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НАУЧНЫЙ ЖУРНАЛ

СИБИРСКИЙ ВЕСТНИК
СЕЛЬСКОХОЗЯЙСТВЕННОЙ НАУКИ

SIBIRSKII VESTNIK SEL'SKOKHOZYAISTVENNOI NAUKI
УЧРЕДИТЕЛИ: СИБИРСКИЙ ФЕДЕРАЛЬНЫЙ НАУЧНЫЙ ЦЕНТР АГРОБИОТЕХНОЛОГИЙ  РОССИЙСКОЙ АКАДЕМИИ  НАУК;

СИБИРСКОЕ ОТДЕЛЕНИЕ РОССИЙСКОЙ АКАДЕМИИ НАУК 

Том 55, № 5 (318) 2025 
майDOI: 10.26898

ОСНОВАН В 1971 г. ВЫХОДИТ 12 РАЗ В ГОД

Цель создания журнала – оперативное информирование ученых и практиков сельскохозяйственного производства  
о новейших достижениях сельскохозяйственной науки. «Сибирский вестник сельскохозяйственной науки»  пyбликyет 
оригинальные статьи по фyндаментальным и прикладным проблемам по направлениям: общее земледелие и растениеводство; 
селекция, семеноводство и биотехнология растений; агрохимия, агропочвоведение, защита и карантин растений; 
кормопроизводство; инфекционные болезни и иммунология животных; частная зоотехния, кормление, технологии 
приготовления кормов и производства продукции животноводства; разведение, селекция, генетика и биотехнология 
животных; технологии, машины и оборудование для агропромышленного комплекса.
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Засухоустойчивость сортов вишни (Cerasus vulgaris Mill.)  
в условиях южного региона
Заремук Р.Ш.1, Копнина Т.А.2

1Кубанский государственный аграрный университет им. И.Т. Трубилина 
Краснодар, Россия
2Северо-Кавказский федеральный научный центр садоводства, виноградарства, виноделия
Краснодар, Россия 

e-mail: tatjanakopnina@rambler.ru 
В последние годы засуха и высокотемпературный стресс являются причинами снижения 

адаптивного и продуктивного потенциала плодовых косточковых культур на юге Российской 
Федерации. Представлены результаты комплексной оценки засухоустойчивости разных по 
происхождению сортов вишни обыкновенной (Cerasus vulgaris Mill.) в условиях прикубанской 
зоны садоводства Краснодарского края. Исследования проведены в 2021–2023 гг. Объекты изу-
чения – 10 сортов вишни: Краснодарская сладкая, Ивановна, Ходоса, Фея, Тимати, Призвание, 
Тамарис, Ассоль, Светлая, Памяти Евстратова. Схема посадки 5 × 3 м, подвой – сеянцы антип-
ки. Контроль – Краснодарская сладкая, засухоустойчивый сорт вишни отечественной селек-
ции. На фоне воздействия стрессовых факторов проанализированы основные физиологические 
показатели сортов вишни: содержание общей воды, сухих веществ и потеря воды в листьях. 
В годы исследований сорта вишни находились в условиях недостаточного увлажнения, под-
твержденных низким гидротермическом коэффициентом, варьировавшим по годам от 0,4 до 
1,2. Оводненность листьев в среднем по сортам составляла 60,0%, незначительно варьирова-
ла в пределах 57,2–62,7%, о чем свидетельствует коэффициент вариации (Cv = 3,5%). Потеря 
воды была высокой, на уровне 11,4%, и значительно варьировала (Cv = 26,3%) по сортам от 8,1 
(Светлая) до 17,0% (Краснодарская сладкая). Содержание сухих веществ, свидетельствующее 
об определенной степени устойчивости растений к недостатку влаги, составляло 39,9%, при 
этом его динамика по сортам в зависимости от условий года была незначительной (Cv = 5,3%). 
По комплексу оптимальных физиологических показателей, подтверждающих достаточно высо-
кую засухоустойчивость, выделены сорта вишни обыкновенной отечественной селекции Ива-
новна, Ходоса, Фея и Призвание, рекомендующиеся для создания устойчивых и продуктивных 
агроценозов вишни в условиях южного региона Российской Федерации.

Ключевые слова: вишня, сорта, засухоустойчивость, оводненность, потеря воды, сухие ве-
щества

Drought tolerance of cherry (Cerasus vulgaris Mill.)  
varieties in the conditions of the southern region
Zaremuk R.Sh.1, Kopnina T.A.2

1Kuban State Agrarian University named after I.T. Trubilin
Krasnodar, Russia
2North Caucasian Federal Scientific Centre of Horticulture, Viticulture, Winemaking
Krasnodar, Russia 

e-mail: tatjanakopnina@rambler.ru
In recent years, drought and high temperature stress have caused a decrease in the adaptive and 

productive potential of stone fruit crops in the south of the Russian Federation. The results of a com-
prehensive assessment of the drought resistance of common cherry varieties (Cerasus Vulgaris Mill.) 

Тип статьи: оригинальная 
Type of article: original
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Drought tolerance of cherry (Cerasus vulgaris Mill.)  
varieties in the conditions of the southern region

Zaremuk R.Sh., Kopnina T.A. 

of different origins in the conditions of the Prikuban horticultural zone of the Krasnodar Territory are 
presented. The studies were conducted in 2021–2023. The objects were 10 cherry varieties: Krasno-
darskaya Sladkaya, Ivanovna, Khodosa, Feya, Timati, Prizvanie, Tamaris, Assol, Svetlaya, Pamyati 
Evstratova. The planting pattern was 5x3 m, the rootstock – Mahaleb cherry seedlings. The control – 
Krasnodarskaya sladkaya, a drought-resistant cherry variety of domestic selection. The main physi-
ological indices of cherry varieties were analyzed against the background of stress factors exposure: 
content of total water, dry matter and water loss in leaves. During the years of research, the cherry 
varieties were in conditions of insufficient moisture, confirmed by a low hydrothermal coefficient, 
varying from 0.4 to 1.2 over the years. The average water content of the leaves across the varieties was 
60.0%, varying slightly within the range of 57.2 – 62.7%, as evidenced by the coefficient of variation 
(Cv = 3.5%). Water loss was high, at the level of 11.4%, and varied significantly (Cv = 26.3%) among 
the varieties from 8.1 (Svetlaya) to 17.0% (Krasnodarskaya sladkaya). The content of dry matter, 
indicating a certain degree of resistance of the plants to lack of moisture, was 39.9%, while their dy-
namics by variety depending on the conditions of the year was not significant (Cv = 5.3%). Based on 
a set of optimal physiological indicators confirming a sufficiently high drought resistance, domestic 
cherry varieties were identified – Ivanovna, Khodosa, Feya and Prizvanie, which are recommended for 
creating stable and productive cherry agrocenoses in the southern regions of the Russian Federation.

Keywords: cherry, varieties, drought resistance, water content, water loss, dry matter
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INTRODUCTION

Many scientists note that in recent decades 
there has been a shift in weather and climate 
conditions towards warming [1–4]. This trend 
necessitates deeper study of perennial fruit 
plants, including stone fruit crops, and the iden-
tification of varieties more resistant to tempera-
ture stressors.

When assessing plants' ability to withstand 
a complex of abiotic stresses, special atten-
tion is given to drought tolerance. Currently, 
approximately a quarter of all arable land on 

Earth is subject to drought, underscoring the 
importance of research on plant resistance to 
this factor1, 2.

In the summer period, southern regions of 
the Russian Federation more frequently expe-
rience abnormally high positive temperatures. 
In the Krasnodar Territory, in recent years, tem-
peratures have reached 38–40 °C and above. 
Longer periods of drought and heat have also 
been recorded, which are highly likely to limit 
the full realization of the productive potential of 
fruit crops and varieties. This leads to poor fruit 
bud formation during the differentiation period,  

1Kruzhkov A.V., Dubrovsky M.L., Lyzhin A.S., Kirillov R.E. Drought resistance of cherry genotypes // Pomiculture and small fruits 
culture in Russia, 2015, vol. 42, pp. 232–234.

2Zhuchenko A.A. Adaptive system of plant breeding (ecological and genetic foundations). Moscow: Agrorus, 2001, vol. 2, 708 p.
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Засухоустойчивость сортов вишни (Cerasus vulgaris Mill.)  
в условиях южного региона 
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reduced yield and quality, and in some years, 
complete flower loss3, 4 [5].

Stone fruit crops, including the common 
cherry, respond differently to high-temperature 
stress due to their biological characteristics [6]. 
It is known that the common cherry, belong-
ing to the genus Cerasus Mill., is a relatively 
drought-tolerant stone fruit species.5 [6, 7] (see 
footnote 1). Despite this, many cherry cultivars 
poorly tolerate drought and exposure to anom-
alously high temperatures. Studies by several 
scientists have shown that unfavorable summer 
temperature conditions more frequently have a 
significant negative impact on the realization of 
the biological potential of fruit crops, including 
cherry, leading to reduced yield and quality6 (see 
footnotes 1, 2).

Long-term studies have shown that against 
the background of annual stress factors, primar-
ily high temperatures, many cherry cultivars 
experience reduced adaptability to temperature 
fluctuations, of which drought tolerance is a 
component. Drought decreases the activity of 
phytohormones and causes numerous abnor-
malities in embryonic tissues during the differ-
entiation of generative organs. Prolonged dry 
and hot winds and heat lead to changes in plant 
metabolism, photosynthesis processes, and wa-
ter balance. They also cause fruit drop and weak 
leaf development, which overall reduces plant 
resistance to different types of stress and lowers 
the productivity of cherry cultivars [8, 9] (see 
footnote 5).

Currently, comprehensive studies of drought 
resistance of cherry varieties by phenotype in 
field conditions and based on physiological 
methods of its diagnostics in laboratory condi-
tions are of particular importance, which is a rel-
evant and timely scientific direction in research 
on the adaptability of both fruit crops in general 
and specific varieties7 [8].

One of the most commonly used physiolog-
ical criteria for assessing the drought tolerance 
of perennial fruit plants is their water regime, 
which characterizes their ability to tolerate heat 
and drought. Key indicators of plant water sta-
tus include tissue water content, water-retaining 
capacity, dry matter content, and other parame-
ters that allow for an adequate characterization 
of varieties and the identification of those most 
resilient to the stresses identified [8, 10].

The goal of the research is to conduct a phys-
iological assessment of the resistance of various 
cherry cultivars under high-temperature stress 
and to identify the most drought-tolerant ones 
for creating adaptive agrocenoses.

MATERIAL AND METHODS 

Research was conducted during 2021–2023. 
The study objects were 10 cultivars of common 
cherry of various ecological and geographi-
cal origins, concentrated in the genetic collec-
tion of fruit crops at the Shared Use Center of 
the North Caucasus Federal Scientific Center 
for Horticulture, Viticulture, and Winemaking 
(NCFSCHVW), located at the second division 
of the experimental production farm "Central" 
in the Prikubanskaya horticultural zone of the 
Krasnodar Territory. The planting scheme was 5 
× 3 meters. As a control, the regional drought-re-
sistant cherry cultivar "Krasnodarskaya Slad-
kaya" of domestic selection was used. The repli-
cation was threefold. The rootstock consisted of 
the Mahaleb cherry seedling rootstocks.

The soils of the experimental plot are leached 
chernozems, with a pHwater of 6.8–7.22 in the 
0–30 cm soil layer and a humus horizon density 
of 1.30–1.42 g/cm³. Leached chernozems have a 
neutral soil pH in the 0–30 cm soil layer, making 
them well suited for growing cherries. The plant 
water regime was assessed using a gravimetric 

3Doroshenko T.N., Zakharchuk N.V., Maksimtsov D.V. Resistance of fruit and ornamental plants to temperature stressors: 
diagnostics and ways of improvement. Krasnodar: KubSAU, 2014, 118 p.

4Koshkin E.I. Physiology of crop stability: textbook. Moscow: Drofa, 2010, 638 p.
5Kolesnikova A.F. Breeding of common cherry in the past and present. Orel: OSU, 2014, 352 p.
6Upadysheva G.Yu. The influence of summer stress factors on the productivity of modern stone fruit varieties in the Moscow 

region // Pomiculture and small fruits culture in Russia, 2012, vol. 31, P. 2, pp. 277–283.
7Belous O.G., Klemeshova K.V., Pashchenko O.I. Comparative analysis of photosynthetic indicators in freesia hybrids on the 

Black Sea coast of Krasnodar region // Horticultural Science, 2017, vol. 44 (2), pp. 99–104. DOI: 10.17221/189/2015-HORTSCI.
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method: leaves with petioles were weighed on 
electronic scales and subjected to wilting for 2 
and 4 hours, then the leaves were weighed again 
and placed in a drying cabinet for final drying at 
a temperature of 105 ℃ according to a modified 
method of M.D. Kushnerenko8. Drought resis-
tance in field conditions was carried out accord-
ing to the “Program and methodology for variety 
study of fruit, berry and nut crops”9. Statistical 
processing of the obtained data was carried out 
according to the Dospekhov method10. The hy-
drothermal coefficient was calculated using the 
Selyaninov method11.

RESULTS AND DISCUSSION 

One of the most informative methods for 
physiological assessment of fruit crops drought 
resistance is the water regime of leaves based on 
their water content, the rate of water loss over 
a certain period of time, the dynamics or con-
tent of dry matter in the leaves during periods 
of exposure to high positive temperatures, which 
allows one to identify plants with a higher re-
sponse to temperature stress and drought, i.e., to 
identify more drought-resistant varieties.

Physiological studies of drought resistance in 
common cherry varieties were conducted in the 
second ten-day period of July 2021–2023, when 
the highest (abnormal) positive air temperatures 
were recorded. In July 2021, the maximum air 

temperature reached 38.1°C. Precipitation was 
minimal, at 28.4 mm, compared to the long-term 
average of 56 mm. Air humidity averaged 60%.

In July 2022, the maximum air temperature 
was lower than in 2021, at 34.8°C. Precipitation 
during the month was 62.6 mm, in line with the 
long-term average. Humidity was quite high at 
65%.

Weather conditions in July 2023 were similar 
to those in 2022. The maximum air temperature 
reached 37.2°C, 2.4°C higher than in 2022. Pre-
cipitation totals were within the long-term aver-
age of 61.7 mm. Humidity in July was 63% (see 
Table 1).

One of the relative indicators of the humidi-
ty of the territory is the hydrothermal coefficient 
(HTC) of Selyaninov, which was used as an ad-
ditional one for the analysis of the developing 
weather conditions in the Prikubansky horticul-
tural zone of the Krasnodar Territory during the 
period of the research.

It was established that the summer period 
in 2021 and 2022 was characterized by insuffi-
ciently humid conditions, which is confirmed by 
a hydrothermal coefficient of 1.1–1.2. The sum-
mer period of 2023 was very dry (HTC = 0.4) 
(see Table 2).

Thus, the period of research in the Prikuban-
sky horticultural zone was characterized as dry 
and insufficiently moist, i.e. the assessment of 

8Kushnirenko M.D., Goncharova E.A., Bondar E.M. Methods for studying water exchange and drought resistance of plants. 
Chisinau, 1970, 79 p.

9Program and methodology for variety study of fruit, berry and nut crops / edited by E.N. Sedov, T.P. Ogoltsova. Orel: Publishing 
house of the All-Russian Research Institute of Fruit Crop Breeding, 1999, 608 p.

10Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: 
Alliance, 2014, 351 p.

11Selyaninov G.T. Methodology of agricultural climate characteristics. Moscow: Gidrometeoizdat, 1977, 220 p.

Табл.  1 .  Основные метеорологические показатели летнего периода
Table 1.  Main meteorological indicators of the summer period

Indicator

Year

2021 2022 2023 

June July August June July Август June July August

Average air temperature, ᵒС 21,7 26,2 25,6 23,0 23,7 26,3 21,8 24,5 27,2

Maximum air temperature, ᵒС 33,0 38,1 37,7 33,7 34,8 35,3 33,6 37,2 38,5

Precipitation, mm 108,3 28,4 75,0 161,0 62,6 91,2 40,9 61,7 0,0
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the physiological resistance of cherry varieties 
was carried out against the backdrop of annu-
al abnormally high temperatures and a lack of 
moisture in the soil and air.

Leaf water content is known to be a fairly ef-
fective indicator of plant water balance, which 
can be used to assess the status of a variety [11]. A 
comparative analysis of the leaf water content of 
the studied cherry varieties showed that in 2021, 
most of them exceeded 60% and were at the con-
trol level. Thus, the Svetlaya, Prizvanie, Timati, 
Feya, Khodosa, and Ivanovna varieties had high 
leaf water content, ranging from 60.2 to 65.2%. 
The highest water content (65.2%) was observed 
in the control variety Krasnodarskaya Sladkaya. 
Lower values ​​(57.7 to 57.2%) were observed in 
the Tamaris and Assol cherry varieties. A com-
paratively low water content was observed in the 

Pamyati Evstratova variety, amounting to 55.5% 
(see the figure).

In 2022, leaf water content for different cher-
ry varieties ranged from 56.3% to 64.3%. The 
Ivanovna, Khodosa, Feya, Timati, Prizvanie, 
and Pamyati Evstratova varieties had relatively 
high leaf water content (ranging from 60.1% to 
64.3%). It was slightly lower (58.2% to 58.3%) 
for the Tamaris and Svetlaya varieties. The As-
sol cherry variety had the lowest leaf water con-
tent (56.3%).

In the drier 2023, average leaf water con-
tent for different cherry varieties ranged from 
60.1% to 60.7%. High values ​​were observed for 
the Ivanovna (60.7%), Khodosa (60.5%), Feya 
(60.1%), and Prizvanie (60.5%) varieties, whose 
leaf water content exceeded that of the control 
variety. Slightly lower values ​​were observed 
for the Tamaris (57.1%), Assol (57.2%), Tima-

Табл.  2 .  Сумма активных температур и осадков, гидротермический коэффициент (по Селянино-
ву), июнь – август 2021–2023 гг.
Table 2.  Sum of active temperatures and precipitation, hydrothermal coefficient (according to 
Selyaninov), June–August 2021–2023

Year The sum of the temperatures higher than 10 ᵒС, ᵒС Total precipitation, mm HTC Drought class

2021 2258,3 265,7 1,1 Insufficient hydration
2022 2234,7 314,8 1,2   »                   »
2023 2254,3 102,6 0,4 Extremely arid 

Динамика показателей оводненности листьев у сортов вишни в зависимости от условий года (июль 
2021–2023 гг.)
Dynamics of leaf water content indices in cherry cultivars depending on the conditions of the year (July 
2021–2023)
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ti (58.3%), and Svetlaya (59.8%) varieties. The 
Pamyati Evstratova cherry cultivar had a leaf 
water content of 56.2% (see figure). It was found 
that under annual adverse temperature condi-
tions, the Ivanovna, Khodosa, Feya, and Priz-
vanie cherry cultivars exhibited high leaf water 
content, which to some extent confirms their 
drought tolerance and is consistent with field 
surveys. No significant differences in leaf water 
content were observed for the Timati, Tamaris, 
Assol, and Svetlaya cherry cultivars depending 
on the growing conditions (see the figure).

Analysis of the obtained data allowed us to 
identify cherry varieties with the most stable an-
nual leaf water content: Feya with indicators of 
60.1–61.0%, Tamaris with 57.1–58.2%, and the 
Assol variety, whose water content varied from 
56.3 to 57.2%. The dynamics by variety indicate 
the manifestation of certain varietal specificity 
of the studied varieties in terms of leaf water 
content.

Thus, on average for 2021–2023, the high-
est leaf tissue water content at the control level 
was observed in the cherry varieties Ivanovna 
(62.7%), Khodosa (62.2%), Feya (60.4%), and 
Prizvanie (61.5%) (see Table 3). It was compar-
atively lower for the Assol (56.9%), Pamyati 
Evstratova (57.2%), Svetlaya (59.4%), Tamaris 
(57.6%), and Timati (59.9%) varieties.

One of the indicators of drought resistance 
is the dry matter content in leaves, which deter-
mines the optimal water regime and characteriz-
es the metabolic processes occurring in the plant 
during periods of stress [12]. It was found that 
the dry matter content in cherry varieties was at 
the level of 39.6%, while the variability of this 
trait across the varieties was insignificant (Cv = 
5.3%) (see Table 3).

Dry matter content from 37.3 to 39.6% 
was noted in the Ivanovna (37.3%), Khodosa 
(37.8%), Feya (39.6%), and Prizvanie (38.5%) 
varieties, which were conditionally classified as 
having a low dry matter content and a high total 
water content in the leaves. Overall, these cherry 
varieties are classified as drought-resistant based 
on these two indicators.

Cherry varieties Timati, Svetlaya, Tamaris, 
Pamyati Evstratova and Assol, whose indicators 
varied from 40.1 to 43.1%, were characterized 
by a high content of dry substances, but a lower 
amount of total water in the leaves, which gave 
grounds to classify them as a group of moderate-
ly drought-resistant varieties.

Based on the fact that the higher the wa-
ter-holding capacity of leaves, the lower the 
water loss under stress, the variation parameters 
were set from 8.1 to 17.0% depending on the va-

Табл.  3 .  Основные физиологические показатели водного режима вишни в условиях Прикубанской 
зоны садоводства (2021–2023 гг.), %
Table 3.  Main physiological indicators of water regime of cherry under conditions of the Prikuban 
horticultural zone (2021–2023), %

Variety Water loss, in 2 h Dry matter content Total water

Krasnodarskaya Sladkaya (control) 17,0 37,6 62,4
Ivanovna 9,7 37,3 62,7
Khodosa 9,8 37,8 62,2
Feya 8,9 39,6 60,4
Timati 9,4 40,1 59,9
Prizvanie 9,6 38,5 61,5
Tamaris 13,6 42,4 57,6
Assol 16,4 43,1 56,9
Svetlaya 8,1 40,6 59,4
Pamyati Evstratova 11,8 42,8 57,2
Average 11,4 39,9 60,0
Cv, % 26,3 5,3 3,5
LSD05 3,2 2,2 2,2
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riety with a variation coefficient (Cv) of 26.3% 
(see Table 3).

The following cherry varieties were found to 
have the highest water-holding capacity: Kho-
dosa (9.8%), Ivanovna (9.7%), Feya (8.9%), 
Timati (9.4%), Svetlaya (8.1%), and Prizvanie 
(9.6%). Slightly lower water loss was observed 
in the Pamyati Evstratova (11.8%) and Tamaris 
(13.6%) varieties. The Assol and Krasnodarska-
ya Sladkaya (control) varieties had comparative-
ly low water-holding capacity (16.4–17.0%).

CONCLUSIONS 

1. The average water content of cherry leaves 
across different cultivars was 60.0%; its param-
eters varied slightly between the cultivars, from 
57.2 to 62.7%. Cherry cultivars with annually 
high leaf water content exceeding 60% were 
identified: Ivanovna (62.7%), Khodosa (62.2%), 
Feya (60.4%), and Prizvanie (61.5%).

2. The maximum water-holding capacity was 
found in the Khodosa, Ivanovna, Feya, Timati, 
Svetlaya and Prizvanie varieties; water loss var-
ied within the range of 8,1–9,7%.

3. The dry matter content in the leaves of dif-
ferent cherry varieties averaged 39.9%. Cherry 
varieties Ivanovna, Khodosa, Feya, and Priz-
vanie, which are classified as more drought-re-
sistant, had a comparatively low level (37.3–
39.6%).

4. Based on the studied parameters of drought 
resistance, cherry varieties Khodosa, Ivanovna, 
Feya and Prizvanie were identified with opti-
mal physiological indicators of water regime, 
confirming their high drought resistance, which 
can be recommended for the creation of stable 
agrocenoses in the conditions of southern horti-
culture and as sources of drought resistance for 
further breeding work.
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ЗАЩИТА РАСТЕНИЙ
PLANT PROTECTION

Оценка степени распространения тлей – переносчиков  
вирусов картофеля на юге Архангельской области

Шаманин А.А.1, Берим М.Н.2, Корелина В.А.1, Попова Л.А.1

1Федеральный исследовательский центр комплексного изучения Арктики им. академика 
Н.П. Лаверова Уральского отделения Российской академии наук
Архангельск, Россия
2Всероссийский научно-исследовательский институт защиты растений
Санкт-Петербург, г. Пушкин, Россия 

e-mail: lexxik_1@mail.ru
В публикации приведены сведения по распространению комплекса афидофауны на посадках 

картофеля в южной части Архангельской области. Исследование проведено в 2018–2023 гг. В за-
дачи исследования входили изучение видового состава, численности, активности лёта крылатых 
тлей, а  также оценка степени распространения тлей  – потенциальных переносчиков вирусов 
картофеля. Исследование проводили с использованием желтых водных ловушек, расставленных 
по периметру картофельных полей. Выявлено, что посадки картофеля посещали 13 видов тлей, 
способных к переносу вирусной инфекции: Acyrthosiphum pisum Harr., Aphis fabae Scop., Aphis 
nasturtii Kalt., Aulacorthum solani Kalt., Brachycaudus helichrysi Kalt., Brevicoryne brassicae L., Ca-
variella aegopodii Scop., Hyperomyzus lactucae L., Lipaphis erysimi Kalt., Macrosiphum euphorbiae 
Thomas, Metopolophium dirhodum Walk., Rhopalosiphum padi L., Sitobion avenae F. Данные виды 
отлавливали и идентифицировали на посадках на протяжении всего периода вегетации карто-
феля в количестве от 91 до 197 особей в разные годы, что составляет 71–92% от численности 
всей афидофауны. Отдельно отметим, что в отловах отсутствовали представители вида Myzus 
persicae Sulz., являющегося наиболее вредоносным для картофеля. В период наблюдений чис-
ленность тлей – переносчиков вирусов в пересчете на одну водную ловушку колебалась в пре-
делах 24–50 особей в год, что характеризует регион проведения исследования как территорию с 
низкой степенью распространения тлей, способных переносить вирусные инфекции картофеля. 
Незначительная распространенность тлей указывает на благоприятную фитосанитарную обста-
новку относительно вирусной инфекции картофеля, но полностью не исключает возможности 
ее распространения. В связи с этим система защиты растений картофеля в данном регионе долж-
на включать как профилактические, так и истребительные мероприятия.

Ключевые слова: вирусы картофеля, крылатые тли, водные ловушки, мониторинг лёта 
тлей, Myzus pesicae Sulz.
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The objectives of the research included studying the species composition, abundance, flight activity 
of winged aphids and assessing the prevalence of aphids-potential carriers of potato viruses. It was 
revealed that potato plantings are visited by 13 species of aphids capable of transmitting viral infec-
tion – Acyrthosiphum pisum Harr., Aphis fabae Scop., Aphis nasturtii Kalt., Aulacorthum solani Kalt., 
Brachycaudus helichrysi Kalt., Brevicoryne brassicae L., Cavariella aegopodii Scop., Hyperomyzus 
lactucae L., Lipaphis erysimi Kalt., Macrosiphum euphorbiae Thomas, Metopolophium dirhodum 
Walk., Rhopalosiphum padi L., Sitobion avenae F. These species were caught and identified in the 
plantings throughout the entire potato growing season in numbers from 91 to 197 individuals in diffe- 
rent years, which is 71–92% of the total aphid fauna. It should be emphasized that no representatives 
of Myzus persicae Sulz. species, which is the most harmful to potatoes, were present in the catches. 
During the observation period, the number of aphid carriers per 1 water trap ranged from 24–50 in-
dividuals per year, which characterizes the study region as an area with a low prevalence of aphids 
capable of carrying potato virus infections. The low prevalence of aphid vectors indicates a favorable 
phytosanitary situation regarding potato viral infection, but does not completely exclude the possibili-
ty of the spread of viruses. Therefore, the potato plant protection system in this region should include 
both preventive and exterminatory measures.

Keywords: potato viruses, winged aphids, water traps, aphid flight monitoring, Myzus pesicae 
Sulz.
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INTRODUCTION

Aphids are small insects (2–5 mm long) that 
feed on the phloem sap of plants. There are 
over 5,000 aphid species worldwide, of which 
approximately 250 are capable of transmitting 
viral infections of various agricultural crops. 
Aphids damage a wide range of both weeds and 
cultivated plants. Direct feeding by these insects 
causes leaf curling, stunted growth, decreased 
resistance to diseases and pests, and plant death. 
The honeydew secreted by aphids can reduce 
photosynthesis in leaves, attract ants, and create 
conditions for fungal growth, which also nega-
tively impacts plants. Aphids have the greatest 
negative impact on plants by transmitting var-
ious viral diseases. Due to their high fecundity 
and ability to rapidly increase their numbers, 
coupled with their significant migratory activity, 
aphids can infect a large number of plants in a 

short period of time. For example, potato crop 
losses due to aphid-borne viral infections can 
reach 80% [1].

One viroid, as well as approximately 50 vi-
ruses, can infect potatoes. However, only a few 
cause serious damage. The most damaging are 
PVY (Potato virus Y) and PLRV (Potato leafroll 
virus). PVX (Potato virus X) is also widespread 
worldwide, and its danger increases significant-
ly when combined with PVY and PVA (Pota-
to virus A). PVS (Potato virus S) is also quite 
common and belongs to a group of viruses with 
low pathogenicity, but mixed infections with 
PVX produce more pathogenic strains. PVA is 
less common but can cause yield losses of up to 
40%. PVM (Potato virus M) is relatively rare in 
most countries. Typically, the damage it causes 
is minor, except when it interacts with other vi-
ruses [2, 3].
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More than 25 aphid species have the ability 
to transmit potato virus infections, either per-
sistently or non-persistently. The most harm-
ful aphid species, primarily those capable of 
transmitting potato virus Y, include Myzis per-
sicae Sulz., Acyrthosiphon pisum Harr., Sitobi-
on avenae F., Cavariella aegopodi Scop., Aphis 
nasturtii Kalt., Rhopalosiphum padi L., Meto-
polophium dirkhodum Walk., Brachucaudus 
helichrysi Kalt., Aulocarthum solani Kalt., Mac-
rosiphum euphorbiae Thomas, Hyperomyzus 
lactucae L., Aphis fabae Scop., Brevicoryne 
brassicae L., Aphis frangulae Kalt., Aphis gos-
sypii Glov., Myzus cerasi F., Phorodon humuli 
Schrk., Lipaphis erysimi Kalt. Most species can 
spread several viruses at the same time1, 2 [4, 5].

Aphids' dependence on food and climate 
conditions determines their distribution. Insect 
species diversity and abundance increase from 
north to south, from north to east, and from east 
to south. Thus, the Northwestern Federal Dis-
trict is considered an area with a relatively low 
prevalence of aphids, which carry viruses: there 
are 100–200 individuals per trap [6]. In the Mos-
cow Region, Tatarstan, Kemerovo Region, and 
the Republic of Kazakhstan, aphid prevalence 
is average, with the maximum number of these 
insects being around 600 individuals per trap3 

[7–9]. In the southern regions of Russia (Bry-
ansk region), a high prevalence of aphids ca-
pable of transmitting viral diseases of potatoes 
has been noted, with the insect population here 
reaching 800–1,300 individuals per trap [10]. In 
the Far Eastern Federal District, aphid popula-
tions vary greatly: in the Magadan region and 
the Kamchatka Territory, a low prevalence of 
virus carriers has been recorded (less than 100 
winged individuals per trap), in the Sakhalin re-
gion and the Khabarovsk Territory, a relatively 
low prevalence (100–250 individuals), in the 

Amur region, a moderate prevalence (500 indi-
viduals), and in the Primorsky Territory, a high 
prevalence (1,100 individuals) [11].

Available data indicate low aphid populations 
in the Arkhangelsk region. Preliminary trapping 
conducted in 2017 identified 11 species, five of 
which are capable of transmitting potato viral 
infections [12]. To validate a system for protect-
ing potatoes from pests and diseases, it is nec-
essary to use long-term data, which can only be 
obtained through systematic annual monitoring.

The purpose of the study is to assess the ex-
tent of the spread of aphids, which are carriers 
of potato viruses, in the southern part of the 
Arkhangelsk region.

The research objectives are:
1) to study the species composition, abun-

dance and flight activity of winged aphids – vi-
rus carriers in potato crops;

2) to assess the prevalence of aphids – carri-
ers of potato viruses in the study area.

MATERIAL AND METHODS 

A study examining the activity of aphids that 
transmit potato viral diseases was conducted 
from 2018 to 2023. The study focused on po-
tato crops located in the southern Arkhangelsk 
region (Kotlas district).

Insects were captured using water traps. Four 
containers, painted yellow on the inside and 
filled with water (Mörike traps), were placed 
around the perimeter of the potato field4. Traps 
were set when the first potato shoots emerged 
(June 18). The last trapping was performed be-
fore top removal (August 27). Trapping frequen-
cy was once per week. The insect-containing 
filtrate obtained from the traps was preserved in 
a 70% alcohol solution. Insect identification was 
performed using morphometric characteristics5, 6  

in the Phytosanitary Diagnostics and Forecast-

1Zykin A.G. Viral diseases of potatoes. L.: Kolos, 1976, 152 p.
2Kennedy J.S., Day M.F., Eastop V.F. A conspectus of aphids as vectors of plant viruses. London, 1962, 114 p.
3Lapshinov N.A. Spread of potato viral infection in the subtaiga zone of the foothills of the Kemerovo region // Achievements of 

Science and Technology of the AIC, 2011, N 1, pp. 32–33.
4Moericke V. Eine Farbfallezur Kontrolle des Fluges von Blattläusen, insbesondere der Pfirsichblattlaus, Myzodes persicae 

(Zulz.) // Nachrichtenblatt des Deutschen Pflanzenschutzdiensten, 1951, Bd 3, pp. 23‒24.
5Suborder Aphidinea – Aphids // Key to insects of the European part of the USSR: in 5 volumes / edited by G. Ya. Bey-Bienko. 

Moscow; Leningrad: Nauka, 1964, vol. 1, pp. 489‒616.
6Remaudiee G., Seco Fernandez M.V. Claves de pulgones alados de la region Mediterranea. Leon, 1990, vol. 2, 206 p.
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ing Laboratory of the All-Russian Research In-
stitute of Plant Protection.

Potato plots were located more than 250 me-
ters away from private farms and bordered forest 
stands, perennial grasses, and grain crops. In the 
crop rotation, potatoes were planted after spring 
grains.

The growing seasons during the study years 
were characterized by different meteorological 
conditions (see Table 1). The coldest and most 
humid year was 2019: the average daily air 
temperature was 0.5°C below the long-term av-
erage, and the hydrothermal coefficient (HTC) 
was 3.0 (according to Selyaninov). The warmest 
year was 2021: the average daily air tempera-
ture during the growing season exceeded the 
long-term average by 2.9°C. The driest year was 
2018: the HTC was 1.1.

RESULTS AND DISCUSSION 

The aphidofauna of the studied potato plant-
ings is represented by 37 species of aphids with 
a total number of 165 individuals in 2018, 115 in 
2019, 117 in 2020, 253 in 2021, 184 in 2022, and 
259 individuals in 2023.

The following aphid species have been iden-
tified: Acyrthosiphum pisum Harr., Amphoro-
phora rubi Kalt., Anoecia corni F., Aphis fabae 
Scop., Aphis ideai Goot, Aphis nasturtii Kalt., 
Aphis pomi De Geer, Aphis sambuci L., Aula-
corthum solani Kalt., Brachycaudus cardui L., 
Brachycaudus helichrysi Kalt., Brevicoryne 
brassicae L., Capitophorus elaeagni Guerc., Ca-
variella aegopodii Scop., Cavariella avenae F., 
Chaitophorus populeti Panz., Cinara costata L., 
Cryptomyzus ribis L., Dysaphis devecta Walk., 
Euceraphis punctipennis Zett., Hyalopterus 
pruni Geoffr., Hyperomyzus lactucae L., Lioso-
maphis barberidis Kalt., Lipaphis erysimi Kalt., 
Macrosiphoniella tanacetaria Gillette, Macro-
siphonielle absinthii L., Macrosiphum euphor-
biae Thomas, Macrosiphum rosae L., Megoura 
viciae Buck., Metopolophium dirhodum Walk., 
Myzaphis rosarum Kalt., Pemphigus spp., 
Rhophalosiphoninus ribesinus Goot., Rhopalo-
siphum insertum Walk., Rhopalosiphum padi L., 
Sitobion avenae F., Tuberculatus annulatus Hart.

Of the species listed above, only 13 are ca-
pable of spreading potato viruses: A. pisum,  
A. fabae, A. nasturtii, A. solani, B. helichrysi, 

Табл.  1 .  Метеорологические условия вегетационных периодов в годы проведения исследования
Table 1.  Meteorological conditions of the growing seasons during the years of research

Indicator Long-time average 
annual

Year

2018 2019 2020 2021 2022 2023

Average daily air temperature, °С 13,7 14,8 13,2 14,3 16,6 15,4 14,9

     May 8,4 10,4 11,4 9,9 11,8 7,7 11,8

     June 14,6 13,1 14,8 14,1 19,1 15,6 13,2

     July 17,3 19,3 14,9 19,3 18,9 19,6 17,7

     August 14,5 16,4 11,6 13,8 16,5 18,6 16,9

Total precipitation, mm 256,0 226,9 398,2 238,9 337,0 270,2 259,4

     May 48,0 36,3 69,1 62,7 119,3 43,5 52,4

     June 68,0 85,3 64,3 48,6 23,4 81,3 53,0

     July 73,0 54,6 129,8 73,2 69,9 106 121,4

     August 67,0 50,7 135,0 54,4 124,4 39,4 32,6

HTC – 1,1 3,0 1,4 1,7 1,7 1,3
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B. brassicae, C. aegopodii, H. lactucae, L. ery-
simi, M. euphorbiae, M. dirhodum, Rh. padi, 
S. avenae. In the structure of the total number 
of aphids, these species accounted for 91% in 
2018, 79% in 2019, 81% in 2020, 78% in 2021, 
71% in 2022, and 73% in 2023.

The most numerous aphids capable of trans-
mitting potato viruses, both through direct feed-
ing and through test injections, were A. fabae, 
which was prevalent in crops in 2018, 2022, and 
2023, and Rh. padi, which was dominant in the 
remaining years (see Table 2). A. fabae was cap-
tured in potato crops from the beginning of the 
potato growing season until the second ten-day 
period of August. The most active flight of this 
species occurred from late June to late July. Be-
tween 21 and 51 individuals of A. fabae were 
identified annually during the growing season. 
Rh. padi were trapped from the beginning of the 
potato growing season to early July and from 
late July to the end of the growing season. The 
most active flight of this species was recorded 
in the third ten-day period of June and from the 
second ten-day period of August until the end 
of observations. Between 22 and 105 individu-
als of Rh. padi were trapped annually. In 2021, 
outbreaks of mass reproduction of these species 

occurred. For A. fabae, they were recorded in the 
second ten-day period of July, when the num-
ber of aphids in the catch was 30 individuals. 
Mass reproduction of Rh. padi occurred in two 
periods: in the third ten-day period of June, 40 
winged insects were caught, and in the second 
ten-day period of August, their numbers in-
creased sharply to 35 individuals.

The species A. solani, C. aegopodii, and S. 
avenae can be classified as the third-most abun-
dant aphid vectors of viruses: a total of 70–79 in-
dividuals of each species were captured over six 
years of research. In various years, A. solani were 
trapped from the third ten-day period of June to 
the second ten-day period of August, meaning 
they were present on potato crops throughout the 
entire growing season. Their most active flight 
was observed in the second and third ten-day pe-
riods of July. The annual population was 2–21 
individuals. Winged aphids of the species C. ae-
gopodii were identified only in 2021–2023, with 
populations of 2–72 individuals. In the first two 
years, C. aegopodii representatives were pres-
ent in potato crops from early July to the first 
ten days of August inclusive. In 2023, increased 
activity of the species was noted: they were 
trapped from the second half of June to the first 

Табл.  2 .  Численность тлей, способных переносить вирусную инфекцию картофеля, шт./%
Table 2.  The number of aphids capable of transmitting viral infection of potatoes, pcs./%

Species
Year

Total
2018 2019 2020 2021 2022 2023

A. pisum Harr. 4/2,7 5/5,5 3/3,2 3/1,5 11/8,5 10/5,3 36/4,2
A. fabae Scop. 44/29,3 21/23,1 25/26,3 51/25,9 30/23,1 41/21,7 212/24,9
A. nasturtii Kalt. 12/8,0 6/6,6 9/9,5 12/6,1 11/8,5 2/1,1 52/6,1
A. solani Kalt. 21/14,0 15/16,5 7/7,4 2/1,0 19/14,6 11/5,8 75/8,8
B. helichrysi Kalt. 0/0,0 0/0,0 2/2,1 0/0,0 0/0,0 0/0,0 2/0,2
B. brassicae L. 0/0,0 0/0,0 0/0,0 2/1,0 0/0,0 0/0,0 2/0,2
C. aegopodii Scop. 0/0,0 0/0,0 0/0,0 2/1,0 5/3,8 72/38,1 79/9,3
H. lactucae L. 23/15,3 7/7,7 4/4,2 7/3,6 7/5,4 6/3,2 54/6,3
L. erysimi Kalt. 0/0,0 0/0,0 0/0,0 0/0,0 2/1,5 0/0,0 2/0,2
M. euphorbiae Thomas 5/3,3 4/4,4 0/0,0 1/0,5 2/1,5 0/0,0 12/1,4
M. dirhodum Walk. 0/0,0 0/0,0 0/0,0 0/0,0 3/2,3 1/0,5 4/0,5
Rh. padi L. 26/17,3 26/28,6 34/35,8 105/53,3 22/16,9 39/20,6 252/29,6
S. avenae F. 15/10,0 7/7,7 11/11,6 12/6,1 18/13,8 7/3,7 70/8,2
Total 150/100,0 91/100,0 95/100,0 197/100,0 130/100,0 189/100,0 852/100,0
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ten days of August, with a mass reproduction 
outbreak (up to 47 individuals per capture) re-
corded at the end of June. Aphids of the species 
S. avenae were present in traps annually. Their 
population fluctuated between 7 and 18 individ-
uals per year. Winged individuals of this species 
were trapped from the first ten days of July to 
the third ten days of August, with the most active 
flight observed throughout July.

During the study, H. lactucae and A. nastur-
tii were found to be less abundant. H. lactucae 
were actively present in crops from the begin-
ning of the growing season to the first ten days 
of July inclusive; in some years, single speci-
mens were trapped from the second ten days of 
July to the second ten days of August. Between 
6 and 23 individuals were identified annually 
during the growing season. A. nasturtii was not 
found to have an active flight during a specific 
period; in different years, representatives of this 
species were present in crops at different times 
from the beginning of the potato growing season 
to the beginning of the second ten days of Au-
gust. Between 2 and 12 individuals were trapped 
annually.

Another aphid species that transmits potato 
virus infection is A. pisum. Pea aphids were pres-
ent in potato crops annually, with a total popu-
lation of 3–11 individuals during the growing 
season. The species was trapped from the third 
ten days of June through the second ten days of 
August. Active flight occurred in the second and 
third ten days of July.

M. euphorbiae is a species that primari-
ly feeds on potatoes. It was present in crops in 
2018, 2019, 2021, and 2022, and was captured in 
traps from the first ten days of July to the first ten 
days of August. Annual catches ranged from 1 to 
5 individuals. Due to its extremely low popula-
tion, no increased flight activity was observed.

The remaining species were very low in abun-
dance. B. helichrysi, B. brassicae, and L. erysimi 
were caught in just two individuals each, with 
the first species caught in late July, the second in 
mid-August, and the third in late July and early 
August. M. dirhodum aphids were identified in 
the second half of June.

A total of aphid species capable of transmit-
ting potato viruses were present in the crops 
throughout the observation period, with varying 
intensities in individual years. A moderate cor-
relation between the number of captured winged 
individuals and average daily air temperature  
(r = 0.31) and a weak correlation between 
this indicator and precipitation were observed  
(r = 0,15).

Given that potatoes are not a primary food 
source for most of the identified species, their 
visits to potato crops were primarily foraging for 
suitable primary food plants. Aphid activity on 
potato crops varied across all observation years 
(see the figure). The most consistent visitation 
patterns were recorded in 2019 and 2022. In 
2018, the peak of aphid flight was observed at 
the beginning of observations. Throughout the 
potato growing season, there was a gradual de-
crease in insect numbers in captures, with their 
numbers beginning to increase in the second ten-
day period of August. In 2020, two periods of 
increased aphid numbers were observed – in the 
second ten-day period of July and the first ten-
day period of August. In 2021, three population 
spikes occurred – large numbers of aphids visit-
ed potato crops at the beginning of the growing 
season, in mid-July, and in the second ten-day 
period of August. In 2023, the largest increase in 
numbers of all years was observed – the peak of 
flight occurred at the end of June, with two fur-
ther increases recorded later in the year (at the 
end of July and the first half of August).

Knowledge of the species composition of 
potato plantings' aphid fauna and the number 
of aphids capable of transmitting potato viruses 
allows us to assess the risks of viral infection 
spread and formulate a plan for plant protection 
measures. During the 2018–2023 potato grow-
ing season, the number of virus-carrying aphids 
per water trap ranged from 24 to 50 individuals 
(see Table 3). The data in Table 3 characterize 
the study region as an area with a low prevalence 
of aphids capable of transmitting potato viruses.

It should be noted that during all the years of 
observation, not a single specimen of M. persi-
cae Sulz. (peach aphid), which is the most harm-
ful species for potatoes, was caught.
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CONCLUSION 

Monitoring aphid flight in potato crops in the 
southern Arkhangelsk region from 2018 to 2023 
revealed that this area is characterized by a low 
prevalence of aphids, which carry potato virus-
es. The species composition of aphids, which are 
potential vectors of infection, includes 13 spe-
cies: A. pisum, A. fabae, A. nasturtii, A. solani, 
B. helichrysi, B. brassicae, C. aegopodii, H. lac-
tucae, L. erysimi, M. euphorbiae, M. dirhodum, 
Rh. padi, S. avenae. These species were cap-
tured in traps in potato crops throughout the 
growing season, with numbers ranging from 91 
to 197 individuals in different years, represent-
ing 71–91% of the total identified aphidofauna. 
No representatives of M. persicae were found in 
the traps.

The low prevalence of aphid vectors of vi-
ruses indicates a favorable phytosanitary situa-
tion with respect to potato virus infection, but 
does not completely eliminate the possibility of 
its spread. Therefore, the seed potato plant pro-
tection system in this area should include pre-

ventive and eradication measures, such as mon-
itoring aphid flight, monitoring for the presence 
of virus infection in potato crops, maintaining 
spatial isolation and crop rotation, autumn till-
age, weed control, creating shelterbelts, and us-
ing insecticides.

Табл.  3 .  Численность тлей на одну водную 
ловушку в годы наблюдений, шт.
Table 3.  Number of aphids per water trap during 
the observation period, pcs.

Year Aphid numbers

2018 38

2019 29

2020 24

2021 50

2022 33

2023 47

Динамика численности тлей, способных переносить вирусные инфекции картофеля, шт.
Dynamics of the number of aphids capable of transmitting viral infection of potatoes, pcs.



20 Siberian Herald of Agricultural Science • 2025 • 55 • 5 Plant protection

Assessment of the aphids-potato virus vectors distribution  
in the south of the Arkhangelsk region

Shamanin A.A., Berim M.N., Korelina V.A., Popova L.A.

СПИСОК ЛИТЕРАТУРЫ

1.	 Ali J. The Peach Potato Aphid (Myzus persicae): 
ecology and management: monograph. Boca Ra-
ton, 2023. 132 p. DOI: 10.1201/9781003400974.

2.	 Анисимов Б.В., Марзоев З.А., Зебрин  С.Н., 
Блинков  Е.Г., Грачева  И.А. Профилактика 
вирусных болезней, контролируемых в се-
меноводстве картофеля  // Защита и каран-
тин растений. 2022. №  9. С.  27–31. DOI: 
10.47528/1026-8634_2022_9_27.

3.	 Kreuze J.F., Souza-Dias  J.A.C., Jeevalatha  A., 
Figueira  A.R., Valkonen  J.P.T., Jones  R.A.C.  
Viral diseases in potato // The potato crop: col-
lective monograph. Cham, 2020. P.  389–430. 
DOI: 10.1007/978-3-030-28683-5_11.

4.	 Ерохова М.Д. Мониторинг тлей – переносчи-
ков вирусов: международный и российский 
опыт // Защита картофеля. 2016. № 2. С. 24–30.

5.	 Fox A., Collins L.E., Macarthur R., Black-
burn  L.F., Northing  P. New aphid vectors and 
efficiency of transmission of Potato virus A and 
strains of Potato virus Y in the UK // Plant Pa-
thology. 2016. Vol.  2. N  2. P.  325–335. DOI: 
10.1111/ppa.12561.

6.	 Sukhoruchenko G.I., Ivanova G.P., Volga- 
rev  S.A., Berim  M.N. Species composition of 
aphids (Hemiptera, Aphididae) on seed potato 
planting in Northwest Russia  // Entomological 
review. 2019. N 8. P. 1113–1124. DOI: 10.1134/
S0013873819080050.

7.	 Зейрук В.Н., Белякова Н.А., Белов  Г.Л., Ва-
сильева М.К., Деревягина М.К., Митина Г.В. 
Биологическая защита меристемного семен-
ного картофеля от вредителей  – переносчи-
ков вирусов в закрытом грунте // Защита кар-
тофеля. 2017. № 4. С. 3–12.

8.	 Сабирова Р.М., Сафиуллина  Г.Ф., Ахмадее-
ва  З.А., Паутова  Г.Г. Векторная активность 
крылатых тлей на посадках картофеля в ус-
ловиях Предкамской зоны Республики Татар-
стан // Вестник Казанского государственного 
аграрного университета. 2019. № 4. С. 96–101.

9.	  Екатеринская Е.М., Тайков  В.В., Карпо-
ва  О.В. Особенности лёта тлей на посадках 
оздоровленного картофеля, выращиваемого в 
Костанайском НИИСХ // Защита картофеля. 
2016. № 1. С. 3–5.

10.	  Молявко А.А., Жевора С.В., Марухленко А.В., 
Борисова  Н.П., Ториков  В.Е. Мониторинг 
переносчиков вирусов картофеля  // Вестник 
Брянской государственной сельскохозяй-

ственной академии. 2022. № 2. С. 27–34. DOI: 
10.52691/2500-2651-2022-90-2-27-34.

11.	  Какарека Н.Н., Толкач В.Ф., Сапоцкий М.В., 
Волков  Ю.Г., Щелканов  М.Ю. Насекомые  – 
переносчики вирусных заболеваний карто-
феля на Дальнем Востоке  // Чтения памяти 
Алексея Ивановича Куренцова. 2019. №  30. 
С. 191–199. DOI: 10.25221/kurentzov.30.18.

12.	  Шаманин А.А., Берим  М.Н. Результаты 
мониторинга крылатых тлей (Hemiptera: 
Aphididae) на посадках картофеля в условиях 
северного региона России  // Аграрная наука 
Евро-Северо-Востока. 2022. № 5. С. 697–705. 
DOI: 10.30766/2072-9081.2022.23.5.697-705.

REFERENCES

1.	 Ali J. The Peach Potato Aphid (Myzus persicae): 
ecology and management: monograph. Boca Ra-
ton, 2023, 132 p. DOI: 10.1201/9781003400974.

2.	 Anisimov B.V., Мarzoev Z.A., Zebrin  S.N., 
Blinkov E.G., Gracheva I.A. Prevention for viral 
diseases, managed in seed potato growing. Zash-
chita i karantin rasteniy = Plant protection and 
quarantine, 2022, no. 9, pp. 27–31. (In Russian). 
DOI: 10.47528/1026-8634_2022_9_27.

3.	 Kreuze J.F., Souza-Dias  J.A.C., Jeevalatha A., 
Figueira  A.R., Valkonen  J.P.T., Jones  R.A.C.  
Viral diseases in potato. The potato crop: col-
lective monograph. Cham, 2020, pp.  389–430. 
DOI: 10.1007/978-3-030-28683-5_11.

4.	 Yerokhova M.D. Monitoring of aphid vectors of 
viruses: international and Russian experience. 
Zashchita kartofelya = Potato protection, 2016, 
no. 2, pp. 24–30. (In Russian).

5.	 Fox A., Collins L.E., Macarthur  R., Black-
burn  L.F., Northing  P. New aphid vectors and 
efficiency of transmission of Potato virus A and 
strains of Potato virus Y in the UK. Plant Pa-
thology, 2016, vol. 2, no. 2, pp. 325–335. DOI: 
10.1111/ppa.12561.

6.	 Sukhoruchenko G.I., Ivanova  G.P., Volga- 
rev  S.A., Berim  M.N. Species composition of 
aphids (Hemiptera, Aphididae) on seed potato 
planting in Northwest Russia. Entomological re-
view, 2019, no. 8, pp. 1113–1124. DOI: 10.1134/
S0013873819080050.

7.	 Zeyruk V.N., Belyakova N.A., Belov G.L., Va-
sil’eva  M.K., Derevyagina  M.K., Mitina  G.V. 
Biological protection of nuclear seed potato 
from pests – vectors of viruses in greenhouses. 
Zashchita kartofelya = Potato protection, 2017, 
no. 4, pp. 3–12. (In Russian).



21Сибирский вестник сельскохозяйственной наyки • 2025 • 55 • 5Защита растений

Оценка степени распространения тлей –  
переносчиков вирусов картофеля на юге Архангельской области 

Шаманин А.А., Берим М.Н., Корелина В.А., Попова Л.А. 

8.	 Sabirova R.M., Safiullina  G.F., Ahmadee-
va Z.A., Pautova G.G. Vector activity of winged 
aphids on potato landings in the conditions of 
Kama zone of the Republic of Tatarstan. Vest-
nik Kazanskogo GAU = Vestnik of Kazan State 
Agrarian University, 2019, no.  4, pp.  96–101. 
(In Russian).

9.	 Ekaterinskaya E.M., Taykov V.V., Karpova O.V. 
Peculiarities of volatile aphides flights at planta-
tions of improved potato cultivated in Kostanay 
Agricultural Research Institute. Zashchita kar-
tofelya = Potato protection, 2016, no. 1, pp. 3–5. 
(In Russian).

10.	 Molyavko A.A., Zhevora  S.V., Marukhlen-
ko A.V., Borisova N.P., Torikov V.E. Potato vi-
rus vector monitoring. Vestnik Bryanskoy gosu-
darstvennoy sel’skokhozyaistvennoy akademii = 
Vestnik of the Bryansk state agricultural aca- 

ИНФОРМАЦИЯ ОБ АВТОРАХ

Шаманин А.А., научный сотрудник; 
SPIN-код 6148-8487; адрес для переписки: 
Россия, 163032, Архангельская область, п. Луго-
вой, 10; e-mail: lexxik_1@mail.ru

Берим М.Н., старший научный сотрудник, кан-
дидат биологических наук; SPIN-код 5511-6431

Корелина В.А., ведущий научный сотрудник, 
кандидат сельскохозяйственных наук; SPIN-код 
6921-4070

Попова Л.А., ведущий научный сотрудник, 
кандидат экономических наук; SPIN-код 3447-1131

demy, 2022, no. 2, pp. 27–34. (In Russian). DOI: 
10.52691/2500-2651-2022-90-2-27-34.

11.	 Kakareka N.N., Tolkach  V.F., Sapotsky  M.V., 
Volkov Yu.G., Shchelkanov M.Yu. Insects-vec-
tors of viral diseases of potatoes in the Far 
East. Chteniya pamyati Alekseya Ivanovicha 
Kurentsova = A.I. Kurentsov′s Annual Memorial 
Meetings, 2019, no.  30, pp.  191–199. (In Rus-
sian). DOI: 10.25221/kurentzov.30.18.

12.	 Shamanin A.A., Berim M.N. Results of monito- 
ring winged aphids (Hemiptera: Aphididae) on po-
tato plantations in the conditions of the Northern 
region of Russia. Agrarnaya nauka Yevro-Seve-
ro-Vostoka = Agricultural Science Euro-North-
East, 2022, no.  5, pp.  697–705. (In Russian). 
DOI: 10.30766/2072-9081.2022.23.5.697-705.

AUTHOR INFORMATION

Alexey A. Shamanin, Researcher; SPIN-
code 6148-8487; address: 10, Lugovoi, Arkhangelsk 
Region, 163032, Russia; e-mail: lexxik_1@mail.ru

Marina N. Berim, Senior Researcher, Candidate 
of Science in Biology; SPIN-code 5511-6431

Valentina A. Korelina, Lead Researcher, Can-
didate of Science in Agriculture; SPIN-code 6921-
4070

Ludmila A. Popova, Lead Researcher, Candi-
date of Science in Economics; SPIN-code 3447-1131

Дата поступления статьи / Received by the editors 14.08.2024 
Дата принятия к публикации / Accepted for publication 25.09.2024 

Дата публикации / Published 16.06.2025



22 Siberian Herald of Agricultural Science • 2025 • 55 • 5 Plant protection

Изучение биоэкологических особенностей акациевой огневки 
Etiella zinckenella Tr. и оценка эффективности энтомопатогенных 
биопрепаратов в защите сои от этого вредителя
Агасьева И.С., Исмаилов В.Я., Петрищева М.В., Голобородько Е.О., Петрищев В.С.  
Федеральный научный центр биологической защиты растений
Краснодар, Россия 

e-mail: dollkasneba@yandex.ru 
Соя – важнейшая белково-масличная культура мирового земледелия, выращиваемая более 

чем в 80 странах мира. Целью настоящих исследований являлось изучение биоэкологических 
особенностей акациевой огневки и биологической эффективности энтомопатогенных биопре-
паратов. Исследования проводились на посевах сои сортов среднеспелого срока созревания 
Вилана, Вилана Бета и Веда. Изучаемые препараты –  Биостоп, Ж; Аккар, Ж; Биослип БВ, Ж; 
Лепидоцид, СК.  Учет поврежденности бобов вредителем проводили в период от начала бобо-
образования до полного созревания семян, для чего отбирали пробы по 100 бобов из разных 
ярусов в трехкратной повторности. Производственную оценку проводили на площади 10 га в 
двухкратной повторности с использованием препарата Аккар, Ж. Сроки обработки определяли 
по отлову самцов акациевой огневки феромонными ловушками. Установлено, что наибольшую 
вредоносность культуре наносят гусеницы второй и третьей генерации вредителя с I декады 
августа до конца вегетации сои. Акациевая огневка начинает повреждать сою с нижнего яруса 
с дальнейшим заселением среднего и верхнего ярусов, при этом возрастной состав гусениц 
меняется от младшего, среднего к старшему. Установлено, что биологическая эффективность 
биопрепаратов против акациевой огневки в среднем за два года составляла: Биослип БВ, Ж – 
65,1–68,8%; Аккар, Ж – 77,5–80,6%; Биостоп, Ж – 71,9–74,1%; Лепидоцид, СК – 72,0–73,0%.  
Производственные испытания с биопрепаратом Аккар, Ж показали, что препарат эффектив-
но сдерживал численность и вредоносность акациевой огневки во время созревания сои. На 
19.08.2023 г. процент поврежденности бобов гусеницами на 100 бобов в контрольном варианте 
составил 14,6%, в опытном – 2,1%; в 2024 г. – 9,4 и 1,8% соответственно.

Ключевые слова: соя, акациевая огневка, феромоны, биологическая защита, биопрепараты

Study of bioecological features of the lima bean pod borer Etiella 
zinckenella Tr. and evaluation of the effectiveness of entomopathogenic 
biopreparations in protecting soybean from this pest
Agasyeva I.S., Ismailov V.Ya., Petrishcheva M.V., Goloborodko E.O., Petrishchev V.S.
Federal Research Center of Biological Plant Protection
Krasnodar, Russia 

e-mail: dollkasneba@yandex.ru
Soybean is the most important protein and oilseed crop of world agriculture, grown in more than 80 

countries. The purpose of the present research was to study the bioecological features of lima bean pod 
borer and the biological efficacy of entomopathogenic biopreparations. The studies were carried out 
on soybean crops of mid-season ripening varieties Vilana, Vilana Beta and Veda. The studied prepara-
tions were Biostop, L, Akkar, L; Bioslip BV, L; Lepidocid, SC. The damage to beans by the pest was 
recorded in the period from the beginning of bean formation to full seed ripening, for which 100 beans 
were sampled from different tiers three times. The production evaluation was carried out on an area of ​​
10 hectares twice using the preparation Akkar, L. The timing of treatment was determined by catching 
lima bean pod borer males with pheromone traps. It was found that the greatest harm to the crop was 
caused by caterpillars of the second and third generation of the pest beginning from the first ten days 
of August until the end of soybean vegetation. Lima bean pod borer begins to damage soybeans from 
the lower tier with further colonization of the middle and upper tiers, while the age composition of the 
caterpillars changes from younger, middle, to older. It was established that the biological efficiency 
of biopreparations lima bean pod borer, on average over two years, was as follows: Bioslip BV, L – 
65.1 – 68.8%; Akkar, L – 77.5– 80.6%; Biostop, L – 71.9 – 74.1%, Lepidocide, SC – 72.0 – 73.0%. 
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Изучение биоэкологических особенностей акациевой огневки 
Etiella zinckenella Tr. и оценка эффективности энтомопатогенных 
биопрепаратов в защите сои от этого вредителя 

Production tests with the biopreparation Akkar, L showed that it effectively suppressed the number 
and harmfulness of the lima bean pod borer during soybean ripening. As of 19.08.2023, the percentage 
of bean harmfulness by caterpillars in the control option was 14.6% per 100 beans, in the experimental 
one – 2.1% per 100 beans, in 2024 it was 9.4% – 1.8% per 100 beans, respectively.
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INTRODUCTION 

The expansion of soybean areas leads to an 
increase in its production, but at the same time 
creates a food base for specialized and second-
ary pests, including adventitious ones, the spe-
cies composition and harmfulness of which in-
creases every year.

One of the central challenges in achieving 
high yields in soybean crops is damage to plants 
by harmful entomofauna. It is known that phy-
tophagous insects can reduce overall yields by 
30 to 50%1 [1, 2].

Phytophages that feed on soybeans are usu-
ally divided into the following groups: pests of 
nodules, roots, leaves and stems, and generative 
organs. Representatives of all these groups are 
found in Russia; more than 190 different species 
of arthropods are known to damage soybeans. 
The most dangerous are considered to be the 
spider mite Tetranychus urticae Koch. [3, 4], 
the cotton budworm Helicoverpa armigera Hb., 
and the lima-bean pod borer Etiella zinckenella 
Tr.; damage from soybean aphids Aphis glycines 
Matsuura is also frequently mentioned [5, 6].

Adults and larvae of the spider mite T. urticae 
damage soybean leaf blades, disrupting the natu-
ral water balance, reducing chlorophyll content, 

and significantly increasing transpiration. The 
plant becomes covered in white spots, the leaves 
wilt and fall off, yields decrease by 15–20%. 
When pest infestations reach high levels, photo-
synthesis ceases, and the plant loses all leaf sur-
face. During a growing season, the mite produc-
es up to 12 generations. Its population increases 
dramatically during hot, dry weather. Also, due 
to its more efficient enzymatic detoxification 
system, T. urticae is more resistant to commonly 
used acaricides than other spider mite species. 
This adaptation leads to its widespread spread 
across vast territories [7–9].

Damage to soybeans by various members of 
the Aphididae family causes leaf curling and 
wrinkling, severe wilting, and, in some cas-
es, complete plant death. Furthermore, viruses 
spread by soybean aphids, such as soybean mo-
saic virus, can reduce yields by up to 40%, as 
well as decrease seed protein content by 7–19% 
and oil content by up to 2.5%. Furthermore, soy-
bean varieties resistant to damage by various 
pests experience limited cultivation due to the 
development of new aphid adaptations to host 
plant resistance [10–12].

Cotton budworm caterpillars (Helicoverpa 
armigera Hb.) burrow into the pod, partially or 

1Fedorova S.N. Harmful entomofauna of the soybean agrocenosis in the Oryol region // Legumes and Groat Crops, 2013, N 8, 
pp. 58–63.
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completely consuming it. Like the larvae of the 
lima-bean pod borer, H. armigera caterpillars 
contaminate the seeds with excrement. Damage 
to soybeans by cotton bollworm is more severe, 
and in cases of co-infestation of the two species, 
yield reductions can reach 15–25% [13, 14].

In the steppe and forest-steppe zones of Rus-
sia, the lima-bean pod borer Etiella zinckenella 
Tr. causes significant damage to soybean crops. 
The second generation of moths emerges in the 
fields in the second and third ten-day periods of 
July, with peak activity observed in the evening 
and at night, and the active mating flight last-
ing 10 to 15 days. The hatched caterpillars feed 
inside the beans, contaminating them with their 
excrement, and are capable of moving from one 
bean to another. The caterpillar stage lasts 20–
40 days, after which they pupate in the soil and 
overwinter in cocoons. High temperatures and 
low humidity promote mass reproduction of the 
pest. These conditions also increase the damage 
of the caterpillars due to their increased hydro-
philicity [15].

Pest control of soybeans, grown on hundreds 
of millions of hectares worldwide, typically re-
quires significant economic investment. However,  
protecting crops from pests while maintaining 
environmental quality through environmentally 
sound and economically sound methods is key 
to meeting the growing demand for food due to 
the rapidly growing global population [16–18].

The purpose of the research is to study the 
bioecological characteristics of the lima-bean 
pod borer and evaluate the effectiveness of en-
tomopathogenic biopreparations against it on 
soybeans.

MATERIAL AND METHODS 

A study of the effectiveness of entomopatho-
genic biopreparations and biorational insecti-
cides against the lima-bean pod borer on soy-
bean crops was conducted on soybean crops 
in an eight-field crop rotation at the Federal 
Research Center of Biological Plant Protection 
(FRCBPP) (Krasnodar), on the farm of V.N. 

Chub, an individual entrepreneur, in the Koren-
ovsky District of Krasnodar Krai over two years 
(2023 and 2024). The study was carried out on 
the mid-season soybean varieties Vilana, Vilana 
Beta, and Veda.

The extent of bean damage by the lima-bean 
pod borer was assessed from the initial pod for-
mation stage until the seeds were fully ripened. 
Samples of 100 beans were collected from the 
lower, middle, and upper tiers of plants, in tripli-
cate. The number of damaged beans was count-
ed and the extent of damage was expressed as a 
percentage of undamaged beans.

Treatment timing was determined based on 
insect capture using pheromone traps. The bio-
logical efficacy of the applied products against 
the lima-bean pod borer was determined in ac-
cordance with the guidelines2 based on damage 
to 100 beans randomly selected from different 
plants.

Bean damage was determined by opening the 
beans in each experimental variant. For the pro-
duction evaluation, damage was recorded on 300 
beans randomly selected from soybean plants.

In a small-plot experiment, the following 
preparations were tested: Biostop, L; Akkar, L; 
Bioslip BV, L; Lepidocide, SC. ​​Treatments were 
carried out in the evening after 7:00 p.m. 

The study material consisted of biological 
insecticides based on three entomopathogenic 
microorganisms Biostop, L (Bacillus thuring-
iensis BA-2000 EA/ml, titer not less than 109, 
Streptomyce ssp. БА-2000 ЕА/ml, titer not less 
than 108, Beauveria bassiana БА-2000 ЕА/ml, 
titer not less than 108 CFU/ml), Akkar, L (1,0 
млн/мл Verticillum lecanii F 239 + 1,0 million/
ml Hirsutella thompsonii AC-963 + 1,0 million/
ml Beauveria bassiana F-1357 + 2,0 billion/ml 
Bacillus thuringiensis IVM В-7072 + 18,0 g/l 
abamektin); Bioslip BV, L (Beauveria bassiana 
OPB – 43 titer not less than 1–7 × 108 CFU/
ml), Lepidocide, SC (Bacillus thuringiensis var. 
kurstaki BА-3000 ЕА/mg, titer not less than 60 
billion spores).

2Guidelines for registration tests of insecticides, acaricides, pheromones, molluscicides, and rodenticides in plant growing: 
information publication / edited by V.I. Dolzhenko. Moscow: Federal State Budgetary Scientific Institution Rosinformagrotekh, 
2022, 508 p.
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The treatment was carried out using a PUL-
VEREX hand sprayer equipped with a two-me-
ter boom, with a spray rate of 300 l/ha. The 
experimental plots were 50 m2 in size and ran-
domly located. The experiment was conducted 
in quadruplicate.

The production evaluation was carried out on 
an area of ​​10 hectares in two replicates using the 
Akkar, L preparation. The treatment was carried 
out using a tractor-mounted sprayer ON-800.

Statistical processing of the research results 
was performed according to B.A. Dospekhov3.

RESULTS AND DISCUSSION 

Throughout the study period, the greatest 
threat to soybean crops was posed by the li-
ma-bean pod borer – Etiella zinckenella Tr. 
(Lepidoptera, Pyralidae), which damages more 
than 70 species of plants in the legume family 
(Fabaceae), including peas, soybeans, beans, 
chickpeas, lupines, and others. Potential pests of 
this family were recorded as single specimens. 
It was established that the main habitat of the 
lima-bean pod borer in agroecosystems are pro-
tective forest plantations, including white aca-
cia (Robinia pseudoacacia Linnaeus) (primar-
ily) and yellow acacia (Caragana arborescens 

Lam.). Thus, in shelterbelts directly adjacent to 
soybean crops, damage to white acacia pods by 
this pest was approximately 90%.

Soybean yields are significantly reduced 
when lima-bean pod borer caterpillars damage 
soybeans, as they feed on the kernels inside the 
pod. The caterpillars can crawl from one pod to 
another, destroying the seeds and opening the 
way for fungal infections.

It has been established that the lima-bean pod 
borer begins feeding in the lower tiers of soy-
beans (see Fig. 1). Thus, damage to this tier of 
plants on August 12 was 15.4%, but starting on 
August 19, the pest spread to all tiers from the 
lower to the upper, and the maximum infesta-
tion of beans by the phytophage reached 38.6% 
in the upper tier on September 5, with it begin-
ning to decrease in subsequent surveys. Thus, 
the damage caused by the lima-bean pod borer is 
observed from the first ten days of August until 
the end of the crop's growing season, and during 
this period, the second and third generations of 
the pest develop in the soybean community.

Results of studies on the age distribution of 
the lima-bean pod borer caterpillars in soybean 
communities show that the lima-bean pod borer 
colonizes plants from the lower tiers with young-
er larvae, and after flowering, in the middle and 

Рис. 1. Динамика заселения сои акациевой огневкой, ФНЦБЗР, 2023 г.
Fig. 1. Dynamics of soybean colonization by the lima bean pod borer, FRCBPP, 2023

3Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: 
ЁЁMedia, 2024, 349 p.
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upper tiers. The pest lays eggs on newly formed 
pods, and the age distribution of the caterpillars 
simultaneously changes (see Fig. 2). Thus, on 
September 27, the proportion of middle-aged 
and older caterpillars in the middle and upper 
tiers was 97.3–100%, respectively. Thus, chang-
es in the age structure of the lima-bean pod bor-
er population occur over time. Data on the age 
structure and population dynamics of the acacia 
moth were used in planning protective measures 
using entomopathogenic biopreparations.

Similar results were obtained at the farm of 
V.N. Chub, an individual entrepreneur and state-
owned farmer, in the Korenovsky District. Dam-
age to soybeans by the the lima-bean pod borer 
amounted to 10.4% and 14.4% (2023 and 2024), 
respectively (see Table 1).

To monitor and determine the optimal timing 
of protective measures against E. zinckenella, 
pheromone traps were used. They were hung 
during the flowering phase of Zad.61-76 soy-
beans. These traps were used to determine pest 
population dynamics and optimize the timing of 
bioinsecticide applications (see Fig. 3).

As can be seen from the data presented in Fig. 
3, the flight of males into pheromone traps began 
on July 4 (2.7 specimens/trap), by July 11 their 
numbers increased to 5.3 specimens/trap, and 
then decreased by August 1 to 0.3 specimens/
trap. The maximum number of E. zinckenella 
was recorded in early September (09/05/2024) 
and amounted to 9.0 specimens/trap.

The first summer generation began flying 
in early July, gradually increasing its numbers. 
Treatment against lima-bean pod borer cat-
erpillars was carried out on August 10 (plant 
development phase Zad.79 – bean formation); 
during this period, active hatching of caterpil-
lars from egg clutches was observed. To pre-
vent hatched caterpillars from penetrating into 
the beans, bioinsecticide treatments were ap-
plied (see Table 2).

The data presented in Table 2 show that the 
effectiveness of biological products against the 
lima-bean pod borer in 2023 was 65.1% for 
Bioslip BV, L, 77.5% for Akkar, L, 71.9% for 

Рис. 2. Возрастная структура популяции акациевой огневки в период вегетации сои, ФНЦБЗР, 2023 г.
Fig. 2. Age structure of the lima bean pod borer population during soybean vegetation period, FRCBPP, 2023
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Biostop, L, and 73.0% for Lepidocide, SC. Bean 
damage in the pre-harvest control was 31.5%.

Similar results were obtained in 2024: Bios-
lip BV, L – 68.8%, Akkar, L – 80.6%, Biostop, 
L – 74.1%, Lepidocid, SC – 72.0%, in the con-
trol, bean damage was 33.2%. It should be noted 
that the biological effectiveness of new bioinsec-
ticides against the dangerous hidden-living soy-
bean pest, the lima-bean pod borer, obtained as a 
result of field trials averaged 73.9%.

Treatment with biological preparations made 
it possible to protect soybean crops at critical 
stages of plant development during the bean for-
mation period.

Industrial trials of the Akkar, L bioprepara-
tion confirmed its significant effectiveness in 
protecting soybean grain from the lima-bean pod 
borer. As of August 19, 2023, the percentage of 
caterpillar infestations per 100 beans was 14.6% 
in the control variant, 2.1% in the experimental 
variant, and 9.4% and 1.8% in 2024, respective-
ly (see Table 3).

CONCLUSION 

The conducted research examined the bio-
ecological characteristics of the lima-bean pod 
borer and identified the period of greatest dam-
age from the first ten days of August until the 
end of the soybean growing season. It was estab-
lished that the second and third generations of 
the pest primarily develop in the soybean com-
munity. The lima-bean pod borer begins damag-
ing soybeans from the lower tiers, then moves 
to the middle and upper tiers. Depending on the 
tier level, the age distribution of the caterpillars 
also changes, from younger and middle to older.

Incorporating pheromone monitoring and 
bioinsecticides into the soybean biological pro-
tection system against the lima-bean pod borer 
helps prevent hatched caterpillars from penetrat-
ing soybeans. The biological effectiveness of bi-
opreparations reducing the lima-bean pod borer 
caterpillar population has been established: on 
average, over two years, it amounted to 65.1–

Табл.  1 .  Повреждение бобов сои акациевой огневкой (ИП ГКФХ В.Н. Чуб Кореновского района)
Table 1.  Damage to soybeans by lima bean pod borer (Individual Entrepreneur, head of a peasant farm 
V.N. Chub, Korenovsky district)

Year
Damage to soybeans by pests by plant layers, %

Upper Middle Lower On average
2023 17,5 8 5,9 10,4
2024 29,0 10,5 3,7 14,4

Рис. 3. Численность самцов акациевой огневки, отловленных с помощью феромонных ловушек на сое
Fig. 3. Number of male lima bean pod borers caught using pheromone traps on soybeans
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68.8% (Bioslip BV, L), 77.5–80.6% (Akkar, L), 
71.9–74.1% (Biostop, L), and 72.0–73.0% (Lep-
idocid, SC).

The conducted industrial tests of the biora-
tional preparation Akkar, L have shown its high 
efficiency against the lima-bean pod borer during 
the ripening period of soybean grains.
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Фитосанитарное и экономическое обоснование  
элементов технологии возделывания яровой пшеницы  
в лесостепи Новосибирского Приобья
Фещенко Е.С., Торопова Е.Ю.
Новосибирский государственный аграрный университет
Новосибирск, Россия 

е-mail: 89139148962@yandex.ru
Представлены результаты трехлетних исследований (2021–2023), проводившихся в лесо-

степной зоне Новосибирского Приобья с целью всесторонней (фитосанитарной, технологи-
ческой, экономической) оценки эффективности предпосевной обработки семян и применения 
различных предшественников при возделывании яровой пшеницы. Исследования проводили 
по схеме двухфакторного опыта и согласно общепринятой методике. В качестве протравителей 
использовали фунгицид Дивиденд Стар, КС (норма применения – 0,9 л/т) и его баковую смесь с 
инсектицидом Контадор Макси, КС (норма – 0,5 л/т). Яровую пшеницу сорта Новосибирская 31 
высевали по трем предшественникам: черный пар, вико-овсяная смесь на зеленую массу, ози-
мая рожь на зерно. В каждый из годов исследования поврежденность посевов яровой пшеницы 
вредителями всходов (хлебной блошкой и злаковыми мухами) превышала пороговые значе-
ния. Применение инсектицидного протравителя семян продемонстрировало  биологическую 
эффективность до 73,1% против хлебной блошки и до 42,7% против злаковых мух. Анализ 
элементов структуры урожайности показал, что в контрольных вариантах статистически досто-
верные различия отмечены по продуктивной кустистости и числу зерен в колосе. Протравли-
вание оказало достоверно значимое влияние на число продуктивных колосьев (+ 43–49 шт./ м2, 
или 9,2–10,5%). Наибольшая биологическая урожайность контрольных вариантов получена по 
паровому предшественнику – 2,86 т/га. В среднем за три года зерно пшеницы по всем вари-
антам опыта (кроме контроля по озимой ржи) по качественным показателям соответствовало 
III классу. В среднем за три года наибольшая рентабельность по контрольным вариантам была 
выявлена при возделывании яровой пшеницы по однолетним травам (48,5%). Предпосевное 
протравливание семян по всем вариантам обеспечило увеличение как рентабельности произ-
водства, так и прибыли с 1 га.

Ключевые слова: яровая пшеница, предшественник, протравитель, элемент структуры уро-
жайности, качество зерна, прибыль

Phytosanitary and economic justification of the elements of technology for 
cultivation of spring wheat in the Novosibirsk Ob Region forest-steppe
Feshchenko E.S., Toropova E.Yu.
Novosibirsk State Agrarian University
Novosibirsk, Russia 

е-mail: 89139148962@yandex.ru
The results of three years of research (2021–2023) conducted in the forest-steppe zone of the No-

vosibirsk region aiming at a comprehensive (phytosanitary, technological, economic) evaluation of 
the efficiency of pre-sowing seed treatment and application of different predecessors in spring wheat 
cultivation. The studies were conducted using a two-factor experiment scheme and according to the 
generally accepted methodology. Dividend Star, SC (application rate – 0.9 l/t) and its tank mixture 
with an insecticide Kontador Maxi, SC (application rate – 0.5 l/t) were used as the dressing agents. 
Spring wheat of the Novosibirskaya 31 variety was sown after three predecessors: black fallow, vet- 
choat mixture for green mass, winter rye for grain. In each year of the study, damage to spring wheat 
crops by seedling pests (cereal flea beetle and corn flies) exceeded the threshold values. The use of 
an insecticidal disinfectant showed a biological effectiveness of up to 73.1% against cereal flea beetle 
and up to 42.7% against corn flies. Analysis of the yield structure elements showed that statistically 
significant differences in the control variants statistically reliable differences were observed in produc-
tive bushiness and number of grains per ear. Dressing had a significantly significant effect only on the 
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number of productive ears (+ 43–49 pcs/m2 or 9.2–10.5%). The highest biological yield of the control 
variants was obtained with the fallow predecessor – 2.86 t/ha. On average over 3 years, the grain in 
all the experimental variants (except for the control for winter rye) in terms of quality indicators cor-
responded to class III grain. On average over 3 years, the highest profitability for the control options 
was identified when cultivating spring wheat with annual grasses (48.5%). Pre-sowing seed treatment 
for all the options increased both production profitability and profit per 1 hectare.

Keywords: spring wheat, predecessor, seed treatment, yield structure element, grain quality, profit
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INTRODUCTION 

Spring wheat is the main food crop grown by 
agricultural enterprises in the Novosibirsk Re-
gion. Its sown area in 2022 amounted to approx-
imately 925.3 thousand hectares, or 60.3% of 
the grain area1. From 2020 to 2022, wheat yields 
in the Novosibirsk Region did not exceed 2.2 
tons/ha.

One of the ways to obtain stable grain crop 
yields is the biologization of agriculture based 
on the use of phytosanitary crop rotations [1], 
which allow removing of dormant structures of 
root rot pathogens from the soil by 62.1–89.2% 
[2–4]. At the same time, the cultivation of phy-
tosanitary precursors reduces the number and 
harmfulness of specialized pests of cereal crops 
[5–7].

Pre-sowing treatment is the most effective, 
environmentally friendly and cost-effective 
method of using pesticides [2, 8]. However, it 
should be taken into account that its effective-
ness depends on the choice of precursors, since 
they determine the species composition and 
abundance of destructive biota, and also affect 
the crop's resistance to it [9–11].

Currently, the grain processing industry in 
Russia is experiencing a shortage of high-qual-

ity grain, which leads to the need to search for 
new ways of its stable production [12, 13]. Grain 
quality is an indicator of the intensification of 
grain production and depends on the genetic po-
tential of the cultivated variety, the agricultural 
technologies used, and the natural and climat-
ic resources of the growing zone [14, 15]. The 
introduction of scientifically based crop rotation 
and the rational use of plant protection products 
(including the selection of effective prepara-
tions for pre-sowing seed treatment) will bring 
us closer to solving the problem of obtaining 
high-quality wheat grain [16].

The purpose of the study was to comprehen-
sively (phytosanitary, technological, economic) 
evaluate the effectiveness of pre-sowing treat-
ment of spring wheat seeds and the use of var-
ious predecessors (black fallow, vetch-oat mix-
ture, winter rye) in the forest-steppe conditions 
of the Novosibirsk Ob region.

MATERIAL AND METHODS 

The study was conducted in 2021–2023 in 
the forest-steppe conditions of the Novosibirsk 
Ob region (Cherepanovsky District) at the Al-
va-Farm (OOO) farm using a two-factor ex-
perimental design. Spring wheat of the Novosi-
birskaya 31 variety was sown after three precur-

1Cultivated area of ​​the Russian Federation in 2022 / Federal State Statistics Service (Rosstat). Moscow, 2023, 36 p. (http://ssl.
rosstat.gov.ru/).
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sors: black fallow, a vetch-oat mixture for green 
fodder (grain silage), and winter rye for grain 
(the "predecessor" factor).

Pre-sowing wheat seed treatment was per-
formed with the fungicide Dividend Star, SC 
(difeconazole, 30.0 g/l + cyproconazole, 6.3 g/l; 
application rate – 0.9 l/t), as well as a tank mix 
of the fungicide with the addition of the insecti-
cide Kontador Maxi, SC (imidacloprid, 600 g/l; 
application rate – 0.5 l/t). The flow rate of the 
working fluid was 10 l/t. Untreated seeds served 
as a control (“treatment” factor).

The soil cover of the experimental plot is 
represented by leached medium-deep cherno-
zem with small inclusions of podzolized medi-
um-deep chernozem and dark-gray forest medi-
um-deep soil.

The availability of nutrients varied depending 
on the preceding crops. Thus, the nitrate nitro-
gen content in the arable layer was: 9.9–23.5 (on 
average – 14.4) mg/kg – after fallow, 4.3–19.8 
(9.5) mg/kg – after vetch-oat mixture, 5.2–13.2 
(6.9) mg/kg – after winter rye. The availabili-
ty of mobile forms of phosphorus (according 
to Nikonov) for all preceding crops was aver-
age – from 16.5 to 33.2 mg P2O5/kg. The average 
humus content for all variants was about 4.5% 
(from 3.2 to 7.6%). The reaction of the soil solu-
tion was close to neutral (рНsalt = 6,1).

The spring wheat cultivation technology was 
generally accepted for this zone [2, 3]. Accord-
ing to it, the mineral nutrition system includ-
ed the application of ammonium nitrate in the 
row during sowing (the application rate was 
120 kg/ ha), as well as the combined use of urea 
along with chemical preparations during vegeta-
tion (the general rate was up to 20 kg/ha in phys-
ical weight). The area under each experimental 
variant was 50 hectares. Three replicates were 
performed.

Leaf and stem diseases were recorded using 
proven methods2, and leaf damage by cereal 

2Chulkina V.A., Toropova E.Yu., Stetsov G.Ya., Kirichenko A.A., Marmuleva E.Yu., Grishin V.M., Kazakova O.A., Selyuk M.P. 
Phytosanitary diagnostics of agroecosystems: educational and practical manual. Barnaul, 2017, 210 p.

3Pospelov S.M., Arsenyeva M.V., Gruzdev G.S. Plant protection. L.: Kolos, 1979, 432 p.

flea beetles was assessed using a 5-point scale3. 
Wheat yield patterns were determined before 
harvesting, and biological yield was calculated 
based on these patterns. Statistical data process-
ing was performed using variance and correla-
tion analysis methods using the Snedekor soft-
ware package.

During the years of study, hydrometeorologi-
cal conditions were different (see the figure).

May 2021 was warm and rainy, with precip-
itation around normal and temperatures 2.5°C 
above the monthly average. June temperatures 
were 1.1°C below the long-term average, with 
precipitation 49.1% above normal (85 mm ver-
sus 57 mm). July and August experienced per-
sistent drought, with precipitation totaling only 
41% and 76% of normal, while temperatures 
exceeded the monthly average by 0.9°C and 
1.1°C, respectively. The hydrothermal coeffi-
cient (HTC) for the growing season was 0.99, 
indicating slightly arid moisture conditions.

The beginning of the 2022 growing season 
was marked by warm (the average monthly air 
temperature in May was 4.1°C above normal) 
but dry conditions (precipitation was 21 mm, 
or 47% of normal). Hydrometeorological con-

Среднемесячная температура воздуха (по дан-
ным Посевнинской гидрометеостанции), оС
Average monthly air temperature (according to  
Posevninskaya HMS data), оС
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ditions in June were close to long-term averag-
es. Temperatures in July and August were 1.1°C 
and 0.7°C below normal, respectively, with pre-
cipitation deficits (28% and 14% below normal). 
Hydrothermal conditions during the growing 
season were characterized as arid (HTC = 0.92).

The 2023 growing season was marked by 
sharp fluctuations in hydrometeorological con-
ditions. In May, precipitation was only 20% 
of the norm with a hydrothermal coefficient 
(HTC) of 0.15. From June to August, the aver-
age monthly air temperature exceeded the norm 
by 0.9–1.8°C. In July, a precipitation deficit was 
observed (16 mm below the norm), while in 
June and August, the long-term average was ex-
ceeded (by 9 and 60 mm, respectively, or 16 and 
107%). The hydrothermal coefficient (HTC) for 
the 2023 growing season was 1.23, correspond-
ing to moderate moisture.

RESULTS AND DISCUSSION 

The results of recording damage to spring 
wheat leaves by cereal flea beetles and damage 
to stems by cereal flies in the full germination 
phase are presented in Table 1. 

The data in Table 1 indicate significant annu-
al damage to seedlings by pests. For example, 
damage to the leaf surface of wheat by the cereal 
flea beetle reached 70% or more, which is many 
times greater than the economic threshold of 
damage (ETD – first leaf damage of more than 

15%). The greatest leaf damage was observed 
when grown over annual grasses (38.2%). The 
use of an insecticidal seed treatment reduced 
pest populations across all preceding crops, 
and consequently, damage to wheat leaves. The 
highest biological effectiveness was recorded 
for fallow: 73.1% (6.6% and 12.8% higher than 
for annual grasses and winter rye, respectively). 
Cereal fly infestations (spring fly, barley fry) 
were consistently above the economic threshold 
(ETD) for all preceding crops (6–10%). Thus, 
phytosanitary precursors (fallow and annual 
grasses) reliably reduce cereal fly infestations 
in crops compared to the grain precursor (winter 
rye). Insecticide treatments across all treatments 
demonstrated moderate biological effective-
ness—from 31.9 to 42.7%.

Analysis of variance revealed that the in-
fluence of the "year" factor on leaf damage by 
cereal flea beetles was 24.6%, while the "treat-
ment" factor was 40.1%, and the "predecessor" 
factor had no significant effect. The influence of 
the "year" factor on stem damage by cereal flies 
was 51.4%, while the "predecessor" factor was 
23.3%, and the "treatment" factor was 18.6% 
(from here on, the reliability of the analysis re-
sults is at the 5% significance level). 

The results of the survey of dark brown spot 
(helminthosporiosis) of spring wheat are shown 
in Table 2.

Analysis of Table 2 indicates a significant an-
nual prevalence of dark brown leaf spot above 

Табл.  1 .  Биологическая эффективность инсектицидного протравителя и предшественников  
в защите всходов яровой пшеницы от вредителей (в среднем за три года)
Table 1.  Biological effectiveness of insecticidal disinfectant and precursors in protecting spring wheat 
seedlings from seedling pests (on average for 3 years)

Forecrop Seed treatment Leaf damage, % Biological 
effectiveness, % Damage to stems, % Biological 

effectiveness, %

Black fallow Control
Insecticide

26,4
7,1

–
73,1

9,0
5,3

–
41,1

Annual grasses Control
Insecticide

38,2
12,8

–
66,5

9,4
6,4

–
31,9

Winter rye Control
Insecticide

36,0
14,3

–
60,3

11,7
6,7

–
42,7

LSD05 average quotients 6,8 – 1,4 –
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the economic threshold (ETD) (20%). On aver-
age, over three years, the greatest leaf damage 
during the tillering stage (up to 4 ETD) was ob-
served in the grain preceding crop. Black fallow 
reduced the prevalence of dark brown leaf spot 
by an average of 30.4%. During the heading 
stage of spring wheat, the prevalence of dark 
brown leaf spot did not significantly differ be-
tween preceding crops. Pre-plant seed treatment 
with a fungicide, as well as cultivation after win-
ter rye and annual grasses, reduced the incidence 
of dark brown spot by 20% or more (biological 
effectiveness: 30%). However, cultivation after 
fallow had no significant effect on the incidence 
of the infection.

Analysis of variance showed that the influ-
ence of the “predecessor” factor on the preva-
lence of dark brown spot in the tillering phase 
was 16.8%, in the heading phase – 5.4%; the in-
fluence of the “year” factor in the tillering phase 
was 44.6%, in the heading phase – 66.1%; the 
influence of the “treatment” factor in the til-
lering phase was 16.2%, in the heading phase 
treatment did not have a reliable effect on the 
prevalence of the infection. Consequently, the 
degree of influence of predecessors and seed 
treatment on the prevalence of dark brown leaf 
spot of spring wheat during the growing season 

decreased by 3.1 and 4.1 times, respectively, 
while the influence of year conditions, on the 
contrary, increased by 1.5 times, which confirms 
the additional nature of the ecological niche of 
the soil phytopathogen Bipolaris sorokiniana in 
the aboveground organs of host plants [17].

Analysis of the crop structure elements pre-
sented in Table 3 indicates that during the years 
of the study their value was lower than the op-
timal parameters for the zone or close to them.

The density of productive stems in all experi-
mental variants was at or above the optimal level 
for the zone, with the exception of the control 
variants for winter rye and annual grasses (457.3 
and 476.0 pcs/m2, respectively). The maximum 
number of productive stems in the control vari-
ants was observed with the fallow predecessor 
– 522 pcs/m2. Seed treatment with a tank mix-
ture of fungicide and insecticide preparations 
ensured a significant increase in the number of 
productive stems by 43–49 pcs/m2 (9,2–10,5%).

The grain content per ear across all exper-
imental variants during the study years was 
5–22% below the optimum. The decrease in 
grain content could be due to the formation of 
shortened ears during the tillering phase due to a 
lack of moisture and nutrients, root rot, and pest 
damage.

The 1,000-kernel weight was 5.4–14.3% be-
low the optimal level for this zone, depending on 
the preceding crops and seed treatment options. 
Therefore, no statistically significant differences 
were found in this indicator.

In the control study, the maximum biological 
yield of spring wheat was achieved with fallow 
as a precursor crop – 2.86 t/ha, which is 0.47 and 
0.69 t/ha higher than the yields for annual grass-
es and winter rye, respectively. The economic 
efficiency of fallow over the three years of the 
study was 31.8% (compared to winter rye). Seed 
treatment with a fungicide maintained average 
yields of 0.16–0.38 t/ha compared to previous 
crops, with economic efficiency ranging from 
7.4–13.3%. Pre-sowing seed treatment with a 
tank mixture of fungicide and insecticide im-

Табл.  2 .  Распространенность темно-бурой 
пятнистости листьев по фазам развития яровой 
пшеницы, предшественникам и вариантам обра-
ботки семян (среднее за три года), %
Table 2.  Prevalence of dark brown spot by 
development phases, predecessors and seed 
treatment options (on average for 3 years), %

Forecrop Seed treatment
 Development phase

tillering earing
Black 
fallow

Control
Fungicide
Fungicide + insecticide

49,3
49,1
51,4

68,3
58,1
61,1

Annual 
grasses

Control
Fungicide
Fungicide + insecticide

67,7
47,2
49,3

68,8
48,3
49,8

Winter 
rye

Control
Fungicide
Fungicide + insecticide

79,7
60,0
55,6

77,3
53,3
55,9

LSD05 average quotients 13,3 9,9
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proved economic efficiency. The highest yield 
was recorded for the fallow preceding crop 
(28.0%).

The analysis of variance shows that the in-
fluence of the "predecessor" factor on the densi-
ty of productive stems was 11.1%, on the grain 
content of the ear – 45.2, on the weight of 1000 
seeds – 8.4, and on the biological yield – 29.7%. 
The degree of influence of the "year" factor on 
the number of productive stems was 66.5%, on 
the grain content of the ear – 13.6, on the weight 
of 1000 seeds – 53.1, and on the biological 
yield – 47.9%. The "treatment" factor had a sta-
tistically significant effect only on the indicators 
of biological yield (9.2%) and the number of 
grains per ear (11.9%). 

The quality of spring wheat grain varied 
greatly across years and variants (see Table 4).

The grain unit weight varied significant-
ly across the experimental variants. On aver-
age, over the years of study, the lowest grain 
unit weight was observed for winter rye in the 
control variants – 720.0 g/l, which is 74.7 and 
33.3 g/l less than for fallow and annual grasses, 
respectively. Seed treatment with a fungicide re-
sulted in a significant increase in the grain unit 
weight for winter rye (+ 13.3 g/L) and annual 
grasses (+ 34.4 g/L), while treatment with a tank 
mixture of the preparations resulted only in win-
ter rye (+ 43.7 g/L). The correlation coefficient 
between the grain unit weight and the 1,000-ker-
nel weight was 0.757 ± 0.101.

Табл.  3 .  Хозяйственная эффективность и элементы структуры урожая (в среднем за три года)
Table 3.  Economic efficiency and the yield structure elements (on average for 3 years)

Forecrop Seed  
treatment

Number of
ears,

pcs/m2

Number of 
grains per ear, 

pcs.

Weight of 
1000 grains, g

Yield,  
t/ha

Economic 
efficiency, %

Optimal parameters for the zone 500,0 20,0 35,0 3,50 –
Black 
fallow

Control
Fungicide
Fungicide + insecticide

522,0
527,3
570,0

17,4
18,5
19,4

31,0
33,1
32,9

2,86
3,24
3,66

–
13,3
28,0

Annual 
grasses

Control
Fungicide
Fungicide + insecticide

476,0
486,8
525,8

16,3
16,3
17,7

30,3
32,4
30,4

2,39
2,59
2,84

–
8,4
18,8

Winter rye Control
Fungicide
Fungicide + insecticide

457,3
477,2
500,3

15,5
15,8
16,2

30,6
30,8
30,0

2,17
2,33
2,45

–
7,4
12,9

LSD05 average quotients 12,3 0,9 1,1 0,13 –

Табл.  4 .  Качественные показатели зерна пшеницы (в среднем за три года)
Table 4.  Quality indicators of wheat grain (on average for 3 years)

Forecrop Seed treatment Grain unit, 
g/l

Vitreousness, 
% Protein, %

Gluten
Grain  
class

% units  
(GDI-1)

Black 
fallow

Control
Fungicide
Fungicide + insecticide

794,7
777,0
780,3

56,0
57,7
55,0

15,3
16,1
15,9

27,5
29,1
29,2

63,3
62,6
61,6

III
III
III

Annual 
grasses

Control
Fungicide
Fungicide + insecticide

753,3
787,7
751,3

53,3
59,0
56,3

15,3
16,4
14,9

26,5
28,5
26,1

68,1
66,1
64,7

III
III
III

Winter rye Control
Fungicide
Fungicide + insecticide

720,0
733,3
763,7

53,0
53,3
55,7

14,0
14,2
14,3

21,9
23,2
25,2

60,0
58,8
63,5

IV
III
III

LSD05 average quotients 10,2 1,7 0,4 1,1 2,3 –
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The grain vitreousness in all experimental 
variants (except for the control on winter rye) 
corresponded to class III grain and was within 
50–60 units.

The highest wet gluten content in the control 
was observed in the fallow preceding crop  – 
27.5%, exceeding the values ​​for annual grasses 
and winter rye by 1.0 and 5.6%, respectively. 
Seed treatment with a fungicide increased the 
gluten content by 1.3–2.0%. Adding an insecti-
cide component to the tank mixture resulted in 
an additional gluten increase of 2.0% for winter 
rye.

The lowest protein content in the control treat-
ments was recorded for the grain predecessor – 
14.0%, which is 1.3% less than for the fallow 
and annual grasses. Treatment with a fungicide 
increased protein content by 0.2–1.1% for all 
treatments. Seed treatment with a tank mixture 
of fungicide and insecticide had different effects 
on the amount of protein in the grain: for the 
fallow predecessor, protein content significantly 
increased by 0.6% relative to the control, while 
for the grain predecessor and annual grasses, the 
value was statistically indistinguishable from 
the control.

Correlation analysis revealed a positive re-
lationship (r = 0.8671 ± 0.147) between the 
content of protein and crude gluten in grain  
(р < 0,05).

The results of the analysis of variance indicate 
that the degree of influence of the "predecessor" 
factor on the grain unit was 15.0%, on the crude 
gluten content – 56.1, the amount of protein in 
the grain – 41.0, the vitreousness index – 12.4%. 
The strength of the influence of the "year" factor 
on the grain unit was 54.4%, on the vitreousness 
of the grain – 16.6, the content of crude gluten 
and protein – 11.1% each. The "dressing agent" 
factor had a reliably significant effect only on 
the vitreousness of the grain (12,4%).

To calculate the economic efficiency of spring 
wheat cultivation using the stated predecessors 
and processing options, the average results of a 
field experiment over three years were taken as a 
basis (see Table 5).

Table 5 shows that the highest profitabil-
ity for the control treatments, on average over 
three years, was achieved with annual grasses – 
48.5%, which is 10.1% and 18.5% higher than 
with fallow and winter rye. The highest prof-
it was obtained with the fallow predecessor  – 

Табл.  5 .  Экономическая эффективность возделывания яровой пшеницы по предшественникам  
и вариантам обработки семян (в среднем за три года)
Table 5.  Economic efficiency of spring wheat cultivation by predecessors and seed treatment variants 
(on average for 3 years)

Indicator

Black fallow Vetch-oat
mixture Winter rye

control fungicide fungicide + 
insecticide control fungicide fungicide + 

insecticide control fungicide fungicide + 
insecticide

Yield, t/ha 2,77 3,17 3,58 2,35 2,54 2,81 1,98 2,26 2,42

Production costs, rubles 27 422 28 868 30 175 21 682 22 299 22 758 20 869 21 754 22 530
Cost price of 1 ton of 
products, rubles 9900 9107 8429 9226 8779 8099 10 540 9626 9310
Average selling price of 
1 ton of products, rubles 13 700 13 700 13 700 13 700 13 700 13 700 13 700 13 700 13 700
Cost of products
at selling prices, rubles 37 949 43 429 49 046 32 195 34 798 38 497 27 126 30 962 33 154

Profit/loss, rubles 10 527 14 561 18 871 10 513 12 499 15 739 6257 9208 10 624

Profitability, % 38,4 50,4 62,5 48,5 56,1 69,2 30,0 42,3 47,2
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10,527 rubles/ha, which is 14 and 4,270 rubles 
higher than with annual grasses and winter rye. 
Pre-sowing seed treatment for all experimental 
treatments increased both production profitabil-
ity and profit per hectare. The greatest increase 
in profitability compared to the control was ob-
served when treating seeds with a tank mixture of 
preparations for fallow – up to 62.5% (+24.1%). 
The highest net income in monetary terms was 
achieved when cultivating spring wheat after 
fallow with a tank mixture of fungicide and in-
secticide – 18,871 rubles/ha.

CONCLUSIONS 

1. During the study years, the level of damage 
to spring wheat crops by seedling pests exceed-
ed the ETD. Application of Contador Maxi, SC 
insecticide at a rate of 0.5 l/t demonstrated bio-
logical effectiveness of up to 73.1% against the 
cereal flea beetle and up to 42.7% against cereal 
flies.

2. An analysis of the yield structure of spring 
wheat showed that statistically significant dif-
ferences were found in the control variants for 
productive tillering (maximum for the fallow 
predecessor – 522 pcs/m2) and the number of 
grains per ear (for the fallow predecessor – 17.4 
pcs). Treatment had a significant effect only on 
the number of productive ears (+ 43–49 pcs./м2, 
or 9,2–10,5%).

3. The maximum biological yield of spring 
wheat without seed treatment was obtained with 
a fallow predecessor – 2.86 t/ha. On average, 
over three years, the grain quality in all exper-
imental variants (except for the control variant 
when grown after winter rye) corresponded to 
that of Class III grain.

4. The highest profitability of spring wheat 
cultivation without seed treatment was achieved 
with annual grasses (48.5%). Pre-sowing seed 
treatment increased not only production profit-
ability (by 7.6–24.1%), but also profit per hect-
are (by 1986–8344 rubles) for all predecessor 
crops.
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В статье представлены результаты изучения распространения в посевах люпина заболеваний 

корневой гнилью и увядания растений, вызванных грибами рода Fusarium. Цель исследования – 
изучить влияние метеорологических факторов Брянской области на поражение люпина фузари-
озной корневой гнилью и увяданием растений, их вредоносности и выработать предложения по 
сдерживанию. Работа проведена в 2019–2023 гг. Объект изучения – растения люпина узколист-
ного сорта Белорозовый 144 в посеве с применением средств защиты и в контрольном посеве 
(без применения защитных средств). Идентификацию возбудителей заболеваний проводили по 
морфологическим признакам спороношения в течение вегетации с помощью влажных камер и 
светового микроскопа. Установлено, что корневая гниль люпина узколистного вызывается гри-
бом F. avenaceum, а трахеомикозное увядание растений – F. oxysporum. Интенсивность их разви-
тия определялась количеством выпадения осадков и температурой воздуха в период вегетации. 
Наибольший вред посевам люпина узколистного наносило трахеомикозное увядание растений. 
За годы исследований в контрольном посеве поражение им растений за вегетацию варьировало 
от 9,1 до 29,0%, а корневой гнилью – 4,6…8,3%. В посеве с применением средств защиты пора-
жение растений этими заболеваниями сократилось на 6,3…19,6% и на 4,5…7,2% соответствен-
но. Среднее количество сохранившихся растений с бобами (5,8 бобов/растение) увеличилось 
по отношению к контрольному посеву на 33,4 шт./м2. При этом масса 1000 семян увеличилась 
на 17,1 г, урожайность семян – на 0,97 т/га. Установлена достоверная обратная корреляционная 
связь (r = –0,89, р = 0,039) между урожайностью семян люпина узколистного и поражением 
растений грибом F. oxysporum. Выявлена высокая достоверная обратная зависимость (r = –0,89, 
р = 0,039) между среднесуточной температурой воздуха в июле и урожайностью семян. Таким 
образом, для уменьшения количества больных растений люпина узколистного, пораженных 
фузариозной корневой гнилью и увяданием, а также для снижения потерь урожайности семян 
необходимо проводить протравливание посевного материала и обработку посевов в фазы 2–3 
настоящих листьев и бутонизации – начала цветения фунгицидами с высокой эффективностью 
против патогенных грибов F. avenaceum и F. oxysporum. 

Ключевые слова: люпин узколистный, фузариоз, климатические факторы, средства защи-
ты, урожайность
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during the vegetation period using humidified chambers and light microscope. It was found that root 
rot of narrow-leafed lupine is caused by the fungus F. avenaceum, and tracheomycosis wilt of plants 
by F. oxysporum. The intensity of their development was determined by the amount of precipitation 
and the air temperature during the growing season. Tracheomycosis wilt caused the greatest damage 
to narrow-leafed lupine crops. During the years of research in the control crop, its affection of plants 
during vegetation varied from 9.1 to 29.0%, and root rot – 4.6...8.3%. In sowing with application 
of means of protection plant damage by these diseases decreased by 6.3...19.6% and by 4.5...7.2%, 
respectively. The average number of preserved plants with beans (5.8 beans/plant) increased by 
33.4 units/m2 in relation to the control crop. At the same time, the mass of 1000 seeds increased by 
17.1 g and the seed yield increased by 0.97 t/ha. A reliable inverse correlation relationship (r = –0.89, 
p = 0.039) between narrow-leafed lupine seed yield and plant infestation by fungus F. oxysporum was 
found. A high significant inverse relationship (r = –0.89, p = 0.039) between the average daily air 
temperature in July and seed yield was found. Thus, to reduce the number of diseased narrow-leafed 
lupine plants affected by fusarium root rot and wilting, as well as to reduce seed yield losses, it is ne- 
cessary to conduct seed dressing and treatment of crops in the phases of 2–3 true leaves and budding –
beginning of flowering with fungicides with high efficacy against pathogenic fungi F. avenaceum and 
F. oxysporum.
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INTRODUCTION

Narrow-leafed lupine (Lupinus angustifoli-
us L.) is the earliest of all its cultivated varieties. 
For seed maturation, the sum of active tempera-
tures should be 1600–1700 ºС. In the Non-Black 
Earth regions north and east of Moscow, lupine 
is the only crop whose grain can compete with 
imported soybeans in the production of high-pro-
tein feed additives and bulk feeds balanced in 
energy and protein. The crude protein content 
in grain is 34–38%, in dry matter of green mass 
17–20% [1, 2].

Diseases of narrow-leafed lupine reduce the 
yield of grain and green mass, reduce the nitro-
gen-fixing capacity of nodules, and worsen the 
sowing qualities of seeds. Of the many diseas-

es of lupine, fusariosis continues to be a wide-
spread and harmful disease [3, 4].

Fusariosis is a dangerous disease of lupine 
caused by imperfect fungi of the genus Fusari-
um, widespread in all countries cultivating this 
crop. Fusarium species have a wide range of 
adaptive reactions. This determines their sap-
rophytic growth phase in the soil of the rhizo-
sphere, on dead cells and then on the surface 
of the roots, and when plants are weakened 
by the influence of many unfavorable factors 
- the transition to parasitism on their tissues or 
growth in their organs, the emergence of viru-
lent races [5, 6].

The species composition of the mushroom is 
not constant. It changes over the years depend-
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ing on the diversity of cultivated species and va-
rieties1. 

Development and spread of fusariosis depend 
on both the type of pathogen and its biological 
characteristics, as well as on environmental fac-
tors: climatic, agronomic, soil, biocenotic and 
other changing living conditions of the pathogen 
and the host plant2.

Different species and varieties of lupine form 
different species composition of the fungus dif-
fering in the percentage of species. Lupine dis-
eases caused by different types of fusarium fun-
gi include damage to the above-ground and root 
parts of the plant3.

The greatest damage to crops of narrow-leafed 
lupine in the Non-Black Earth Zone of Russia is 
caused by species such as Fusarium avenaceum 
Sacc. and Fusarium oxysporum Schl. [3, 4].

Root rot of narrow-leaved lupine is mainly 
caused by the fungus F. Avenaceum Sacc. The 
fungus penetrates the plant through root hairs, 
cracks in the surface tissues and insect damage. 
Root rot can develop on lupine plants throughout 
the growing season. Dark brown stripes form on 
the root neck and lower part of the stem. Plants 
lag in growth and development; leaves turn yel-
low and fall off. Such plants are easily pulled out 
of the soil [4, 5]. Yellow lupine plants affected by 
root rot do not form seeds in the germination and 
early flowering phases. When plants are affected 
at the beginning of bean formation, only 17% of 
the healthy plants are harvested, and 75% in the 
shiny bean formation phase [5, 6].

In Belarus, the number of narrow-leafed lu-
pine plants affected by root rot in breeding nurs-
eries reached 15–30%, in some years – 60–80% 
(see footnote 3). The root rot infestation of lu-
pine is facilitated by the damage to seedlings 
by insect larvae – tuber weevils, shoot flies and 
click beetles [4].

Fusarium wilt of lupine plants is caused by 
the fungus F. Oxysporum Schl. This type of Fu-
sarium fungus is more pathogenic and harmful 
to lupine. The disease manifests itself in foci, 
starting from the stage of stem formation and 
until ripening [4, 5]. In competitive variety tri-
al, in the ripening bean stage, the incidence of 
Fusarium wilt of narrow-leafed lupine plants 
varied from 7.5 to 27.5%. With mass develop-
ment of the disease, this leads to significant crop 
losses4.

Infection of lupine plants by the fungus  
F. oxysporum is associated with the ability of 
lupine to form nodules on the roots when sym-
biotic bacteria of the genus Rhizobium settle on 
them. Ruptures of the surface tissues during the 
formation of nodules accelerate the penetration 
of the fungus and the wilting of the plants (see 
footnote 3). The destructive effect of the fungus 
in tracheomycotic wilt of plants is associated 
with the blockage of blood vessels by the myce-
lium, viscous formations and the negative effect 
of the fungal toxins penetrating the conducting 
vessels (see footnote 2). As the temperature ris-
es, the number of plant pathogens moving from 
south to north increases, which leads to an ex-
pansion of the range of heat-loving fungi species 
[7, 8]. Thus, the causative agent of fusariosis of 
grain crops Fusarium graminearum is historical-
ly localized in the North Caucasus and the Far 
East. However, since 2003, the causative agent 
has spread to the North-West of Russia. In 2008, 
the average degree of spread of the disease on 
grain crops reached 87.3%, which is explained 
by global warming [9].

There was an increase in the average annual 
air temperature by 2.1ºС in the Bryansk region 
from 1976 to 2016 [10]. 

The development of fungi of the genus Fu-
sarium largely depends on meteorological fac-

1Saukova S.L., Antonova T.S., Ryzhenko E.N., Kumunzhieva K.O., Andreeva K.K., Belorutsky A.Yu. Species composition of fungi 
of the genus Fusarium on vegetative plants and sunflower seeds // Current directions of development of agricultural science: col-
lection of scientific articles dedicated to the 50th anniversary of the breeding center of the FSBSI "Omsk Scientific Center". Omsk: 
publishing house of IP Maksheeva E.A., 2020, pp. 202–207.

2Serdyuk O.A., Trubina V.S., Gorlova L.A. Effect of Fusarium wilt on the productivity of spring rape and Sarepta mustard plants // 
Plant protection from pests: materials of the international. scientific and practical. conf. Krasnodar: KubSAU, 2023, pp. 350–352.

3Korneichuk N.S. Lupine fungal diseases. Kyiv, 2010, 374 p.
4Matyukhina M.V., Ageeva P.A. Identification of resistant varieties and accessions of narrow-leaved lupine to the main complex 

of diseases // Agroecological aspects of sustainable development of the agro-industrial complex: Proc. XVII International. scientific. 
conf. (Bryansk SAU, March 17-18, 2020). Bryansk, 2020, pp. 324–330.
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tors – temperature and humidity. The optimal 
conditions are: temperature 18– 25 ºС, soil 
moisture – 60–80% of field capacity, relative air 
humidity – 85– 90% (see footnote 3) [4]. The 
development of fusarium head blight in spring 
wheat and triticale crops was influenced by high 
daytime temperatures of the surface air layer 
during the period of milk ripeness (r = 0.87) and 
relative air humidity (r = 0,89) [11]. 

The purpose of the research was to study 
the influence of meteorological factors in the  
Bryansk region on the infestation of nar-
row-leafed lupine by fusarium root rot and plant 
wilting, their harmfulness and the development 
of proposals for their containment.

MATERIAL AND METHODS 

The study of the prevalence of Fusarium root 
rot and wilting on narrow-leafed lupine plants 
of the Belorozovy 144 variety was conducted 
in the experimental field of the The All-Rus-
sian Research Institute of Lupine – Branch of 
the Federal Williams Research Center of Forage 
Production and Agroecology. The experimental 
design included a control variant without the use 
of pesticides and a variant where pesticides were 
used. The seeds were treated with Vitaros, WSC 
(thiram 198 + carbaxin 198 g/l) – 2.0 l/ha, in the 
phase of 2–3 true leaves of plants the first treat-
ment was carried out with the fungicide Triaktiv 
Extra, SC (azoxystrobin-200 + cyproconazole – 
80 g/l) – 0.8 l/ha, the second – in the phase of 
budding – beginning of flowering with the fun-
gicide Kolosal Pro, SC (propiconazole-300 + te-
buconazole 200 g/l) – 0.4 l/ha in a tank mixture 
with the insecticide Borey Neo, SC – 0.2  l/ ha. 
The area of the experimental plot is 32 m2, 
fourfold repetition. CH-16 seeder was used for 
sowing. The seeding rate was 1.2 million via-
ble seeds/ha. Agricultural technology is gener-
ally accepted for the conditions of the Bryansk 
region. The spread of root rot was recorded in 
accordance with the methodology adopted in 
phytopathology5.

Identification of pathogens was carried out 
using humid chambers and a light microscope 
based on morphological signs of sporulation. 
Isolation of pathogens of fusarium root rot and 
plant wilting was carried out throughout the 
growing season from the material collected in 
the field using generally accepted methods6, 7.

The number of beans per plant was deter-
mined using a test sheaf of 40 plants. Before 
harvesting, the number of plants with beans per 
1 m2 was recorded. The seed yield was deter-
mined from each plot by continuous threshing 
of beans with a Sampo-500 combine. Statistical 
data processing was performed using the method 
of dispersion and correlation analysis8.

RESULTS AND DISCUSSION 

The weather conditions in 2019 were warm 
and slightly dry (HTC 1.22). May was humid, 
with 32.1 mm of precipitation above the norm. 
The air temperature was 1.4 ºС above the long-
term average. In June and July, there was an 
acute lack of moisture, with 32.6 and 49.7 mm 
of precipitation, with the norm being 79 and 86 
mm, respectively. The air temperature in June 
was 4.3 ºС (20.9 ºС) above the norm, and in July 
it was at the level of long-term averages.

In general, vegetation conditions in 2020 
were warm and excessively humid (HTC 2.2). 
However, May was cool and excessively humid 
(HTC 4.1). June and July were characterized by 
sufficient heat (20.3 and 18.8 ºС) and precipi-
tation (104.7 and 75.9 mm), which contributed 
to the development and spread of plant diseases, 
including anthracnose.

The vegetation period of 2021 was characteri- 
zed by warm and humid weather (HTC 1.97). At 
the same time, climatic conditions in May were 
characterized by a lack of heat (13.3 ºС) and ex-
cess precipitation (143.3 mm), which negatively 
affected the emergence of lupine seedlings. In 
June, the conditions were warm (19.9  ºС) and 
excessively humid (153.7 mm). Weather condi-
tions in July were noted as dry. The air tempera-

5Chumakov A.E. Basic methods of phytopathological research. M.; L., 1974, 109 p.
6Khokhryakov M.K. Methods of experimental study of phytopathological fungi. L., 1976, 21 p.
7Naumov N.A. Methods of microbiological and phytopathological studies. L.: Selkhozgiz, 1937, 270 p.
8Dospekhov B.A. Methods of field experiment. Moscow: Agropromizdat, 1985, 351 p.
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ture (22.1 ºС) was 4.4 ºС higher than the long-
term average. In August, the weather conditions 
were warm and moderately humid (HTC 0,99).

Climate conditions in 2022 were warm and 
humid (HTC 1.43). However, May was cold and 
excessively humid (HTC 2.35). Air temperature 
was 2.1 ºС below the long-term average, preci- 
pitation was 30.5 mm above normal. June was 
hot and humid (HTC 1.57). Air temperature was 
2.8 ºС above the long-term average. Precipitation 
(89.8 mm) exceeded the norm by 10.8 mm. Grow-
ing conditions in July were also warm and humid 
(HTC 1.52). August was warm and dry (HTC 
0.26). The average daily air temperature was 4.2 
ºС (20.8 ºС) higher than the long-term average.

The vegetation period of 2023 was charac-
terized by warm and humid weather conditions 
(HTC 1.15). May was cold and dry (HTC 0.38). 
Air temperature was 1.0 ºС below the long-term 
average, precipitation was 54.6 mm below the 
norm. In June, air temperature was 0.5 ºС be-
low the norm. Precipitation was 66.3 mm. HTC 
totaled 1.28 units. The vegetation conditions in 
July were warm and humid (HTC 1.44). The 
air temperature was 18.6 ºС, precipitation was 
82.4 mm. August was hot and excessively humid 
(HTC 1.50). Analysis of meteorological parame-
ters showed that the development of fungi of the 
genus Fusarium (F. avenaceum and F. oxyspo-
rum) and the diseases of lupine caused by them 
was largely determined by the air temperature 
and precipitation during the vegetation period.

The greatest damage to narrow-leafed lupine 
plants by fusarium root rot was observed in 2019 
during the growing season in the control crop, 
where protective agents were used at 8.3 and 
0.8%, respectively (see Table 1).

In May, precipitation exceeded the norm by 
60.5% (85.1 mm), the average daily air tempera-
ture was 14.9 ºС. These conditions were favo- 
rable for the intensive growth and development 
of the fungus F. avenaceum, the causative agent 
of root rot disease of lupine seedlings. Since the 
growth of the mycelium of this fungus begins 
at a temperature of 5...6 ºС, at a temperature of 

10...12 ºС the growth intensity increases. The 
optimum temperature for the development of 
the fungus is within the range of 18...25 ºС (see 
footnote 3). The infestation of soybean plants by 
fusarium root rot increases when it is sown in 
unheated soil9.

The first signs of lupine root rot in crops 
(3.8 and 0.3%) were noted during the period of 
the beginning of the stem formation of plants 
(third ten-day period of May). Dark brown ob-
long spots were observed on the roots, on which 
white fluffy mycelium with abundant sporula-
tion of the fungus in the form of colorless sick-
le-shaped conidia with three and five partitions 
was formed in a humid chamber (see Fig. 1).

In June 2019, there was a sharp decrease in 
soil moisture due to a decrease in precipitation 
(32.6 mm) and an increase in average daily air 
temperature (20.9 ºС). The onset of soil and air 
drought weakened the resistance of plants to the 
disease and contributed to the manifestation of 
its external signs. The leaves withered and even-
tually fell off on affected plants, The root and 
lower part of the stem acquired a brown color. 
Over time, the main and lateral roots died off. 
Such plants withered and could be easily pulled 
out of the soil.

The influence of average daily air temperature 
and amount of precipitation on the incidence of 
root rot of narrow-leafed lupine in June 2019 is 
shown in the graphs (see Fig. 2, 3).

Plants were also affected by root rot later. 
Some plants were observed to form new roots 
above the site of damage to the main root. Plants 
affected by root rot at the beginning of flowering 
did not form seeds. Fusarium root rot killed nar-
row-leaved lupine plants mainly before pod for-
mation. The largest number of diseased lupine 
plants (4.5 and 0.8%) in the studied crops was 
noted during the period of booting – beginning 
of flowering. In general, root rot did not have a 
significant effect on the yield. On average, over 
the years of research, pre-sowing seed treatment 
with Vitaros seed treatment agent (2.0 l/t) re-
duced plant damage by root rot in the sprouts – 

9Maui A.A., Anuarova L.E. Species composition and biological characteristics of pathogens of soybean fusarium in the south and 
south-east of Kazakhstan // Formation and development of science on plant protection and quarantine in the Republic of Kazakhstan: 
collection of materials of the international scientific conf., dedicated to the 60th anniversary of the founding of the institute and the 
100th anniversary of scientific research on plant protection in Kazakhstan. Almaty, 2018, pp. 429–435.
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booting phases from 2.9% in the control crop to 
0.1%.

The conducted correlation analysis of the 
relationship between the infestation of nar-
row-leafed lupine plants by Fusarium root rot 
and the yield revealed a weak relationship (r = 
0.32, p = 0.69) between these parameters. There 
is data in the literature on a weak correlation 

between the infestation of narrow-leafed lupine 
plants by root rot and grain yield [12].

It should be noted that in our conditions, the 
greatest harm to narrow-leafed lupine crops is 
caused by fusarium wilt (tracheomycosis) of 
plants, which is caused by the fungus F. oxyspo-
rum. The maximum number (29.0%) of plants af-
fected by this disease during the growing season 

Табл. 1. Поражаемость растений люпина узколистного фузариозом по фазам развития (2019–2023 гг.)
Table 1.  Fusariosis infestation of narrow-leafed lupine plants by development phases (2019–2023)

Year

Infestation, %

Fusarium root rot Fusarium wilt

Development phase
For the vegeta-

tion period

Development phase
For the vege-
tation periodSprouting – 

booting
Booting – 
flowering

Budding – flow-
ering

Flowering –  
shiny bean 

Ripening bean 

Control variant – without using protective means
2023 2,1 2,5 4,6 1,7 6,5 0,9 9,1
2022 2,6 3,1 5,7 3,2 12,5 4,1 19,8
2021 3,5 4,2 7,7 4,7 17,1 5,3 27,1
2020 2,3 2,8 5,1 5,3 18,2 5,5 29,0
2019 3,8 4,5 8,3 2,1 8,3 2,6 13,0

Option with the use of protective means
2023 0,0 0,1 0,1 0,4 2,0 0,4 2,8
2022 0,1 0,3 0,4 0,7 4,7 1,3 6,7
2021 0,2 0,7 0,9 1,3 5,3 1,7 8,3
2020 0,0 0,2 0,2 1,3 5,8 2,3 9,4
2019 0,3 0,8 1,1 0,6 3,0 0,9 4,5

а                                                                                           б

Рис. 1. Фузариозная корневая гниль (F. avenaceum) люпина узколистного: 
а) пораженный корень, фаза стеблевания; б) макроконидии гриба
Fig. 1. Fusarium root rot (F. avenaceum) of narrow-leafed lupine: 
а) infected root, stem formation stage; б) macroconidia of the fungus
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was observed in the weather conditions of 2020. 
The first signs of fusarium wilt began to appear 
at the end of the first ten days of June (5.3%) 
during the period from the end of budding to the 
beginning of flowering of the plants. The tops of 
the plants withered, the leaves turned yellow and 
dried out, while the roots were healthy. When 

the affected stem was cut, browning of the con-
ducting vessels was observed. On such parts of 
the stems in a humid chamber (Petri dishes), the 
fungus F. oxysporum, the causative agent of the 
disease, formed a white aerial mycelium with 
colorless, fan-shaped, slightly curved macroco-
nidia with three to five septa (see Fig. 4).

Рис. 2. Влияние температуры воздуха на поражение фузариозной корневой гнилью люпина 
узколистного (F. avenaceum) в условиях вегетации 2019 г.
Fig. 2. The effect of air temperature on Fusarium root rot infection (F. avenaceum) of the narrow-leafed 
lupine under the growing season 2019 

Рис. 3. Влияние количества осадков на поражение люпина узколистного фузариозной корневой 
гнилью (F. avenaceum) в условиях вегетации 2019 г.
Fig. 3. The effect of rain amount on Fusarium root rot infection (F. avenaceum) of the narrow-leafed lupin 
under the growing season 2019
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Temperature and humidity are of primary im-
portance for the development of the fungus F. 
oxysporum. It has been established that the op-
timum temperature for the growth of the myce-
lium of the fungus F. oxysporum is in the range 
from 18 to 25 ºС. Temperatures of 31…33 ºС 
sharply limit the growth, and mycelial growth 
slows down at temperatures below 14 ºС. At the 
same time, intensive development of the fungus 
occurs at soil moisture of 80% of the field mois-
ture capacity. A decrease in humidity to 60% and 
below slows down the development of the fun-
gus (see footnote 3).

In June 2020, favorable conditions for the de-
velopment of the fungus were established. The 
average daily air temperature was 20.3 ºС, the 
amount of precipitation was 61.7 mm (78.1%) 
higher than the norm. Inspection at the end of 
June of control lupine crops and lupine with the 
use of protective agents showed that the damage 
to plants by fusarium wilt was 14.0 and 4.7%, 
respectively.

The onset of soil and air drought in the first 
and second ten-day periods of July increased the 
manifestation of external signs of the disease. 
By the end of July, the number of plants with 
fusarium wilt increased in these crops to 24.0 

and 7.3%, respectively. In the dry conditions of 
August, the incidence of this disease increased 
to 29.0 and 9.4%, respectively. Affected plants 
withered in groups, leaf blades hung on petioles, 
dried up and fell off, their roots died off after 
some time (see Fig. 5).

Intensive infection of arrow-leafed lupine 
plants by the fungus F. oxysporum was preceded 
by weather conditions when a period with suf-
ficient heat and moisture was followed by soil 
and air drought. It has been established that high 
temperatures provoke accelerated plant growth, 
which leads to a decrease in the content of cal-
cium and microelements in tissues and high sus-
ceptibility to diseases [8].

The influence of average daily air tempera-
ture and precipitation on the increase in the in-
cidence of lupine plants with Fusarium wilt in 
2020 is shown in the graphs (see Fig. 6, 7).

The defeat of narrow-leafed lupine plants by 
the fungus of the genus Fusarium by the wilt-
ing type causes more significant damage than by 
the root rot type. During the vegetation period 
in the crop without the use of protective agents, 
the number of plants with signs of fusarium wilt 
exceeded the number of plants with root rot in 
a similar crop by 13.3%. The dynamics of the 

а                                                                       б

Рис. 4. Фузариозное (F. oxysporum) увядание люпина узколистного: 
а) грибница гриба на частях стебля во влажной камере; б) макроконидии и микроконидии
Fig. 4. Fusarium wilt (F. oxysporum) of narrow-leafed lupine: 
а) mycelium on stem parts in a humidified chamber; б) macro- and microconodia 
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spread of wilting of narrow-leafed lupine from 
fusarium showed that the greatest number of  
diseased plants were noted in the flowering 
phase - shiny bean.

The use of protective agents does not ful-
ly protect lupine plants from damage by this  
disease. However, in the crop where fungicides 
were used, there was a significant decrease 
in the number of plants with fusarium root rot 
and tracheomycotic wilt. On average, over five 
years, the damage to plants by these diseases de-
creased by 5.8 and 13.3%, respectively. At the 
same time, the number of surviving plants with 
beans increased in relation to the control crop by 
33.4 pcs./m2. On average, the number of beans 
increased by 1.4 pcs./plant (see Table 2).

Fusarium wilt reduced the 1000-seed weight 
of narrow-leafed lupine. Compared to the crop 
plants treated with pesticides, the 1000-seed 
weight in the control crop decreased by an  
average of 17.1 g, which reduced the seed yield 
by 0.97 t/ha, or 54.8%. In general, the greatest 
impact on the seed yield of narrow-leafed lu-
pine is exerted by tracheomycotic wilt of plants 

caused by the fungus F. oxysporum. A reliable 
inverse correlation (r = –0.89, p = 0.039) was 
established between the seed yield of lupine 
and plant damage by the fungus F. oxysporum. 
A high reliable inverse relationship (r = –0.89,  
p = 0.039) was found between the average daily 
air temperature in July and the seed yield.

CONCLUSION 

In the Bryansk region, lupine  is dominated 
by fungi of the genus Fusarium – F. avenace-
um and F. oxysporum. Root rot is caused by the 
fungus F. avenaceum. The causative agent of 
(tracheomycotic) wilting of plants is the fungus 
F. oxysporum. At the same time, the fungus F. 
oxysporum has the greatest pathogenic proper-
ties. The intensity of the development of fungi F. 
avenaceum and F. oxysporum and the diseases of 
narrow-leaved lupine caused by them is largely 
determined by meteorological factors during the 
growing season. The greatest damage to crops 
of this culture is caused by tracheomycotic 
wilt. Over the years of research, the damage to 
plants by fusarium wilt in the control crop with-

а                                                                       б

Рис. 5. Фузариозное (F. oxysporum) увядание растений люпина узколистного: 
а) фаза цветения; б) начало образования бобов 
Fig. 5. Fusarium wilt (F. oxysporum) of narrow-leafed lupine plants: 
а) flowering stage; б) beginning of bean formation
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out the use of plant protection products varied 
from 9.1 to 29.0%, and by root rot 4.6 ... 8.3%. 
Seed treatment with Vitaros (2.0 l / t) reduced 
the damage to plants by root rot depending on 
the year of research by 4.5 ... 7.2%. Treatment 
of plants with fungicides Triaktiv Extra (0.8 l / 
ha) and Kolosal Pro (0.4 l / ha) reduced the num-
ber of plants affected by fusarium wilt by 6.3 ... 
19.6%. On average, over the years of research, 

the number of surviving plants with beans (5.8 
pcs/m2) increased in relation to the control sow-
ing by 33.4 pcs/m2. At the same time, the weight 
of 1000 seeds increased by 17.1 g, the seed 
yield by 0.97 t/ha. A reliable inverse correlation 
(r = -0.89, p = 0.039) was established between 
the seed yield of narrow-leafed lupine and the 
damage of plants by the fungus F. oxysporum. 
A high reliable inverse relationship (r = -0.89,  

Рис. 6. Влияние температуры воздуха на поражение растений люпина узколистного фузариозным 
увяданием (F. oxysporum) в условиях вегетации 2020 г.
Fig. 6. The effect of air temperature on Fusarium wilt (F. oxysporum) infection of the narrow-leafed lupine 
plants under the growing season 2020

Рис. 7. Влияние количества осадков на поражение растений люпина узколистного фузариозным 
увяданием (F. oxysporum) в условиях вегетации 2020 г.
Fig. 7. The effect of rain amount on Fusarium wilt (F. oxysporum) infection of the narrow-leafed lupine 
plants under the growing season 2020
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p = 0.039) was revealed between the average 
daily air temperature in July and the seed yield. 
Thus, in order to reduce the number of nar-
row-leafed lupine plants affected by fusarium 
root rot and wilting of plants, as well as to re-
duce losses in seed yield, it is necessary to treat 
the seed material and process crops with fun-
gicides with high efficiency against pathogenic 
fungi F. avenaceum and F. oxysporum, which are 
the causative agents of root rot and wilting of 
narrow-leafed lupine plants.
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Факторные и оппортунистические болезни без банальных источников инфекции, тризовой 

эпизоотической цепной трансмиссии и прочих тривиальных атрибутов «старой» эпизоотологии 
остаются в ее современной компетенции, способствуя прогрессу оппозитных направлений в дан-
ной сфере науки и практики. Их содержательное и смысловое определение предполагает непри-
емлемость устаревших представлений и догматов относительно эпизоотического процесса как 
единственно возможной формы существования инфекций. Приоритетная парадигма, сформули-
рованная Шарлем Николлем (1930) и И.В. Давыдовским (1956) в контексте пророческих постула-
тов относительно эволюции инфекционной патологии, в самой идее дезавуирует архаику господ-
ствующих до сих пор ключевых положений эпизоотологии. При факторных инфекциях убикви-
тарность среды обитания патогенов абиотического и биотического типов переводит все явления в 
категорию случайных, факторная causa prima и последствия не предсказуемы, не контролируемы 
и не управляемы в принципе. В связи с этим возможности медицинского и ветеринарного обе-
спечения защиты весьма ограничены. Только специфическая профилактика и вакцинация как ее 
преимущественный элемент в ветеринарии по своей паллиативной сути не позволяют достичь 
искоренения инфекции. На фоне тотального применения мероприятия возникают такие небла-
гоприятные эпизоотические явления, как вакцинозависимость, проэпизоотичивание и эволюция 
возбудителей, адаптирующихся к персистенции на иммунном фоне. В настоящем сообщении об-
суждена группа инфекций, характеризующихся неэпизоотическими причинами, – тяжелые, идио- 
патически обостряющиеся, но без атрибутов эпизоотичности маститы, мыт, некробактериоз, па-
ратуберкулез, «новые» неканонические клостридиозы. Критическими факторами их этиологии 
и патогенеза служат совершенно неожиданные в канонической патологии «скоординированные» 
процессы и механизмы от условной патогенности микроорганизмов-комменсалов до нормаль-
ных физиологических отправлений и даже прямого вреда этиотропной терапии. 

Ключевые слова: эпизоотология, факторные и оппортунистические инфекции, мастит, 
мыт, некробактериоз, паратуберкулез, Clostridioides difficile-ассоциированная диарея
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Factor and opportunistic diseases without trivial sources of infection, trizal epizootic chain trans-

mission and other trivial attributes of “old” epizootology remain in its modern competence, contrib-
uting to the progress of opposite directions in this field of science and practice. Their substantive and 
semantic definition implies the unacceptability of outdated ideas and dogmas regarding the epizootic 
process as the only possible form of existence of infections. The priority paradigm formulated by 
Charles Nicolle (1930) and I.V. Davydovsky (1956) in the context of prophetic postulates regarding 
the evolution of infectious pathology, in the very idea disavows the archaic nature of the still dominant 
key provisions of epizootology. In case of factor infections, ubiquitousness of habitat of abiotic and bi-
otic pathogens puts all phenomena in the category of accidental; factor causa prima and consequences 
are not predictable, not controllable and not manageable in principle. As such, medical and veterinary 
provision options are very limited. Solely specific prophylaxis and vaccination as its predominant 
element in veterinary medicine by its palliative nature do not achieve eradication of infection. Against 
the background of total application of the measures, such unfavorable epizootic phenomena as vaccine 
dependence, proepizooticization and evolution of pathogens adapting to persistence on an immune 
background occur. The present paper discusses a group of infections characterized by non-epizo-
otic causes, severe, idiopathically exacerbated, but without the attributes of epizooticism mastitis, 
strangles, necrobacteriosis, paratuberculosis, and “new” non-canonical clostridioses. Critical factors 
of their etiology and pathogenesis are absolutely unexpected in canonical pathology “coordinated” 
processes and mechanisms from conditional pathogenicity of microorganisms-commensals to normal 
physiological departures and even direct harm of etiotropic therapy.

Keywords: epizootology, factor and opportunistic infections, mastitis, strangles, necrobacillosis, 
paratuberculosis, Clostridioides difficile-associated diarrhea
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Not knowing something is forgivable.
But not seeing something is stupid.

Jan Hulsen, "Cow Signals"

A substantive and meaningful definition of 
the category of factor diseases presupposes, first 
of all, the unacceptability of outdated provisions 
and dogmas of trivial epizootology and their op-
position to the epizootic process as the only pos-
sible form of existence of infections in the form 

of an inevitable, interdependent, alternative-free 
cycle of “emergence → spread → extinction”, 
contagiousness, three-element chain transmis-
sion, introduction and removal into farms, epi-
zootic dynamics, focality, infectious and epizo-
otological diagnostics [1].

The idea of ​​dividing infectious diseases of 
veterinary significance into classical (epizootic) 
and factorial ones and classifying them on this 
basis was first formulated by S.I. Dzhupina at the 
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All-Union Conference on General Epizootology 
more than half a century ago (Ulyanovsk, 1972)1 
[2]. Although the latter also included all chron-
ic, latent, and other infections with mild chain 
transmission, which was a significant distortion 
of the meaning of factoriality, this approach is 
undoubtedly innovative in the theory of epizo-
otology. The fundamental differences between 
epizootic and non-epizootic infections (i.e., ex-
ogenous and endogenous) had long been theo-
retically substantiated by I.V. Davydovsky in the 
context of his prophetic postulates regarding the 
evolution of infectious pathology2.

The priority paradigm in the idea itself dis-
avows the archaic beliefs regarding the key 
provisions of epizootology that have dominat-
ed to this day – the definition of the subject of 
this sphere of professional scientific, practical 
activity and academic discipline, as well as the 
place of the epizootic process in epizootological 
phenomena. The objective role of the epizootic 
process in the form of the aforementioned indis-
putable cycle is transferred to morbidity (preva-
lence) as one of the fundamental dynamic char-
acteristics of pathology - the mass nature of its 
manifestation, the mass coverage of susceptible 
groups and populations of varying sizes, the in-
tegrative reflection of the interaction of various 
etiological factors (or risk factors) with a hetero-
geneous population of animals in terms of sus-
ceptibility.

This is not simply a mechanical sum of indi-
vidual diseases, but a distinct, independent phe-
nomenon of animal pathology of a functionally 
integrated, population-level nature, expressed 
as a collection of disease cases with emergent, 
novel, and specific properties. The epizootic 
process, in its modern interpretation, is assigned 
a secondary role as a cyclical mechanism for 
the development of infectious diseases and the 
self-regulation of parasitic systems in action, the 

emergence of a contagious disease in an animal 
population as a result of the interaction of the 
"pathogen population + susceptible animal pop-
ulation" dyad3 [1, 3, 4].

Thus, factorial and opportunistic diseases 
without banal sources of infection, three-element 
epizootic chain transmission and other trivial at-
tributes of the “old” epizootology, nevertheless, 
remain in its modern competence, contributing 
to the progress of opposing directions in this 
area of ​​​​science and, more importantly, practice 
in the directions and developments of S.I. Dzh-
upina, V.D. Belyakov, G.P. Somov [4]. In terms 
of etiopathogenetics, the parasitosystemic es-
sence of conditional pathogenicity, epizootolo-
gy, economic significance and other indicators, 
they fully correspond to the provisions of new 
concepts in this area.

This report will discuss unresolved issues of 
factorial pathology using specific examples. This 
paper will examine a group of infections whose 
non-epizootic causes are still unclear; there are 
no specific causa prima provoking agents, but 
there is also no trivial epizootic process. These 
include severe, idiopathically aggravated masti-
tis, strangles, necrobacillosis, paratuberculosis, 
and "new" non-canonical clostridioses.

The situation regarding common pathogens 
causing pneumoenteritis (viral diarrhea, in-
fectious bovine rhinotracheitis (IBR), etc.) is 
beyond the scope of this discussion, as these 
problems have been successfully addressed us-
ing examples from international sources. Specif-
ically, in Sweden, Germany, the United States, 
and other countries with highly developed dairy 
farming and epizootic safety requirements, the 
control of thoroughly studied viral diarrhea is 
directly regulated by developed national pro-
grams in consultation with farm owners. The 
strategy is based on voluntary participation and 
funding, determined by population density and 

1Dzhupina S.I. On the theory of the epizootic process // Dzhupina S.I. On the theory of the epizootic process // Current issues of 
general epizootology: Proceedings of the All-Union Conf. on General Epizootology, Moscow, 1974, vol. 74, pp. 74–85.

2Davydovsky I.V. The Doctrine of infection. Moscow, Medgiz, 1956, 108 p.
3Makarov V.V., Barsukov Yu.I. General epizootology. Terminology reference. Moscow: Publishing house of the FSBI "Veterinary 

Center", 2023, 200 p.
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prevalence logic, primarily without vaccination, 
systematic ongoing screening, and certification. 
Similar approaches are being implemented in 
IBR monitoring, where the DIVA strategy is 
additionally applied in specific cases4 [5–9]. In 
domestic livestock farming, there are currently 
no programs or any kind of regulation for con-
trolling these infections at the farm level, other 
than vaccination, which loses all meaning in the 
face of total seropositivity5.

Mastitis – inflammation of the parenchyma-
tous tissue of the udder, is the most common 
disease of dairy cows and the main reason for 
their premature culling. It develops as a result 
of a decrease in the body's overall resistance, of-
ten in the first months of lactation after calving, 
as well as under the influence of any provoking 
factors resulting from thermal, mechanical or 
chemical damage (cooling, various udder inju-
ries, poor animal hygiene, milking technology 
and techniques). It has an infectious nature due 
to the fact that ubiquitous representatives of op-
portunistic and saprophytic pyogenic microflora 
penetrate into the udder from the outside – Strep-
tococcus spp., Staphylococcus spp. (mainly), E. 
coli, Pseudomonas and others. As a cisternal or-
gan with an outlet to the external environment, 
the udder is exposed to infection through the teat 
canal (primarily), as well as through wounds and 
blood from other organs, for example, with en-
dometritis6–9.

The pathological development vector is ste-
reotypical for factor-endogenous diseases: "vi-
olation of optimal conditions of existence as 
causa prima → provocation of infection due to 
ubiquitous opportunistic and other microorgan-

isms," in this case, the microbial environment. 
The logic of this conclusion is that it is precisely 
zoosocialization that causes the conditional sus-
ceptibility of animals to factor-induced diseases, 
which are not typically observed in private farm-
ing conditions or in free-range conditions [1].

In terms of causes, mastitis in human and 
veterinary obstetrics is rationally divided into 
idiopathic and environmental. The former (pri-
marily in human medicine) ranges from an un-
determined etiology to secondary complications 
of chronic infections, autoimmune processes, 
diabetes, and others.

The term “ecological” in the definition of 
animal mastitis as an infection in a broad sense 
emphasizes critical causality – the environment 
as the main reservoir and factor of transmission 
of pathogens, in contrast to the intraorganismal 
zones of normal habitat of opportunistic com-
mensals. There are, however, certain specific 
differences between purely environmental and 
contagious pathogens, which are important in 
the epizootology and control of mastitis. The 
former exist in a manner similar to saprophytes 
and dead-end saprophytoses, with the environ-
ment serving as both a reservoir and a source 
of infection (E. coli and other enterobacteria, 
saprophytes, yeasts, and fungi). For the latter, 
the environment is only a transmission factor 
(Staphylococcus aureus, Streptococcus agalac-
tiae, and other commensals) (see footnote 9).

The factor-endogenous epizootological inter-
pretation of mastitis, based on global scientific 
and practical experience (more than 10.5 thou-
sand publications registered in PubMed), indi-
cates the only possible strategy for solving this 

4The DIVA strategy is the differentiation of infected and vaccinated animals by discriminatory serological testing using marked 
vaccines devoid of immunologically irrelevant antigens.

5On the results of the work of the reference laboratory of cattle diseases of the FSBI "All-Russian Research Institute for Animal 
Protection"/ https://www.arriah.ru/press-sluzhba/news/o-rezultatakh-raboty-referentnoy-laboratorii-bolezney-krs-fgbu-vniizzh-za-
1-polugodie/

6Bovine mastitis / https://www.nita-farm.ru/publikatsii/metodic/mastit-krupnogo-rogatogo-skota/
7Mastitis: etiology, prevention, diagnosis, treatment // https://animal-health.ru/wp-content/uploads/2020/01/zdoroviejivotnih_

mastit_Obzor_preview.pdf
8Mastitis-in-cows-causes-types-treatment-prevention-and-control / https://www.thevetexpert.com/mastitis-in-cows-causestypes-

treatment-prevention-and-control/https://www.thevetexpert.com/
9Smith K., Todhunter D., Schoenberger P. Symposium: environmental effects on cow health and performance // Environmental 

Mastitis: Cause, Prevalence, Prevention // Journal of Dairy Science, 1985, vol. 68, N. 6.
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significant problem of veterinary science and 
the economics of dairy farming, that is the ef-
fective implementation of the modern ideology 
of the "happy cow" in dairy farms, which pro-
vides for the complete provision of all its needs 
from physiology and hygiene to livestock man-
agement [10]. The focus of practice on the use 
of “autovaccines” (immunization against one’s 
own and local opportunistic microflora) in such 
a situation is an obvious, falsely encouraging 
palliative, a passive approach in its preventive, 
warning focus on “defensive” protection, in es-
sence, of the third driving force of the epizootic 
chain and, by definition, not providing for the 
eradication of the disease, which requires “of-
fensive” action on reservoirs, sources, and trans-
mission.

Bovine necrobacillosis is an infectious dis-
ease caused by the anaerobic bacterium Fuso-
bacterium necrophorum. It is common on dairy 
farms and is associated with significant produc-
tivity declines and reproductive losses. Although 
livestock deaths are rare, the damage caused is 
enormous. The pathogen is relatively unstable 
but can persist for long periods in various envi-
ronmental media.

The disease most often develops due to meta-
bolic and other abnormalities and traumatic skin 
injuries to the lower hind limbs. The disruption 
of capillary integrity creates an anoxic environ-
ment favorable for the pathogen's anaerobic life. 
Its activity results in the release of a large number 
of toxic substances that block intracellular en-
zyme systems, causing tissue necrosis. In some 
cases, the infection spreads through the body he-
matogenously, leading to septicemia and metas-
tases from secondary necrotic lesions, primarily 
liver abscesses (see Fig. 1). At this stage, necro-
bacillosis becomes malignant, and the animal of-
ten dies. Immunity in those who have recovered 
from the disease is virtually undeveloped10.

The factor-endogenous nature of necrobacil-
losis is due to the fact that F. necrophorum is 
a normal inhabitant of the bovine rumen. The 
microorganism's role in rumen fermentation 
involves the metabolism of lactic acid and the 
breakdown of feed and epithelial proteins. Its 
concentration in the rumen increases signifi-
cantly with grain feeding. Normally, it is excret-
ed from the body along with undigested waste 
during its natural transit through the gastrointes-
tinal tract. However, in rumen pathologies (aci-
dosis, rumenitis), the microorganism enters the 
portal circulation and lingers in the liver, caus-
ing abscesses. F. necrophorum is an opportu-
nistic pathogen; some of its metabolic products 
are toxic and act as virulence factors. Specifi-
cally, hemagglutinin, endotoxin, and leukotoxin, 
which have antigenic properties, facilitate colo-
nization of the rumen and penetration of the liv-
er (see footnote 10) [11].

Environmental contamination occurs through 
feces (primarily) and other excretions from in-
fected animals, including purulent ones. Typi-
cally, incidence within a herd manifests uneven-
ly, in the form of small, sporadic, unrelated out-
breaks, with no signs of trivial contagiousness11.

Рис. 1. Короткие цепочки F. necrophorum 
в очаге воспаления [afip.org/vetpath/WSC/
WSC96/96wsc01.htm]
Fig. 1. Short chains of F. necrophorum in the focus 
of inflammation [afip.org/vetpath/WSC/WSC/
WSC96/96wsc01.htm]

10Bovine necrobacteriosis: causative agent and diagnostics. Description of the disease, symptoms, treatment / https://techconfronts.
com/17296383-necrobacteriosis-in-cattle-causative-agent-and-diagnosis-description-of-the-disease-symptoms-treatment

11The clinical picture, pathology, and epizootology of bovine necrobacteriosis have been studied in detail and described in fun-
damental publications by A.A. Samolovov and S.I. Dzhupina [13, 14].
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Dairy cattle acidosis syndrome is a key factor 
in the etiopathogenesis of necrobacillosis, asso-
ciated with the accumulation of lactic acid in the 
rumen due to an increase in the concentration 
of F. necrophorum, which synthesizes it, with a 
predominance over its consumers. This is a re-
sult of feeding a diet rich in rumen-available car-
bohydrates or a diet deficient in effective fiber. 
Depending on the level of lactic acid production, 
utilization, and absorption, the process affects 
two distinct anatomical regions: the gastrointes-
tinal tract and body fluids. Systemic acidosis can 
have several pathophysiological consequences, 
including necrobacillosis laminitis—a diffuse 
aseptic inflammation of the laminae (cortex). 
The critical relationship between acidosis and 
laminitis, and the severity of the pathology, is 
determined by the frequency, intensity, and du-
ration of systemic acidotic disturbances, which 
affect the mechanisms of vasoactive substance 
release and are caused by persistent hypoperfu-
sion, leading to digital ischemia12 [12].

In this regard, the factorial etio-pathogenetic 
interpretation of necrobacillosis and the result-
ing laminitis as a symptom complex of metabol-
ic disorders in the works of A.A. Samolovov and 
S.I. Dzhupina [13–16] seems absolutely correct. 
An extensive excerpt from one of their publica-
tions should be cited. “This approach to laminitis 
and laminitis-related hoof damage significantly 
changes the approach to organizing and imple-
menting measures to eliminate pathology and 
its prevention. What vaccinations are we talking 
about in this case?! Providing adequate, stan-
dardized, and balanced feeding is paramount. To 
successfully eliminate and prevent pathological 
processes in the hooves, it's necessary to not only 
treat the symptoms of the disease, such as lam-
initis and laminitis-related injuries, but also to 
address the underlying cause of the disease—the 
disruption of metabolic processes. This is why 

there has been no progress in reducing lameness 
in dairy cows; on the contrary, it is constantly 
increasing. Treatment alone cannot solve the 
problem and cannot stabilize it. Vaccination in 
this case appears to be a purely commercial proj-
ect, hidden in proposals to combine vaccine use 
with veterinary and sanitary measures, balanced 
feeding, and other measures. In our opinion, 
policymakers should simply remove necrobacil-
losis vaccines from production, as American re-
searchers have done, which will encourage more 
in-depth study of the problem [16].

Overall, the vaccination of dairy cattle, which 
was intensively promoted in the recent past, of-
fers a rather instructive example of professional 
incompetence. Among other justifications, a vir-
tual threat of zoonotic necrobacillosis to humans 
was assumed, which was reflected in the discus-
sion [15, 16]. The ephemeral positive effect was 
most likely simulated and was due to the fact 
that the measure was cleverly integrated into a 
set of well-known sanitary hoof treatment tech-
niques, which in some way controlled the condi-
tion of the lower extremities of cows. However, 
by now, life itself has resolved this problem.

However, a general question remains: why, of 
all the many commensals, is F. necrophorum so 
pathogenic? The most likely reason is the natu-
ral history of its microecology and the powerful 
hydrolytic potential of fusobacteria, inherent in 
saprophytic decomposers in natural ecosystem 
balances, preserved during their transition to 
commensalism and "put in good use" there [17]. 
These are not obligate primary pathogens and 
not parasites as causative agents of canonical 
infections, interconnected by mutually benefi-
cial parasitosystemic relationships with the host, 
but also not yet the final “peaceful” commen-
sals-members of eubiosis (see footnote 12), for-
mer saprophytes, for which the rumen is the only 
suitable place in the macroorganism, and patho-
genicity is obviously conditionally dependent.

12Eubiosis is a microbiocenotic phenomenon, meaning the presence and existence in an animal organism of up to 1014 (100 
trillion) eubiot microorganisms of 500 to 1000 species, a normal flora that performs at least 10 useful and even necessary functions 
for the latter as its own kind of extracorporeal organ; the most important of these are antagonistic resistance to exogenous and op-
portunistic pathogenic microbes, the synthesis of B vitamins, enzymatic breakdown of food products, strengthening of the immune 
defense, etc. (see footnote 3).
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The logically probable vector of development 
of necrobacillosis appears to be as follows: F. 
necrophorum in the rumen as a useful element 
of rumen digestion → asymmetrical feeding ra-
tion with a predominance of grain and concen-
trates → subacute rumen acidosis → laminitis 
with a disorder of the barrier protection of the 
skin of the lower extremities (maceration, trau-
ma) → local exogenous “autoinfection” → ef-
fective realization of the hydrolytic potential in 
the lesions.” Such an interpretation of the etio-
pathogenesis would explain the catabolic nature 
of the virulence factors of the pathogen, its lo-
calization primarily in the rumen, where they 
are naturally in demand under conditions close 
to saprophytism, damaged surfaces of the gen-
erally “weakened” lower parts of the hind limbs 
as a gateway for infection, primarily in contact 
with the source of infection, the absence of an 
immune response, the sporadic incidence of dis-
eases caused by random causa prima, and oth-
er elements of the existence of necrobacillosis 
that have epizootological significance, as well as 
metabolic approaches to infection control, lim-
iting the freedom of their existence only in the 
rumen, and the senselessness of immunoprophy-
laxis.

Strangles is a disease of solidungulates, first 
described in 1251. It is characterized by abscess 
formation in the lymphoid tissue of the upper re-
spiratory tract, purulent lymphadenopathy, and 
nasopharyngitis. It is one of the most common 
equine infections worldwide, with a high mor-
bidity (up to 100% of the susceptible popula-
tion) and rare mortality. The causative agent is 
Streptococcus equi subsp. equi. The disease is 
most severe in horses aged 1–5 years. Infection 
is believed to occur through direct contact with 
infected horses or any number of contaminated 
objects. Asymptomatic carriers (up to 40% of 
naturally infected horses) and recovering ani-
mals are also sources of infection. Transmission 
from apparently healthy animals may be more 

significant in causing new outbreaks or relapses 
in previously infected herds than from sick hors-
es with purulent discharge, since the source of 
infection is not obvious13, 14.

S. equi enters the upper respiratory tract 
through inhaled air or ingestion and coloniz-
es regional lymph nodes. Replication of the 
pathogen and the influx of neutrophils contrib-
ute to the development of lymphadenopathy 
and lymph node abscesses, typical clinical signs 
of S. equi. Hematogenous and lymphogenous 
spread of infection beyond the upper respiratory 
tract is possible, leading to the formation of met-
astatic abscesses throughout the body. Several S. 
equi metabolites serve as virulence factors, the 
most important of which is the surface fibrillar 
protein SeM, which has adhesive and antiphago-
cytic properties and facilitates immune evasion 
(see footnote 14) [18, 19] (see Fig. 2).

Several vaccines are available for specific 
prevention: live attenuated vaccines for intrana-
sal use and components for parenteral adminis-
tration. However, the protective efficacy of vac-
cination is relative: protection against clinical 
manifestations of the disease is 50% [18, 19].

Along with the unconditional chain orona-
sal transmission as the main attribute of epizo-
oticity, strangles is intriguingly characterized 
by a certain factorial specificity. Literally, myt 
(the Russian term for strangles also can mean a 
toll) and mytar (a derivative meaning toll col-
lector) are common Slavic designations for 
obligatory tribute, taxes, and their collectors. 
Since biblical times, these concepts have signi-
fied something unpleasant, deception, cheating, 
and torment. Consequently, words of this series 
(such derivatives as mytar, mytarit, mytarstvo) 
are better known in their swearing and figura-
tive meanings, primarily as everyday torments. 
When applied to animals in general, "myt" and 
"mytitsya" signify illness and relapse, primarily 
during early adolescence; molting is a peculiar 
semantic equivalent of the obligatory and pain-

13Strangles / https://liphook.cylex-uk.co.uk/
14Strangles in horses: https://www.merckvetmanual.com/respiratory-system/respiratory-diseases-of-horses/strangles-in-horses
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ful "tax." Expressions such as "foals are my-
tized in their fourth or fifth year" and "a young 
horse is in myt" (V.I. Dahl) have survived. This 
is precisely why the term "myt"(strangles) has 
become ingrained in veterinary medicine for a 
specific equine disease.

The nature of the disease's clear dependence 
on age has not been studied. However, in medi-
cine, there is a related phenomenon: acne (pus-
tular rash, "acne vulgaris") – a skin pathology 
occurring in 90% of adolescents, on average, af-
ter 12–15 years of age, which correlates with the 
onset of puberty. This problem is polyetiologi-
cal, but the triggering factor and causa prima is 
endocrine – a rapid increase in androgenemia. 
The development of acne is facilitated by the 
activation of pyogenic eubiotic microorganisms 
of the skin and mucous membranes – the same 
epidermal staphylococci, streptococci, propi-
onibacteria, yeasts, and others, also resistant to 
phagocytosis15. Therefore, in all etiopathogenet-
ic conditions, acne is a factorial pathology.

Strangles and acne are not complete ana-
logues. However, the similarity of the predom-
inant age-dependent susceptibility, the common 

stereotypical vector of pathology development 
from a factorial causa prima to a secondary, 
complicating infection, and the involvement of 
microorganisms that are conditionally rather 
than obligately pathogenic are undeniable. Their 
close ecological relationship with susceptible 
subjects (animals and humans, respectively), 
relative resistance to phagocytosis, determined 
local focality of pathology (abscesses), and the 
inadequacy of the immune response provide 
grounds for classifying equine strangles as a dis-
ease of the factorial category.

Paratuberculosis is a chronic, contagious 
granulomatous enteritis characterized by pro-
gressive weight loss, emaciation, and ultimately 
death in ruminants. The infection has been iden-
tified in omnivores, carnivores, and wild rumi-
nants. It is also known as human Crohn's disease 
(inflammatory bowel disease). It is a serious in-
fectious disease of dairy cattle worldwide, caus-
ing significant losses in the form of decreased 
productivity, culling/death, and control costs. 
The highest prevalence is observed in dairy 
cattle. Paratuberculosis is widespread world-
wide. In most major dairy-producing countries, 
20–90% of herds are affected. Paratuberculosis 
is of significant economic importance, is a prior-
ity for international trade, and is included in the 
OIE list16 [20].

The causative agent is Mycobacterium avi-
um subsp. paratuberculosis (MAP), a member 
of the non-tuberculous mycobacteria saprophyte 
complex, widely distributed in the environment. 
It is a slow-growing mycobacterium, requiring 
2 to 4 months to form visible colonies on solid 
media. Bacteria in this complex do not typically 
cause disease in healthy animals or humans, but 
they are among the main agents of opportunistic 
infections.

Pathological changes in paratuberculosis 
vary from a complete absence of visible lesions 
to thickening and pathognomonic folding of the 

15Acne / https://ru.wikipedia.org/wiki
16Paratuberculosis in ruminants / https://www.merckvetmanual.com/digestive-system/intestinal-diseases-in-ruminants/

Рис. 2. Основные клинические признаки мыта 
лошадей: слизисто-гнойные выделения из глаз  
и носа и подчелюстная лимфаденопатия 
Fig. 2. The main clinical signs of strangles: mu-
copurulent discharge from the eyes and nose and 
submandibular lymphadenopathy

Discharge

 Lymph node 
tumors
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intestine with enlarged and edematous adjacent 
lymph nodes, diffuse granulomatous enteritis 
with progressive accumulation of epithelioid 
macrophages and giant cells in the intestinal 
mucosa and submucosa containing acid-fast mi-
croorganisms (see Fig. 3). 

Mononuclear phagocytes, whose receptors 
participate in endocytosis, serve as the intracel-
lular niche for MAP survival and proliferation. 
Virulence factors are the mechanisms respon-
sible for MAP colonization, penetration, and 
persistence in macrophages, as well as for sub-
sequent disease development—aggregation, ad-
hesion, biofilm formation, colonization and ad-
hesion, granulomatosis, invasiveness, immune 
evasion, etc. (see footnote 16).

There is no satisfactory treatment. Stereotypi-
cal protective responses of both innate and adap-
tive immunity are relatively weak. Vaccination 
has shown conflicting and unreliable results, as 
is common in the control of epizootic infections 
(foot-and-mouth disease, rinderpest), which 
may be due to chronic intracellular persistence 
of MAP of indefinite duration (see footnote 16).

Such etiopathogenetic characteristics, taking 
into account the generally recognized primary 
role of non-tuberculous mycobacteria, includ-
ing MAP, in opportunistic pathology in acquired 

immunodeficiency syndrome (AIDS) caused by 
HIV infection17 and other human immunodefi-
ciencies, provide sufficient grounds to consid-
er paratuberculosis an opportunistic infection. 
MAP is not a parasite or an opportunistic com-
mensal, but rather an opportunistic opportunist 
saprophyte existing in the environment, acciden-
tally penetrating the macroorganism and remain-
ing there asymptomatically, exhibiting pathoge-
nicity depending on the level of immunological 
suppression of the latter as causa prima.

The vector of the MAP infection cycle is 
similar to that of intestinal pathogens and other 
factor-mediated diseases: alimentary infection 
→ uptake by subepithelial macrophages and 
asymptomatic intracellular persistence of indef-
inite duration → acquired immunodeficiency as 
a critical condition and sluggish chronic pathol-
ogy against this background → feco-oral trans-
mission, other attributes determined by the func-
tioning of the gastrointestinal tract → resistance 
to environmental factors and survival.

Control of opportunistic infections in general 
a priori presents extreme difficulties due to the 
fatal cryptic nature of immunodeficiencies on a 
global scale, the stressful existence of humans 
and especially productive animals [1]. The well-
known successful strategy against HIV infection, 
which ensures the salvation of many hundreds 
of thousands of infected people, allowing them 
to lead a relatively healthy lifestyle, is based on 
purely antiviral therapy, does not in any way af-
fect the epidemic process and in this case is not 
a target18.

Of particular concern is the growing tension 
and interest in paratuberculosis in dairy cattle, 
indicating a large-scale, evolving infection. Ac-
cording to reports, infection control through vet-
erinary and sanitary measures, monitoring and 
culling, farm biosecurity, and additional mea-
sures aimed at limiting the spread of infection 
within the herd, such as reducing calf exposure 

17Panteleev A.M. Mycobacteriosis in the context of HIV infection / https://congress-ph.ru/common/htdocs/upload/fm/cardiotor-
akal/prez/N20-02-3.pdfP

18AIDS / https://en.wikipedia.org/wiki/Management_of_HIV

Рис. 3. Утолщенная и складчатая подвздошная 
кишка коровы с клиническим паратуберкулезом 
Fig. 3. Thickened and folded ileum of a cow with 
clinical paratuberculosis
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to adult feces, more rapid culling after positive 
test results, and similar measures, have not and 
cannot produce the expected results due to the 
absolute extra- and intra-organismal ubiquity of 
MAP. The situation is complicated by the inher-
ently low sensitivity of diagnostic tests, particu-
larly in screening movements and trade of high-
risk animals. One possible strategy involves tai-
loring a reliable set of measures to each specific 
affected farm [21, 22].

Non-canonical clostridioses are a relatively 
new pathology among infections caused by an-
aerobic microorganisms, generally unknown in 
Russian veterinary medicine. This term, within 
the category of known clostridioses of the neu-
rotoxic, histotoxic, and enteric types (tetanus, 
botulism, blackleg, bradsot, enterotoxemia), 
refers to intestinal diseases of various animal 
species caused by Clostridioides difficile19 [23]. 
The infection of the new group is characterized 
by epizootological features common to clost-
ridiosis (alimentary (or wound parenteral) in-
fection, spore-forming pathogens (pathogenic 
saprophytes-anaerobes and the extreme activi-
ty of their catabolic ("destructive") enzymes in 
the processes of biodegradation (the potential of 
virulence), soil in a broad sense as a reservoir, 
amplifier and source of infection, abiotic and 
biotic habitat, in particular, the intestinal micro-
biota of animals, natural focality, seasonal spo-
radicity, the absence of trivial contagiousness 
and transmission from animal to animal or from 
animals to humans, a dead-end type of infection. 
Because clostridia and their infectious agents are 
ubiquitous, the diseases they cause have no nat-
ural limitations and are widespread worldwide. 
Animal defense mechanisms are virtually non-
existent, and innate immunity is only relatively 

developed. However, routine etiotropic antibiot-
ic therapy is quite effective20–22.

However, non-canonical clostridioses are 
distinguished by a radical feature: the critical 
condition for enteropathogenicity and causa pri-
ma is an obligatory imbalance of the intestinal 
microbiome23 and a disruption of the protective 
potential of normal flora, leading to abnormal 
growth of C. difficile. The predominant cause of 
this is the detrimental effects of excessive anti-
biotic use (β-lactams, fluoroquinolones, macro-
lides, and others, regularly and widely used in 
animal husbandry) as a determining risk factor.

This infection leads to lower intestinal pathol-
ogy, exacerbating many associated pathologi-
cal processes, and even, as has been shown in 
medical practice, impacting brain function and 
mental health. The course of the infection rang-
es from asymptomatic colonization and mild 
symptoms to fulminant symptoms, including 
watery diarrhea, fever, nausea, and abdominal 
pain, complicated by pseudomembranous coli-
tis, colonic perforation, and sepsis (see Fig. 4). 
Pathogenic effects are primarily caused by the 
massive elective proliferation of C. difficile, the 
production and accumulation in the intestine of 
potent entero- and cytotoxins, which cause sev-
eral cytopathic effects and ultimately colonocyte 
death, inflammation, necrosis and loss of intesti-
nal barrier function24, 25 [24].

Antibiotic-Associated Diarrhea (AAD) is a 
well-known phenomenon in human pathology. 
It represents a new challenge for civilization 
and represents one of the pressing challenges of 
modern medicine. Antibacterial agents affect the 
body's internal ecosystem, the microbial com-
ponent of which includes the microbiota of the 
skin, respiratory tract, genitourinary organs, but 

19In 2016, the species was transferred from the genus Clostridium to the genus Clostridioides, reflecting the taxonomic differenc-
es between these microbial taxa.

20Clostridia / https://en.wikipedia.org/wiki/
21Clostridioides difficile infection / https://en.wikipedia.org/wiki/
22Clostridium difficile and C. perfringens infections in animals / https://www.merckvetmanual.com/infectious-diseases/clostrid-

ial-diseases/clostridium-difficile-and-c-perfringens-infections-in-animals
23Microbiome / https://ru.wikipedia.org/wiki
24Clostridioides difficile / https://en.m.wikipedia.org/wiki/Clostridioides_difficile
25Uspensky Yu.P., Fominykh Yu.A. Antibiotic-associated diarrhea ‒ a new problem of civilization / https://medi.ru/info/1471/
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primarily the gastrointestinal tract, where the 
greatest number of different microorganisms are 
present in the proctocaudal direction. Microbi-
ota, or normal microflora, is a unique extracor-
poreal, supraorganismal structure that exists in a 
state of balanced equilibrium in a healthy body. 
However, maintaining this system's balance is a 
complex process and is heavily influenced by a 
variety of factors affecting the body and its mi-
crobiome (see footnote 25).

C. difficile-associated diarrhea and disease 
develop spontaneously in animals of various 
species, including calves, horses, pigs, dogs, 
cats, hamsters, guinea pigs, rats, and rabbits. It 
has been identified in young calves; 20–30% 
of cases of acute equine diarrhea are associated 
with C. difficile. The microorganism is excret-
ed in low concentrations in the feces of 10% of 
healthy animals. In neonatal piglets aged one to 
seven days, C. difficile is the second most com-
mon cause of diarrhea; ileal edema is a charac-
teristic feature of the disease in almost all affect-
ed animals.

C. difficile isolates from cattle, horses, pigs, 
and dogs share a number of characteristics with 
those isolated from humans, indicating the pos-
sibility of interspecies transmission. C. difficile 
has been detected in high numbers in calf meat 
during the early stages of veal production, and 
spores have been found in pig and cattle meat. 
Toxigenic strains from humans have been iden-
tified in rectal swabs of domestic dogs. Approx-
imately 10% of asymptomatic dogs excrete toxi-
genic strains of C. difficile in their feces.

As with the diseases listed above, control of 
C. difficile-associated pathology is extremely 
difficult due to the pathogen's fatal ubiquity, op-
portunistic, random, factor-dependent etiology, 
the specific pathogenesis, and its low immuno-
genicity. It is suggested that the most appropriate 
measures include simple isolation procedures in 
high-risk groups, the correct and judicious use 
of antimicrobials for both individual and mass 
therapy and prophylaxis, particularly antibiot-
ics, to potentiate microbiome imbalances, and 
the use of probiotics as an alternative and, if 
unavoidable, concurrently with antibiotics, as is 
common practice in medical practice (see foot-
notes 22, 24, 25).

CONCLUSION

The facts presented are further evidence of 
the truly inexhaustible harmful potential of the 
animal world's habitat in all its diversity [25]. 
This, too, likely reflects the fatal significance of 
Darwinian selection for the survival of the most 
advanced life forms. This concerns not only 
the enormous number of nosological forms, re-
plenished annually (if not daily!), but also, even 
more importantly, the diversity of sophisticated 
mechanisms of etiopathogenetic influence on 
the objects affected.

If for nosological forms of the classical epi-
zootic type, the etiopathogenesis is relatively 
standard and is determined by well-established 
patterns of self-regulating balance of parasitic 
systems “parasite ↔ host” [3], then in factor in-
fections, the ubiquity of the habitat of the patho-
gens of both abiotic, extraorganismal type and 
biotic type within the body, transfers all phenom-
ena into the category of random, factorial causa 
prima and consequences are unpredictable, un-
controllable and unmanageable in principle.

Consequently, medical and veterinary protec-
tion capabilities remain extremely limited. Un-
fortunately, subjectivity or simply a lack of com-
petence in approaches to solving emerging prob-
lems also predominates. As the brilliant Pasteur 
once prophetically wrote, "...to set one's first 

Рис. 4. Псевдомембраны в толстой кишке при 
колите, вызванном C. difficile – поверхность и 
гистосрез (см. сноски 20, 21) 
Fig. 4. Pseudomembranes in the colon during coli-
tis, caused by C. difficile – surface and histosection 
(see footnotes 20, 21)
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task to finding the methods of treatment means, 
in most cases, condemning oneself to fruitless 
work. It is preferable to begin by studying the 
nature, cause, and development of the disease, 
with the long-term hope of discovering a method 
for preventing it".

Vaccination still holds the dominant position 
in infectious disease control, including factor-re-
lated ones, despite the fact that in the latter case, 
the full set of three canonical driving forces of 
the epizootic process, as in classic foot-and-
mouth disease, influenza, CSF, and the like, is 
absent—no specific, unambiguous sources of 
infection, no transmission, only obvious targets 
and morbidity. Therefore, the usual, extremely 
primitive approach to solution begins not with 
initial positions as causes, but with final posi-
tions as consequences26.

At the same time, the general logic of con-
structing anti-epidemic and preventive mea-
sures (APM), based on the canonical sequence 
"source → transmission → susceptibility," pre-
supposes their target, chronological, and sub-
stantive specialization. Primary attention is paid 
to sources of infection, and APM include screen-
ing and monitoring, culling, stamping out, de-
population, quarantine, and isolation. To control 
transmission, biological protection measures, 
general and private hygiene of the environment, 
various barriers, zoning, the creation of free 
zones and territories, sentinelization, and import 
controls are used. These principles are active, 
"offensive," and are theoretically and practical-
ly substantiated by the principles of V.D. Bel-
yakov's doctrine of self-regulation of parasitic 
systems (1983), the main conclusion of which 
indicates that focusing on clinically established 
morbidity is not only erroneous but also practi-
cally dangerous [3].

Ring, frontal, and total systematic vaccina-
tion are considered the last resort for protect-
ing susceptible populations, the absolute basis 
for which is the obvious threat of introduction, 
emergence, and spread of infection. Such a mea-

sure, aimed at the final, third link of the epizoot-
ic chain, has a purely defensive purpose and can 
only be effective where this chain exists and is 
functioning. In this case, the targeting must be 
justified as a consequence of the primary causal 
factors—the actual source and transmission, the 
ineffectiveness of APM in the initial stages, and 
the ongoing threat.

Moreover, specific prevention and vaccina-
tion alone, as its primary element in veterinary 
medicine, where population-based protection 
and population protection are paramount, by 
definition and their palliative nature, do not 
achieve infection eradication. Post-vaccination 
sterilizing immunity is virtually nonexistent. 
There is not a single example of the complete 
well-being of any country or region achieved 
through vaccination (rather the opposite, as ev-
idenced by the widespread "eradication versus 
vaccination" strategy, which has now become 
the standard for controlling the most dangerous 
infections) (see footnote 3). Moreover, against 
the backdrop of the widespread use of measures 
that limit protection only to the containment of 
infection and direct damage, such unfavorable 
epizootic phenomena as vaccine dependence, 
pro-epizootic development, and the evolution of 
pathogens adapting to persistence in the immune 
environment arise. In this case, the situation is 
not analogous to human vaccination, where ev-
erything is subordinated to individual protection 
with purely humanitarian goals [26].

СПИСОК ЛИТЕРАТУРЫ

1.	 Макаров В.В. Факторные болезни // Рос-
сийский ветеринарный журнал. 2017.  №  4. 
С. 22–27.

2.	 Джупина С.И. Эпизоотический процесс и 
его контроль при факторных инфекционных 
болезнях: монография. М.: Издательство 
Российского университета дружбы народов, 
2002. С. 212. 

3.	 Макаров В.В. Теория саморегуляции парази-
тарных систем В.Д.  Белякова ‒ парадигма в 

26Here it is appropriate to recall Chekhov's Vanka, who cleaned a herring from the tail, and what came of it.



67Сибирский вестник сельскохозяйственной наyки • 2025 • 55 • 5

Этио-патогенетические «загадки» факторной патологии  
(к 50-летию приоритетной концепции факторных болезней  
С.И. Джупины)

Макаров В.В., Стекольников А.А., Донченко А.С., Сочнев В.В. 

Зоотехния и ветеринария

учении об эпидемическом процессе // Вете-
ринарная патология. 2004. № 10. С. 10–13.

4.	 Макаров В.В. Эволюция эпизоотологии: мо-
нография. М.: Издательство Российского 
университета дружбы народов, 2022, 118 с.

5.	 Greiser-Wilke I., Grummer B., Moennig V. Bo-
vine viral diarrhoea eradication and control 
programmers in Europe // Biologicals. 2003. 
Vol. 31. Is. 2.  P. 113–118. DOI: 10.1016/S1045-
1056(03)00025-3.

6.	 Grooms L., Bartlett B., Bolin S. Review of the 
Michigan Upper Peninsula Bovine Viral Diar-
rhea Virus Eradication Project // JAVMA. 2024. 
Vol. 243. Is. 4. DOI: 10.2460/javma.243.4.548.

7.	 Houe H., Lindberg A., Moennig V. Test Strategies 
in Bovine Viral Diarrhea Virus Control and Era- 
dication Campaigns in Europe // Journal of Veteri- 
nary Diagnostic Investigation. 2006. Vol. 18 (5). 
P. 427–436. DOI: 10.1177/104063870601800501.

8.	 Van Campen H. Epidemiology and control 
of BVD in the U.S. // Veterinary  Microbiolo-
gy. 2010. Vol. 21. N 142 (1-2). P. 94–98. DOI: 
10.1016/j.vetmic.2009.09.049. 

9.	 Iscaro C., Cambiotti V., Petrini S. Control pro-
grams for infectious bovine rhinotracheitis (IBR) 
in European countries: an overview // Animal 
Health Research Reviews. 2021. Vol. 22. Is. 2. 
P. 136–146. DOI: 10.1017/s1466252321000116.

10.	 Dirke K. 11 Happy cows? Unravelling con-
texts of Swedish farmed animals // In book: 
Animal Industries. 2024. P.  213–228. DOI: 
10.1515/9783110787337-015.

11.	 Tadepallia S.,  Narayanan S., Stewart  G. Vete- 
rinary anaerobes and diseases Fusobacterium 
necrophorum: A ruminal bacterium that invades 
liver to cause abscesses in cattle // Anaerobe. 
2009. Vol. 15. Is. 1-2. P. 36–43. DOI: 10.1016/j.
anaerobe.2008.05.005.

12.	 Plaizier J., Mulligan F., Nevill E. Invited review: 
Effect of subacute ruminal acidosis on gut health 
of dairy cows // Journal of Dairy Science. 2022. 
Vol. 105. P. 7141–7160. DOI: 10.3168/jds.2022-
21960.

13.	  Dzhupina S.I. Features of control over the epizo-
otic process of necrobacteriosis in cattle // Vete- 
rinary pathology. 2016. N 2. P. 5–13.

14.	 Samolovov A.A. Classification and mechanism 
of pathogenesis of hoof diseases in dairy cat-
tle  // Innovations and food security. 2018. N 3. 
P. 166–172.

15.	 Dzhupina S.I. Response to opponents on the 
problem of necrobacteriosis in cattle // Veteri-
nary science. 2006. N 12. P. 6–9.

16.	 Samolovov A.A., Lopatin S.V. Theory and prac-
tice of vaccination against necrobacteriosis in 
dairy cattle // Innovations and food security. 
2017. N 1. P. 28–34. DOI: 10.31677/2311-0651-
2017-0-1-28-34.

17.	 Makarov V.V. Pathogenic saprophytes and sapro-
noses // Pest-management. 2024. No. 1. P. 10–19.

18.	 Boyle A., Timoney J., Newton  J. Streptococcus 
equi Infections in Horses: Guideline s for Treat-
ment, Control, and Prevention of Strangles-Re-
vised Consensus Statement // Journal of Vete- 
rinary Internal Medicine. 2018. Vol.  32. Is.  2. 
P. 611–878. DOI: 10.1111/JVIM.15043.

19.	 Rendle D., de Brauwere V., Gayle-Hallowell G. 
Streptococcus equi infections: current best prac-
tice in the diagnosis and management of ‘stran-
gles’ // UK-Vet Equine. 2021. Vol. 5 (2). P. 3–15. 
DOI: 10.12968/ukve.2021.5.2.S.3.

20.	 Ssekitoleko J., Ojok L., Abd El Wahed  A. My-
cobacterium avium subsp. paratuberculosis 
Virulence // A Review. Microorganisms. 2021. 
Vol.  9. P.  2623. DOI: 10.3390/ microorga- 
nisms9122623.

21.	 Bastida F., Juste R. Paratuberculosis control: 
a review with a focus on vaccination Paratu-
berculosis control: a review with a focus on 
vaccination // Journal of  Immune  Based  The- 
rapies and  Vaccines. 2011. Vol.  9. P.  8.   DOI: 
10.1186/1476-8518-9-8.

22.	 Ezanno P., Arnoux S., Joly  A. Rewiring cattle 
trade movements helps to control bovine paratu-
berculosis at a regional scale // Preventive Vete- 
rinary Medicine. 2022. Vol. 198. P. 105529. DOI: 
10.1016/j.prevetmed.2021.105529.

23.	 Lawson P., Citron D., Tyrrell K. Reclassification 
of Clostridium difficile as Clostridioides difficile 
(Hall and O'Toole 1935) Prévot 1938 // Anae-
robe. 2016. Vol.  40. P.  95–99. DOI: 10.1016/j.
anaerobe.2016.06.008.

24.	 Kuehne S., Cartman S., Heap J. The role of toxin 
A and toxin B in Clostridium difficile infection // 
Nature. 2010. Vol.  467. N  7316. P.  711–713. 
DOI: 10.1038/nature09397.

25.	 Макаров В.В. Инфекции как эмерджентная 
угроза биологическим популяциям и видам // 
Пест-менеджмент. 2022. № 4. С. 5–17.

26.	 Lombard M., Pastoret P., Moulin A. A brief his-
tory of vaccines and vaccination // Rev. sci. tech. 
Off. int. Epiz. 2007. Vol. 26 (1). P. 29–48.

REFERENCES  

1.	 Makarov V.V. Factor diseases. Rossijskij vete- 
rinarnyj zhurnal = Russian Veterinary Journal, 
2017, no. 4, pp. 22–27. (In Russian).



68 Siberian Herald of Agricultural Science • 2025 • 55 • 5

Etio-pathogenetic “mysteries” of factor pathology  
(to the 50th anniversary of S.I. Dzhupina's priority concept  
of factor diseases)

Makarov V.V., Stekolnikov A.A., Donchenko A.S., Sochnev V.V.

Zootechnics and veterinary medicine

2.	 Dzhupina S.I. Epizootic process and its control in 
factor-based infectious diseases. Moscow: Pub-
lishing House of Peoples' Friendship University of 
Russia, 2002, p. 212. (In Russian).

3.	 Makarov V.V. Belyakov's theory of self-regu-
lation of parasitic systems is a paradigm in the 
doctrine of the epidemic process Veterinarnaya 
patologiya = Russian Journal of Veterinary Pa-
thology, 2004, no. 10, pp. 10–13. (In Russian).

4.	 Makarov V.V. Evolution of epizootology. Mos-
cow, Publishing House of Peoples' Friendship 
University of Russia, 2022, 118 p. (In Russian).

5.	 Greiser-Wilke I., Grummer B., Moennig V. Bo-
vine viral diarrhoea eradication and control pro-
grammers in Europe. Biologicals, 2003, vol. 31, 
is. 2,  pp. 113–118. DOI: 10.1016/S1045-1056(03) 
00025-3.

6.	 Grooms L., Bartlett B., Bolin S. Review of the 
Michigan Upper Peninsula Bovine Viral Diar-
rhea Virus Eradication Project. JAVMA, 2024, 
vol. 243, is. 4. DOI: 10.2460/javma.243.4.548.

7.	 Houe H., Lindberg A., Moennig  V. Test Stra- 
tegies in Bovine Viral Diarrhea Virus Con-
trol and Eradication Campaigns in Europe. 
Journal of Veterinary Diagnostic Investiga-
tion, 2006, vol.  18  (5), pp.  427–436. DOI: 
10.1177/104063870601800501.

8.	 Van Campen H. Epidemiology and control of 
BVD in the U.S. Veterinary Microbiology, 2010, 
vol. 21, no. 142 (1-2), pp. 94–98. DOI: 10.1016/j.
vetmic.2009.09.049. 

9.	 Iscaro  C., Cambiotti  V., Petrini  S. Control 
programs for infectious bovine rhinotra-
cheitis (IBR) in European countries: an over-
view. Animal Health Research Reviews, 2021, 
vol.  22, is.  2, pp.  136–146. DOI: 10.1017/
s1466252321000116.

10.	 Dirke K. 11 Happy cows? Unravelling con-
texts of Swedish farmed animals. In book: 
Animal Industries, 2024, pp.  213–228. DOI: 
10.1515/9783110787337-015.

11.	 Tadepallia S.,  Narayanan S., Stewart  G. Vete- 
rinary anaerobes and diseases Fusobacterium 
necrophorum: A ruminal bacterium that invades 
liver to cause abscesses in cattle. Anaerobe, 
2009, vol. 15, is. 1-2, pp. 36–43. DOI: 10.1016/j.
anaerobe.2008.05.005.

12.	 Plaizier J., Mulligan F., Nevill  E. Invited re-
view: Effect of subacute ruminal acidosis on gut 

health of dairy cows. Journal of Dairy Science, 
2022, vol.  105, pp.  7141–7160. DOI: 10.3168/
jds.2022-21960.

13.	 Dzhupina S.I. Features of control over the epizoo- 
tic process of necrobacteriosis in cattle. Veterinary 
pathology, 2016, no. 2, pp. 5–13. (In Russian).

14. 	Samolovov A.A. Classification and mechanism 
of pathogenesis of hoof diseases in dairy cat-
tle. Innovations and food security, 2018, no. 3, 
pp. 166–172. (In Russian).

15.	 Dzhupina S.I. Response to opponents on the 
problem of necrobacteriosis in cattle. Veterinary 
science, 2006, no. 12, pp. 6–9. (In Russian).

16.	 Samolovov A.A., Lopatin S.V. Theory and prac-
tice of vaccination against necrobacteriosis in 
dairy cattle. Innovations and food security, 2017, 
no.  1, pp.  28–34. DOI: 10.31677/2311-0651-
2017-0-1-28-34. 

17.	 Makarov V.V. Pathogenic saprophytes and sapro-
noses. Pest-management, 2024, no. 1, pp. 10–19. 

18.	 Boyle A., Timoney J., Newton J. Streptococcus 
equi Infections in Horses: Guideline s for Treat-
ment, Control, and Prevention of Strangles-Re-
vised Consensus Statement. Journal of Vete- 
rinary Internal Medicine, 2018, vol.  32, is.  2, 
pp. 611–878. DOI: 10.1111/JVIM.15043.

19.	 Rendle D., de Brauwere V., Gayle-Hallowell G. 
Streptococcus equi infections: current best prac-
tice in the diagnosis and management of ‘stran-
gles’. UK-Vet Equine, 2021, vol. 5 (2), pp. 3–15. 
DOI: 10.12968/ukve.2021.5.2.S.3.

20.	 Ssekitoleko J., Ojok L., Abd El Wahed A. My-
cobacterium avium subsp. paratuberculosis 
Virulence. A Review. Microorganisms, 2021, 
vol.  9, p.  2623. DOI: 10.3390/ microorga- 
nisms9122623.

21.	 Bastida F., Juste  R. Paratuberculosis control: a 
review with a focus on vaccination Paratuber-
culosis control: a review with a focus on vacci-
nation. Journal of Immune Based Therapies and 
Vaccines, 2011, vol. 9, p. 8.  DOI: 10.1186/1476-
8518-9-8.

22.	 Ezanno P., Arnoux S., Joly A. Rewiring cattle 
trade movements helps to control bovine paratu-
berculosis at a regional scale. Preventive Veteri-
nary Medicine, 2022, vol. 198, p. 105529. DOI: 
10.1016/j.prevetmed.2021.105529.

23.	 Lawson P., Citron D., Tyrrell K. Reclassification 
of Clostridium difficile as Clostridioides difficile 



69Сибирский вестник сельскохозяйственной наyки • 2025 • 55 • 5

Этио-патогенетические «загадки» факторной патологии  
(к 50-летию приоритетной концепции факторных болезней  
С.И. Джупины)

Макаров В.В., Стекольников А.А., Донченко А.С., Сочнев В.В. 

Зоотехния и ветеринария

(Hall and O'Toole 1935) Prévot 1938. Anaerobe, 
2016, vol. 40, pp. 95–99. DOI: 10.1016/j.anae-
robe.2016.06.008.

24.	 Kuehne S., Cartman S., Heap J. The role of toxin 
A and toxin B in Clostridium difficile infection. 
Nature, 2010, vol. 467, no. 7316, pp. 711–713. 
DOI: 10.1038/nature09397.

25.	 Makarov V.V. Infections as an emergent 
threat to biological populations and species. 
Pest-menedzhment = Pest Management, 2022, 
no. 4, pp. 5–17. (In Russian).

26.	 Lombard M., Pastoret P., Moulin A. A brief his-
tory of vaccines and vaccination. Rev. sci. tech. 
Off. int. Epiz, 2007, vol. 26 (1), pp. 29–48.

ИНФОРМАЦИЯ ОБ АВТОРАХ

Макаров В.В., старший преподаватель, 
доктор биологических наук, профессор; SPIN-код 
4905-4705; адрес для переписки: Россия, 29344, 
Москва, ул. Летчика Бабушкина, 20; e-mail: vvm-
39@mail.ru

Стекольников А.А., профессор кафедры, ака-
демик РАН, доктор ветеринарных наук, профес-
сор; SPIN-код 7509-9171 

Донченко А.С., руководитель ИЭВСиДВ 
СФНЦА РАН, академик РАН, доктор ветеринар-
ных наук, профессор; SPIN-код 3918-5688

Сочнев В.В., профессор кафедры, член-кор-
респондент РАН, доктор ветеринарных наук, про-
фессор; SPIN-код 5499-9674 

AUTHOR INFORMATION 

Vladimir V. Makarov, Senior Lecturer, 
Doctor of Science in Biology, Professor; SPIN-code 
4905-4705; address: 20, Letchika Babushkina St., 
Moscow, 129344, Russia; e-mail: vvm-39@mail.ru

Anatoly A. Stekolnikov, Chair Professor, Doctor 
of Science in Veterinary Medicine, Professor, Acade-
mician RAS; SPIN-code 7509-9171

Alexandr S. Donchenko, Head of the IEVSSFE 
SFSCA RAS, Academician RAS, Doctor of Science 
in Veterinary Medicine, Professor , SPIN-code 3918-
5688

Vasily V. Sochnev, Chair Professor, Correspond-
ing Member RAS, Doctor of Science in Veterinary 
Medicine, Professor; SPIN-code 5499-9674

Дата поступления статьи / Received by the editors 27.02.2025 
Дата принятия к публикации / Accepted for publication 19.03.2025 

Дата публикации / Published 16.06.2025



70 Siberian Herald of Agricultural Science • 2025 • 55 • 5 Zootechnics and veterinary medicine

Качество говядины мясных пород крупного рогатого скота, 
районированных в Сибири 
Солошенко В.А.1, Бабаков В.Ю.1, Храмцова И.А.1, Инербаева А.Т.1,  
Бейфорт П.Я.2, Плешаков В.А.3, Адушинов Д.С.4, Третьяков А.М.1
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В статье дана историческая справка о зарождении специализированного мясного скотовод-

ства в России, в частности приводятся результаты мировых лидеров по формированию отрасли, 
состоянию и перспективах развития мясного скотоводства по регионам РФ, породный состав 
скота мясного направления в Сибири. Материал содержит данные по численности и биоло-
гическим особенностям каждой мясной породы крупного рогатого скота: абердин-ангусской, 
герефордской, казахской белоголовой и черно-пестрой. Породы разводятся в регионе и форми-
руют основной объем производимой в регионе говядины. Представлены фото быков мясных 
пород крупного рогатого скота. Обсуждены результаты, полученные учеными из Оренбургской 
области, Ставропольского края, Московской области, Горного Алтая и Новосибирской области. 
В зависимости от регионов разведения, контрастно различающихся по рельефу, климату, кор-
мовым условиям, оценены новые варианты сочетаний сибирских типов герефордов с канад-
скими, финскими, американскими экотипами, в которых использовались эмбрионы, племенные 
животные или их семя. Новые гибридные сочетания существенно отличаются друг от друга. 
Несмотря на имеющиеся исследования научных учреждений, прослеживается недостаточная 
изученность вопроса в области качества говядины, в частности его взаимосвязи с жирнокислот-
ным составом и другими факторами, определяющими вкусовые качества этого ценного продук-
та питания. Нами представлены данные по живой массе и среднесуточному приросту подопыт-
ных животных четырех пород: черно-пестрой, абердин-ангусской, герефордской и казахской 
белоголовой, у которых в дальнейшем будет исследован биохимический и жирнокислотный 
состав мяса. Также будет проведена органолептическая оценка вареного мяса и бульона. 

Ключевые слова: мясной скот, порода, живая масса, жирные кислоты
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characteristics of each beef breed of cattle: Aberdeen Angus, Hereford, Kazakh white-headed and 
Black-and-White breeds. The breeds are raised in the region and form the bulk of the beef produced in 
the region. Photos of the bulls of meat breeds of cattle are presented. The results obtained by the sci-
entists from the Orenburg Region, Stavropol Territory, Moscow Region, Gorny Altai and Novosibirsk 
regions are discussed. Depending on the breeding regions, which differ in contrast in relief, climate, 
and feeding conditions, new combinations of Siberian Hereford types with Canadian, Finnish, and 
American ecotypes using embryos, breeding animals, or their seeds were evaluated. The new hybrid 
combinations differ significantly from each other. Despite the available research by scientific institu-
tions, there is a lack of understanding of the issue of beef quality, in particular its relationship with 
the fatty acid composition and other factors that determine the taste of this valuable food product. We 
present data on the live weight and average daily gain of experimental animals of four breeds: Black-
and–White, Aberdeen-Angus, Hereford and Kazakh white-headed, in which the biochemical and fatty 
acid composition of meat will be further studied. An organoleptic evaluation of boiled meat and broth 
will also be carried out. 
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INTRODUCTION

The origin of specialized beef cattle breed-
ing as a distinct branch of animal husbandry is 
difficult to pinpoint. The oldest breeds—Here-
ford and Aberdeen Angus, which pioneered the 
production of "marbled" beef using a special 
technology—turned 150 years old at the begin-
ning of the 21st century. The sites of their origin 
and successful development are Great Britain, 
Canada, Australia, and Uruguay. The first mass 
import of the Hereford cattle to the USSR took 
place in 1928–1932 from Great Britain (612 
heads) and Uruguay (895 heads), and the second 
in 1963–1965 from Great Britain and Canada. 
The first batch of beef cattle was distributed in 
the steppe region of the southern USSR and the 
Volga region, the second in the Urals and Siberia 
[1, 2]. The breeding of beef cattle was initially 
aimed at producing early-maturing, compact an-
imals that fatten quickly on pastures, with a daily 
growth rate of 800–900 g. By 13–15 months of 
age, commercial young animals were ready for 

slaughter. Beef cattle breeding in Siberia began 
with compact Herefords, characterized by high 
adaptability to pasture management and excel-
lent maternal qualities (see Fig. 1).

Increased demand for leaner beef, driven by 
changing lifestyles, led to a shift in beef cattle 
breeding toward a more vigorous type with a 
daily growth rate of 1,000–1,200 g. This result-
ed in the creation of the "Sonsky" Hereford type, 
followed by the "Sadovsky" type. These differed 

Рис. 1. Фото быка герефордской породы ком-
пактного типа
Fig. 1. Photo of a compact Hereford bull
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from the previous imported Herefords in their 
polled nature, even greater daily growth rate of 
1,100–1,300 g, and a calm disposition (see Fig. 
2) [3].

New Hereford breeds required changes in 
feeding and management practices, as average 
daily gains reached 1,200–1,300 g per day, with 
periods reaching 1,500 g, which was impossible 
to achieve with pasture feed alone. Newborn 
calves were nursed with their mothers in hold-
ing pens or pastures until they were 6–7 months 
old, after which they were reared and finished in 
feedlots.

Following the change in energy prices in Rus-
sia, breeding efforts to create new meat breeds 
and types continued for some time. This resulted 
in the development of the Kazakh white-headed 
breed, the “Andrianovsky” type in the Hereford 
breed, and the “Bagansky” beef type in the Sim-
mental breed [3].

In order to realize the productive potential of 
new breeds and types, projects were developed 
for inexpensive feedlots with free-range housing 
of young animals on deep, permanent litter in 
light-type buildings, which have become wide-
spread in Siberia (see Fig. 3).

At the same time, 61 industrial fattening 
complexes using Italian technology were built 
in many regions of the USSR. They utilized 
confinement and a single-feed system (con-
centrate-silage ratio 65:35) with a capacity of 
10,000-12,000 head at a time. Over the course of 

several years of operation, it became clear that 
raising young animals without active exercise 
and sunlight on mono-rations led to metabolic 
disorders and low-quality beef. The products 
proved to be of little demand, and as a result, all 
of the facilities were closed. Thus, the question 
of livestock product quality and its relationship 
with the environment has suddenly arisen, yet 
our understanding of the decisive role of breed 
in determining meat quality remains incomplete. 
While the number of exploratory scientific pa-
pers on the relationship between livestock qual-
ity and feeding conditions, housing, breed com-
patibility, and other environmental factors has 
increased significantly abroad over the past two 
decades, this area of ​​research is only just begin-
ning in Russia. Despite government programs 
and decrees to increase the number of special-
ized beef cattle by 2.8-3.0 times, they have not 
been implemented (with the exception of the 
“Miratorg” company). [4].

Japan has made significant progress in beef 
quality management, creating one of the best 
breeds, Vagyu, recognized as the standard for 
meat “marbling” (see Fig. 4).

In order to increase the tenderness of the meat 
and its taste, castrated bulls were placed in dark-
ened rooms during the final fattening period, 
were played calm classical music, were given 
massages, and were given beer or red wine to 
drink [5].

Рис. 3. Фото откормочной площадки для молодняка
Fig. 3. Photo of a feedlot for young animals

Рис. 2. Фото высокорослого растянутого типа 
герефордов
Fig. 2. Photo of a tall, stretched Hereford
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Depending on consumer demand, three types 
of fattening have emerged: grass-fed, grain-fed, 
and combined. Grass-fed castrated beef is char-
acterized by a rich flavor, grain-fed beef is distin-
guished by tenderness, and combined fattening 
combines both qualities, but to a lesser degree. 
Thanks to the superior taste of "marbled" beef, 
the number of beef cattle has increased sharply 
in a number of countries (France, Uruguay, Aus-
tralia, the USA, Canada), surpassing the number 
of dairy cattle [6].

Russia began producing beef cattle in the 
1960s and 1970s. Beef was obtained primarily 
from over-replacement or culled dairy cattle. 
Significant structural changes occurred in the 
Russian agro-industrial complex: the cattle pop-
ulation declined, their productive longevity de-
creased, and consequently, livestock production 
fell. To adequately feed the population, Russia 
needs to produce 4.67 million tons of beef an-
nually from its own resources to ensure food 
independence. The problem of sufficient and 
rational utilization of meat production exists in 
all countries with developed beef cattle farming, 
regardless of ownership structure or economic 
system. One of the key factors in increasing the 
volume and efficiency of meat and meat product 
production is the comprehensive improvement 
of production technology and product quality, 
and beef cattle farming is becoming a more im-
portant branch of animal husbandry. The share 
of specialized beef and crossbred cattle amount-
ed to 16% in the structure of cattle production 

for slaughter in the farms of all categories in the 
Russian Federation. In the livestock industry as 
a whole, over the past 12 years, the share of spe-
cialized beef and crossbred cattle has increased 
by 11.3 times compared to the 2005 level [6].

Several beef cattle breeds are bred in West-
ern Siberia, each with its own characteristics and 
advantages. The Aberdeen Angus is one of the 
most popular beef breeds in the world, distin-
guished by its early maturity and excellent meat 
quality. Its meat is considered one of the most 
delicious and tender. Its drawbacks include its 
demanding housing and feeding conditions, and 
its increased aggressiveness [7–9].

The Hereford breed is distinguished by its 
good endurance and adaptability to various cli-
matic conditions. Herefords produce high-qual-
ity, marbled meat, prized for its tenderness and 
flavor. However, they are not as precocious as 
Aberdeen Angus cattle. This breed is the most 
numerous of the imported specialized meat 
breeds bred in Siberia. Over the 62 years of 
purebred Hereford breeding, Siberia has estab-
lished its own breeding base, stud farms, and 
reproduction facilities, where champions and re-
cord-breakers of the breed have been produced. 
Three breeding lines (Mayer-Verne, Shalun, and 
Yarlyk) and three breeding types (“Sonsky”, 
“Sadovsky”, and “Andrianovsky”) are officially 
registered [10–15].

New hybrid combinations of Siberian Here-
ford types with Canadian, Finnish, and Ameri-
can ecotypes were evaluated, using embryos, 
breeding animals, or their semen, depending 
on breeding regions with contrasting topogra-
phy, climate, and feeding conditions. These new 
hybrid combinations differ significantly from 
each other. Of particular interest are crosses 
of Siberian Herefords with the meat-type Sim-
mental breed, which boasts high growth rates of 
1,400–1,600 g per day, reaching 2,000 g during 
finishing in fixed feedlots. The Gorno-Altai and 
Buryat ecotypes are well-adapted: the former 
to mountain pastures, the latter to year-round 
steppe pastures. It is believed that all of these 

Рис. 4. Фото быка породы Vagyu
Fig. 4. Photo of a Vagyu breed bull
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Siberian Hereford ecotypes differ in beef taste, 
and their genetic determination will help provide 
vast regions of Siberia with domestic breeding 
stock of Hereford cattle adapted to local condi-
tions [16–19].

The Kazakh white-headed breed was devel-
oped in Kazakhstan specifically for breeding 
in the arid, continental steppe climate. Kazakh 
white-headed bulls and cows are distinguished 
by their hardiness and good meat production 
[20–25]. However, their meat can be slightly 
tougher than that of other breeds (see Fig. 5). 

Each of these breeds has its own advantag-
es and disadvantages, which must be taken into 
account when choosing one for breeding in Si-
beria.

Beef is one of the finest natural animal prod-
ucts in the world, and "marbled" beef is a source 
of vitamin B12 and easily digestible iron, im-
proves metabolism in human nerve tissue, and 
normalizes lipid metabolism. "Marbled" beef 
contains choline, which has membrane-protec-
tive, anti-sclerotic, and calming properties. With 
increasing demand for beef, the issue of meat 
quality is becoming increasingly important. 
The most sought after "marbled" meat, sold in 
restaurants and supermarkets, costs 800-1300 
rubles per kilogram and is imported primarily 
from abroad (Australia, the United States). In 
Russia, this type of meat is not yet produced on 
a large scale, as domestic breeding efforts have 
not been focused on producing meat with such 

qualities, but research is nonetheless underway.
The biological value of meat depends not 

only on its protein content but also on the ratio 
of essential and non-essential amino acids. The 
nutritional value of muscle tissue lipids, which 
determine the structure of meat, its marbling, and 
many organoleptic characteristics, is a source of 
highly beneficial fatty acids, the composition of 
which also depends on the type of feeding.

The purpose of the study is a comparative 
analysis of the quality of beef in regionalized Si-
berian breeds of beef and dairy cattle.

MATERIAL AND METHODS 

The subjects of the study are the most com-
mon beef and dairy cattle breeds in Siberia: Ab-
erdeen Angus, Hereford, Kazakh white-headed 
and Black-and-White. The studies are conduct-
ed on the animals of various beef cattle breeds 
from the “VIRT” stud farm. Four groups of an-
imals were formed for the study, each consist-
ing of 8–10 animals, based on the same age, live 
weight, and physiological condition. Statistical 
data processing was performed using Snedecor 
software, and the reliability of the results was 
determined using the Student's t-test.

The research methods are comparative anal-
ysis of qualitative and quantitative indicators of 
beef of different breeds obtained under the same 
feeding and housing conditions: physiological, 
biochemical, organoleptic.

RESULTS AND DISCUSSION 

Providing our country's population with meat 
and meat products through domestic production, 
as well as overcoming dependence on imported 
supplies, are the main priorities of our country's 
agro-industrial complex. At the current stage 
(1990–2025), various Russian livestock research 
institutes conducted research on the raising and 
fattening of cattle using various feeds and addi-
tives.

Currently, the state and prospects for the de-
velopment of beef cattle breeding in the Rus-
sian Federation are described: monitoring of 

Рис. 5. Фото быка казахской белоголовой породы
Fig. 5. Photo of a Kazakh white-headed bull
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the number of livestock, breed composition 
and productivity of cattle in all categories of 
farms was carried out, the scale and volume of 
appraisals for 2010-2018 were studied. A total 
of 15 breeds and types of beef cattle bred in 57 
regions of the Russian Federation were identi-
fied, the most common were Aberdeen Angus 
(417,545 heads), Kalmyk (137,262 heads), Her-
eford (87,278 heads) and Kazakh white-headed 
(52,563 heads). The breeding base of beef cattle 
breeding in the country is represented by 270 
breeding herds, including 46 breeding plants and 
224 pedigree breeding unit1, 2 [6].

A comparative assessment of the slaughter 
qualities and meat productivity of various gen-
otypes of the Kazakh white-headed cattle was 
conducted. The genetic characteristics of the 
breeding bulls were determined, the slaughter 
qualities of young bulls at various ages were 
studied, carcass quality was assessed, the mor-
phological composition of the anatomical parts 
of the carcass halves was analyzed, and the qual-
ity parameters of the longissimus dorsi muscle 
were examined. High-yielding linear breeding 
bulls with beneficial genes controlling meat pro-
ductivity and beef quality in beef cattle were 
identified, which will contribute to increased 
production of "marbled" beef [21].

In the Stavropol Territory, where the Ka-
zakh white-headed breed is bred and selected, 
a comprehensive assessment has been made. It 
possesses highly adaptable properties, inherit-
ing meat qualities from the Hereford breed, and 
inheriting resistance to infectious diseases from 
the Kalmyk breed, as well as the ability to with-
stand both summer heat and winds, and winter 
frosts and snowstorms [22].

In the Altai Republic, the history of the cre-
ation of specialized beef cattle breeding was 
studied, where Kazakh white-headed animals 
(59.2%) and Galloway (11.8%), Simmental 

dairy and meat productivity in almost all zones, 
as well as Hereford (17.4%) and Aberdeen An-
gus (1.4%), Gray Ukrainian (1.4%) breeds are 
bred in the zones where grain farms are devel-
oped and forage production is established [16].

Scientists studied the nutritional value, chem-
ical composition, amino acid, and fatty acid 
composition of muscle tissue in grain-fed and 
conventionally fed Aberdeen Angus cattle. The 
results showed that the total amino acid content 
in grain-fed beef was 23.4% lower than in con-
ventionally fed beef, and the total PUFA (polyun-
saturated fatty acid) content was 2.8 times lower 
than in conventionally fed beef. Fat increased 
5.0-fold, and protein decreased 23.5% in grain-
fed beef. Concentrated feeding is recommended 
for optimal protein and fat balance [26, 27].

In the Orenburg region, the meat productivi-
ty of Hereford bulls was assessed. The morpho-
logical composition of carcasses, the chemical 
composition of the average meat sample (ground 
meat), the nutrient and energy content of the test 
animals' carcasses, and the chemical composi-
tion of the longissimus dorsi muscle were ana-
lyzed [18].

The value of beef cattle meat lies in its low-
er content of incomplete proteins than that of 
dairy and mixed breeds. The relative amount 
of incomplete proteins increases with age. The 
meat of older cattle, especially stud bulls, is 
stringy, difficult to cook and chew, making it 
primarily used for canned goods and sausages. 
Complete proteins in beef meat are particular-
ly valuable for human nutrition. They contain 
amino acids such as arginine, histidine, lysine, 
leucine, isoleucine, methionine, phenylalanine, 
and tryptophan. The latter plays a vital role in 
metabolism. When tryptophan is consumed, the 
human body produces biologically active sub-
stances that promote the activation of the ner-
vous system. Therefore, the need for tryptophan 

1Yearbook on breeding work in beef cattle breeding on farms of the Russian Federation (2022). Moscow: Publishing House of 
the FSBSI All-Russian Research Institute of Breeding, 2023, 218 p.

2Shichkin G.I., Tyapugin S.E., Amerhanov Kh.A., Dunin I.M., Myshkina M.S., Gerasimova E.V., Semenova N.V., Tyapugin E.E., 
Danyuk I.V. The state of beef cattle breeding in the Russian Federation // Yearbook on breeding work in beef cattle breeding on farms 
of the Russian Federation (2021), Lesnye Polyany, 2022, pp. 3–16.
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increases with technological progress, which in-
creases nervous tension in humans, and should 
be satisfied primarily by consuming the required 
amount of high-quality beef [28].

The biological value of meat is determined 
by its content of the essential amino acid trypto-
phan and the less valuable amino acid hydroxy-
proline. Their ratio characterizes protein quality. 
The SFSCA RAS scientists are currently study-
ing the productive potential of Siberian Hereford 
cattle of various ecogenesis. The development 
of a new intrabreed type is being carried out 
through the targeted use of a range of breeding 
techniques to enhance the breeding and pro-
ductive qualities of cattle and improve feeding 
for all age and sex groups. As a result, the vast 
majority of elite animal herds meet the require-
ments of the highest grading classes. According 
to generally accepted methods of research in-
stitutions (the All-Russian Research Institute of 
Animal Husbandry, the All-Russian Research 
Institute of the Meat Industry, the Siberian Re-
search and Design and Technological Institute 
of Animal Husbandry (1965, 1968, 1977, 1990)) 
the meat qualities of young bulls are studied, the 
removable and pre-slaughter weight, the weight 
of the hot and chilled carcass, the morphological 
and varietal composition of the carcass, and its 
fat content are determined [29].

The “Mogoytuysky” variety of the Kazakh 
white-headed breed was developed in 2009 
for extended grazing in the steppe zone of the 
Trans-Baikal Territory. The “Bagansky” beef 
variety of the Simmental cattle was registered 
in 2013 and is designed for intensive fattening, 
providing 1,100–1,400 g of growth energy per 
day, producing lean meat, and is resistant to the 
extreme conditions of Siberia. A new variety of 
the Hereford cattle for the arid zone of Siberia, 
the “Andrianovsky” variety, was registered in 
2014 in Khakassia and is suitable for crossbreed-
ing with the Kazakh white-headed cattle. Hybrid 
young animals exhibit excellent adaptability, 
providing 1,200–1,300 g of growth energy per 
day and producing good-quality beef [30].

The above indicates a high level of breeding 
work on individual farms in our region, but not 
across the Siberian Federal District as a whole. 
However, with the increasing demand for beef, 
the issue of meat quality is becoming increasing-
ly important. Meat “marbling” is determined by 
the content of intramuscular fat (IMF – the sum 
of intracellular, intercellular, and interfibrous 
fat components) and primarily characterizes its 
tenderness, flavor, and richness of broth, among 
other qualities. A correlation between IMF and 
the traits such as marbling (0.81) and lean meat 
content (-0.47) has been reported. The heritabili-
ty coefficient of intramuscular fat content is low 
(38–55%), so in European beef cattle breeds, 
coupled with the low variability of this trait, the 
use of traditional breeding methods does not al-
low for significant success.

Due to the urgency of improving beef perfor-
mance in cattle, driven by market demands, the 
need for genetic selection methods to meet high 
meat quality standards is emphasized worldwide. 
There are reports of a high correlation between 
the degree of “marbling” and the percentage 
of intramuscular fat (0.70–0.90). In addition to 
quantity and distribution, the “marbling” assess-
ment includes the pattern of fat inclusions, while 
intramuscular fat is the amount of integrated fat 
in the eye of the muscle.

One of the standard indicators studied in 
specialized beef cattle breeding, characterizing 
the industry's specificity, is meat productivity. 
Breeders working with beef cattle breeds have 
long favored animals with the most pronounced 
meat qualities. Animals with the most developed 
muscles, a rounded, barrel-shaped body, and a 
lower bone content were selected. When assess-
ing meat productivity, slaughter quality is of pri-
mary importance. The highest-quality beef, both 
culinary and nutritional, is obtained primarily 
from young animals, but its quality largely de-
pends on the intensity of their rearing, taking 
into account breed characteristics and the specif-
ics of feeding and housing.

In Russia, the pace of development of the 
beef cattle industry was slow, and only thanks 
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to massive public investment in the purchase of 
breeding and commercial young animals from 
abroad was it possible to produce premium-qual-
ity “marbled” beef at a high price, with produc-
tion located in the western regions of the coun-
try. As a result, “marbled” beef is now available 
not only in Russia's major cities but also in me-
dium-sized towns and villages. Unfortunately, 
Siberia and the Far East, which occupy 66% of 
the Russian Federation's total area and boast vast 
tracts of natural pasture and arable land for feed 
grain production, could produce elite livestock 
products (beef, young horse meat, lamb) from 
local and adapted breeds and types, the semen of 
which is available at the remaining active breed-
ing farms and pedigree breeding units. There is 
confidence that such products will be in demand 
in the international markets of China, India, and 
several other densely populated countries, offer-
ing higher returns than simply trading in medi-
ocre grain.

With fluctuating energy prices, livestock pro-
duction is facing challenges: butter, meat, milk, 
and cheese have become unprofitable. For exam-
ple, the profitability of the beef cattle industry in 
2023 was negative across Russia, and at the best 
farms in Altai, it did not exceed 20%. To address 
this situation, it is advisable to increase the pro-
duction of global brands of livestock products in 
the east of the country.

We were tasked with assessing the quality of 
beef from regionalized beef breeds, comparing 
it to the Black-and-White breed, whose numbers 
reached 1.9 million as of January 1, 2017, and 
which was the main supplier of beef in the coun-
try. Over the following six years, a decline in 
dairy herd numbers was observed, but the global 
trend of replacing dairy cattle with beef cattle 
has not yet been observed in Russia. 

We have provided data on the live weight of 
experimental animals of four breeds at birth, at 
9 months of age when they were put into the 
experiment, and at slaughter at 19 months (see 
Table 1). 

Overall, based on the data in Table 1, live 
weight by 9 months of age increased significant-

ly only in the Hereford breed, and by 19 months 
in all experimental groups compared to the con-
trol group. Only Black-and-White calves were 
significantly heavier at birth, as this is typical of 
Holsteinized dairy cattle breeds. Average daily 
weight gains by period are presented below (see 
Table 2). 

In general, no significant difference was 
found in the average daily gains in all periods 
compared to the 1st experimental group.

CONCLUSION 

Having reviewed and analyzed available sci-
entific and technical information both in Russia 
and abroad, we concluded that the quality char-
acteristics of meat, particularly beef, have not 
been sufficiently studied, as the fatty acid and 
mineral composition presumably has a greater 
impact on taste. In both developed and develop-
ing countries, beef cattle genetics and husband-
ry technologies are constantly being improved, 
new feeding systems are being introduced, and 
their duration and variety are being modified, 
thereby increasing meat production.

All of the above methods for increasing the 
efficiency of animal reproduction and rearing 
can improve the quality of the finished prod-
uct—beef. In our search for a solution to im-
prove meat quality, we selected four cattle 
breeds. A scientific and farm experiment was 
conducted to study the growth dynamics of the 
experimental animals during the final fattening 
period, the amino acid, chemical, and fatty acid 
composition of the meat of the breeds studied 
was analyzed, and an organoleptic evaluation 
will be conducted.

In recent years, scientific literature has report-
ed that the taste of meat, including beef, is deter-
mined by fatty acids. It is hypothesized that the 
organoleptic properties of the finished product 
can be altered, either deteriorating or improving, 
depending on the fatty acid composition. To an-
swer this question, we are conducting extensive 
and in-depth scientific research in this area.
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Влияние растительных лактонов и флавоноидов на структуру 
микрофлоры кишечника и концентрацию жирных кислот  
у крупного рогатого скота
Рязанов В.А., Дускаев Г.К., Курилкина М.Я., Муслюмова Д.М.
Федеральный научный центр биологических систем и агротехнологий  
Российской академии наук 
Оренбург, Россия 

e-mail: K_marina4@mаil.ru
Проведена оценка воздействия растительной композиции полыни горькой 

(Artemisia absinthium) отдельно и в сочетании с хлоридом кобальта (II) в хелатной форме (CoCl2l) 
на изменение таксономического профиля микробиома рубца жвачных в эксперименте in vivo. 
В исследованиях определяли изменение бактериального состава рубцовой жидкости путем 
применения метода секвенирования на приборе MiSeq. Объект исследований – бычки (n = 4) 
казахской белоголовой породы в возрасте 12–13 мес со средней живой массой 336–340 кг. Во 
время исследования животным опытных групп задавали A. absinthium herbal и хлорид кобальта 
(II) (CoCl2l): 1-й опытной группе – A. absinthium в дозе 2,0 г/кг сухого вещества, 2-й опытной – 
A. absinthium в дозе 2,0 г/кг СВ с дополнительным CoCl2l (1,5 мг/кг/СВ), 3-й опытной – только 
CoCl2l (1,5 мг/кг/СВ). Подготовительный период составлял 14 дней, основной – 7 дней. По ис-
течении основного периода для анализа концентраций жирных кислот производили отбор проб 
содержимого рубца через фистулу. Образцы кишечного содержимого отбирали в стерильные 
контейнеры методом ректальной пальпации, для метагеномного секвенирования – в микропро-
бирки типа «Eppendorf» объемом 1,5 мл. Анализ данных показал, что введение A. absinthium и 
хлорида кобальта (II) в форме, наиболее близкой к природной, способно модулировать микроб-
ное сообщество кишечника, влияя на концентрацию и усвоение жирных кислот. Полученные 
результаты указывают на перспективность применения в кормлении крупного рогатого скота 
композиции A. absinthium и CoCl2l с целью естественной альтернативы улучшения систем про-
изводства жвачных животных.

Ключевые слова: крупный рогатый скот, флавоноиды, лактоны, рубец, микробиом, перева-
римость, жирные кислоты

Effect of plant lactones and flavonoids on intestinal microflora structure 
and fatty acid concentration in cattle
Ryazanov V.A., Duskaev G.K., Kurilkina M.Ya., Muslyumova D.M.
Federal Research Center of Biological Systems and Agrotechnologies  
of the Russian Academy of Sciences
Orenburg, Russia 

e-mail: K_marina4@mаil.ru
The effect of plant composition of common wormwood (Artemisia absinthium) alone and in com-

bination with cobalt (II) chloride in chelate form (CoCl2l) on the changes in the taxonomic profile of 
rumen microbiome of ruminants in the in vivo experiment was evaluated. The studies determined the 
changes in the bacterial composition of rumen fluid by using the sequencing method on the MiSeq 
device. The object of the research were young bulls (n=4) of the Kazakh White-headed breed at the 
age of 12–13 months with an average live weight of 336–340 kg. During the study, animals in the 
experimental groups were given Artemisia absinthium herbal (A. absinthium) and cobalt (II) chloride  
(CoCl2l): experimental group I – A. absinthium at a dose of 2.0 g/kg dry matter, experimental group 
II – A. absinthium in dose of 2.0 g/kg DM with additional CoCl2l (1.5 mg/kg/DM), experimental group 
III – only CoCl2l (1.5 mg/kg/DM). The preparatory period lasted for 14 days; the main period was 
7 days. At the end of the baseline period, rumen contents were sampled through a fistula to analyze fat-
ty acid concentrations. Samples of intestinal contents were taken into sterile containers by rectal pal-
pation, and for metagenomic sequencing – into 1.5 ml Eppendorf microtubes. Data analysis showed 
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that administration of A. absinthium and cobalt (II) chloride in the form closest to the natural one was 
able to modulate the intestinal microbial community, affecting the concentration and assimilation of 
fatty acids. The results obtained indicate the potential of using A. absinthium and (CoCl2l) composi-
tions in cattle nutrition as a natural alternative to improve ruminant production systems.
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INTRODUCTION 

Following the ban on antibiotics as growth 
promoting feed additives, plant extracts and seco- 
ndary plant metabolites have been considered as 
alternatives to rumen fermentation management 
to improve animal productivity and reduce envi-
ronmental impacts. Among the secondary plant 
metabolites, polyphenolic compounds such as 
tannins and flavonoids have recently attracted 
interest due to their broad spectrum of biologi-
cal activities [1, 2]. The influence of flavonoids 
on rumen fermentation has not been evaluated in 
detail [3]. In addition, of their great diversity in 
structure (more than 9,000 different compounds 
have been identified), only a small number of 
flavonoid-rich plant extracts or pure compounds 
have been tested so far [4]. Some flavonoids or 
derivatives formed as a result of microbial deg-
radation in the rumen affect its microbial ac-
tivity, causing a decrease in intestinal methane 
production [5–7]. Flavonoids have also been 
shown to be effective in mitigating the effects of 
excessive grain feeding on rumen hydrogen ion 
concentrations [8, 9].

The use of plant materials containing high 
levels of secondary metabolites may serve as an 
alternative to improve animal productivity with-
out compromising food security. The develop-

ment and testing of feed additives in combina-
tion with essential microelements in a form clo- 
sest to natural, associated with amino acids and 
peptides, is considered an excellent alternative 
drug system for the treatment of animals due to 
the increase in therapeutic effect.

This study tested the effect of the medicinal 
plant A. absinthium on the bacterial community 
structure and fatty acid concentrations of intesti-
nal and rumen contents in an in vivo experiment. 
The main active substances responsible for the 
biological activity in this plant are essential 
oil, bitter sesquiterpenoid lactones, flavonoids,  
other bitter compounds, azulenes, phenolic  
acids, tannins and lignans. The testing was  
carried out alone and in combination with co-
balt (II) chloride in the chelated form (CoCl2l) 
closest to the natural one, bound to amino ac-
ids and peptides. This will allow to expand the 
knowledge on the possibility of using this drug 
as a natural alternative for improving ruminant 
production systems [10–12].

The purpose of the study is to study the ef-
fect of additional introduction of wormwood and  
CoCl2l into the diet of cattle on the bacterial 
structure of the intestine, the concentration of fat-
ty acids in the rumen and intestinal contents and 
their digestibility by the body of young cattle.
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MATERIAL AND METHODS 

The study was conducted in 2023 under the 
conditions of the Federal Research Center of 
Biological Systems and Agrotechnologies of 
the Russian Academy of Sciences named af-
ter Professor S.G. Leushin on the basis of the 
Department of Feeding Agricultural Animals 
and Feed Technology. The object of the study 
was 12–13-month-old Kazakh White-Head-
ed bulls (n = 4) with an average live weight of 
336–340 kg. During the study, the animals of the 
experimental groups were given Artemisia ab-
sinthium herbal (A. absinthium) (JSC Krasno-
gorskleksredstva, Krasnogorsk) and cobalt (II) 
chloride in chelated form (CoCl2l) (OOO SIC 
Askont+, Moscow). The animals were implant-
ed with rumen fistulas (ANKOM Technology,  
d = 80 mm) using the method of A.A. Aliyev. 
All efforts were made to minimize harm to them. 
The experiment was conducted in four surfa- 
ces using a 4 × 4 Latin square. The animals' diet 
consisted of 80% roughage (legume hay – 33%, 
mixed grass hay – 47), forage grain (crushed 
barley – 19%), commercial premix used for fat-
tening beef cattle (Ca – 18.0%, Mg – 23.5%, vi-
tamins: A – 0.4 mg, D3 – 5.0, E – 3.4 mg, as 
well as vitamin B complex and microelements). 
Animals had free access to water. The difference 
was that animals of the 1st experimental group 
were additionally given A. absinthium at a dose 
of 2.0 g/kg dry matter (DM), animals of the 2nd 
experimental group were given A. absinthium at 
a dose of 2.0 g/kg DM with additional CoCl2l 
(1.5 mg/kg DM), and animals of the 3rd experi-
mental group were given only CoCl2l (1.5 mg/ kg 
DM).

Average daily consumption of nutrients in the 
diet of bulls based on requirements per 100 kg 
of live weight with a weight gain of 850 g/day, 
g: dry matter – 2920.0 ± 110.0, crude protein – 
510.9 ± 52.3, crude fiber – 2100.0 ± 142.0, crude 
fat – 241.4 ± 15.0, organic matter – 2730.0  ± 
95.0, nitrogen-free extractive substances – 
1570.0 ± 87.0, crude ash – 112.6 ± 22.0.

The preparatory period lasted 14 days, the 
main period – 7 days. After the main period, 
samples of the rumen contents were collect-
ed through the fistula for analysis of fatty acid 

concentrations. Samples of intestinal contents 
were collected in sterile containers by rectal pal-
pation. For metagenomic sequencing, samples 
of intestinal contents were collected in 1.5 ml 
Eppendorf microtubes containing DNA/RNA 
Shield preservative (Zymo Research, USA), 
placed in a thermal container and delivered to 
the laboratory.

Fatty acids determination method 
The fat from the samples was obtained in a 

SER 148 extractor using a solvent (petroleum 
ether, volume 50 ml) with the following program 
parameters: temperature 120 °C, immersion 20 
min, irrigation – 25, drying 20 min. After finish-
ing the work, the extractor was cooled to 100 °C, 
glass cups were placed in a drying cabinet for 1 
hour at a temperature of 105 °C. After the time had 
elapsed, the cups were transferred to a desicca- 
tor until completely cooled, then weighed (dry-
ing was carried out to a constant weight so that 
the difference between the previous weighing 
did not exceed 0.001 g).

2 ml of hexane and 0.1 ml of sodium meth-
ylate were added to a 0.1 g sample of fat, left 
for 5 min, then filtered and 0.1 μl of the hex-
ane layer containing fatty acid methyl esters was 
collected for analysis. The resulting methyl es-
ters were analyzed on a gas chromatograph with 
FID and a ZB-WAX capillary column 60 m × 
0.32 mm × 0.5 μm. The sample was analyzed 
for 50 min at a temperature of 80 to 220 °C. The 
evaporator temperature was 250 °C, the detector 
temperature – 260 °C, the carrier gas flow rate 
(nitrogen) – 25 ml/min, hydrogen – 25, air – 250 
ml/min, the flow split was 1/40. The fatty acid 
separation was identified by comparison with 
a fatty acid mixture from Supelco TM Com-
ponent FAME Mix. The equipment used: CE 
224-C electronic scales, Agilent 7900 ICP-MS 
inductively coupled plasma mass spectrometer, 
Chromatec-Crystal 5000.2 gas chromatograph, 
VM153 laboratory scales.

DNA library preparation  
and high-throughput sequencing

Total DNA was isolated from intestinal con-
tent samples using the FastDNA® SPIN Kit for 
Faeces (MP Biomedicals Inc., Solon, OH, USA) 
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using the Lysing Matrix E. The samples were 
homogenized using a TissueLyser LT (Qiagen, 
Venlo, Netherlands). The homogenization time 
was increased to 5 min compared to the manu- 
facturer's protocol. The quality of the isolated 
DNA was checked by horizontal electrophoresis 
in 1% agarose gel and spectrophotometrically 
using a Nanodrop 8000 (Thermo Fisher Scien-
tific, Waltham, MA, USA). DNA concentration 
was measured using a Qubit 4 Fluorometer (Life 
Technologies, Carlsbad, CA, USA) using the 
dsDNA High Sensitivity Assay Kit.

DNA libraries were prepared according to 
the Illumina protocol (Part #15044223, Rev. B). 
Amplicons of the V3-4 region of the 16S SSU 
rRNA gene were obtained using primers S-D-
Bact-0341-b-S-17 and S-D-Bact-0785-a-A-211. 
The reaction mixture (25 μL) contained 10 ng of 
template; forward and reverse primers, 0.2 μM 
each; 80 μM DNTPs; 0.2 units of Q5 High-Fi-
delity DNA polymerase activity (New England 
Biolabs, Ipswich, MA, USA). DNA libraries 
were purified by solid-phase immobilization on 
paramagnetic particles using Agencourt AMPure 
XP beads (Beckman Coulter, Brea, CA, USA). 
The quality of the libraries was checked by cap-
illary electrophoresis on a Qiaxcel Advanced 
System (Qiagen, Hilden, Germany) using a QI-
Axcel DNA Screening Kit cartridge. Paired-end 
sequencing of amplicon DNA libraries was per-
formed on the Illumina MiSeq platform using 
the MiSeq Reagent Kit v.3 (600-cycle) (Illumi-
na, San Diego, CA, USA).

DNA extraction, preparation of DNA libra- 
ries, sequencing and bioinformatics processing 
were performed at the Center for Collective Use 
“Persistence of Microorganisms” of the Institute 
for Cellular and Intracellular Symbiosis of the 
Ural Branch of the Russian Academy of Scienc-
es (Orenburg, Russia).

Bioinformatic processing  
of the sequencing data

The quality of the original reads was checked 
using the FastQC (V. 0.11.9)2 program. Adapters 
were trimmed using the cutadapt 1.9.13 program. 
After removing the adapters, the reads were 
re-processed using the FastQC (V. 0.11.9) pro-
gram to determine the parameters for subsequent 
processing. All subsequent processing steps 
were performed by the USEARCH V. 11.0.667 
program using the UPARSE algorithm (Edgar, 
2013). Merging of left and right reads was per-
formed using the -fastq_mergepairs command. 
The following parameters were used for this: 
-fastq_maxdiffs 10, -fastq_pctid 80. Filtering 
was performed using the -fastq_filter command 
with the parameters -fastq_maxee 1.0 (the maxi-
mum expected reading error does not exceed 1 
in 100 nucleotides), -fastq_minlen 400 (the min-
imum sequence length is 400 bp). The filtered 
reads were dereplicated using the -fastx_uniques 
command to determine the unique sequences 
and their number. Clustering and removal of chi-
meric sequences according to the UPARSE al-
gorithm were performed using the -cluster_otus 
command, operational taxonomic units (OTUs) 
were obtained at a similarity level of 97%. To 
determine the representation of certain OTUs in 
the samples, a global alignment was performed 
using the -usearch_global command. The taxo-
nomic identification of the obtained OTUs was 
determined using the RDP database (release 
11.6) (Kerkhof et al. 2022). For OTUs with low 
support, identification according to the specified 
database was performed in the NCBI database 
using the BLAST4 program. Singletons and 
doubletons (sequences occurring once or twice) 
were removed from further analysis.

1Klindworth A., Pruesse E., Schweer T., Peplies J., Quast C., Horn M., Glockner F.O. Evaluation of general 16S ribosomal RNA 
gene PCR primers for classical and next-generation sequencing-based diversity studies // Nucleic Acids Res., 2013, vol. 41, N 1, 
p. e1. DOI: 10.1093/nar/gks808.

2https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
3Martin M. Cutadapt removes adapter sequences from high-throughput sequencing reads // EMBnet.journal, 2011, vol. 17, N 1, 

pp. 10–12. DOI: 10.14806/ej.17.1.200.
4https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Statistical analysis
The sequencing results were processed  

using the Microsoft Excel 16 data analysis pack-
age and Microsoft Office software (USA). Nu- 
merical data were processed using the SPSS Sta-
tistics 20 program (IBM, USA). The mean (M), 
standard deviations (±σ), and standard deviation 
errors (±SE) were calculated. A nonparametric 
analysis method was used to compare the vari-
ants. Differences were considered statistically 
significant at p ≤ 0.05; 0.01; 0.001. Recommen-
dations were used [13] for calculating the main 
Shannon (H), Simpson (D) biodiversity indices, 
the Pielou evenness index (E) in the PAST 4.03 
program, and the community and distance indi-
ces using the PRIMER 6 software. The graphic 
material was built on the RAWGraphs 2.0 open-
source data visualization platform5.

RESULTS AND DISCUSSION 

Results of calculations of α-biodiversity indices 
for the intestinal microbiome

Based on the results of next-generation se-
quencing (NGS) of the intestinal contents of the 
experimental animals, the indices of α-diversity 
were calculated. Comparing the Shannon index 

and the Simpson index by groups, it was found 
that their values changed depending on the feed 
additive used. During the calculations, large  
values were obtained for the number of species 
in the experimental groups. Reliable differenc-
es were found for the 1st experimental group in 
relation to the control. The Shannon biodiversi-
ty index was 16.7% higher than in the control 
group, the Student's criterion was t = 3.8 at a sig-
nificance level of p = 0.00015, which indicates a 
difference in the indices of these groups. A simi- 
lar picture was for the Simpson index (direct) 
between the control and the 1st experimental 
group: the Student's criterion was t = –3.7 at the 
significance level of p = 0.00 016, which also in-
dicates a high statistical difference between the 
indices. A reliable significance of differences in 
the Shannon and Simpson biodiversity indices 
was established in the 3rd experimental group 
in relation to the control. The Shannon biodi-
versity index was higher by 0.5%, the Student's 
criterion was t = 4.9 at the significance level of  
p = 8.2052E-07, the Simpson biodiversity in-
dex was lower by 6.7%, the Student's criterion  
t = -4.9 at the significance level of p = 6.9029E-
07. A greater diversity of the intestinal bacterial 
community was noted in the 1st–3rd experimen-

5Mauri M., Elli T., Caviglia G., Uboldi G., Azzi M. RAWGraphs: A Visualisation Platform to Create Open Outputs // In: Proceed-
ings of the 12th Biannual Conference on Italian SIGCHI Chapter, 2017, N 28, pp. 1–5. DOI: 10.1145/3125571.3125585.

Индексы α-биоразнообразия бактериального сообщества кишечника крупного рогатого скота  
под влиянием кормовых веществ (n = 4), M ± SE
Indices of α-biodiversity of bacterial community of bovine intestine under the influence of feed substances 
(n = 4), M ± SE

Biodiversity Index
Group

control
experimental

1st 2nd 3rd
Number of species 465 ± 59,8 550,1 ± 82,7* 471,3 ± 64,2 509,4 ± 29,9

Individual microorganisms 10326,0 ± 2504,6 14273,3 ± 4454,9* 10912 ± 2851,5 13955,6 ± 1465,7

Index:
   Simpson (D) 0,015 ± 0,002 0,018 ± 0,001*** 0,020 ± 0,004* 0,014 ± 0,001***

   Shannon (Н) 5,21 ± 0,077 5,28 ± 0,094*** 5,09 ± 0,149 5,24 ± 0,056***

   Pielou (Е) 0,399 ± 0,029 0,363 ± 0,031 0,349 ± 0,013 0,371 ± 0,011

   Chao-1 469,5 ± 60,5 554,9 ± 82,9** 476,0 ± 64,5* 513,8 ± 30,4*

Note. *р ≤ 0,05; **р ≤ 0,01; ***р ≤ 0,001 when compared with the control group; 1st experimental group – A. absinthil;  
2nd experimental – A. absinthil + CoCl2l; 3rd experimental – CoCl2l (cobalt chloride II).
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tal groups. The Chao-1 index had values high-
er than in the control by 15.3% (p ≤ 0.01), 1.4  
(p ≤ 0.01) and 8.7% (p ≤ 0.05), respectively (see 
the table).

Taxonomic structure of the bacterial  
community of the intestine of animals  

when taking feed additives
After metagenomic sequencing of the 16s 

rRNA gene of intestinal content samples, 148,401 
sequences were obtained. These sequences were 
grouped into 5991 OTUs with 97% clustering. 
Metagenomic analysis of intestinal content in ex-
perimental groups 1 and 2 using A. absinthium 
revealed a decrease in the proportion of Akker-
mansia bacteria by 61.7 and 63.0% relative to 
the control group. In experimental group 3 using 
only CoCl2l, on the contrary, the proportion of 
Akkermansia increased by 40.0% relative to the 
control group. The use of only A. absinthium in 
experimental group 1 resulted in a decrease in 
the abundance of Clostridium XlVa bacteria by 
43.3%.

The use of the combination (A. absinthium + 
CoCl2l) in the 2nd experimental group and only 
CoCl2l in the 3rd led to an increase in the propor-
tion of bacteria of the genus unclassified Bacte-
roidales by (7.2–8.3%) and the genus unclassified 
Lachnospiraceae by (15.1–26.9%) (see Fig. 1).

The most similar in structure were the bac-
terial communities in the 1st and 2nd experi-
mental groups, in which A. absinthium was used 
separately and in combination with CoCl2l (see 
Fig. 2). In these groups, the bacteria present in 
a greater proportion were those involved in the 
fermentation and fixation of complex organic 
substances containing nitrogen, as well as those 
producing short-chain fatty acids, including  
acetate and propionate, which ferment complex 
carbohydrates and disaccharides to the final 
product – acetate. In the 3rd experimental group, 
when only CoCl2l was added to the animals' diet, 
the proportion of bacteria capable of effectively 
destroying the cell wall of plants increased. Also, 
the proportion of bacteria capable of improving 
the intestinal mucosa increased in the intestinal 

Рис. 1. Таксономическое обилие наиболее изменяемых родов (≥ 5%) бактерий кишечного содержи-
мого при использовании кормовых добавок. Нижняя ось – доля определенных OTU
Fig. 1. Taxonomic abundance of the most variable genera (≥ 5%) of bacteria in the intestinal contents when 
using feed additives. The lower axis represents the proportion of identified OTUs

genus

control
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а
genus

б
genus

Рис. 2. Анализ бактериального сообщества кишечника: а – иерархический кластерный анализ схожести 
бактериальных сообществ на уровне рода кишечного содержимого по группам; б – анализ PCoA β-разнообра-
зия по индексу Брея-Кертиса; A – контрольная группа; B – 1-я опытная; C – 2-я опытная; D – 3-я опытная
Fig. 2. Intestinal bacterial community analysis: а – hierarchical cluster analysis of the similarity of bacterial com-
munities at the genus level of intestinal contents by groups, б – PCoA analysis of beta diversity using the Bray-Curtis 
index, A – control group, B – experimental group I, C – experimental group II, D – experimental group III 
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contents. In the same group, the proportion of 
bacteria capable of producing free hydrogen also 
decreased (see Fig. 2).

Experimental data (metabolome)  
of liquid chromatography: fatty acid  

composition, composition of liquid and solid 
medium of the rumen and intestinal contents
During the analysis to determine the differ-

ence in the concentrations of fatty acids in the 
rumen chyme and feces in all experimental 
groups, a characteristic change was found for 
linoleic and linolenic acids. In feces, there was 
a tendency for their concentrations to decrease. 
Also, an increase in the content of palmitoleic 
and oleic acids in feces was found in all expe- 
rimental groups, myristic acid was not detected. 
In the 1st experimental group, an increase in the 
concentration of palmitoleic and oleic acids in 
feces by 79.4 and 16.9%, respectively, was re-
liably established with a simultaneous decrease 
in the proportion of palmitic, stearic, linoleic, 
linolenic acids by 0.7; 15.6; 8.5 and 6.3%, re-
spectively. The reliability of these values is con-
firmed by the Fisher's test (F = 5.81 at p = 0.05) 
and the Student's t-test (t = 2.1 at p = 0.05). In 
the 2nd experimental group, the content of pal-
mitic, linoleic, linolenic acids in feces decreased 
by 3.1; 33.0 and 65.5%, respectively (F = 5.81 
at p = 0.05, t = 2.1 at p = 0.05). The content 
of stearic, oleic and palmitoleic acids increased 
significantly by 10.9; 45.5 and 57.6%, respec-
tively. In the 3rd experimental group, a decrease 
in the content of linoleic and linolenic acids in 
feces was noted by 12.7 and 55.5%, respective-
ly. In contrast to the 2nd experimental group, an 
increase in the content of palmitic acid in feces 
by 5.7% and a decrease in stearic acid by 9.8% 
were detected (F = 7.1 at p = 0.05, t = 2.2 at  
p = 0.05) (see Fig. 3).

Results of calculations of the digestibility  
of fatty acids in the body of animals

The conducted studies established that the 
introduction of the experimental feed additives 
into the diet significantly affects the bioava- 
ilability of fatty acids in the body of experimen-
tal animals (see Fig. 4).

Differences in the digestibility of saturat-
ed fatty acids in the organism of experimental  
animals were revealed between the groups. High 
digestibility of stearic acid (C 18:0) was noted in 
all experimental groups, while its lowest value 
was recorded in the control group. Inclusion of 
A. absinthium with additional CoCl2l (2nd ex-
perimental group) in the diet resulted in a signi- 
ficant (2.1%) increase in the digestibility of pal-
mitic acid (C 16:0). A decrease in its digestibility 
was noted only in the 3rd experimental group, 
which received a diet containing CoCl2l (1.5 mg/
kg DM), by 0.6% relative to the control values. 
The digestibility of myristic acid (C 14:0) in the 
organism of experimental animals in animals of 
all studied groups was 100%.

The compared groups differed in the level of 
unsaturated fatty acid digestibility. The inclusion 
of experimental feed additives was accompanied 
by an increase in the digestibility of palmitole-
ic acid (C 16: 1) in all experimental groups by 
6.4–13.3% relative to the control, with a prevail-
ing value in the 2nd experimental group. Anal-
ysis of the digestibility of linoleic (C 18: 2) and  
linolenic (C 18: 3) fatty acids indicated an  
increase in the indicators in the 2nd experimental 
group by 0.9 and 8.9% relative to the control. In 
the 1st and 3rd experimental groups, a decrease 
in the digestibility of linoleic acid was noted by 
6.8 and 5.5%, respectively, as well as linolenic in 
the 3rd experimental group by 9.6%. The inclu-
sion of experimental feed additives in the diets 
contributed to an increase in the absorption of 
oleic acid (C 18: 1) in the 1st and 3rd experimen-
tal groups by 1.2 and 0.8%, respectively, and a 
decrease of 7.7% in the 2nd experimental group.

The results of the study indicate that the  
addition of A. absinthium with additional  
CoCl2l to the diet of the experimental animals 
has a more significant effect on the digestibility 
of SFA and PUFA in the fatty acid pool com-
pared to control values.

Gut microbes play an important role in main-
taining host gastrointestinal homeostasis, nutri-
ent digestion and absorption, performance, im-
mune health, and behavior [14]. The rumen is 
the natural fermenter of ruminants and a unique 
organ whose main feature is that nutrient ab-
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Рис. 3. Массовая доля жирных кислот в рубцовом (красный цвет) и кишечном (голубой) содержи-
мом животных, отображенная в пропорции, %
Fig. 3. Mass fraction of fatty acids in the rumen (red) and intestinal (blue) contents of animals, mapped in 
proportion, %

Рис. 4. Усвояемость жирных кислот в организме молодняка крупного рогатого скота при использо-
вании кормовых добавок, %;  
A – контрольная группа; B – 1-я опытная; C – 2-я опытная; D – 3-я опытная 
Fig. 4. Digestibility of fatty acids in the body of young cattle when using feed additives, %;  
A – control group, B – experimental group I, C – experimental group II, D – experimental group III
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sorption is achieved through the catabolic effect 
of rumen microbes. The various components of 
the cattle diet are primarily digested in the ru-
men. It contains a variety of microbes that de-
grade cellulose, hemicellulose, and non-protein 
nitrogen in the diet to form metabolites such as 
short chain fatty acids (SCFA), which can be di-
rectly utilized by the host [15–17].

The rumen microbial community is complex 
and consists of bacteria, protozoa, archaea and 
fungi. The composition and activity of the ru-
men microbiota have been shown to have pro-
found effects on host performance, health and 
immune system [18, 19]. An earlier study [20] 
reported a strong association between rumen 
amino acid concentrations and bacterial com-
munity structure.

Firmicutes and Bacteroidetes account for 
about 90% of the total microflora in the rumen of 
cattle, with high interindividual variability and 
an inverse correlation between the abundance 
of both types [21]. In our experiment, the phyla 
Bacteroidetes and Firmicutes were more import-
ant in all groups. Their ratio directly depended 
on the use of the studied additives in the diet. 
It is known that Bacteroides is a gram-nega- 
tive microorganism. It uses plant glycans as the 
main energy sources and is considered one of the 
main bacteria that participate in the production 
of short-chain fatty acids and participate in the 
breakdown of complex compounds into simple 
molecules necessary for the growth and develo- 
pment of animals [22]. The data obtained in our 
experiment indicate that the diversity of the bac-
terial composition relative to the control group 
changed depending on the feed additive used.

Dietary interventions have historically been 
used to improve ruminant phenotypes due to 
their impact on the rumen microbiome. As a re-
sult, animals fed high grain diets tend to have 
lower bacterial diversity and lower concentra-
tions of fibrolytic microbes (i.e. protozoa and 
anaerobic fungi), which is usually associated 
with lower rumen proteolysis and ultimately 
higher feed efficiency [23].

Earlier studies have shown that low rumen 
microbial levels are strongly associated with 
higher feed efficiency in dairy cows. This may 

be because lower rumen saturation in animals 
results in a simpler metabolic pathway, which 
results in higher concentrations of certain en-
zymatic substances that are used to support the 
animals' energy needs [24].

Nutritional strategies can influence the intera- 
ctions between microbial groups and, as a conse-
quence, the production and quality of products. 
This is perhaps best illustrated by the quality 
of products derived from ruminants in terms of 
fatty acid profile [25]. Bacteria are known to be 
largely responsible for the biohydrogenation of 
fatty acids in the rumen, while protozoa are not 
thought to be actively involved in this process. 
However, protozoa influence the composition of 
the bacterial population in the rumen and thus 
potentially influence biohydrogenation. In addi-
tion, they directly incorporate unsaturated fatty 
acids, protecting them in the rumen from bio-
hydrogenation and allowing direct passage into 
milk and meat [26].

Carvacrol in herbs and essential oils has been 
reported to have a stimulating effect on pancre-
atic secretion, increasing the secretion of di-
gestive enzymes. Herbs and plant products can 
control and limit the growth and colonization of 
numerous pathogenic and non-pathogenic bacte-
rial species in the gut of chickens. This can lead 
to greater efficiency in the utilization of food, 
leading to faster growth and improved feed ef-
ficiency. There are studies showing that supple-
menting the diet with essential oils can improve 
the digestive process [27].

Fatty acids are the most important determi-
nants of the nutritional value of fat [28]. The 
abundance of several bacteria from the Firmic-
utes and Spirochaetes phyla, including cellu-
lolytic bacteria such as Acetivibrio cellulolyti-
cus, Clostridium stercorarium, and Clostridium 
cellulosi, was found to be negatively associat-
ed with the amount of dietary SFA. Only eight 
bacteria were positively associated with high 
SFA intake, including proteobacteria and oral 
and skin bacteria. These findings are consistent 
with their effect on α-diversity. Bacteria nega-
tively associated with MUFA intake partially 
overlapped with bacteria associated with SFA 
intake, but the number of correlations and fold 
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change differences were smaller. Only two bac-
terial species were significantly associated with 
PUFA intake. SFAs were found to have a stron-
ger effect on gut microbiota than MUFAs and 
PUFAs, and low SFA intake was associated with 
higher α-diversity of gut microbiota and high-
er abundance of specialized bacteria capable of 
breaking down dietary fiber.

Fatty acid absorption is thought to be a key 
determinant of the effect of the diet on the mi-
crobiota in the distal gut. Dietary fatty acid com-
position has also been found to influence the gut 
microbiota profile. The interaction between di-
etary fatty acids and gut microbiota may be used 
to improve dietary recommendations for meta-
bolic health in animals [29].

In ruminants, dietary fatty acids are hydro-
genated by rumen microorganisms [30]. Stearic 
acid (C 18:0), the end product of this reaction, 
passes from the rumen to the abomasum, where 
it is digested and absorbed [31]. Rumen fatty ac-
ids are precursors for plasma triglyceride synthe-
sis, which are mainly incorporated into milk and  
adipose tissue lipids. Due to the hydrogenating 
activity of bacteria, ruminant plasma triglycerides 
result in a low PUFA content. In ruminants, to 
bypass the rumen, PUFA must be protected for 
further absorption in the duodenum [32, 33].

Summarizing the above, the rumen microbi-
ome plays a central role in addressing significant 
challenges in animal production. A better under-
standing of the role of constituent microbes is 
critical to developing best practices for manag-
ing the rumen microbiome in ways that improve 
ruminant performance while reducing environ-
mental impacts [34].

CONCLUSION 

Thus, A. absinthium and cobalt (II) chloride 
in the form closest to the natural one, bound 
to amino acids and peptides (CoCl2l), have the 
ability to modulate the intestinal microbial com-
munity, affecting the concentration and absorp-
tion of fatty acids. The obtained results indicate 
the prospects for the use of a composition of A. 
absinthium and (CoCl2l) in cattle feeding for the 
purpose of a natural alternative for improving 
ruminant production systems.
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В современных реалиях особую значимость имеет идея здорового питания, что способствует 

увеличению спроса на экологически чистые и полноценные по своему составу продукты. В этой 
связи актуальными вопросами животноводства становятся снижение частоты использования ан-
тибиотиков и активное применение пробиотических добавок в основных рационах кормления. 
Также неотъемлемыми задачами отрасли являются сохранность молодняка и повышение про-
дуктивности поголовья. Важнейший этап при создании пробиотика – выбор его состава. Наибо-
лее частыми компонентами пробиотических добавок выступают лактобациллы и пропионово-
кислые бактерии, поскольку данные микроорганизмы обладают необходимым набором техно-
логически ценных свойств. Пропионовокислые бактерии являются продуцентами витамина В12, 
который положительно влияет на белковый обмен и повышает усвояемость кормов. В полной 
мере потребность в витамине В12 у животных не удовлетворяется, поэтому становится необхо-
димым его включение в состав кормовых добавок. Лактобациллы обладают высокой биологиче-
ской и антагонистической активностью, оказывают иммуностимулирующее действие. Во время 
предыдущих и текущих исследований, проведенных на базе Сибирского научно-исследователь-
ского института сыроделия, была подобрана оптимальная питательная среда для накопления 
биомасс указанных микроорганизмов, а также оптимальная доза их внесения в пробиотический 
препарат. На основании этих данных составлены три экспериментальных образца биопрепарата 
для сельскохозяйственных животных. При создании образцов применено как совместное, так и 
раздельное культивирование. Также в ходе исследования определяли активную кислотность и 
содержание витамина В12 во всех образцах. Содержание витамина В12 варьировало от 0,70 ± 0,01 
до 0,82 ± 0,03 мкг/мл. В результате проделанной работы установлено, что образец № 1 наиболее 
оптимален с точки зрения технологичности, а также количественного содержания витамина B12.

Ключевые слова: пробиотик, витамин B12, пробиотические микроорганизмы, пропионово-
кислые бактерии, лактобациллы, сельскохозяйственные животные
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Creation of experimental samples of a probiotic preparation for farm 
animals and measurement of vitamin B12 content in them

Afanaseva Yu.G., Kolodina E.V., Ruppel I.A.

During previous and current studies conducted on the basis of the Siberian Research Institute of Cheese 
Making, the optimal nutrient medium for accumulation of biomasses of the above microorganisms 
was selected, as well as the optimal dose of their introduction into the probiotic preparation. Based on 
these data, three experimental samples of biopreparation for farm animals have been formulated. Both 
co-cultivation and separate cultivation were applied in the process of specimen creation. The study also 
determined the active acidity and vitamin B12 content of all the samples. Vitamin B12 content ranged 
from 0.70 ± 0.01 to 0.82 ± 0.03 μg/ml. As a result of the work done, it has been found that sample  
No. 1 is the most optimal in terms of processability, as well as the quantitative content of vitamin B12.

Keywords: probiotic, vitamin B12, probiotic microorganisms, propionic acid bacteria, lactobacil-
lus, farm animals
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INTRODUCTION

Consumer interest in environmentally friendly 
and nutritious products is currently growing rap-
idly due to the popularization of healthy eating. 
In this regard, the elimination of frequent antibi-
otic use and the active use of probiotic supple-
ments in basic diets are becoming pressing issues 
in animal husbandry. Furthermore, the industry's 
most important tasks are ensuring the safety of 
young animals and maximizing livestock pro-
ductivity [1]. At the same time, gastrointestinal 
diseases in animals, caused by an imbalance of 
normal microflora, cause the greatest losses.

Dysbacteriosis often occurs in animals as a 
result of various diseases [2, 3]. To prevent in-
fections and gastrointestinal disorders caused 
by opportunistic microflora, and also as growth 
promoters, feed antibiotics are actively used. 
These drugs combat foreign microflora and help 
improve livestock survival. However, they de-
stroy not only infectious agents but also normal 
intestinal microflora. Furthermore, animals de-
velop drug resistance [4].

Currently, the abandonment of antibiotics and 
the use of various biological additives are be-
coming pressing issues in animal husbandry, as 
reflected in recent scientific studies. Much atten-
tion is being paid to the use of environmentally 
friendly products as feed additives. The use of 
probiotics in livestock feed is the most promis-
ing [1].

Probiotics are bacterial preparations contain-
ing cultures of live microorganisms that are part 
of the normal microflora of the gastrointestinal 
tract. They do not cause allergic reactions in an-
imals and have a positive effect on the body1. 
The use of probiotics in livestock feed helps nor-
malize natural digestion and nutrient absorption 
processes and helps manage the effects of antibi-
otic treatment. Probiotic feed supplements help 
increase livestock productivity while maintain-
ing high product quality2.

Most often, probiotic preparations contain 
lactobacilli (Lactobacillus plantarum) and pro-

1Kononenko S.I. Increasing the biological potential of poultry through the use of probiotics // Polythematic online electronic 
scientific journal of the Kuban State Agrarian University, 2017, No. 127, pp. 527–545.

2Sokolenko G.G., Lazarev B.P., Minchenko S.V. Probiotics in rational animal feeding // Technologies for the Food and Processing 
Industry of AIC – Healthy Food, 2015, No. 1 (5), pp. 72–78.
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pionic acid bacteria (Propionibacterium freud-
enreichii spp.)3.

Lactobacilli are non-motile, gram-positive 
rods that do not form spores. They are widely 
used in the creation of probiotic preparations [5, 
6] because they are harmless, possess high bi-
ological and antagonistic activity, and exert an 
immunostimulating effect. These bacteria syn-
thesize lactic acid, which helps lower the pH of 
the small intestinal contents, which is considered 
optimal for the functioning of other microflora.

Propionibacterium are among the most ben-
eficial microorganisms. The most common rep-
resentatives of propionibacterium are P. freud-
enreichii subsp. shermanii and P. freudenreichii 
subsp. freudenreichii [7].

P. freudenreichii spp. have the safety status 
GRAS (Generally Recognized as Safe). This in-
dicates the possibility of their addition to food 
and feed products in the absence of genetically 
modified microorganisms [8]. In addition, propi-
onic acid bacteria are highly biocompatible with 
lacto- and bifidobacteria, which promotes the 
growth of obligate microflora in the gastrointes-
tinal tract of animals4 [9].

One of the most significant properties of pro-
pionic acid bacteria is their ability to synthesize 
vitamin B12 (cobalamin). Vitamin B12 is a growth 
factor for farm animals and poultry, has a benefi-
cial effect on amino acid absorption and protein 
metabolism, improves the digestibility of plant 
feed, and, as a result, significantly increases pro-
ductivity [10].

In cattle, some vitamin B12 is synthesized by 
intestinal microflora. However, the body's need 
for vitamin B12 is not fully met, so additional 
amounts must be obtained through feed supple-
ments. Vitamin B12 deficiency reduces protein di-
gestibility, resulting in anemia, accompanied by 
stunted growth and inanition of the body [7, 10].

Cobalt, a component of vitamin B12, is essen-
tial for animal life, but can be toxic in excess. 

In the gastrointestinal tract, cobalt stimulates the 
growth of microorganisms that synthesize B vi-
tamins [11]. One option for obtaining vitamin 
B12 is microbial synthesis, using propionic acid 
bacteria.

Thus, the listed beneficial properties of lac-
tobacilli and propionic acid bacteria allow us 
to recommend them as the basis for probiotic 
preparations used in agriculture.

The purpose of the study was to create ex-
perimental samples of a probiotic preparation 
for farm animals and determine the content of 
vitamin B12 in them.

The research objectives are:
1) the creation of samples of a probiotic 

preparation for farm animals using various cul-
tivation methods;

2) quantitative determination of vitamin B12 
and technologically valuable properties (active 
acidity) in all experimental samples of the drug.

MATERIAL AND METHODS 

The study was conducted at the Siberian Re-
search Institute of Cheese Making (SibNIIS). 
The subjects of the study were three experimen-
tal samples of a probiotic preparation for farm 
animals based on L. plantarum and P. freudenre-
ichii spp. from the Siberian Collection of Micro-
organisms at SibNIIS.

Optimal nutrient media for accumulating the 
biomass of the probiotic cultures used and the 
probiotic as a whole were previously selected. 
the most valuable nutrient media based on their 
properties: a whey-based medium for propion-
ic acid bacteria, and a grain bran-based medi-
um for lactobacilli were selected. The probiotic 
microorganism addition rate of 1.0% was also 
selected.

During the study, both joint and separate 
cultivation were used, since in order to select 
a sample with the best manifestation of the re-
quired characteristics, it makes sense to consider 
both cultivation options.

3Morozova L.A., Mikolaychik I.N., Dostovalov E.V. Hematological parameters and microbiocenosis of the gastrointestinal tract of 
calves when feeding the feed additive "Laktur" // Bulletin of the South Ural state university. Series: Food and biotechnology, 2015, 
vol. 3, No. 1, pp. 76–82.

4Dracheva L.V., Dorozhko E.V., Avramchuk O.A., Korotkova E.I., Ryzhkova E.P., Hao Li, Danilova I.V. Study of antioxidant 
activity of propionic acid bacteria // Food industry, 2009, No. 2, pp. 12–13.
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The presence of vitamin B12 synthesized by 
propionic acid bacteria in the test samples was 
determined by a quantitative diffusion meth-
od using a test organism - mutant Escherichia 
coli 113-3 DSM 1900 (All-Russian collection of 
industrial microorganisms of the Federal State 
Budgetary Scientific Institution "GosNIIGeneti-
ka") according to the established methodology5. 
The method used is based on determining the 
growth rate of the test organism on an agar me-
dium around wells inoculated with a specified 
volume of propionibacteria grown in a liquid 
nutrient medium. A standard solution of vitamin 
B12 in varying concentrations serves as a con-
trol. The growth of the test organism (measured 
in millimeters of growth zones) depends on the 
amount of vitamin B12 in a given volume of pro-
pionibacteria.

The active acidity of the samples was deter-
mined potentiometrically using a Testo 205 pH 
meter (Germany).

The content of Lactobacillus spp. in the fin-
ished samples of the biological product was 
determined by the method of limiting dilutions 
by deep seeding in Rogosa agar medium with 
incubation for 72 hours at 30 °C, the amount of 
Propionibacterium spp. - by the method of deep 
seeding in solid lactate medium according to 
Birger with incubation for 10 days at 30 °C.

RESULTS AND DISCUSSION 

During the study, three experimental samples 
of probiotic for farm animals were developed.

The optimal nutrient medium for lactobacilli 
and propionic acid bacteria was a medium con-
sisting of demineralized whey and bran broth in 
a 50:50 ratio. Yeast autolysate was also added 
to the nutrient medium as an additional growth 
factor, along with cobalt chloride (5 mg/1 dm³ of 
medium), necessary for the synthesis of vitamin 
B12 by propionic acid bacteria. To ferment 1 liter 
of nutrient medium, 10 ml of probiotic organ-
isms in liquid form were used.

Experimental sample No. 1 involved co-cul-
tivation of microorganisms, while samples No. 2 
and 3 involved separate cultivation. Cultivation 
was carried out in a TV-80-1 dry-air thermostat 
at 30°C in 2000 ml flasks.

At the stage of biomass growth, which was 
used for further preparation of experimental 
samples, microorganisms were cultivated sepa-
rately in 250 ml flasks at 30 °C: three strains of 
propionic acid bacteria – 72 h, two strains of lac-
tobacilli – 24 h. Demineralized whey was used 
as a nutrient medium for propionic acid bacteria, 
and bran broth for lactobacilli.

To create sample No. 1, 1.0% (10 ml) of the 
grown propionic acid bacteria biomass was add-
ed to 1000 ml of the nutrient medium. Then, cul-
tivation was carried out for 48 hours at 30 °C. 
Next, the grown propionic acid bacteria biomass 
was deoxidized to pH = 6.5–6.8 for the subse-
quent addition of 1.0% (10 ml) of the grown lac-
tobacilli biomass. Then, cultivation was carried 
out for 24 hours at 30 °C. In the finished version 
of sample #1, the content of L. plantarum was 
(7.80 ± 1.29) ∙ 108 CFU/cm3, P. Freudenreichii 
spp. – (7.23 ± 2.58) ∙ 108 CFU/cm3.

For sample No. 2, the microbial biomass was 
grown separately. P. freudenreichii spp. and L. 
plantarum were cultured at 30°C for 72 and 24 
hours, respectively. The grown biomasses were 
then mixed in a 1:1 ratio (500:500 ml). The 
lactobacilli content in the finished sample was 
(6.70 ± 0.32) ∙ 108 CFU/cm3, and propionic acid 
bacteria – (6.31 ± 1.59) ∙ 108 CFU/cm3.

In the process of creating sample No. 3, sepa-
rate cultivation of probiotic microorganisms was 
carried out at 30 °C. P. freudenreichii spp. was 
cultivated for 72 hours, L. plantarum – for 24 
hours. Then, 10% (100 ml) of lactobacilli bio-
mass was added to 1000 ml of the accumulated 
biomass of propionic acid bacteria. The num-
ber of lactobacilli in the finished sample was  
(1.43 ± 0.41) ∙ 108 CFU/cm3, propionic acid bac-
teria - (3.73 ± 1.35) ∙ 108 CFU/cm3.

5Microbiology Workshop: Textbook / edited by N.S. Egorov. Moscow: Moscow State University Publishing House, 1976, 308 p.
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At each stage of probiotic sample prepara-
tion, active acidity was measured. At the final 
stage of production, sodium citrate was added 
to maintain buffering capacity. Data on the ac-
id-forming activity of the samples are presented 
in Fig. 1.

According to Fig. 1, all experimental samples 
of the biopreparation have a fairly high active 
acidity, with the lowest pH value noted in sam-
ple No. 2 (4.39 ± 0.14).

Since propionic acid bacteria are producers of 
vitamin B12, in order to include them in the pro-
biotic, it was necessary to assess the level of this 
vitamin in all experimental samples (see Fig. 2).

The results confirmed the presence of vitamin 
B12 in all samples tested. This indicates the bio-
logical activity of the biopharmaceutical being 
developed. Moreover, the vitamin B12 level in 
sample No. 1 was 14.6% higher than in samples 
Nos. 2 and 3, reaching 0.82 ± 0.03 μg/ml.

CONCLUSION 

In the course of the study, three experimen-
tal samples of a probiotic preparation for farm 
animals were prepared based on lactobacilli 
and propionic acid bacteria. The content of L. 
plantarum in the finished samples ranged from  
(1.43 ± 0.41) ∙ 108 to (7.80 ± 1.29) ∙ 108 CFU/cm3,  
P. Freudenreichii spp. – from (3.73 ± 1.35) ∙ 
108 to (7.23 ± 2.58) ∙ 108 CFU/cm3. The highest 
number of probiotic microorganisms was noted 

in experimental sample No. 1. Active acidity 
was measured at each stage. The pH level ranged 
from 4.39 to 4.83, which is considered the opti-
mal acidity for the manifestation of the specific 
properties of the probiotic. All studied samples 
contained vitamin B12, the amount of which 
varied from 0.70 ± 0.01 to 0.82 ± 0.03 μg/ml. 
Moreover, in sample No. 1, the content of this 
vitamin was 0.82 ± 0.03 μg/ml, which exceeds 
its amount in samples No. 2 and 3 by 14.6%. 
Thus, the most optimal version of the biological 
product in terms of technological effectiveness, 
manifestation of microbiological, physicochem-
ical properties and quantitative content of vita-
min B12 is test sample No. 1.
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Качество распределения жидких форм минеральных удобрений  
по обрабатываемой поверхности

Назаров Н.Н., Некрасова И.В.
Сибирский федеральный научный центр агробиотехнологий  
Российской академии наук
Новосибирская область, р.п. Краснообск, Россия 

e-mail: nazarovnn@sfsca.ru
В статье представлены результаты оценки качества распределения жидких минеральных удо-

брений по обрабатываемой площади при их поверхностном внесении с учетом установки распы-
лителей на различном уровне относительно распределительной штанги. Установлено, что при 
использовании данного способа внесения неравномерность распределения рабочей жидкости, 
выраженная коэффициентом вариации, может достигать 20% и более, что снижает эффектив-
ность применяемых азотных удобрений до 45–50%, фосфорных – до 15–20%. Одна из главных 
причин возникновения указанной проблемы – установка распылителей на одном уровне в го-
ризонтальной плоскости. Определено, что при использовании крупнокапельных распылителей 
дефлекторного типа, находящихся на одном уровне, встречающиеся факелы распыла создают на 
месте стыковки дополнительные объемы препарата, превышающие основной фон на 25–70%. 
В результате образуется высококонцентрированная по содержанию элементов питания полоса, 
не соответствующая основному агротехническому требованию, предполагающему равномер-
ное распределение препарата по обрабатываемой площади. В ходе исследований обоснован шаг 
расстановки дефлекторных распылителей для внесения жидких минеральных удобрений – 0,5; 
0,75 и 1,0 м при давлении в системе 0,1; 0,2 и 0,3 МПа. В этом случае формируется перекрытие 
взаимодействующих факелов распыла на уровне, превышающем 50% от их ширины захвата, 
а неравномерность внесения удобрений является минимальной (не более 7%) при разноуровне-
вой установке распылителей относительно распределительной штанги. Выявлено, что качество 
распределения рабочей жидкости в значительной степени зависит от шага расстановки распыли-
телей, в меньшей – от давления в системе и диаметра отверстия  распылителей. Причем качество 
распределения будет возрастать, если давление в системе и диаметр отверстий распылителей 
находятся одновременно на верхнем или нижнем уровне своих значений.

Ключевые слова: жидкие минеральные удобрения, распределение, неравномерность, деф-
лекторные распределители, шаг расстановки, крупнокапельный распыл, факел распыла, ширина 
захвата, перекрытие, обрабатываемая площадь

Quality of distribution of liquid forms of mineral fertilizers over  
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The materials on the assessment of the quality of the distribution of liquid mineral fertilizers over the 

working area during their surface application, taking into account the installation of sprayers at various 
levels relative to the distribution rod, are presented. It has been found that the unevenness expressed 
by the coefficient of variation can reach 20% or more, which reduces the efficiency of nitrogen ferti- 
lizers to 45–50%, phosphorus fertilizers to 15–20%. One of the main reasons for its appearance is the 
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installation of sprayers at the same level in the horizontal plane. It has been determined that when using 
large-droplet sprayers of the deflector type, the spray flares that occur at the same level create additional 
volumes of the sprayed preparation at the place of their docking, exceeding the main background by 
25–70%. As a result, a highly concentrated nitrogen-phosphorus content of the batteries strip that does 
not meet the basic agrotechnical requirement for uniformity of distribution of the sprayed preparation 
over the working surface is formed. The step of placement of the deflector sprayers for the introduction 
of the press is justified – 0.5; 0.75  and 1.0 m at a pressure of 0.1; 0.2 and 0.3 MPa in the system. In this 
case, an overlap of the interacting spray patterns at a level exceeding 50% of their capture width, and 
the uneven application of fertilizers is minimal (not higher than 7%) using a multi-level installation of 
sprayers relative to the distribution rod is formed. It has been found that the quality of the distribution 
of the working fluid largely depends on the step of the arrangement of the sprayers on the rod and to  
a lesser extent on the pressure in the system and the diameter of the sprayers. While, the quality of 
distribution will increase if the system pressure and the diameter of the holes of the sprayers are simul-
taneously at the upper or lower levels of their values.

Keywords: liquid mineral fertilizers, distribution, non-uniformity, deflector spreaders, spreading 
step, coarse-drop spray, spray pattern, working width, overlap, working surface
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INTRODUCTION 

One of the keys to achieving consistently 
high grain yields is improving cultivation tech-
nology through adaptive intensification of the 
sowing process. The yield primarily depends on 
the availability of water, mineral nutrients, heat, 
light, and air to plants, of which water and min-
eral nutrients are, to a certain extent, controlla-
ble factors.

In this regard, the application of liquid nitro-
gen-phosphorus fertilizers and urea-ammonia 
solutions to the soil plays a crucial role. Despite 
the considerable development of this area, a 
number of unresolved issues remain, including 

the dosing of small volumes of liquid fertilizers, 
their transportation to the application site, clog-
ging of nozzle holes (tips) with soil, and rapid 
wear of the working fluid supply lines. Further-
more, the problem of reduced uniformity of liq-
uid mineral fertilizer distribution during surface 
application has not been fully resolved. It has 
been established that when using this method, 
unevenness, expressed as the variation coeffi-
cient, can reach 20% or more, reducing the ef-
fectiveness of nitrogen fertilizers to 45–50% and 
phosphorus fertilizers to 15–20%1, 2 [1–8].

One of the many reasons for the uneven dis-
tribution of liquid mineral fertilizers over the 

1Amelkin V.I., Dotsenko Yu.V. Ways to improve the uniformity of application of liquid mineral fertilizers // Results of research 
and development in the mechanization of production processes in plant growing: collection of scientific papers, Zernograd, 1991, 
pp. 111–115.

2Marchenko L.A., Romanov G.I., Kolesnikova V.A. Regulation of application rates of liquid mineral fertilizers // Tractors and 
agricultural machinery, 2004, No. 9, pp. 34–35.
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treated area when applied superficially is the in-
stallation of sprayers at the same level in the hor-
izontal plane3 [9–14]. When using large-droplet 
sprayers, the spray cones that meet at the same 
level create a highly concentrated strip of nu-
trients at the junction, which does not meet the 
basic agrotechnical requirement, which requires 
uniform distribution of the sprayed preparation 
over the treated area.

The purpose of the work is to evaluate the qual-
ity of distribution of the working fluid upon contact 
of meeting spray cone located at the same level.

The scientific task is to determine the influence 
of the main factors on the quality of distribution of 
the working fluid over the underlying surface.

MATERIAL AND METHODS 

Experimental studies began with an examina-
tion of the distribution of the liquid sprayed by 
a single deflector-type sprayer within the work 
area, with system pressure varying from 0.1 to 
0.3 MPa. The following parameters were deter-
mined: spray width (b, mm); and the distribu-
tion of the working fluid across the spray width. 
Based on the data obtained, a sprayer spacing 
was determined that ensures continuous cover-
age of the treatment area (the overlap of spray 
patterns from individual sprayers should be at 
least 40% of their total width).

In the second stage of the study, the quality 
of liquid mineral fertilizer distribution was as-
sessed by installing a boom with sprayers at a 
specific height relative to the objects being treat-
ed (H), and spraying the product was carried out 
using alternately sprayers of the corresponding 
diameter located in the same plane. The pressure 
in the system varied from 0.1 to 0.3 MPa with a 
sprayer spacing of 500 to 1000 mm (250 mm in-
terval). Liquid was collected from the corrugat-

ed collecting surface into measuring containers, 
and their contents were then weighed. Based on 
the results of the experiments, diagrams of liq-
uid distribution over the collecting surface were 
constructed, assessing the quality of its distribu-
tion.

In the third stage, the spray bar was also in-
stalled at a specific height relative to the objects 
being treated. The product was sprayed alter-
nately using spray bars of different diameters, 
positioned on the bars at different heights h (at 
different levels). The system pressure also var-
ied from 0.1 to 0.3 MPa with spray bar spacing 
ranging from 500 to 1000 mm (250 mm inter-
val). Liquid was collected from the corrugated 
collecting surface into measuring containers, 
and their contents were then weighed. Based on 
the results of the experiments, liquid distribution 
diagrams were constructed across the collecting 
surface, assessing the quality of its distribution.

In the fourth stage, the spray boom was also 
installed at a specific height relative to the ob-
jects being treated. However, unlike the previous 
stages, the quality of the working fluid distribu-
tion over the underlying surface was assessed 
based on key factors: the working fluid pressure 
in the system (P, MPa), the nozzle orifice diam-
eter (D, mm), and the nozzle spacing (B, mm). 
All the nozzles were installed at an offset height 
relative to each other. 

To assess the deposition quality of the sprayed 
preparation onto the underlying surface, a facto-
rial experiment was conducted with the speci-
fied factors varied at three levels. A composite 
three-level symmetrical design #344 was select-
ed for the experiment. After implementing the 
experimental plan, the results were processed in 
accordance with the recommendations5, 6.

3Application of liquid nitrogen fertilizers UAN and sulfur-containing fertilizers // AgroVestnik: Internet portal. URL: agrovesti.
net/lib/tech/fertilizer-tech/primenenie-zhidkikh-azotnykh-udobrenij-kas-i-serosoderzhashchikh-udobrenij.html.

4Brodsky V.Z., Brodsky L.I., Golikova T.I., Nikitina E.P., Panchenko L.A. Tables of experimental plans for factor and polynomial 
models: reference ed. Moscow: Metallurgy, 1982, 752 p.

5Melnikov S.V., Aleshkin V.R., Roshchin P.M. Experimental planning in agricultural process research. 2nd ed., revised and en-
larged. L.: Kolos, 1980, 168 p.

6Mosteller F., Tukey D.W. Data Analysis and Regression / translated from English by Yu.N. Blagoveshchensky; edited by Yu.P. 
Adler. Moscow: Finance and Statistics, 1982, 238 p.
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The experiments were carried out on a special-
ly created laboratory setup that allowed spraying 
and capturing the working fluid (see Fig. 1).

RESULTS AND DISCUSSION 

In accordance with the selected methodolog-
ical approaches, an assessment was made of the 
distribution of the product sprayed by a single 
deflector sprayer under varying hydraulic sys-
tem pressure (0.1–0.3 MPa) and with the sprayer 
positioned at a height of 0.7 m above the under-
lying surface (see Table 1). The sprayer oper-
ated for 30 s. The collected working fluid was 
weighed on a VK-600 laboratory scale. Spray 
cone width graphs were plotted based on the 
weighing results of the liquid collected from the 
underlying surface (see Fig. 2).

The data presented indicate that an increase 
in the spray pattern width is observed both with 
increasing the nozzle orifice diameter and with 
increasing the system pressure. However, a sta-
bilization of the spray pattern width is observed 
with increasing nozzle orifice diameter to 2.5–
3.5 mm at a given system pressure. This means 
that nozzles can be spaced evenly on the boom.

As for the nature of the liquid distribution 
across the spray cone width, it fully complies 
with the law of normal distribution. Deviations 
in the lines in some places can be explained by 
imprecise manufacturing of the nozzles and mi-
croroughness of the collecting surface.

Further studies of the distribution of the liq-
uid over the underlying surface with sprayers in-
stalled at different levels allow us to state a fairly 
high quality of its deposition: at D = 1.5 mm and 
P = 0.1 MPa, the unevenness expressed by the 
variation coefficient was 8.9%, at D = 2.5 mm 
and P = 0.2 MPa – 7.35%, at D = 2.5 mm and  
P = 0.3 MPa – 2.9% (see Fig. 3). 

When spraying liquid with the nozzles in-
stalled at the same height, an increase in the 
volume of the collected liquid was observed at 
the points of contact of the meeting spray cones  
(at the center of the sprayer placement step).

In principle, the distribution of the liquid over 
the collecting surface is the same, so we will 
only show a few fragments (see Fig. 4).

At the final stage of the research, an assess-
ment was made of the quality of distribution of 
the liquid medium over the underlying surface 
using deflector sprayers installed at different 
heights.

As noted earlier, a three-level symmetrical 
design No. 34 was implemented in the study (see 
footnote 4). After implementing the designated 
experimental plan and processing the results (see 
Table 2), the regression coefficients were calcu-
lated taking into account their significance, and 
a regression model of the liquid distribution pro-
cess over the underlying surface was obtained

Рис. 1. Лабораторная установка для оценки 
качества распределения распыленной рабочей 
жидкости
Fig. 1. Laboratory setup for evaluating the quality 
of atomized working fluid distribution

Табл.  1 .  Ширина факела распыла жидкости в 
зависимости от давления в системе и диаметра 
отверстия распылителя, мм
Table 1.  Width of fluid atomization plume 
depending on the system pressure and atomizer 
orifice diameter, mm

System 
pressure,  

MPa

Spray hole diameter, mm

1,5 2,5 3,5

0,1 1560 2200 2200

0,2 1880 2300 2300

0,3 2005 2400 2400
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Y = 3,49 + 0,92 X1
2 – 0,48 Х2

2 + 3,52 Х3
2 –  

– 0,87 Х1 – 0,05 Х2 – 1,13 Х3 + 1,36 Х1Х2 –  
– 1,66 Х1Х3 – 1,09 Х2Х3.

As the analysis of the regression equation, the 
graphical interpretation of which is presented in 
Fig. 5, shows, the influence of each factor on 
the quality of distribution of the working fluid 
is ambiguous.

The quality of distribution depends to a great-
er extent on the spacing of the nozzles on the 
boom (factor X3), and to a lesser extent on the 
pressure in the system (X1) and the diameter of 
the nozzle opening (X2).

Рис. 4. Характер распределения жидкости  
при установке распылителей на одном уровне 
(фрагменты):
а – D = 1,5 мм, Р = 0,1 МПа; б – D = 2,5 мм,  
Р = 0,2 МПа; в – D = 2,5 мм, P = 0,3 МПа
Fig. 4. Character of liquid distribution when 
installing atomizers at the same level (fragments):
а – D = 1.5 mm, Р = 0.1 МPа; б – D = 2.5 mm,  
Р = 0.2 МPа; в – D = 2.5 mm, P = 0.3 МPа

Рис. 2. Характер распределения жидкости  
в факеле распыла одиночного дефлекторного 
распылителя (фрагменты):
а – D = 1,5 мм, Р = 0,1 МПа; б – D = 2,5 мм,  
Р = 0,2 МПа; в – D = 2,5 мм, P = 0,3 МПа
Fig. 2. Character of liquid distribution in the 
atomizing plume of a single deflector atomizer 
(fragments): 
а – D = 1.5 mm, Р = 0.1 МPа; б – D = 2.5 mm,  
Р = 0.2 МPа; в – D = 2.5 mm, P = 0.3 МPа

Рис. 3. Характер распределения жидкости по 
подстилающей поверхности при разноуровневой 
установке распылителей (фрагменты):
ряд 1 – D = 1,5 мм, Р = 0,1 МПа; ряд 2 – D = 2,5 мм,  
Р = 0,2 МПа; ряд 3 – D = 2,5 мм, Р = 0,3 МПа
Fig. 3. Character of liquid distribution over the 
underlying surface at different levels of atomizer 
installation (fragments): 
row 1 – D = 1.5 mm, Р = 0.1 МPа; row 2 – D = 2.5 mm, 
Р = 0.2 МPа; row 3 – D = 2.5 mm, Р = 0.3 МPа
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Since bi > 0, then an increase in Xi raises the 
unevenness of the distribution of the working 
fluid, the maximum effect is achieved when Вmin.

The influence of the mixed product of factors 
is estimated by the significance and sign of the 
coefficient bij. Since at X1X2 bij > 0, then the qual-
ity of distribution will increase, if X1 and X2 are 
simultaneously on the upper or lower level.

Taking into account that at Х1Х3 bij < 0 the 
quality of distribution will increase if Х1Х3 are 
located on opposite upper and lower levels. Giv-
en that at Х2Х3 bij < 0 the quality of distribution 
will increase if X2 and X3 will also be on opposite 
levels.

At minimum values ​​of the factors, their influ-
ence on the quality of distribution is practical-
ly equal, and this trend persists until the factors 

Рис. 5. Графическая интерпретация регрессион-
ного уравнения:
1 – γ = f(Р); 2 – γ = f(D); 3 – γ = f(В)
Fig. 5. Graphical interpretation of the regression 
equation:
1 – γ = f(Р); 2 – γ = f(D); 3 – γ = f(В)

Табл.  2 .  Матрица планирования и результаты эксперимента
Table 2.  Planning matrix and experimental results

Factor
Level of variation of factors

Unevenness
(coefficient of variation) 

√, %

–1 0 +1

System pressure, Р, MPa (Х1) 0,1 0,2 0,3

Spray hole diameter, D, mm (Х2) 1,5 2,5 3,5

Step of placement of sprayers, В, mm (Х3)
500 750 1000

Р D В

Experiment number:
1 –1 –1 –1 8,9

2 +1 –1 –1 8,2
3 –1 +1 –1 8,0
4 +1 +1 –1 12,5
5 –1 –1 +1 10,7
6 +1 –1 +1 3,1
7 –1 +1 +1 5,2
8 +1 +1 +1 3,3
9 –1 0 0 5,9
10 +1 0 0 2,9
11 0 1 0 2,3
12 0 1 0 3,7
13 0 0 –1 7,4
14 0 0 +1 6,6
Average 6,3

mm
MPa
m
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reach average values ​​within the range of vari-
ation in the experiment. As the values ​​increase 
further, the spacing of the nozzles exerts the 
greatest influence on the quality of distribution.

CONCLUSIONS

1. Using deflector sprayers, increased un-
evenness in the deposition of liquid mineral fer-
tilizers onto the underlying surface has been re-
vealed upon contact between spray cones locat-
ed at the same level relative to the distribution 
rod (exceeding the base level by 1.8–2.4 times).

2. It has been established that due to the 
multi-level installation of deflector sprayers on 
the boom, minimal unevenness of the spraying 
of the working fluid is achieved (no more than 
7%).

3. The spacing of the sprayers on the rod has 
the greatest impact on the quality of distribution 
of liquid mineral fertilizers during their surface 
application (91.8%); to a lesser extent, this in-
dicator depends on the pressure in the system 
(5.7%) and the diameter of the sprayer opening 
(2.5%).
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Подходы к численному моделированию работы биореакторов 
анаэробного сбраживания: обзор
Рубцов А.А.1, Немущенко Д.А.2

1Кемеровский государственный университет
Кемерово, Россия
2Новосибирский государственный технический университет
Новосибирск, Россия 

e-mail: nemuschenko@corp.nstu.ru
С интенсивным развитием сельского хозяйства активно проявляются неблагоприятные эко-

логические последствия. В частности, на решение проблем животноводческих комплексов в 
некоторых регионах Российской Федерации выделяются значительные финансовые ресурсы. 
В работе сделан обзор подходов к численному моделированию процессов, протекающих при 
анаэробном сбраживании и имеющих своей целью получение биогаза (метана) и органическо-
го удобрения. В последние годы наблюдается рост интереса среди зарубежных и российских 
ученых к проблеме моделирования технологического процесса биореакторов в связи с разви-
тием вычислительных мощностей и возможностей учета в модели факторов, влияющих на эф-
фективность сбраживания, – повышения выхода биогаза или качества удобрения. Выявлены 
тенденции и недостатки отдельных направлений, а также подходы, позволяющие учитывать 
биохимические процессы в объеме реактора и на поверхности частиц субстрата. Показана ак-
туальность поиска способов оценки динамики численности и факторов, от которых зависит 
многообразие микробиологических консорциумов. Наиболее перспективными для практиче-
ского применения при производстве биоудобрения следует считать модели, основанные на ма-
шинном обучении. Они позволяют прогнозировать развитие микробиологических сообществ, 
прошедшие верификацию на полупромышленных экспериментальных данных в условиях сбра-
живания конкретных субстратов, а также численные модели и программные средства, включа-
ющие расчет гидродинамических параметров, поля температур при перемешивании и подаче 
новой порции субстрата в реактор и некоторые наиболее важные биохимические процессы, 
приводящие к образованию лимитирующих продуктов стадий ацидогенеза и ацетогенеза. На 
основе полученного массива информации формулировались задачи численного моделирования 
условий перемешивания в реакторах действующего комплекса.

Ключевые слова: численное моделирование, анаэробное сбраживание, режим перемеши-
вания, органическое удобрение, отходы животноводства, утилизация отходов, ферментер
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With the intensive development of agriculture, unfavorable environmental effects are actively mani- 

festing themselves. In particular, significant financial resources are allocated to solve the problems of 
livestock complexes in some regions of the Russian Federation. The paper provides an overview of the 
approaches to numerical modeling of processes occurring during anaerobic fermentation and aimed 
at obtaining biogas (methane) and organic fertilizer. In recent years, there has been an increase in the 
interest among foreign and Russian scientists in the problem of modeling the technological process 
of bioreactors due to the development of computing power and the ability to take into account in the 
model the factors affecting the efficiency of fermentation, increasing the yield of biogas or the quality 
of fertilizer. The trends and shortcomings of individual areas, as well as approaches that allow taking 
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into account biochemical processes in the reactor volume and on the surface of substrate particles, are 
identified. The relevance of searching for methods for assessing the dynamics of the number and the 
factors on which the diversity of microbiological consortia depends is shown. The most promising 
for practical application in the production of biofertilizers should be considered the models based on 
machine learning and allowing to predict the development of microbiological communities, verified 
on semi-industrial experimental data under the conditions of fermentation of specific substrates, as 
well as numerical models and software tools, including the calculation of hydrodynamic parameters, 
temperature fields during mixing and feeding a new portion of the substrate into the reactor and some 
of the most important biochemical processes leading to the formation of limiting products of the 
acidogenesis and acetogenesis stages. Based on the obtained array of information, the problems of 
numerical modeling of mixing conditions in the reactors of the operating complex were formulated.

Keywords: numerical modeling, anaerobic digestion, process of mixing, organic fertilizer, animal 
waste, waste disposal, digester
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Agricultural and farming facilities generate 
large quantities of livestock waste. Livestock 
waste is the substance left over from the vital 
processes of farm animals and poultry. In addi-
tion to the organic components of manure and 
litter, it also contains other components: process 
and flush water, feed residues, growth promoters 
and antibiotics, and gaseous substances.

Livestock farm waste contains approximate-
ly 100 types of pathogens that cause dangerous 
diseases. When stored outdoors, it releases vola-
tile components that have a strong odor, known 
as "malodorants," which pose an environmental 
problem for communities located near livestock 
farms. Furthermore, decomposition results in air 
pollution with greenhouse gases and contami-
nation of surface and groundwater with certain 
specific compounds.

Due to the intensive development of agricul-
ture, soil degradation as a result of contamina-

tion by livestock waste is a pressing issue. It is 
important to promptly dispose of waste and con-
vert it into cost-effective organic fertilizer, then 
incorporate it into organic farming systems as 
part of a technology for producing healthy crops. 
There is ample experience globally in operating 
biogas plants using organic feedstock, including 
agricultural waste.

Unfortunately, the practical importance of 
processing livestock waste into new bioorganic 
products, suitable for developing organic farm-
ing, which relies heavily on microbiota, is un-
derestimated. Biofertilizer production can be 
achieved using processing facilities that utilize 
livestock waste in a manner that yields a safe 
bioorganic product based on humic substances, 
phytohormones, and beneficial microbiota. The 
resulting product can facilitate the conversion 
of soil minerals into a form more accessible to 
plants. Certain groups of anaerobic bacteria can 
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support and enhance the adaptive properties of 
plants.

Biogas plants and complexes of various de-
signs implement the anaerobic digestion pro-
cess. The intensity of the fermentation process 
and the production of an effective bioorganic 
fertilizer are determined by creating optimal 
conditions for the microbial colonies in the reac-
tor. The following can be identified as the most 
important process parameters:

− temperature gradient in the bioreactor tank;
− acidity of the environment and the content 

of waste products;
− the speed of movement of biomass particles 

and flows in the reactor;
− characteristics of the nutrient medium.
Of no small importance are the composition 

and technology of raw material preparation, the 
technology of introduction into the reactor and 
other technological features.

The process of mixing the substrate in biore-
actors directly affects the above indicators and 
solves the following problems1–3:

– acceleration of fermentation of a fresh por-
tion of raw materials due to contact with a bio-
logically active liquid in the reactor, maintaining 
contact between enzymes and their substrates;

– uniform distribution of heat and nutrients 
throughout the reactor volume;

– preventing the formation of a crust at the 
boundary between liquid and gaseous media;

– intensification of biogas removal from the 
substrate.

Mixing can be accomplished by mechanical 
devices in the fermenter (stirrers), by pumping 
the feedstock from the upper to the lower zone 
using a pump, typically located outside the re-
actor4, or pneumatically by bubbling biogas 

through the mass in the reactor. The advantages 
and disadvantages of these mixing methods have 
been described in detail5. For example, in Ger-
many, up to 90% of biogas plants are equipped 
with stirrers of various designs (see footnote 1).

Optimizing mixing is crucial, as it is one of 
the most energy-intensive processes in anaero-
bic digestion reactor operation. The authors of 
the research paper set the following overall goal: 
modernizing an existing organic waste process-
ing complex using anaerobic digestion. This 
modernization includes the implementation of 
an automated control system, increasing its en-
ergy efficiency, and improving the quality of the 
resulting organic fertilizer by improving mixing 
conditions. To achieve this goal, a review of ex-
isting, particularly international, experience in 
the field of biogas plant operation was conducted.

The publication review aims at identifying 
the directions and approaches to the numerical 
optimization of bioreactors, as well as indicators 
characterizing the mixing regime in the reactor 
for the production of biofertilizer, and identify-
ing factors that can be neglected. Based on the 
obtained data, tasks for numerical modeling of 
the mixing conditions in reactors of the oper-
ating complex were formulated for specialized 
specialists.

In this review, we will focus on general trends 
in the field of numerical modeling of bioreactors, 
without going into detail about the mathematical 
algorithm and the program code. 

Temperature conditions (absolute values ​​and 
gradient) in the reactor have the greatest influ-
ence on the growth and activity of microorgan-
isms, and, accordingly, the kinetics and stability 
of the anaerobic process [1]. Most often, tem-
perature conditions are designed to maximize 

1Biogas Handbook. From Production to Use: A Draft // Agency for Renewable Resources (FNR), translated from German, 5th 
edition, revised. Germany, Gülzow, 2010, 213 p.

2Vedenev A.G., Maslov A.N. Construction of biogas plants: a brief guide. Bishkek: "Euro", 2006. 28 p.
3Shayakhmetov R.G., Isakov V.G., Efremov S.M. Experience of using the ANSYS WORKBENCH software package for modeling 

mixing processes in methane tanks // Bulletin of Kalashnikov ISTU, 2013, vol. 3, N 59, pp. 127–131.
4Rico C., Rico J.L., Munoz N., Gomez B., Tejero I. Effect of mixing on biogas production during mesophilic anaerobic diges-

tion of screened dairy manure in a pilot plant // Engineering in Life Sciences, 2011, vol. 11, N 5, pp. 476–481. DOI: 10.1002/
elsc.201100010.

5Suslov D.Yu. Mixing of biomass in a bioreactor for biogas production // Epoch of Science, 2015, N 4, pp. 444–447.
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biogas yield and methane content6 [2].
The acidity of the environment (pH) has no 

small part. Different populations of microorgan-
isms require certain optimal pH ranges in which 
they exhibit maximum activity [3]. For example, 
the pH range of 5.5–6.5 is most preferable for 
hydrolysis and acidogenesis, while for acetogen-
esis and methanogenesis, the most suitable pH 
value is in the range of 7,0–8,5.

Mathematical (numerical) modeling meth-
ods, implemented in the form of software pack-
ages from various developers, are increasingly 
used in the design of biogas plants and com-
plexes. Calculations and visual aids obtained 
through modeling allow one to assess the impact 
of physicochemical and biological processes oc-
curring in the reactor, mixing factors, and other 
process features on the efficiency of processing 
products without conducting costly full-scale 
experiments. Numerical modeling is used to op-
timize the shapes, designs, and operating modes 
of bioreactors to improve productivity and prod-
uct quality.

The authors of the review [1] provide a clas-
sification of the methods for numerical modeling 
of anaerobic digestion processes that have found 
practical application:

1) models based on mathematical formula-
tions of the basic laws reflecting the physico-
chemical and biological processes in the reactor: 
elementary models; models taking into account 
primarily mass transfer; models based on com-
putational fluid dynamics;

2) kinetic models;
3) phenomenological models: regression 

models; models based on the support vector ma-
chine; models using neural networks and/or arti-
ficial intelligence, etc.

The first type of models is based on the laws 
of hydrodynamics, heat transfer, and the results 
of research into biochemical processes. Clearly, 
such models should have priority application, 
but they have significant drawbacks:

− the presence of a significant amount of un-
known initial data that needs to be determined 
experimentally;

− limited computing resources due to the 
need to simultaneously take into account various 
physical and chemical processes in the model.

Elementary models are based on calculating 
the dynamics of individual components in the 
reactor—liquid, solid, and gaseous phases—the 
concentration of solid particles of biological and 
mineral substrate, the concentration of soluble 
components and microbial groups, and the con-
centration of biogas components. They primarily 
involve solving systems of differential equations 
to describe mass transfer processes or equilibri-
um conditions.

Models based on mass transfer calculations 
take into account primarily diffusion and con-
vective transfer and are used, according to the 
authors7 [1], in the case of a concentrated sub-
strate in the reactor (more than 15 wt.% solid 
phase). When the solid phase content is more 
than 15 wt.%, the term "solid-state anaerobic di-
gestion" is used.

We consider the most promising direction in 
this area to be the one related to modeling (and 
generally studying the mechanisms) of transfer 
of products of biochemical processes between 
solid particles of raw materials (substrate) and 
cells of microorganisms, which the authors tried 
to model8–9.

Computational fluid dynamics (CFD)-based 
models capture the most important processes 

6Sihuang Xie, Faisal I. Hai, Xinmin Zhan, Wenshan Guo, Hao H. Ngo, William E. Price, Long D. Nghiem Anaerobic co-diges-
tion: a critical review of mathematical modelling for performance optimization // Bioresource Technology, 2016, N 222, pp. 498–
512. DOI: 10.1016/j.biortech.2016.10.015.

7Fuqing Xu, Yebo Li, Zhi-Wu Wang Mathematical modeling of solid-state anaerobic digestion // Progress in Energy and Combus-
tion Science, 2015, N 51, pp. 49–66. DOI: 10.1016/j.pecs.2015.09.001.

8Kalyuzhnyi S.V., Veeken A., Hamelers H.V.M. Two-particle model of anaerobic solid-state fermentation // Water Sci. Technol., 
2000, vol. 41, N 3, pp. 43–50. DOI: 10.2166/wst.2000.0054.

9Fuqing Xu, Zhi-Wu Wang, Li Tang, Yebo Li. A mass diffusion-based interpretation of the effect of total solids content on 
solid-state anaerobic digestion of cellulosic biomass // Bioresource Technology, 2014, N 167, pp. 178–185. DOI: 10.1016/j.
biortech.2014.05.114.
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occurring during mixing. They are used to op-
timize reactor designs and mixing mechanisms, 
and to reduce energy consumption. The most 
widely used commercial software products are 
ANSYS Fluent [4–6], ANSYS CFX [7], and 
COMSOL Multiphysics [8]. Disadvantages of 
research using these products include the limited 
use of biochemical reactions in conjunction with 
fluid dynamics modeling.

So-called "kinetic models" are based on the 
use of adequate simplified equations that relate 
bioreactor performance to certain input data ob-
tained from laboratory experiments or industrial 
reactor operation. These models are designed to 
simplify the modeling process by relying on two 
key assumptions that are bottlenecks in biogas 
synthesis technology [1]:

− the concentration of beneficial microorgan-
isms is the only characteristic responsible for 
biogas/CH4 production;

− the growth of microorganisms is limited 
only by the rate of hydrolysis and the availabili-
ty of substrate particles for nutrition.

Phenomenological models utilize various 
machine learning technologies and are designed 
to address a limited number of target problems. 
The main advantage is that model construction 
does not require a deep understanding of the bio-
chemical, chemical, and physicochemical pro-
cesses occurring during anaerobic digestion [1].

Machine learning can be based on the results 
of field tests that relate the bioreactor's gas yield 
performance to the following process character-
istics, such as [9]:

− the composition of the raw material and the 
ratio of substrate components (municipal waste-
water and sludge, agricultural waste - straw, 
silage, husks, vegetable waste, carbohydrates, 
proteins, lipids, etc.), the chemical oxygen de-
mand index;

− additives (various colonies of microorgan-
isms, enzymes, microelements, defoamers, sor-
bents), dosage and particle size of the materials;

− conditions of the anaerobic digestion pro-
cess (temperature, pH value, electrical conduc-
tivity, raw material pre-treatment technologies, 
proportion of the organic component).

The ANSYS CFX software package, with nu-
merous simplifications, allows for the modeling 
of the velocity and temperature field within a re-
actor volume when formulating the problem of 
continuously feeding a cold substrate at a given 
flow rate [7]. To validate the model, co-fermen-
tation of rice husks and pig manure was conduct-
ed in two types of bioreactors: one with a mixing 
system using substrate recirculation through the 
inlet and outlet pipes, and one without mixing.

For the hydrodynamic modeling, the bioreac-
tor was assumed to operate at low flow rates in 
the recirculation stream (Re < 2000); turbulence 
models were not used. The reactor was analyzed 
in steady-state and transient conditions, taking 
into account heat transfer from the coil. Based 
on the heat flux estimates, the process can be 
considered isothermal [7].

The authors10 used a calculation method to 
study the temperature field in a biogas plant re-
actor.

The method is based on solving a continu-
ous function that allows for modeling the heat 
conduction process. A horizontal reactor (tank) 
divided into sections by vertical partitions, with-
out mixing devices, was chosen as the modeling 
object. The mathematical model is described in 
detail, and the results of a computational experi-
ment are presented.

The authors [10] have systematized extensive 
experience in the application of computational 
fluid dynamics models for the study and opti-
mization of anaerobic digestion processes. The 
review examines specific studies demonstrating 
the possibility of taking into account the combi-
nation of biochemical and hydrodynamic mod-
els, turbulence, heat transfer processes, reactors 
of various designs, and the multiphase nature of 
the environment.

10Ilyin Yu.P., Belov A.V., Stabulit I.S., Kuzmina N.Yu., Rudnykh N.V. Determination of the characteristics of a stationary random 
process in a biogas plant reactor based on one implementation // AIC of Russia, 2017, vol. 24, N 2, pp. 418–425.
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According to the review, the following hy-
drodynamic parameters are used, which, in the 
authors' opinion, influence biochemical pro-
cesses and/or improve the efficiency of biogas 
production: Reynolds number, velocity field ho-
mogeneity index, velocity gradient, shear stress, 
dead zone volume, vorticity, flow helicity, the 
angle between the vorticity vector and the ve-
locity vector, circulation time, power consumed 
for mixing, and substrate flow rate. In particular, 
shear stress must be assessed, as it affects the 
vital activity of microorganisms.

Models have been developed that take into 
account the heterogeneity of the internal envi-
ronment of the bioreactor – the presence of dis-
persed media: liquid – solid, liquid – gas, liq-
uid – gas – solid11 [10].

Yu L. et al. (see footnote 11) validated a com-
plex multistage model using laboratory (1 l) and 
pilot (70 l) vertical tube reactors, with mixing 
achieved by substrate circulation. The solids 
concentration was no more than 5 wt%. The fol-
lowing assumptions were made in the modeling:

– liquid phase – Newtonian fluid – water at a 
temperature of 35 °С;

– gaseous phase – gas bubbles 0.1 mm in size, 
density 1.139 kg/m3, viscosity 1.9 ∙ 10-5 kg/(m ∙ s);

– solid phase – spherical particles of a certain 
diameter.

The system of differential equations was pro-
grammed on the Matlab/Simulink platform, and 
the hydrodynamics were programmed using the 
FLUENT package.

It is obvious that a developed turbulent re-
gime is formed during the mixing process. How-
ever, according to the review [10], only 18% of 
the publications reviewed take this factor into 
account in the model. The methods for turbu-
lence recording and the existing experience are 
discussed in detail.

Models that take heat distribution process-
es into account are also unfairly underutilized, 
perhaps due to the prevalence of publications by 
the authors from warmer climates. A study by 
Merlin G. et al.12 examines the need to account 
for heat loss in reactors operating in continen-
tal climates. A steady-state heat transfer model 
is used, with a calculation uncertainty of ~10% 
compared to experimental measurements. It is 
crucial to use such models at the design stage 
of the facilities to reduce heat loss to the envi-
ronment. Specifically, the authors13 were able to 
identify flows and reduce heat loss through the 
inlet system and the lid of a semi-buried reac-
tor by 30%, and losses through biogas by 15%. 
The calculations took into account atmospher-
ic conditions, including ambient temperature 
throughout the year, solar radiation, and rainfall 
intensity.

Thakur H. et al. [11] defined the following 
parameters as the criteria for comparing the effi-
ciency of the mixing processes:

1) dead volume (volume of stagnant zones), 
determined by the proportion of the reactor vol-
ume with a flow velocity of less than 5% of the 
maximum (in this study – 0.64 m/s);

2) velocity gradient, determined by the for-
mula

13 
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of heat transfer in an anaerobic digestion plant in a continental climate context // Bioresource 

Technology. 2012. N 124. P. 59–67. DOI: 10.1016/j.biortech.2012.08.018.
14Rainier Hreiz, Nouceiba Adouani, Yves Jannot, Marie-Noelle Pons. Modeling and simulation 

of heat transfer phenomena in a semi-buried anaerobic digester // Chem. Eng. Res. Des. 2017. N

119. P. 101–116. DOI: 10.1016/j.cherd.2017.01.007.

Thakur H. et al. [11] в качестве критериев сравнения эффективности процессов 

перемешивания определили следующие параметры:

1) мертвый объем (объем застойных зон), определяемый долей объема 

реактора со скоростью движения менее 5% от максимальной (в данном 

исследовании – 0,64 м/с);

2) градиент скорости, определяемый по формуле: 
222









∂
∂

+
∂
∂

+







∂
∂

+
∂
∂

+







∂
∂

+
∂
∂

=
y
u

z
u

x
u

z
u

x
u

y
uG zyzxyx

,

где ux, uy и uz – скорость ячейки в направлениях x, y и z соответственно;

3) индекс однородности: 

∑
∑ −

=

i
i

i
i

i

Vv

Vvv
UI

2
, при  

∑
∑

=

i
i

i
ii

V

Vv
v

,

где vi и Vi – скорость и объем ячейки, v – усредненная по объему скорость в 

реакторе. Значение UI меняется от 0 (однородное смешение) до 1 (нет 

where ux, uy and uz – cell velocity in the direc-
tions x, y and z respectively;

3)	 homogeneity index: 

13 
 

посвящена изучению необходимости учета теплопотерь для реакторов, 

работающих в условиях континентального климата. Используется модель 

стационарного теплопереноса, неопределенность расчета по сравнению с 

экспериментальными измерениями – ~10%. Принципиально важно 

использовать такие модели на стадии проектирования установок для снижения 

тепловых потерь в окружающую среду, в частности авторам14 удалось выявить 

потоки и снизить потери тепла через систему ввода и крышку 

полузаглубленного реактора – на 30%, потери с биогазом – на 15%. В расчетах 

учитывались атмосферные условия, в том числе – температура окружающей 

среды в течение года, солнечное излучение, интенсивность дождя.
13Gerard Merlin, Francois Kohler, Maele Bouvier, Thierry Lissolo, Herve Boileau. Importance  

of heat transfer in an anaerobic digestion plant in a continental climate context // Bioresource 

Technology. 2012. N 124. P. 59–67. DOI: 10.1016/j.biortech.2012.08.018.
14Rainier Hreiz, Nouceiba Adouani, Yves Jannot, Marie-Noelle Pons. Modeling and simulation 

of heat transfer phenomena in a semi-buried anaerobic digester // Chem. Eng. Res. Des. 2017. N

119. P. 101–116. DOI: 10.1016/j.cherd.2017.01.007.

Thakur H. et al. [11] в качестве критериев сравнения эффективности процессов 

перемешивания определили следующие параметры:

1) мертвый объем (объем застойных зон), определяемый долей объема 

реактора со скоростью движения менее 5% от максимальной (в данном 

исследовании – 0,64 м/с);

2) градиент скорости, определяемый по формуле: 
222









∂
∂

+
∂
∂

+







∂
∂

+
∂
∂

+







∂
∂

+
∂
∂

=
y
u

z
u

x
u

z
u

x
u

y
uG zyzxyx

,

где ux, uy и uz – скорость ячейки в направлениях x, y и z соответственно;

3) индекс однородности: 

∑
∑ −

=

i
i

i
i

i

Vv

Vvv
UI

2
, при  

∑
∑

=

i
i

i
ii

V

Vv
v

,

где vi и Vi – скорость и объем ячейки, v – усредненная по объему скорость в 

реакторе. Значение UI меняется от 0 (однородное смешение) до 1 (нет 

where vi and Vi – cell speed and volume, v – vol-
ume-averaged velocity in a reactor. The UI value 

11Liang Yu, Jingwei Ma, Craig Frear, Quanbao Zhao, Robert Dillon, Xiujin Li, Shulin Chen Multiphase modeling of settling and 
suspension in anaerobic digester // Appl. Energy, 2013, N 111, pp. 28–39. DOI: https://doi. org/10.1016/j.apenergy.2013.04.073.

12Gerard Merlin, Francois Kohler, Maele Bouvier, Thierry Lissolo, Herve Boileau Importance of heat transfer in an anaerobic di-
gestion plant in a continental climate context // Bioresource Technology, 2012, N 124, pp. 59–67. DOI: 10.1016/j.biortech.2012.08.018.

13Rainier Hreiz, Nouceiba Adouani, Yves Jannot, Marie-Noelle Pons. Modeling and simulation of heat transfer phenomena in a 
semi-buried anaerobic digester // Chem. Eng. Res. Des. 2017. N 119. P. 101–116. DOI: 10.1016/j.cherd.2017.01.007.
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ranges from 0 (homogeneous mixing) to 1 (no 
homogeneity).

As research has shown, when simulating the 
mixing of low-concentration suspensions (less 
than 2.5% solids by weight), the substrate can 
be considered a Newtonian fluid. Biogas yield in 
this case depends little on the rotation speed of 
the mixer blades [11]. 

Thakur H. et al. [11] selected four cubic re-
actors and one cylindrical reactor with variable 
impeller sizes for their study. Simulations were 
conducted using the ANSYS Fluent package in 
steady-state and transient modes. A single-phase 
medium and a non-Newtonian fluid were adopt-
ed, as the study focused on a high solids con-
tent. For each reactor, velocity and temperature 
profiles were constructed, based on which the 
mixing process was optimized and conclusions 
were drawn about the correlation between ener-
gy consumption for mixing and process parame-
ters – dead volume, velocity gradient and homo-
geneity index. In [12], the hydrodynamics and 
heat distribution during the co-fermentation of 
food waste, sewage sludge, and cow manure (in-
oculum) in various ratios in mesophilic reactors 
of 0.25 and 6.5 l volumes with continuous stir-
ring were modeled. Additionally, the solid phase 
concentrations were varied in the range from 2.5 
to 12.1 wt%.

The studies conducted [13, 14] focused on 
modeling high solid phase concentrations (up 
to 12 wt.%) and the rheological characteristics 
of this case during mixing. Numerical modeling 
in the ANSYS Fluent package is supported by 
validation with experimental data. The problem 
was posed based on the assumption of previous 
authors about a higher biogas yield with an in-
crease in the concentration of the organic phase. 
The proportion of organic matter in the sludge is 
described by the concentration of solid particles 
in general [13]. The operation of laboratory re-
actors of cylindrical and egg-shaped shapes with 
two types of mixers is simulated: propeller (three 
propellers on a single shaft) and screw (spiral 
ribbon). In the laboratory experiment, rheology 

is simulated using a mixture of glycerol and wa-
ter, without any solid impurities. In [14], the sol-
id phase and mineral content, pH, chemical ox-
ygen demand, volatile fatty acid concentrations, 
temperature, and biogas yield were determined 
during the full-scale experiment. Good agree-
ment between the numerical simulation and ve-
locity field measurement results is demonstrated. 
As expected, for a viscous liquid, a screw mixer 
proved to be more effective in terms of velocity 
field uniformity [13].

Otieno E.O. et al. [15] used the so-called 
“Box Behnken Design” – a method of orga-
nizing an experiment and processing an array 
of data using mathematical statistics methods, 
which made it possible to identify which of the 
many experimental parameters have the most 
significant impact on the efficiency of fermenta-
tion – the yield of biogas. In a laboratory exper-
iment, agricultural waste (pineapple processing 
waste) was fermented together with cattle waste 
using a 6 m3 Rehau domestic biogas system. The 
following parameters were selected for varia-
tion: reactor temperature, substrate pH, and the 
concentration of pineapple processing waste 
in the substrate. Design Expert software was 
used to generate graphs and response surfaces 
to optimize experimental conditions and reduce 
the required amount of experimental data. The 
response surfaces allow one to estimate biogas 
yield depending on the two variable parameters.

In [16], similar to the previous study, distil-
lation plant wastewater was fermented together 
with livestock waste in a simplified laboratory 
experiment. Instead of the ratio of raw materials, 
the retention time of the substrate in the reactor 
was varied in the range of 17–22 days. 

The results of the study by Kim M. and Cui F. 
[17] provide comprehensive information and are 
an example of the approach and use of models 
based on machine learning. Machine learning 
was based on experimental data collected during 
long-term operation of laboratory (operated 
for 350 days), pilot (150 days), and full-scale 
(750 days) anaerobic digestion reactors. Using 
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the example of the digestion of sewage sludge 
and food waste with varying reactor conditions 
and continuous mixing, biogas production and 
chemical oxygen demand (COD) were primarily 
monitored.

Calculations were performed using the MAT-
LAB package for statistical data processing and 
regression modeling. The availability of exper-
imental data allows for validation of calcula-
tion results at various levels and scalability of 
the study results to other installations. Response 
surfaces constructed from the modeling results, 
for example, for COD versus total nitrogen con-
tent and methane yield, correlate well with the 
experimental data [17].

The most important area of ​​numerical model-
ing, in our view, is the need to develop the mod-
els that can predict biochemical processes and 
the vital activity of a microbial consortium, as 
well as the possibility of integrating them with 
hydrodynamic models. The ultimate goal of most 
research in this area is to determine the depen-
dence of the rate of decomposition and conver-
sion of organic matter and the increase in biogas 
production on biochemical and hydrodynamic 
parameters in a reactor [17]. Since the volume of 
necessary calculations increases exponentially, 
research is aimed at simplifying the models and 
identifying factors that can be neglected. Thus, 
the models of Wu B. et al.14 and Tobo Y.M. et al. 
[4] show a good approximation to experimental 
data and take into account the hydrolysis of car-
bohydrates, proteins and lipids to soluble sugar, 
amino acids and long-chain fatty acids, as well 
as changes in the mass of organic matter.

Vavilin V.A. et al.15, 16 also constructed a 
mathematical model based on the kinetics of an-
aerobic processes (raw material hydrolysis, acid 
formation, and methanogenesis), taking into 
account fatty acid concentrations and the pH of 

the medium. It was shown that with high mixing 
intensity, the substrate is converted to a greater 
extent into fatty acids rather than into the target 
product, methane.

Dabiri S. et al. [18] integrated the process-
es of hydrolysis and substrate transformation by 
microorganisms (decomposition, formation of 
conglomerates) into a numerical hydrodynamic 
model. Mixing in the model reactor was carried 
out using the recirculation method. To simplify 
the calculation after comparing the hydrody-
namic parameters of 2D and 3D modeling, the 
reactor was modeled in 2D.

A more complex model by Rezavand M. et 
al. [6] links some biochemical processes with 
hydrodynamics. The computational domain is 
divided into elements, each of which carries in-
formation about biologically active compounds 
and follows the flow of the substrate. Mass 
transfer between particles is reproduced by the 
diffusion equation. The model includes four pro-
cesses: substrate hydrolysis, acidogenesis (the 
processing of soluble compounds by acidogenic 
bacteria), acetogenesis (the processing of vola-
tile fatty acids and the formation of acetate by 
acetogenic bacteria that degrade propionate and 
butyrate), and methanogenesis (the consump-
tion of acetate and the formation of methane by 
methanogenic bacteria). These biological reac-
tions are modeled as a system of ordinary differ-
ential equations.

Few studies have been devoted to quantita-
tive assessments of microbial communities. In 
particular, Yu S. et al. [19] used various machine 
learning models to determine the relationships 
between the microbial community, pH, and the 
content of volatile fatty acids in the substrate 
(acetic, propionic, butyric, isobutyric, valeric, 
isovaleric, and caproic acids were determined) 
during anaerobic digestion. The content of 7 

14Binxin Wu, Eric L. Bibeau, Kifle G. Gebremedhin. Three-dimensional numerical simulation model of biogas production for 
anaerobic digesters // ASAE Annu. Meet. Am. Soc. Agric. Biol. Eng. 1. 2006. DOI: 10.13031/2013.20924.

15Vavilin V.A., Angelidaki I. Anaerobic degradation of solid material: importance of initiation centers for methanogenesis, mixing 
intensity, and 2D distributed model // Biotechnology and Bioengineering. 2005. V. 89. № 1. P. 113-122. DOI: https://doi.org/10.1002/
bit.20323.

16Vavilin V.A., Lokshina L.Y., Flotats X., Angelidaki I.Anaerobic digestion of solid material: multidimensional modeling of 
continuous-flow reactor with nonuniform influent concentration distributions // Biotechnology and Bioengineering. 2007. V. 97. 
№ 2. P. 354-366. DOI: https://doi.org/10.1002/bit.21239.
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17Sang-Hoon Lee, Jeong-Hoon Park, Sang-Hyoun Kim, Byung Jo Yu, Jeong-Jun Yoon, Hee-Deung Park. Evidence of syntro-
phic acetate oxidation by Spirochaetes during anaerobic methane production // Bioresour. Technol. 2015. N 190. P. 543–549. DOI: 
10.1016/j.biortech.2015.02.066. 

18Lindmark J., Thorin E., Fdhila R.B., Dahlquist E. Effects of mixing on the result of anaerobic digestion: Review / // Renewable 
and Sustainable Energy Reviews. 2014. № 40. P. 1030–1047. DOI: 10.1016/j.rser.2014.07.182.

19Biogas Handbook. From Production to Use: A Draft // Agency for Renewable Resources (FNR), translated from German, 5th 
edition, revised. Germany, Gülzow, 2010, 213 p.

20Karim K., Hoffmann R., Klasson T., Al-Dahhan M.H. Anaerobic digestion of animal waste: waste strength versus impact of 
mixing // Bioresourse Technology. 2005. Vol. 96. № 16. P. 1771-1781. DOI: 10.1016/j.biortech.2005.01.020.

families of archaea and 30 types of bacteria in 
the substrate was assessed.

The initial data for the model was generated 
based on laboratory studies in mini-reactors (250 
ml flasks). Whey was used as the fermentation 
substrate, and anaerobic sludge from wastewater 
treatment plants was used as the inoculum. The 
organic load of the reactors was varied, quanti-
fied by the COD value. To collect the required 
data volume, the experiment was run for a total 
of 281 days across 15 reactors. To test the ef-
fectiveness of the generalized machine learning 
model, the experimental data was divided into 
training, validation, and testing datasets [19].

From [19] we present some features of the 
selection of microbiological communities. Four 
bacterial groups were used as targets (Bacte-
roidetes, Firmicutes, Proteobacteria и Spiro-
chaetes) and four archaeal families (Methano-
bacteriaceae, Methanoregulaceae, Methanomi-
crobiaceae and Methanomassiliicoccaceae). 
Bacteroidetes, Firmicutes and Proteobacteria 
are the main bacteria that indirectly influence 
hydrolytic fermentation in the reactors [19]. 
Bacteroidetes and Firmicutes are the most com-
mon bacteria involved in acidogenesis, secrete 
enzymes for the decomposition of organic mat-
ter and are capable of surviving in extreme con-
ditions [20]. Spirochaetes have been proposed as 
a bacterial phylum that actively affects glucose 
and acetate17.

These bacterial communities were selected, 
in part, due to their abundance. Based on the 
study's results, optimal relative abundances of 
Mehtanoreg and Methanomicrob for stable bio-
reactor operation were proposed at 15–37% and 
3–15%, respectively. 

It should be noted that high mixing intensity 
and the resulting shear stresses have a negative 

impact on the vital activity of microorganisms – 
their activity is suppressed and the flocculation 
structure is destroyed18 [21]. 

Some microorganisms may be vulnerable 
to mechanical damage due to their unique cell 
morphology—threadlike or other structures with 
significant linear dimensions. Some publications 
demonstrate the need to create "protective" stag-
nant zones in the reactor, which can serve as ini-
tiation sites for methanogens and protect them 
from acidification (see footnote 18).

Furthermore, it is reported (see footnote 18) 
that continuous agitator operation promotes rapid 
hydrolysis, resulting in the accumulation of acids 
that inhibit methanogenic bacteria. The paper an-
alyzes the mechanism by which biogas yield de-
creases with intensive agitation. The authors also 
note the work of those who demonstrated, using 
experimental data, that even with the complete 
destruction of microbial conglomerates (flocs), 
the gross biogas yield does not decrease.

A review of numerical modeling experience 
revealed a lack of interest among researchers in 
improving the quality of the second most im-
portant product of anaerobic digestion technol-
ogy—bioorganic fertilizer. In Russia, anaerobic 
digestion plants designed for biogas production 
are ineffective due to the country's own low-cost 
energy resources (natural gas, grid electricity), 
on the one hand, and harsh climatic conditions 
and prohibitively long payback periods for such 
plants, on the other. The key criteria for mixing 
efficiency should be linked to the quality of the 
resulting liquid substrate. 

Most researchers have concluded that it is im-
possible to unambiguously determine the param-
eters of the mixing process based on laboratory 
experiments, modeling results, or calculations19, 20  

(see footnote 18). 
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Табл. 1.  Примеры подходов к моделированию условий перемешивания и рассмотренные субстраты
Table 1.  Examples of approaches to mixing conditions modeling and the substrates considered

№ 
п.п.

Substrate  
characteristics

Process performance  
indicators

Physicochemical  
processes incorporated 

into the model

Reactor  
shape

Source  
of infor-
mation

1 Modeling mixture of 
glycerin and water

“Dead” volume share Hydrodynamics, 
recording of turbu-
lence

Laboratory cylindrical 
flask with a screw (au-
ger) stirrer

[13]

2 Food waste, paper 
mill wastewater 
sludge

“Dead” volume share, ve-
locity gradient, tempera-
ture field

Hydrodynamics, 
heat distribution,
recording of turbu-
lence

Laboratory cubic [14]

3 Food waste, paper 
mill wastewater 
sludge, cattle manure

“Dead” volume share, ve-
locity gradient, chemical 
oxygen demand (COD), 
organic acid content, sol-
ids concentration phase

Hydrodynamics, 
heat distribution

Laboratory reactors with 
a capacity of 0.25 and 
6.5 liters

[12]

4 Agricultural waste 
(pineapple process-
ing waste), cattle 
manure

Temperature field, sub-
strate pH, solid phase con-
centration

Statistical process-
ing, construction of 
response surfaces in 
the Design Expert 
software 

Rehau biogas system 
with a capacity of 6 m3

[15]

5 Wastewater from 
distilleries, cattle 
manure

Temperature field, sub-
strate pH, substrate reten-
tion time in the reactor

Statistical process-
ing, construction of 
response surfaces

Laboratory cylindrical 
flask with a volume of 
600 ml

[16]

6 Sewage treatment 
plant sludge, food 
waste

Biogas yield, chemical 
oxygen demand

Machine learning Laboratory (2 and 5 l), 
pilot (1.2 and 4.2 m3) 
and full-scale (2320 m3) 
cylindrical reactors

[17]

7 Sewage treatment 
plant sludge, cattle 
manure

Volume fraction and reten-
tion time of solids, yield 
and production rate of 
biogas

Hydrodynamics, ac-
counting for a mul-
tiphase environment 
(liquid – gas – solid)

Laboratory (1 l) and 
pilot (70 l) cylindrical 
reactors

See foot-
note 11

8 Milk whey, sludge 
from sewage treat-
ment plants

Microbial community, 
substrate pH, volatile fatty 
acid content, COD

Machine learning Laboratory mini reactor 
(250 ml bottle)

[19]



125Сибирский вестник сельскохозяйственной наyки • 2025 • 55 • 5Механизация, автоматизация, моделирование 
и информационное обеспечение

Подходы к численному моделированию работы биореакторов 
анаэробного сбраживания: обзор

Рубцов А.А., Немущенко Д.А.

Табл. 2.  Рекомендованные типы механических мешалок для биогазовых реакторов и их применение
Table 2.  Recommended types of mechanical stirrers for biogas reactors and their applications

Stirrer type Stirrer characteristics Source of 
information 

Propeller stirrer A high-speed stirrer, most effective for suspending low-
viscosity substrates. Effective for intensifying biochemical 
processes. A three-blade design is recommended. It 
can be positioned not only coaxially but also obliquely, 
eccentrically, and laterally. A vortex may form during 
operation.

[14], [22],

See footnote 21 

Frame and a

nchor stirrer

Low-speed stirrer. Used for homogenizing high-viscosity 
substrates (up to 100 Pa s). The stirrer's shape follows 
the profile of the reactor bottom. It breaks up the crust 
on the substrate surface and creates a predominantly 
circumferential circulation.

See footnote 22 

Paddle stirrer A low-speed mixer used for homogenizing high-viscosity 
substrates (up to 100 Pa s). The number of blades and 
their angle can be varied. Easy to manufacture and install. 
Primarily circumferential circulation.

[11], see footnote 
23, [22]

Auger (screw) mixer Low-speed stirrer. Used for homogenizing highly viscous 
substrates (up to 100 Pa s or more). Provides lower power 
consumption for viscous media.

[13]

21Karim K., Hoffmann R., Klasson T., Al-Dahhan M.H. Anaerobic digestion of animal waste: waste strength versus impact of 
mixing // Bioresourse Technology, 2005, vol. 96, N 16, pp. 1771–1781. DOI: 10.1016/j.biortech.2005.01.020.

22Gaufullin I.Kh. Design development and justification of the parameters of a small-volume biogas plant: Abstract of a Ph.D. in 
Engineering Sciences, specialty 05.20.01 – Technology and means of agricultural mechanization. Kazan, 2022, 20 p.

23Yampilov S.S., Kobyakova E.N., Druzyanova V.P. Justification of the use of a mixing device in a biogas plant for small livestock 
farms // Vestnik of VSGUTU, 2014, N 4, pp. 13–19.
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Mixing modes (stirrer speed, mixing frequen-
cy) for real-world applications are typically de-
termined during the bioreactor setup phase. Due 
to the diversity of industrially available mixing 
device designs, comparing modeling results 
from different authors is difficult. For clarity, 
Table 1 provides examples of the most compre-
hensively described research results, allowing 
one to evaluate the diversity of processes and 
approaches to modeling reactor conditions.

Taking into account the development of com-
puting power, the most promising models for 
practical application in the production of biofer-
tilizers, in our opinion, should be considered the 
following types:

– machine learning-based models that predict 
the development of microbiological communi-
ties and have been verified using semi-industrial 
experimental data under fermentation conditions 
of specific substrates;

– numerical models and software tools that 
allow combining hydrodynamic parameters, 
temperature field parameters during mixing and 
feeding a new portion of substrate into the reac-
tor, and some of the most important biochemical 
processes leading to the formation of limiting 
products of the acidogenesis and acetogenesis 
stages.

Table 2 lists the types of mechanical stirrers 
used for substrate homogenization in bioreac-
tors. The stirrer type is primarily determined by 
the substrate viscosity and the reactor shape.
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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 
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degrees of Doctor or Candidate of Sciences must be published. 
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plant breeding, seed production and biotechnology;
agrochemistry, soil science, plant protection and quarantine;
fodder production;
infectious diseases and animal immunology;
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technologies, machinery and equipment for the agro-industrial complex;
food systems.
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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
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Problems. Opinions
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science
Brief reports
From dissertations  
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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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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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