями расходов служат заработная плата и материа-
лы (в среднем по 45%). Наиболее затратным этапом является адаптация растений к условиям 
ex  vitro: длится более 7  мес, в структуре затрат его доля составляет 61,81%, себестоимость 
одного растения составляет 31,76 р. В целом затраты на получение посадочного материала с 
использованием метода in vitro составляют 899,72  тыс.  р. Себестоимость одной луковицы  – 
89,95 р., что на 64 р. дороже по сравнению с классической технологией. Хотя высокотехноло-
гичные и наукоемкие методы оздоровления посадочного материала чеснока стрелкующегося 
существенно повышают его себестоимость, однако являются более эффективными и могут рас-
сматриваться как долгосрочные инвестиции в развитие чесноководства в России.

Ключевые слова: себестоимость, чеснок, оздоровленный посадочный материал, культура 
in vitro, воздушные луковички

Estimation of the production cost of the planting material  
of bolting garlic (Allium sativum L.) using in vitro technology
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The study included a comparative analysis of the cost of obtaining improved winter garlic planting 

material using the classical technology (from aerial bulbs) and the in vitro method. The costs at diffe- 
rent stages of obtaining the planting material are presented. When using the classical technology, total 
costs amount to 368 man-hours and 258.94 thousand rubles, the estimated cost of one bulb of garlic 
reaches 26 rubles. The main cost item is the wages. The first stage of the in vitro technology (introduc-
tion to culture) accounts for 3.74% of costs, in monetary terms – 28.83 thousand rubles. The stages 
of micropropagation, as well as rooting and growing plants in vitro, are at the same level in terms of 
duration and cost. Their share in the cost structure accounts for 17% (132.85 and 134.65 thousand 
rubles, respectively). The cost of one in vitro garlic plant is 8.86 and 10.20 rubles, respectively. The 
main expense items are wages and materials (45% each on average). The most expensive stage is the 
adaptation of plants to ex vitro conditions: it lasts more than 7 months, its share in the cost structure is 
61.81%, the cost of one plant is 31.76 rubles. In total, the costs of obtaining the planting material using 
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the in vitro method amount to 899.72 thousand rubles. The cost of one bulb is 89.95 rubles, which is  
64 rubles more expensive than the classic technology. Although high-tech and science-intensive me-
thods for improving the planting material of bolting garlic significantly increase its cost, they are more 
effective and can be considered as a long-term investment in the development of garlic growing in 
Russia.
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INTRODUCTION 

The government, within the framework of the 
Program of Fundamental Scientific Research in 
the Russian Federation for the long-term peri-
od (2021–2030), allocated about 2 billion rubles 
for the creation of new highly productive forms 
of cultivated plants that are resistant to adverse 
abiotic and biotic environmental factors. This 
indicates the state's interest in using scientific 
achievements to ensure the country's food secu-
rity under conditions of economic isolation. In 
this regard, modern biotechnological methods 
are becoming in demand not only in science but 
also in the production of agricultural products.

According to data from the Food and Agricul-
ture Organization of the United Nations (FAO), 
the total demand for garlic is about 300 thousand 
tons per year, while actual production of this 
vegetable crop across all types of farms in 2020 
amounted to 190 thousand tons. In Russia, 18.5 
thousand hectares are planted with garlic. Ac-
cording to Rosstat, in 2023 the total gross garlic 
harvest amounted to 1,712.9 thousand centners 
[1]. Garlic occupies a special place in human nu-
trition. In addition, its role as a medicinal plant is 
increasingly growing.

Garlic can be propagated by cloves, aerial 
bulbs, and single-clove bulbs [2–5]. Due to the 
vegetative method of propagation, this valuable 
vegetable crop is susceptible to numerous dis-

eases [6–9]. The use of infected starting material 
leads to a loss of bulb mass by 12.3%, a reduc-
tion in the number of cloves by 40.2%, and a 
decrease in yield up to 60%. At the same time, 
new varieties created by the method of clonal 
selection are initially at risk of degeneration [3, 
10]. Therefore, the issue of renewing varieties 
and obtaining healthy planting material is par-
ticularly pressing.

For example, in Russia, in order to solve this 
problem in potato cultivation, which also repro-
duces through vegetative organs, a technology 
for obtaining pathogen-free planting material us-
ing the in vitro method has been developed and 
widely implemented. According to open sourc-
es, the price of one potato microtuber obtained 
in this way can range from 150 to 1500 rubles.

The use of biotechnological methods is also 
possible in garlic breeding and seed production 
[11–15].

In order to implement the technology for im-
proving the health of garlic planting material, it 
is necessary to conduct an economic analysis.

The purpose of the work is a comparative 
analysis of costs and the calculation of the cost 
of obtaining improved planting material of win-
ter garlic (Allium sativum L.) using the classical 
technology (from aerial bulbs) and the in vitro 
method.



50 Siberian Herald of Agricultural Science • 2026 • 56 • 1 Plant growing and breeding

Azopkova M.A. Estimation of the production cost of the planting material  
of bolting garlic (Allium sativum L.)  
using in vitro technology

MATERIAL AND METHODS 

Calculation of the cost of the improved win-
ter garlic planting material was carried out in 
the laboratory of the All-Russian Scientific Re-
search Institute of Vegetable Growing based on 
the previously developed methods1, 2.

The following initial data were used to calcu-
late the costs of obtaining the planting material 
in in vitro culture: specialist's salary with bene-
fits – 100 thousand rubles, cost of 1 kW·h – 8.5 
rubles.

Donor plants were grown on beds with a total 
area of 15 m² at a plant density of 40 plants/m² to 
simultaneously obtain 350 garlic inflorescences 
suitable for introduction into culture.

All work on obtaining the planting material 
from airborne bulbs was carried out in the exper-
imental plot using manual labor. The calculated 
area at the first stage was 15 m², at the second – 
300, at the third – 50 m².

RESULTS AND DISCUSSION 

Obtaining garlic planting material from ae-
rial bulbs involves a complex set of activities. 
In general, this method involves the sequential 
production of aerial bulbs, as well as single- and 
multi-clove bulbs. The total costs for imple-
menting this method amount to 368 man-hours 
and 258.94 thousand rubles (see Table 1). The 
most labor-intensive process is the production 
of single-clove bulbs. Labor costs at this stage 
amount to 184 man-hours, and monetary costs 
are 123.42 thousand rubles. The main cost item 
is the salary.

At the same time, the cost of one garlic bulb, 
obtained using the classical scheme of planting 
material health improvement, averaged 25.9 ru-
bles.

Obtaining garlic planting material using bio-
technological methods consists of three stag-
es: growing donor plants, the biotechnological 

1Polyakov A.V., Azopkova M.A., Muravyova I.V. Obtaining in vitro planting material of winter garlic (Allium sativum L.): 
methodological recommendations. Moscow,2018, 18 p.

2Polyakov A.V., Alekseeva T.V. Obtaining planting material of winter garlic (Allium sativum L.) from aerial bulbs in the Non-
Black Earth zone of the Russian Federation: methodological recommendations. Moscow, 2018, 16 p.

Табл.  1 .  Затраты на получение оздоровленного посадочного материала
Table 1.  The cost of obtaining an improved planting material

Stage Duration, 
months

Expenses

labor materi-
als electricity other total

mhrs thous. ru-
bles

thous. 
rubles kW ∙ h thous. 

rubles
thous. 
rubles

thous. 
rubles

In vitro culture

Donor plant cultivation 10 24 12,0 1,58 0 0 3,0 16,58

Biotechnological 10,5 440 261,5 339,82 19 930 169,4 11,0 781,72
Cultivation of the first field 
generation 10 140 70,0 21,42 0 0 10,0 101,42

Total 30,5 604 343,5 362,82 19 930 169,4 24,0 899,72

Aerial bulbs

Obtaining aerial bulbs 10 44 22,0 2,10 0 0 10,0 34,10

Obtaining single-clove bulbs 10 184 92,0 21,42 0 0 10,0 123,42

Obtaining multi-clove bulbs 10 140 70,0 21,42 0 0 10,0 101,42

Total 30 368 184,0 44,94 0 0 30,0 258,94
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stage, and growing the first field generation (see 
Table 1).

Growing donor plants includes preparing the 
soil for planting, cutting the beds, preparing the 
planting material, planting, caring for the plants 
during the growing season, as well as preventive 
treatment against diseases and pests. The dura-
tion of the stage is 10 months. Labor costs at this 
stage amount to 24 person-hours, and monetary 
costs – 16.58 thousand rubles.

The biotechnological stage is carried out un-
der the laboratory conditions. It consists of the 
preparation of the plant material, in vitro culti-
vation (introduction into in vitro; microprop-
agation; rooting and growth of plants in vitro), 
adaptation of plants to ex vitro conditions, and 
their growth. The biotechnological stage lasts on 
average 11 months, including the period from 
introduction into culture to adaptation to ex vi-
tro conditions, which takes 4 months, adaptation 
to ex vitro conditions and growth of plants up to 
single-clove bulbs, and storage in a cold cham-
ber – 7 months (see Table 2).

The first stage of in vitro cultivation is the 
introduction into the culture. The effectiveness 
of this stage determines all subsequent work. In 
the overall cost structure, it accounts for only 
3.74%, which is 28.83 thousand rubles in mon-
etary terms.

Micropropagation and in vitro rooting of 
plants are similar in duration and in their share of 
the cost structure. At the micropropagation stage, 

one passage from a single garlic inflorescence 
can produce 30 well-formed plants in vitro [12]. 
Thus, 350 inflorescences are sufficient to produce 
11,000 plants in vitro. The share of these stages 
in the overall cost structure is 17% (132.85 and 
134.65 thousand rubles, respectively). The cost 
of one plant is 8.86 and 10.20 rubles.

At the same time, the main expense items are 
salaries and materials, which account for an av-
erage of 45% of costs each. 

The adaptation of garlic plants to ex vitro 
conditions is the costliest stage, accounting for 
61.81% of the total costs. At this stage, the in 
vitro plants are grown to a single-clove bulb, 
followed by storage in refrigeration chambers 
until planting in the soil. The cost of one plant 
is 31.76 rubles.

Electricity costs include payment for elec-
tricity consumed by the lighting system, laminar 
box, split system, drying cabinets, autoclaves, 
distillers, and refrigerated chamber for vernal-
ization of single-toothed bulbs. Electricity costs 
at the ex vitro plant growing stage are the highest 
compared to other stages and amount to 147.90 
thousand rubles. 

Material costs include the cost of dishes, 
chemical reagents, insulating materials, disin-
fectants, containers, and soil. It should be noted 
that during the experiment for plant adaptation, 
Jiffy peat tablets with a diameter of 24 mm were 
used, which increased the material costs by 184 
thousand rubles.

Табл.  2 .  Затраты на получение 10 тыс. растений методом in vitro
Table 2.  Costs of producing 10,000 plants using the in vitro method

Stage Duration, 
months

Costs, thous.rubles

total labor electricity materials

Introduction into in vitro 1 28,83 13,0 2,2 13,63

Micropropagation 1,5 132,85 62,75 8,75 61,35

Rooting and growing plants in vitro 1,5 134,65 62,75 10,55 61,35

Adaptation of plants to ex vitro conditions, 
growing, storage in a cold chamber 7 474,39 123,0 147,90 203,49

Total 11 770,72 261,5 169,4 339,82
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The total costs of obtaining winter garlic 
plants in in vitro culture amount to 770.72 thou-
sand rubles, the cost of one plant is 77 rubles.

The final stage in obtaining the planting ma-
terial by the in vitro culture method is the cul-
tivation of the first field generation. The dura-
tion of this stage is 10 months (see Table 1). The 
obtained adapted plants are planted in beds, and 
care for the plantings is carried out according to 
the technology for growing winter garlic from a 
single-clove bulb.

In total, the costs of obtaining the planting 
material using the in vitro method amount to 
899.72 thousand rubles. The cost of one bulb of 
the first field generation is 89.95 rubles, which is 
64 rubles more expensive compared to the con-
ventional technology.

CONCLUSION 

Since winter garlic is an exclusively vegeta-
tively propagated plant, complete elimination of 
infections from the planting material using tra-
ditional methods is impossible. The use of high-
tech and knowledge-intensive methods for the 
purification of the planting material significantly 
increases its cost.

As a result of the work carried out, it was es-
tablished that the cost of the planting material 
obtained using the in vitro method is 3.5 times 
higher than the cost of bulbs obtained by the 
classical method.

It is possible to obtain the planting material 
for an area of 1 hectare from the bulbs of the first 
field generation, after two years of cultivation in 
open ground with compliance with all agronom-
ic standards. Such material is free from phyto-
pathogens, and the costs of obtaining it can be 
considered long-term investments in the devel-
opment of garlic growing in Russia.
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Фенологическое развитие и урожайность ромашки аптечной  
и календулы лекарственной в зависимости от сроков посева  
в Забайкалье

Андреева О.Т.
Научно-исследовательский институт ветеринарии Восточной Сибири – филиал  
Сибирского федерального научного центра агробиотехнологий Российской академии наук
Чита, Россия 

e-mail: frau.olgaa2015@yandex.ru
В статье на основании трехлетних (2020–2022) полевых опытов и лабораторных исследова-

ний изложены результаты изучения процесса формирования агрофитоценозов ценных лекар-
ственных растений – ромашки аптечной (Matricaria chamomilla) и календулы лекарственной 
(Calendula officinalis L.) – при разных сроках посева в лесостепной зоне Забайкальского края. 
Исследование проводили на опытном поле Научно-исследовательского института ветеринарии 
Восточной Сибири. Почва опытного участка лугово-черноземная мучнисто-карбонатная, по 
гранулометрическому составу – легкий суглинок. Цель работы – оценка влияния сроков посева 
(II декада мая, II декада июня, II декада июля) на продолжительность межфазных периодов раз-
вития растений, линейный рост, облиственность, полевую всхожесть, сохранность растений и 
урожайность лекарственного сырья. Полученные данные свидетельствуют о том, что благодаря 
различным срокам посева в зависимости от почвенно-климатических условий региона можно 
получать различную урожайность изучаемых лекарственных культур. Наибольшая урожай-
ность лекарственного сырья сформировалась при посеве 15 мая и 15 июня: урожайность сырой 
массы ромашки аптечной составила 8,20–9,60 т/га, сухой массы – 1,37–1,49 т/ га, семян – 0,15–
0,16 т/га, у календулы лекарственной – 9,80–10,30;  1,80–1,87; 0,40–0,41 т/га соответственно. 
К моменту уборки высота растений ромашки аптечной доходила до 89–95 см, облиственность – 
до 57–58%, календулы лекарственной – 82–84 см и 52–55% соответственно. Отмечено, что ле-
карственные растения свободны от болезней и вредителей, их посевы устойчивы к полеганию 
и засухе в условиях Забайкалья.

Ключевые слова: лекарственные растения, ромашка аптечная, календула лекарственная, 
сроки посева, межфазные периоды, развитие растений, урожайность, адаптивность

Phenological development and productivity of wild chamomile and 
calendula officinalis depending on the sowing time in Transbaikalia

Andreeva O.T.
Scientific Research Institute of Veterinary Science of Eastern Siberia – Branch of the  
Siberian Federal Scientific Centre of Agro-Biotechnologies of the Russian Academy of Sciences
Chita, Russia 

e-mail: frau.olgaa2015@yandex.ru
The article presents the results of a study on the formation of agrophytocenoses of valuable me-

dicinal plants – wild chamomile (Matricaria chamomilla) and calendula officinalis (Calendula offi- 
cinalis L.) – at different sowing times in the forest-steppe zone of the Trans-Baikal Territory, based 
on three years (2020–2022) of field experiments and laboratory research. The study was conducted on 
the experimental field of the Scientific Research Institute of Veterinary Science of Eastern Siberia. The 
soil of the experimental plot was meadow-chernozem floury-carbonate, light loam in granulometric 
composition. The purpose of the work was to study the effect of the sowing dates (second ten days of 
May, second ten days of June, second ten days of July) on the duration of interphase periods of plant 
development, linear growth, foliage, field germination, plant survival, and yield of medicinal raw 
materials. The obtained data indicate that, thanks to different sowing times depending on the soil and 
climatic conditions of the region, it is possible to obtain different yields of the studied medicinal crops. 
The highest yield of medicinal raw materials was achieved when sowing on May 15 and June 15: 
the yield of the raw mass of wild chamomile was 8.20–9.60 t/ha, dry mass – 1.37–1.49 t/ha, seeds – 
0.15–0.16 t/ha, and for calendula officinalis – 9.80–10.30; 1.80–1.87; 0.40–0.41 t/ha, respectively. By 
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the harvest time, the wild chamomile plants reached 89–95 cm in height, with a foliage coverage of 
57–58%, while the calendula officinalis plants reached 82–84 cm and 52–55%, respectively. These 
medicinal plants were noted to be free of diseases and pests, and their crops were resistant to lodging 
and drought in the conditions of Transbaikalia.

Keywords: medicinal plants, wild chamomile, calendula officinalis, sowing dates, interphase pe- 
riods, plant development, yield, adaptability
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INTRODUCTION

At present, medicinal plants play a signifi-
cant role in the production of pharmaceuticals, 
since about half of all medicines used in modern 
world medicine are of natural origin, obtained 
from products processed from medicinal plant 
raw materials. The distinctive feature of medic-
inal plants and preparations based on them is 
that their range of action is very wide, because 
plants naturally contain a whole complex of var-
ious substances, each of which not only has a 
specific effect on the body but also enhances the 
action of other biologically active substances. 
The therapeutic spectrum of action of the prepa-
rations based on certain plants is quite signifi-
cant. Examples of such plants include calendula 
officinalis, wild chamomile, Ural licorice, and 
others. Medicinal plants and preparations made 
from them have a mild therapeutic effect, lower 
toxicity, and minimal side effects compared to 
substances obtained synthetically.

The use of medicinal plants has its roots in the 
distant past. Many of them have undergone cen-
turies of testing and are an invaluable resource 
for modern medicine. Thanks to the combina-
tion of the historical experience of the peoples 
of the world and the results of scientists' work, 
a unique arsenal of medicinal plant preparations 

has been created, which is in great demand both 
in Russia and in other countries. Eco-products 
from medicinal plants are used in the production 
of medical and veterinary drugs, in the food in-
dustry, perfumery, and cosmetology. Medicinal 
plants are widespread in all geographic zones 
of our country, with a large number growing in 
Transbaikalia, Western and Eastern Siberia. Cur-
rently, the domestic pharmaceutical industry's 
needs for medicinal raw materials are not ful-
ly met, with imports accounting for up to 80%1 
[1–3].

In recent years, there has been a sharp turn 
towards the use of medicinal plants for treat-
ment, which has been facilitated by an increased 
level of knowledge about medicinal plants and 
the stability of the effects obtained. In govern-
ment program documents, the Government of 
the Russian Federation has set the crucial task of 
providing the country's population with highly 
effective domestic herbal medicines2. Therefore, 
the revival and development of medicinal plant 
cultivation in the Russian Federation at the pres-
ent stage and in the future constitute an import-
ant and relevant task of great national economic 
significance.

Promising sources of medicinal products are 
wild chamomile (Matricaria chamomilla) and 

1Telyatyev V.V. Healing treasures of Eastern Siberia. Irkutsk,1976, 445 p.
2Order of the Ministry of Industry and Trade of the Russian Federation dated October 23, 2009 No. 965 “On approval of the 

strategy for the development of the pharmaceutical industry of the Russian Federation for the period up to 2020” // GARANT.RU: 
information and legal portal.URL: https://www.garant.ru/products/ipo/prime/doc/4089282/.
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calendula officinalis (Calendula officinalis L.).
Calendula officinalis is an annual herbaceous 

plant of the Asteraceae family. The flowers of ca-
lendula contain a whole complex of biological-
ly active substances. For example, carotenoids 
help reduce inflammation and have anti-cancer 
effects. Sterols contribute to the improvement 
of the cardiovascular system and remove excess 
cholesterol. Triterpenoids stabilize blood sugar 
levels and tone the immune system. Essential 
oils support immunity and have an antibiotic ef-
fect. Coumarins maintain the elasticity of blood 
vessels and reduce the chance of blood clot for-
mation. Lactone has an anti-tumor effect [4–7].

Wild chamomile is an annual herbaceous 
plant of the Aster family. The flowers, stems, 
and leaves of chamomile contain many essen-
tial oils, coumarins, polysaccharides, flavonoids, 
organic acids, and vitamins of various groups. 
Chamomile helps with stomach ulcers, acute and 
chronic inflammations of the intestinal muco-
sa, gastritis, colitis, constipation, and neuralgic 
pain. Valuable components in medicinal cham-
omile are glycosides, flavonoids, and a type of 
ether – chamazulene, which is used for the treat-
ment of bronchial asthma, rheumatism, aller-
gic gastritis and colitis, and burns from X-rays. 
Chamomile flower infusion has anti-inflamma-
tory, hemostatic, antiseptic, analgesic, antispas-
modic, and diaphoretic effects, enhances and 
quickens breathing, dilates the cerebral vessels, 
and stimulates appetite. Ready-made medicinal 
forms: Romazulan, Alorom, Arfazetin, Rotokan, 
Kamilosid [8–10].

The content of biologically active substances 
in various organs of medicinal plants largely de-
pends on the growing conditions, the vegetative 
period, the mass, and the size of these organs. 
Within the complex of technological methods 
of cultivating medicinal crops, the sowing dates 
are of great importance. Sowing dates affect the 
yield and quality of the produce to the extent 
that they coincide with favorable conditions (in 
terms of moisture and temperature) during the 
period of plant growth, development, and har-
vest formation. The technological method that 
most influences the formation and quality of the 

harvest is the use of different sowing dates. By 
adjusting sowing dates, it is possible to reduce 
the plants' dependence on adverse environmen-
tal factors and achieve a high yield of high-qual-
ity medicinal raw materials. The yield and qual-
ity of medicinal raw materials are the basis for 
the effective use of medicinal crops in produc-
tion [11, 12].

The sowing dates influence on the yield 
of medicinal calendula and chamomile in the 
Trans-Baikal region has not been previously 
studied. Therefore, research to determine the 
optimal sowing dates for these medicinal plants 
is timely, relevant, and has both scientific and 
practical significance.

The purpose of the study is to determine the 
optimal sowing periods for chamomile and me-
dicinal calendula, which allow for consistently 
obtaining high yields of medicinal raw materials 
and full-fledged seeds under the conditions of 
Transbaikalia.

MATERIAL AND METHODS  

The study was conducted in the forest-steppe 
zone of the Trans-Baikal Territory, in the fields 
of the Research Institute of Veterinary Science 
of Eastern Siberia. The soil of the site is mead-
ow-chernozem, floury-carbonate, with a loamy 
texture according to granulometric composition. 
The content of organic matter in the arable layer 
is 3.67%, total nitrogen is 0.31%. The availabili-
ty of assimilable forms of phosphorus is low, and 
of potassium is medium. The reaction of the soil 
solution of the arable horizon is slightly acidic 
(pH of the water extract 5.9), of the sub-arable 
horizon – neutral (pH = 6.3). The area of the 
sowing plot is 20 m², of the accounting plot – 
10 m². The plot arrangement is sequential, the 
shape is rectangular, with fourfold replication.

Mineral fertilizers were applied at a rate of 
N60P60K60 for pre-sowing cultivation. Sowing 
was carried out after fallow in three stages (sec-
ond ten-day period of May, second ten-day peri-
od of June, second ten-day period of July). Wild 
chamomile seeds were sown at a rate of 4 kg/
ha, and calendula officinalis seeds at a rate of 10 
kg/ha. Wild chamomile seeds were embedded to 
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a depth of 0.5–1.0 cm, and calendula officinalis 
seeds were embedded to a depth of 2.0–3.0 cm. 
When sowing, the seeds were mixed with granu-
lated superphosphate (at a ratio of 1:5) to ensure 
uniform seeding. The medicinal plant material 
was collected four times during the growing sea-
son (every 8–10 days) when sowing on May 15 
and June 15, and once when sowing on July 15. 
Records and observations were conducted ac-
cording to the methodological guidelines3-8.

The climate in Transbaikalia is sharply con-
tinental, with cold winters and hot summers, 
with little snow. Average annual precipitation is 
330–380 mm, with most (85–90%) falling in the 
summer, and the maximum from July to August. 
Overall, the climate is characterized by variable 
moisture levels. The sum of temperatures above 
10°C during the summer months ranges from 
1500–1800°C, with a high average daily tem-
perature in July (19.1°C). The frost-free period 
lasts for 90–110 days.

A distinctive feature of the Transbaikal Terri-
tory's climate is its long sunshine hours. In this 
regard, the region surpasses even the southern 
regions of Russia. The average sunshine hour 
in Chita is 6.4 hours per day. The abundance of 
warmth and light in the summer and the long du-
ration of direct sunlight are extremely favorable 
factors for the cultivation of many crops. These 
plants, fully utilizing the region's bioclimatic re-
sources (moisture, nutrients, and solar energy), 
have time to mature before the onset of autumn 
frosts. If all agricultural practices are followed, 
they can produce a fairly high yield of medicinal 
plants and seeds. 

The study period (2020–2022) was character-
ized by a sufficient level of moisture and heat 
supply. In 2020, 320 mm of precipitation fell 
from April to September, in 2021 – 349 mm, in 
2022 – 406 mm, which exceeds the long-term 
average (276 mm) by 44, 73, and 130 mm. The 

average temperature of the growing seasons 
exceeded the long-term average (11.2 °C) by 
0.7, 0.9, and 1.9 °C. The hydrothermal coeffi-
cient (HTC) averaged: 1.0 in May, 1.2 in June, 
2.6 in July, 1.1 in August, and 2.4 in September. 
May, June, and August were characterized as 
sufficiently wet, while July and September were 
excessively wet. Overall, the established weath-
er conditions ensured the timely appearance of 
seedlings, good plant development, and the for-
mation of high yields of medicinal raw materials 
and seeds. It was noted that the studied crops in 
the forest-steppe conditions of the Trans-Baikal 
region are resistant to pests and diseases, lodg-
ing, and drought.

RESULTS AND DISCUSSION  

The study revealed that the growth of wild 
chamomile and calendula officinalis plants at 
the beginning and throughout the phenological 
phases was strongly influenced by weather con-
ditions (temperature and soil moisture), sowing 
date, and the biological characteristics of the 
plants. Active plant development was observed 
with precipitation and optimal temperature con-
ditions (20–23 оС). 

The average daily air temperature during the 
sowing-to-emergence interphase period during 
sowing in the second ten-day period of May was 
8.8–9.0 °C, in the second ten-day period of June 
– 16.2–16.5 °C, in the second ten-day period of 
July – 20.6–21.3 °C. The productive moisture in 
the arable soil layer was 31.2–32.1; 36.4–36.6; 
38.3–39.0 mm, respectively. Soil temperature 
at the seed depth varied between sowing dates: 
7.2–8.3°C on May 15, 11.9–12.5°C on June 15, 
and 19.5–20.1°C on July 15. All of this signifi-
cantly influenced soil warming and differences 
in seedling emergence times. When sowing in 
the second ten-day period of May, seedlings 

3Methodological guidelines for conducting field experiments with fodder crops. Moscow,1983, 197 p. 
4Experimental work in crop production. Moscow, 1982, 190 p. 
5Dospekhov B.A. Methodology of field experiment (with basics of statistical processing of the research results). Moscow, 1985, 

357 p. 
6Methodology of state variety testing of agricultural crops. Moscow, 1985, 267 p. 
7Instructions for zonal agrochemical laboratories on the analysis of feed and plants. Moscow: Kolos, 1968, 56 p. 
8GOST 34221–2017. Seeds of medicinal and aromatic plants. Varietal and sowing qualities. General technical conditions. 

Moscow: Standartinform, 2017, 23 p.
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emerged 23–24 days after sowing, 5–6 days ear-
lier in the second ten-day period of June, and 
15–16 days earlier in the second ten-day period 
of July (see Table 1). 

For wild chamomile, the germination-bud-
ding period lasted from 33 to 38 days, while for 
calendula officinalis it was 30-35 days. The ger-
mination-flowering period lasted 52-54 days for 
wild chamomile and 47-50 days for calendula 
officinalis when sown in May and June. More-
over, this period was shorter by 2-3 days when 
sown in June. In July crops, the full flowering 
phase occurred in only 40% of wild chamomile 
plants and 60% of calendula officinalis plants. In 
wild chamomile and calendula officinalis agro-
cenoses, seed ripening was observed only when 
sown in May and June, with the periods lasting 
82-86 and 72-75 days, respectively.

An important element of the agrophytoceno-
sis is the number of plants per unit area. Field 
germination rates varied across experimental 
variants depending on sowing time. The most 
favorable conditions for heat and moisture were 
observed during sowing in the second ten-day 
period of July, due to precipitation and optimal 
average daily temperatures during germination 
and subsequent vegetation. High plant survival 
rates were noted—96–98% (see Table 2). 

In wild chamomile crops, field germination 
was 57–70%, and in calendula officinalis, 69–
78%. This indicator increased from early sowing 
(May 15) to later ones (by 4–6% when sowing 

on June 15 and by 9–13% when sowing on July 
15). Plant survival was quite high in all experi-
mental variants (93–98%). The standing density 
at harvest for chamomile was 31–39 pcs/m2, and 
for calendula officinalis, 61–73 pcs/m2. 

Weed infestation in spring crops during the 
germination period (with one cultivation) was 
high (96–109 weeds/m2). When sowing on June 
15 (with two pre-sowing cultivations), weed in-
festation rates decreased slightly (73–75 weeds/
m2). Less weedy were the July crops, where two 
pre-sowing cultivations were carried out (30–33 
weeds/m2). By the end of the growing season, as 
a result of clearing and harrowing, weed infesta-
tion in all variants decreased to 2–7 weeds/m2. 

Important parameters influencing the produc-
tivity of the grass stand are the height and foliage 
of the plants. In the sowings carried out on May 
15 and June 15, the height of the plants was the 
greatest by the time of harvesting: wild chamo-
mile – 89–95 cm, calendula officinalis – 82–84 
cm, which is higher than in the sowings carried 
out on July 15 by 51–61 and 38–40 cm, respec-
tively. The foliage coverage was 57–59 and 
52–55%. With the late sowing date (July 15), the 
plant height was the smallest and amounted to 
34–44 cm, while the foliage coverage was high 
(62–65%) (see Table 3). 

When assessing the response to drought us-
ing a method based on yellowing of basal leaves 
and loss of turgor, it was noted that all the stud-
ied crops are drought-resistant (5 points).

Табл.  1 .  Межфазные периоды ромашки аптечной и календулы лекарственной, дни  
(среднее за 2020–2022 гг.)
Table 1.  Interphase periods of wild chamomile and calendula officinalis, days  
(average for 2020–2022)

Culture Sowing –
seedlings

Seedlings –
budding

Seedlings –
flowering

Seedlings –  
seed ripening

Sowing on May 15
Wild camomile 23 33 54 82
Calendula officinalis 24 30 50 72

Sowing on June 15
Wild camomile 18 34 52 86
Calendula officinalis 18 32 47 75

Sowing on July 15
Wild camomile 8 38 50 –
Calendula officinalis 8 35 44 –
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Important indicators of the yield structure of 
medicinal raw materials of the studied crops are 
the plant density per unit area and the weight of 
inflorescences. In wild chamomile, in sowing 
carried out on May 15, with a plant density of 31 
pcs/m2, the fresh weight of inflorescences was 
820 g/m2; in sowing carried out on June 15, the 
values ​​of these indicators were 34 pcs/m2 and 
960 g/m2; in sowing carried out on July 15 – 39 
pcs/m2 (of which flowering – 16 pcs/m2, or 40%) 
and 277 g/m2. For calendula officinalis, the pre-
sented indicators were 61 pcs/m2 and 980 g/m2; 
66 pcs/m2 and 1030 g/m2; 73 pcs/m2 (of which 
flowering – 44 pcs/m2, or 60%) and 383 g/m2, re-
spectively. The diameter of the flowering heads 
of wild chamomile, depending on the declared 
sowing dates, was 3.9; 3.7; 2.9 cm, for calendula 
officinalis – 7.6; 7.3; 5.7 cm.

It was found that, under the prevailing grow-
ing season conditions, wild chamomile and ca-
lendula officinalis achieved maximum produc-

tivity when sown on May 15 and June 15: fresh 
weight of 8.20–9.60 and 9.80–10.30 t/ha, dry 
weight of 1.37–1.49 and 1.80–1.87 t/ha, thou-
sand-seed weight of 0.089–0.090 and 13.9–14.0 
g, and seed yield of 0.15–0.16 and 0.40–0.41 t/
ha, respectively (see Table 4). 

In the sowings carried out on July 15, a de-
crease in the yield of medicinal raw materials 
was observed: for wild chamomile, the raw mass 
decreased by 5.43–6.83 t/ha (66.2–77.1%), the 
dry mass – by 0.95–1.11 t/ha (69.3–74.5%), for 
calendula officinalis, the raw mass decreased by 
5.97–6.47 t/ha (60.9–62.8%), the dry mass – by 
1.20–1.27 t/ha (66.7–67.9%). Seeds in the July 
sowings of wild chamomile and calendula offic-
inalis did not form. 

On average, over the years of study, the high-
est yield of medicinal raw materials of wild 
chamomile was obtained at a plant density of 31–
34 plants/m2, and calendula officinalis – 61–66 
plants/m2. A close positive correlation was noted 
between the yield and plant height (r = 0,87).

Табл.  2 .  Густота стояния, полевая всхожесть, сохранность и засоренность посевов ромашки  
аптечной и календулы лекарственной (среднее за 2020–2022 гг.)
Table 2.  Plant density, field germination, survival and weed infestation of wild chamomile  
and calendula officinalis crops (average for 2020–2022)

Culture Sowing time

Plant density, pcs./m2

Field 
germination, 

%
Viability, %

Weed infestation,
pcs./m2

during the 
sprouting 

period

before 
harvesting

during the 
sprouting 

period

by the end 
of the

growing 
season

Wild camomile May 15 33 31 57 93 109 7

June 15 36 34 63 94 73 5

July 15 41 39 70 96 33 3
Calendula 
officinalis

May 15 64 61 69 95 96 5

June 15 69 66 73 96 75 4

July 15 74 73 78 98 30 2

Табл.  3 .  Высота и облиственность растений ромашки аптечной и календулы лекарственной  
(среднее за 2020–2022 гг.)
Table 3.  Height and foliage of medicinal plants of wild chamomile and calendula officinalis  
(average for 2020–2022)

Culture
Height, cm Foliage, %

May 15 June 15 July 15 May 15 June 15 July 15

Wild camomile 89 95 34 57 59 65
Calendula 
officinalis 82 84 44 52 55 62
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CONCLUSIONS  

1. The natural and climatic conditions of the 
Trans-Baikal Territory correspond to the bio-
logical requirements of wild chamomile and 
calendula officinalis and, if optimal agricultural 
cultivation methods are observed, allow for the 
formation of high yields of medicinal raw mate-
rials and seeds. 

2. Based on the results of the study, it was 
established that the optimal time for sowing 
wild chamomile and calendula officinalis in the 
forest-steppe zone of the Trans-Baikal Territo-
ry is the period from May 15 to June 15. When 
sowing during the specified period, the highest 
yield of medicinal raw materials and seeds was 
recorded: for wild chamomile, raw mass is 8.20-
9.60 t / ha, dry mass - 1.37-1.49 t / ha, seeds 
- 0.15-0.16 t / ha, for calendula officinalis - 9.80-
10.30; 1.80-1.87; 0.40-0.41 t / ha, respectively. 

3. The duration of the transitional phases of 
medicinal plants at the specified sowing times 
was: 

– for wild chamomile: from sowing to seed-
lings – 18–23 days, from seedlings to budding – 
33–34 days, from seedlings to flowering – 52–54 
days, from seedlings to seed maturation – 82–86 
days; 

– for calendula officinalis – 18–24; 20–22; 
47–50 and 72–75 days respectively. 

4. By the time of harvest, the height of wild 
chamomile plants was 89–95 cm, foliage – 57–

59%, calendula officinalis – 82–84 cm and 52–
55% respectively. 

5. It has been found that wild chamomile and 
Calendula officinalis are resistant to drought and 
lodging, as well as to diseases and pests in the 
forest-steppe zone of Transbaikalia.
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Сезонная динамика лёта доминирующих чешуекрылых вредителей  
в современных садах

Васильченко А.В., Прах С.В., Подгорная М.Е.
Северо-Кавказский федеральный научный центр садоводства, виноградарства, виноделия
Краснодар, Россия 

e-mail: anfisaVV@yandex.ru
Под влиянием ряда факторов в плодовых агроценозах происходят изменения, проявляющие- 

ся в естественных эволюционных процессах динамики видового и количественного состава фи-
тофагов, их вредоносности и биологии развития. Наибольшее влияние на формирование ком-
плексов насекомых-вредителей оказывают сдвиги в климатической системе, нарастание темпов 
глобального потепления, увеличение волн экстремально высоких температур и их повторяе-
мость, рост количества опасных метеорологических явлений. Мониторинг многолетних плодо-
вых насаждений показывает изменения в формировании и особенностях развития комплекса 
чешуекрылых. Ежегодно в течение всего вегетационного сезона в садовых агроценозах Крас-
нодарского края отмечаются следующие симпатричные виды: яблонная (Cydia pomonella L.), 
сливовая (Grapholitha funebrana Mats.) и восточная плодожорки (Grapholita molesta Busck) из се-
мейства Tortricidae, а также двуполосая огневка-плодожорка (Euzophera bigella Zeller) из семей-
ства Pyralidae, обитающие в агроценозе на протяжении всей вегетации. Установлено, что разный 
температурный режим и относительная влажность воздуха в весенний период влияют на ха-
рактер динамики вылета особей перезимовавшего поколения. Особенность в лёте C. pomonella, 
G. funebrana, G. molesta – многочисленные пики, что свидетельствует о неравномерном выходе 
особей в агроценозе сада в начале вегетации. В результате мониторинга плодовых насаждений 
отмечено существенное различие (по зонам садоводства и годам) в сроках вылета бабочек пе-
резимовавшего поколения – разница составляет от 5 до 12 дней. Выявлено, что неустойчивая 
весенняя погода способствует неравномерному и растянутому вылету имаго перезимовавшего 
поколения. Продление вегетационного периода на месяц в 2023 и 2024 гг. увеличило продолжи-
тельность лёта чешуекрылых фитофагов. Изучение сезонной динамики лёта чешуекрылых вре-
дителей показало, что в Краснодарском крае доминирующие виды развиваются в нескольких ге-
нерациях: C. pomonella и G. funebrana – по три поколения, E. bigella – четыре, G. molesta – пять.

Ключевые слова: чешуекрылые, доминирующие вредители, плодовые насаждения, темпе-
ратурный режим, генерация
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Under the influence of a number of factors, changes occur in fruit agrocenoses that manifest them-

selves in the natural evolutionary processes of the dynamics of the species and quantitative composi-
tion of phytophages, their harmfulness and developmental biology. The greatest impact on the forma-
tion of the complexes of harmful species is exerted by the shifts in the climate system, an increase in 
global warming, an increase in the waves of extremely high temperatures and their recurrence, and an 
increase in dangerous meteorological phenomena.  Monitoring of perennial plantations shows changes 
in the formation and development features of the Lepidoptera complex. Every year, during the entire 
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growing season, sympatric species are observed in the garden agrocenoses of the Krasnodar Territo-
ry: apple Cydia pomonella L., plum Grapholitha funebrana Mats., oriental codling moth Grapholita 
molesta Busck (fam. Tortricidae) and the double-banded pyralid moth Euzophera bigella Zeller (fam. 
Pyralidae), which live in the cenosis throughout the growing season. It has been established that dif-
ferent temperature conditions and relative air humidity in the spring period influence the nature of the 
dynamics of the emergence of individuals of the overwintered generation. A distinctive feature in the 
flight of C. pomonella, G. funebrana, G. molesta is numerous peaks, which indicates an uneven yield 
of individuals in the agrocenosis of the orchard at the beginning of the growing season. As a result of 
monitoring fruit plantations, significant differences have been noted (across horticultural zones and 
years) in the timing of the emergence of butterflies of the overwintered generation – the difference 
ranges from 5 to 12 days. It has been revealed that the spring period unstable weather contributes to 
uneven and extended the emergence of the imago of the overwintered generation. The extension of 
the growing season by a month in 2023 and 2024 increased the flight duration of Lepidoptera phy-
tophages. A study of the seasonal flight dynamics of Lepidoptera pests showed that dominant species 
develop in several generations in the Krasnodar Territory: C. pomonella and G. funebrana have three 
generations each, E. bigella has four, and G. molesta has five.

Keywords: Lepidoptera, dominant pests, fruit and berry plantations, temperature conditions, ge- 
neration
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INTRODUCTION  

One of the aspects determining the transfor-
mation of the structure of insect pest complex-
es is the change in the main climate parameters. 
According to Roshydromet, since the late 1970s, 
there has been an unprecedented disruption of the 
climate balance1. The last two years have been 
marked as the warmest in the Southern Federal 
District in the entire history of observations. In 
2024, new daily maximum temperatures were re-
corded in the Krasnodar Territory. The summer 

average monthly temperatures, as well as No-
vember and December, were extremely warm. 
The average annual air temperature anomaly in 
the spring of 2023 was +1.77 ºC, in the autumn of 
the same year it reached +2.38 ºC, and in the sum-
mer of 2024 it was +2.07 ºC. There is also a noted 
increase in average monthly temperatures in the 
region from May to September by 2.4 ºC [1]. 

In this regard, the duration of the growing 
periods (T > 5 °C) and active growing periods 
(T > 10 °C) exceeded the long-term average (on 

1Climate Change: Information Bulletin / Roshydromet, No. 112. URL: www.global-climate-change.ru. 
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average by 11 and 15 days, respectively), which 
resulted in the extension of the growing season 
by a month2.

Over the past decade, the frequency of ex-
treme weather conditions recording has in-
creased3: prolonged thaws at the beginning and 
middle of winter, return frosts in spring, heavy 
precipitation, hail, dry and hot weather in July 
– August with relative humidity on certain days 
below 30% combined with extremely high tem-
peratures (36,8–38,2 ºC). 

Air temperature and precipitation significant-
ly affect the physiology, spatial distribution, and 
biological characteristics of phytophagous or-
ganisms: in particular, the timing of organism 
appearance and their development rates4, 5 [2, 3]. 
Over longer periods, the temperature regime af-
fects the seasonality and evolutionary respons-
es of insects6, 7. Short-term daily temperature 
fluctuations affect the activity and survival of 
individuals, which has a decisive impact on the 
dynamics of the flight intensity of Lepidoptera. 
Insects' response to extreme temperatures over a 
short period of time may be an important factor 
in population development and, consequently, in 
abundance and geographical distribution over 
longer time periods (see footnote 6) [4, 5]. 

Reactions of the type to extreme temperatures 
are recorded in phenological modeling of the 
consequences of climate change [6–8]. Chang-
es in the dynamics of phytophage development 
appear after prior exposure to sublethal tempera-
tures and, possibly, in anticipation of extreme 
environmental conditions [9], allowing insects 
to survive in conditions that may be lethal or sig-
nificantly reduce population numbers. Individu-

als unable to increase thermal tolerance through 
rapid plastic responses exhibit higher mortality 
during subsequent exposure to extreme tempera-
tures [10]. 

The purpose of the study is to investigate the 
seasonal dynamics of flight and the developmen-
tal characteristics of dominant pest species of the 
order Lepidoptera in fruit plantations in the ter-
ritory of the Krasnodar Territory under the influ-
ence of biotic, abiotic, and anthropogenic factors.

MATERIAL AND METHODS  

The research was conducted in 2023 and 
2024 in industrial orchards located in the Black 
Sea, Prikubanskaya Central, and Prikubanskaya 
Floodplain gardening zones of the Krasnodar 
Territory. 

Objects of study are the agrocenoses of apple, 
plum, and cherry plum, as well as lepidopteran 
pests (representatives of the order Lepidoptera). 

In the course of work, the method of phy-
tosanitary monitoring was applied according 
to the generally accepted standard methods. 
The dynamics and intensity of the flight of lep-
idopteran pests were determined using 'Delta' 
pheromone traps (OOO 'Pheromone', Russia). 
During the spring period, counts of overwinter-
ing caterpillars and lepidopteran pupae were car-
ried out. From the flowering phase, the onset and 
dynamics of butterfly flight were recorded by 
setting up pheromone traps. During fruit growth, 
the damage to harvested fruits and fallen fruits, 
the presence of carpophagous insects, and the 
species and age composition of the insects were 
monitored8-10.

2Report on the climate characteristics in the territory of the Russian Federation for 2023 / Roshydromet, Moscow, 2024, 104 p.
3Third assessment report on climate change and its impacts on the Russian Federation. general Summary / Roshydromet. St. 

Petersburg,2022, 124 p. 
4Crozier L. Winter warming facilitates range expansion: cold tolerance of the butterfly Atalopedes campestris // Oecologia. 2003, 

N 135 (4), p. 648. 
5Rosenzweig C., Iglesias A., Yang X.B., Epstein P.R., Chivian E. Climate change and extreme weather events // Global Change & 

Human Health, 2001, N 2 (2), pp. 90–104. 
6Bale J.S. Insects and low temperatures: from molecular biology to distributions and abundance // Philosophical Transactions of 

the Royal Society B., 2002, N 357, pp. 849–862. 
7Chown S.L., Nicholson S.W. Insect Physiological Ecology: Mechanisms and Patterns, New York, 2004, 237 p. 
8Phytosanitary and toxicological monitoring in orchards and berry fields. Krasnodar, 2002, 57 p. 
9Methodological and analytical support for horticultural research. Krasnodar, 2010, 300 p. 
10Experimental methods and guidelines of the North Caucasian Zonal Research Institute of Horticulture and Viticulture. Kras-

nodar, 2002, pp. 143–176.
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RESULTS AND DISCUSSION 

Annually, throughout the entire growing 
season, the following sympatric species are ob-
served in the garden agrocenoses of the Kras-
nodar Territory: codling moth (Cydia pomonel-
la  L.), plum moth (Grapholitha funebrana 
Mats.) and oriental codling moth (Grapholita 
molesta Busck) from the family Tortricidae, as 
well as double-banded pyralid seedworm (Eu-
zophera bigella Zeller) from the family Pyrali-
dae. The study of the development of the lepi-
dopteran complex showed that these species are 
dominant, characterized by high abundance and 
harmfulness (see Fig. 1). 

Double-banded pyralid seedworm has been 
recorded in the Krasnodar Territory since the late 
1990s, and since the 2000s it has been damaging 
pome and stone fruit crops; in apple orchards, it 
is the most numerous and harmful species. With-
out protective measures, fruit damage can reach 
60% or more. 

Oriental codling moth is a quarantine species 
whose adaptive properties have allowed it to ex-
pand its range and become a cosmopolitan, dam-
aging a wide range of crops. In the Krasnodar 
Territory, G. molesta causes significant damage 
to stone fruit crops – peach, plum, cherry plum, 
and in the second half of the growing season, 
damage to apple fruits is observed (1–2%).

Plum moth is a flexible species, quite numer-
ous in the region. Most common and harmful on 
stone fruit crops. 

In the apple agrocenosis, the codling moth 
continues to remain a dangerous and econom-
ically significant pest. In recent years, the de-
velopment of the species has been greatly influ-
enced by biotic stress factors, which is manifest-
ed in fluctuations in the number and harmfulness 
of the insect. 

Pheromone monitoring of dominant species 
showed changes at the onset of flight of the 
overwintered generation and the subsequent de-
velopment of phytophages during the growing 
season. It was established that different tem-
perature regimes and relative air humidity in the 
spring period affect the dynamics of the flight of 
individuals of the overwintered generation. The 
beginning of imago flight, depending on the gar-
dening zone, varies in timing (from 5 to 12 days) 
and in the sum of effective temperatures (SET). 

In 2023, a prolonged spring with periodic 
drops in temperature and heavy rains caused shifts 
in the timing of flight, the start of egg-laying, and 
larval emergence. The flight of C. pomonella but-
terflies of the overwintered generation was ob-
served when the SET reached 101–123 ºC, with 
the main flight occurring when this value reached 
120–140 ºC and above (see Fig. 2, a).

In recent years, this period (April – the first 
half of May) in the region has been character-
ized by unstable weather, temperature fluctua-
tions from 25 ºC to significant drops with return-
ing frosts, and frequent and heavy precipitation. 
Such conditions lead to a decrease and complete 
cessation of flight and, as a result, uneven and 
prolonged ontogenesis. 

The 2024 growing season began with a short-
age of precipitation and several rises in air tem-
perature up to 30°C in April, which triggered an 
earlier flight of butterflies of the overwintered 
generation; however, the drop in temperature to 
below zero and periodic precipitation in the first 
ten-day period of May during the flowering phe-
nophase interrupted the flight (see Fig. 2, б).

Рис. 1. Численность чешуекрылых вредителей 
на территории Прикубанской зоны садоводства 
в 2023 г.
Fig. 1. The number of the Lepidoptera pests in the 
Prikubanskaya horticultural zone in 2023
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A similar situation is observed with the emer-
gence of the plum moth, but with differences in 
the timing of emergence and the SET indicators: 
over several years, the appearance of the first 
individuals is recorded when the SET reaches 
40–50 ºC, and the main flight occurs at the SET 
above 75 ºC [11]. 

A prolonged period of precipitation and low-
er temperatures in 2023 caused stress on the de-
velopment of C. pomonella, G. funebrana, and 

G. molesta, which in the season was manifested 
by a low number of individuals caught in traps, 
a large number of peaks, extended flight, and 
overlapping generations (see Fig. 3). 

Dry July and August with elevated tempera-
ture backgrounds are becoming the norm for the 
region. In 2023, the extremely high air tempera-
tures noted after a prolonged period of precipita-
tion, acting as a stress factor, triggered aestiva-
tion in up to 60% of the C. pomonella population 
(see Fig. 4).

а

б

Рис. 2. Динамика начала лёта C. pomonella перезимовавшего поколения по зонам садоводства  
в 2023 (а) и 2024 гг. (б)
Fig. 2. Dynamics of the beginning of the flight of C. pomonella of the overwintered generation  
by gardening zones 2023 (а) and 2024 (б)
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The 2024 growing season was characterized 
by elevated temperatures and a deficit of pre-
cipitation. The prolonged dry period with high 
temperatures and hazardous natural phenomena 
(hot dry winds, atmospheric drought), which set 
in from the third ten-day period of May, caused 
a mass emergence of C. pomonella individuals 
from estivation in the second ten-day period of 
June. From June to September, no distinctions 

between the first and second summer genera-
tions were observed (see Fig. 4).

A distinctive feature of this period in the de-
velopment of C. pomonella, G. funebrana, and G. 
molesta was the overlap of the flight of individu-
als emerging from estivation and the main flight 
of the phytophagous insects. At the same time, as 
a result of monitoring fruit crops, an overlap of 
all stages of ontogenesis was recorded. 

Рис. 4. Динамика лёта C. pomonella на территории Прикубанской центральной зоны садоводства 
(ЗАО «Лорис») в 2023 и 2024 гг.
Fig. 4. Flight dynamics of the C. pomonella on the territory of the Prikubanskaya central horticultural zone 
(ZAO "Loris") in 2023 and 2024

Рис. 3. Динамика лёта доминирующих чешуекрылых на территории Прикубанской плавневой  
зоны садоводства в 2023 г.
Fig. 3. Flight dynamics of the dominant Lepidoptera in the Prikubanskaya floodland horticultural zone  
in 2023
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The extension of the growing season by a 
month and the drop in temperatures to abnormal 
levels in September 2023 stimulated the resump-
tion of lepidopteran flight. For the region, this is 
a dangerous period, characterized by high harm-
fulness of C. pomonella, G. molesta, and E. bi-
gella, which damage apple fruits. In 2024, these 
species completed their development at the end 
of September. 

One of the responses of living organisms to 
climate warming is an increase in the number of 
multivoltine species. Such a reaction has been 
observed in the plum moth – three full genera-
tions have been recorded over the past ten years 
[11]. The oriental codling moth in the region 
develops in five generations. The codling moth 
exhibits three full generations (for the devel-
opment of one generation, the sum of effective 
temperatures should be 570–650 ºC), and the 
double-banded pyralid seedworm has four gen-
erations (with a sum of effective temperatures of 
450–470 ºC).

CONCLUSIONS  

1. It has been determined that the following 
carpophagous species are among those constant-
ly recorded in the territory of the Krasnodar Ter-
ritory: codling moth, plum moth, oriental cod-
ling moth and double-banded pyralid seedworm, 
living in the garden throughout the entire season. 

2. A significant difference has been noted (by 
gardening zones and years) in the timing of the 
flight of butterflies of the overwintered genera-
tion (from 5 to 12 days). 

3. It has been found that unstable weather 
during the spring period contributes to an uneven 
and prolonged emergence of imagos of the over-
wintered generation and further ontogenesis. 

4. It has been established that in the region 
the dominant species of lepidopteran pests are 
multivoltine: C. pomonella and G. funebrana – 
for three generations, E. bigella – four, G. mo-
lesta – five.
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Распространение Cephalophilon nepalense (Polygonaceae)  
и Rorippa sylvestris (Brassicaceae) в агроценозах  
юга Приморского края
Федина Л.А., Маркова Т.О., Маслов М.В.
Федеральный научный центр биоразнообразия наземной биоты Восточной Азии  
Дальневосточного отделения Российской академии наук
Владивосток, Россия 

e-mail: martania@mail.ru
В статье приведены сведения о сорных растениях семейства Гречишные (Polygonaceae Juss.) 

и Капустовые (Brassicaceae Burnett)  – головкоцветник непальский (Cephalophilon nepalense 
(Meissn.) Tzvel.) и жерушник лесной (Rorippa sylvestris (L.) Bess.). Цель исследования – обоб-
щить современные данные о распространении указанных видов растений в агроценозах При-
морского края. Полевые исследования выполнены в 2018–2024  гг. на территории городских 
и сельских поселений. Использован метод маршрутного обследования, проанализированы 
литературные данные, информация из интернет-ресурсов. Проведен анализ гербарных образ-
цов C. nepalense и R. sylvestris (VLA, VBGI, MW, MHA, LE), отобранных на территории рос-
сийского Дальнего Востока. Осуществлены фенологические наблюдения, произведены сбор и 
определение гербарного материала, фотографирование объектов из мест произрастания. Гер-
барные образцы переданы в региональные фонды: Федеральный научный центр биоразнообра-
зия наземной биоты Восточной Азии ДВО РАН (VLA), Ботанический сад-институт ДВО РАН 
(VBGI). Согласно полученным данным, C. nepalense и R. sylvestris в настоящее время прочно 
вошли в группу сорных и заселили агроценозы юга Приморского края, в том числе огородные 
участки. C. nepalense в числе некоторых других растений семейства Polygonaceae обнаружен 
в большинстве административно-территориальных районов региона и активно расселяется по 
антропогенно трансформированным участкам. Предлагаем внести этот вид в список сорных 
растений Приморского края. R. sylvestris стал обычным видом на огородных участках частных 
хозяйств.

Ключевые слова: Cephalophilon nepalense, Rorippa sylvestris, сорные растения, агроценозы, 
Уссурийский городской округ, Приморский край

Distribution of Cephalophilon nepalense (Polygonaceae)  
and Rorippa sylvestris (Brassicaceae) in agrocenoses of the south  
of the Primorsky Territory
Fedina L.A., Markova T.O., Маslov M.V.
Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far Eastern Branch of the 
Russian Academy of Sciences
Vladivostok, Russia 

e-mail: martania@mail.ru
Information is provided on the weeds of the Buckwheat (Polygonaceae Juss.) and Cabbage (Brassi-

caceae Burnett) families – persicaria nepalensis (Cephalophilon nepalense (Meissn.) Tzvel.) and yel-
low field cress (Rorippa sylvestris (L.) Bess.). The purpose of the study is to summarize modern data 
on the distribution of the indicated plant species in the agrocenoses of the Primorsky Teritory. Field 
research was conducted between 2018 and 2024 in urban and rural settlements. A route survey method 
was used, and literature and online information were analyzed. The analysis of herbarium specimens 
of C. nepalense and R. sylvestris (VLA, VBGI, MW, MHA, LE) collected in the Russian Far East was 
carried out. Phenological observations were carried out, herbarium material was collected and identi-
fied, and objects from the vegetation areas were photographed. Herbarium specimens were transferred 
to the regional funds: the Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far 
Eastern Branch of the Russian Academy of Sciences (VLA), and the Botanical Garden-Institute of 
the Far Eastern Branch of the Russian Academy of Sciences (VBGI). According to the data obtained, 
C. nepalense and R. sylvestris have now firmly entered the group of weeds and have populated ag-
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rocenoses in the south of the Primorsky Territory, including vegetable gardens. C. nepalense, along 
with several other plants in the Polygonaceae family, is found in most administrative districts of the 
region and is actively spreading through anthropogenically transformed areas. We propose adding this 
species to the list of weeds of the Primorsky Territory. R. sylvestris has become a common species in 
private garden plots.
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Для цитирования: Федина Л.А., Маркова Т.О., Маслов М.В. Распространение Cephalophilon nepalense (Polygonaceae) 
и Rorippa sylvestris (Brassicaceae) в агроценозах юга Приморского края // Сибирский вестник сельскохозяйственной науки. 
2026. Т. 56. № 1. С. 72–78. https://doi.org/10.26898/0370-8799-2026-1-8

For citation: Fedina L.A., Markova T.O., Маslov M.V. Distribution of Cephalophilon nepalense (Polygonaceae) and Rorippa 
sylvestris (Brassicaceae) in agrocenoses of the south of the Primorsky Territory. Sibirskii vestnik sel’skokhozyaistvennoi nauki = 
Siberian Herald of Agricultural Science, 2026, vol. 56, no. 1, pp. 72–78. https://doi.org/10.26898/0370-8799-2026-1-8

Конфликт интересов
Авторы заявляют об отсутствии конфликта интересов.
Conflict of interest
The authors declare no conflict of interest.

Благодарность
Работа выполнена в рамках государственного задания Министерства науки и высшего образования Российской 

Федерации (тема № 124012200183-8).
Acknowledgements
The research was carried out within the state assignment of the Ministry of Science and Higher Education of the Russian Fede- 

ration (theme No. 124012200183-8).

INTRODUCTION  

According to the existing classification, 
weeds are considered to be wild plants that 
grow alongside cultivated plants and thrive in 
agrocenoses (in summer cottages, gardens, and 
vegetable plots). Weeds reduce the yield of cul-
tivated plants: they create a moisture deficit, 
actively consume nutrients from the soil, shade 
seedlings, have a mechanical impact, and create 
favorable conditions for pest reproduction. 

Weeds have traditionally been the subject of 
observations, and in order to combat them in 
crops and plantings of agricultural crops, it is 
necessary to identify the species and know their 
biological characteristics [1–7]. Considering 
that weeds are capable of moving from one plant 
community to another, there is a need to monitor 

them both in the fields and in other types of agro-
cenoses. It is known that the systematic compo-
sition and abundance of weeds depend not only 
on ecological factors but also on crop cultivation 
technologies, the extent of chemical protection 
use, the area of disturbed lands, and the presence 
of uncultivated lands, which become sources of 
the spread of harmful and invasive species. To 
date, the results of studies on the flora of weeds 
in the south of the Russian Far East have been 
summarized and published. The most aggressive 
of them are quarantine objects1-4 [8–12]. 

The intrusion of many plant species into spe-
cially protected natural areas causes great con-
cern. Among these is the persicaria nepalensis 
(Cephalophilon nepalense (Meissn.) Tzvel., 
family Polygonaceae), which was first discov-
ered in the Ussuriysk Urban District (UUD) 

1Nikitin V.V. Geographical distribution of the most important weed plants of the USSR and their dynamics // Botanical Journal, 
1979, vol. 64, N 7, pp. 943–949. 

2Buch T.G., Kachura N.N., Shvydkaya V.D., Andreeva E.R. Weeds of the Primorskii Territory and their control. Vladivostok: 
Dalnevostochnoe Publishing House, 1981, 250 p. 

3Nechaeva T.I. New data on the adventive flora of Vladivostok // Bulletin of the Main Botanical Garden, 1981, Iss. 121, pp. 54–55. 
4Vinogradova Y.K., Antonova L.A., Darman G.F., Devyatova E.A., Kotenko O.V., Kudryavtseva E.P., Lesik (Aistova) E.V., 

Marchuk E.A., Nikolin E.G., Prokopenko S.V., Rubtsova T.A., Khoreva M.G., Chernyagina O.A., Chubar E.A., Sheiko V.V., Krestov P.V. 
Black Book of the Flora of the Far East: invasive plant species in the ecosystems of the Far Eastern Federal District. Moscow, 2021, 
510 p.
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on the territory of the V.L. Komarov Ussuriysk 
State Nature Reserve in 20085, 6. The first data on 
the persicaria nepalensis (as a weed were pub-
lished in a popular guide to the flora of the Far 
East7. Data on the yellow field cress (Rorippa 
sylvestris (L.) Bess., family Brassicaceae) as a 
weed plant in the agrocenoses of the Primorsky 
Territory is reported by us for the first time. 

The aim of the study is to summarize current 
data on the distribution of C. nepalense and R. 
sylvestris in agrocenoses of the Primorsky Ter-
ritory.

MATERIAL AND METHODS  

Field studies were carried out in 2018–2024 in 
the Primorsky Territory: Gorno-Tayezhnoye vil-
lage (43°41′37″ N; 132°08′32″ E), Kamenushka 
village (43°37′36″ N; 132°14′49″ E), Kaimanov-
ka village (43°38′29″ N; 132°15′19″ E), Zarech-
noye village (43°41′07″ N; 132°06′34″ E), the 
arboretum of the Gorno-Tayezhnaya station of 
the Far Eastern Branch of the Russian Acade-
my of Sciences (43°41′37″ N; 132°09′10″ E), 
Ussuri State Nature Reserve (43°39′13″ N; 
132°25′12″ E) (see Fig. 1). 

The route survey method was used, literary 
data and information from Internet resources 
were analyzed. The analysis of herbarium spec-
imens of C. nepalense and R. sylvestris was car-
ried out, collected in the territory of the Russian 
Far East (Primorsky Territory): Kavalerovsky 
District, Kavalerovo village (44°16'14" N; 
135°03'17" E); Shkotovsky District, Anisimov-
ka village (43°10'20" N; 132°45'22" E), Novone-
zhino village (43°13'21" N; 132°35'47" E); Parti-
zansky District, Sergeevka village (43°20'35" N; 
133°21'15" E); Vladivostok Urban Okrug, Vlad-
ivostok (43°06′54″ N; 131°53′07″ E); Russky Is-
land (43°01'01″ N; 131°54'23" E); Nakhodka Ur-

ban Okrug, Nakhodka (42°49'00″ N; 132°53'00" 
E); Khasansky District, Mramornaya settlement 
(43°19'67″ N; 131°26'31" E); Krabbe Peninsula 
(42°38'00″ N; 130°52'00" E); ZATO Fokino, the 
outskirts of the village of Fokino (42°58'22" N; 
132°24'31" E); Kedrovaya Pad Nature Reserve 
(43°06'18" N; 131°30'45" E). The herbarium of 
the VLA (Federal Scientific Center of the East 
Asia Terrestrial Biodiversity of the Far Eastern 
Branch of the Russian Academy of Sciences), 
VBGI (Botanical Garden-Institute, Far Eastern 
Branch of the Russian Academy of Sciences), 
MW (Moscow State University), MHA (N.V. 
Tsitsin Main Botanical Garden, Russian Acad-
emy of Sciences), and LE (V.L. Komarov Bo-
tanical Institute, Russian Academy of Sciences) 
was used. The nomenclature and volume of taxa 

5Fedina L.A. Floristic discoveries in the Ussurisky Reserve of the Far Eastern Branch of the Russian Academy of Sciences // 
Bulletin of the Krasnoyarsk State Agrarian University, 2012, N 12, pp. 37–40. 

6Fedina L.A. Additions to the flora of the Ussurisky Nature Reserve (Primorsky Territory) over ten Years (2007–2016) // Komarov 
Readings, 2017, Iss. 65, pp. 55–59. 

7Vorobyov D.P., Voroshilov V.N., Gorovoy P.G., Shreter A.T. Guide to the plants of Primorye and Priamurye. M.; L.: Nauka, 1966, 
490 p. 

Рис. 1. Местонахождения C. nepalense  
и R. sylvestris в агроценозах на территории  
Приморского края
Fig. 1. Locations of C. nepalense and R. sylvestris 
in agrocenoses in the Primorsky Territory

– Cephalophilon nepalense
– Rorippa sylvestris
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are given according to the following publica-
tions: "Vascular Plants of the Soviet Far East"8, 9 
and “Illustrated Flora of the Primorsky Territory 
(Russian Far East)”10. 

Collection and identification of herbarium 
material were carried out, photographing of ob-
jects from their habitats. Herbarium specimens 
were transferred to regional funds (VLA, VBGI).

RESULTS AND DISCUSSION  

Persicaria nepalensis –  
Cephalophilon nepalense (Meissn.) Tzvel. 
Brief description. Annual and biennial grass 

up to 40 (50) cm tall, taprooted monocarpic. 
Stems are erect, ascending, or prostrate, slightly 
fleshy. Inflorescences are terminal, consisting of 
15–30 flowers, with upper leaves close to their 
base, with glandular hairs, head-shaped. Leaf 
blades lanceolate-ovate or ovate, 1–5 cm long, 
0.8–2.5 cm wide, tapering at the apex, finely tu-
berculate along the edge (see footnote 7). 

Distribution and ecology. Pan-Asian 
(East-Southeast Asian) species. In the Russian 
Federation, it has been recorded only in the 
south of the Far East (see notes 8, 9). It is not-
ed for the Kurilsky Nature Reserve, where it is 
often found on river gravel beds, wet meadows, 
and roadsides. Kunashir Island – introduced spe-
cies11. Meadow-floodplain (near-channel) type.

Typical habitats for C. nepalense are sands 
and pebbles of riverbeds and lake valleys. It can 
grow as a weed in settlements, along roads and 
trails. It was recorded in the Kedrovaya Pad Na-
ture Reserve (Khasansky District) in the 1980s. 
In 1998, it was found in the same district on the 
Krabbe Peninsula, in 2000 – in the agrocenoses 
of Mramornaya village, and later it was not-
ed in the cities of Vladivostok and Nakhodka 
(VBGI)12 [13, 14]. 

Persicaria nepalensis was discovered in the 
Ussurisky Nature Reserve in 2008 (see foot-
notes 5, 6). According to our observations, this 
ornamental honey plant became a common weed 
in the yards of private households in the villag-
es of the Ussuriysk Urban District from 2000 
to 2020. On the iNaturalist platform, C. nepal-
ense has been recorded in the UUD territory – in 
the villages of Gorno-Tayezhnoye (2019) and 
Kameniushka (2021). In 2023 and 2024, this 
plant was widely noted by us in garden plots in 
the villages of Kameniushka, Kaimanovka, Za-
rechnoye, Gorno-Tayezhnoye, and was found in 
the arboretum of the Gornotaezhnaya station of 
the Far Eastern Branch of the Russian Academy 
of Sciences (see Fig. 2). Persicaria nepalensis 
blooms from July to September and bears fruit 
from August to September (October).

Yellow field cress –  
Rorippa sylvestris (L.) Bess. 

Brief description. Annual and biennial grass 
up to 50 cm tall, taprooted stolon-forming mono-
carpic plant. Laminas are pinnately-parted or 

8Vascular plants of the Soviet Far East: in 10 vols. / Chief editor S.S. Kharkevich. Leningrad: Nauka, 1988, vol. 3, 420 p. 
9Vascular plants of the Soviet Far East: in 10 vols. / ed. S.S. Kharkevich. Leningrad: Nauka, 1989, vol. 4, 380 p.
10Kozhevnikov A.E., Kozhevnikova Z.V., Kwak M., Lee B.Y. Illustrated flora of the Primorsky Territory (Russian Far East). 

Incheon, 2019, 1124 p. 
11Barkalov V.Yu., Eremenko N.A. Flora of the Kuril Nature Reserve and the Malye Kurily Sanctuary (Sakhalin Region). 

Vladivostok: Dalnauka, 2003, 285 p. 
12Dmitrieva E.A., Chernomyrdina I.N. Species diversity of adventitious plants in Vladivostok and analysis of their life forms // 

Modern scientific research: current issues, achievements and innovations: collection of articles of the XII International scientific-
practical conference (Penza, June 5, 2020). Penza: Science and Education, 2020, pp. 29–35.

Рис. 2. C. nepalense на огородном участке 
(с. Каймановка, Уссурийский городской округ). 
Фото М.В. Маслова
Fig. 2. C. nepalense on a garden plot (Kaymanovka, 
Ussuriysk urban district). Photo by M.V. Maslov
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dissected, the upper ones are sessile, sometimes 
with little ears at the base, the lower ones are 
on petioles. Leaf segments are lanceolate, often 
dentated or lobed, the upper ones are linear and 
often entire. Flowers are 6–18 mm long, 1.0–1.5 
mm wide, have pedicels, and are collected in ter-
minal inflorescences (see footnote 7).

Distribution and ecology. Eurasian-Mediter-
ranean rare introduced species (see footnote 8). 

Listed for the Kedrovaya Pad Nature Reserve 
in 200213 (VBGI, herbarium No. 164142). The 
appearance of this decorative, medicinal, and 
honey-bearing plant in the gardens of residents 
of the Primorsky Territory (Vladivostok, settle-
ments of the Khasansky and Shkotovsky dis-
tricts) was recorded in 1997–2002 (VBGI). 

According to our data, the first reports of the 
discovery of R. sylvestris in potato plantations 
and other vegetable crops in the UUD territory 
were obtained in 2020. In 2023 and 2024, yel-
low field cress was observed by us not only in 
agricultural crop plantings but also in single 
numbers in roadside ditches in the villages of 

Kamenuška, Kaimanovka, Zarechnoe, and Gor-
no-Tayozhnoye (see Fig. 3). The plant flowers 
from June to August, and fruits from August to 
September.

CONCLUSION  

According to the obtained data, by 2024 C. 
nepalense and R. sylvestris (an epecophyte), 
classified as vascular plants, have firmly entered 
the group of weeds and have inhabited the ag-
rocenoses of the southern Primorsky Territory, 
including garden plots. At present, C. nepalense, 
along with some other plants of the Polygona-
ceae family, has been found in most adminis-
trative-territorial districts of the region and is 
actively spreading in anthropogenically trans-
formed areas. We propose to include this species 
in the list of weeds of the Primorsky Territory. 
R. sylvestris has become a common species in 
the garden plots of private households. Ruderal 
habitats may become a permanent source of field 
contamination, so for protection against weeds, 
their edge treatment is necessary.

13Korkishko R.I. Vascular plants of the Kedrovaya Pad Nature Reserve // Flora and fauna of nature reserves. Moscow, 2000, 84 p.

а                                                                                        б

Рис. 3. R. sylvestris в агроценозах Приморского края (Уссурийский городской округ):
а – садовый участок (с. Каймановка); б – междурядья на картофельном поле (с. Каменушка). Фото М.В. Маслова
Fig. 3. R. sylvestris in agrocenoses of the Primorsky Territory (Ussuriysk urban district):
a – garden plot (Kaimanovka); б – row spacing in a potato field (Kamenushka). Photo by M.V. Maslov
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Гематологический и биохимический состав крови  
цыплят-бройлеров при применении биологически  
активной добавки на фоне вакцинации

Задорожная М.В., Лыско С.Б., Гофман А.А., Сунцова О.А.
Омский аграрный научный центр
Омская область, п. Морозовка, Россия 

e-mail: mfil2525@mail.ru
В отделе ветеринарии сельскохозяйственной птицы Омского аграрного научного центра про-

ведено исследование по оценке влияния биологически активной добавки на основе эфирных 
масел на гематологические и биохимические показатели крови цыплят-бройлеров отечествен-
ного кросса на фоне вакцинации, использовавшейся в качестве модели стресс-фактора. Для 
проведения исследования из суточного молодняка были сформированы две группы по 70 гол. 
Период выращивания – с суточного до 38-дневного возраста. Представители контрольной груп-
пы получали чистую воду, а в опытной группе в первые 7 дней в воду добавляли биологически 
активную добавку в дозе 0,2 мл/л, с 8-го по 38-й день – в дозе 0,3 мл/л. В возрасте 9 дней прове-
дена вакцинация клинически здоровых цыплят-бройлеров против ньюкаслской болезни живой 
вакциной «Ла-Сота» (интраназально, согласно схеме хозяйства). Вакцину цыплятам закапыва-
ли пипеткой поочередно в обе ноздри в объеме двух капель, при этом другую ноздрю закрывали 
пальцем для более глубокого попадания вакцины в носовую полость. Гематологические и био-
химические исследования крови проводили за день до вакцинации, а также через 4 и 19 дней 
после вакцинации и по окончании опыта. Установлено, что биологически активная добавка 
способствовала повышению количества общего белка в сыворотке крови на 18,3–20,9%, альбу-
минов на 13,8–23,3%, глобулинов на 19,7–22,3%, мочевой кислоты на 4,5–6,9%, соотношения 
альбумин/мочевая кислота в 1,2–2,0 раза, что свидетельствует об улучшении белкового обмена 
в организме птицы. Кроме того, отмечено увеличение содержания эритроцитов на 13,0–37,5%, 
гемоглобина на 10,4–22,6%, лейкоцитов на 9,0–56,8%, что способствовало насыщению клеток 
крови кислородом и положительному влиянию на естественную резистентность организма цы-
плят.

Ключевые слова: стресс-фактор, вакцинация, биологически активная добавка, альбумины, 
глобулины, эритроциты, гемоглобин, цыплята-бройлеры
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Center conducted a study to evaluate the effect of a dietary supplement based on essential oils on the 
hematological and biochemical parameters of the blood of domestic cross broiler chickens against the 
background of vaccination, which was used as a model stress factor. To conduct the study, two groups 
of 70 heads each were formed from day-old young animals. The rearing period was from one day to 
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38 days of age. The control group representatives received clean water, and in the experimental group, 
a biologically active supplement was added to the water at a dose of 0.2 ml/l during the first 7 days, 
then from the 8th to the 38th day – at a dose of 0.3 ml/l. At the age of 9 days, clinically healthy broiler 
chickens were vaccinated against Newcastle disease with the live vaccine "La Sota" (intranasally, 
according to the farm's schedule). The vaccine was administered to the chickens using a pipette, one 
at a time, in both nostrils at a volume of two drops, while the other nostril was closed with a finger to 
ensure deeper penetration of the vaccine into the nasal cavity. Hematological and biochemical blood 
tests were performed the day before vaccination, as well as 4 and 19 days after vaccination and at the 
end of the experiment. It was established that the biologically active supplement contributed to an 
increase in the amount of total protein in the blood serum by 18.3–20.9%, albumin by 13.8–23.3%, 
globulin by 19.7–22.3%, uric acid by 4.5–6.9%, and the albumin/uric acid ratio by 1.2–2.0 times, 
which indicates an improvement in protein metabolism in the bird's body. In addition, an increase in 
the content of erythrocytes by 13.0–37.5%, hemoglobin by 10.4–22.6%, and leukocytes by 9.0–56.8% 
was noted, which contributed to the saturation of blood cells with oxygen and a positive effect on the 
natural resistance of the chickens' body.

Keywords: stress factor, vaccination, biologically active supplement, albumins, globulins, eryth-
rocytes, hemoglobin, broiler chickens
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INTRODUCTION  

Raising agricultural poultry in industrial 
conditions is associated with numerous stress 
factors [1]. At the same time, the leading role 
is given to technological stress, which arises 
during regrouping, transportation, vaccination, 
and the like1. Currently, at poultry farms, taking 
into account the epizootic situation, prophylaxis 
against more than 16 infections (viral, bacteri-
al, parasitic) is carried out using a specific set of 
vaccines [2]. 

The study of the patterns of adaptation of 
animals' bodies to the effects of stress is one of 
the current problems in modern biology. Special 
attention is paid to protein metabolism, since 
an increased protein content in the blood posi-
tively affects body mass, viability, productivity, 
metabolism in the bird's body, including mineral 
metabolism, the intensity of which changes de-
pending on the period of development [3]. 

Since it is not possible to completely protect 
a bird from stressful situations, a rather rele-

1Sudakov K.V. Stress: Postulates, analysis from the positions of the general theory of functional systems // Pathology, Physiology, 
and Experimental Therapy, 1992, Iss. 4, pp. 86–93.
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vant direction is the search for environmentally 
friendly ways to increase its stress resistance. 
For these purposes, preparations based on the 
substances capable of maximally mobilizing the 
body's defenses and minimizing the negative ef-
fects of stress can be used. These include the new 
biologically active supplement (BAS) based on 
essential oils “Phytogenics” (NPO “Phytogen-
ics”, Chelyabinsk). This drug has not been suffi-
ciently studied, and data on its effect on protein 
metabolism in the body of broiler chickens un-
der stress factors are lacking. Conducting bio-
chemical and hematological studies is necessary 
to assess the effect of the BAS on the body of 
chickens during vaccination stress. 

The purpose of the study is to investigate 
the effect of the biologically active supplement 
“Phytogenics” on the biochemical and hemato-
logical blood parameters of broiler chickens un-
der stress in the context of vaccination against 
Newcastle disease virus.

MATERIAL AND METHODS  

The study was conducted in the Department 
of Veterinary Science of Agricultural Poultry 
and in a private subsidiary farm in the Omsk re-
gion on chicks of the "Smena 9" cross. Based 
on live weight, one-day-old chicks were divided 
into a control group and an experimental group 
(70 heads in each). Feeding and housing condi-
tions complied with the guidelines for working 
with "Smena 9" meat-type poultry cross and 
were the same in both groups2. According to the 
applied technology, broiler chickens were raised 
on the farm on the floor with a deep, unchanging 
litter from one day to 38 days of age. Clean, dry 
(with moisture not exceeding 25%) wood shav-
ings were used as litter, which were spread on 
the concrete floor in an even layer 5–7 cm high. 

Chicks of the experimental group were giv-
en the drug “Phytogenics” with water, which 
contains cinnamon essential oils (Сinnamomum 
zeylanicum), clove (Syzýgium aromáticum), rose-

mary (Rosmarinus officinalis), thyme (Thýmus 
vulgáris), Indian sesame (Sésamum índicum) and 
lactic acid. At the age of 1–7 days, the drug was 
administered at a dose of 0.2 ml/l of water, from 
8 days and older – at a dose of 0.3 ml/l. Broilers 
in the control group did not receive the drug. To 
simulate experimental stress, vaccination against 
Newcastle disease virus was carried out intrana-
sally at the age of 9 days as a stress factor.

In order to study the effect of dietary supple-
ments under stress on biochemical and hemato-
logical parameters, blood samples were collect-
ed from the subwing vein before vaccination at 
the age of 8 days and after it at 4, 18, and 28 
days. The blood collection site was treated with 
alcohol. Blood was taken individually into ster-
ile Florinsky tubes, which were pre-rinsed with 
saline for biochemical studies, and for hemato-
logical studies, they were treated with a 1% hep-
arin solution [4]. 

Laboratory studies were conducted at the FSB-
SI "Omsk Agrarian Scientific Center". The con-
tent of total protein was determined by the biuret 
method, albumin by the bromocresol method, and 
uric acid by enzymatic methods using reagent kits 
from Hospitex diagnostics (Italy) on a semi-auto-
matic biochemical analyzer BS 3000 M (Sinnowa 
Medical Science & Technology Co., Ltd, China). 
The number of globulins, the ratio of albumins, 
and uric acid were determined by calculation. 
Red and white blood cell counts were performed 
in a Goryaev chamber after preliminary dilution 
of the blood in erythrocyte melangers. The con-
centration of hemoglobin in the blood was de-
termined by the hemichrome method using the 
"Olvex" kit (Olvex Diagnostikum, Russia) on an 
Elx800 photometer (BioTek, USA). 

Experimental data were processed using the 
method of variational statistics (M ± SEM). The 
significance level of differences was calculated 
using Student's t-test. A difference was consid-
ered statistically significant at р < 0,05–0,0013.

2Guide to working with the meat crossbreed 'Smena 9' with an autosexing maternal form: method. instructions. Sergiev Posad, 
2021, 95 p.

3Lakin G.F. Biometry: a textbook. Moscow, 1973, 344 p. 
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RESULTS AND DISCUSSION  

Biochemical and hematological indicators in 
the experimental group were within the physi-
ological norm4. One of the factors determining 
the effectiveness of animals' adaptation to stress 
factors is considered to be blood proteins, the 
mobility of which reflects the degree of the or-
ganism's resource expenditure. This is due to the 
fact that blood proteins are closely interconnect-
ed with tissue proteins and respond very sensi-
tively to changes in metabolic processes in the 
organs of birds [5, 6]. The results of protein me-
tabolism during the use of dietary supplements 
against the background of immunity formation 
after vaccination are presented in Table 1. 

Chickens receiving the drug showed a ten-
dency toward accelerated metabolic processes. 
The total protein content at 8 days of age (before 
vaccination) in the experimental group exceeded 
the control by 18.3% (р < 0,01). During the peri-
od of antibody formation after vaccination (at 13 
and 27 days of age), there was a tendency for an 
increase in total protein levels, while the indica-
tors of the experimental group were 20.9% high-

er than the control group (р < 0,01). Moreover, 
this indicator at the end of the experiment (at 
the age of 38 days) exceeded the control values 
by 19.7% (р < 0,01). Thus, the dietary supple-
ment contributed to the synthesis of total protein 
in the bodies of broiler chickens. The obtained 
data are consistent with the results of the studies 
by other scientists, who, when using a probiotic 
in combination with a feed additive against the 
background of vaccination and other stress fac-
tors, recorded an increase in the amount of total 
protein and a change in some protein fractions in 
the blood of chickens [7, 8]. 

It should be noted that at 8–13 days of age, 
the intensity of albumin synthesis decreased in 
both groups due to a critical period in the devel-
opment of the birds caused by vaccination. In 
the control group, the decrease in albumin syn-
thesis was more pronounced. Thus, their amount 
in the blood serum of chicks in the experimen-
tal group before vaccination exceeded that of 
the control by 13.8% (р < 0,01), at 13 days of 
age – на 19,4% (р < 0,01), at 27 days of age – на 
23,3% (р < 0,05), at 38 days of age – на 16,2% 

4Vertiprakhov V.G., Grozina A.A., Karamushkina S.V., Ovchinnikova N.V., Koshcheeva M.V., Kislova I.V. Morphological and 
biochemical studies of blood in agricultural poultry: textbook. Blagoveshchensk, 2021, 134 p.

Табл.  1 .  Влияние БАД на биохимические показатели сыворотки крови после вакцинации
Table 1.  The effect of dietary supplements on biochemical parameters of blood serum after vaccination

Group Age, days Total protein, g/l Albumins, g/l Uric acid, µmol/l Albumin/uric 
acid, c.u. Globulins, g/l

Control 8 32,7 ± 1,4 15,2 ± 0,5 210,6 ± 1,9 0,07 ± 0,01 17,5 ± 1,3

13 34,9 ± 1,3 11,3 ± 0,3 218,7 ± 3,1 0,05 ± 0,01 23,6 ± 1,3

27 36,3 ± 1,2 12,0 ± 0,3 220,3 ± 3,4 0,05 ± 0,01 24,3 ± 1,4

38 37,4 ± 0,9 12,9 ± 0,6 220,0 ± 2,7 0,06 ± 0,01 24,5 ± 1,2

Experimental 8 38,7 ± 0,5** 17,3 ± 0,4** 220,2 ± 2,7* 0,08 ± 0,01 21,4 ± 0,8*

13 42,2 ± 1,4** 13,5 ± 0,6** 229,9 ± 2,9* 0,06 ± 0,01* 28,7 ± 1,6*

27 43,9 ± 1,3** 14,8 ± 1,1* 232,2 ± 1,8* 0,06 ± 0,01** 29,1 ± 1,1*

38 44,8 ± 1,8** 15,0 ± 0,5* 235,2 ± 1,6*** 0,06 ± 0,01*** 29,8 ± 1,7*

Note. In Tables 1 and 2, the differences with the control are significant at: *р < 0,05; **р < 0,01; ***р < 0,001.
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(р < 0,05). Moreover, the growth rate in the ex-
perimental group for the specified period also 
exceeded the control by 3.3%, which indicates 
the influence of dietary supplements on albumin 
synthesis5 [9].

Uric acid concentrations in the experimen-
tal group before vaccination exceeded control 
levels by 9.6 μmol/l. At 13 and 27 days of age 
(the antibody formation period), this difference 
reached 11.2–11.9 μmol/l, with a simultaneous 
increase in albumin levels. The study showed 
that the albumin-to-uric acid ratio in the blood 
of chickens in both groups remained the same. 
This may indicate increased albumin production 
in the experimental group. At 38 days of age, 
the experimental group's albumin concentration 
was 16.3% higher than that of the control group, 
while the uric acid concentration was 6.9%. This 
indicates higher growth rates in the experimental 
group's chickens.  

The obtained results are confirmed by live 
weight indicators: the chicks of the experimental 
group were 0.3% heavier compared to the con-
trol group. Thus, a higher concentration of albu-
min and uric acid combined with a slight but still 
noticeable increase in body weight indicates a 
stimulating effect (presumably related to the ex-
perimental conditions) on the growth of chicks 
in the experimental group.

In the experimental group, the level of globu-
lins in the blood serum was significantly higher 
than in the control group. This difference was sta-
tistically significant throughout the observation 
period. In particular, on the 8th day of the chicks' 
life, the globulin level in the experimental group 
was 22.3% higher, on the 13th day – 21.6% high-
er, on the 27th day – 19.7% higher, and on the 
38th day – 21.6% higher. The increased level of 
globulins in the blood serum of the experimen-
tal group chicks probably indicates an enhanced 
immune response. This enhancement is presum-
ably caused by the administration of the New-

castle disease vaccine and additional immune 
stimulation with the supplement. In other words, 
the vaccine and the supplement together con-
tributed to a more active functioning of the im-
mune system in the experimental group chicks, 
which was manifested in an increased number 
of globulins—proteins that play a key role in the 
immune response. Higher globulin content indi-
cates a more active and effective defense of the 
body against potential infections.

The results of hematological studies of the 
blood of birds from the experimental group sig-
nificantly exceeded those of the control group: 
before vaccination, in terms of red blood cell 
content – by 37.5%, hemoglobin – by 22.6%, 
white blood cells – by 26.1%; at 13 and 27 days 
of age (the period of antibody formation to the 
virus after vaccination) in terms of red blood 
cell content – by 13.0–17.3%, hemoglobin – by 
11.4–12.8%, white blood cells – by 9.0–56.8%; 
at 38 days – by 20.8, 10.4, and 32.7% respective-
ly (see Table 2). The obtained results are consis-
tent with the data of other researchers [10]. 

An increase in the number of erythrocytes 
indicates an enhancement of erythropoiesis, 
caused by the high rate of metabolic processes 
in growing chicks. In the blood of broilers in 
the experimental group, after vaccination, an 
increase in hemoglobin concentration was ob-
served, which contributes to more efficient ox-
ygen supply to tissues and organs. During the 
experimental period, an increase in the level of 
leukocytes was noted in the birds receiving the 
dietary supplement, which indicates a favorable 
reaction of the immune system. The administra-
tion of the preparation to the chicks of the ex-
perimental group stimulated the process of he-
matopoiesis. 

In addition, throughout the entire growing 
period (1–38 days), the preservation of the live-
stock was taken into account. This indicator in 
the experimental group was 100.0%, in the con-
trol group – 98,4%.

5Frolova O.A., Chuina D.V., Grigoryev I.V. Biochemical changes in the blood of Ross-308 chickens after vaccination against 
coccidiosis // Proceedings of the XIV International Scientific and Practical Conference of Young Scientists. Krasnoyarsk, 2021, vol. 
1, pp. 149–153.
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CONCLUSION  

The results of biochemical and hematologi-
cal studies indicate that the use of dietary sup-
plements based on essential oils reduces the 
likelihood of negative reactions of the body to 
vaccination. Stimulation of metabolic processes 
and an increase in the level of serum proteins 
(globulins – by 19.7–22.3%, albumins – by 
13.8–23.3%) were recorded, which indicates ac-
tivation of the bird's immune system. The use of 
the preparation also contributed to an increase 
in the number of red blood cells by 13.0–37.5%, 
hemoglobin by 10.4–22.6%, and white blood 
cells by 9.0–56.8%. This, in turn, contributed to 
an increase in flock survival by 1.6%.
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Табл.  2 .  Влияние БАД на гематологические показатели крови после вакцинации
Table 2.  The effect of dietary supplements on hematological parameters of blood after vaccination

Group Age, days Erythrocytes, ×1012/l Hemoglobin, g/l Leukocytes, ×109/l

Control 8 1,6 ± 0,1 100,3 ± 4,3 6,5 ± 0,8
13 2,3 ± 0,1 84,8 ± 1,0 7,7 ± 0,6

27 2,3 ± 0,1 94,8 ± 1,0 8,8 ± 0,4

38 2,4 ± 0,1 104,8 ± 1,0 10,4 ± 0,5
Experimental 8     2,2 ± 0,1**     123,0 ± 3,3** 8,2 ± 0,5

13     2,6 ± 0,1**         95,7 ± 1,6*** 8,4 ± 0,1

27   2,7 ± 0,1*        105,7 ± 1,6*** 13,8 ± 1,8*

38   2,9 ± 0,1*        115,7 ± 1,6*** 13,8 ± 1,3*
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Система автоматического сбора яблок в интенсивных садах  
с использованием перистальтической системы  
транспортировки плодов
Манцуров К.Н., Барабанов В.Г., Кухтик М.П., Федорова Н.В.
Волгоградский государственный технический университет
Волгоград, Россия 

e-mail: mpkuhtik@gmail.com
Предложена система автоматического сбора яблок в интенсивных садах, представляющая 

автономную подвижную платформу, на которой установлен манипулятор для захвата плодов. 
Рассмотрены недостатки таких распространенных конструкций для транспортировки плода от 
устройства захвата к бункеру-накопителю, как манипуляторы и гибкие трубы с отрицатель-
ным давлением. Для того чтобы избежать приведенных недостатков и повреждения яблок при 
перемещении, рассмотрена их транспортировка с помощью перистальтической системы. Про-
ведены расчеты производительности вентилятора данной системы и вентилятора разрежения 
трубы с выбором конкретных моделей. Получены зависимость аэродинамического сопротивле-
ния системы от расхода воздуха и зависимость требуемого давления для поднятия яблока от его 
диаметра. Предложенная перистальтическая система состоит из многосегментной надувной 
трубы и вращающегося пневматического распределителя. Разработан принцип работы пери-
стальтической трубы, состоящий в поочередном повышении и сбросе давления в магистра-
лях. Выполненный расчет показал, что вентилятор не подходит для отделения яблока от ветки, 
так как требуемое разрежение воздуха является очень высоким и недостижимо вентилятора-
ми, габариты которых позволили бы установить их на подвижную платформу. Для этой зада-
чи целесообразно использовать вакуумный насос, производительность которого рассчитана с 
выбором конкретной модели и достаточна для требуемой производительности сбора. Описан 
аппаратный состав установки, представлен ее общий вид и разработана ее структурная схема. 
Разработанная система автоматического сбора яблок позволяет автоматизировать ручной труд 
без повреждения плодов и обеспечить экономию благодаря использованию низкоквалифици-
рованного труда.

Ключевые слова: яблоки, интенсивные сады, автоматический сбор плодов, подвижная 
платформа

An automatic apple harvesting system for intensive orchards using  
a peristaltic fruit transport system
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Volgograd. Russia 
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The proposed system of automatic apple harvesting in intensive orchards is an autonomous mobile 

platform on which a manipulator for gripping fruits is installed. The disadvantages of such common 
designs for transporting fruits from the gripping device to the storage bin as manipulators and flexible 
pipes with negative pressure are considered. In order to avoid the above disadvantages and damage to 
apples during movement, their transportation using a peristaltic system is considered. Calculations are 
made of the performance of the fan of this system and the fan of the pipe vacuum with the selection of 
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specific models. The dependence of the aerodynamic resistance of the system on the air flow rate and 
the dependence of the required pressure for lifting the apple on its diameter are obtained. The proposed 
peristaltic system consists of a multi-segment inflatable pipe and a rotating pneumatic distributor. The 
operating principle of the peristaltic pipe is developed, consisting in alternately increasing and relea- 
sing the pressure in the mains. The calculation performed showed that the fan is not suitable for sepa-
rating an apple from a branch, since the required vacuum is very high and unachievable by fans whose 
dimensions would allow them to be installed on a movable platform. For this task, it is advisable to 
use a vacuum pump, the performance of which is calculated with the selection of a specific model and 
is sufficient for the required collection performance. The hardware composition of the installation is 
described, its general appearance is presented and its structural diagram is developed. The developed 
system of automatic apple collection allows for the automation of manual labor without damaging the 
fruit and provides savings due to the use of low-skilled labor.

Keywords: apples, intensive orchards, automatic fruit picking, mobile platform
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INTRODUCTION  

Apple tree is one of the agricultural crops whose 
fruit is currently mostly harvested by hand. While 
the use of a harvester that grips the tree trunk and 
causes the apples to fall through vibration is ac-
ceptable for fruits used for juice production, this 
method is not suitable for fruits intended for sale 
as whole, because the falling apples inevitably get 
damaged, leading to rapid spoilage. The inten-
sive orchard technology involves maintaining a 
young orchard of low trees. Special varieties yield 
a harvest as early as the second year after plant-
ing, which allows the plantation to recoup costs 
faster and reduces the impact of plant diseases. 
The small size of the apple trees makes it possi-
ble to harvest apples at human height without spe-
cial equipment. Young trees do not have a dense 
crown, have few leaves, and present no obstacles 
to easily spotting and picking the fruits. Such con-
ditions facilitate automatic fruit harvesting. 

Analysis of scientific and technical literature 
has shown interest in developments in the field 

of automatic fruit harvesting [1–5], in particu-
lar apples [6–9], including in intensive orchards 
[10]. Robots of this type can be divided into re-
search prototypes1 [11–13] and commercial. 

The goal of the work is to develop a system 
for automatic apple harvesting in intensive or-
chards, ensuring the collection and movement of 
fruits from the gripping device to the receiving 
hopper without damaging them. 

Objectives of the work are: 
– to theoretically substantiate the fundamen-

tal possibility of transporting apples using a per-
istaltic system; 

– justify the choice of a peristaltic system fan, 
a pipe vacuum fan, and a device for separating 
the apple from the branch by calculating their 
performance; 

– describe the principle of operation of a per-
istaltic tube;

– to describe the hardware components of the 
automatic apple harvesting system and develop 
its structural diagram. 

The most common types of structures for 
transporting the crop from the gripping device to 

1De-An Z., Jidong L., Wei J., Ying Z., Yu C. Design and control of an apple harvesting robot // Biosystems Engineering, 2011, vol. 
110 (2), pp. 112–122. DOI: 10.1016/j.biosystemseng.2011.07.005.
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the receiving hopper are manipulators [14] and 
flexible pipes with negative pressure2.

Let's consider the disadvantages of these 
structures. The drawback of manipulators with 
redundant kinematics is the low movement 
speed and difficulty of control, since not only the 
position of the end effector but also each individ-
ual link is programmed. The drawback of paral-
lel kinematics manipulators is complex control, 
which must provide protection of the manipula-
tor from singularity, i.e., such a combination of 
actuator positions for which the solution of the 
kinematic equations tends to infinity. 

The disadvantage of Cartesian (portal) ma-
nipulators is the limitation in three axes, since 
further addition of kinematic links will convert 
the manipulator into a category of manipulators 
with redundant kinematics and will no longer be 
considered Cartesian. Another disadvantage is 
the relatively low movement speed, as the drive 
of each preceding link provides acceleration to 
the subsequent one. This leads to the fact that 
with a small mass of the working body, the mo-
ment of inertia of the links may to a greater ex-
tent consist of the inertia of the guides and drives 
if they are located on movable links. Overall, it 
can be noted that transporting fruits using a ma-
nipulator reduces harvesting productivity and 
increases requirements for the number of de-
grees of freedom of the manipulator.

The disadvantages of flexible pipes, in which 
fruits are moved using negative pressure, are 
the inability to control the speed of movement, 
which is especially dangerous for apples when 
entering the receiving hopper, and a decrease in 
productivity for smaller sized apples due to par-
asitic air flow. 

To ensure the movement of fruits without 
damaging them, let us consider a peristaltic tube 
as a transportation device. As a result of the 
search conducted in domestic and foreign bib-

liographic and patent databases, no devices or 
systems using peristaltic tubes for transporting 
fruits from the capture device to the collector 
were found, except for one design3. This design 
is a peristaltic system consisting of electromag-
netic valves and has the corresponding draw-
backs: dependence on electrical power and sus-
ceptibility to contamination and wear.

MATERIAL AND METHODS  

The Microsoft Excel package was used to 
build graphical dependencies. The nanoCAD 
package was used to create the drawings illus-
trating the principle of the peristaltic tube oper-
ation, the general view of the automatic apple 
collection system, and its structural diagram. 
Theoretical calculations were carried out based 
on the basic laws of physics and the hydraulic 
head loss formula. 

RESULTS AND DISCUSSION  

The proposed automatic apple picking sys-
tem is an autonomous mobile platform equipped 
with a manipulator for fruit handling. A stereo-
scopic camera mounted on the mobile platform 
determines the position of the apples in space 
as the installation moves along the tree row. 
The manipulator successively brings the work-
ing tool to the fruits, which performs the apple 
grasping. 

For transporting fruits from the gripping de-
vice to the receiving hopper, a peristaltic system 
is proposed, consisting of a multi-segment in-
flatable tube and a rotating pneumatic distribu-
tor. The tube consists of groups of inflatable seg-
ments connected to corresponding segments of 
other groups and operating synchronously. The 
smoothness of apple movement depends on the 
number of segments in the group. The length of 
a single segment should not exceed half of the 
minimum diameter of the fruit; otherwise, there 

2Robots for picking apples and similar fruits. URL: http://robotrends.ru/robopedia/roboty-dlya-sbora-yablok-i-analogichnyh-
fruktov (date of reference: 24.08.2025). 

3Patent (CN) № 108029341A A 01 D 46/24. Pipeline creeping mechanism and fruit picking robot / L. Zhou, L. Wang, N. Yu, Y. 
Mou, applied 2017.12.15; published 2018.05.15.
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will be an uncertainty in the direction of move-
ment. The number of segments in a group is de-
termined by the maximum diameter of the fruit, 
since the fruit must fit into one group; otherwise, 
it will get stuck between the corresponding seg-
ments of different groups. 

Let's set the fruit diameter from 40 to 120 
mm. In this case, the segment length lseg will be 
20 mm, that is, half of the minimum fruit diam-
eter. We will take the number of segments in a 
group to be six, then the length of each group 
lgr will be 120 mm. The range of segment diam-
eters will be from 150 to 30 mm to ensure the 
advancement of fruits of any diameter. 

Let's find the volume of air required to acti-
vate one segment: 

Let's find the volume of air

7 
 

Найдем объем воздуха, требуемого для активации одного сегмента: 
2 2 2 2

3 3max min
сег сег

( ) (0,15 0,03 )0,02 0,339 10  м
4 4

D DV l      
      . (1) 

Примем длину трубы lтр равной 3,1 м, тогда число групп сегментов 

составит 

тр

гр

3,1 26.
0,12

l
n

l
        (2) 
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Let's take the length of the pipe lpp as 3.1 m, 
then the number of segment groups will be 
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            (2)

Thus, the volume of air required for the si-
multaneous activation of the corresponding seg-
ments will be
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In order for one group of segments to be 
passed by the fruit and freed for another fruit, 
it is necessary to sequentially activate each seg-
ment. Then the required air volume per cycle 
will be
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Let's assume the performance of the collec-
tion system is equal to 12 apples per minute. 
Then the required performance of the fan, ensur-
ing the movement of the fruits in the peristaltic 
tube without damaging them, will be 
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 m3/h.  (5)

Since the sequential activation of the seg-
ments does not result in the movement of the 
apple, but only in the narrowing of the lumen to 
prevent parasitic air intake for movement due to 
air flow in the pipe, there are no requirements for 
pressure in the segments.

Let’s calculate the pressure losses due to fric-
tion in the supply pipes
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,  (6)

where kш – absolute equivalent roughness of 
the air duct; lв – air duct length; dэкв – air duct 
equivalent diameter; p – air density (under nor-
mal conditions is 1.2754 kg/m3); Re – Reynolds 
number; v – air movement speed.

Each of the six segments of the group requires 
a separate tube for power supply. Let's assume 
their inner diameter is 32 mm, and their material 
is silicone, which has a roughness of 0.01 m. We 
will determine the length of the air duct as the 
length of the main pipe. We will obtain a graph 
of the dependence of the system's aerodynamic 
resistance on the air flow rate (see Fig. 1).

As follows from Fig. 1, the fan should pro-
vide a capacity of 38.1 m³/h at a pressure of 280 
Pa. This condition is met by a centrifugal fan 
Ebmpapst G1G140-AV17-02. 

In Fig. 2, the numbers from 1 to 6 indicate 
the numbers of the mains supplying air to the 
segments. Currently, pressure is maintained in 

Рис. 1. Зависимость аэродинамического сопро-
тивления системы от расхода воздуха
Fig. 1. Dependence of the aerodynamic resistance 
of the system on the air flow rate
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main No. 3. Fig. 3 explains the principle of op-
eration of the peristaltic tube during the further 
advancement of the fetus, which consists in the 
sequential increase and release of pressure in the 
mains. 

Let's determine the performance of the tube 
vacuum fan. Since both the mass of the apple 

and the area on which the pressure acts change 
with different apple diameters, we will construct 
a graph of the dependence of the required pres-
sure to lift the apple on its diameter according 
to formula (6). From Fig. 4, it can be seen that 
the maximum required pressure of 670 Pa cor-
responds to the maximum apple diameter of 
120 mm. 

A minimal airflow is required here, sufficient 
only to move the fruit through the peristaltic 
tube. Based on the accepted performance of 
the collection system, the time between the col-
lection of adjacent apples is 5 seconds. During 
this time, the fruit must pass through a group of 
segments 120 mm long. We determine the corre-
sponding air volume using formula (1)

11 
 

производительности системы сбора время между сбором соседних яблок равно 

5 с. За это время плод должен пройти через группу сегментов длиной 120 мм. 

Определим соответствующий объем воздуха по формуле (1) 
2

3 3
гр

0,150,12 2,12 10  м
4

V  
    .    (7) 

Производительность вентилятора разрежения трубы составит 
3

гр 3
р

2,12 103600 3600 1,53 м / ч
5 5

V
Q


     .   (8) 
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Значение разрежения 15873 Па является очень высоким и недостижимо 

вентиляторами, габариты которых позволили бы установить их на подвижную 

платформу. Таким образом, вентилятор не подходит для отделения яблока от 

ветки. 

Рассмотрим для этой задачи вакуумный насос и определим его 

требуемую производительность. Внешний диаметр устройства захвата равен 

 m3.   (7)

The vacuum fan performance of the pipe will be
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 m3/h.       (8)

Air resistance due to friction can be neglected 
at such a low flow rate. An axial fan Ebmpapst 
3218 JH4 meets this condition. 

Let's consider the possibility of using a fan to 
separate an apple from a branch. The key char-
acteristics of a fan in an automatic harvesting 
system are static pressure and air flow volume. 

Рис. 4. Зависимость требуемого давления для 
поднятия яблока от его диаметра
Fig. 4. Dependence of the required pressure to lift 
an apple on its diameter

Рис. 2. Перистальтическая труба
Fig. 2. Peristaltic tube

Рис. 3. Принцип работы перистальтической 
трубы:
а – повышение давления в магистрали № 4, сброс 
давления в магистрали № 3; б – поддержание давле-
ния в магистрали № 4; в – повышение давления  
в магистрали № 5, сброс давления в магистрали № 4; 
г – поддержание давления в магистрали № 5
Fig. 3. Operating principle of peristaltic tube:
а – increasing pressure in line No. 4, releasing pressure 
in line No. 3; б – maintaining pressure in line No.4;  
в – increasing pressure in line No. 5, releasing pressure  
in line No. 4; г – maintaining pressure in line No.  5
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The pressure must be sufficient to detach the 
fruit from the branch, and the flow volume de-
termines how quickly the pressure in the main 
line reaches the required value when sucking in 
the apple. 

The force F required to detach the apple is 
about 20 N. The minimum diameter of the apple 
is 40 mm. Let's determine the minimum contact 
area of the airflow with the fruit:
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Let's determine the required air rarefaction:
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Pa.   (10)

The vacuum value of 15873 Pa is very high 
and unattainable by fans whose dimensions 
would allow them to be mounted on a movable 
platform. Therefore, the fan is not suitable for 
separating the apple from the branch. 

Let's consider a vacuum pump for this task 
and determine its required capacity. The outer 
diameter of the gripping device is equal to the 
diameter of the pipe, i.e., 150 mm. The length 
of the chamber should be at least the diameter of 
the apple. Taking into account the allowance for 
the deformation of the cuff, we will assume the 
length of the chamber to be 200 mm. Then we 
find the volume of air using the formula (7)
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диаметру трубы, т.е. 150 мм. Длина камеры должна быть не менее диаметра 

яблока. С учетом запаса на деформацию манжеты примем длину камеры равной 

200 мм. Тогда объем воздуха найдем по формуле (7) 
2

3 3
н

0,150,2 3,53 10  м
4

V  
    .    (11) 

Откачку этого объема воздуха должен обеспечить вакуумный насос за 5 с. 

Тогда требуемая производительность насоса составит 
3

3
н

3,53 10 3600 2,54 м / ч
5

Q


   .    (12) 

Данному условию удовлетворяет пластинчато-роторный вакуумный 

насос постоянного тока Pfeiffer Vacuum Duo 3 DC производительностью 

2,7 м3/час. При разрежении 200 гПа его производительность составит 2,6 м3/ч, 

что является достаточным для требуемой производительности сбора. 

В аппаратный состав системы автоматического сбора яблок входят 

следующие элементы: мобильная платформа, портальный манипулятор, 

перистальтическая система, промышленный компьютер, система захвата и 

перемещения, система навигации, источник питания. На рис. 5 представлен 

общий вид системы автоматического сбора яблок. 

 m3.   (11)

The evacuation of this volume of air should 
be provided by the vacuum pump in 5 seconds. 
Then the required pump capacity will be
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 m3/h.  (12)

This condition is satisfied by the Pfeiffer Vac-
uum 3 DC permanent magnet rotary vane vacu-
um pump with a capacity of 2.7 m³/h. At a vac-
uum of 200 hPa, its capacity will be 2.6 m³/h, 
which is sufficient for the required collection 
performance. 

The hardware components of the apple auto-
matic harvesting system include the following 
elements: a mobile platform, a gantry manipu-
lator, a peristaltic system, an industrial comput-
er, a gripping and moving system, a navigation 
system, and a power source. Figure 5 shows the 
general view of the apple automatic harvesting 
system.

Figure 6 shows the block diagram of the auto-
matic apple picking system. 

CONCLUSION  

The proposed method of transporting apples 
from the gripping device to the hopper-accumu-
lator using a peristaltic system is free from the 
drawbacks of the most common types of such 
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Рис. 5. Общий вид системы автоматического сбора яблок: 
1 – вакуумный захват; 2 – вакуумный насос захвата; 3 – вращающийся пневматический 

распределитель; 4 – вентилятор перистальтической системы; 5 – вентилятор разрежения 

трубы 

Fig. 5. General view of the automatic apple picking system: 
1 – vacuum gripper; 2 – vacuum pump gripper; 3 – rotating pneumatic distributor; 4 – fan of the 

peristaltic system; 5 – fan of the pipe vacuum 

 

На рис. 6 представлена структурная схема системы автоматического 

сбора яблок. 

Рис. 5. Общий вид системы автоматического 
сбора яблок:
1 – вакуумный захват; 2 – вакуумный насос захвата;  
3 – вращающийся пневматический распределитель;  
4 – вентилятор перистальтической системы; 5 – вен-
тилятор разрежения трубы
Fig. 5. General view of the automatic apple picking 
system:
1 – vacuum gripper; 2 – vacuum pump gripper;  
3 – rotating pneumatic distributor; 4 – fan of the peristal-
tic system; 5 – fan of the pipe vacuum
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designs – manipulators and flexible tubes with 
negative pressure. The performed calculation of 
the performance of the peristaltic system fan and 
the tube vacuum fan with the selection of spe-
cific models, as well as the developed principle 
of operation of the peristaltic tube and the pro-
posed structural scheme of the automatic apple 
collection system, demonstrate the fundamental 
feasibility of using the peristaltic system for au-
tomatic fruit collection. As a result of the cal-
culations performed, it was established that it is 
most rational to use a vacuum pump to separate 
the fruit from the branch, since the fan cannot 
provide the required force. The developed auto-
matic apple collection system extends the dura-
tion of the shift during harvesting, as the instal-
lation is used at a time of day when manual col-
lection would be impossible or ineffective, and it 
eliminates the need for employment and training 
of personnel each harvesting season. The pros-
pects for the development of this research con-
sist in the development of the system's operation 
algorithm, its implementation in the form of a 

control program, the development of an apple 
detection algorithm, and the development of the 
system's navigation technology.
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Влияние климатических условий на эффективность использования 
машинно-тракторного парка в агропромышленном комплексе
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Влияние климатических факторов и погодных явлений на людей и машины начали изучать в 

начале XX в. Одним из пионеров этого направления стал шведский физик и полярный исследо-
ватель Гёста Бодман, который предложил методику оценки суровости климата в балльной си-
стеме. Позднее советский ученый П.И. Кох продолжил исследования в этом направлении, ввел 
понятие технической жесткости климата и предложил концепцию деления территории СССР 
на пять зон в зависимости от технической жесткости климата. Целью исследования является 
оценка условий эксплуатации тракторного парка агропромышленного комплекса Российской 
Федерации применительно к условиям технической жесткости холодного климата. В основу 
исследования положен метод оценки технической жесткости климата, разработанный П.И. Ко-
хом. Определено распределение тракторов по зонам жесткости климата, изучены последствия 
негативного влияния климатических факторов и погодных явлений на эффективность эксплу-
атации техники. Установлено, что, согласно официальным данным, в АПК РФ по состоянию 
на конец 2022 г. имелось 214,8 тыс. тракторов всех тяговых классов. Из них лишь около 21% 
эксплуатируются в условиях, приближенных к нормальным. Остальной тракторный парк при-
ходится на хозяйства, расположенные в зонах умеренно жесткого, жесткого, очень жесткого и 
наиболее жесткого климата. К климатическим факторам и погодным явлениям, оказывающим 
наиболее сильное негативное влияние на работу узлов и агрегатов тракторов и машин, в пер-
вую очередь относятся температура воздуха, его влажность и скорость ветра. Выполненное 
исследование свидетельствует о серьезном масштабе проблем, связанных с зимней эксплуа-
тацией машинно-тракторного парка. Примерные расчеты издержек от перерасхода топлива в 
результате потерь мощности в моторно-трансмиссионной установке трактора свидетельствуют 
о необходимости дальнейших исследований в области обеспечения оптимальных температур в 
узлах и агрегатах тракторов и машин в условиях пониженных температур окружающей среды.

Ключевые слова: техническая жесткость, холодный климат, зимняя эксплуатация, машин-
но-тракторный парк, бросовая теплота

The influence of climatic conditions on the efficiency of using  
the machine and tractor fleet in the agro-industrial complex
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The influence of climatic factors and weather phenomena on people and machines began to be 

studied at the beginning of the 20th century. One of the pioneers of this field was the Swedish phy- 
sicist and polar researcher Gesta Bodman, who proposed a method for assessing the severity of the 
climate in a scoring system. Later, Soviet researcher P.I. Koch continued his research in this direction 
and introduced the concept of "technical rigidity" of the climate and proposed the concept of dividing 
the territory of the USSR into five zones of technical rigidity of the climate. The purpose of the study 
is to assess the operating conditions of the tractor fleet of the agro-industrial complex of the Russian 
Federation in relation to the conditions of technical rigidity of the cold climate. The study is based on 
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The influence of climatic conditions  
on the efficiency of using the machine and tractor fleet  
in the agro-industrial complex

the P.I. Koch method of assessing the cold climate technical rigidity. The distribution of tractors by 
cold climate severity zones was determined and the consequences of the negative impact of climatic 
factors and weather events on the operational efficiency was studied. It was found that, according to 
official data, the agro-industrial complex of the Russian Federation had 214.8 thousand tractors of all 
traction classes as of the end of 2022. Of these, only about 21% are operated in conditions close to 
normal. The rest of the tractor fleet is located on the farms in moderately harsh, harsh, very harsh and 
most harsh climate zones. The climatic factors and weather phenomena that have the strongest impact 
on the operation of the components and aggregates of tractors and machines primarily include air tem-
perature, humidity and wind speed. The conducted studies indicate the serious scale of the problems 
associated with the winter operation of the machine and tractor fleet. Approximate calculations of the 
cost of fuel overruns associated with power losses in the tractor's engine and transmission indicate the 
need for further research in the field of ensuring optimal temperatures in components and assemblies 
of tractors and machines at low ambient temperatures.

Keywords: technical rigidity, cold climate, winter operation, machine and tractor fleet, waste heat

Для цитирования: Иванников А.Б., Деменок И.В., Кононенко Н.В., Ильиченков А.С. Влияние климатических условий 
на эффективность использования машинно-тракторного парка в агропромышленном комплексе  // Сибирский вестник 
сельскохозяйственной науки. 2026. Т. 56. № 1. С. 95–106. https://doi.org/10.26898/0370-8799-2026-1-11

For citation: Ivannikov A.B., Demenok I.V., Kononenko N.V., Ilyichenkov A.S. The influence of climatic conditions on the effi-
ciency of using the machine and tractor fleet in the agro-industrial complex. Sibirskii vestnik sel’skokhozyaistvennoi nauki = Siberian 
Herald of Agricultural Science, 2026, vol. 56, no. 1, pp. 95–106. https://doi.org/10.26898/0370-8799-2026-1-11

Конфликт интересов
Авторы заявляют об отсутствии конфликта интересов.
Conflict of interest
The authors declare no conflict of interest.

INTRODUCTION  

At present, the negative impact of climatic 
factors and weather phenomena on the operation 
of the machine and tractor fleet (MTF), as well 
as the properties of materials used in mechani-
cal engineering and various technical fluids, has 
been studied fairly well. Analysis of the avail-
able data indicates that of all the factors that in 
one way or another affect the efficiency of equip-
ment operation, the strongest negative influence 
is exerted by low ambient temperature (air). 

The study of the influence of climatic factors 
and weather phenomena on machines, techni-
cal systems, and people working outdoors be-
gan at the beginning of the 20th century. One 
of the pioneers of this field of scientific activity 
was the Swedish physicist and polar explorer 
Gösta Bodman (1875–1960), who, based on the 
results of the Swedish Antarctic Expedition of 

1901–1903, proposed a method for assessing the 
severity of the climate using a scoring system1. 

With the development of mechanical engi-
neering and the process of mechanization of the 
national economy, the negative consequences 
of the influence of climatic factors on machines 
began to manifest more intensively, which led 
to the emergence of the concept of winter op-
eration problems. Many researchers dealt with 
and continue to deal with the solution of these 
problems. For example, the Soviet scientist P.I. 
Kokh proposed a method for improving G. Bod-
man's methodology2. He introduced the concept 
of technical harshness of climate and weather, 
which could be determined not only for cold 
climates but also for hot ones, taking into ac-
count air humidity. It was separately proposed 
to determine the technical harshness of climate 
and weather for high-altitude regions. This is 
explained by the fact that in Bodman's method-

1Bodman G. Results of scientific research of the Swedish expedition to the South Pole in 1901–1903, Moscow, 1910, vol. 2. 
2Kokh P.I. Climate and reliability of machines. Moscow: Mashinostroenie, 1981, 175 p.
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ology, an unjustifiably large role is assigned to 
wind speed, as a result of which the calculation 
of climate harshness, for example, for Yakutsk 
and Stavropol, gives the same value. P.I. Kokh 
also developed the concept of dividing the terri-
tory of the USSR into five zones depending on 
the technical harshness of the climate.

Since Soviet times, research on natural and 
climatic zoning has been conducted at the Insti-
tute of Geography of the Russian Academy of 
Sciences [1]. Taking into account the climatic 
features of the Russian Federation, issues of the 
impact of climate on human life remain con-
stantly relevant and are reflected in the works of 
many researchers. For example, D.E. Mingalev 
in his article considers the problems of agrocli-
matic zoning of Russia and Kazakhstan under 
climate change conditions [2]. Yu.V. Rodionov 
et al. [3] propose a methodology for determining 
the technical condition of automotive and tractor 
equipment using an automated monitoring and 
diagnostic system under low-temperature condi-
tions. A.N. Yakubovich and I.A. Yakubovich [4] 
assess climate risks in relation to the transport 
infrastructure of the northern regions of Russia. 
In the article with the self-explanatory name 
"Western Agro-Investors in Russia and Ukraine: 
Enchanted by Soil – Disappointed by Climate" 
[5], the discussion is about the inadmissibility of 
ignoring climatic features when conducting eco-
nomic activities and investing in agribusiness. 

In the context of modern economic manage-
ment, studying the influence of climate on the 
economic indicators of the activities of national 
economy enterprises is, in essence, no longer a 
whim, but a necessity. Thus, in their article, A.S. 
Apatenko and A.M. Timofeev examine the pe-
culiarities of the influence of climatic factors on 
the technical and economic indicators of the op-
eration of technological machines3, I.M. Shkol-

nik et al. [6] study the issues of the impact of 
climate change on the economy of the federal 
districts of the Russian Federation.

The problem of winter operation of equipment 
has been actively studied by many researchers, 
which has made it possible to accumulate a fair-
ly substantial body of experimental data, tech-
nical and design solutions, some of which have 
been adopted in production, and some are used 
in the educational process. 

For example, the works of N.G. Berezhnov4, 5  

have trained generations of specialists in the 
field of operating marine transport systems in 
the agro-industrial complex of Siberia and the 
Far East. Despite their age, these works remain 
relevant today. Prominent scientist and educator 
G.M. Krokhta, in his monograph “Features of 
Tractor Operation in Low Temperature Condi-
tions,” summarizes and analyzes the problems 
of MTF winter operation6. M.M. Razyapov 
[7] raises the issue of increasing the reliability 
of the transmission of automotive and tractor 
equipment when operating in low temperature 
conditions. N.G. Grinchar and N.A. Shilyaev [8] 
investigate the issues of hydraulic losses in the 
hydraulic drive of machines when operating in 
low temperature conditions.

The impact of low temperatures on the prop-
erties of various materials is also of interest to re-
searchers. For example, D.S. Aleksandrova et al. 
[9] examine the negative impact of cold climates 
on polymer and composite materials widely used 
in modern mechanical engineering. In low-tem-
perature conditions, starting a car engine, espe-
cially a diesel engine, becomes a pressing issue. 
For example, in [10] it is proposed to use a heat 
accumulator for these purposes, in [11] – a fire 
heat exchanger with an autonomous heating 
module. A.V. Kucher et al. [12] are investigating 
the issue of increasing the efficiency of engine 

3Apatenko A.S., Timofeev A.M. The influence of climatic factors on the technical and economic performance of technological 
machines // Environmental Engineering, 2011, N 4, pp. 76–79. 

4Berezhnov N.G. Lectures on the winter operation of machine-tractor fleet. Barnaul, 1972,151 p. 
5Berezhnov N.G. Fundamentals of operation of the machine-tractor fleet in winter conditions of Western Siberia. Barnaul, 1975, 

330 p. 
6Krokhta G.M. Features of tractor operation in low-temperature conditions. Novosibirsk: Zolotoy Kolos, 2017, 376 p.
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starting in winter by increasing the performance 
of the battery.

The purpose of this study is to assess the op-
erating conditions of the machinery and tractor 
fleet of the agro-industrial complex of the Rus-
sian Federation in relation to the technical sever-
ity of the cold climate.

MATERIAL AND METHODS  

A multitude of problems that arise in the 
process of winter MTF operation can be diffi-
cult for even experienced specialists to correlate 
with economics and labor productivity. The 
most illustrative way to solve this problem can 
be demonstrated by the example of the author's 
methodology for determining the economic ef-
ficiency of implementing a technical means to 
ensure the optimal oil temperature in the gear-
box of a self-propelled machine in winter con-
ditions7. 

During the MTF operation, the main part of 
the costs is associated with the expenses for pur-
chasing fuel and lubricants. Therefore, it can be 
stated that the greater the fuel savings from the 
implementation of technical solutions that facil-
itate winter operation, the higher the economic 
efficiency of implementing such developments. 

The main costs associated with MTF operat-
ing can be calculated using the formula

U = Зтсм + ЗТО + А,                   (1)

where U – annual cost of operating one unit 
of MTF, rubles; Зтсм – annual costs for the pur-
chase of fuel and lubricants, rubles; ЗТО – annual 
costs for scheduled maintenance, rubles; А – an-
nual depreciation charges, rubles.

Fuel and lubricant costs can be determined by 
the following formula:

7Иванников А.Б. Вторичное использование теплоты выхлопных газов двигателя для 
повышения эффективности функционирования агрегатов на примере коробки передач 
трактора: дис. … канд. техн. наук. Новосибирск, 2017. 181 с. 

 

При эксплуатации МТП основная часть издержек связана с затратами на 

приобретение топлива и смазочных материалов. Следовательно, можно 

констатировать, что чем больше экономия топлива от внедрения технических 

решений, облегчающих зимнюю эксплуатацию, тем выше экономическая 

эффективность внедрения таких разработок. 

Основные издержки, связанные с эксплуатацией МТП, можно рассчитать по 

формуле 

U = Зтсм + ЗТО + А,                                                      (1) 

где U – годовая стоимость издержек при эксплуатации одной единицы МТП, р.; 

Зтсм – годовые затраты на приобретение топлива и смазочных материалов, р.; ЗТО – 

годовые затраты на плановое ТО, р.; А – годовые амортизационные отчисления, р. 

Затраты на топливо и смазочные материалы можно определить по 

следующей формуле: 

Зтсм =
𝐺𝐺Тср
𝑝𝑝 ∙ Дрг ∙ 𝑇𝑇рс ∙ ЦТ + Зсм,                                            (2) 

где GТср – среднегодовой часовой расход топлива одной единицы МТП, кг; p – 

плотность топлива, г/см3; Дрг – количество рабочих дней в году; Трс – 

продолжительность рабочей смены, ч; ЦТ – цена за литр топлива, р.; Зсм – годовые 

затраты на приобретение смазочных материалов, р. 

Формулу (2) можно легко скорректировать под интересующий временной 

отрезок для получения более детальной информации по периодам эксплуатации. 

Основным членом данной формулы, определяющим количество затрат, при прочих 

равных является часовой расход топлива, уменьшение которого позволит повысить 

экономическую эффективность зимней эксплуатации. 

Известно, что при передаче крутящего момента от двигателя до движителя 

часть мощности двигателя теряется на преодоление сопротивления в узлах и 

кинематических парах трансмиссии. Эти потери особенно велики в зимний период 

эксплуатации при загущении масел вследствие понижения температуры. 

    (2)

where GТср – average annual hourly fuel con-
sumption of a single MTF unit, kg; p – fuel den-
sity, g/cm³; Дрг – number of working days in a 
year; Трс – working shift duration, h; ЦТ – price 
per liter of fuel, rubles; Зсм – annual costs for the 
purchase of lubricants, rubles.

Formula (2) can be easily adjusted for the in-
terested time period to obtain more detailed in-
formation on operational periods. The main term 
of this formula, determining the amount of costs, 
all else being equal, is the hourly fuel consump-
tion, a reduction of which will allow increasing 
the economic efficiency of winter operation. 

It is known that when transmitting torque 
from the engine to the propulsion system, part 
of the engine power is lost in overcoming resis-
tance in the transmission units and kinematic 
pairs. These losses are especially high during the 
winter operation period when oils thicken due to 
decreased temperatures. For example, in a study 
of power losses in the gearbox of the T-150K 
tractor, it was found that at an ambient tempera-
ture of –30 °C, they reach about 52 kW during 
the initial period of operation, and the stabiliza-
tion of power losses occurs approximately after 
3 hours at a level of 12 kW8.

A similar situation occurs during winter op-
eration of all types of machines, with the only 
exception being that the figures for power losses 
will depend on the type of machine and the am-
bient air temperature. During the study of power 
losses in the gearbox of the K-701 tractor, it was 
determined that at an oil temperature of 60 to 80 
°C, power losses in the transmission are minimal 
(about 4 kW). Moreover, if power losses before 
reaching this temperature range are associated 
with oil thickening, then at a temperature above 
80 °C, losses increase due to the loss of oil prop-
erties as a result of its thinning9.

7Ivannikov A.B. Secondary use of engine exhaust heat to improve the efficiency of unit operation using the example of a tractor 
gearbox: dissertation for the degree of Candidate of Science in Engineering, Novosibirsk, 2017, 181 p. 

8Krokhta G.M., Gosman A.I. Determination of power and oil temperature losses in the T-150K transmission depending on the 
ambient air temperature // Scientific works of the Novosibirsk Agricultural Institute, Novosibirsk, 1983. 

9Selivanov N.I., Filimonov K.V., Kirin V.S., Boldaruk Yu.N. Power losses in the gearbox of the K-701 tractor // Collection of 
scientific works of the Krasnoyarsk State Agrarian University, Krasnoyarsk, 2000, part 1.
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Therefore, to reduce the hourly fuel con-
sumption, it is necessary to decrease power 
losses in the transmission units by creating and 
maintaining an optimal temperature regime in 
them. However, under routine operating condi-
tions, achieving the optimal temperature regime 
in the gearbox is difficult even in the summer 
period, especially in the conditions of Russia's 
Far North, Siberia, and the Far East. 

To understand the scale of the problem, during 
the study we used the method of assessing the 
technical severity of a cold climate according to 
P.I. Kokh. 

The technical rigidity of a cold climate is cal-
culated using the following formula (see foot-
note 2):

Nк = (0,75tmin ср + 0,25tmin абс) ×
× (1 + 0,015σх) × (1 + 0,07vх) × 
×  (1 + 0,26φх) × (1 + 0,14nтм) ×

× (1 + 0,022τх),                          (3)
where Nк – cold climate technical stiffness, 

point; tmin ср – the average value of minimum 
air temperatures for the three coldest months, 
°С; tmin абс – the average value of the absolute 
minimum air temperatures for the three coldest 
months, °С; σх – the average aperiodic tempera-
ture of daily air temperature fluctuations for the 
three coldest months, °С; νх – the average wind 
speed for the three coldest months, m/s; φх – av-
erage value of the relative air humidity for the 
three coldest months, fractions of a unit; nтм – 
the average monthly number of days with fog 
and blizzards during the three coldest months; 
τх – duration of the period with an average air 
temperature below zero, months

The cold climate technical stiffness assess-
ment system involves a division into five groups 
(points): 

1) low stiffness – 0–30; 
2) moderate stiffness – 31–60; 
3) stiff – 61–90; 
4) very stiff – 91–120; 
5) the stiffest – 121–170.
In addition to the methods presented above, 

the study used scientific research methods such 
as analysis and synthesis, deduction, induction 
and analogy, description and measurement.

RESULTS AND DISCUSSION  

From the analysis of formula (3), it becomes 
obvious that the climatic factors and weather 
phenomena that have the strongest impact on 
the operation of machine units and aggregates 
primarily include air temperature, its humidity, 
and wind speed. 

The nature of the adverse effects of air hu-
midity on materials depends on the percentage 
of moisture content. At high humidity (above 
90%), the operational properties of materi-
als decrease due to the penetration of moisture 
into these materials or the formation of a liquid 
film on their surface. At humidity below 50%, 
the moisture contained in materials evaporates, 
which also changes their properties: they be-
come brittle and cracks appear in them. Mois-
ture in the air, interacting with liquid mineral 
oils, hydrates them, reducing their lubricating 
and anticorrosion properties. Wind speed af-
fects the intensity of heat exchange between 
the surface of the engine-transmission unit and 
the surrounding air, leading to a decrease in the 
thermal regime of components and assemblies 
during operation and inter-shift storage. At the 
same time, the factor that has the most negative 
impact on the operation of machine units and as-
semblies is, as noted earlier, the low ambient air 
temperature.

During the study, the visualization of cold cli-
mate technical stiffness zones by regions of the 
Russian Federation was refined (see the figure). 

The analysis of the presented map indicates 
that the distribution of cold climate technical 
stiffness zones across the territory of Russia is 
uneven. Approximately half of the country's ter-
ritory is located in the severe climate zone, and 
about 75% are in three zones: severe, very se-
vere, and the most severe climate. At the same 
time, about half of the subjects of the Russian 
Federation are located in the moderately severe 



100 Siberian Herald of Agricultural Science • 2026 • 56 • 1 Mechanisation, automation, modelling and dataware

Ivannikov A.B., Demenok I.V.,  
Kononenko N.V., Ilyichenkov A.S. 

The influence of climatic conditions  
on the efficiency of using the machine and tractor fleet  
in the agro-industrial complex

Ра
сп

ре
де

ле
ни

е 
зо

н 
те

хн
ич

ес
ко

й 
ж

ес
тк

ос
ти

 х
ол

од
но

го
 к

ли
ма

та
 н

а 
те

рр
ит

ор
ии

 Р
ос

си
йс

ко
й 

Ф
ед

ер
ац

ии
D

is
tri

bu
tio

n 
of

 th
e 

co
ld

 c
lim

at
e 

te
ch

ni
ca

l s
ev

er
ity

 z
on

es
 o

n 
th

e 
te

rr
ito

ry
 o

f t
he

 R
us

si
an

 F
ed

er
at

io
n

M
ild

M
od

er
at

el
y 

ha
rs

h
H

ar
sh

Ve
ry

 h
ar

sh
Th

e 
ha

rs
he

st



101Сибирский вестник сельскохозяйственной наyки • 2026 • 56 • 1Механизация, автоматизация, моделирование 
и информационное обеспечение

Иванников А.Б., Деменок И.В.,  
Кононенко Н.В., Ильиченков А.С. 

Влияние климатических условий на эффективность 
использования машинно-тракторного парка  
в агропромышленном комплексе

climate zone, and only 18 regions belong to the 
low-severity climate zone. This is explained by 
the administrative and historical division of the 
territory of the Russian Federation. For exam-
ple, the Krasnoyarsk Territory and the Republic 
of Sakha (Yakutia) are simultaneously located in 
three zones, and the total area of their territory is 

approximately equal to the total area of the terri-
tories of the Russian Federation subjects that fall 
into the zone of moderately severe climate. The 
distribution of the Russian Federation subjects 
by technical climate severity zones is presented 
in Table 1.

According to the Federal State Statistics Ser-

Табл.  1 .  Распределение субъектов РФ по зонам технической жесткости холодного климата
Тable 1.  Distribution of the subjects of the Russian Federation by the cold climate technical severity zones 

Subject of the Russian Federation Percentage of 
territory Subject of the Russian Federation Percentage of 

territory

1 2 3 4
Mild climate

Astrakhan Region 10 Republic of Daghestan 100
Volgograd Region 100 Republic of Ingushetia 100
Sevastopol 100 Republic of Kalmykia 70
Donetsk People's Republic 20 Republic of Crimea 100
Zaporizhzhia Region 100 Republic of North Ossetia – Alania 100
Kabardino-Balkarian Republic 100 Rostov Region 50
Karachayevo-Cherkessian Republic 100 Stavropol Territory 100
Krasnodar Territory 100 Kherson Region 100
Adyghe Republic 100 Chechen Republic 100

Moderately harsh climate
Altai Territory 50 Oryol Region 100
Amur Region 40 Penza Region 100
Arkhangelsk Region 100 Perm Territory 100
Astrakhan Region 90 Primorsky Territory 100
Belgorod Region 100 Pskov Region 100
Bryansk Region 100 Republic of Altai 100
Vladimir Region 100 Republic of Bashkortostan 40
Vologda Region 100 Republic of Kalmykia 30
Voronezh Region 100 Republic of Karelia 100
Moscow 100 Komi Republic 20
Donetsk People's Republic 80 Republic of Mari El 100
Jewish Autonomous Region 100 Republic of Mordovia 100
Ivanovo Region 100 Republic of Tatarstan 100
Kaliningrad Region 100 Republic of Tyva 5
Kaluga Region 100 Rostov Region 50
Kamchatka Territory 50 Ryazan Region 100
Kirov Region 95 Samara Region 100
Kostroma Region 100 Saratov Region 100
Kursk Region 100 Sakhalin Region 100
Leningrad Region 100 Smolensk Region 100
Lipetsk Region 100 Tambov Region 100
Lugansk People's Republic 100 Tver Region 100
Magadan Region 10 Tula Region 100
Moscow Region 100 Udmurt Republic 95
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vice, by the end of 2022 there were 214.8 thou-
sand tractors of all traction classes in the country's 
farms, including tractors on which earth-moving, 
reclamation, and other machines were mount-
ed10. It should be noted that tractors operated by 
industrial enterprises, in the field of municipal 
services, etc., are not taken into account. The dis-
tribution of tractors by zones of technical severi-
ty of cold climate is presented in Table 2. 

It should be especially noted that the figure 
and Table 1 reflect only the territorial and pro-
portional distribution of regions by zones of 
technical severity of the cold climate. An exact 
count of the number of tractors corresponding to 
specific parts of the Russian Federation subjects 
located in different zones is quite problematic, 
so the information presented in Table 2 is of a 
reference nature and illustrates the approximate 
number of tractors corresponding to each of the 
five zones. 

The figures presented indicate that only about 
21% of tractors are operated under conditions 
close to normal (mild climate zone) and are 
less exposed to the negative effects of the cli-
mate. More than half of the tractor fleet (57%) 
is operated in a moderately harsh climate zone 
and is periodically exposed to cold climate, es-

1 2 3 4
Murmansk Region 100 Ulyanovsk Region 100
Nizhni Novgorod Region 100 Khabarovsk Territory 75
Novgorod Region 100 Chuvash Republic 100
Orenburg Region 50 Yaroslavl Region 100

Harsh climate 
Altai Territory 50 Republic of Bashkortostan 60
Amur Region 60 Republic of Buryatia 100
Trans-Baikal Territory 100 Komi Republic 80
Irkutsk Region 95 Republic of Sakha (Yakutia) 30
Kamchatka Territory 50 Republic of Tyva 95
Kemerovo Region 100 Republic of Khakassia 100
Kirov Region 5 Sverdlovsk Region 100
Krasnoyarsk Territory 35 Tomsk Region 100
Kurgan Region 100 Tyumen Region 100
Magadan Region 90 Udmurt Republic 5
Novosibirsk Region 100 Khabarovsk Territory 25
Omsk Region 100 Chelyabinsk Region 100
Orenburg Region 50 Chukotka Autonomous Region 100
Perm Territory 95 100

Very harsh climate 
Irkutsk Region 5 Republic of Sakha (Yakutia) 40
Krasnoyarsk Territory 30

The harshest climate 
Krasnoyarsk Territory 35 Republic of Sakha (Yakutia) 30

Окончание табл. 1

10Availability of machinery and energy capacities in agricultural organizations of the Russian Federation in 2022: statistical 
compilation / Federal State Statistics Service (Rosstat), Moscow, 2023.

Табл.  2 .  Распределение тракторов по зонам 
технической жесткости холодного климата
Тable 2.  Distribution of tractors by the cold 
climate severity zones

Climate Number of 
tractors

Percentage
ratio

Mild 45 290 21
Moderately harsh 122 109 57
Harsh 43 839 20
Very harsh 1739 1
The harshest 1871 1
Total 214 849 100
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pecially late in the autumn, in winter, and ear-
ly in the spring. About 22% of tractors are in 
the areas of harsh, very harsh, and the harshest 
climates. Operation in these areas is associated 
with practically constant negative effects of the 
cold climate. For example, the average annual 
temperature in Novosibirsk and the Novosibirsk 
region is 0.2 °C, and ground frosts begin in the 
second half of September and end at the end of 
May11. Thus, it becomes evident that the vast 
majority of the tractor fleet of the agro-indus-
trial complex of the Russian Federation is sub-
jected to the negative effects of a cold climate 
during operation, which reduces the efficiency 
of tractors according to their intended use and 
increases costs associated with winter operation 
problems. Simple analytical calculations can 
help estimate the volume of costs related to in-
creased fuel consumption due to engine power 
losses in overcoming friction forces in the trac-
tor's power-transmission system. 

According to the data of the 2016 All-Rus-
sian Agricultural Census12, the structure of the 
tractor fleet of the Russian agro-industrial com-
plex is conventionally divided into four catego-
ries (see Table 3). At the same time, more than 
50% of tractors fall into three traction class-
es (1.4; 2 and 3), which are the most common 
in farms. Based on the existing patterns, it can 
be determined that in the zones of moderately 
harsh, harsh, very harsh, and the harshest cold 
climates, there are approximately 88,100 trac-
tors of the specified classes. It is quite obvious 
that not all tractors are operated for a full shift 
every day, especially in winter. Therefore, it is 
advisable in calculations to start from one op-
erating unit, increasing the obtained data by the 
number of working tractors if necessary. 

Taking the above into account, based on the 
formula (2), the costs associated with fuel over-
consumption due to the influence of low ambient 
temperature can be calculated as follows:

С учетом изложенного выше, на основе формулы (2) издержки, связанные с 

перерасходом топлива вследствие влияния низкой температуры окружающей 

среды, можно рассчитать следующим образом: 

ИТ = 𝑞𝑞Т ∙ 𝑁𝑁𝑒𝑒п
1000 ∙ 𝑝𝑝 ∙ Тсп ∙ Дрп ∙ ЦТ,                                            (4) 

где qТ – удельный расход топлива двигателем, г/кВт·ч; Nеп – текущие потери 

мощности двигателя на преодоление сопротивления в моторно-трансмиссионной 

установке трактора, кВт; p – плотность дизельного топлива, кг/м3 (для зимнего 

топлива примем 840 кг/м3); Тсп – время стабилизации потерь мощности, ч; Дрп – 

количество дней (смен) в рабочем периоде. 

Как уже отмечалось ранее, экспериментально установлено, что стабилизация 

потерь мощности в моторно-трансмиссионной установке трактора Т-150 в зимнее 

время происходит в среднем за 3 часа работы. Примем эту зависимость 

справедливой для всех тракторов и будем использовать ее в дальнейших расчетах. 

Удельный расход топлива является технической характеристикой двигателя, 

и для каждой марки трактора его величина известна. В качестве расчетного периода 

возьмем количество рабочих дней или смен, когда осуществлялась эксплуатация 

трактора (например, 10 дней). Также для проведения вычислений примем, что цена 

1 л дизельного топлива составляет 60 р., величина потерь мощности – 5 кВт. 

В качестве примеров тракторов будем использовать модели МТЗ, относящиеся к 

трем указанным выше тяговым классам (МТЗ-80, МТЗ-1221, МТЗ - 2022). 

Несложные расчеты по формуле (4) с использованием принятых исходных 

данных показывают, что для тракторов МТЗ-80 и МТЗ-1221 издержки на 

перерасход топлива составят около 2420 р. за десять смен на один трактор. Для 

трактора МТЗ-2022 с двигателем ММЗ Д-260 издержки составят около 2360 р., 

а с двигателем TCD0213L06-2V – около 2670 р. Согласно расчетным данным, даже 

при минимальных потерях мощности имеются серьезные издержки, которые 

кратно увеличиваются с понижением температуры окружающего воздуха и 

суммируются по количеству тракторов и машин, находящихся в эксплуатации. 

Таким образом, полученные результаты свидетельствуют о необходимости 

разработки способов и средств уменьшения потерь мощности в моторно-

       (4)

where qТ – specific fuel consumption by the 
engine, g/kW·h; Nеп – current engine power loss-
es to overcome resistance in the tractor's power-
train, kW; p – density of diesel fuel kg/ m3 (for 
winter fuel we assume 840 kg/m3); Тсп – power 
loss stabilization time, h; Дрп – number of days 
(shifts) in the work period.

As noted earlier, it was experimentally estab-
lished that the stabilization of power losses in 
the T-150 tractor's engine-transmission unit in 
winter occurs on average within 3 hours of op-
eration. We will assume this dependence is valid 
for all tractors and will use it in further calcula-
tions.

The specific fuel consumption is a techni-
cal characteristic of the engine, and its value is 
known for each tractor brand. As the calculation 
period, we will take the number of working days 
or shifts during which the tractor was operated 
(for example, 10 days). Also, for the purpose of 
calculations, we will assume that the price of 1 
liter of diesel fuel is 60 rubles, and the power 
loss is 5 kW. As examples of tractors, we will 
use MTZ models belonging to the three traction 
classes mentioned above (MTZ-80, MTZ-1221, 
MTZ-2022). 

Simple calculations using formula (4) with 
the accepted initial data show that for MTZ-80 

Табл.  3 .  Структура тракторного парка РФ
Тable 3.  Structure of the tractor fleet of the 
Russian Federation

Power, kW (hp) Traction class
Percentage of 

total
number

Up to 37,0 (50,3) До 0,9 5

37,1–75,0 (50,3–102,0) 1,4; 2; 3 52

75,1–150,0 (102,1–204,0) 4; 5 27

Over 150,0 (204,0) 5; 6 16

11Climate of Novosibirsk and the Novosibirsk Region // FSBI “West Siberian AHEM”: website.URL: http://www.meteo-nso.ru/
pages/46. 

12Results of the All-Russian Agricultural Census 2016: statistical collection / Federal State Statistics Service (Rosstat). Moscow, 
2018, vol. 6: Technical means, production facilities and infrastructure, 526 p. (https://rosstat. gov.ru/vshp/2016).
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and MTZ-1221 tractors, the costs of fuel over-
consumption will amount to about 2420 rubles 
for ten shifts per tractor. For the MTZ-2022 trac-
tor with an MMZ D-260 engine, the costs will be 
about 2360 rubles, and with a TCD0213L06-2V 
engine – about 2670 rubles. According to the 
calculated data, even with minimal power loss-
es, there are significant costs, which increase 
exponentially with the decrease in ambient air 
temperature and accumulate according to the 
number of tractors and machines in operation.

Thus, the obtained results indicate the ne-
cessity of developing the methods and means to 
reduce power losses in the motor-transmission 
unit in order to increase the economic efficiency 
of MTF operation. 

One of the promising directions for solving 
the problems of winter operation (in particu-
lar, reducing power losses in the powertrain) is 
to ensure optimal temperatures in the power-
train components through the implementation 
of technical solutions for the secondary use of 
waste heat from the internal combustion engine. 
Research in this direction is actively being car-
ried out by the members of the author team of 
this article [13].

CONCLUSIONS  

1. It has been established that about 75% 
of the territory of our country is located in the 
zones of harsh, very harsh, and the most severe 
climate, while only 27 subjects of the Russian 
Federation are situated here.

2. Analysis of the distribution of the tractor 
fleet by zones of technical severity of cold cli-
mates shows that about 57% of tractors are sub-
ject to periodic negative effects of cold climate 
during operation, and about 22% experience 
such effects constantly. 

3. The main factor having the maximum neg-
ative impact on the operational efficiency of the 
MTF is low ambient temperature. 

4. Calculations of the costs associated with 
the overconsumption of fuel by a tractor engine 
in winter conditions indicate the existing poten-

tial for improving economic efficiency and the 
need to develop methods and means to ensure 
optimal temperature regimes in the units and as-
semblies of the tractor's powertrain.
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Применение кольцевых и винтовых катков при посеве пшеницы  
по обработанной залежной почве

Яковлев Н.С., Рассомахин Г.К., Чернышов А.П.
Сибирский федеральный научный центр агробиотехнологий Российской академии наук
Новосибирская область, р.п. Краснообск, Россия 

e-mail: yakovlevns@sfsca.ru
В статье представлены результаты сравнительных испытаний кольцевого и винтового кат-

ков на посеве пшеницы по обработанной залежной почве. Полевые эксперименты проводили 
на полигоне Сибирского научно-исследовательского института механизации и электрификации 
сельского хозяйства и на опытном поле Сибирского научно-исследовательского института  кор-
мов с апреля по сентябрь 2024 г. Для обработки залежной почвы использовали почвообраба-
тывающий агрегат КЛ-2,5Н, для посева – экспериментальную посевную машину ППМ-2,5ЗТ. 
Рабочий орган КЛ-2,5Н и ППМ-2,5ЗТ изготовлен в виде стандартной прямой стойки с лапой 
размером 410 мм. Кольцевой каток состоит из отдельных колец в форме усеченного конуса,  
с определенным шагом собранных в батареи, винтовой каток – из навитой по спирали с опреде-
ленным шагом ленты. Ширина ленты у винтового катка такая же, как и у кольцевого, – 40 мм, 
толщина – 8 мм. В результате расчетов установлено, что у кольцевого катка сила реакции поч-
вы, оказывающая сопротивление перемещению кольца, значительно превышает силу, препят-
ствующую деформации почвы. Соответственно, при малом угле атаки почва, поднятая ободом 
кольца, оставит высокие гребни. У винтового катка сила сопротивления перемещению ленты 
и сила, препятствующая деформации почвы, практически равны. Следовательно, увеличение 
угла атаки приведет к большему перемещению почвы и увеличению высоты гребней. В резуль-
тате полевого эксперимента установлено, что при работе в активном режиме у винтового катка 
минимальная высота гребня получена при установке катка на угол атаки 15°, у кольцевого – 
25°. При восстановлении залежных земель, находящихся в пионерной стадии, необходимо ис-
пользовать кольцевые или винтовые катки для выравнивания поверхности поля и вычесывания 
сорняков. Весеннюю обработку при подготовке к посеву целесообразно проводить культивато-
рами, оборудованными кольцевыми катками, предпосевную обработку – кольцевой бороной.

Ключевые слова: почва, кольцевой и винтовой катки, залежные земли, сорняки, угол атаки, 
посев

Using ring and screw rollers when sowing wheat on cultivated fallow soil
Yakovlev N.S., Rassomakhin G.K., Chernyshov A.P.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia 

e-mail: yakovlevns@sfsca.ru
The article presents the results of comparative tests of ring and screw rollers for sowing wheat on 

cultivated fallow soil. Field experiments were conducted at the site of the Siberian Research Institute 
of Mechanization and Electrification of Agriculture and at the experimental field of the Siberian Re-
search Institute of Fodder Crops from April to September 2024. Fallow soil was cultivated with the 
KL-2.5N tillage unit, and sowing was carried out with the PPM-2.5ZT experimental seeding machine. 
The working body of the KL-2.5N and PPM-2.5ZT is designed as a standard straight rack with a 
410 mm paw. The ring roller consists of individual rings made in the shape of a truncated cone, assem-
bled into batteries with a certain pitch, and the screw roller is made of a tape wound in a spiral with a 
certain pitch. The width of the belt of the screw roller is the same as that of the ring roller (40 mm), the 
thickness is 8 mm. As a result of calculations, it was established that for a ring roller, the soil reaction 
force that resists the movement of the ring significantly exceeds the force that prevents soil deforma-
tion. Accordingly, at a low angle of attack, the soil raised by the rim of the ring will leave high ridges. 
In a screw roller, the force of resistance to belt movement and the force preventing soil deformation 
are practically equal. Therefore, increasing the angle of attack will result in greater soil movement and 
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Using ring and screw rollers when sowing wheat  
on cultivated fallow soil

Yakovlev N.S., Rassomakhin G.K., Chernyshov A.P. 

increased ridge height. As a result of the field experiment, it was established that when operating in an 
active mode, the minimum ridge height of the screw roller was obtained when the roller was set to an 
attack angle of 15°, and for the ring roller it was 25°. When restoring fallow lands in the pioneer stage, 
it is necessary to use ring or screw rollers to level the field surface and remove weeds. Spring tillage in 
preparation for sowing is best carried out with cultivators equipped with ring rollers, and pre-sowing 
cultivation should be carried out with a ring harrow.

Keywords: soil, ring roller and screw roller, fallow lands, weeds, angle of attack, sowing
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INTRODUCTION  

When cultivating soil for grain crops, level-
ing the field and clearing it of weeds are crucial. 
This problem is especially pressing when restor-
ing abandoned fields during the first five years, 
when the neglected field is in its pioneer stage 
and the sod layer has not yet formed. The field is 
overgrown with weeds, and the surface soil con-
tains a large number of weed seeds. Weedy veg-
etation has a powerful root system and large, tall 
stems, which makes it difficult to cultivate such 
fields. According to agrotechnical requirements, 
when sowing cereal crops, the height of the ridg-
es on the field surface after the passage of the 
implement should not exceed 30 mm. According 
to the results of our research, when working with 
fallow soils, it is most advisable to use ring or 
helical rollers as raking and leveling devices [1]. 

Similar research is conducted by many sci-
entific organizations. The greatest interest is 
shown in ring rollers as the most versatile work-
ing tools. Thus, at the Institute of Agroengineer-
ing and Environmental Problems of Agricultural 
Production, technologies and technical means 
with ring working tools were studied for the pri-
mary restoration of fallow lands in the North-

western region of the Russian Federation, which 
is a zone of increased moisture [2–5]. Experi-
mental samples of new soil-cultivating working 
bodies were created, which ensure a reduction 
in energy consumption and environmental im-
pact, and improve soil treatment quality [6, 7]. 
Employees of the Tver Agricultural Academy 
recommend using a soil-treating rod roller after 
a set of measures for bringing fallow land into 
circulation. According to their data, this contrib-
utes to obtaining a well-prepared soil surface for 
sowing [8, 9]. 

Research aimed at identifying effective meth-
ods for developing virgin lands was carried out 
at the All-Russian Scientific Research Institute 
of Agriculture and Soil Erosion Protection. It 
was established that soil treatment with the 
BDT-3 disc harrow leads to increased weedi-
ness, thinning of crops, weaker crop develop-
ment, and reduced yields compared to plowing1. 
At the Voronezh State Agrarian University, to-
gether with the All-Russian Scientific Research 
Institute of Plant Protection, experiments were 
conducted at the OOO "Lebyazhye" (Ramonsky 
District, Voronezh Region) on weed control in 
fallow lands. The treatment involved using disc 

1Cherkasov G.N., Sosov N.A. The effectiveness of the method of developing fallow lands for grain crops on the slopes of the 
Central Black Earth region // Achievements of Science and Technology of AIC, 2016, vol. 30, N 2, pp. 35–37.
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implements to turn the soil layer on its edge2. At 
the National Research Mordovia State Universi-
ty named after N. P. Ogarev, the effectiveness of 
the combined use of the herbicide 'Roundup' and 
treatment with a disc harrow on fallow lands is 
being studied [10]. 

The problem of returning fallow lands to ag-
ricultural use is addressed, in particular, by spe-
cialists of the All-Russian Research Institute of 
Hydraulic Engineering and Land Reclamation 
named after A.N. Kostyakov. Thus, based on 
conducted studies, the feasibility of further use 
of lands withdrawn from circulation is estab-
lished depending on the age of the fallow peri-
od [11]. Weed control in organic farming means 
using cultivation methods that allow fighting 
rhizomes by bringing them to the surface of the 
soil, where they wither and dry out. At the Soil 
Science and Agrochemistry Institute of the Si-
berian Branch of the Russian Academy of Sci-
ences, research was conducted to determine the 
plant cover of middle-aged fallows in the for-
est-steppe zone of the Novosibirsk region [12]. 
It was noted that hay mowing and grass burning 
block the development of succession, returning 
it to previous stages of overgrowth3. 

The purpose of the study is to examine the in-
fluence of the operating mode of ring and screw 
rollers on the quality of wheat sowing on treated 
fallow land. 

The research objectives are: 
1) the identification of patterns of changes in 

the surface ridgedness of the field depending on 
the angle of attack and the operating mode of the 
rollers; 

2) assessment of the impact of rollers on weed 
removal when sowing wheat using no-till tech-
nology after the destruction of weed vegetation.

MATERIAL AND METHODS  

Field experiments were conducted at the test-
ing ground of the Siberian Research Institute of 
Mechanization and Electrification of Agricul-
ture and at the experimental field of the Siberian 
Research Institute of Fodder Crops from April 
to September 2024. Fallow land was cultivated 
with the KL-2.5N soil cultivation unit, and sow-
ing was carried out using the experimental sow-
ing machine PPM-2.5ZT. 

The units used are adapted for operation with 
the MTZ 80 tractor. The working body KL-2.5N 
and PPM-2.5ZT is made in the form of a stan-
dard straight tine with a foot 410 mm in size [13]. 
The ring roller consists of individual rings in the 
shape of a truncated cone, assembled in banks 
at a certain pitch (Fig. 1, а). When the machine 
moves, the rings of the roller capture a part of the 
soil with their inner surface and move it to the 
side, while cutting the ridges and filling the fur-
rows. The screw roller consists of a tape wound 
in a spiral with a certain pitch (Fir. 1, б). The belt 
width of the screw roller is the same as that of 
the ring roller, – 40 mm, thickness – 8 mm. Two 
spirals with a pitch of 190 mm are wound onto a 
roller with a diameter of 500 mm. The screw roll-
er, like the ring roller, moves the soil as a result of 
shearing and tossing [14] (see Fig. 2). 

The effect of the roller ring on the soil de-
pends on its geometric dimensions, attack angle, 
as well as the speed of the machine4. 

When moving, the roller ring leaves a fur-
row bottom in the soil in the form of a sector of 
a circle. Between the sectors along the furrow 
bottom, ridges are formed, the height of which 
depends on the diameter of the roller ring, the 
distance between the rings, and the attack angle 
of the roller5:

2Saratovsky L.I., Khryukina E.I. Use of fallow lands // Plant Protection and Quarantine, 2008, N 10, pp. 38–41. 
3Miller G.F., Solovev S.V., Bezborodova A.N., Filimonova D.A., Chumbaev A.S. Revisiting the changes of some properties of the 

soil developed under young fallow on the territory of the Novosibirsk region // Modern problems of science and education, 2017, 
N 6, URL: https://science-education.ru/ru/article/view?id=27133. 

4Yakovlev N.S., Kolinko P.V. Soil displacement by the ring of a ring roller // Agricultural machinery and technologies, 2013, N 3, 
pp. 32–34. 

5Yakovlev N.S., Kolinko P.V. Interaction of a ring roller with soil // Siberian Herald of Agricultural Science, 2012, N 3 (226), 
pp. 95–100.
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ℎ =  𝐷𝐷
2 −  12 √𝐷𝐷2 −  𝑏𝑏1

2 ∙ c tg α, 
 
 
 
𝑐𝑐 = 2 sin α ∙ √ℎ ∙ (𝐷𝐷 − ℎ),  

       (1)

where h – ridge height, m; D – roller diam-
eter, m; b1 – distance between the rings of the 
roller, m; α – roller attack angle, degrees.

The distance between the crests is determined 
from the ratio 

ℎ =  𝐷𝐷
2 −  12 √𝐷𝐷2 −  𝑏𝑏1

2 ∙ c tg α, 
 
 
 
𝑐𝑐 = 2 sin α ∙ √ℎ ∙ (𝐷𝐷 − ℎ),            (2)

where с – distance between the crests, m.
When the unit moves, the ring of the ring roll-

er cuts into the soil with a force P, which can be 
broken down into two components: Р1 – a force 
acting perpendicular to the plane of the ring rim; 
Р2 – a force acting perpendicular to the end of 
the ring rim (see Fig. 3, а). Accordingly, forces 
Р1 and Р2 cause soil reactions R1 and R2. In turn, 

reaction R1 can be decomposed into the force 
RВ, acting in the plane of the roller's rotation and 
rotating it with an angular velocity ω around the 
axis, and force RС, counteracting the displace-
ment of the roller towards its turning. Reaction 
R2 can be broken down into the resistance force 
to the movement of the ring in the soil RП, acting 
in the plane perpendicular to the roller's rotation, 
and the soil's resistance force to deformation 
during its compaction RД. Given the fact that 
Р1 = R1, and Р2 = R2, we have

R1 = Р · cos (α + σ);              (3)

R2 = Р · sin (α + σ),              (4)
where Р – pressure force of the roller ring on 

the soil; α – roller attack angle; σ – the angle of 
inclination of the roller ring rim to its axis of 
rotation. 

а

6 
 

почвообрабатывающим агрегатом КЛ-2,5Н, посев производили 

экспериментальной посевной машиной ППМ-2,5ЗТ. 

Применявшиеся агрегаты приспособлены для работы с трактором 

МТЗ-80. Рабочий орган КЛ-2,5Н и ППМ-2,5ЗТ выполнен в виде стандартной 

прямой стойки с лапой размером 410 мм [13]. Кольцевой каток состоит из 

отдельных колец в форме усеченного конуса, с определенным шагом 

собранных в батареи (рис. 1, а). При движении агрегата кольца катка 

захватывают своей внутренней поверхностью часть почвы и перемещает ее в 

сторону, срезая при этом гребни и засыпая борозды. Винтовой каток состоит из 

навитой по спирали с определенным шагом ленты (рис. 1, б). Ширина ленты у 

винтового катка такая же, как и у кольцевого (40 мм), толщина – 8 мм. На каток 

диаметром 500 мм навиваются две спирали с шагом 190 мм. Винтовой каток, 

как и кольцевой, перемещает почву в результате сдвига и пересыпания [14] 

(см. рис. 2). 
а 

 
б 

 
Рис. 1. Катки на посевной машине: 
а – кольцевой; б – винтовой 
Fig. 1. Rollers on a seeding machine: 
a – ring; б – screw 
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As a result, the force that rotates the roller 
around the axis can be determined by the for-
mula

RВ = Р · cos (α + σ) · cos σ,        (5)

and the force opposing the displacement of 
the roller in the direction of its rotation – using 
the expression

RC = Р · cos (α + σ) · sin σ.         (6)

Accordingly, the force resisting the move-
ment of the ring in the soil and the force resisting 
the deformation of the soil can be determined by 
the formulas

RП = Р· sin (α + σ) · cos σ;         (7)

RД = Р · sin (α + σ) · sin σ.         (8)
When the helical roller moves, the edge of the 

helical belt also cuts into the soil with a force 

                        а                                                                                            б
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а                                                           б 

      
Рис. 2. Перемещение почвы кольцами кольцевого катка: 
а – сдвиг; б – сдвиг и пересыпание 
Fig. 2. Soil movement by rings of a ring roller: 
a – shift; б – shift and pouring 
 

Характер действия кольца катка на почву зависит от его геометрических 

размеров, угла атаки, а также от скорости движения агрегата4. 
4Яковлев Н.С., Колинко П.В. Перемещение почвы кольцом кольчатого катка // 

Сельскохозяйственные машины и технологии. 2013. № 3. С. 32–34. 

 

При движении кольцо оставляет в почве дно борозды в виде сектора 

окружности. Между секторами по дну борозды образуются гребни, высота 

которых зависит от диаметра кольца катка, расстояния между кольцами и угла 

атаки катка5: 

,
2
1

2
22 CtgbDDh                                      (1) 

где h – высота гребня, м; D – диаметр катка, м; b1 – расстояние между кольцами 

катка, м; α – угол атаки катка, град. 
5Яковлев Н.С., Колинко П.В. Взаимодействие кольцевого катка с почвой // Сибирский 

вестник сельскохозяйственной науки. 2012. № 3 (226). С. 95–100. 

 

Расстояние между гребнями определяем из соотношения 

Рис. 2. Перемещение почвы кольцами кольцевого катка:
а – сдвиг; б – сдвиг и пересыпание
Fig. 2. Soil movement by rings of a ring roller:
a – shift; б – shift and pouring
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Рис. 3. Силы, действующие на грань катка: 
а – кольцевого; б – винтового 
Fig. 3. Forces acting on the edge of the roller: 
a – ring; б – screw 

 

При движении винтового катка грань винтовой ленты также врезается в 

почву с силой Р, которую можно разложить на следующие составляющие: Р1 – 

силу, действующую перпендикулярно плоскости обода ленты, Р2 – силу, 

действующую перпендикулярно торцу ленты (рис. 3, б). Реакции почвы R1 и R2 

от действия сил Р1 и Р2 также можно разложить на две составляющие силы: 

R1 – на силу RВ, вращающую каток вокруг оси, и силу RС, противодействующую 

смещению катка в сторону его разворота; R2 – на силу RП, которая стремится 

развернуть каток, и силу RД, препятствующую деформации (уплотнению) 

почвы. Эти силы могут определяться по формулам (3) – (6). Сила, действующая 

в плоскости, перпендикулярной вращению катка, и стремящаяся развернуть 

каток, рассчитывается по формуле 

RП = Р · sin (α + σ) · cos τ,                                       (9) 

Рис. 3. Силы, действующие на грань катка:
а – кольцевого; б – винтового
Fig. 3. Forces acting on the edge of the roller:
a – ring; б – screw
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P, which can be broken down into the following 
components: Р1 – a force acting perpendicular 
to the plane of the tape rim; Р2 – a force acting 
perpendicular to the end of the tape (see Fig. 3, 
б). Soil reactions R1 and Р2 from the actions of 
forces Р1 and Р2 can also be decomposed into 
two component forces: R1 – into force RВ, ro-
tating the roller around the axis, and force RС, 
counteracting the roller's displacement toward 
its rotation; R2 – into force RП, which is trying to 
turn the roller, and force RД, preventing soil de-
formation (compaction). These forces can be de-
termined by formulas (3) – (6). The force acting 
in the plane perpendicular to the rotation of the 
roller and tending to turn the roller is calculated 
by the formula

RП = Р · sin (α + σ) · cos τ,             (9)

and the force resisting soil deformation – us-
ing the expression

RД = Р · sin (α + σ) · sin τ,           (10)
where τ – the angle between the perpendicu-

lar to the direction of the line of contact of the 
tape end with the soil and the surface of the tape 
rim, determined by the formula

RД = Р · sin (α + σ) · sin τ,           (10)
where β – helix belt entry angle.
Analyzing the calculation results presented as 

graphs in Fig. 4, it can be noted that the ring roll-
er's soil reaction force RП, resisting the move-
ment of the ring, significantly exceeds force RД, 
preventing soil deformation. Consequently, with 
an increase in the angle of attack α the soil will 
rise along the rim of the ring and scatter over a 
larger area, hiding the ridges formed by its shift. 
In a screw roller, the soil resistance to movement 
RП and the force RД, which prevents soil defor-
mation, are practically equal. Thus, increasing 
the attack angle will lead to greater soil displace-
ment and an increase in the height of the ridges. 

The identification of patterns in the change 
of ridging and field contamination when sowing 
wheat on treated fallow soil depending on the 
type of roller, its installation angle, and mode of 
operation was carried out at a working speed of 
7.25 km/h, which corresponds to the third gear 
of the MTZ-80L tractor. When the speed of the 
unit increased, the soil was thrown to the side 
opposite to the roller installation angle, which 
made measuring the ridges difficult. In addition, 
lateral forces caused the roller to drift to the side, 
and the attack angle of the roller changed. 

Ring and screw rollers were installed in ac-
tive (base of the cone in the direction of the 
machine) and passive modes of operation (apex 
of the cone in the direction of the machine). At 

Рис. 4. Изменение сил давления почвы RП и RД на торец кольца и ленты у кольцевого и винтового 
катков в зависимости от угла атаки
Fig. 4. Change in soil pressure forces RП and RД on the end of the ring and belt of a ring and screw roller 
depending on the angle of attack
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the same time, the attack angle was 15, 20, and 
25° at a working speed of 7.25 km/h, which al-
lowed for stable operation of the sowing unit. 
In the active position, the roller ring works like 
a plowshare, cutting into the soil; in the passive 
position, it works like a roller, pressing the soil. 
The rollers were installed behind the sowing ma-
chine, which sowed grain crops under the paw. 
The sowing strip was 20–22 cm with a row spac-
ing of 14–16 cm. 

The field trial scheme for determining the 
performance quality of rollers is shown in Fig. 5. 
The field trial was established on May 31, 2024, 
at the field of the Siberian Research Institute of 
Fodder Crops. The seeding machine in operation 
is shown in Fig. 6. 

The field was left fallow until 2023 and be-
came overgrown with weeds. In the autumn of 
2023, the weeds were mowed with a KRN-2.1 
mower, after which it was treated with a BDN-
2.5 disc harrow. The characteristics of the field 
were the presence of a large number of organ-
ic residues from dense weedy vegetation and a 
high infestation with weed seeds.

The field was divided into two plots: the first, 
measuring 30 × 170 m, was cultivated before 
sowing with a KL-2.5N cultivator-ripper, while 
the second was left uncultivated. On the cultivat-
ed plot, the surface roughness was determined. 
At the same time, the rollers were set to active 
and passive operating modes at attack angles of 
15, 20, and 25°. In the untreated area, the oper-
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Рис. 5. Схема полевого опыта по определению качества работы катков
Fig. 5. Scheme of field experiment to determine the quality of roller operation
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работы 7,25 км/ч, что соответствует третьей передаче трактора МТЗ-80Л. При 

повышении скорости агрегата увеличивался отброс почвы в сторону, 

противоположную углу установки катка, что затрудняло замер гребней. Кроме 

того, боковые силы уводили каток в сторону, и угол атаки катка менялся. 

Кольцевой и винтовой катки устанавливали в активный (основание 

конуса по ходу машины) и пассивный режимы работы (вершина конуса по ходу 

машины). При этом угол атаки составлял 15, 20 и 25° при скорости работы 

7,25 км/ч, что позволило получить устойчивую работу посевного агрегата. 

В активном положении кольцо катка работает как лемех, врезаясь в землю, в 

пассивном – как каток, прикатывая почву. Катки устанавливали за посевной 

машиной, которая высевала зерновые культуры под лапу. Полоса посева 

равнялась 20–22 см с междурядьем 14–16 см. 

Схема полевого опыта по определению качества работы катков приведена 

на рис. 5. Полевой опыт заложен 31.05.2024 г. на поле Сибирского научно-

исследовательского института кормов. Посевная машина в работе представлена 

на рис. 6. 
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Рис. 5. Схема полевого опыта по определению качества работы катков 
Fig. 5. Scheme of field experiment to determine the quality of roller operation 

 
 

Рис. 6. Посев пшеницы посевной машиной ППМ-2,5ЗТ на опытном поле
Fig. 6. Sowing wheat with the PPM-2.5ZT seeding machine on an experimental field
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ation of the rollers was tested for the quality of 
weed combing during sowing using the no-till 
technology. The rollers were also set to active 
and passive modes of operation at attack angles 
of 15, 20, and 25°. The installation of the attack 
angle was carried out by moving the beams along 
the guide rails. Field roughness measurements 
were carried out using an overlay rail along the 
working width of the seeding machine. Rough-
ness was measured along the length of the run in 
three locations. The length of the run was 170 m. 
Field roughness was determined as the average 
value of the three measurements. Experimental 
data were processed using mathematical and sta-
tistical methods [15].

RESULTS AND DISCUSSION  

Based on theoretical studies of the interaction 
of pressure forces of ring and screw rollers on 

the soil, it can be noted that for the ring roller, 
as the attack angle increases, the soil pressure on 
the end of the roller rim decreases, so the ridge 
should be reduced; for the screw roller, as the at-
tack angle increases, the soil pressure on the end 
of the roller rim increases, therefore, the ridge 
should be increased. Generalized data of field 
ridge measurements are presented in Table 1, 
and graphs were constructed based on the mea-
surement results (see Fig. 7).

Analyzing the graphs presented in Fig. 7, it 
can be noted that for the screw roller, the height 
of the ridges increases with the attack angle 
(more intensively in the active operating mode). 
According to the results of three measurements, 
the minimum ridge height for the screw roller 
was recorded in the active operating mode at an 
attack angle of 15°, and for the ring roller – in 
the active operating mode at an attack angle of 

Табл. 1.  Гребнистость поверхности поля после посева сеялкой с кольцевым и винтовым катками, мм
Table 1.  Field surface ridge after sowing with a seeder with ring and screw rollers, mm

Measurement 
number

Ring roller Screw roller

Active mode Passive mode Active mode Passive mode

Roller installation angle, degrees

15 20 25 25 20 15 25 20 15 15 20 25

1 24,2 23,5 16,8 30,0 20,8 21,8 22,5 22,0 29,5 25,0 31,0 19,8
2 21,3 9,8 11,3 17,0 17,0 15,5 23,3 24,3 10,3 22,5 21,0 33,5
3 13,5 14,5 16,3 16,5 14,0 15,8 36,3 15,8 15,8 16,0 14,5 25,8
Average 19,6 15,9 14,8 21,2 17,3 17,7 27,3 20,7 18,5 21,2 22,2 26,3

Рис. 7. Изменение гребнистости поля при обработке кольцевым и винтовым катками
Fig. 7. Change in field ridgeness during processing with ring and screw rollers

Ring roller, active mode
Ring roller, passive mode
Screw roller, active mode
Screw roller, passive mode

R
id

ge
 h

ei
gh

t, 
m

m

Roller installation angle, deg.



115Сибирский вестник сельскохозяйственной наyки • 2026 • 56 • 1Механизация, автоматизация, моделирование 
и информационное обеспечение

Применение кольцевых и винтовых катков при посеве пшеницы 
по обработанной залежной почве 

Яковлев Н.С., Рассомахин Г.К., Чернышов А.П. 

а

14 
 

считать, что кольцевой каток в активном режиме работы нужно устанавливать 

на угол атаки 20°. 

На рис. 8, а представлено поле с посевами пшеницы под лапу по 

обработанному фону. Сорняков сверх предельной нормы не наблюдается, 

несмотря на то, что часть поля была обработана за 2 ч до посева пшеницы. 
а 

 
б 

 
 
Рис. 8. Посев по обработанному (а) и необработанному фону (б) 31.05.2024 г. 
Fig. 8. Sowing on the treated (а) and untreated (б) background 31.05.2024 

 

На необработанном в весенний период участке проведен посев по 

технологии no-till. Катки согласно схеме опыта устанавливали в активный и 

пассивный режимы работы на углы атаки 15, 20 и 25°. Результаты подсчета 

сорняков на участке представлены в табл. 2. Анализируя полученные 

результаты, можно сделать вывод, что однократная обработка 

неподготовленной почвы во время посева не дает гарантированной очистки 

посевов от сорняков. Практически при всех вариантах посева по 

необработанному полю сохраняется большое количество сорняков (см. 

рис. 8, б). Отличаются результаты только у винтового катка при работе в 

активном режиме. Но на это могло повлиять наличие участка с небольшим 
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Табл.  2 .  Количество сорняков при посеве по необработанному фону, шт./м2

Table 2.  Presence of weeds per square meter when sowing on an untreated background, pcs./m2

Roller Mode Roller installation angle, degrees
Repetition

Average
1 2 3 4

Ring Active 15 9 19 20 30 20
20 3 4 2 2 3
25 8 18 19 6 14

Passive 25 9 20 29 3 15
20 5 17 10 6 10
15 13 16 18 12 15

Screw Active 25 9 8 3 5 4
20 11 7 4 7 7
15 13 10 8 5 9

Passive 15 12 9 7 10 10
20 14 7 10 11 11
25 13 17 7 13 12

25°. Considering that the ridge of the ring roll-
er noticeably decreases when operating in ac-
tive mode at an angle of attack of 20°, it can be 
concluded that the ring roller in active operation 
mode should be set at an angle of attack of 20°. 

In Fig. 8 а, a field with wheat crops hoed over 

a treated background is shown. No weeds be-
yond the permissible limit are observed, despite 
the fact that part of the field was treated 2 hours 
before sowing the wheat.

On the untreated plot during the spring peri-
od, sowing was carried out using the no-till tech-
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nology. According to the experimental scheme, 
the rollers were set to active and passive oper-
ating modes at attack angles of 15, 20, and 25°. 
The results of weed counting on the plot are 
presented in Table 2. Analyzing the obtained 
results, it can be concluded that a single treat-
ment of unprepared soil during sowing does not 
provide guaranteed weed-free crops. In almost 
all sowing options on untreated fields, a large 
number of weeds remain (see Fig. 8 б). The re-
sults differ only for the helical roller when oper-
ating in active mode. However, this could have 
been influenced by the presence of an area with 
a small number of weeds, as the first and sec-
ond measurements showed almost identical re-
sults compared to the operation of the rollers in 
other modes. The small number of weeds in the 
third and fourth measurements occurred in plac-
es where the field background differed from the 
main one. For a more objective assessment, it is 
necessary to apply the method of randomization. 

CONCLUSIONS  

1.	 According to the obtained results, the 
ring roller's soil reaction force RП, resisting the 
movement of the ring, significantly exceeds force 
RД, preventing soil deformation. Therefore, the 
roller ring will not dig deeply into the soil, and 
at a small angle of attack, the soil lifted by the 
ring's rim will leave high ridges. In a screw roll-
er, the soil resistance to the movement of the belt 
RП and force RД, hindering soil deformation, are 
almost equal. Accordingly, increasing the angle 
of attack will lead to greater soil movement and 
an increase in the height of the ridges. 

2. It has been established that for a screw roll-
er, the ridge height increases with an increase in 
the attack angle, with a more intense increase in 
the active operating mode. The minimum ridge 
height in the active mode corresponds to an at-
tack angle of 15°. For a ring roller, the minimum 
ridge height is observed when operating in the 
active mode at an attack angle of 25°. Since for 
a ring roller the ridge noticeably decreases in the 
active mode already at an attack angle of 20°, 

it is possible to set the ring roller in the active 
mode at an attack angle of 20°. 

3. The technological process for the resto-
ration of fallow lands in the pioneering stage has 
been justified. Ring or screw rollers for leveling 
the field surface and combing weeds should be 
used in accordance with the recommended op-
erating modes. During preparation for sowing, 
it is advisable to carry out spring cultivation to 
a depth of 10–12 cm with cultivators equipped 
with ring rollers, and pre-sowing treatment with 
a ring harrow.
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AUTHOR GUIDELINES
The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientific 

community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals 
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for the 
degrees of Doctor or Candidate of Sciences must be published. 

The journal publishes original articles on fundamental and applied issues by the following directions:
general agriculture and crop production;
plant breeding, seed production and biotechnology;
agrochemistry, soil science, plant protection and quarantine;
fodder production;
infectious diseases and animal immunology;
private zootechnics, feeding, technology of feed preparation and production of livestock products;
breeding, selection, genetics, and animal biotechnology;
technologies, machinery and equipment for the agro-industrial complex;
food systems.
The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald  

of Agricultural Science”:

Section name Code and name of the scientific specialty in accordance with the Nomenclature  
of Scientific Specialties, for which academic degrees are awarded

Agriculture and chemicalization 4.1.1.  General agriculture and crop production
4.1.3.  Agrochemistry, soil science, plant protection and quarantine

Plant growing and breeding 4.1.1.  General agriculture and crop production
4.1.2.  Plant breeding, seed production and biotechnology

Plant protection 4.1.3.  Agrochemistry, soil science, plant protection and quarantine

Fodder production
4.1.1.  General agriculture and crop production
4.1.2.  Plant breeding, seed production and biotechnology
4.1.3.  Agrochemistry, soil science, plant protection and quarantine

Zootechnics and veterinary 
medicine

4.2.3.  Infectious diseases and animal immunology
4.2.4.  Private zootechnics, feeding, technology of feed preparation and production of livestock 
products
4.2.5.  Breeding, selection, genetics, and animal biotechnology

Mechanization, automation, 
modelling and dataware 4.3.1.  Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3.  Food systems

Problems. Opinions
Scientific relations
From the history of agricultural 
science
Brief reports
From dissertations  

4.1.1.  General agriculture and crop production
4.1.2.  Plant breeding, seed production and biotechnology
4.1.3.  Agrochemistry, soil science, plant protection and quarantine
4.2.3.  Infectious diseases and animal immunology
4.2.4.  Private zootechnics, feeding, technology of feed preparation and production of livestock 
products
4.2.5.  Breeding, selection, genetics, and animal biotechnology
4.3.1.  Technologies, machinery and equipment for the agro-industrial complex
4.3.3.  Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE
Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:
an article has not been published before in any other journal;
an article is not subject to review in any other journal;
all co-authors agree with the publication of the current version of the article.
Before submitting an article, it is necessary to make sure that the file (files) contains all the information required 

in Russian and English, tables and figures provide the source of the information presented, all references are written 
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES
1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://

sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the 
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board 
will be automatically notified of the receipt of the new manuscript. 

Accompanying documents to the manuscript of an article:
a scanned copy of a letter from the organization confirming authorship and permission to publish (sample cover letter);
a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be expressed 

for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;
a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and sending it 

to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;
author questionnaires in Russian and English (sample author questionnaire);
a scanned copy of your post-graduate school transcript (for full-time postgraduate students).
2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s 

personal account shows the current status of the manuscript. 
3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural 

science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the 
executive secretary. 

ARTICLE DESIGN PROCEDURE
The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm, 

page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and 
bibliography); the articles placed in the sections “From dissertations” and “ Brief reports” should not exceed 7 pages. 

Article design structure: 
UDC 
2.	  Title of an article in Russian and English (no more than 70 characters). 
3. 	 Surnames and initials of the authors, full official name of the scientific institution where the research was con-

ducted in Russian and English. 
If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-

tion of each author to a particular institution using the superscript index. 
4. 	 Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract is 

a brief and consistent presentation of the material of the article on the main sections and should reflect the main content, 
follow the logic of the presentation of the material and description of the results in the article with the provision of specific 
data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution of 
the author; the place of research should be indicated to the district (region), specific organizations should not be mentioned. 

5. 	 Keywords in Russian and English. There should be up to 5–7 words by the topic of the article. It is desirable 
that the keywords support the abstract and the title of the article. 

6.	  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of 
interests, the author should also inform the editor about it. 

Example wording: “The author declares no conflict of interest”. 
7. 	 Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as 

acknowledgements to people who contributed to the article but are not the authors. 
8. 	 The main body of the article. When presenting original experimental data, it is recommended to use subheadings: 
INTRODUCTION (problem statement, goal and tasks of the study) 
MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and 

time of research) 
RESULTS AND DISCUSSION 
CONCLUSION 
REFERENCES. The number of sources must be at least 12. The list of references includes only peer-reviewed 

sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The 
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources 
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for 
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square 
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic 
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is 
unacceptable to abbreviate the names of articles, journals, publishing houses. 
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1.	 If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information 
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by 
page through continuous page numbering. 

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords, 
list of references. 

EXAMPLE OF REFERENCES IN RUSSIAN AND ENGLISH AND FOOTNOTES 
REFERENCES (in Russian): 
Monograph 
Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p. 
Part of a book 
Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture in 

southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp. 230-235. 
Periodical publication 
Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat 

depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. № 4. pp. 27-35. DOI: 
10.26898/0370-8799-2018-4-4. 

REFERENCES (in English): 
References are compiled in the same order as the Russian version, according to the following rules: 
Names and surnames of the authors are given in the established way of transliteration, English title of the article, 

transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of 
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article. 
Transliteration of the authors.  English title of the article. 
Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49–54. 
Transliteration of the source = English name of the source 
Monograph 
Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian). 
Part of a book 
Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture 
in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990, 

pp. 230–235. (In Russian). 
Periodical publication 
Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat 

depending on the system of soil tillage. Sibirskii vestnik sel’skokhozyaistvennoi nauki = Siberian Herald of Agricultural 
Science, 2018, vol. 48, no. 4, pp. 27–35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4. 

FOOTNOTES: 
Quated text1. 
1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia // Problems and 

prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf. 
(Chita, October 16-17 2008). Chita, 2009, pp.36-39. 

Digital Object Identifier – DOI (when the cited material has it) should be indicated at the end of the bibliographic 
reference. 

Example: 
Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize 
(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923. 
The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.

com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS 
The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-

lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only 
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that 
...” or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2. 
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian. 

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or 
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as figures. All tables should have headings. The title of the table should be translated into English. Tables should be 
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered. 
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The 
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the 
table title should be placed after the table title in Russian. 

Photos, screenshots must be uploaded separately as files of the following format*.jpeg files (*.doc and *.docx if the 
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name 
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which 
should correspond to the name of the picture placed in the text. 

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.
Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be 

possible to make changes to them. To avoid confusion, it is necessary to write Greek (α, β, π, etc.), Russian (A, a, B, b, 
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should 
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W1, F1, etc.). 

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR 
The Editorial Board asks the authors to be guided by the above stated rules when preparing the article. 
All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance 

with formal requirements. At this stage the Editorial Board reserves the right to: 
• accept the article for review; 
• return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data; 
• return the article which is designed not according to the journal’s requirements to the author (authors) without 

consideration; 
• reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance. 
Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript. 
All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-

dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in 
accordance with their research profile for reviewing to the members of the Editorial Board. 

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief. 
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication. 

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors 
about the actions planned, the article is removed from the publication waiting list. 

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author. 
The designated author (contact author) is sent the final version of the manuscript accepted for publication, which 

he/she must check. 

REVERSAL OF EDITOR/ REVIEWER’S DECISION 
In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision 

made. In order to do this, the author should: 
• amend the manuscript in compliance with the comments substantiated by reviewers and editors; 
• clearly outline their stance on the issue under question. 
The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due 

to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be 
rectified in the manuscript for it to be accepted for publication. 

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA 
FALSIFICATION DETECTION 

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for 
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on 
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles. 

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL 
In case of error detection that affect understanding of an article but do not distort the results of research, they can 

be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case 
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The 
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the 
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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