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Влияние технологий обработки почвы  
на ферментативную активность в ризосфере льна масличного

Горгулько Т.В., Дидович С.В., Пась А.Н.
Научно-исследовательский институт сельского хозяйства Крыма
Симферополь, Россия 

e-mail: t.gorgulko@gmail.com
Степной Крым характеризуется аридным климатом с высокими температурами и недоста-

точностью влаги, поэтому поддержание почв и повышение их плодородия становятся ключе-
выми задачами для обеспечения устойчивого развития сельского хозяйства. В статье представ-
лены результаты экспериментального изучения воздействия различных технологий обработки 
почвы и применения микробиологического препарата Микробиокомом-Агро на активность 
оксидоредуктаз в ризосфере льна масличного в условиях Крыма. Полевые исследования про-
водили в 2023, 2024 гг. на базе отдела полевых культур Научно-исследовательского института 
сельского хозяйства Крыма. В работе использовали сорт льна масличного Микс, который вы-
ращивали по двум технологиям: традиционной для региона вспашке на глубину 22–24 см и ре-
сурсосберегающему прямому посеву без предварительной обработки почвы. Перед посевом 
применяли предпосевную бактеризацию семян Микробиоком-Агро, в контрольных вариантах 
использовали обработку водой. Результаты исследований показали, что в 2023 г. при традици-
онной системе земледелия и прямом посеве отмечено повышение термолабильной каталазной 
активности до 21,1–31,9  мл О2/мин/г абсолютно сухой почвы, что на 8,1–14,5% превышало 
показатели вариантов с применением биопрепарата. При этом обработка семян Микробио-
комом-Агро при традиционной технологии привела к снижению пероксидазной активности  
в 3  раза относительно контроля. В 2024  г. применение препарата в условиях прямого посе-
ва способствовало увеличению каталазной активности до 25,2 мл O2/мин/г абсолютно сухой 
почвы, что на 25,8% выше контрольных значений. В варианте с традиционной технологией 
обработки почвы биопрепарат сокращал пероксидазную активность в 6,6 раза по сравнению  
с контролем.

Ключевые слова: лен масличный, микробиологический препарат, ферментативная актив-
ность, ризосфера, обработка почвы

Influence of tillage technologies on the enzymatic activity  
in the rhizosphere of oilseed flax

Gorgul'ko T.V., Didovich S.V., Pas' A.N.
Research Institute of Agriculture of Crimea
Simferopol, Russia 

e-mail: t.gorgulko@gmail.com
The steppe Crimea is characterized by an arid climate with high temperatures and a lack of moisture, 

so maintaining soils and increasing their fertility are becoming key tasks for ensuring the sustainable 
development of agriculture. The article presents the results of an experimental study on the impact of 
various soil treatment technologies and the use of the microbiological product Microbiocom-Agro on 
the activity of oxidoreductases in the rhizosphere of oilseed flax in the conditions of Crimea. The field 
studies were conducted in 2023–2024 based on the Department of Field Crops at the Research Insti-
tute of Agriculture of Crimea. The study used the Mix variety of oilseed flax, which was grown using 
two technologies: traditional ploughing to a depth of 22–24 cm, and resource-saving direct sowing 
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without pre-treatment of the soil. Before sowing, the seeds were pre-treated with Microbiocom-Agro 
and water was used in the control variants. The research results showed that in 2023, when using the 
traditional farming system and direct sowing, there was an increase in thermolabile catalase activity to 
21.1–31.9 ml O2/min/g of absolutely dry soil, which was 8.1–14.5% higher than in the variants using 
the biological product. However, when using the traditional technology, seed treatment with Micro-
biocom-Agro resulted in a 3-fold decrease in peroxidase activity compared to the control. In 2024, 
the use of the product under conditions of direct sowing contributed to an increase in catalase activity 
to 25.2 ml O2/min/g of completely dry soil, which was 25.8% higher than the control values. In the 
variant with traditional soil treatment technology, the biopreparation caused a decrease in peroxidase 
activity by 6.6 times compared to the control.

Keywords: oilseed flax, microbiological preparation, enzymatic activity, rhizosphere, soil treatment
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INTRODUCTION 

Nowadays, a lot of different indicators are 
used to assess the biological state of soils, 
which is due to the many functions of soil mi-
croorganisms. Their life activities are based on 
the work of enzymes – biological catalysts that 
are responsible for biochemical reactions and 
are an integral part of the nutrient cycles in the 
soil, such as oxygen and nitrogen.

Enzymes form a natural reserve that gradual-
ly accumulates in the soil thanks to the activity 
of soil microorganisms, the work of land and 
underground animals, and also due to plant root 
secretions [1–3]. These enzymes keep their bi-
ological activity for a long time under optimal 
environmental conditions, like moisture, tem-
perature, and soil acidity. Unlike the fluctuating 

numbers of microorganisms, enzymatic activity 
is more stable [4–7]. Enzymes play a key role 
in breaking down organic matter, turning plant 
residues into nutrients and taking part in bio-
chemical cycles.

The activity of soil enzymes in natural eco-
systems is a sensitive indicator of the biochem-
ical activity of soil microbial communities, as 
well as the rate of mineralization, humification, 
and accumulation of organic carbon in the soil. 
It can vary a lot depending on the type of crop 
grown, the method of soil treatment, and the 
level of fertilization [8, 9]. Long-term use of di-
rect seeding, as well as the introduction of mod-
ern soil cultivation and sowing technologies on 
chernozems, does not lead to a decrease in soil 
enzymatic activity compared to traditional tech-
nologies [10, 11].
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All the enzymes studied play an important 
role in the biodynamic processes of the soil 
ecosystem. Oxidoreductases (catalases, perox-
idases, and polyphenol oxidases) are especially 
important in metabolism and energy exchange. 
These enzymes catalyze key redox reactions, 
regulating the biochemical transformations of 
organic and inorganic substances in the soil 
[12–15]. Studying enzyme activity in the plant 
rhizosphere helps determine the speed and na-
ture of biochemical reactions in the soil. This 
kind of analysis is an important tool for objec-
tively evaluating the biological effectiveness 
of modern farming technologies, including the 
use of microbial products and biological plant 
protection methods. The data gathered makes it 
possible to draw scientifically backed conclu-
sions about how different agricultural practices 
affect soil communities and crop productivity.

The purpose of this work is to assess the ef-
fect of different soil treatments and seed bac-
terization with the microbiological preparation 
Microbiocom-Agro on enzyme activity in the 
rhizosphere of oil flax when grown in the steppe 
Crimea.

MATERIAL AND METHODS 

Experimental studies in 2023 and 2024 were 
conducted on a test plot in the steppe zone of 
Crimea (Klepinino village, Krasnogvardeisky 
district) on oil flax of the Mix variety using 
two soil cultivation systems: traditional mold-
board plowing (22–24 cm) and direct seeding 
without preliminary cultivation in combination 
with the use of the complex microbial prepa-
ration Microbiocom-Agro according to the fol-
lowing scheme: traditional technology – control 
(without treatment with Microbiocom-Agro), 
traditional technology – seed treatment with 
Microbiocom-Agro, direct seeding – control 
(without treatment with Microbiocom-Agro); 

direct seeding – seed treatment with Microbio-
com-Agro.

The soil cover of the experimental plot is 
southern chernozem with a low humus con-
tent. In the arable layer, the humus content is 
2.4–2.6% (according to the Tyurin's method), 
mobile P2O5 is 1.0–2.5 mg/100 g of soil, and 
mobile K2O is 18–28 mg/100 g of soil (accord-
ing to the Machigin's method)1.

The soil particle-size distribution is coarse 
silty-clayey, light loamy. Before sowing oil 
flax, the content of agronomically valuable ag-
gregates (0.25–10.00 mm) in the 0–10 cm soil 
layer was 72.6–79.1% using traditional technol-
ogy, and 73.0–82.1% using direct seeding.

The steppe area of the Crimean Peninsula 
has a continental dry climate, with sharp daily 
and seasonal temperature changes and uneven 
rainfall. According to long-term observations, 
the average annual temperature reaches +10.8 
°C.

In 2023, the air temperature during the sow-
ing and harvesting of oil flax was 1.4–2.5 °C 
above the average, and in 2024 it was 3.6–4.2 
°C higher. The annual amount of precipitation 
averages 383–448 mm, but it falls unevenly2. 
In 2023, 219.7 mm of precipitation fell, and in 
2024 – 46.6 mm.

Pre-sowing seed preparation included treat-
ment with the complex biological product Mi-
crobiocom-Agro, which contains a combina-
tion of beneficial microorganisms with various 
functional properties, including strains with 
nitrogen-fixing and phosphate-mobilizing ac-
tivity, as well as microorganisms that produce 
growth substances and antagonize pathogenic 
microflora. To compare the effectiveness of the 
treatment, water-treated seeds were used as a 
control.

Soil samples were collected during the flow-
ering phase. The activity of oxidation-reduction 

1Polovitsky I.Ya., Gusev P.G. Soils of the Crimea and the increase of their fertility. Simferopol: Tavria Publ., 1987, 152 p.
2Agro-climatic handbook of the Autonomous Republic of the Crimea (1986–2005): references / edited by A.I. Prudko and T.I. 

Adamenko. Simferopol: TsGM in ARC, 2011, 344 p.
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enzymes (polyphenol oxidase and peroxidase) 
in the rhizosphere soil was determined using ti-
tration and photo-electro-colometry methods3, 4. 
The activity of catalase enzymes was measured 
using the Galstyan’s gasometric method5, 6. Soil 
respiration was measured by the rate of CO2 re-
lease over 24 hours of incubation at 27°C7.

For statistical processing of the data, Micro-
soft Excel 2007 and Statistica_10.0 programs 
were used, which made it possible to analyze 
the results with the calculation of mean values ​​
and standard errors8.

RESULTS AND DISCUSSION 

According to the data of field experiments in 
2023, a significant impact of pre-sowing seed 
inoculation and soil cultivation methods on the 
activity of oxidoreductase enzymes in the rhizo-
sphere of oil flax was established.

As the results presented in Table 1 show, the 
use of traditional farming technology contrib-

uted to an increase in the total catalase activity 
by 1.7 ml O2/min/g a.d.s. (absolutely dry soil), 
in the variant with direct seeding, an increase in 
thermolabile catalase by 4.6 ml O2/min/g a.d.s. 
was observed, which is 8.1–14.5% more com-
pared to the treatment with Microbiocom-Agro.

The analysis revealed a 65.1% reduction in 
polyphenol oxidase activity (20.3 ml KJO3/100 
g a.d.s.) with the traditional technology com-
pared to the microbiological preparation. Fur-
thermore, a trend toward decreased polyphenol 
oxidase activity was noted with direct seeding 
compared to the use of Microbiocom-Agro. 
In particular, the activity decreased by 8.8% 
(4.4 ml KJO3/100 g a.d.s.), which may be due 
to extreme weather conditions that led to rapid 
depletion of available nutrients and oxygen in 
the soil.

Carbon dioxide emissions were found to de-
pend on the farming technology and Microbio-
com-Agro application. When using traditional 
tillage technology in combination with Micro-

3Khaziev F.Kh. System-ecological analysis of soil enzymatic activity), Moscow: Nauka, 1982, 204 p.
4Titova V. I.  and Kozlov A. V., Methods for assessing the soil microbe cenosis functioning involved in the organic matter 

transformation: scientific and methodological manual (Nizhny Novgorod: The Nizhny Novgorod Agricultural Academy, 2012), p. 64.
5Galstyan A.Sh. Unification of the methods to study soil enzymatic activity// Eurasian Soil Science. 1978, N 2, pp. 107–113.
6Methods of soil microbiology and biochemistry. Ed. by D.G. Zvyagintsev. Moscow: Moscow State University Press, 1991, 304 p.
7Methodological guidelines for assessing the toxic effect of pesticides on soil microflora / under the general guidance of Yu.V. 

Kruglov. 1981. 43 p.
8Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research results). Moscow: 

Alliance, 2014, 351 p.

Табл.  1 .  Влияние Микробиокома-Агро и технологий возделывания на ферментативную актив-
ность и выделение углекислого газа в ризосфере льна масличного в фазу цветения (полевой опыт, 
чернозем южный, 2023 г.)
Table 1.  Influence of Microbiocom-Agro and cultivation technologies on enzymatic activity and carbon 
dioxide release in the rhizosphere of oilseed flax during the flowering phase (field experiment, southern 
chernozem, 2023)

Experiment option 

Enzyme activity
CO2 emission, 

mg/ g a.d.s./daysTotal catalase, 
ml O2/min/g a.d.s.

Thermolabile catalase, ml 
O2/min/ g a.d.s

Polyphenol oxidase, 
ml KJO3/100 g a.d.s

Traditional technology 11,70 ± 0,90 21,10 ± 0,70 31,20 ± 8,40 0,46 ± 0,05
Traditional technology 
with Microbiocom-Agro 10,00 ± 0,40 19,40 ± 0,80 51,50 ± 3,70 0,46 ± 0,05

Direct sowing 12,20 ± 0,20 31,90 ± 4,30 49,80 ± 3,80 0,47 ± 0,001
Direct sowing with Microbio-
com-Agro 12,50 ± 0,30 27,30 ± 0,90 54,20 ± 1,40 0,18 ± 0,02
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biocom-Agro, the rate of carbon dioxide emis-
sion increased by 0.28 mg/g a.d.s./day (60.9%) 
compared to direct seeding with Microbio-
com-Agro. This indicates accelerated decom-
position and oxidation of organic matter due to 
soil fauna.

According to the data presented in Fig. 1, 
the peroxidase activity during traditional soil 
treatment in the control variant was 1.22 μmol 
guaiacol/g, which is 1.6 times higher than the 
values ​​for direct seeding technology. The use 
of Microbiocom-Agro in traditional cultivation 
technology reduced peroxidase activity by 3 
times compared to the control. A decrease in the 
activity of this enzyme may indicate that the mi-
crobial preparation helps reduce stress caused 
by adverse factors such as drought and heat.

The results of biometric measurements of oil 
flax, carried out in 2023, showed the absence of 
reliable differences between the compared ex-
perimental variants (see Fig. 2).

During the 2024 research it was established 
that the use of traditional cultivation technol-
ogy without treatment with a biopreparation 
contributed to an increase in the activity of to-
tal catalase in the rhizosphere of oil flax by 4.9 
ml O2/min/g a.d.s. (15.0%) compared to the 
option using Microbiocom-Agro. Under direct 
seeding conditions using this preparation, an in-

crease in catalase activity by 6.0 ml O2/min/g 
a.d.s. (16.0%) was observed relative to control 
values. The study of thermolabile catalase re-
vealed significant positive dynamics: with the 
traditional farming system with treatment with 
a biopreparation, the enzyme activity increased 
by 1.8 ml O2/ min/g (9.8%), in the variant with 
direct sowing it was 6.5 ml O2/ min/g (25.8%) 
compared to the untreated variants. The ob-
tained data suggest that the microorganisms 
included in the preparation stimulate the anti-
oxidant system of plants, which contributes to 
increasing their resistance to oxidative stress in 
unfavorable growing conditions.

Polyphenol oxidase activity was higher in the 
direct seeding and conventional technologies by 
1.9 and 6.1 ml KJO3/100 g a.d.s., respectively, 
which is 1.1 and 1.2 times higher than with 
Microbiocom-Agro. Analysis of 2024 data re-
vealed no significant differences in the intensity 
of carbon dioxide emission in the rhizosphere of 
oil flax under different cultivation technologies.

Studies have shown that with traditional 
technology, peroxidase activity increased by 
2.46  μmol guaiacol/g a.d.s. (6.6 times) com-
pared to the traditional technology variant with 
Microbiocom-Agro. In direct sowing, bacter-
ization with the preparation increased perox-
idase activity by 2.21 μmol guaiacol/g a.d.s. 

Рис. 1. Влияние Микробиокома-Агро и технологий возделывания на пероксидазную активность  
в ризосфере льна масличного в фазу цветения (полевой опыт, чернозем южный, 2023 г.)
Fig. 1. Influence of Microbiocom-Agro and cultivation technologies on peroxidase activity  
in the rhizosphere of oilseed flax during the flowering phase (field experiment, southern chernozem, 2023)
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(3.99 times) relative to the control (see Fig. 3).
In 2024, a trend of decreasing shoot length 

was established in the traditional technology 
variant with Microbiocom-Agro by 2.2 cm/
plant, or 7.3%, and a trend of increasing in di-
rect sowing with Microbiocom-Agro by 2.9 
cm/plant, or 9.7%, compared to the control 
(see Fig. 4). A significant difference was noted 
in the dry mass of plants in traditional technol-
ogy, which was 0.59 g/plant (107.3%) higher 
compared to direct sowing.

CONCLUSION 

As a result of two years of observations, it 
was found that with traditional farming technol-
ogy, catalase activity increased by an average 
of 14.9% (3.3 ml O2/min/g a.d.s.) compared to 
the use of the biopreparation. When using direct 
seeding technology with the biological product 
Microbiocom-Agro, this indicator exceeded 
the control by 3.2 ml O2/min/g a.d.s., which is 
12.7%. This may indicate that the traditional 

Рис. 2. Влияние Микробиокома-Агро и технологий возделывания на биометрические показатели 
растений льна масличного в фазу цветения (полевой опыт, чернозем южный, 2023 г.)
Fig. 2. Influence of Microbiocom-Agro and cultivation technologies on the biometric indicators  
of oilseed flax plants during the flowering phase (field experiment, southern chernozem, 2023)

Табл.  2 .  Влияние Микробиокома-Агро и технологий возделывания на ферментативную  
активность и выделение углекислого газа в ризосфере льна масличного в фазу цветения  
(полевой опыт, чернозем южный, 2024 г.)
Table 2.  Influence of Microbiocom-Agro and cultivation technologies on enzymatic activity and carbon 
dioxide release in the rhizosphere of oilseed flax during the flowering phase (field experiment, southern 
chernozem, 2024)

Experiment option
Enzyme activity

CO2 emission, 
mg/ g a.d.s./daysTotal catalase, ml 

O2/min/ g a.d.s
Thermolabile catalase, ml 

O2/min/ g a.d.s.
Polyphenol oxidase, ml 

KJO3/100 g a.d.s

Traditional technology 32,70 ± 0,30 16,40 ± 0,40 32,90 ± 1,90 0,14 ± 0,01
Traditional technology 
with Microbiocom-Agro 27,80 ± 0,60 18,20 ± 0,50 26,80 ± 1,60 0,16 ± 0,01
Direct sowing 37,40 ± 0,80 18,70 ± 0,80 26,60 ± 1,60 0,15 ± 0,02
Direct sowing 
with Microbiocom-Agro 43,40 ± 0,11 25,20 ± 2,50 24,70 ± 1,30 0,14 ± 0,02
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technology creates stressful conditions for soil 
biota, causing increased activation of catalases. 
Direct seeding with the biological product cre-
ates a more stable and balanced environment.

It was found that with traditional soil cultiva-
tion, peroxidase activity increased by 4.9 times, 
while with the use of direct seeding technology 
with a biopreparation, this indicator increased 
by 2.5 times compared to the control. This cir-
cumstance may indicate that traditional treat-
ment increases oxidative stress and disrupts 

the soil structure, while the biological product 
Microbiocom-Agro reduces this load in direct 
sowing.
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Разработка эффективных методов автоматического мониторинга сорных растений – одна из 

ключевых задач для повышения устойчивости, продуктивности и рентабельности современно-
го сельского хозяйства. Внедрение подобных технологий лежит в основе концепции точного 
земледелия, которое направлено на оптимизацию ресурсов и минимизацию антропогенного 
воздействия на агроэкосистемы. Ключевую роль в решении этой задачи играют технологии 
искусственного интеллекта, в частности методы глубокого обучения (Deep Learning). Настоя-
щее исследование посвящено сравнительному анализу применимости сверточных нейронных 
сетей (CNN) архитектур ResNet-18, ResNet-34 и ResNet-50 для решения задачи классификации 
посевов пяти сельскохозяйственных культур (пшеницы, ячменя, гречихи, рапса и льна) по при-
знаку засоренности вьюнком полевым. Все протестированные архитектуры продемонстриро-
вали высокую эффективность, достигнув точности (accuracy) более 91% и F1-меры в диапазоне 
0,85–0,90, что свидетельствует о хорошем балансе между точностью и полнотой предсказа-
ний. Выявлено, что наилучшие результаты показала не самая глубокая модель – ResNet-18, 
которая, несмотря на меньшую вычислительную сложность, превзошла более мощные аналоги 
ResNet-34 и ResNet-50 по стабильности и общей точности прогноза. Данный факт подтвержден 
анализом матриц ошибок, которые показали минимальное количество ложных срабатываний 
и пропусков цели у данной архитектуры. Полученные данные свидетельствуют о перспектив-
ности использования рассмотренных архитектур для задач мониторинга засоренности, однако 
для практического внедрения в мобильные или стационарные системы точного земледелия тре-
буется дальнейшее исследование, включая сравнение со специализированными легковесными 
нейросетевыми архитектурами и оценку на расширенных наборах данных.

Ключевые слова: сверточные нейронные сети, ResNet, глубокое обучение, идентификатор, 
вьюнок полевой, пшеница мягкая, ячмень обыкновенный, гречиха обыкновенная, рапс, лен 
обыкновенный 

Classification of crop infestation with field bindweed using  
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The development of effective methods for automatic weed monitoring is one of the key tasks for 

improving the sustainability, productivity, and profitability of modern agriculture. The introduction of 
such technologies underlies the concept of precision farming, which aims at optimizing resources and 
minimizing anthropogenic impact on agroecosystems. The key role in solving this problem is played 
by artificial intelligence technologies, in particular Deep Learning methods. The study is devoted to a 
comparative analysis of the applicability of convolutional neural networks (CNNs) with ResNet-18, 
ResNet-34, and ResNet-50 architectures for solving the problem of classifying crops of five agricul-
tural species (wheat, barley, buckwheat, rapeseed, and flax) based on the sign of infestation with field 
bindweed. All the tested architectures demonstrated high efficiency, achieving accuracy of more than 
91% and an F1-score in the range of 0.85–0.90, which indicates a good balance between the accuracy 
and completeness of predictions. It was found that the best results were achieved by not the deepest 
model – ResNet-18, which, despite having lower computational complexity, outperformed the more 
powerful counterparts ResNet-34 and ResNet-50 in stability and overall prediction accuracy. This fact 
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is confirmed by the analysis of error matrices, which showed the minimum number of false activations 
and target drop-outs for this architecture. The obtained data indicate the promising potential of using 
the considered architectures for weeding monitoring tasks; however, for practical implementation in 
mobile or stationary precision agriculture systems, further research is required, including comparison 
with specialized lightweight neural network architectures and evaluation on expanded datasets.

Keywords: convolutional neural networks, ResNet, deep learning, identifier, field bindweed, soft 
wheat, common barley, common buckwheat, rapeseed, common flax
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INTRODUCTION 

Nowadays, the need for larger and larger 
amounts of agricultural products is increasing 
every year. To ensure a yield increase of crops, 
new approaches to intensification are used. One 
of these approaches is the implementation of 
smart systems [1–3].

In Russia, various agricultural crops are 
grown. Grain crops like wheat, barley, and buck-
wheat are considered traditional food crops, 
while flax and rapeseed are technical crops. 
Depending on the region, the average yield for 
wheat is 33.7 c/ha, for barley – 32.7, and for 
buckwheat – 17.2 c/ha. In 2025, the average 
yield is 8.38 c/ha for flax and 21.1 c/ha for rape-
seed1.

Besides the impact of climate and soil fac-
tors, one of the serious problems in getting high 
yields is the heavy weed infestation of fields. 
Weeds are strong competitors for crops, taking 
away their nutrients, light, and moisture [4, 5].

Plant protection is necessary to minimize the 

impact of harmful factors that hinder the growth 
of crops. To deal with weeds, a set of agricul-
tural practices is used, as well as special chemi-
cal products. Agrotechnics includes a system of 
soil cultivation throughout the entire agricultural 
season, following crop rotation2, optimal sowing 
times, sowing depth, as well as seeding rates and 
plant density [6]. Besides farming techniques, 
using herbicides – chemical plant protection 
products aimed at slowing down the growth and 
killing weeds – is also really important. Using 
herbicides makes it a lot easier to take care of 
crops3 and can also increase the yield of culti-
vated plants4.

To use herbicides effectively, one need to ac-
curately identify the species of weeds, which re-
quires a lot of human resources. Automated rec-
ognition can help reduce these costs. This will 
help reduce the time spent identifying weeds, 
speed up the use of herbicides in the early stages 
of their growth, ensure more precise treatment 
of the areas with the most weeds, allow for re-
ducing the pesticide load on the agro-ecosystem, 

1Unified Interdepartmental Information and Statistical System (EMISS): indicator "Crop yield (per harvested area)."
2Kosenko T.G. Influence of agrotechnical practices on crop weediness // Innovative Technologies in the Agro-Industrial Complex: 

Proceedings of the International Scientific and Practical Conference (Michurinsk, November 21–23, 2018). Michurinsk: Michurinsk 
State Agrarian University, 2018, pp. 167–170.

3Bakaeva N. P. Effectiveness of herbicide application in spring wheat cultivation technology // Proceedings of the Samara State 
Agricultural Academy. 2018, N 4, pp. 16–21.

4Toloraya T.R., Laskin R.V., Patskan V.Yu. Effect of pre-sowing tillage systems on maize yield under different primary tillage 
methods and herbicide application regimes // Zemledelie, 2018, N 1, pp. 23–26.
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and also cut down on the economic costs of ag-
ricultural production [7–10].

Artificial intelligence technologies, espe-
cially deep learning methods, play a key role 
in solving this problem. Among them, convolu-
tional neural networks (CNNs) show the greatest 
effectiveness for analyzing visual data and are 
successfully used for plant classification and 
weed identification from digital images [15–17]. 
Many effective architectures have been devel-
oped for classification tasks, such as AlexNet5, 
GoogLeNet6 and ResNet7.

The ResNet architectural system is widely 
used for image processing. It works well for 
handling soil images [18] and vegetation cover. 
This architecture allows achieving acceptable 
results using a relatively small amount of train-
ing data, but it has the potential for more accu-
rate detection when a larger number of images is 
used8 [19].

The goal of the study is to assess the appli-
cability of the ResNet-18, ResNet-34, and Res-
Net-50 architectures and to carry out a compar-
ative analysis of them for classifying crop imag-
es based on the level of contamination by field 
bindweed.

MATERIAL AND METHODS 

As the source information for training convo-
lutional neural networks (CNNs), a dataset was 
used, formed based on the results of phytosan-
itary diagnostics of crops of five agricultural 
plants: soft wheat (Triticum aestivum), common 
barley (Hordeum vulgare), common buckwheat 
(Fagopyrum esculentum), rapeseed (Brassica 
napus), common flax (Linum usitatissimum). 
The diagnostics were mostly carried out during 
the tillering phase of the crops on 74 monitoring 

plots of 1 m² each, using a quantitative method 
for recording weed vegetation. On each plot, pho-
tos with a resolution of 3470 × 4640 pixels were 
taken using a mobile digital camera. For further 
work, we only selected images that showed the 
economic threshold of harm (ETH) being ex-
ceeded by field bindweed (Convolvulus arven-
sis), which means herbicide treatment is need-
ed. Each type of planting was given a numerical 
label if there were weeds: Brassicanapus-conv 
– 0, Fagopyrumconv – 1, Hordeum-conv – 2, Li-
num-conv – 3, Triticum-conv – 4.

One of the successful algorithms for building 
such classifiers is convolutional neural networks. 
Nowadays, they play a key role in modern com-
puter vision systems, especially in the field of 
recognizing spatial objects in images.

To identify field bindweed in an image and 
the intensity of weed infestation, we used one of 
the most popular convolutional neural network 
architectures – ResNet (or Residual Network), 
which is a neural network architecture that uses 
special blocks called residual blocks (see foot-
note 7).

To build the classifiers, we used convolu-
tional neural network architectures ResNet-18, 
ResNet-34, and ResNet-50, implemented in the 
PyTorch library. As a starting point, we used 
models pretrained on the large-scale ImageNet 
dataset (over 1.2 million images, 1000 classes). 
This approach (transfer learning) lets you use 
previously learned general visual features (edg-
es, textures, shapes) and fine-tune the model on 
the target task with a limited amount of data. 
During the fine-tuning stage, the classification 
heads of the original models (fully connect-
ed layers) were replaced with new ones corre-
sponding to the five classes of the crops being 

5Krizhevsky A.I., Sutskever I., Hinton, G. E. ImageNet classification with deep convolutional neural networks // Advances in 
Neural Information Processing Systems, 2012, Curran Associates.

6Szegedy C., Liu W., Jia Y., Sermanet P., Reed S., Anguelov D., Erhan D., Vanhoucke V., Rabinovich A. Going deeper with 
convolutions // IEEE Conference on Computer Vision and Pattern Recognition CVPR, 2015, pp. 1–9.

7He K., Zhang X., Ren S., Sun Proc J. Deep residual learning for image recognition // IEEE Conference on Computer Vision and 
Pattern Recognition CVPR, 2016, pp. 770–778. DOI: 10.1109/CVPR.2016.90.

8Suriyage H. G., Rathnayake H. Weed detection in agriculture using end-to-end object detection with transformers in resnet-50 //
International Research Conference on Smart Computing and Systems Engineering (SCSE). IEEE, 2024, vol. 7, pp. 1–6.
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studied, which were affected by field bindweed. 
The training was carried out using the Adam 
optimizer with a learning rate set at 0.001; the 
weights of the pre-trained convolutional layers 
were adjusted during training (updated along-
side the new layers).

A convenient wrapper called FastAi has been 
built for PyTorch, making it easy to work with 
the components of this framework [20]. In ad-
dition, FastAi has a technique for artificially in-
creasing the volume and variety of the original 
data, called augmentation, which is especially 
useful when the amount of original data is lim-
ited.

The way the classifier based on ResNet mod-
els works is as follows. The original photo goes 
through alternating convolutional layers, acti-
vation functions, and pool layers. The ResNet 
output is represented as a 5-dimensional vector, 
where each component describes the probability 
estimate of a particular type of weed in the field 
crop. Weedness is predicted if its probability ex-
ceeds 50%.

RESULTS AND DISCUSSION 

To improve the efficiency of training the 
neural network with a limited amount of orig-
inal data, the original images were augmented 
in advance. It's assumed that there should be 
at least eight relevant images for each type of 
crop. Additional images were obtained using the 
Python Pillow library by applying various trans-
formations: rotation, cropping, brightness and 
contrast adjustments. These operations created 
extra variations of the images that look different 
but retain the key feature – the presence of field 
bindweed contamination. As a result, the total 
size of the original dataset was expanded to 84 
samples.

Next, the entire dataset was split into train-
ing and test sets in an 80 to 20% ratio, which is 
standard practice for evaluating a model's gener-
alization ability. The test set is formed in such a 
way that it includes at least two samples of each 
type of crop.

Before starting the training, the key hyperpa-
rameters are set: number of epochs, batch size, 
and learning rate.

During training and testing, model param-
eters are chosen to minimize training errors, 
which represent measures of the difference be-
tween actual and predicted data attributes. Cate-
gorical cross-entropy is used as such a measure.

Various models – from the simplest ResNet-18 
to the deeper ResNet-34 and ResNet-50By – 
were received by setting up different numbers of 
convolutional layers.

To further improve the model's reliability and 
stability during training, an augmentation proce-
dure from the FastAi framework was used. This 
technique dynamically generated new variations 
of images, effectively increasing the diversity of 
the training and test sets by at least 5 times. As a 
result, the working size of the dataset used was 
at least 420 images.

After determining the initial model parame-
ters, the training was resumed using the Adam 
optimizer, which is used to achieve better train-
ing results. The training was done for 100 ep-
ochs. One epoch means an iteration over all 
the images used, which are fed sequentially for 
training in batches of 16 images (see the table).

Train_loss describes the errors calculated 
on the training dataset and shows how well the 
model predicts on the training images. At the fi-
nal stage, values between 0.01 and 0.20 are con-
sidered acceptable.

Valid_loss describes errors on test images 
that the model doesn't see during training, and 
it assesses the quality of predictions on the data 
that isn't used for training. Low valid_loss val-
ues just above the 0.01–0.20 range indicate the 
model has good generalization ability.

The overall final accuracy (multi accuracy) 
of the selected models describes the share of the 
images that are classified correctly almost equal-
ly, and is at least 91%.

The balanced measure – F1 – captures the 
trade-offs between precision and recall (their 
harmonic mean), and usually ends up between 
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0.85 and 0.90. Precision is the classifier’s ability 
not to label a negative sample as positive, and 
recall is its ability to find all the positive sam-
ples.

The obtained results indicate that all classifi-
ers are of fairly high quality and are suitable for 
use  in deciding whether herbicide treatment of 
weeds is necessary. The best results are shown 
by the ResNet-18-based classifier.

The effective performance of the classifiers is 
shown in Fig. 1, which illustrates the successful 
recognition of field bindweed by the models on 
test images. The top label describes the sowing 
sample with the true types of weeds, while the 
label below shows the predicted weed labels for 
this sample according to the classifier.

Another tool for evaluating the quality of 
classification is the confusion matrix. In our 
case, considering the multi-class nature of the 
task, the matrix is built for each class using the 
'one-vs-rest' approach, which allows us to pin-
point exactly which classes are the hardest to 
classify.

Figures 2–4 show the confusion matrices 
obtained for ResNet models based on data of 
weedy crops with the corresponding labels. 
Each 2 × 2 matrix corresponds to one class and 
is interpreted as follows: the rows represent the 
true labels, where Y stands for instances of the 
selected target class, and N for all other classes. 
The columns show the model's predictions: the 
Y column contains objects that the model classi-
fied as the target class, N – as other classes.

The elements on the main diagonal of the ma-
trix (from left to right) correspond to correct pre-
dictions – true positives and true negatives. All 
the elements off the diagonal represent classifi-
cation errors: false positives and false negatives. 
This approach clearly shows which classes the 
model most often confuses with each other.

The ResNet-18 model showed high efficien-
cy in classifying most categories. Classes 0, 1, 
2, and 3 were recognized with 100% accuracy, 
confirmed by 85 correct predictions, and only 
one mistake was recorded for class 4 (Triti-
cum-conv) (see Fig. 2).

The ResNet-34 model, like ResNet-18, 
showed a similar classification: four classes (0, 
1, 2, 3) were recognized with 100% accuracy, 
except for class 4 (Triticumconv) with one mis-
take (see Fig. 3).

The ResNet-50 model correctly classified 
only two classes (0 and 4) (see Fig. 4). The other 
three classes (1, 2, and 3) were classified with 
a minimal number of errors, indicating that the 
model performs really well, but not perfectly, on 
this dataset.

The study showed that deep learning-based 
classifiers like ResNet, especially ResNet-18, 
are very accurate and efficient at recognizing 
types of weed-infested crops.

Flexibility and adaptability make them ap-
pealing for tackling the task of detecting crop 
weediness and making decisions on herbicide 
treatment. Further work will focus on addressing 
these tasks with the aim of creating practically 
useful tools for resource-saving and environ-
mentally oriented farming.

Результаты обучения нейросетей ResNet  
по эпохам
Training results of ResNet neural networks  
by epochs

Epoch train_loss  valid_loss  accuracy_
multi  F1

ResNet-18 

1 1,02 1,07 0,28 0,32
30 0,43 0,26 0,82 0,61
60 0,16 0,20 0,93 0,88
100 0,10 0,15 0,95 0,90

ResNet-34 
1 0,98 0,86 0,32 0,30
30 0,42 0,29 0,73 0,54
60 0,15 0,20 0,90 0,79
100 0,08 0,17 0,92 0,85

ResNet-50  
1 0,92 0,78 0,35 0,36
30 0,32 0,55 0,76 0.57
60 0,13 0,34 0,91 0,80
100 0,06 0,30 0,92 0,87
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CONCLUSIONS 

1. Preliminary conclusions have been made 
about the applicability of ResNet convolution-
al neural networks for the task of classifying 
cereal crop plantings based on the presence of 
field bindweed. Using transfer learning and data 
augmentation methods allowed all tested archi-
tectures (ResNet-18, ResNet-34, ResNet-50) to 
achieve an accuracy of over 91% with an F1 
score ranging from 0.85 to 0.91 on the available 
dataset.

2. In a comparative analysis, it was found 
that the ResNet-18 model, which has the low-
est computational complexity, showed results 
comparable to deeper architectures, and slight-
ly outperformed them in terms of stability and 
classification accuracy. This fact may suggest 
that a relatively shallow architecture is enough 
to solve the task on the current dataset, but con-
firming this conclusion requires additional vali-
dation on a larger and more diverse sample.

необходимости  гербицидной  обработки  сорных  растений.  Наилучшие 

результаты показывает классификатор на базе ResNet-18.

Качественная  работа  классификаторов  визуализирована  на  рис. 1,  где 

показано  успешное  распознавание  моделями  вьюнка  полевого  на  тестовых 

изображениях. Верхняя надпись описывает образец посева с истинными видами 

засоренности, надпись ниже – прогнозные метки засоренности этого образца 

согласно классификатору.

Рис. 1. Результат классификации девяти снимков по нейросети ResNet-18

Fig.  1. Classification  results  for  nine  images  using  the  ResNet-18  neural 

network

Еще одним инструментом для оценки качества классификации является 

матрица ошибок (Confusion Matrix). В нашем случае, учитывая многоклассовый 

характер  задачи,  матрица  строится  для  каждого  класса  по  принципу  «один 

против всех» (one-vs-rest), что позволяет точно определить, с классификацией 

каких именно классов возникают наибольшие трудности.

Рис. 1. Результат классификации девяти снимков по нейросети ResNet-18
Fig. 1. Classification results for nine images using the ResNet-18 neural network
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На  рис.  2–4  представлены  матрицы  ошибок,  полученные  для  моделей 

ResNet на основе данных о засоренных посевах с соответствующими метками. 

Каждая  матрица  2 × 2  соответствует  одному  классу  и  интерпретируется 

следующим образом: по строкам отложены истинные метки, где Y обозначает 

экземпляры  выбранного  целевого  класса,  N  –  всех  остальных  классов.  По 

столбцам отражены прогнозы модели: столбец Y содержит объекты, которые 

модель отнесла к целевому классу, N – к другим классам.

Элементы  главной  диагонали  матрицы  (слева  направо)  соответствуют 

корректным  предсказаниям  –  истинно-положительным  и  истинно-

отрицательным  случаям.  Все  элементы  вне  диагонали  представляют  собой 

ошибки  классификации:  ложноположительные  и  ложноотрицательные 

срабатывания.  Такой  подход  наглядно  демонстрирует,  какие  именно  классы 

чаще всего путает модель между собой.

Модель  ResNet-18  продемонстрировала  высокую  эффективность  при 

классификации большинства категорий. Классы 0, 1, 2 и 3 распознаны со 100%-

й  точностью,  что  подтверждается  количеством  верных  предсказаний  в 

85 случаях, и только одна ошибка зафиксирована для класса 4 (Triticum-conv) 

(см. рис. 2).

Рис. 2. Сonfusion matrix засоренных посевов для ResNet-18

Рис. 2. Сonfusion matrix засоренных посевов для ResNet-18
Fig. 2. Confusion matrix of weedy crops for ResNet‑18

Fig. 2. Confusion matrix of weedy crops for ResNet-18

Модель  ResNet-34  аналогично  ResNet-18  продемонстрировала  схожую 

класссификацию: четыре класса (0, 1, 2, 3) распознаны со 100%-й точностью, 

кроме класса 4 (Triticum-conv) с одной ошибкой (см. рис. 3).

Рис. 3. Сonfusion matrix засоренных посевов для ResNet-34

Fig. 3. Confusion matrix of weedy crops for ResNet-34

Модель  ResNet-50  продемонстрировала  точную классификацию только 

для  двух  классов  (0  и  4) (см.  рис. 4).  Три  остальных  класса  (1,  2  и  3) 

классифицированы с минимальным числом ошибок, что указывает на высокую, 

но не идеальную эффективность модели на данном наборе данных.

Рис. 3. Сonfusion matrix засоренных посевов для ResNet-34
Fig. 3. Confusion matrix of weedy crops for ResNet‑34
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3. The obtained results indicate the potential 
of using the approaches discussed for monitor-
ing crop weed infestations. For the practical im-
plementation of the developed methods in preci-
sion farming systems (including mobile ones), a 
number of additional studies are needed: a sig-
nificant expansion of the training set to include 
the "clean crops" class (absence of weeds); a 
transition from scene classification to semantic 
segmentation or object detection, which will 
enable quantitative assessments of weed infes-
tation (density, coverage area) and the informed 
application of targeted control measures.
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Проведенное  исследование  показало,  что  классификаторы  на  базе 

моделей глубокого обучения ResNet,  особенно ResNet-18,  обладают высокой 

точностью  и  эффективностью  в  распознавании  вида  засоренных  посевов. 
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ВЫВОДЫ 

1. Сделаны  предварительные  выводы  о  применимости  сверточных 

нейронных  сетей  семейства  ResNet  для  задачи  классификации  посевов 

зерновых культур по признаку засоренности вьюнком полевым. Использование 

трансферного обучения и методов аугментации данных обеспечило достижение 

всеми  тестируемыми  архитектурами  (ResNet-18,  ResNet-34,  ResNet-50) 

точности  (accuracy)  свыше  91%  при  F1мере  в  диапазоне  0,85–0,91  на 

имеющемся наборе данных.

Рис. 4. Сonfusion matrix засоренных посевов для ResNet-50
Fig. 4. Confusion matrix of weedy crops for ResNet‑50
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Экспериментальное исследование термоградиентной  
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Передвижение влаги под влиянием температурного градиента – важный элемент водного 

режима сибирских степных почв. Для прогноза этой миграции в естественных условиях важно 
экспериментальное изучение передвижения влаги в грунте. Цель работы – исследовать в лабо-
раторных условиях передвижение влаги в грунте под влиянием температурного градиента. Тер-
моградиентное передвижение влаги в насыпных колонках грунта выявлено путем сравнения 
их исходных и итоговых профилей влажности. Колонки грунта с равномерно распределенным 
по профилю влагосодержанием выдержаны 14 сут в холодильной установке при температуре 
–6 °С у поверхности колонок и не более 3 °С – у основания. Влажность грунтов определена 
термостатно-весовым методом. Температуру фиксировали термометрами Саввинова. Глубина 
промерзания песчаных и суглинистых грунтов оказалась прямо пропорциональной их исход-
ной влажности – 10,0–19,5 см. В итоговых профилях влажности в верхней промерзшей части 
отмечена зона аккумуляции влаги, под ней – зона подмерзлотного иссушения, прослеживаемая 
до основания колонок. Объем мигрировавшей влаги напрямую связан с исходной влажностью 
грунтов (в среднем суглинке при исходной влажности 5,9% массы отмечено намерзание 7,7 мм 
влаги, при влажности 17,4% – 44,4 мм). Пространственное размещение намерзшей влаги за-
висит от гранулометрического состава грунтов. В суглинистых вариантах отмечено уменьше-
ние ее содержания от поверхности до нижней границы промерзшего слоя; в песчаном грунте 
основную прибавку влаги наблюдали в нижней части слоя промерзания. Полученные экспе-
риментальные данные по намерзанию влаги в насыпных грунтах актуальны для разработки 
математических моделей термоградиентной миграции влаги в пахотных почвах южной части 
Сибири. На основе таких моделей возможен не только прогноз намерзания влаги в почвах при 
различных природно-климатических условиях, но и создание рекомендаций по воздействию на 
факторы внешней среды для оптимизации процессов криогенной аккумуляции влаги в пахот-
ных почвах. 

Ключевые слова: колонки насыпного грунта, гранулометрический состав, профиль влаж-
ности, глубина промерзания, пленочная влага, капиллярная вода
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The movement of moisture under the influence of a temperature gradient is an important element 

of the water regime of Siberian steppe soils. It is important to experimentally study the movement of 
moisture in soil in order to predict this migration in natural conditions. The purpose of the work is to 
study in laboratory conditions the movement of moisture in soil under the influence of a temperature 
gradient. Thermal gradient movement of moisture in bulk soil columns was identified by comparing 
their initial and final moisture profiles. Soil columns with moisture content uniformly distributed along 
the profile were kept for 14 days in a refrigeration unit at a temperature of –6 °C at the surface of the 
columns and no more than 3 °C at the base. Soil moisture was determined by the thermostatic-weight 
method. The temperature was recorded with the Savvinov thermometers. The freezing depth of sandy 
and loamy soils turned out to be directly proportional to their initial moisture content – 10.0–19.5 
cm. In the final moisture profiles in the upper frozen part, a zone of moisture accumulation is noted, 
beneath it – a zone of sub permafrost drying, traceable down to the base of the columns. The volume 
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of migrated moisture is directly related to the initial soil moisture (in an average loam with an initial 
moisture content of 5.9% by mass, an ice formation of 7.7 mm of moisture was observed; with a 
moisture content of 17.4%, it was 44.4 mm). The spatial distribution of frozen moisture depends on 
the granulometric composition of soils. In loamy variants, a decrease in its content from the surface 
to the lower boundary of the frozen layer was noted; in sandy soil, the main increase in moisture was 
observed in the lower part of the freezing layer. The experimental data obtained on moisture accretion 
in loose soils are relevant for the development of mathematical models of thermogradient moisture 
migration in arable soils of the southern part of Siberia. Based on such models, it is possible not only 
to predict the icing of moisture in soils under various natural and climatic conditions, but also to create 
recommendations on influencing environmental factors to optimize the processes of cryogenic mois-
ture accumulation in arable soils.

Keywords: columns of bulk soil, granulometric composition, moisture profile, freezing depth, film 
moisture, capillary water
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INTRODUCTION 

The movement of moisture in soil and ground 
layers under the influence of a temperature gra-
dient is an important part of the water regime in 
Siberian steppe soils [1]. The accumulation of 
this moisture determines the formation of mod-
ern hydromorphic features in the subsoil layers, 
delays the spring warming of the lower horizons 
of steppe soils, and reduces aeration porosity in 
these horizons. In the southern regions of Si-
beria, due to human activity, the groundwater 
level is currently above the critical depth [2, 3]. 
Primarily automorphic soils began developing 
with additional moisture from groundwater, in-
cluding water that comes from the underground 
layers that don't freeze during the winter mois-
ture redistribution. Because of this, the topic of 
thermogradient moisture movement in the soil 
and ground layers of Siberia is relevant.

Changes in soil moisture profiles due to sea-
sonal freezing have been studied in various re-
gions of Siberia [4]. The probable mechanisms 
of moisture movement driven by temperature 
gradients have been identified. The dependence 

of moisture freezing volumes in Siberian soils 
on environmental factors has been shown [5].

Models of moisture movement have been 
developed to predict moisture accumulation in 
seasonally frozen soils. A review of methods for 
characterizing heat and moisture movement in 
soils has been done [6, 7]. A program for soil 
moisture transport under climate fluctuations 
has been created [8, 9]. A model of moisture mi-
gration in the freezing zone under the influence 
of a temperature gradient has been proposed. A 
program has been created to assess the regional 
impact of seasonal freezing and thawing of soils 
on their moisture distribution [10, 11]. A model 
of heat and moisture movement in partially fro-
zen soils over a large area has been presented 
[12, 13]. However, these models were created 
using different parameters and turn out to be ap-
plicable only to specific areas. For creating nu-
merical models of thermogradient moisture mi-
gration in the southern regions of Siberia, there 
isn’t enough field observation data. It needs to be 
supplemented through laboratory experiments.

The purpose of the work is to investigate in 
laboratory conditions the movement of moisture 



27Сибирский вестник сельскохозяйственной наyки • 2026 • 56 • 4Земледелие и химизация

Кравцов Ю.В. Экспериментальное исследование  
термоградиентной миграции влаги в грунте 

in the soil under the influence of a temperature 
gradient.

MATERIAL AND METHODS 

The study focused on the moisture profiles 
of soil fill columns. The soil columns measured 
7 × 7 × 20 cm. The thermogradient movement 
of moisture is evident in the highly wet layers, 
which in the arable soils of the steppe are located 
below the layer of summer evapodesiccation, so 
for the research, samples were taken from the 
soil horizon C at a depth of 0.9–1.5 m. They 
were collected from an upland area of the Ishim 
steppe. For comparison, samples from the same 
layer in the watershed area of the Novosibirsk 
Priobye and from fresh alluvial deposits in the 
Ob River valley were used. The grain size com-
position of the samples was determined using 
the method of N.A. Kachinsky [14] (see Table 
1).

To verify the results obtained in the experi-
ment, three identical columns of fill-up soil were 
used in each case. The columns being tested 
were given a moisture content ranging from 4.2 
to 19.3% of their mass. To prevent water move-
ment due to moisture gradients, the initial mois-
ture content was distributed evenly along the 
vertical. The columns were protected on all sides 
to prevent moisture loss through evaporation.

The prepared columns were placed in a re-
frigeration unit for 14 days. The tops of the 
columns were kept at a temperature of –6 °C, 
which is enough to freeze the soil (that is, un-

til some of the moisture in it turns solid and ice 
crystals appear). At the base of the columns, the 
temperature was no more than 3 °C. The cooling 
element is located above the columns, so the soil 
only froze from the top. The conclusion about 
the movement of moisture under the influence of 
the temperature gradient was made based on the 
comparison of the initial and final moisture pro-
files. The final vertical distribution of moisture 
was determined immediately after the soil cores 
were taken out of the freezer, while their top 
parts were still frozen. Soil moisture was mea-
sured using the thermostat-weighing method 
[15], with each 2-centimeter layer tested twice. 
The temperature in the soil was recorded using 
the Savvinov thermometers placed in the cores 
when they were put in the freezer.

RESULTS AND DISCUSSION 

The indicators of thermogradient moisture 
movement are related to the depth of soil freez-
ing (see table 2).

The frost penetration depth was 10–19.5 cm 
and turned out to be directly proportional to the 
initial soil moisture (see Fig. 1). 

It’s noticeable that the freezing depth of san-
dy soil is quite large at initial moisture levels of 
13.4% and 14.4%. This is probably due to the 
increased thermal conductivity of soils with a 
lighter grain composition when their moisture is 
higher (somewhere between the lowest and full 
water capacity). According to our calculations, 
the thermal conductivity in sandy soil with 110% 

Табл.  1 .  Гранулометрический состав насыпных колонок грунтов (по Н.А. Качинскому)
Table 1.  Granulometric composition of bulk soil columns (according to N.A. Kachinsky)

Depth, m
Losses from 

HCl processing, 
%

Particle size, mm

1,00–0,25 0,25–0,05 0,05–0,01 0,01–0,005 0,005–0,001 <0,001 <0,01 >0,01

Number of particles, % 
Ishim Steppe. Heavy loam

0,9–1,3 10,8 0,0 10,8 18,4 12,2 12,9 34,9 60,0 29,2
Novosibirsk Ob region. Medium loam

1,4–1,5 0,0 0,3 22,3 46,3 12,4 13,1 5,6 31,1 68,9
Novosibirsk Ob Region. Sand

0,1–0,4 0,0 37,6 43,6 8,9 1,7 3,4 4,8 9,9 90,1
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moisture at the minimum water capacity reaches 
2 W/(m·K) compared to 1.33 W/(m·K) in heavy 
loam with similar moisture content. This might 
explain the rapid and deep cooling of the moist-
ened sandy soil.

Thermal gradient redistribution of moisture 
was recorded in all experimental samples (see 
Fig. 2).

In the final moisture profiles of the soil col-
umns, two zones stand out. At the top of the col-
umns, there's a moisture accumulation zone. Its 
lower boundary corresponds to the depth that 
freezing temperatures reach. At the bottom of 

the columns, there's a zone of frost-dried soil, 
extending from the freezing front down to the 
base of the columns.

A special pattern of moisture distribution was 
observed in sandy soil with moisture levels of 
13.4% and 14.4%. Here, moisture accumulation 
was recorded only in the 0–4 cm layer. The small 
vertical thickness of the frost layer in these cases 
is due to the fact that the soil columns froze al-
most to the bottom during the first 4 days, which 
stopped the movement of moisture in them.

The amount of redistributed moisture directly 
depends on the initial moisture content (see Fig. 
3). With low initial moisture (less than 10%), the 
largest share of migrated moisture was observed 
in sandy soil – 10.5–20.3%. In the loamy variet-
ies, the share of redistributed moisture reached 
7.4–11.6%. With high initial moisture (over 
10%), the most noticeable movement of water 
was recorded in medium loams – 11.4–14.6%.

Thus, the amount of redistributing moisture 
turned out to depend primarily on the initial 
moisture content of the soils, and secondly on 
their grain-size composition. With low and high 
initial moisture reserves, the volume of its mi-
gration into the freezing layer increases as the 
soil's grain-size composition becomes lighter.

The granulometric composition is also re-

Табл.  2 .  Объем перераспределившейся влаги при промерзании верхней части колонок грунта
Table 2.  Volume of redistributed moisture during freezing of the upper part of the soil columns

Soil particle-size distribution
Initial moisture 

content, % of the 
mass

Frost penetration 
depth, cm

Volume of redistributed moisture

mm % of initial moisture content

Heavy loam

5,5 10 15,5 16,1
10,5 14 14,1 7,7
15,7 18 26,2 9,5
19,3 16,5 26,4 7,8

Medium loam

5,9 14 7,7 7,4
11,6 17 23,6 11,6
14,4 12 28,7 11,4
17,4 10 44,4 14,6

Sand

4,2 12 15,0 20,3
8,7 16 16,0 10,5
13,4 19,5 7,0 2,9
14,4 19,5 8,0 3,2

Рис. 1. Пропорциональность между исходной 
влажностью песчаного грунта и глубиной его 
промерзания
Fig. 1. The proportionality between the initial 
moisture content of the sandy soil and the depth of 
its freezing
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lated to the features of the vertical distribution 
of frozen moisture. In the loamy variants, the 
largest increase in moisture in the frozen layer 
is noted at depths of 0–2 cm (see Fig. 2). This 
increase can reach up to 70% of the total rise 
in moisture content in the frozen layer. As the 
depth increases, the amount of frozen moisture 
decreases. This water distribution is due to the 
high specific weight of film water in loamy soils. 
In sandy soils, the maximum increase in mois-
ture is observed in the lower part of the freezing 
zone because of the migration of mainly capil-

                             а                                                            б                                                        в

Рис. 2. Изменение профиля влажности насыпных колонок вследствие промерзания их верхней части: 
а – тяжелосуглинистого состава; б – среднесуглинистого; в – песчаного: а: 1 – исходная влажность 5,5%;  
2 – итоговая влажность, глубина промерзания 10 см; 3 – исходная влажность 10,5%; 4 – итоговая влажность, 
глубина промерзания 14  см; 5 – исходная влажность 15,7%; 6 – итоговая влажность, глубина промерзания 
18 см; 7 – исходная влажность 19,3%; 8 – итоговая влажность, глубина промерзания 16,5 см; б: 1 – исходная 
влажность 5,9%; 2 – итоговая влажность, глубина промерзания 14 см; 3 – исходная влажность 11,6%; 4 – ито-
говая влажность, глубина промерзания 17 см; 5 – исходная влажность 14,4%; 6 – итоговая влажность, глуби-
на промерзания 12  см; 7 – исходная влажность 17,4%; 8 – итоговая влажность, глубина промерзания 10  см;  
в: 1 – исходная влажность 4,2%; 2 – итоговая влажность, глубина промерзания 12 см; 3 – исходная влажность 
8,7%; 4 – итоговая влажность, глубина промерзания 16 см; 5 – исходная влажность 13,4%; 6 – итоговая влажность, 
глубина промерзания 19,5 см; 7 – исходная влажность 14,4%; 8 – итоговая влажность, глубина промерзания 19,5 см
Fig. 2. Changes in the moisture profile of bulk columns due to freezing of their upper part: 
a – heavy loamy composition; б – medium loam composition; в – sand: а: 1 – initial humidity 5,5%; 2 – final moisture 
content, freezing depth 10 cm; 3 – initial humidity 10,5%; 4 – final moisture content, freezing depth 14 cm; 5 – initial 
humidity 15,7%; 6 – final moisture content, freezing depth 18 cm; 7 – initial humidity 19,3%; 8 – final moisture con-
tent, freezing depth 16,5 cm; б: 1 – initial humidity 5,9%; 2 – final moisture content, freezing depth 14 cm; 3 – initial 
humidity 11,6%; 4 – final moisture content, freezing depth 17 cm; 5 – initial humidity 14,4%; 6 – final moisture content, 
freezing depth 12 cm; 7 – initial humidity 17,4%; 8 – final moisture content, freezing depth 10 cm; в: 1 – initial humidity 
4,2%; 2 – final moisture content, freezing depth 12 cm; 3 – initial humidity 8,7%; 4 – final moisture content, freezing 
depth 16 cm; 5 – initial humidity 13,4%; 6 – final moisture content, freezing depth 19,5 cm; 7 – initial humidity 14,4%; 
8 – final moisture content, freezing depth 19,5 cm

 
Рис. 3. Пропорциональность между исходной 
влажностью колонок грунта (% массы) и прибав-
кой влаги в слое намерзания (мм)
Fig. 3. The proportionality between the initial moisture 
content of the columns of the soil (% by weight) and 
the increase in moisture in the freezing layer (mm)
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lary water (see Fig. 2). The height of capillary 
rise in sandy soils is measured in centimeters, 
which matches the moisture concentration at the 
bottom of the frozen layer.

The initial moisture content is also associated 
with the uneven change in the humidity of the 
sub-permafrost drying zone: with an increase 
in humidity, this decrease with increasing depth 
becomes more pronounced (see Fig. 2).

This work is the first step in selecting experi-
mental data for developing mathematical models 
of moisture freezing in soils. Further studies are 
planned for moisture migration under the influ-
ence of temperature differences in undisturbed 
soils. 

CONCLUSIONS 

1. Moisture movement in seasonally frozen 
soil layers under the influence of a temperature 
gradient is a significant element of the water re-
gime of Siberian steppe arable soils. Therefore, 
it is important to develop numerical models of 
moisture movement to predict the parameters of 
its cryogenic migration. To create mathematical 
models, it is necessary to accumulate quantita-
tive data on this process, including laboratory 
experiments.

2. A series of experiments was conducted to 
identify the characteristics of moisture migra-
tion under the influence of a temperature gra-
dient in sandy and loamy varieties of bulk soil 
with initial moisture contents ranging from 4.2 
to 19.3% by weight. It was found that at a tem-
perature of –6°C at the surface of the bulk soil 
columns and no more than 3°C at their base, the 
freezing depth of the columns over the 14-day 
experiment was 10.0–19.5 cm and was directly 
proportional to the initial soil moisture content.

3. Changes in moisture profiles were record-
ed in all experimental columns. An increase in 
moisture content was observed in the freezing 
zone, while a corresponding decrease was ob-
served in the lower subpermafrost zone. The 
freezing values ​​were directly proportional to the 
initial soil moisture content.

4. The vertical distribution of moisture mi-
grating into the freezing layer depends largely 
on the soil's particle size distribution. In loamy 
soils, the amount of frozen moisture gradually 
decreases from the surface of the soil column to 
the lower boundary of the frozen zone, due to 
the high content of film moisture in the water 
phase of such soils, which is uniformly distrib-
uted across the profile. In sandy soil variants, a 
distinct maximum of frozen moisture is found in 
the lower part of the frozen zone. This moisture 
distribution is due to the large amount of cap-
illary water in the sandy soil, which, under the 
force of gravity, is quickly redistributed to the 
lower part of the fill column and, when it freezes, 
migrates in large volumes into the frozen zone.
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Толерантность малины красной к пестицидам и ионам никеля  
Соловых Н.В.1, Будаговский А.В.1, 2, Будаговская О.Н.1, 2

1Федеральный научный центр им. И.В. Мичурина
Мичуринск, Россия
2Мичуринский государственный аграрный университет
Мичуринск, Россия 

e-mail: natalyasolovykh@yandex.ru

Представлены результаты исследования толерантности к ионам никеля растений ма-
лины красной (Rubus idaeus L.), отобранных на устойчивость к пестицидам (глифоса-
ту, беномилу и малатиону). Микрочеренки малины культивировали на питательной сре-
де, содержащей 0,25  мМ хлорида никеля. С использованием хлорофиллфлуориметра 
LPT-3 (Россия) регистрировали удельную фотосинтетическую активность тканей (Kf). 
Сравнивали уровень падения Kf под влиянием соли тяжелого металла на контроль-
ной и содержащей антиоксиданты средах. Регистрировали также влияние ионов нике-
ля на изменение Kf и скорость некротизации листьев у контрольных и пестицидтоле-
рантных растений. Хлорид никеля на 10-е сутки культивирования снижал фотосинте-
тическую активность тканей от 0,531 до 0,12. Внесение в среду аскорбиновой кислоты 
уменьшало негативное действие токсичного вещества на 37,84% (Kf = 0,26), внесение 
глутатиона восстановленного – на 77,80% (Kf = 0,44). Это свидетельствует о роли ан-
тиоксидантов в реализации толерантности растений к тяжелым металлам. Установлены 
различия между контрольными и устойчивыми к пестицидам растениями по измене-
нию Kf и скорости некротизации листьев при стрессовом воздействии. В присутствии 
токсичного вещества у контрольных растений на 10-е сутки культивирования снижение 
Kf составило 51,74% (от 0,172 до 0,083), у пестицидтолерантных растений – 32,20%  
(от 0,172 до 0,117). На среде, содержащей соль тяжелого металла, у контрольных растений 
in vitro на 30-е сутки культивирования зарегистрирована некротизация 51,33% листьев,  
у пестицидустойчивых – 35,65%. Это свидетельствует о более высокой толерантности  
к хлориду никеля устойчивых к пестицидам растений по сравнению с контрольными. 

Ключевые слова: малина красная, in vitro, тканевая селекция, удельная фотосинте-
тическая активность, хлорид никеля, пестициды, толерантность
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The results of a study of nickel tolerance in red raspberry (Rubus idaeus L.) plants selected for 

resistance to pesticides (glyphosate, benomyl and malathion) are presented. Raspberry micro cuttings 
were cultivated on a nutrient medium containing 0.25 mM nickel chloride. Using a chlorophyll fluoro-
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meter LPT-3 (Russia), the specific photosynthetic activity of tissues (Kf) was recorded. The level of Kf 
drop under the influence of heavy metal (HM) salt on the control medium and the medium containing 
antioxidants was compared. The effect of nickel ions on the change of Kf and the rate of leaf necroti-
zation in control and pesticide-tolerant plants was also recorded. Nickel chloride reduced the Kf of the 
tissues from 0.531 to 0.12 on the tenth day of cultivation. Adding ascorbic acid to the medium reduced 
the negative effect of the toxic substance by 37.84% (Kf=0.26), and adding reduced glutathione re-
duced it by 77.80% (Kf=0.44). This indicates the role of antioxidants in the implementation of plant 
tolerance to heavy metals. Differences were established between control and pesticide-resistant plants 
in terms of the magnitude of Kf change and the rate of leaf necrotization under stress. In the presence 
of a toxic substance, the Kf of control plants decreased by 51.74% (from 0.172 to 0.083) on the tenth 
day of cultivation, while that of the pesticide-tolerant plants decreased by 32.20% (from 0.172 to 
0.117). On a medium containing heavy metal salt, 51.33% of the leaves of control plants in vitro were 
necrotized on the thirtieth day of cultivation, while 35.65% of the leaves of pesticide-resistant plants 
were necrotized. This indicates that pesticide-resistant plants are more tolerant to nickel chloride than 
control plants. 

Keywords: red raspberry, in vitro, tissue selection, specific photosynthetic activity, nickel chloride, 
pesticides, tolerance
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INTRODUCTION 

The productivity of agricultural crops is sig-
nificantly reduced by negative abiotic environ-
mental impacts. The most harmful of these are 
extreme temperatures, insufficient or excessive 
moisture, high soil salinity, pollution with heavy 
metal compounds (HM), and a high pesticide 
load. These effects disrupt the normal flow of 
physiological processes in plant tissues, which 
leads to reduced photosynthesis, slower plant 
growth, and lower yields [1].

The problem can be solved by developing tol-
erant varieties 1 [1]. However, breeding for resis-
tance to each of the stress factors is a long and 
laborious process.

Abiotic stressors, besides having specific 

effects, also have general ways of acting. They 
disrupt the balance between the production of 
reactive oxygen species (ROS) and their detoxi-
fication by the antioxidant system, leading to the 
accumulation of ROS. Superoxide anion – radi-
cal (О2

•–), hydrogen peroxide (Н2О2), hydroxyl 
radical (•OH), singlet oxygen (1О2), hypogaloids 
(HOCl, НОCI, НОBr, НОI, НОSCN), nitric 
oxide (NO•) and other radicals act as signaling 
molecules, but their excess activates oxidative 
processes that cause changes in the structure of 
lipids, proteins, and nucleoproteins. The degree 
of impairment depends on the intensity of the ef-
fects and their duration [2].

Oxidative stress in plants can be caused by 
extreme temperatures, drought [2, 3], pesticides 

1Dragavtsev V.A., Dragavtseva I.A., Efimova I.L., Morinets A.S., and Savin I.Yu. Management by "genotype-environment" 
interaction - most important level for increase of cultivated plants yields // Proceedings of the Kuban State Agrarian University, 2016, 
vol. 59, N 2, pp. 105–121.



35Сибирский вестник сельскохозяйственной наyки • 2026 • 56 • 4Растениеводство и селекция

Толерантность малины красной к пестицидам и ионам никеля Соловых Н.В., Будаговский А.В., Будаговская О.Н. 

[4], excessive soil salinity [5], heavy metal ions2 
[6], and more. Because of this, selecting plants 
that can significantly boost their antioxidant sys-
tem under negative conditions could increase 
their ability to adapt to stress.

The process of developing tolerant varieties 
can be sped up using a method of cell or tissue 
selection, which involves selecting resistant cells 
or tissues in a selective in vitro environment and 
then regenerating plants from them. There are 
reports of successfully using this cell selection 
method to produce plants with increased re-
sistance to lead [7] and copper ions. Using the 
method of measuring lipid peroxidation inten-
sity in the presence of HM, it was shown that 
tolerance to copper ions is linked to the activity 
of the plant's antioxidant system. Flax cell lines 
selected for paraquat tolerance (a pesticide that 
causes ROS formation) also showed increased 
resistance to copper ions [8].

Considering the role of the antioxidant sys-
tem in achieving tolerance, methods have been 
developed to assess plant resistance to heavy 
metals based on measuring the activity of anti-
oxidant system enzymes and the intensity of lip-
id peroxidation (LPO) in the presence of heavy 
metals [9].

In plant tissues, the balance between the produc-
tion and inactivation of ROS is maintained by enzy-
matic and non-enzymatic antioxidant mechanisms. 
The main enzymatic antioxidants are ascorbate 
peroxidase, superoxide dismutase, catalase, and 
glutathione reductase. The main non-enzymatic 
antioxidants include fat-soluble ones (α-tocopherol 
and β-carotene) as well as water-soluble ones (glu-
tathione, ascorbic acid, etc.) [10].

At the I.V. Michurin Federal Scientific Cen-
ter, the effect of reduced glutathione (GSH) and 
ascorbic acid (AsA) on the growth and repro-
duction of red raspberry plants in vitro was stud-
ied in the presence of sodium chloride and pes-
ticides at toxic concentrations. A decrease in the 
negative effects of the mentioned toxic substanc-

es on the reproduction rate and average length of 
microshoots in the presence of antioxidants has 
been shown, which confirms the role of the latter 
in enabling tolerance to salinity and pesticides. 
During the research, methods for diagnosing in 
vitro plant resistance to stress were optimized by 
looking at the changes in morphometric indica-
tors and the rate of change in fluorescence indi-
cators in the presence of stressors [11].

From 2017 to 2024, the I.V. Michurin Fed-
eral Scientific Center worked on developing se-
lective systems to produce plants of the Rubus 
genus that are resistant to excessive chloride 
salinity and pesticides. Using tissue selection, 
they developed blackberry plants with increased 
tolerance to glyphosate and chloride salinity, as 
well as red raspberry plants resistant to benomyl, 
malathion, glyphosate, and chloride salinity.

The goal of the study is to prove the role of 
the antioxidant system in how red raspberry 
plants tolerate nickel chloride.

The research objectives are:
– to study the effect of heavy metals on the 

physiological state of plant tissues in control 
media (without antioxidants) and in the media 
containing ascorbic acid or reduced glutathione;

– to compare the resistance to nickel chloride 
ions of control and pesticide-resistant raspberry 
plants to show the possibility of developing vari-
eties with increased tolerance to various abiotic 
stressors.

MATERIAL AND METHODS 

Control and pesticide-tolerant red raspber-
ry (Rubus idaeus L.) plants of the Oranzhevoe 
Chudo variety, cultivated in vitro, were used as 
the research material. The resistant plants were 
developed using the tissue selection method. Ini-
tially, plants that showed increased tolerance to 
the fungicide benomyl from the benzimidazole 
group and at the same time to the insecticide 
malathion from the organophosphate chemicals 
(OPC) group were selected. Later, the selected 

2Mohnish P., Kumar N. Effect of heavy metals on plants: an overview // International Journal of Application or Innovation in 
Engineering and Management, 2016, vol. 5, Iss. 3, pp. 56–66. DOI: 10.13140/RG.2.2.27583.87.204.
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plants were also proven to be more resistant to 
the herbicide glyphosate (N-(phosphonomethyl)
glycine) from the OPC group.

The microcuttings were grown on the MS 
medium containing 0.5 mg/l 6-benzylamino-
purine (6-BAP), 0.1 mg/l indole-3-butyric acid 
(IBA), and 0.5 mg/l gibberellic acid (GA). The 
culture vessels were kept under a light intensity 
of 2500 lux, with a 16-hour photoperiod and a 
temperature of 23 ± 2 °C.

To test how plants tolerate heavy met-
als, 0.25 mM of nickel chloride hexahydrate 
(NiCl2·6H2O) was added to the growth medium. 
Plant tolerance was assessed based on the per-
centage of necrotic leaves after 15, 30, 45, and 
60 days from the start of the experiment. The 
rate of change in this parameter was compared 
between control and pesticide-resistant plants in 
a medium containing heavy metals. Five biolog-
ical replicates, with six microcuttings in each, 
were used in each experiment.

To determine the effect of heavy metals on 
chlorophyll fluorescence in the tissues of con-
trol plants and those selected for pesticide resis-
tance, specific photosynthetic activity (Kf) was 
recorded using an LPT-3C chlorophyll fluoro-
meter (Russia), which allows measurements to 
be taken without compromising in vitro sterility. 
Measurements were taken 10 days after micro-
cuttings were planted on media. Before mea-
surements, plants were kept in the dark for an 
hour.

In order to study the effect of exogenous anti-
oxidants on the intensity of the damaging effect of 
heavy metals on plants, ascorbic acid (C6H8O6) 
was added to nutrient media containing a toxic 
substance at a concentration of 0.75 mM or re-
duced glutathione (γ-glutamyl-cysteinylglycine, 
C10H17N3O6S) at a concentration of 0,5 mM (the 
concentrations were selected experimentally). A 
medium without antioxidants served as a control. 
After 10 days of cultivation, Kf was measured. 
The decrease in specific photosynthetic activity 
under the influence of nickel ions was compared 
with that in a medium without heavy metals in 

the presence and absence of antioxidants.
Data processing included calculating mean 

values, their errors, and the significance of dif-
ferences between means across experimental 
variants. This was performed using the Micro-
soft Excel statistical package.

RESULTS AND DISCUSSION 

The effect of nickel chloride on the physio-
logical condition of tissues in control raspber-
ry plants (which hadn’t previously been select-
ed for resistance to any abiotic stressors) was 
studied. It was found that this toxic substance 
reduced the specific photosynthetic activity in 
all experimental setups. Adding antioxidants to 
the growth medium lessened the harmful impact 
of heavy metals. In a medium containing 0.25 
mM nickel chloride, by the 10th day of cultiva-
tion, Kf decreased by 77.22% in the absence of 
antioxidants. In the presence of ascorbic acid, it 
decreased by only 48.90%, and in the presence 
of reduced glutathione – by 17.14% (see Fig. 1). 
The differences between the variants are statisti-
cally significant (p ≤ 0,05).

The explanation for the reduction in the 
harmful effects of heavy metals when adding ex-
ternal antioxidants to the nutrient medium could 
be their ability to neutralize ROS. Ascorbic acid 
restores the superoxide radical, hydrogen per-
oxide, and regenerates tocopherol from the to-
copheroxyl radical. In turn, tocopherols quench 
various ROS, prevent lipid oxidation, and sta-
bilize membranes [12]. Reduced glutathione 
neutralizes a number of oxygen radicals and re-
generates ascorbic acid [13]. In nature, adverse 
effects lead to an increase in the concentration of 
these antioxidants in plant cells [12, 13].

Tolerance to abiotic stressors is directly linked 
to how well the antioxidant system works, so it's 
interesting to study the resistance to other harm-
ful effects (like heavy metals) in plants that are 
tolerant to pesticides.

In the medium without heavy metals, no sig-
nificant differences were observed in the specif-
ic photosynthetic activity between the control 
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plants and the pesticide-resistant ones. Adding 
0.25 mM nickel chloride to the cultivation me-
dium caused a statistically significant (p ≤ 0.05) 
decrease in the specific photosynthetic activity 
of the tissues in all experiment variants. How-
ever, in the control plants, the decrease in Kf 
compared to this indicator in the medium with-
out nickel salt was 55.97%, while in the pesti-
cide-tolerant plants it was 33.42% (see Fig. 2). 
The differences in this indicator in the medium 
with nickel ions between the control and pesti-

cide-resistant plants are statistically significant 
(p ≤ 0,05).

The results show that plants selected for pes-
ticide resistance have higher tolerance to nickel 
salt.

Testing nickel salt tolerance by measuring the 
rate of leaf necrosis also confirmed that pesti-
cide-resistant plants are more tolerant to heavy 
metals compared to the controls. In the medium 
without nickel chloride, leaf necrosis was al-
most absent. It didn't exceed 4–5% throughout 

Рис. 1. Снижение удельной фотосинтетической активности в тканях малины красной in vitro  
под действием хлорида никеля на контрольной среде и средах, содержащих антиоксиданты
Fig. 1. Reduction of specific photosynthetic activity in raspberry tissues in vitro under the influence  
of nickel chloride on control medium and medium containing antioxidants

Рис. 2. Снижение удельной фотосинтетической активности тканей контрольных и устойчивых  
к пестицидам растений малины in vitro под действием ТМ 
Fig. 2. Reduction of the specific photosynthetic activity of the tissues of control and pesticide-resistant 
raspberry plants in vitro under the influence of HM
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the entire cultivation. There were no significant 
differences between the control plants and the 
pesticide-resistant ones in this regard when the 
stressor was absent.

The presence of heavy metal salt in the nutri-
ent medium causes leaf necrosis. In pesticide-re-
sistant plants, this process occurs more slowly 
compared to the control plants. After 15 days of 
cultivation, the percentage of dead leaves in the 
control plants was 4.8 times higher than in those 
selected for pesticide resistance. After 30–60 
days, the number of necrotized leaves in the con-
trol plants exceeded that of the pesticide-tolerant 
forms by 38.01–51.28% (see Fig. 3).

The differences between the control plants 
and those resistant to pesticides in the given in-
dicator at 15, 30, 45, and 60 days of cultivation 
are statistically significant (p ≤ 0.05). In the con-
trol plants, leaves completely died after 70 days 
in the presence of nickel chloride, while in the 
pesticide-resistant plants, this occurred after 85 
days.

The slower necrosis of leaves in pesticide-re-
sistant plants compared to the control indicates 
their higher tolerance to nickel ions. This aligns 
with data from testing heavy metal tolerance in 

control and pesticide-resistant forms based on 
changes in the specific photosynthetic activity 
of the tissues.

Besides the general damaging mechanisms 
common to various stressors, associated with 
the accumulation of ROS, there are a number of 
specific ones. Because of this, in addition to the 
antioxidant system, there are other protection 
mechanisms. For example, heavy metal ions can 
be bound even before entering the cell, either in 
the extracellular matrix or by cell walls. Plants 
can release metal-chelating ligands or iron-con-
taining proteins that bind HM ions3. Resistance 
to pesticides can be achieved by reducing cuticle 
permeability, speeding up the breakdown of pes-
ticides in tissues, and getting rid of them from 
the tissues.

Because of this, selecting crop varieties with 
highly efficient antioxidant systems can't pro-
duce varieties with maximum tolerance to all 
abiotic stress factors. However, relatively in-
creasing and expanding the adaptation potential 
of varieties to negative impacts can make gar-
dening more resilient amid the ever-growing in-
stability of environmental conditions.

Рис. 3. Некротизация листьев контрольных и устойчивых к пестицидам растений малины красной 
под действием хлорида никеля in vitro
Fig. 3. Necrotization of the leaves of control and pesticide-resistant raspberry plants under the influence of 
nickel chloride in vitro

3Pishchik V.N., Vorobyov N.I., Provorov N.A., Khomakov Y.V. Mechanisms of plant adaptation to heavy metals // Agrophysics, 
2015, N 2, pp. 38–49.
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CONCLUSIONS 

1. In red raspberry tissues, a decrease in spe-
cific photosynthetic activity was detected in vi-
tro in the presence of a toxic concentration of 
nickel chloride (0.25 mM). Adding reduced glu-
tathione or ascorbic acid to the nutrient medium 
reduced the negative effect of the heavy metal 
salt by 37.84–77.80%, indicating the role of the 
plant's antioxidant system in developing toler-
ance to the toxic substance.

2. Pesticide-resistant red raspberry plants 
demonstrated higher tolerance to nickel ions. 
This was confirmed by a lower rate of leaf ne-
crosis and a smaller decrease in specific photo-
synthetic activity in vitro in the presence of the 
heavy metal salt in pesticide-resistant plants 
compared to control plants.

3. Higher resistance to nickel chloride in pes-
ticide-tolerant plants obtained by tissue selection 
confirms the possibility of breeding for complex 
resistance to abiotic stressors by selecting forms 
that can effectively activate the antioxidant sys-
tem under negative environmental influences.
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Сорные растения, засоряющие семена льна-долгунца высших 
репродукций, выращиваемого в Томской области
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В статье представлены результаты гербологического анализа партий семян сортов льна-дол-

гунца томской селекции, выращенных в 2024 и 2025 гг. в подтаежной зоне Томской области. 
Определены видовой состав и численность семян сорных растений. Составлен перечень труд-
ноотделимых сорняков, способных распространяться путем спейрохории с семенами льна- 
долгунца. В  образцах семян льна-долгунца, полученных после прямого комбайнирования, 
выявлены диаспоры (плоды и семена) 33  видов одно- и двудольных сорных растений. Про-
веден сравнительный анализ засоренности сортовых семян льна-долгунца после промышлен-
ной очистки. Выявлено семь видов однодольных (злаковых) сорняков: ежовник обыкновен-
ный (Echinochloa crus-galli), овес пустой (Avena fatua), просо сорное (Panicum miliaceum ssp. 
ruderale), пырей ползучий (Elytrigia repens), шерстняк мохнатый (Eriochloa villosa), щетинник 
зеленый (Setaria viridis), щетинник низкий (Setaria pumila), а также шесть видов двудольных 
сорняков: аистник цикутовый (Erodium cicutarium), горец развесистый (Persicaria lapathifolia), 
гречишка вьюнковая (Fallopia convolvulus), пикульник двунадрезанный (Galeopsis bifida), под-
маренник Вайана (Galium vaillantii), щирица жминдовидная (Amaranthus blitoides). Все пере-
численные виды являются обычными засорителями посевов сельскохозяйственных культур в 
разных регионах России. Кроме того, в образцах семян льна-долгунца определено наличие сле-
дующих трудноотделимых семян сорных растений: однодольные виды – ежовник обыкновен-
ный, шерстняк мохнатый и щетинник низкий, двудольные – горец развесистый и подмаренник 
Вайана. Особо отметим появление в семеноводческих посевах льна-долгунца редкого для Си-
бири сорняка восточноазиатского происхождения – шерстняка мохнатого. Данный вид является 
наиболее злостным сорняком, быстро распространяющимся на сельскохозяйственных землях 
благодаря высокой экологической адаптации и устойчивости к гербицидам.

Ключевые слова: лен-долгунец, семена, сорные растения, гербологический анализ, Том-
ская область
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The article presents the results of a herbological analysis of fiber flax seed batches of the Tomsk 

selection, grown in 2024 and 2025 in the sub-taiga zone of the Tomsk region. The species composition 
and number of weed seeds have been determined. The species composition and number of weed seeds 
in flax seed batches have been identified. A list of difficult-to-separate weeds capable of spreading by 
speirochory with flax seeds has been compiled. In the samples of fiber flax seeds obtained after direct 
combining, diaspores (fruits and seeds) of 33 species of mono- and dicotyledonous weeds have been 
identified. A comparative analysis of the contamination of fiber flax seeds after industrial cleaning was 
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carried out. 7 species of monocotyledonous (cereal) weeds: barnyard grass (Echinochloa crus-galli), 
wild oat (Avena fatua), weed broomcorn millet   (Panicum miliaceum ssp. ruderale), devil's grass 
(Elytrigia repens), hairy cupgrass (Eriochloa villosa), green foxtail (Setaria viridis), yellow foxtail 
(Setaria pumila) and 6 species of dicotyledonous weeds: redstem filaree (Erodium cicutarium), pale 
smartweed (Persicaria lapathifolia), wild buckwheat (Fallopia convolvulus), bifid hemp-nettle (Ga-
leopsis bifida), catchweed bedstraw (Galium vaillantii), prostrate amaranth (Amaranthus blitoides) 
have been identified. All the listed species are common contaminants of agricultural crop plantings 
in various regions of Russia. In addition, the fiber flax seed samples have been found to contain the 
following difficult-to-separate weed seeds: monocotyledonous species – barnyard grass, hairy cup-
grass and yellow foxtail, and dicotyledonous ones – pale smartweed, catchweed bedstraw. Particularly 
noted is the appearance in fiber flax-seed crops of a weed rare for Siberia, of East Asian origin – hairy 
cupgrass. This species is the most pernicious weed, spreading rapidly on agricultural lands due to its 
high ecological adaptability and herbicide resistance.

Keywords: fiber-flax, seeds, weeds, herbological analysis, Tomsk region
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INTRODUCTION

Fiber flax (Linum usitatissimum L.) is an im-
portant industrial crop in both global and Russian 
agriculture. The technical fiber from fiber flax is 
used as raw material for making a wide range 
of fabrics, industrial products, and other goods 
with high consumer value. Products made from 
flax fiber are in demand in strategic industries, 
such as the production of carbon composites – 
lightweight and super-strong materials [1–4].

Linen flax is a traditional agricultural crop 
that has long been grown in Russia. The Tomsk 
region, due to its soil and climate conditions, is 
considered one of the favorable areas for grow-
ing flax for industrial purposes, as well as for 

developing seed production of this crop. Breed-
ing work on linen flax beyond the Urals has a 
long history1. Since 2005, the work on breeding 
and seed production of linen flax in the Tomsk 
region has been carried out by the Siberian 
Research Institute of Agriculture and Peat – a 
branch of the Siberian Federal Scientific Centre 
of Agro-BioTechnologies of the Russian Acade-
my of Sciences (SRIAT – branch of the SFSCA 
RAS). Over 89 years, Tomsk breeders have de-
veloped 27 varieties of linen flax, 11 of which 
are included in the State Register of Breeding 
Achievements of the Russian Federation. Along-
side the breeding work, they also carry out initial 
seed production for new varieties and maintain 
those already listed in the State Register.

1Krepkov A.P. Selection of fiber flax in Siberia. Tomsk, 2000, 186 p.
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Seeds of the Tomsk linen flax varieties are 
in demand in the regions of Siberia and the Eu-
ropean part of Russia [5, 6]. According to the 
Department of Primary Processing of Flax and 
Hemp at the Rosselkhozcenter, in 2024, 31 va-
rieties of linen flax were sown in the Russian 
Federation on an area of 40.6 thousand hectares. 
The top six varieties in terms of the sowing area 
include the following Tomsk-bred sorts: Tomsky 
17 (4.14 thousand ha; 10.2%), Tomich 2 (3.10 
thousand ha; 7.6%), Tomsky 18 (2.87 thousand 
ha; 7.1%). SRIAT has the capacity to produce 
8–18 tons of elite breeder seeds of high-yield 
early-maturing flax varieties annually, which in 
some years makes up 20–23% of the total simi-
lar seeds produced across Russia.

A limiting factor for the development of flax 
growing in our country is the lack of seeds of do-
mestic varieties with high sowing qualities [1].

There are special requirements for the sowing 
qualities of high-reproduction flax seeds (breed-
ing nurseries of the 1st and 2nd generations, 
super-elite), including the absence of contami-
nation by diaspores (fruits and seeds) of weeds. 
According to GOST R 52325–2005, in high-re-
production flax seeds intended for sowing, the 
content of weed diaspores should not exceed 320 
pieces per kilogram of seeds2. What's important 
here is not only the number of weed fruits and 
seeds but also their species composition.

Linen flax is a small-seeded agricultural crop, 
the cultivation of which requires strict adherence 
to all elements of zonal technology, including 
the use of herbicides3 [7–10]. Seed farms using 
modern chemical plant protection products are 
not always able to achieve absolute purity of 
flax seeds. Therefore, the issue of phytosanitary 
monitoring of flax crops and the seed material 
used is quite pressing.

The relevance of this study is due to the emer-
gence of weeds resistant to the preparations used 
in flax crops for herbicidal weed control, and, as 
a consequence, changes in the species composi-
tion of weed vegetation [11–13].

Considering the demand and significant eco-
nomic importance of original seeds of linen flax 
varieties of the Tomsk selection for the further 
development of flax growing in Russia, it is nec-
essary to keep track of the weediness of crops 
and seeds.

The purpose of the study is to identify the 
weeds and hard-to-separate plant species that 
contaminate batches of linen flax seeds during 
industrial cleaning in the Tomsk region.

MATERIAL AND METHODS

The study focused on the samples of flax seed 
varieties of the highest reproductions, obtained 
from seed-growing plots of the Bogashevsky 
Scientific Department of SRIAT in 2024 and 
2025.

In 2024, analysis of seed lots from nurseries 
propagating the 1st and 2nd generations of the 
varieties Tomich, Tomsky 17, Tomich 2, Tomsky 
18, Tomich 3, and the super-elite variety TOST 
3 was conducted. In 2025, analysis of seed lots 
from nurseries propagating the 1st and 2nd gen-
erations (mother elite of the 1st and 2nd years) 
of the varieties Tomich 2, Tomich 3, TOST 3, 
TOST 4, TOST 5, and Pamyati Krepkova was 
carried out.

The samples were taken from seed lots be-
fore industrial cleaning and after the processing 
of finished products on sorting machines.

For each variety, two seed samples were an-
alyzed:

1) obtained after direct combining, uncleaned 
(grain chaff and weed seeds);

2) industrially purified.
During industrial cleaning, fiber flax seeds 

collected by direct combining were dried in a 
Petkus container-drying complex (Germany) at 
a temperature of 38–40 °C for 8–24 hours to a 
moisture content of 10–12%. The seeds were 
then processed using a Petkus K541 seed clean-
ing and sorting machine (Germany) in two stag-
es. In the first stage, cleaning was performed 

2GOST R 52325–2005. Agricultural crop seeds. Varietal and sowing qualities. General specifications. Moscow: Standartinform, 
2009, 20 p.

3Popova G.A. Effect of chemical and agrotechnical weed control measures on fiber flax yield // 60 Years of Research on Fiber 
Flax at the Tomsk State Agricultural Experimental Station of the Siberian Branch of the Russian Academy of Agricultural Sciences: 
Collection of Scientific Papers. Tomsk, 1997, pp. 108–113.
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with a 17 mm upper screen and a 1.5 mm lower 
screen, and in the second stage, with a 14.0 mm 
screen and a 1.5 mm lower screen, respectively. 
This method allows flax seeds to be cleaned of 
easily separated weeds.

To identify weed diaspores, a herbological 
analysis method was used. For this purpose, 
weed fruits and seeds were manually isolated 
from batches of flax seeds. Species identification 
was carried out according to standard guidelines 
for identifying weed seeds4 using the samples 
stored in the carpological collections of the 
Tomsk branch of the Federal State Budgetary In-
stitution “All-Russian Plant Quarantine Center”.

The number of weed diaspores was deter-
mined based on the degree of infestation of the 
samples and the purpose of our research. To de-
termine the number of weeds in a flax grain chaff 
and weed seeds, ten 5-g samples were taken from 
an average batch weighing 1 kg. All seeds were 
then isolated, identified to species level, and the 
number was counted.

To determine the species composition and 
abundance of hard-to-separate weeds, all fiber 
flax seed samples were analyzed after final (in-
dustrial) cleaning. Ten 50-g samples were taken 
from an average 1-kg seed sample of each flax 
variety, from which all weed diaspores were 
isolated and counted. Table 1 presents a sample 

herbological analysis report for a TOST 3 flax 
seed sample from the 2024 harvest. 

To determine the number of diasporas (pcs/g), 
the arithmetic mean and the error of the mean 
were calculated (M ± m). Statistical data pro-
cessing was carried out using Microsoft Excel 
2016.

RESULTS AND DISCUSSION

A herbological analysis of flax seeds ob-
tained after direct harvesting revealed diaspores 
of 33 species of mono- and dicotyledonous 
weeds. The following weed seeds were most 
frequently found in the grain heap of all stud-
ied samples: barnyard grass, pale smartweed, 	
lamb's-quarters, bifid hemp-nettle, catchweed 
bedstraw, common bedstraw, weed broomcorn 
millet, hairy cupgrass, green foxtail, and yellow 
foxtail (see Table 2).

After industrial cleaning of flax seeds, the 
number of identified species decreased by 
3  times. Of these, seven species are monocot-
yledonous (cereal) weeds (barnyard grass, wild 
oats, weed broomcorn millet, devil's grass, green 
foxtail, yellow foxtail and hairy cupgrass), six 
species – dicotyledonous weeds (redstem fila-
ree, pale smartweed, wild buckwheat, bifid 
hemp-nettle, catchweed bedstraw, prostrate am-
aranth) (see Table 2).

4Dobrokhotov V.N. Weed Seeds. Moscow, 1961, 414 p.

Табл.  1 .  Численность диаспор сорняков, выявленных по результатам гербологического анализа 
в пробах очищенных семян льна-долгунца (ТОСТ 3, 2024 г.)
Table 1.  The number of weed diaspores identified based on the results of the herbological analysis in the 
samples of cleaned fiber flax seeds (TOST 3, 2024)

Species
Sample number

1 2 3 4 5 6 7 8 9

Echinochloa crus-galli (L.) Beauv. 0 0 0 0 0 0 0 1 0

Eriochloa villosa (Thunb.) Kunth 4 1 5 4 2 2 1 2 1

Galeopsis bifida Boenn. 1 0 0 0 0 0 0 0 1

Panicum miliaceum ssp. ruderale (Kitag.) Tzvelev 0 1 0 0 1 0 1 0 0

Persicaria lapathifolia (L.) Delarbre s.l. 4 1 1 2 3 5 9 6 8

Setaria pumila (Poir.) Schult. 4 6 4 11 8 4 5 5 8

Total species 4 4 3 2 4 3 4 4 4

Number of diasporas in a trial batch, pcs./50 g 13 9 10 17 14 11 16 14 18
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Табл.  2 .  Видовой состав семян сорных растений в зерновом ворохе и очищенных семенах 
льна-долгунца
Table 2.  Species composition of weed seeds in grain heap and cleaned fiber flax seeds

Latin name Russian name Life form
Detections (before/after 

industrial cleaning)
2024 2025

	 Monocotyledons
Avena fatua L. Wild oats Annual plant +/– +/+
Echinochloa crus-galli (L.) Beauv. Barnyard grass, barnyard millet Annual plant +/+ +/+
Elytrigia repens (L.) Nevski  Devil's grass Perennial plant +/+ +/–
Eriochloa villosa (Thunb.) Kunth Hairy cupgrass Annual plant +/+ +/+
Panicum miliaceum ssp. ruderale 
(Kitag.) Tzvelev Weed broomcorn millet Annual plant +/+ +/+

Phleum pratense L.  Timothy grass Perennial plant +/– –

Setaria pumila (Poir.) Schult.  Yellow foxtail Annual plant +/+ +/+
Setaria viridis (L.) P. Beauv. Green foxtail Annual plant +/+ +/–

Dicotyledons

Amaranthus blitoides S. Watson Prostrate amaranth Annual plant – +/+
Amaranthus retroflexus L. Redroot amaranth Annual plant +/– +/–
Arctium tomentosum Mill.  Cotton burdock Biennial plant +/– +/–
Chenopodium album L.  Lamb's-quarters Annual plant +/– +/–
Cirsium arvense (L.) Scop. s.l. Canada thistle Perennial plant +/– –
Erodium cicutarium (L.) L’Hér.  Redstem filaree Annual plant +/+ +/+
Fallopia convolvulus (L.) Á. Löve Wild buckwheat Annual plant +/+ +/–
Fumaria officinalis L.  Common fumitory Annual plant +/– +/–
Galeopsis bifida Boenn. Bifid hemp-nettle Annual plant +/+ +/+
Galium vaillantii DC. Catchweed bedstraw Annual plant +/+ +/+

Lappula squarrosa (Retz.) Dumort. Squarrose sticktight Annual plant /  
biennial plant – +/–

Linaria vulgaris Mill. Common toadflax Perennial plant +/– +/–

Myosotis arvensis (L.) Hill Field scorpion grass Annual plant /  
perennial plant +/– –

Neslia paniculata (L.) Desv.  Ball mustard Annual plant +/– +/–
Oberna behen (L.) Ikonn. Bladder campion Perennial plant +/– +/–
Persicaria lapathifolia (L.) 
Delarbre s.l. Pale smartweed Annual plant +/+ +/+

Polygonum aviculare L.  Knotgrass Perennial plant +/– +/–
Silene noctiflora L. Night-flowering campion Annual plant +/– +/–
Spergula arvensis L.  Common spurrey Annual plant +/– +/–
Stachys palustris L.  Clown's woundwort Perennial plant +/– –
Stellaria graminea L.  Lesser starwort Perennial plant +/– +/–
Thlaspi arvense L. Field pennycress Annual plant +/– +/–
Trifolium pratense L. Meadow clover Perennial plant +/– –
Vicia cracca L. Bird vetch Perennial plant +/– –

Viola arvensis Murray  Field pansy Annual plant / bi-
ennial plant +/– +/–

Total species 31/11 27/10
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A comparative analysis of the contamination 
of varietal seeds after industrial cleaning made it 
possible to identify a group of dominant species 
among weeds that are difficult to separate from 
fiber flax seeds (see Table 3). In 2024, the main 

weeds were yellow foxtail, pale smartweed, and 
hairy cupgrass. If the cultivation area is con-
taminated with couch grass, a rhizome weed, its 
seeds can also create a problem when cleaning 
flax seeds, which we observed when analyzing 

Табл.  3 .  Численность диаспор трудноотделимых сорняков в партиях семян льна-долгунца,  
прошедших очистку
Table 3.  The number of difficult-to-separate weed diaspores in the batches of cleaned fiber flax seeds

Variety Number of
weed species

Number of weed 
seeds, pcs/kg

Dominant weeds

species proportion of the total
number of weeds, %

2024

Tomich 6 128,0 ± 11,0
Hairy cupgrass 50,0
Pale smartweed 20,3
Yellow foxtail 18,8

Tomich 2 6 154,0 ± 22,3
Devil's grass 51,9
Pale smartweed 11,7

Tomich 3 4 126,0 ± 12,0
Yellow foxtail 47,6
Hairy cupgrass 27,0
Pale smartweed 22,2

Tomsky 17 1 14,0 ± 4,9 Pale smartweed 100,0

Tomsky 18 5 114,0 ±13,7
Yellow foxtail 45,6
Pale smartweed 42,1

TOST 3 9 262,0 ± 21,3
Yellow foxtail 43,5
Pale smartweed 32,8
Hairy cupgrass 19,1

2025 

Pamyati 
Krepkova 6 100,0 ± 19,1

Yellow foxtail 34,0
Barnyard grass 32,0
Catchweed bedstraw 26,0

Tomich 2 9 318,0 ± 12,8
Yellow foxtail 28,3
Catchweed bedstraw 27,0
Barnyard grass 25,8

Tomich 3 6 88,0 ± 13,6
Yellow foxtail 27,3
Barnyard grass 22,7
Catchweed bedstraw 15,9

TOST 3 6 268,0 ± 22,0
Pale smartweed 47,8
Hairy cupgrass 17,9
Yellow foxtail 14,9

TOST 4 5 188,0 ± 13,6
Barnyard grass 62,8
Catchweed bedstraw 28,7

TOST 5 5 50,0 ± 6,5
Barnyard grass 64,0
Pale smartweed 16,0



48 Siberian Herald of Agricultural Science • 2026 • 56 • 4 Plant growing and breeding

Weeds contaminating fiber-flax seeds  
of higher reproductions grown in the Tomsk Region

Popova G.A., Mikhailova S.I., Shuleiko V.R., Shuleiko A.A. 

a batch of seeds of the Tomich 2 variety. The 
following hard-to-remove weed species were 
prevalent in the 2025 flax seed samples: barn-
yard grass, yellow foxtail, pale smartweed and 
catchweed bedstraw.

The study identified weed species that are 
difficult to separate from flax seeds grown in 
experimental fields at the Bogashevsky Sci-
entific Department of SRIAT. These include: 
barnyard grass yellow foxtail, hairy cupgrass 
(monocotyledons), pale smartweed, catchweed 
bedstraw (dicotyledons). These species are com-
mon weeds of agricultural crops in various re-
gions of Russia5. Particular attention should be 
paid to the appearance of such a rare weed of 
East Asian origin in fiber flax seed crops, such 
as hairy cupgrass. In European countries, hairy 
cupgrass is an invasive species that spreads rap-
idly on agricultural and disturbed lands due to 
its high ecological adaptation and resistance to 
herbicides [14]. In Russia, hairy cupgrass can be 
found, for example, in the Primorsky Territory, 
where this species is the most malicious weed 
in grain and oilseed (soybean) crops [15]. It is 
also occasionally found in the southern regions 
of the European part of the country. In Siberia, 
E. villosa is still a relatively rare alien species 
[16]. However, in recent years it has begun to 
spread in Siberia, including in the agrocenoses 
of the Tomsk region [16, 17]. An interesting fact 
is its appearance in fiber flax crops of the Bo-
gashevsky Scientific Department of SRIAT, as 
well as its ability to contaminate the seeds of this 
crop and spread further by speyrochory (with the 
seeds of the main crop).

CONCLUSION

Herbological analysis of flax seeds after di-
rect harvesting, as well as those subjected to in-
dustrial cleaning, made it possible to establish 
the species composition of weeds that most of-
ten contaminate the seeds of this crop. The main 
difficult-to-remove weeds in the studied lots of 
fiber flax seeds grown in the experimental fields 

of the Bogashevsky Scientific Department of 
SRIAT are: barnyard grass, yellow foxtail and 
hairy cupgrass (monocotyledons), pale smart-
weed and catchweed bedstraw (dicotyledons). 
Separately, it should be noted that a rare weed 
species, hairy cupgrass, has appeared in fiber 
flax seed crops. Its fruits can spread by speyro-
chory, as evidenced by its discovery in flax seed 
crops in the Tomsk region.
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Скрининг сортов и сортообразцов люпина узколистного  
по показателям качества зерна
Коннова Л.В., Агеева П.А., Почутина Н.А., Анишко М.Ю., Мисникова Н.В., Зайцева Н.М.
Всероссийский научно-исследовательский институт люпина – филиал 
Федерального научного центра кормопроизводства и агроэкологии им. В.Р. Вильямса
Брянская область, п. Мичуринский, Россия 

e-mail: lupin_nvmisnikova@mail.ru

В  статье сделан акцент на характеристику качества зерна люпина узколистного (Lupinus 
angustifolius L.), используемого в кормопроизводстве. В конкурсном сортоиспытании в Брян-
ской области изучили 3 сорта и 8 сортообразцов люпина узколистного (стандарт – сорт Витязь), 
по продолжительности вегетационного периода относящиеся к группе «очень ранних» (70–100 
дней). Средний период вегетации за время исследований – 89 дней. Урожайность зерна в опыте 
в среднем составила 2,82 т/га, по сорту-стандарту – 2,49 т/га. Максимальные значения отмече-
ны у сортообразцов СБС 56-15-1 и Узколистный 53-02 УФ. Среднее значение урожайности зе-
леной массы за период наблюдения составило 39,7 т/га, по стандарту – 33,6 т/га. Статистически 
значимые данные по этому показателю выявлены у сортообразцов Гибрид 1314, Гибрид 1246, 
СБС 56-15-1 и Узколистный 53-02 УФ. Прибавка к стандарту по урожайности зеленой массы 
варьировала в  пределах от 8,4 до 14,1  т/га. В  зерне изучаемых сортов и сортообразцов сы-
рой протеин содержался в диапазоне 29,2–35,6%. Максимальный уровень по сырому протеину 
(35,6%) отмечен у  сортообразца СБС  56-15-1. По содержанию белка выделен образец Узко-
листный 53-02 УФ (1435 кг/га). Все изученные сорта и сортообразцы по содержанию алкало-
идов в зерне (0,034–0,062%) отнесены к малоалкалоидной группе. По содержанию лизина ли-
дировали сортообразец СБС 56-15-1 и сорт Бело-розовый 144 (2,3 и 2,27%). Наиболее высокое 
содержание жира выявлено у сорта Брянский кормовой (5,29%). Наибольшей энергетической 
ценностью обладают сортообразцы СБС 56-15-1 и БСв 51-19 (11,48 и 11,33 МДж). Выделены 
перспективные сортообразцы СБС 56-15-1 и Узколистный 53-02 УФ, которые могут быть ис-
пользованы в дальнейшей селекции новых кормовых сортов.

Ключевые слова: люпин узколистный, сорт, урожайность зерна и зеленой массы, сырой 
протеин, жир, лизин, алкалоиды, обменная энергия

Screening of the narrow-leafed lupine varieties and variety specimens 
according to grain quality indicators
Konnova L.V., Ageeva P.A., Potchutina N.A., Anishko M.Yu., Misnikova N.V., Zaytseva N.M.
The All-Russian Research Institute of Lupine – Branch of the Federal Williams Research Center of 
Forage Production and Agroecology
Michurinsky, Bryansk region, Russia 

e-mail: lupin_nvmisnikova@mail.ru

The article focuses on the characteristics of the grain quality of narrow-leaved lupine (Lupinus 
angustifolius L.), used in forage production. In a competitive variety trial in the Bryansk region,  
3 varieties and 8 variety specimens of the narrow-leaved lupine (the standard is the Vityaz variety) 
were studied, which, according to the length of the growing season, belong to the “very early” group 
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(70–100 days). The average vegetation period during the research made 89 days. Grain yield in the ex-
periment averaged 2.82 t/ha, for the standard variety – 2.49 t/ha. The maximum values were observed 
in the variety specimens SBS 56-15-1 and Uzkolistny 53-02 UF. The average value of green mass yield 
for the period of observation was 39.7 tons/ha, the standard – 33.6 tons/ha. Statistically significant data 
for this indicator were found in the variety specimens Hybrid 1314, Hybrid 1246, SBS 56-15-1 and 
Uzkolistny 53-02 UF. The increase in the standard for green mass yield varied from 8.4 to 14.1 t/ha. 
The crude protein content in the grain of the studied varieties and variety specimens was in the range 
of 29.2–35.6%. The maximum level of crude protein (35.6%) was observed in the variety specimen 
SBS 56-15-1. The Uzkolistny 53-02 UF variety specimen stood out for protein content (1435 kg/ha). 
All studied varieties and variety specimens are classified as low-alkaloid group according to the level 
of alkaloid content in grain (0.034–0.062%). The leading varieties for lysine content were SBS 56-15-
1 and Belo-rozovy 144 varieties (2.3 and 2.27%, respectively). The highest amount of fat was found 
in the Bryansky fodder variety (5.29%). The SBS 56-15-1 and BSv 51-19 variety specimens had the 
highest energy value (11.48 and 11.33 MJ, respectively). The promising variety specimens SBS 56-
15-1 and Uzkolistny 53-02 UF were identified which can be used for further breeding to develop new 
fodder varieties for forage production.

Keywords: narrow-leafed lupine, variety, grain and green mass yield, crude protein, oil, lysine, 
alkaloids, metabolic energy
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INTRODUCTION 

For the successful development of the live-
stock industry amid a shortage of feed plant pro-
tein, the key factor for fully balanced nutritious 
feeding of farm animals is the quality of the feed 
material. The productivity of feed is determined 
by its protein content [1, 2].

To reduce costs in producing protein feed, 
among the grain and legume crops, soy and lu-
pine are highlighted first of all, as they are adapt-
ed to specific soil and climate conditions. How-
ever, the amount of soy grown in Russia does 
not meet the needs of the feed supply in agri-

culture, which leads to increasing imports from 
the USA, Brazil, and Argentina, and its anti-nu-
tritional components – pectins, protease inhibi-
tors, allergens, and others – limit its use without 
special heat treatment [3, 4]. The cost of import-
ing soybeans is pushing domestic producers of 
cattle, poultry, and aquaculture feed to take a 
closer look at lupine and its processing products, 
since thanks to the grain's nutritional value, high 
yield of green mass and groats, lupine can large-
ly meet the needs of modern animal husbandry 
for plant-based protein [5–7]. The high protein 
content (in the grain – 32–37%, in the dry matter 
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of green mass – 20%) allows lupine to be used 
as a high-protein base for making various pro-
tein-vitamin-mineral supplements1.

Narrow-leafed lupine, thanks to its early ma-
turity and fast growth, is adapted to a wide range 
of soil and climatic conditions. Its northern limit 
for stable seed production runs through the terri-
tories of Leningrad, Vologda, Kirov regions, and 
the Perm Territory, and it can be grown for green 
fodder and silage in Karelia, the Komi Repub-
lic, and Murmansk region. As an early-maturing, 
fairly cold-resistant, high-protein crop, it is of 
great interest for cultivation both in the Europe-
an part of our country and in the Siberian regions 
and the Primorsky Territory [8, 9].

The level of alkaloid content limits the use 
of lupine in feeding farm animals [10]. Modern 
forage varieties of lupine are considered low-al-
kaloid2 and are allowed in feeding all kinds of 
animals and birds [11–13].

The goal of the study is to identify promising 
varieties and breeding lines of narrow-leafed lu-
pine based on key indicators considered when 
creating animal feed rations: grain and green 
mass yield, crude protein, carotene, fat, lysine 
content, metabolizable energy level, and protein 
yield per unit area.

The scientific novelty lies in evaluating va-
rieties and new breeding lines of narrow-leafed 
lupine for nutritional productivity in the condi-
tions of the southwestern Non-Black Earth re-
gion.

MATERIAL AND METHODS 

Field studies were conducted at the All-Rus-
sian Research Institute of Lupin (Bryansk re-
gion) from 2021 to 2023 on sod-podzolic soil 
with 2.1–2.5% humus in the arable layer, 16.1–
18.2 mg/100 g of available phosphorus, 14.5–

16.0 mg/100 g of exchangeable potassium, and 
a salt extract pH of 5.4–5.6. The object of study 
is presented by three zoned varieties (Vityaz, 
Belorozovy 144, and Bryansky Kormovoy) and 
eight new narrow-leafed lupine breeding lines in 
a competitive variety trial.

The competitive variety trial sowing was car-
ried out at the end of April or in the first ten days 
of May, the plot area was 16.5 m², with four-
fold repetition. The setup of the experiments 
and phenological observations were conducted 
according to commonly accepted methods in 
breeding work3; biochemical tests were carried 
out according to the methods of plant biochem-
ical research4.

The statistical processing of yield data was 
done using the analysis of variance5.

The weather conditions during the years 
of the experiment varied. The growing sea-
son in 2021 was characterized by high humid-
ity (HTC  = 1.95), 2022 by moderate humidity 
(HTC = 1.43), and 2023 by dry conditions (HTC 
= 1.15). The amount of rainfall and tempera-
ture patterns during the growth stages of lupine 
plants also varied. The contrasting weather con-
ditions allowed for a more objective assessment 
of the grain quality indicators of narrow-leafed 
lupine varieties.

RESULTS AND DISCUSSION 

Narrow-leafed lupine is the fastest-maturing 
(on average 70–100 days) and most adaptable 
of the species grown in our country. The studied 
varieties and breeding lines belong to the very 
early group. In the trial for the competition test, 
the average growing period was 89 days (see 
Table 1). The shortest ripening time was noted 
for the Bryansky Kormovoy variety (85 days), 

1Artyukhov A.I., Vashchekin E.P., Efimenko E.A. Recommendations on the practical use of lupin-based feeds in farm animal diets. 
SSI VNII Lupina, FSEI HPE "Bryansk State Agricultural Academy", 2009. 80 p.

2Stepanova S., Nazarova N., Korneychuk V., Lehmann Chr., Mikołajczyk J. Broad unified CMEA classifier and international 
CMEA classifier for the genus Lupinus L. Leningrad: VIR, 1983, 39 p.

3Methodology for State Variety Testing of Agricultural Crops. Moscow, 1985, 269 p.
4Yermakov A.I. Methods of biochemical analysis of plants. Leningrad: Agropromizdat, 1987, 456 p.
5Dospekhov B.A. Methodology of field experiments. Moscow, 1985, 351 p.
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which is two days shorter than the standard Vi-
tyaz – an early-ripening, indeterminate variety 
that is moderately resistant to pests and diseases. 
The tall varieties with intensive side branching, 
Belorozovy 144 and hybrid 1314, had a longer 
growing period – 92 and 93 days.

In the experimental material, grain yield and 
the content of key organic substances that reflect 
the nutritional value of the varietal material were 
considered. Over the years of research, with fa-
vorable moisture levels during flowering and 
pod setting, the yield turned out to be 9.6–27.3% 
higher than that of the Vityaz variety (2.49 t/ha) 
(see Table 1). The highest yield in the trial was 
recorded for the variety SBS 56-15-1 (3.17 t/ ha). 
The increase over the standard was 0.69 t/ ha. 
The second highest yield (3.04 t/ha with an in-
crease of 0.55 t/ha) was achieved by the variety 
Uzkolistny 53-02 UF. According to statistical 
analysis, nine out of ten options showed a yield 
increase. Based on the results of the three-year 
study, the new varieties SBS 56-15-1 and Uzko-
listny 53-02 UF were identified.

The protein content and its essential amino 
acids, which are needed for a balanced diet, de-
termine the nutritional properties of feed. The 
L. angustifolius gene pool includes  the biotypes 
with protein content in seeds of more than 38%. 
Varieties developed by the All-Russian Research 
Institute of Lupin breeding program, such as 
Bryansky Kormovoy, Belorozovy 144, Vityaz, 
and others, showed high crude protein content in 
the grain (33.7–39.2%) under the conditions of 
the Kirov region [14].

Over the years of competitive variety trials 
esting, the grain protein content ranged from 
29.2% to 35.6%. The raw protein content of the 
Vityaz variety was 29.2%, with a protein yield 
from the grain harvest of 907 kg/ha. The highest 
level of raw protein was recorded in the variety 
sample SBS 56-15-1 (35.6%). In terms of pro-
tein yield from the grain harvest, the Uzkolistny 
53-02 UF sample stood out with 1,435 kg/ha.

The acceptable level of alkaloids in lupine 
grain and green mass6 ranges from 0.03–0.1%, 
and when fed in mixtures – up to 0.3%. The share 

Табл.  1 .  Характеристика сортов и сортообразцов люпина узколистного по урожайности и качеству 
зерна в конкурсном испытании, 2021–2023 гг.
Table 1.  Characteristics of the varieties and variety specimens of narrow-leafed lupine for yield and 
grain quality in a competitive trial, 2021–2023

Variety, cultivar
Grain yield, t/ha Content in grain, %

Growing sea-
son, days

Protein yield, 
kg/havariety ± to the stan-

dard CP alkaloids

Vityaz, standard 2,49 – 29,2 0,057 87 907
Bryansky Kormovoy 2,87 +0,38 31,3 0,062 85 713
Belorozovy 144 2,25 –0,24 31,0 0,040 92 1056
Hybrid 1314 2,73 +0,24 32,5 0,034 93 1120
SN 78-07 2,85 +0,36 33,1 0,057 90 926
Hybrid 1246 2,92 +0,43 34,8 0,040 87 1207
SN 39-20 2,98 +0,49 32,6 0,046 90 1040
G-1031 2,97 +0,48 33,3 0,043 89 1234
CBS 56-15-1 3,17 +0,69 35,6 0,043 90 1322
Uzkolistny 53-02 UF 3,04 +0,55 33,7 0,042 89 1435
BSv 51-19 2,76 +0,27 31,1 0,041 86 894
LSD05 0,18

6GOST R 54632–2011 Fodder lupin. Specifications. Moscow: Standartinform, 2020, 8 p.
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of lupine grain in animal diets should be 10–
30%. The feed varieties of narrow-leafed lupine 
developed by the All-Russian Research Institute 
of Lupin breeding program are characterized by 
low alkaloid content. With the acceptable level 
being 0.1%, in our experiments the lowest alka-
loid level was observed in hybrid 1314 (0.034%) 
(see Table 1). In the six samples we studied, the 
alkaloid content from 2021 to 2023 ranged from 
0.040% to 0.046%.

The assessment of the feed value of nar-
row-leafed lupin grain takes into account the 
content of major organic substances and metab-
olizable energy. The grain quality indicators – 
lysine, fat, and crude fiber – have been analyzed. 
Lysine is a limiting essential amino acid in the 
diet of farm animals and poultry. Its deficiency 
leads to disrupted protein metabolism and re-
duced productivity. The average lysine content 
during the study period for the studied varieties 
and breeding lines ranged from 1.68% in the Vi-
tyaz standard to 2.36% in hybrid 1031 (see the 
figure). Samples SBS 56-15-1 and the Beloro-

zovy 144 variety had lysine levels close to the 
maximum (2.30% and 2.27%).

The fat content determines the energy poten-
tial of the material used for making animal feed 
[15–17]. Lupine seed fat contains essential fatty 
acids that animals' bodies cannot produce. Alack 
of them or an imbalance can lead to metabolic 
disorders, infectious diseases, and reduced pro-
ductivity.

The fat content in the grains of the lupine 
samples studied ranged from 4.49 to 5.29% (see 
the figure). The highest amount (5.29%) was 
found in the Bryansky Kormovoy variety, while 
the standard Vityaz variety had 5.17%. Among 
the studied samples, hybrid 1246 stood out with 
5.01%. As part of joint research, the All-Russian 
Research Institute of Lupin and the All-Russian 
Research Institute of Fat (St. Petersburg) deter-
mined the fatty acid composition of the seeds of 
the Vityaz and Bryansky Kormovoy varieties. 
The oil of narrow-leafed lupine consists mainly 
(over 70% of the total amount) of unsaturated 

Показатели качества зерна сортов и сортообразцов узколистного люпина в конкурсном сортоиспы-
тании, 2021–2023 гг.
Seed quality indicators of narrow-leafed lupine varieties and variety specimens in competitive variety trial, 
2021–2023
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fatty acids, oleic and linoleic, which is close to 
their content in soybean oil.

The fiber content in lupine grains is quite 
high – 12–16%. This amount can be significant-
ly reduced by using dehulled grains instead of 
native ones, meaning without the husk. It has 
been found that in native white lupine grains, 
the crude fiber content ranged from 12.25 to 
17.50%, while in the seed kernel it was 2.49% 
[18]. The fiber content in narrow-leafed lupine 
grain is relatively low, ranging from 11.0% to 
13.31% (see the figure). The highest amounts 
of crude fiber (over 14%) were found in hybrid 
1314 (14.81%), the variety Belorozovy 144 
(14.41%), and hybrid SN 39-20 (14.12%).

In terms of metabolizable energy, the highest 
energy value per 1 kg of dry matter was noted 
for the varieties SBS 56-15-1 and BSv 51-19 – 
11.48 and 11.33 MJ. A negative correlation was 
found between the level of metabolizable energy 
and the content of crude fiber (r = –0,44), that 
means at a higher fiber level, the energy value of 

the grain goes down. At the same time, a positive 
relationship has been noted between the content 
of crude protein, fat, and metabolizable ener-
gy, with correlation coefficients of r = 0,87 and  
r = 0,52. Increasing the levels of crude protein 
and fat boosts the energy value of narrow-leafed 
lupine feed grain.

The biological value of lupine as a forage 
crop is also determined by the fact that its green 
mass can make up to 35–40% of the nutritional 
content in the annual feed balance for all types of 
farm animals. During the summer, it can serve as 
the only feed, on which, for example, ruminants 
grow and develop well, reproduce normally, and 
give maximum productivity7. In the dry matter 
of narrow-leafed lupine green mass, there is 16–
20% crude protein, up to 14% sugar, 60 mg/kg 
of carotene, and 0.005–0.012% alkaloids.

In our experiments, the green mass yield of 
the CBS 56-15-1 and Uzkolistny 53-02 UF vari-
eties was higher than that of the Vityaz standard 
(see Table 2) – the increase was 14.1 t/ha (41.9%) 

Табл.  2 .  Характеристика зеленой массы сортообразцов в конкурсном испытании, 2021–2023 гг.
Table 2.  Characteristics of the green mass of variety specimens in competitive testing, 2021–2023

Variety, cultivar

Yield, t/ha Dry matter content of green 
mass, % Protein 

yield, kg/
ha

Carotene 
content, mg/

kgvariety ± to the stan-
dard dry matter alkaloids crude 

protein

Vityaz (standard) 33,6 – 5,54 0,021 14,1 781 31,46
Bryansky Kormovoy 36,0 +2,4 9,43 0,020 14,3 911 34,32
Belorozovy 144 33,0 –0,6 6,48 0,012 15,0 1062 38,32
Hybrid 1314 43,5 +9,9 8,43 0,009 15,6 1118 30,32
SN 78-07 40,0 +6,4 9,30 0,006 12,4 915 36,61
Hybrid 1246 42,0 +8,4 8,11 0,016 14,7 1001 40,04
SN 39-20 37,3 +3,7 6,90 0,014 15,2 1035 39,81
G-1031 38,7 +5,1 7,74 0,019 14,8 1145 45,76
CBS 56-15-1 47,7 +14,1 6,48 0,018 16,4 1371 50,34
Uzkolistny 53-02 UF 45,7 +12,1 5,83 0,019 15,8 1225 31,46
BSv 51-19 33,0 –0,6 6,10 0,002 14,0 909 34,32
LSD05 3,1

7Tokarev V.S., Lisunova L.I. Feeding Farm Animals. Feedstuffs (characteristics and use): a teaching and methodological manual 
for students majoring in veterinary medicine. Vitebsk: VSAVM, 2023, 195 p.
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and 12.1 t/ha (36.0%). The most productive in 
terms of green forage yield were Hybrids 1314 
and 1246 (43.5 and 42.0 t/ha), with an increase 
of 9.9 and 8.4 t/ha, which is 25.0–29.4% high-
er than the standard. The highest yields of dry 
matter in green mass and protein harvested per 
unit area were noted in the varieties Bryansky 
Kormovoy and SBS 56-15-1: 9.43 t/ha and 1371 
kg/ha.

During the research years, the crude protein 
content in the dry matter of green mass was 
higher than the standard in 8 out of 10 varieties 
and breeding lines. The highest value of this in-
dicator was observed in the breeding line SBS 
56-15-1 (16.4%). The yield of crude protein with 
a green mass harvest of 15.0% was recorded for 
the variety Uzkolistny 53-02 and the breeding 
lines SN 39-20 UF and hybrid 1314. 

The alkaloid content in the green mass is 
quite low. The highest level of alkaloids was 
observed in the Vityaz standard – 0.021% (see 
Table 2). Only the Bryansky Kormovoy variety 
came close to this value – 0.020%. In the oth-
er samples studied, the alkaloid content ranged 
from 0.002 to 0.019%.

Lupinу is rich in carotene, which determines 
the quality of the feed. Its content depends on 
the plant's stage of development. The highest 
level of carotene accumulates in the green mass 
of lupin before it flowers; in the later stages of 
vegetation (flowering, seed formation), the car-
otene content in the leaves drops sharply. The 
content of this substance is influenced by weath-
er and agricultural conditions. For example, car-
otene breaks down easily under the effects of 
moisture, sunlight, an acidic environment, and 
high temperatures. According to the literature, 
the amount of carotene in green lupine mass av-
erages 35–50 mg/kg (1.8–2.0%), which is 1.4 
times higher than in cereal grasses (25–35 mg/
kg) [19]. In our studies, the highest carotene 
content was observed in the hybrid forms SBS 
56-15-1 and G-1031 (50.34 and 45.76 mg/kg, 
respectively) (see Table 2).

CONCLUSION

As a result of research on the main indicators 
considered when compiling feed rations, new 
promising breeding varieties from the All-Rus-
sian Research Institute of Lupin have been iden-
tified – SBS 56-15-1 and Uzkolistny 53-02 UF. 
These varieties are characterized by high grain 
yield, crude protein content, and protein harvest 
per unit area. It should be noted that the SBS 56-
15-1 sample also performed well in terms of ex-
change energy, which indicates its high potential 
for developing new high-yielding lupine variet-
ies adapted to specific conditions. Hybrid 1314 
stood out for its green mass yield (43.5 t/ha) and 
crude protein content in the green mass (15.6%).

Creating high-protein feed varieties devel-
oped domestically will help provide our coun-
try's feed base with affordable plant protein, 
which will lower its cost and allow for more 
effective development of the livestock industry.
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Мониторинг резистентности сорняков рода Echinochloa к гербициду 
Цитадель, МД, применяемому в посевах риса в Приморском крае

Костюк А.В., Ляшенко Е.В.
Дальневосточный научно-исследовательский институт защиты растений – филиал  
Федерального научного центра агробиотехнологий Дальнего Востока им. А.К. Чайки
Приморский край, с. Камень-Рыболов, Россия 

e-mail: dalniizr@mail.ru
Исследование выполнено в 2013–2024  гг. в хозяйствах Приморского края, занимающихся 

выращиванием риса, а  также на опытной базе Дальневосточного научно-исследовательско-
го института защиты растений – филиала Федерального научного центра агробиотехнологий 
Дальнего Востока им. А.К. Чайки. Обследованы посевы риса в 12 хозяйствах, расположенных в 
степной, лесостепной и южной таежной почвенно-климатических зонах Приморья. С растений, 
уцелевших после обработки гербицидами, были собраны семена трех биотипов Echinochloa: 
E. crusgalli (ежовник обыкновенный, или куриное просо), E. occidentalis (ежовник западный 
или спиральный) и E. phyllopogon (ежовник бородчатый). Семена чувствительных (природных, 
нативных) популяций собраны с участков, где гербициды ранее никогда не применяли. Вы-
ращенные из собранных семян растения в фазу 2–3  листьев обрабатывали раствором Цита-
дель, МД в разных нормах расхода. Для обработки использовали лабораторный опрыскиватель 
ОЛ-5 конструкции Всероссийского научно-исследовательского института фитопатологии. Сте-
пень устойчивости популяций Echinochloa к гербициду Цитадель, МД оценивали по снижению 
надземной массы растений в процентах к безгербицидному варианту (контролю), а  также к 
эталону. По данным регрессионного анализа «доза – эффект» определяли СД50 для обладающих 
и не обладающих устойчивостью видов, рассчитывали показатель резистентности (отношение 
СД50R устойчивого вида к СД50S чувствительного вида). Показатель резистентности популяций 
Echinochloa к гербициду Цитадель, МД в среднем по рисоводческим хозяйствам Приморского 
края в 2024 г. приблизился к 100, что свидетельствует о высокой степени устойчивости к дан-
ному препарату. Ранее наблюдалось большое количество биотипов Echinochloa, резистентных 
к применявшемуся продолжительное время на посевах риса гербициду Фацет, КС, который так 
же, как и Цитадель, ингибирует ацетолактатсинтазу. На основе результатов многолетнего опыта 
можно предположить наличие перекрестной резистентности у всех форм ежовников к гербици-
ду Цитадель, МД или его аналогам.

Ключевые слова: Echinochloa, гербицид, препарат, резистентность, устойчивость популя-
ции, биотипы
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of the Far East named after A.K.  Chaiki. Rice crops of 12 farms located in three soil and climatic 
zones of Primorye were examined. Seeds of three Echinochloa biotypes were collected from the plants 
that survived herbicide treatment: E. crusgalli (barnyard grass or barnyard millet), E. occidentalis 
(occidental or spiral barnyard grass) and E. phyllopogon (bearded barnyard grass). Seeds of sensitive 
(natural, native) populations were collected from the areas where herbicides had never been used be-
fore. The plants grown from the collected seeds were treated with Citadel, OD solutions at different 
consumption rates in the phase of 2–3 leaves. A laboratory sprayer OL-5 designed by the All-Russian 
Research Institute of Phytopathology was used for the treatment. The degree of resistance of Echi-
nochloa populations to the herbicide Citadel, OD was assessed by the reduction in the aboveground 
mass of plants as a percentage of the herbicide-free variant (control), as well as the standard. Based on 
the dose-effect regression analysis, SD50 was determined for resistant and non-resistant species, and 
the resistance index was calculated (RI) (the ratio of SD50R of the resistant species to SD50S of the sen-
sitive species). The resistance rate of Echinochloa populations to the herbicide Citadel, OD on average 
in rice-growing farms of the Primorsky Territory approached 100 in 2024, this indicated a high degree 
of resistance to this drug. Previously, a large number of Echinochloa biotypes were observed that were 
resistant to the herbicide Facet, SC, which, like Citadel, inhibits acetolactate synthase and was used for 
a long time on rice crops. Based on the results of many years of experience, it can be assumed that all 
forms of barnyard grasses have cross-resistance to the herbicide Citadel, OD or its analogues.

Keywords: Echinochloa, herbicide, preparation, resistance, stability populations, biotypes
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INTRODUCTION 

Rice is one of the oldest and most important 
crops in the modern world. Its grain is the main 
food for half of the world's population. Today, 
rice is grown on every continent except Antarc-
tica [1, 2].

The Primorsky Territory is one of the few re-
gions in Russia where large-scale cultivation of 
this crop is possible. At the moment, Far Eastern 
rice farming is in a crisis, but it is still seen as 
a promising area not just for meeting domestic 
needs, but also for exporting agricultural prod-
ucts [3]. In 2024, 8.88 thousand hectares of rice 
were sown in the Primorsky Territory. During 
the most favorable periods in history, the Pri-
morsky Territory became the second region in 

the country for rice production after the Krasno-
dar Territory.

The reasons for the decrease in rice planting 
areas are heavy weed infestation and the devel-
opment of herbicide resistance in Echinochloa 
(barnyard grass) weeds. For instance, research 
conducted by the staff of the Far Eastern Scien-
tific Research Institute of Plant Protection found 
that a significant reduction in rice yield of 10.2–
15.0 c/ha (33–41%) was observed when the barn-
yard grass density reached 80 plants/m². When 
this number increased to 160–240 plants/ m², the 
yield loss reached 19.0–24.1 c/ha1.

Five species belonging to the genus Echi-
nochloa grow in the southern part of the Russian 
Far East: caudate barnyard grass (E. caudate 

1Kostyuk A.V., Lukacheva N.G., Ginevsky N.K. Harmfulness of weeds in rice crops in the Primorsky Territory // Zemledelie, 
2006, N 2, pp. 42–43.
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Roshev.), occidental or spiral barnyard grass (E. 
occidentalis (Wiegand) Rydb.), barnyard grass 
or barnyard millet (E. crusgalli (L.) Beauv.), 
bearded barnyard grass (E. phyllopogon (Staps) 
Kossenko), rice barnyard grass (E. macrocarpa 
Vasing)2.

Monitoring and forecasting the spread of 
weeds across administrative regions are tasks 
assigned to the regional branches of the Russian 
Agricultural Centre and agricultural research in-
stitutes. These entities are also responsible for 
developing regional strategies to protect crops 
from weed infestation, including recommenda-
tions on the use of various chemical agents [4].

The uncontrolled use of herbicides in crop 
production in general, and in rice cultivation in 
particular, leads to serious problems, including 
the emergence of resistant weed populations [5]. 
In developed countries, this issue is considered 
so serious that it is compared to the development 
of multidrug resistance to antibiotics in human 
pathogens3. In Primorye, cases of resistance in 
Echinochloa weeds to the herbicide Facet, SC 
(active ingredient: quinclorac)—which had been 
used for a prolonged period in rice crops—were 
observed in 2005. Its annual application relative-
ly quickly increased the level of tolerance and 
raised the resistance of the weeds4. The emer-
gence of herbicide-resistant weed populations is 
a serious agricultural problem, although in Rus-
sia it is currently less acute than abroad [6, 7].

The long-term use of quinclorac-based herbi-
cides has led to the development of resistance in 
Echinochloa biotypes in various countries [8, 9]. 
To overcome resistance to these products, herbi-

cides with a different mode of action—Citadel 
(OD), Nominee (SC), and Segment—which are 
acetolactate synthase inhibitors, have been em-
ployed. However, after prolonged use, reports 
emerged regarding the development of resis-
tance to the herbicide Citadel OD in three spe-
cies of the genus Echinochloa in both Primorye 
and the Krasnodar Territory [10].

Foreign publications contain a great deal of 
information regarding Echinochloa populations 
resistant to penoxsulam-based herbicides (Cita-
del OD, Tsitata OD, Kreposhans OD). For ex-
ample, C.A. Damalas and S.D. Koutroubas re-
port that a large number of cases of resistance 
in plants of the genus Echinochloa to herbicides 
used in crops—including penoxsulam—are cur-
rently being recorded worldwide [11]. Cross-re-
sistance to this herbicide has been observed in 29 
populations of E. phyllopogon in Greece5, and in 
Uruguay – in three [12]. A population of E. crus-
galli was discovered in the United States; eradi-
cating 50% of the plants required four times the 
standard application rate of the herbicide6. Cases 
of cross-resistance to penoxsulam in E. crusgalli 
and E. phyllopogon have been recorded in South 
Korean rice fields7. A similar situation prevails 
in most of China's rice-growing provinces. In 
some cases, the application rate had to be in-
creased more than tenfold to eliminate 50% of 
E. crusgalli plants [13, 14]. In India, herbicides 
based on bispyribac-sodium and pendimethalin 
have demonstrated high efficacy in controlling 
weeds of the genus Echinochloa [15–17].

The purpose of the study is to monitor the 
resistance of Echinochloa species weeds to the 

2Probatova N.S. Family Poaceae // Vascular Plants of the Soviet Far East: in 8 vols. / ed. S.S. Kharkevich. Leningrad: Nauka, 
1985, vol. 1, pp. 89–382.

3Bragina O.A. On weed resistance to herbicides // Rice Growing, 2016, N 1–2 (30–31), pp. 46–49.
4Lukacheva N.G., Kostyuk A.V. Resistance of barnyard grass species in rice crops and the origins thereof // Problems of 

Agroecosystem Ecology: Ways and Methods of Solution: Proceedings of the All-Russian Scientific Conference (Novosibirsk, Dec. 
3, 2009). Novosibirsk, 2009, pp. 70–73.

5Kaloumenos N.S., Chatzitazaridou S.L., Mylona P.V., Polidoros A.N., Eleftherohorinos I.G. Target-site mutation associated with 
cross resistance to ALS – inhibiting herbicides in late water-grass (Echinochloa oryzicola Vasing) // Pest management science, 2013, 
vol. 69, pp. 865–873.

6Norsworthy J.K., Wilson M.J., Skott R.C., Gbur E.E. ALS – resistant barnyard grass // Weed biology and management, 2014, 
vol. 14, pp. 50–58.

7Song J.-S., Lim S.-H., Yook M.-J., Kim J.-W., Kim D.-S. Cross – resistant of Echinochloa species to acetoacetate synthase 
inhibitor herbicides // Weed biology and management, 2017, vol. 17, pp. 91–102.
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herbicide Citadel, OD, used in rice crops in the 
Primorye region. 

It should be noted separately that similar 
studies had not previously been conducted in the 
southern part of the Russian Far East.

MATERIAL AND METHODS 

The research was conducted from 2013 to 
2024 in the rice fields of the Primorsky Territory, 
as well as in a vegetation house at the Far East 
Research Institute of Plant Protection.

Seeds of resistant Echinochloa populations 
(barnyard grass, western barnyard grass, and 
bearded barnyard grass) were collected from 
rice fields that had been treated for many years 
with the herbicide Citadel OD or its analogues. 
The monitoring covered 12 rice-growing farms. 
Applications of the herbicide Citadel, OD, were 
carried out at the early developmental stage of 
Echinochloa species (2–4 leaf stage). N.S. Pro-
batova’s identification key was used to identify 
plants of the genus Echinochloa. Seeds from 
native and reference populations were collected 
from the sites where the herbicide under study 
had never previously been applied.

The bioassay is the most accessible method, 
involving the testing of various herbicide dos-
es under growing conditions. For this purpose, 
meadow-gley soil was sieved (5 mm) and placed 
into 300 g plastic cups. Seeds of the Echinochloa 
biotypes under study were pre-germinated and 
then planted in the cups (five plants per cup). At 
the same time, seeds of pure populations were 
sown to serve as reference standards in the ex-
periments. The soil was moistened to 60–70% 
of field capacity. The experiment was conduct-
ed with five replicates. When the plants reached 
the 2–3 leaf stage, they were treated with the 
herbicide Citadel, OD. In the initial stages of 
the study, the product was applied at rates of 
0.8, 1.0, 1.6, and 2.0 l/ha, and subsequently at 
1.0, 2.0, 4.0, and 8.0 l/ha. An OL-5 laboratory 
sprayer, designed by the All-Russian Research 
Institute of Phytopathology, was used to treat 

the plants. The day after treatment, the plant 
containers were filled with water to a level of 
1.0–1.5 cm, which was maintained until the end 
of the experiment.

To determine the level of resistance devel-
opment in Echinochloa biotypes to the herbi-
cide Citadel, OD, studies were conducted under 
greenhouse conditions starting in 2014, using 
both 3 kg pots and, in parallel, plastic cups. Three 
weeks after the treatment of actively growing 
plants in small containers, the plants were cut 
and weighed. Barnyard grass plants in pots that 
survived the herbicide application were grown 
until their seeds fully matured; these seeds were 
subsequently collected separately for each treat-
ment variant and stored for further study.

The level of resistance of Echinochloa popu-
lations to the herbicide Citadel, OD, was evalu-
ated based on the reduction in plant fresh weight 
expressed as a percentage of the herbicide-free 
variant (control) and the reference standard. The 
SD50 was determined using "effect–dose" re-
gression analysis According to the “effect-dose” 
regression analysis, SD50 was determined (the 
amount of the drug that reduces plant weight by 
50%) for species with and without resistance, 
and the resistance index (RI) was calculated, i.e. 
the ratio of SD50R of a resistant species to SD50S 
of a sensitive species.

RESULTS AND DISCUSSION 

Phytosanitary monitoring of rice fields is 
conducted on a regular basis to determine the 
ecological damage threshold of weeds and to 
develop economically sound measures in order 
to control their population levels, prevent resis-
tance, select appropriate herbicides, and estab-
lish the frequency of chemical treatments [5].

Rice cultivation in the Primorsky Territo-
ry is concentrated in three soil-climatic zones: 
the steppe zone (Khankaysky and Khorolsky 
districts), the forest-steppe zone (Spassky and 
Chernigovsky districts), and the southern taiga 
zone (Anuchinsky district). Research has shown 
that the first cases of Echinochloa biotypes de-
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veloping resistance to the herbicide Citadel, OD, 
were recorded in 2014 in the rice fields of the 
OOO “AgroDesun-Khanka” in the Khankaysky 
district and the Lugovoe agricultural cooperative 
in the Khorolsky district. In the Primorye region, 
the use of this product began in 2011, replacing 
the herbicide Facet SC, which had been used 
for a long time. On average across the region in 
2014, the RI was 5, which is approximately at 
the tolerance level (4) (see Fig. 1).

In 2015, two additional cases of resistance in 
Echinochloa biotypes were identified. Insuffi-
cient efficacy of the herbicide Citadel, OD, was 
observed in rice fields belonging to the OOO 
"Vladimiro-Petrovskoye" in the Khankaysky 
District and the OOO "Devichanskoye" in the 
Khorolsky District. In 2016, the geographical 
spread of Echinochloa populations resistant to 
the herbicide expanded. Resistance was detect-
ed in the fields of the ZAO “Novoselskoye” 
(Spassky District), OOO “Saturn” (Khankays-
ky District), and OOO “SangSeng” (Anuchin-
sky District). In 2017, the OOO “Petrovi-
chanskoye” (Khorolsky District) and “Smena” 
(Chernigovsky District) were added to the list. 
By 2024, the resistance index of Echinochloa 
populations to the herbicide Citadel, OD had 
risen to 100; specifically, it was 83 for E. crus-
galli, 136 for E. occidentalis, and 81 for E. 
phyllopogon (see Fig. 2).

Complete eradication of E. crusgalli and E. 
occidentalis biotypes was achieved in only a 
few fields using 4 l/ha of the product (the rec-
ommended application rate is 1.0–1.6 l/ha), 
whereas application of the solution at 8.0 l/ha 
resulted in only 26–96% mortality of the E. 
phyllopogon biotype.

Three-year studies (2013–2015) aimed at 
identifying the onset of resistance development 
in Echinochloa populations to the herbicide Cit-
adel, OD with clean (native) seeds that had nev-
er been exposed to the chemical before, didn't 
show anything. No resistance buildup occurred. 
Starting in 2016, experiments began using seeds 
of resistant forms that carried genes for resis-
tance to the herbicide Facet, SC. In the very first 
year of the study, resistance was observed in the 
Echinochloa population: the RR averaged 14, 
including 21 for E. crusgalli, and 10 for E. occi-
dentalis and E. phyllopogon (see Fig. 3).

In the following years, it continued to grow 
and by 2023 and 2024 reached 284–293. Treat-
ment with the product at a rate of 8 l/ha had no 
effect on the plants of the studied Echinochloa 
biotypes, and their aboveground mass in some 
cases even exceeded the control levels. At the 
same time, plants grown from native seeds were 
killed by the recommended doses of the herbi-
cide.

Рис. 1. Устойчивость сорняков рода Echinochloa к гербициду Цитадель, МД в посевах риса  
в Приморском крае
Fig. 1. Resistance of Echinochloa weeds to the herbicide Citadel, OD in rice crops in the Primorsky Territory
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Some of the main reasons for the emergence 
of herbicide-resistant forms of Echinochloa 
weeds in rice crops are poor field leveling, un-
timely water supply to the paddies after applying 
herbicides, an insufficient water layer to boost 
the effectiveness of the chemicals, as well as a 
limited range of herbicides.

CONCLUSION

Monitoring studies have revealed the ex-
istence of Echinochloa populations that show 
resistance to the herbicide Citadel, OD, which 
has been used for a long time in rice fields in 
the Primorsky Territory. The accumulation of re-

sistance in Echinochloa forms occurred rapidly 
in those farms where previously resistant bio-
types were found, which were initially resistant 
to the herbicide Facet, SC. Years of experience 
show that populations of Echinochloa can have 
cross-resistance to the herbicide Citadel, OD. 
This has also been observed on the farms grow-
ing rice in the Primorsky Territory, since seeds 
of the E. crusgalli, E. occidentalis, and E. phyl-
lopogon biotypes were originally collected from 
fields where the studied forms might have car-
ried genes for resistance to the herbicide Facet, 
SC.

Рис. 2. Показатель резистентности биотипов Echinochloa к гербициду Цитадель, МД в посевах риса 
на территории Приморского края (2024 г.)
Fig. 2. Resistance index of Echinochloa biotypes to the herbicide Citadel, OD rice crops in the Primorsky 
Territory (2024)

Рис. 3. Наращивание устойчивости популяций Echinochloa к гербициду Цитадель, МД (многолет-
ний опыт)
Fig. 3. Building resistance of Echinochloa populations to the herbicide Citadel, OD (long-term experience)
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Сведения о фитофагах редкого декоративного растения  
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Одним из редких декоративных восточноазиатских видов, эколого-биологические особен-

ности которого позволяют рекомендовать его для озеленения городов, является алангиум пла-
танолистный. Естественное местонахождение этого листопадного кустарника, расположенное 
в юго-западной части хребта Сихотэ-Алинь на территории Приморского края, является един-
ственным в России. Для подготовки программы интродукционных исследований и озелени-
тельной практики необходимо изучить биологические и фитоценотические свойства, особенно-
сти развития и размножения кустарника, оценить степень воздействия различных негативных 
факторов (в том числе вредителей). Информация о насекомых-фитофагах, связанных с аланги-
умом платанолистным, до настоящего времени отсутствовала. Цель исследования – получение 
сведений о питании полужесткокрылых (Heteroptera) на алангиуме платанолистном, произрас-
тающем в Приморском крае. Исследования проводили с мая по октябрь в 2013, 2024 и 2025 гг. 
в маршрутных поездках и на полевом стационаре. Применяли визуальное наблюдение, ручной 
сбор насекомых и фотосъемку. Трофические связи изучали в полевых условиях и стационар-
ных садках для кратковременного и длительного содержания насекомых. На алангиуме плата-
нолистном было выявлено шесть видов клопов-полифагов, принадлежащих к трем семействам 
(Miridae, Scutelleridae, Pentatomidae): Neolygus aceris, Poecilocoris lewisi, Palomena viridissima, 
Eurydema dominulus, Plautia stali, Lelia decempunctata. На стадии цветения растения наблюда-
ется питание насекомых на листьях и цветках, на стадии плодоношения и окончания вегета-
ции – сосание клеточного сока на стеблях, черешках, листовых пластинках и плодах. После 
оценки полученных данных сделан вывод о негативном воздействии выявленных насекомых 
на физиологию растения (нарушение развития листовых почек, завязей, плодов). В случае ис-
пользовании алангиума платанолистного в озеленении населенных пунктов Приморского края 
необходимо дальнейшее наблюдение за разнообразием и распространением его фитофагов.

Ключевые слова: Heteroptera, имаго, личинки, питание, Alangiaceae, Alangium platanifo-
lium, Приморский край

Information on phytophages of the rare ornamental plant  
Alangium platanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.)  
in the Primorsky Territory

Markova T.O., Маslov M.V.
Federal Scientific Center of the East Asia Terrestrial Biodiversity  
of the Far Eastern Branch of the Russian Academy of Sciences
Vladivostok, Russia 

e-mail: martania@mail.ru
One of the rare ornamental East Asian species whose ecological and biological characteristics 

make it suitable for landscaping is Alangium platanifolium (Alangiaceae). The natural habitat of this 
deciduous shrub, located in the southwestern part of the Sikhote-Alin ridge in the Primorsky Territory, 
is the only one in Russia. To prepare a program for introductory studies and landscaping practice, it 
is necessary to study the biological and phytocenotic properties, features of development and repro-
duction of the shrub, and to assess the degree of impact of various negative factors (including pests). 
Information about phytophagous insects associated with A. platanifolium has been lacking until now. 
The purpose of the study was to obtain information about the nutrition of Heteroptera on the A. plata- 
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nifolium growing in the Primorsky Territory. The study was conducted from May to October in 2013, 
2024 and 2025 during field trips and at a field station. Visual observation, manual collection of insects, 
and photography were used. Trophic relationships were studied in the field and in stationary cages for 
short- and long-term maintenance of insects. Six species of polyphagous bugs belonging to three fa- 
milies (Miridae, Scutelleridae, Pentatomidae) were identified on A. platanophyllum: Neolygus aceris, 
Poecilocoris lewisi, Palomena viridissima, Eurydema dominulus, Plautia stali, and Lelia decempunc-
tata. At the flowering stage, insects feed on the leaves and flowers; at the fruiting stage and at the 
end of vegetation, they suck cell sap from the stems, petioles, leaf blades, and fruits. After evaluating 
the collected data, a conclusion was made about the negative impact of the identified insects on the 
plant's physiology (disruption of the development of leaf buds, ovary, and fruits). In the case of using 
A. platanifolium in the landscaping of settlements in the Primorsky Territory, further observations are 
necessary regarding the diversity and distribution of its phytophages.

Keywords: Heteroptera, imago, larvae, nutrition, Alangiaceae, Alangium platanifolium, Primor-
sky Territory

Для цитирования: Маркова Т.О., Маслов М.В. Сведения о фитофагах редкого декоративного растения Alangium pla-
tanifolium (Siebold et Zucc.) Harms (Alangiaceae DC.) в Приморском крае // Сибирский вестник сельскохозяйственной науки. 
2026. Т. 56. № 4. С. 70–77. https://doi.org/10.26898/0370-8799-2026-4-8

For citation: Markova T.O., Маslov M.V. Information on phytophages of the rare ornamental plant Alangium platanifolium 
(Siebold et Zucc.) Harms (Alangiaceae DC.) in the Primorsky Territory. Sibirskii vestnik sel’skokhozyaistvennoi nauki = Siberian 
Herald of Agricultural Science, 2026, vol. 56, no. 4, pp. 70–77. https://doi.org/10.26898/0370-8799-2026-4-8

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

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

Федерации (тема № 124012200183-8).
Авторы выражают искреннюю благодарность Е.В. Канюковой (Зоологический музей Дальневосточного федерального 

университета, Владивосток) за консультации.
Acknowledgements
The research was carried out within the state assignment of the Ministry of Science and Higher Education of the Russian Fede- 

ration (theme No. 124012200183-8).
The authors express their sincere gratitude to E.V. Kanyukova (Zoological Museum of the Far Eastern Federal University, Vla- 

divostok) for consultations.

INTRODUCTION

The development of industry and agriculture 
leads to an increase in human impact on natural 
ecosystems and worsens environmental condi-
tions in residential areas. Well-designed land-
scape compositions can significantly reduce the 
negative effects of both natural and man-made 
factors on people1.

The selection of trees and shrubs for urban 
landscaping is carried out according to various 
criteria, the main ones being winter hardiness 
and frost resistance [1–3]. The relevance of in-
troducing new species with decorative and eco-

nomically valuable traits is due to the expansion 
of the range of tree and shrub species used in 
landscaping towns in the Russian Far East.  The 
researchers' works include a floristic analysis, 
an assessment of decorative qualities, informa-
tion on reproductive biology, adaptive potential, 
and possible pests of plants used in landscaping 
[4–8].

For example, employees of the Moun-
tain-Taiga Station of the Far Eastern Branch of 
the Russian Academy of Sciences (MTS FEB 
RAS) carried out an assessment of the long-term 
cultivation of East Asian plants in the introduc-

1Bunkova N.P., Zalesov S.V. Forest management in recreational forests: a study guide. Yekaterinburg, 2024, 129 p.
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tion nurseries and in the arboretum. The most 
promising East Asian species, whose ecologi-
cal adaptability allows them to be cultivated in 
various areas of the Primorsky Territory, include 
Catalpa ovatа G. Don., Cotoneaster dielsianus 
E. Pritz. ex Diels, Ginkgo biloba L., Exochorda 
giraldii Hesse, Lonicera demissa Rehder, Mag-
nolia sieboldii K. Koch, Rhododendron japoni-
cum (A. Gray) etc. [6].

Other East Asian types of woody shrubs are 
less commonly used for landscaping because 
they are less widespread. One of these types 
is Alangium platanifolium (Siebold et Zucc.) 
Harms (Alangiaceae DC.) (plane-tree-leaved al-
angium). In Russia, this species is the only rep-
resentative of the genus Alangium Lam. Plane-
tree-leaved alangium is common in China, Ko-
rea, and Japan; in northeastern Asia, its range 
goes far beyond the tropical zone, reaching the 
southern borders of the Manchurian floristic 
province. This plant became known to Russian 
science from the collections of the well-known 
scientist-botanist V.L. Komarov2. For the first 
time in the flora of Russia, this deciduous shrub 
was recorded in 2001 – the plants were found in 
the southwest end of the Sikhote-Alin ridge, in 
the Nadezhdinsky District of the Primorsky Ter-
ritory [9]. This location is the only one in Russia 
and is 300–400 km away from the main range. 
This species is listed in the Red Book of the 
Russian Federation and the International Union 
for Conservation of Nature as “vulnerable” (see 
footnote 2).

Plane-tree-leaved alangium is highly deco-
rative, very unusual and original. Lemon-yel-
low coloration in autumn, bizarre flowers with 
twisting petals and lobed large leaves give it a 
special attractiveness (see Fig. 1). The plant is 

undemanding to soil conditions, shade tolerant 
and frost-resistant, which opens up the possibil-
ity of its use in urban landscape design3, 4. As an 
ornamental plant, A. platanifolium is cultivated 
in botanical gardens in America and Europe (see 
footnote 4). In Russia, the species' gene pool is 
grown in the botanical gardens of Novosibirsk 
and Perm, and it has been introduced into cul-
tivation in Moscow (see footnote 2). In the ar-
boretum of MTS FEB RAS in 2022, several 
specimens were planted to preserve and further 
introduce this rare species into cultivation. 

Thanks to the presence of glycoside com-
pounds and terpenoids, Alangium is used for 
medicinal purposes in East and Southeast Asia 
[10, 11, etc.]. There is information about the 
toxicity of its chemical components and the po-
tential insecticidal activity of Alangium species 

2Prokopenko S.V. Alangium platanifolium (Siebold et Zucc.) Harms // Red Data Book of the Russian Federation: Plants and 
Fungi  / Ministry of Natural Resources and Environment of the Russian Federation et al.; Ed.-in-Chief D.V. Geltman. 2nd ed. 
Moscow: VNII "Ekologiya", 2024, pp. 70.

3Barnes H.W. Propagation of Alangium platanifolium and Alangium platanifolium var. macrophyllum // Combined Proceedings 
International Plant Propagators’ Society, 2004, vol. 54, pp. 510–511.

4Schulz B. Аlangium Lam. (Cornaceae) species cultivated in central Europe // Yearbook of the International Dendrological 
Society, 2011, pp. 72–86. URL: https://www.dendrology.org/publications/dendrology/alangium-lam-cornaceae-species-cultivated-
in-central-europe/.

2Прокопенко С.В. Алангиум платанолистный – Alangium platanifolium (Siebold et Zucc.) 
Harms // Красная книга Российской Федерации. Растения и грибы / М-во природных ресурсов 
и экологии РФ и др.; отв. ред. Д.В. Гельтман. 2-е изд. М.: ВНИИ «Экология», 2024. С. 70. 

 

Алангиум платанолистный высокодекоративен, очень необычен и 

оригинален. Лимонно-желтая окраска осенью, причудливые цветки с 

закручивающимися лепестками и лопастные крупные листья (см. рис. 1) 

придают ему особую привлекательность. Отмечена нетребовательность к 

почвенным условиям, теневыносливость и морозоустойчивость растения, что 

открывает возможность его использования в ландшафтном дизайне городов3, 4. 

Как декоративное растение A. platanifolium культивируется в ботанических садах 

Америки, Европы (см. сноску 4), в России генофонд вида выращивается в 

ботанических садах Новосибирска и Перми, введён в культуру в Москве (см. 

сноску 2). В дендрарии ГТС ДВО РАН в 2022 г. было посажено несколько 

экземпляров для сохранения и дальнейшего введения в культуру этого редкого 

вида. 
3Barnes H.W. Propagation of Alangium platanifolium and Alangium platanifolium var. 
macrophyllum // Combined Proceedings International Plant Propagators’ Society. 2004. Vol. 54. 
P. 510–511. 
 
4Schulz B. Аlangium Lam. (Cornaceae) species cultivated in central Europe // Yearbook of the 
International Dendrological Society. 2011. P. 72–86. URL: 
https://www.dendrology.org/publications/dendrology/alangium-lam-cornaceae-species-cultivated-
in-central-europe/. 
 

 
 
Рис. 1. Куст алангиума платанолистного в естественных условиях  

(28.09.2025, Приморский край, Надеждинский район). Фото М.В. Маслова 

Рис. 1. Куст алангиума платанолистного в есте-
ственных условиях (28.09.2025, Приморский 
край, Надеждинский район). Фото М.В. Маслова
Fig. 1. A. platanifolium bush in natural conditions 
(28.09.2025, Primorsky Territory, Nadezhdinsky 
District). Photo by M.V. Maslov
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against insects in both adult and larval stages5. 
The insecticidal and larvicidal properties of 
the organic compounds found in the leaves of 
these plants serve as a potential defense against 
phytophagous insects. It has been noted that A. 
platanifolium does not have any serious pests, 
at least in the northeastern part of the USA (see 
footnote 3). Therefore, information about possi-
ble pests that could threaten this species (aphids, 
spider mites, scale insects) is general, occasion-
al, and only published in popular science sourc-
es6. By now, there is data showing active visiting 
and pollination of A. salvifolium flowers by hy-
menopteran insects in India [11 et al.] and A. pla-
tanifolium in Japan7. We have previously noted 
the bug Poecilocoris lewisi (Distant, 1883) (Het-
eroptera, Scutelleridae) as an insect sucking and 
damaging the leaves of A. platanifolium [12]. To 
date, there has been no information about other 
insects associated with A. platanifolium. 

The goal of the study is to get information 
about the feeding of hemipterans (Heteroptera) 
on A. platanifolium in the Primorsky Territory 
(Russian Far East).

MATERIAL AND METHODS 

The research was conducted from May to Oc-
tober in 2013, 2024, and 2025 during route trips 
in the Nadezhdinsky District of the Primorsky 
Territory (around the village of Alekseevka, 
43°33′30″ N, 131°59′03″ E) and at a field sta-
tion in the Ussuriysk Urban District (village of 
Kaimanovka, 43°38′29″ N, 132°15′19″ E). Vi-
sual observation, hand collection of insects, and 
photography were used.

Trophic relationships were studied in the field 
and in stationary enclosures for short-term and 
long-term insect keeping. During the research, 
more than 150 insects (adults and larvae of stag-
es II–V) were collected or recorded. Below is a 

summary of information about the insect species 
collected from A. platanifolium and mentioned 
by the authors for the first time.

RESULTS AND DISCUSSION 

In the Primorsky Territory, there have been 
cases of bugs feeding on A. platanifolium: suck-
ing sap from the vegetative parts, flowers, and 
fruits of the plant (see table). Such species as Le-
lia decempunctata, Palomena viridissima (see 
Fig. 2, а, б), Plautia stali, Eurydema dominulus 
(see Fig. 3, а, б) in the larval and imaginal stag-
es, they use both the vegetative and reproductive 
parts of the plant for feeding, Poecilocoris lewisi 
(see Fig. 3, в) in the larval stage – only vege-
tative, Neolygus aceris in the imaginal stage – 
only the reproductive organs (see Fig. 4).

According to data from the period of July 11 to 
August 20, 2025, A. platanifolium goes through 
developmental stages from young larvae to adult 
winged forms for two species of hemipterans: E. 
dominulus (10 specimens) and P. stali (15 spec-
imens). The signs of negative effects on the 
plant from sucking cell sap by hemipterans are: 
1)  disruption of normal leaf bud development; 
2) dropping of flower buds; 3) stunted growth, 
development issues, and dropping of ovary af-
ter fertilization; 4) slow growth of the fruit tis-
sue; 5) problems in development and dropping 
of fruits. Tiny punctures on the leaves and fruits 
can be visually seen (see Fig. 2, а, в).

Nymphs of P. lewisi of V age were collect-
ed from A. platanifolium in September 2024 in 
their natural habitats (Nadezhdinsky District) 
and were transferred to a station (Kaimanovka 
village). The bugs were kept on A. platanifolium 
in cages under natural conditions and fed on the 
leaf blades from mid-September to mid-October 
2024. The insects that survived the winter con-
tinued feeding on the budding shoots until mid-

5Srinivasan P., Ponsankar A., Edwin E.S., Pradeepa V. Toxicity of Alangium salvifolium Wang. chemical constituents against the 
tobacco cutworm Spodoptera litura Fab. // Pesticide Biochemistry and Physiology. 2016. Vol. 126. P. 92–101.

6Flat-leaved alangium // Plant Encyclopedia. URL: https://www.picturethisai.com/wiki/Alangium_platanifolium.html.
7Kasagi T. The relationship between pollinator insect diversity and plant mating patterns in the Daisen region. 2019. P. 47–52. 

URL: https://www.kankyo-u.ac.jp/f/introduction/research/innovation/business-report/2019/07.pdf.
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                              а                                                           б                                                          в

Scutelleridae,  
Poecilocoris 
lewisi (Distant)  

Нимфы 
V возраста 

I декада 
сентября – 
III декада 
октября, 
II декада мая 
следующего года 

Плодоношение, 
окончание 
вегетации; 
распускание 
почек 
(следующий год) 

Листовые 
пластинки, 
распускающиеся 
почки 

Pentatomidae,  
Plautia stali 
Scott* 

Нимфы II–
V возрастов, 
имаго 

I декада июля – 
III декада 
сентября 

Плодоношение, 
окончание 
вегетации 

Листовые 
пластинки, плоды 

Pentatomidae,  
Palomena 
viridissima 
(Poda) 

Нимфы 
V возраста, 
имаго 

I декада июля – 
III декада 
сентября 

Плодоношение, 
окончание 
вегетации 

Листовые 
пластинки, плоды 

Pentatomidae,  
Lelia 
decempunctata 
(Motsch.) 

Нимфы IV, 
V возрастов, 
имаго 

I декада июля – 
I декада августа 

Плодоношение Стебли, черешки, 
листовые 
пластинки, плоды 

Pentatomidae,  
Eurydema 
dominulus 
(Scop.)* 

Нимфы II–
V возрастов, 
имаго 

I декада июля – 
III декада 
сентября 

Плодоношение, 
окончание 
вегетации 

Листовые 
пластинки, плоды 

*Возможно полное развитие на растении. 
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Рис. 2. Питание полужесткокрылых, повреждения листовых пластинок и плодов 

A. platanifolium (10–20.07.2025, Приморский край, с. Каймановка, стационар): 

а – имаго L. decempunctata (Pentatomidae) на листовой пластинке и следы проколов в 

результате сосания клеточного сока; б – питание имаго P. viridissima (Pentatomidae) на плоде; 

в – следы питания клопа на плодах. Фото М.В. Маслова 

Fig. 2. Feeding of Hemiptera and damage to leaf blades and fruits of A. platanifolium  

(10–20.07.2025, Primorsky Territory, Kaimanovka village, station): 

a – L. decempunctata (Pentatomidae) adult on a leaf blade and puncture marks from sucking cell 

sap; б – feeding of the adult P. viridissima (Pentatomidae) on the fruit; в – traces of bug feeding on 

fruits. Photo by M.V. Maslov 

 

Рис. 2. Питание полужесткокрылых, повреждения листовых пластинок и плодов A. platanifolium 
(10–20.07.2025, Приморский край, с. Каймановка, стационар):
а – имаго L. decempunctata (Pentatomidae) на листовой пластинке и следы проколов в результате сосания 
клеточного сока; б – питание имаго P. viridissima (Pentatomidae) на плоде; в – следы питания клопа на плодах. 
Фото М.В. Маслова
Fig. 2. Feeding of Hemiptera and damage to leaf blades and fruits of A. platanifolium 
(10–20.07.2025, Primorsky Territory, Kaimanovka village, station):
a – L. decempunctata (Pentatomidae) adult on a leaf blade and puncture marks from sucking cell sap; б – feeding  
of the adult P. viridissima (Pentatomidae) on the fruit; в – traces of bug feeding on fruits. Photo by M.V. Maslov

Виды полужесткокрылых, обнаруженных на A. platanifolium в естественных условиях 
и стационарных садках (2013, 2024, 2025 гг.)
Types of Hemiptera on A. platanifolium in natural conditions and stationary cages 
(2013, 2024, 2025)

Family, species Insect develop-
mental stage

Duration of presence  
on the plant Vegetative phase Part of the plant

used for food

Miridae, Neolygus 
aceris Kerzhner

Imago The third ten-day period 
of June – the second ten-
day period of July

Flowering Pedicels and flowers: se-
pals, petals (sterile parts), 
stamens (fertile parts)

Scutelleridae, 
Poecilocoris lewisi 
(Distant) 

5th-instar 
nymphs

The first ten-day period of 
September – the third ten-
day period of October,
The second ten-day period 
of May next year

Fruiting, end of the 
growing season;
bud break (the fol-
lowing year)

Leaf blades,
unfolding buds

Pentatomidae, 
Plautia stali Scott*

Nymphs of 
instars II–V, 
imago

The first ten-day period 
of July – the third ten-day 
period of September

Fruiting, end of the 
growing season

Leaf blades, fruits

Pentatomidae, 
Palomena viridissi-
ma (Poda)

5th-instar 
nymphs, 
imago

The first ten-day period 
of July – the third ten-day 
period of September

Fruiting, end of the 
growing season

Leaf blades, fruits

Pentatomidae, 
Lelia decempunctata 
(Motsch.)

4th and 
5th instar 
nymphs, 
imago

The first ten-day period 
of July – The first ten-day 
period of August

Fruiting Stems, petioles, leaf blades, 
fruits

Pentatomidae, 
Eurydema dominulus 
(Scop.)*

Nymphs of 
instars II–V, 
imago

The first ten-day period of 
July –  the third ten-day 
period of September

Fruiting, end of the 
growing season

Leaf blades, fruits

*Complete development on the plant is possible. *Complete development on the plant is possible.
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May 2025. We weren't able to raise P. lewisi to 
adulthood on this same plant.

CONCLUSION 

The ecological and biological character-
istics of A. platanifolium (being mesophytic, 
shade-tolerant, and long-lived) make it suitable 
for landscaping in both sunny and shady areas. 
To prepare a program for introduction research 
and landscaping practice, it is necessary to study 
the biological and phytocoenotic traits of this 
rare ornamental plant, identify its growth and re-
production patterns, and monitor damaging fac-
tors (including regular checks for the presence 
of herbivorous pests).

Our research found six species of polypha-
gous bugs on the plane-tree-leaved alangium, 
belonging to three families. During the flower-
ing stage from the end of June, adults of N. ac-
eris were seen feeding on both the sterile and 
fertile parts of the flowers. During the fruiting 
stage and the end of vegetation, from mid-July 
to mid-September, there were cases of sucking 
cell sap from stems, petioles, leaf blades, and 
fruits by adult P. viridissima, as well as adults 
and larvae of L. decempunctata, P. stali, and E. 

                        а                                                б                                                             в
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Рис. 3. Нимфы полужесткокрылых IV и V возрастов на A. platanifolium: 

а – P. stali (Pentatomidae) на плоде (11.07.2025, Приморский край, с. Каймановка, стационар); 

б – E. dominulus (Pentatomidae) на листовой пластинке (11.07.2025, Приморский край, 

с. Каймановка, стационар); в – P. lewisi (Scutelleridae) на листовой пластинке (16.09.2024, 

Приморский край, окрестности с. Алексеевка). Фото М.В. Маслова 

Fig. 3. 4th–5th instar hemipteran nymphs on A. platanifolium: 

a – P. stali (Pentatomidae) on the fruit (11.07.2025, Primorsky Territory, Kaimanovka village, 

station); б – E. dominulus (Pentatomidae) on a leaf blade (11.07.2025, Primorsky Territory, 

Kaimanovka village, station); в – P. lewisi (Scutelleridae) on a leaf blade (16.09.2024, Primorsky 

Territory, near the village of Alekseevka). Photo by M.V. Maslov 

 

 
 

Рис. 4. N. aceris (Miridae) на чашечке цветка (23.06.2025, Приморский край,  

Уссурийский городской округ, стационар). Фото М.В. Маслова 

Fig. 4. N. aceris (Miridae) on a flower calyx (23.06.2025, Primorsky Territory, Kaimanovka village, 
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dominulus. P. lewisi nymphs fed on the leaves 
of A. platanifolium from mid-September to 
mid-October, and the overwintered individuals 
continued feeding on the budding shoots until 
mid-May of the following year. Thus, hemipter-
ans can negatively affect plants: they cause dis-
ruption in the development of leaf buds, growth 
and development of ovaries, and fruits, which 
their larvae damage before softening and ripen-
ing. When using plants for landscaping in the 
Primorsky Territory, it is necessary to continue 
monitoring for phytophagous insects.
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Оценка влияния комплекса вредных организмов на урожайность 
яровой мягкой пшеницы в лесостепи Западной Сибири

Черемнова В.А., Галеев Р.Р.
Сибирский государственный университет инженерии и биотехнологий
Новосибирск, Россия 

e-mail: cool.valentina123@yandex.ru
Представлены результаты оценки влияния комплекса вредных организмов на урожайность 

и  качество сортов яровой мягкой пшеницы в  условиях лесостепи новосибирского Приобья 
с 2009 по 2011 г., а также за 2021 и 2023 гг. Экспериментальные исследования проведены на 
шести районированных сортах яровой мягкой пшеницы разной спелости: среднеранние (Но-
восибирская 29 и Омская 36), среднеспелые (Новосибирская 89 и Омская 29), среднепоздние 
(Баганская 95 и Омская 28). Небольшие суммарные потери урожая от комплекса вредных ор-
ганизмов имели место на сортах Омская 29 и Баганская 95. Минимальные потери продуктив-
ности отмечены на более урожайном сорте Омская 36. Анализ множественной регрессии по 
данным развития болезней с урожайностью свидетельствует о том, что изученные сорта яровой 
мягкой пшеницы по-разному реагировали на пораженность растений листостеблевыми инфек-
циями. Отмечена отрицательная связь урожайности с пораженностью растений мучнистой ро-
сой. Наибольшая чувствительность к  данному заболеванию установлена у  сорта Омская  36. 
В  целом по комплексу листостеблевых инфекций (мучнистая роса и  бурая ржавчина) менее 
вынослив сорт Омская  36. При изучении реакции на септориоз при наблюдавшемся уровне 
пораженности растений не установлено статистически достоверной отрицательной связи меж-
ду болезнью и урожаем. Отметим определенную тенденцию к такой связи у сортов Новоси-
бирская 89 и Омская 29, что свидетельствует об их относительной устойчивости к септориозу. 
Максимальную чувствительность к поражению комплексом вредных организмов имели сорта 
Новосибирская 89, Омская 36 и Омская 28. Минимальная чувствительность выявлена у сортов 
Новосибирская 29 и Омская 29. Отмечено, что данные сорта в большей степени реагировали на 
болезни в сравнении с вредителями.

Ключевые слова: яровая мягкая пшеница, сорт, вредные организмы, устойчивость, урожай-
ность, структура урожая, качество зерна

Assessment of the impact of a complex of harmful organisms  
on the spring wheat yield in the forest-steppe of Western Siberia 

Cheremnova V.A., Galeev R.R.
Siberian State University of Engineering and Biotechnology
Novosibirsk, Russia 

e-mail: cool.valentina123@yandex.ru
The results of assessing the impact of a complex of harmful organisms on the yield and quality of 

spring soft wheat varieties in the forest-steppe zone of the Novosibirsk Ob region from 2009 to 2011, 
as well as in 2021 and 2023 are presented. Experimental studies were conducted on six zoned varieties 
of spring soft wheat of different maturity: middle-early (Novosibirskaya 29 and Omskaya 36), me-
dium-maturing (Novosibirskaya 89 and Omskaya 29), and middle-late (Baganskaya 95 and Omska-
ya 28). Small total crop losses from a complex of harmful organisms occurred on the medium-ma-
turing variety Omskaya 29 and the middle-late variety Baganskaya 95. Minimal productivity losses 
were noted on the more productive middle-early variety Omskaya 36. The multiple regression analysis 
based on the disease development and yield indicates that the studied varieties of spring soft wheat re-
acted differently to leaf-stem infections. A negative correlation between yield and plant infection with 
powdery mildew has been noted. The highest susceptibility to this disease has been established in the 
middle-early variety Omskaya 36. Overall, in terms of the complex of leaf-stem infections (powdery 
mildew and brown rust), the middle-early variety Omskaya 36 is less resistant. When studying the 
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Оценка влияния комплекса вредных организмов  
на урожайность яровой мягкой пшеницы  
в лесостепи Западной Сибири 

Черемнова В.А., Галеев Р.Р. 

reaction of the varieties to septoria leaf spot disease, no statistically significant negative relationship 
between the disease and the yield was found at the observed level of plant infection. One can only 
speak of a certain tendency toward such a connection in the varieties Novosibirskaya 89 and Omskaya 
29, which indicates their relative resistance to septoria leaf spot disease. The varieties Novosibirskaya 
89, Omskaya 36, and Omskaya 28 were the most sensitive to the complex of harmful organisms. The 
varieties Novosibirskaya 29 and Omskaya 29 were the least sensitive. It has been noted that these 
varieties responded more to diseases compared to pests

Keywords: spring soft wheat, variety, harmful organisms, resistance, yield, crop structure, grain 
quality
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INTRODUCTION 

Currently, there is an urgent problem with 
rational land use. In the existing conditions of 
import substitution, the country's food security 
is necessary, and the optimal use of agricultur-
al land is a factor for the stable development of 
territories1 [1–3]. According to statistics, over 
the past 10 years, sown areas in Russia have de-
creased by 326,000 hectares. In Western Siberia, 
most of the crops are grown in the forest-steppe 
and steppe zones, where the climate is extreme 
and weather conditions fluctuate a lot, which no-
ticeably affects the variability of crop yield and 
grain quality2, 3 [4, 5].

In this regard, it is necessary to optimize 
technology elements, primarily soil cultivation, 
fertilizer application, and especially the use of 

protection means for spring soft wheat variet-
ies adapted to the extreme climate conditions of 
Western Siberia [6–9], in order to improve yield 
and grain quality4, 5. The use of mineral fertiliz-
ers also plays an important role in the cultiva-
tion of crops – it is known that they have a great 
impact on the productivity and quality of spring 
wheat grain [10].

An important role is given to the variety – it 
is one of the key factors in increasing yield and 
total grain harvest [11–14]. It is necessary to 
study the resistance of wheat varieties to various 
harmful organisms [15].

The goal of the study is a comprehensive as-
sessment of the impact of harmful organisms on 
the yield and quality of spring soft wheat variet-
ies in the forest-steppe of Western Siberia.

1Galeev R.R. Adaptive technology for cereal crop cultivation in Western Siberia. Novosibirsk: Agro-Sibir, 2015, 176 p.
2Slobodchikov A.A. Phytosanitary situation in spring wheat crops and the role of plant protection products in stabilizing grain 

productivity and quality: Abstract of a Candidate of Science in Agriculture dissertation. Novosibirsk, 2010, 18 p.
3Korobov V.A., Vlasenko N.G. Protection of soft spring wheat against a complex of specialized pests in Western Siberia: 

recommendations. Novosibirsk, 2007, 24 p.
4Pozdnyakov S.P. Spring wheat in the Non-Black Earth Region. Kirov: Knigoizdat, 2016, 129 p.
5Loktionov S.P., Galeev R.R. Prospects for grain crop production in Western Siberia. Novosibirsk: Ritm Information Center, 

2016, 212 p.
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MATERIAL AND METHODS 

The research was carried out in 2009–2011 
and 2021–2023 on experimental fields of the 
Novosibirsk State Agrarian University’s “Tu-
linsky” farm in the Novosibirsk district of the 
Novosibirsk region. For the research, Siberi-
an-bred spring soft wheat varieties were used: 
middle-early Novosibirskaya 29 and Omskaya 
36, medium-maturing Novosibirskaya 89 and 
Omskaya 29, and middle late Baganskaya 95 
and Omskaya 28. The plot size is 80 m², with a 
fourfold repetition. At the beginning of vegeta-
tion, 12 permanent observation plots measuring 
50 × 50 cm were set up on the plots, and during 
the grain filling phase, leaf and stem infections 
were recorded.  

The soils of the experiment site are leached 
chernozems with a humus content of 6.27%, a 
cation exchange capacity of 478 mmol/kg of 
soil, pH of 6.3. Agrochemical characteristics of 
soils: the content of easily hydrolyzable nitrogen 
is 92.6 mg/kg, mobile phosphorus is 139 mg/kg 
and exchangeable potassium is 193 mg/kg of 
soil. The weather conditions during the years 
of the experimental work varied in terms of 
temperature and total precipitation. In terms of 
weather, 2011 was more favorable, with a total 
precipitation of 339 mm during the growing sea-
son and an average daily temperature above the 
long-term average. In 2021–2023, the precipita-
tion during the growing season ranged from 327 
to 389 mm.

On the designated plots, during the growing 
season of spring wheat, diseases were monitored 
using the method of the All-Russian Research 
Institute of Plant Protection according to Zub-
kov6. At the end of the tillering phase, the num-
ber of plants damaged by hidden stem pests and 

their susceptibility to root rot was counted using 
the method of the All-Russian Research Institute 
of Plant Protection7.

Observations of plant growth and develop-
ment were carried out according to the generally 
accepted methodology of the State variety test-
ing of agricultural crops8. The yield was taken 
into account based on the methodological guide-
lines of B.A. Dospekhov9. The quality of the 
grain was determined according to the relevant 
GOST standards based on the methodological 
guidelines of the All-Russian Research Institute 
of Grain Crops10. For statistical processing, the 
Snedecor VS application package according to 
O.D. Sorokin11 was used.

RESULTS AND DISCUSSION 

In the experiments from 2009–2011, the va-
rietal characteristics of the productive develop-
ment process of spring soft wheat were evaluat-
ed. The studied varieties, belonging to different 
maturity groups, had varying effects on the for-
mation of yield structure elements. On average, 
the lowest number of seedlings was observed in 
the sowings of the Novosibirskaya 29 and No-
vosibirskaya 89 varieties, with the minimum 
value recorded for the Baganskaya 95 variety. 
It should be noted that for the Baganskaya 95 
variety, the number of spikelets – 60.2 pcs – had 
a significant impact. The formation of the tiller-
ing phase was more influenced by the manifes-
tation of biological traits in the Omskaya 36 and 
Omskaya 29 varieties.

The total number of stems varied from 0.01 
to 44.8 units depending on the year. The highest 
number of stems was recorded for the Omska-
ya 28 (44.8) and Omskaya 36 (30.4) varieties. It 
was found that the grain weight varies depending 

6Zubkov A.F. Methodological guidelines for collecting field biocenotic data to assess the harmfulness of a pest complex. 
Leningrad: VIZR, 1978, 18 p.

7Environmental Monitoring and Methods for Improving the Protection of Cereal Crops Against Pests, Diseases, and Weeds: 
Methodological Recommendations / V.I. Tansky, M.M. Levitin, V.A. Pavlyushin, V.N. Burov, N.R. Goncharov. St. Petersburg–
Pushkin: VIZR, 2002, 76 p.

8Methodology for State Variety Testing of Agricultural Crops. Moscow: Selkhoziz, 1986, 329 p.
9Dospekhov B.A. Methodology of Field Experiments. Moscow: Alliance, 2014, 348 p.
10Grain Quality Assessment: Methodological Guidelines. Krasnodar, 2017, 72 p.
11Sorokin O.D. Applied Statistics on the Computer. Novosibirsk: EPA RAAS, 2009, 222 p.
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on the variety, with the highest value observed in 
the Omskaya 36 variety – 50.9 g (see Table 1).

To assess the impact of the set of harmful 
organisms on yield, the partial correlation pa-
rameters were calculated. The analysis of the 
resulting values shows that the studied varieties 
showed weak to medium sensitivity to root rot  
(r = 0,10–0,68). Varietal differences were not-
ed in susceptibility to septoriose: the Baganska-
ya 95 variety showed a strong correlation  
(r = –0,97) and weak – Novosibirskaya 29  
(r = –0,09). The susceptibility of the Novosi-
birskaya 89 variety was positively correlated 
with yield. The Baganskaya 95, Novosibirskaya 
89, and Omskaya 28 varieties showed a weak 
negative response to powdery mildew, while 
the other varieties were positively correlated 
with yield. Regarding competition with weeds, 
the studied varieties showed a sensitivity rang-
ing from weak to strong (r = from –0,92 up to 
–0,11). The Baganskaya 95 variety is highly 
sensitive to damage from hidden-stem pests (r 

= –0.92), while the other varieties showed only 
a low level of sensitivity. For wheat thrips dam-
age, the varieties were sensitive from medium 
to low levels (r = from –0.11 to –0.46). Two 
varieties, Novosibirskaya 89 and Omskaya 36, 
responded negatively to infestation by the cereal 
striped flea beetle. The other varieties were posi-
tively correlated with yield (see Tables 2 and 3). 
No rust was recorded in the plots.

In terms of grain quality and technological 
parameters, the varieties Novosibirskaya 29 and 
Omskaya 36 stood out, having the highest levels 
of raw gluten, protein, and vitreousness.

We have determined the dependence of 
spring wheat variety yields on various diseases 
(see Table 4).

The analysis of multiple regressions of dis-
ease development with yield showed that the 
studied spring wheat varieties responded differ-
ently to leaf-stem infections. Almost all varieties 
showed a statistically significant negative rela-
tionship between yield and powdery mildew in-

Табл.  1 .  Вклад элементов структуры урожая сортов в общую урожайность
Table 1.  Contribution of crop structure elements to total yield

Variety Sowing density, pcs. Productive tillering, 
pcs. Ear grain size, g Caryopsis weight, g

Novosibirskaya 29 86,8 0,01 12,2 1,0
Omskaya 36 12,0 30,4 6,7 50,9
Novosibirskaya 89 86,4 0,9 12,6 0,1
Omskaya 29 30,3 0,1 53,4 16,2
Baganskaya 95 10,0 22,1 60,2 7,7
Omskaya 28 36,2 44,8 0,5 18,5

Табл.  2 .  Корреляционная связь вредных организмов с урожаем на стационарных площадках
Table 2.  Correlation of harmful organisms with yield at the stationary plots

Variety
Partial correlation (r)

root rot septoriose powdery mil-
dew weeds cereal flea 

beetle
stem-boring 

pests wheat thrips

Baganskaya 95 –0,51 –0,97 –0,34 0,92 1,00 –0,92 –0,11
Novosibirskaya 29 –0,68 –0,09 0,33 –0,15 0,30 –0,18 –0,26
Novosibirskaya 89 –0,46 0,45 –0,34 –0,55 –0,06 –0,24 0,18
Omskaya 28 –0,18 –0,25 –0,27 0,72 –0,57 –0,34 –0,42
Omskaya 36 –0,10 –0,99 0,93 –0,50 1,00 –0,39 –0,46
Omskaya 29 –0,26 –0,38 0,20 0,11 0,01 –0,16 –0,31
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fection. According to the regression coefficients, 
the variety Omskaya 36 was the most sensitive 
to the disease. The least affected by the drop in 
yield caused by disease were the Novosibirskaya 
89 and Omskaya 29 varieties. The other varieties 
are about equally sensitive to powdery mildew. 
As for brown rust, just like with powdery mil-
dew, Omskaya 36 is the most sensitive variety. 
Novosibirskaya 89 reacted to it more weakly, 
but still negatively. At the observed level of 
plant infection with 	 septoriose, no statistically 
significant negative correlation between the dis-
ease and yield was found. There may be a certain 
trend towards such a connection in the Novosi-
birskaya 89 and Omskaya 29 varieties, which 

indicates their relative resistance to septoriose. 
Overall, the Omkskaya 36 variety turned out to 
be the least resistant to leaf and stem infections 
(powdery mildew and brown rust). At the same 
time, it showed the highest yield, which makes 
it promising to expand its cultivation in Western 
Siberia, provided it is actively protected against 
leaf and stem infections.

The three-year studies showed that none of 
the regional varieties studied showed strong re-
sistance to leaf and stem infections. However, 
the varieties differed significantly in this regard, 
which is obviously something that needs to be 
taken into account when developing their dis-
ease protection strategies (see Table 5).

Табл.  4 .  Регрессионная зависимость между развитием листостеблевых инфекций и урожайностью 
сортов яровой пшеницы
Table 4.  Regression relationship between the development of leaf-stem infections and the yield of spring 
wheat varieties

Variety Septoriose Powdery mildew Brown rust Yield, t/ha

Novosibirskaya 29 0,358 ± 0,790 –0,845 ± 0,220*** 0,088 ± 0,303 2,05

Omskaya 36 0,021 ± 0,651 –1,602 ± 0,326*** –0,598 ± 0,258** 2,87

Novosibirskaya 89 –0,545 ± 0,461 –0,652 ± 0,201** –0,335 ± 0,172* 2,13

Omskaya 29 –0,509 ± 0,560 –0,602 ± 0,324* 0,333 ± 0,398 2,48

Baganskaya 95 1,294 ± 0,564** –0,860 ± 0,285*** 0,242 ± 0,221 2,76

Omskaya 28 1,192 ± 0,685* –0,862 ± 0,257** –0,256 ± 0,208 2,41

* р ≥ 0,90.
** p ≥ 0,95.
*** p ≥ 0,99.

Табл.  3 .  Урожайность и ее структура различных сортов ярой пшеницы в полевом опыте
Table 3.  Yield and its structure of different spring wheat varieties in a field experiment

Variety
Productive 
tillering, 

pcs.

Number of 
grains per 
spike, pcs.

1000-ker-
nel weight, 

g

Grain 
weight,

biological 
yield, g/m2

Crude glu-
ten, %

Protein,
%

Grain unit, 
g/l

Vitreous-
ness,

%

Novosibirskaya 29 1,0 16,6 34,7 182,0 30,4 13,9 728 82
Omskaya 36 1,1 16,9 38,3 273,0 28,2 13,2 706 76
Novosibirskaya 89 1,1 18,5 34,4 227,0 26,8 12,9 684 74
Omskaya 29 1,2 21,8 36,7 263,0 25,7 13,0 690 72
Baganskaya 95 1,0 19,5 34,5 226,0 27,2 12,1 701 70
Omskaya 28 1,3 19,0 35,2 240,0 27,0 11,8 656 69
LSD05 0,17 1,7 2,1 11,5 0,34 0,25 12,1 1,23
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The Novosibirskaya 89 variety is the most 
sensitive to damage by the complex. According 
to A.A. Slobodchikov12, in field trials, this vari-
ety showed the highest responsiveness to plant 
protection products among the mid-maturing va-
rieties. The varieties Omskaya 36 and Omskaya 
28 also showed fairly high sensitivity to them. 
The least sensitive to the treatment were the vari-
eties Novosibirskaya 29 and Omskaya 29. Over-
all, they reacted more to diseases than to pests.

At the experimental fields of the education-
al and research farm "Praktik" (Novosibirsk 
region), we studied the adaptability of spring 
soft wheat varieties (see Table 6). It was shown 
that the highest response to intensive cultivation 
technology, which includes a full cycle of plant 

protection measures, was observed in the Ba-
ganskaya 95 variety (yield increase – 42%) and 
with traditional technology using minimal plant 
protection, in the Omskaya 29 variety – 34%, as 
well as in the Novosibirskaya 29 variety – 23%. 
However, for the Omskaya 36 variety, the in-
crease under intensive technology was only 7%, 
which points to its overall resistance to pests. 
Almost all varieties of different maturity groups 
showed an increase in raw gluten and protein 
content when grown using intensive technology. 
The grain weight and vitreousness indicators are 
higher when using intensive cultivation methods 
for spring soft wheat varieties.

The overall resistance of varieties to harm-
ful organisms is an important factor for making 

Табл.  5 .  Изменчивость урожайности яровой пшеницы в зависимости от вредных организмов, %
Table 5.  Variability of spring wheat yield depending on harmful organisms, %

Variety
Diseases Pests The entire complex (pests and 

diseases)
2009 2010 2009 2010 2009 2010 

Novosibirskaya 29 4,9 10,6 2,4 1,0 7,3 11,6
Omskaya 36 39,0 36,0 0,8 13,7 39,8 49,7
Novosibirskaya 89 49,7 57,3 0,1 20,8 49,8 78,1
Omskaya 29 0,1 12,2 8,5 0 8,6 12,2
Baganskaya 95 0,9 0 6,6 21,0 7,5 21,0
Omskaya 28 4,7 18,7 7,8 19,6 12,5 38,3

Табл.  6 .  Средние значения урожайности и качества зерна яровой мягкой пшеницы в зависимости 
от интенсификации производства (2021–2023 гг.)
Table 6.  Yield and quality of spring soft wheat grain, depending on production intensification (2021–
2023)

Variety
Yield

Protein, % Grain unit, g/l Vitreousness, %
t/ha

Gain
t/ha %

Novosibirskaya 29 3,20/3,92 0,72 23 13,4/13,7 779/782 76/80
Omskaya 36 3,56/3,80 0,234 7 12,8/13,2 760/767 74/78
Omskaya 29 2,82/3,79 0,97 34 11,5/11,4 727/725 69/72
Baganskaya 95 2,67/3,80 1,13 42 12,8/13,4 748/762 75/79
Omskaya 28 3,15/3,84 0,69 22 11,4/11,6 729/742 67/74
LSD05 0,15/0,24 – – 0,10/0,14 15,6/11,8 1,85/2,2

Note.  In the numerator—traditional technology; in the denominator—intensive technology.

12Slobodchikov A.A. Phytosanitary situation in spring wheat crops and the role of plant protection products in stabilizing grain 
productivity and quality. Abstract of a Candidate of Science in Agriculture dissertation. Novosibirsk, 2010, 18 p. 
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farming more eco-friendly and for the wider 
adoption of organic farming. We have studied the 
regional and promising varieties of spring soft 
wheat from Siberian breeding, covering three 
maturity periods – middle-early, medium-matur-
ing, and middle late. The elements of spike pro-
ductivity serve as key factors affecting the yield 
of different spring soft wheat varieties. Our data 
indicate that among the varieties studied from 
different maturity groups, the Omskaya 36 va-
riety showed the greatest resistance to harmful 
organisms. At the same time, it was shown that 
against the background of intensified farming 
with optimal mineral nutrition and a set of plant 
protection measures, there was an increase in 
yield, as well as in the quality indicators of the 
raw product – gluten, protein, and grain unit.

CONCLUSIONS 

1. In the forest-steppe conditions of Western 
Siberia (the northern forest-steppe of the Novo-
sibirsk Priobye), the specificity of spring soft 
wheat varieties for resistance to various patho-
gens and pests has been determined on leached 
chernozem soils in different years with varying 
meteorological conditions.

2. In a comprehensive evaluation of six spring 
wheat varieties (middle-early, medium-matur-
ing, and middle late), they were ranked by their 
resistance to diseases and pests in order of in-
creasing resistance: Omskaya 29, Baganska-
ya 95, Novosibirskaya 29, Novosibirskaya 89, 
Omskaya 28, Omskaya 36.

3. The use of intensive farming technology 
increased the yield of Baganskaya 95 by 42% 
compared to traditional methods (with minimal 
use of pesticides and fertilizers), Omskaya 29 by 
34%, Novosibirskaya 29 by 23%, Omskaya 28 
by 22%, Omskaya 36 by 7%, which indicates the 
overall resistance of the latter variety to harmful 
organisms.
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Роль кровососущих насекомых и иксодовых клещей в возможной 
передаче вируса лейкоза крупного рогатого скота
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Наблюдаемое в настоящее время широкое распространение лейкоза крупного рогатого ско-
та, особенно в регионах с развитым молочным животноводством, остается одной из актуаль-
нейших проблем ветеринарной науки. Сельскохозяйственные предприятия, не только крупные 
компании, но и небольшие фермерские хозяйства, несут огромные экономические потери, свя-
занные с вирусом лейкоза крупного рогатого скота. Развитие лейкоза в стаде может привести к 
снижению общего здоровья и продуктивности всего поголовья, что сказывается на рентабель-
ности хозяйства в долгосрочной перспективе. Лейкоз приводит к снижению продуктивности, 
ухудшению здоровья и сокращению периода использования высокопродуктивных коров. Лей-
коз как вторичный иммунодефицит выступает причиной сокращения плодовитости у коров, ро-
ста числа абортов, снижению процента выживаемости телят, развития различных сопутствую-
щих заболеваний. Особый интерес в распространении инфекции представляют пути передачи 
вируса. Неплохо изучены три из них: вертикальный, горизонтальный и ятрогенный. Трансмис-
сивный путь передачи инфекции в настоящее время остается под вопросом. В последнее деся-
тилетие активно изучаются кровососущие насекомые и клещи как потенциальные переносчи-
ки возбудителей вирусных болезней у сельскохозяйственных животных, в том числе лейкоза 
крупного рогатого скота. Возможно, насекомые выступают как фактор, способствующий рас-
пространению вируса, особенно в периоды массовых вспышек и при наличии большого числа 
инфицированных животных. В статье представлен обширный систематический анализ литера-
турных данных из авторитетных научных изданий об участии слепней из семейства Tabanidae, 
зоофильных мух Stomoxys сalcitrans, а также клещей из семейства Ixodidae в трансмиссивной 
передаче возбудителей болезней у сельскохозяйственных животных, в частности возбудителя 
лейкоза крупного рогатого скота.

Ключевые слова: инфекция, вирус лейкоза крупного рогатого скота, бактерии, вирусы, 
трансмиссивный путь передачи, Ixodidae, Tabanidae, Stomoxys сalcitrans
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The currently observed widespread prevalence of bovine leukemia, especially in the regions with 

developed dairy farming, remains one of the most pressing problems in veterinary science. Agricul-
tural enterprises, not only large companies but also small farms, bear huge economic losses associ-
ated with bovine leukemia virus. The development of leukemia in a herd can lead to a decrease in 
the overall health and productivity of the entire livestock, which affects the profitability of the farm  
in the long term. Leukemia leads to decreased productivity, poor health, and a shortened lifespan 
of highly productive cows. Leukemia, as a secondary immunodeficiency, leads to reduced fertility 
in cows, an increased incidence of abortions, a decreased calf survival rate, and the development of 
various associated diseases. Of particular interest in the spread of the infection are the routes of virus 
transmission. Three of these have been extensively studied: vertical, horizontal, and iatrogenic. Vec-
tor-mediated transmission remains questionable. Over the past decade, bloodsucking insects and ticks 
have been actively studied as potential vectors of pathogens causing viral diseases in farm animals, 
including bovine leukemia. Insects may act as a factor facilitating the spread of the virus, especially 
during periods of mass outbreaks and when large numbers of infected animals are present. The article 
presents an extensive systematic analysis of literature from reputable scientific publications on the in-
volvement of gadflies from the Tabanidae family, zoophilous flies Stomoxys сalcitrans, as well as ticks 
of the family Ixodidae in the vector-mediated transmission of pathogens in farm animals, particularly 
the bovine leukemia pathogen.

Keywords: infection, bovine leukemia virus, bacteria, viruses, vector-borne transmission, Ixodi-
dae, Tabanidae, Stomoxys сalcitrans
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INTRODUCTION 

Currently, cattle leukemia remains a relevant 
issue. This disease is widespread in many coun-
tries around the world, especially in those where 
dairy and beef farming are well developed. In 
the Russian Federation, cattle leukemia is the 
predominant infection in most regions and holds 
a leading position among infectious diseases in 
this type of livestock [1, 2].

Agricultural businesses (both large hold-
ings and small farms) are facing huge econom-
ic losses due to bovine leukemia virus (BLV). 
The spread of leukemia in a herd can lead to a 

decline in the overall health and productivity 
of the entire livestock, which affects the farm's 
profitability in the long run. Leukemia causes 
reduced productivity, worsening health, and a 
shorter lifespan for high-yield cows. The eco-
nomic costs include loss and deterioration of 
milk quality, slower weight gain, and expenses 
for treatment and preventive measures.

Leukemia, as a secondary immunodeficiency, 
leads to reduced fertility in cows, an increase in 
the number of abortions, a lower survival rate 
of calves, and the development of various other 
related diseases. There is no specific treatment 
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for leukemia. Farms have to spend significant 
amounts on diagnostics, isolation, and culling 
of sick animals, as well as other veterinary and 
zootechnical measures aimed at eliminating 
BLV. Killing infected and sick animals, in turn, 
leads to losses in genetic diversity and the herd's 
potential. Livestock products from infected ani-
mals may have a lower market value. On top of 
that, a ban is put in place on selling such animals 
[3, 4].

Bovine leukemia is a chronic infectious dis-
ease caused by the bovine leukemia virus (fami-
ly Retroviridae). Leukemia is part of a group of 
malignant blood diseases. The virus mainly in-
fects B-cells in the blood, leading to their over-
growth and the development of lymphocytosis. 
These cells are usually found in the blood and 
lymphoid organs. The virus can also be present 
in endothelial cells and epithelial cells of the 
mammary gland, which explains the presence of 
viral particles in milk. The main cellular targets 
of BLV are B-lymphocytes. Other types of cells, 
like monocytes (a virus reservoir), CD8 T-lym-
phocytes, and granulocytes, can also get infect-
ed. In Russia, cattle leukemia is classified as a 
quarantine animal disease.

Without carrying out health measures, the 
virus continues to spread throughout the entire 
herd. In the context of intensive dairy cow farm-
ing, only 5% of infected animals develop leuke-
mia or lymphoma, which leads to the disposal of 
the carcass. The remaining 95% of infected an-
imals show no clinical signs or changes in their 
bloodwork [5, 6].

BLV is able to cross species barriers both in 
natural conditions and in experiments. It is re-
lated to human T-cell leukemia viruses (HTLV 
I-III) and simian T-cell leukemia viruses (STLV). 
Animals closely related to cattle (Asian buffa-
lo, sheep, alpacas) get infected with BLV under 
natural conditions. In experiments, the virus was 
able to infect rabbits, rats, pigs, goats, and sheep 
[7–9].

There are several known ways of transmit-
ting BLV: vertical, horizontal, and iatrogenic. 

The vector-borne transmission route of the in-
fection is still in question. In the past decade, 
bloodsucking insects and ixodid ticks have been 
actively studied as potential carriers of viral 
pathogens in farm animals, including BLV. It is 
possible that bloodsucking insects and ticks act 
as a factor that helps spread the virus, especial-
ly during major outbreaks and when there are 
many infected animals. 

The purpose of the study is to analyze and 
summarize the literature on the involvement of 
ixodid ticks (family Ixodidae) and blood-sucking 
insects, particularly horseflies (family Tabani-
dae) and the zoophilic fly Stomoxys calcitrans 
(stable fly), in the spread of pathogens of farm 
animals, including the bovine leukemia virus.

MATERIAL AND METHODS

The study analyzed data from domestic and 
international publications over the past decades, 
indexed in RSCI, PubMed, Crossref, Web of 
Science, and Scopus, about representatives of 
the Ixodidae and Tabanidae families, as well as 
S. calcitrans flies, as potential carriers of patho-
gens of farm animals. Special attention was giv-
en to the Ixodidae family as a possible carrier of 
BLV [10–12].

RESULTS AND DISCUSSION 

Bloodsucking insects, like flies (Siphona cal-
citrans, Stomoxys calcitrans, Haematobia irri-
tans), mosquitoes, horseflies, and ticks are not 
only a serious stress factor for animals, causing 
restlessness and skin damage, but also an im-
portant way to spread infectious agents. Most 
researchers consider blood-sucking insects to 
be vectors of viral infections. They help spread 
viral, bacterial, and parasitic diseases widely. 
At the same time, information about the role of 
blood-sucking insects and ixodid ticks in trans-
mitting BLV remains contradictory or prelimi-
nary and needs further research.

Horseflies belong to the suborder Brachy-
cera (Short-horned), in the group Orthorapha 
(Straight-seamed). They are the largest members 
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of the biting fly fauna in Western Siberia. Horse-
flies are widespread in the taiga, forest, and for-
est-steppe zones. Russia has over 100 species of 
horseflies, with 89 found in Siberia. Members of 
the family Tabanidae cause significant economic 
losses in livestock farming due to reduced milk 
production and weight gain [13].

Horseflies actively attack sick and weakened 
animals, and they also suck blood from fresh 
carcasses, which plays a big role in spreading 
infections. Only the females attack animals, 
as they are facultative hematophags. Many re-
searchers point out the significant role of horse-
flies as carriers of various disease pathogens. In 
particular, it has been proven that horseflies play 
a role in spreading tularemia in natural foci of 
this infection and anthrax from infected animals 
or carcasses [14]. Horseflies retain the ability 
to transmit the infection with a proboscis punc-
ture for up to 5 days after an infective feeding. 
Also, due to the feeding habits of the females 
and the potential for long-term retention of the 
pathogen, members of the Tabanidae family play 
a significant role in the spread of leptospirosis, 
anaplasmosis, equine infectious anemia, necro-
bacillosis in reindeer, cattle besnoitia, horse fi-
larid, blackleg, trypanosomiasis, hemosporidial 
infection, and more [15].

Currently, the possibility of transmitting BLV 
by horseflies has not been proven. This is due 
to the difficulty of creating conditions for feed-
ing the insects in experiments. But it's not worth 
ruling out the Tabanidae family from the list of 
potential carriers of this virus.

In recent years, researchers have been focus-
ing on a member of the genus – the stable fly 
(S. calcitrans) – as an important factor in me-
chanically transmitting infections to cattle. This 
blood-sucking insect is widespread in livestock 
facilities around the world. S. calcitrans plays an 
important role in the chain of disease transmis-
sion. So, in France, outbreaks of such a highly 
contagious disease as bovine nodular dermatitis 
are directly linked to S. calcitrans [16]. With S. 
calcitrans involved, the African Swine Fever 

Virus (ASFV) can also be transmitted. Accord-
ing to K.A. Olesen et al. [17], the presence of 
ASFV in these flies after feeding on infected 
blood means they are capable of carrying the vi-
ral infection. Studies by Russian scientists have 
also confirmed the persistence of the virus in the 
bodies of autumn stable flies and demonstrated 
the possibility of infecting pigs via the parenter-
al administration of a fly suspension containing 
virus-contaminated blood.[18].

In the territory of the Russian Federation, S. 
calcitrans is one of the main types of zoophilic 
flies found on livestock farms [18, 19]. The sta-
ble fly can travel several hundred meters, which 
makes it a serious disease vector [20]. The size of 
the fly population is closely linked to the condi-
tion of the environment: humidity, temperature, 
and availability of blood sources. Some experts 
note an increase in the number of S. calcitrans in 
pastures, which is most often related to the use 
of organic fertilizers and storing manure in piles 
near livestock grazing areas [21].

The stable fly is active in warm climates, 
especially during the summer months. The in-
tensity of its bites increases the risk of patho-
gen transmission. Feeding on the blood of vari-
ous types of farm animals (cattle, sheep, goats, 
horses), S. calcitrans serves as a carrier of many 
viral, bacterial, and parasitic diseases of cattle. 
Infectious agents have been found in the intes-
tines, oral cavity, and saliva of S. calcitrans. In 
addition to lumpy skin disease of cattle and Af-
rican swine fever, autumn burner is a vector for 
the spread of anthrax, sepsis, tularemia, trypano-
somiasis, etc. [22].

Several foreign authors have established the 
role of horseflies and stable flies in transmitting 
BLV under experimental conditions. In these 
studies, S. calcitrans were fed in vitro with blood 
from a cow infected with bovine leukemia virus. 
Sequencing results confirmed the presence of 
the provirus in S. calcitrans. Based on the data 
obtained, scientists concluded that leukemia vi-
rus transmission is possible, at least experimen-
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tally1 [23]. However, the role of stable flies as 
carriers of BLV in the natural animal husbandry 
system is still being discussed and requires fur-
ther study.

Ixodid ticks are of particular interest among 
the many blood-sucking parasites because they 
are widespread around the world, highly adapt-
able, come in a variety of species, and can carry 
dangerous infections.

There are over 700 species of ixodid ticks in 
the world. They are widely spread across Eur-
asia, especially in forests, pastures, and fields. 
In Russia, there are about 60 species of ixodid 
ticks belonging to five genera, and 12 species 
live in Western Siberia [24]. In the commonly 
accepted classification, ticks are divided into two 
main orders – Acariformes and Parasitiformes, 
which are grouped into the subclass Acari. Ixo-
dic ticks belong to the order Parasitiformes, the 
suborder Metastigmata (Ixodides), the super-
family Ixodoidea, and the family Ixodidae. Ac-
cording to the latest taxonomy data, the family 
Ixodidae is divided into several subfamilies, of 
which four subfamilies parasitize mammals and 
birds: Ixodinae (genus Ixodes), Amblyomminae 
(genus Amblyomma), Haemaphysalinae (genus 
Haemaphysalis), Rhipicephalinae (includes five 
genera – Rhipicephalus, Boophilus, Dermacen-
tor, Anomalohimalaya, Hyalomma). Ticks of the 
Ixodidae family belong to the ecological group 
of temporary parasites with long feeding periods. 
All ixodids without exception are highly special-
ized parasites of terrestrial vertebrate animals2.

Ticks have a huge variety of shapes and ways 
of life. Most ixodid ticks in Western Siberia be-
long to the pasturing group, where hungry indi-
viduals attack hosts outside of shelters, lurking 
among the vegetation [25]. However, in recent 
years near Tomsk and Novosibirsk, the appear-
ance of the Pavlovsky tick has been noted, even 
to the point of complete dominance. According 
to scientists, the high abundance of the Pavlov-

sky tick, which is more drought-resistant than 
the taiga tick and can successfully survive out-
side the favorable urban and suburban habitats 
of the taiga tick, may increase the persistence of 
natural tick-borne encephalitis foci [26].

The life cycle of the Ixodidae family includes 
the following developmental stages: egg, larva, 
nymph (one or several stages), and adult. There 
are one-, two-, and three-host life cycles. Fe-
males can pass pathogens of dangerous diseases 
to their offspring even at the stage of egg for-
mation inside their own bodies. This is a typical 
development and feeding cycle for many spe-
cies of ixodid ticks, which is important to keep 
in mind when studying their role in spreading 
infections and developing prevention measures. 
The larvae and nymphs usually live in the low-
er layers of plants and feed on small mammals 
and birds. This feeding pattern helps spread ticks 
among small animals and, indirectly, among 
their hosts. Adult ticks feed on larger mammals 
(cattle, horses, sheep, deer) and medium-to-large 
birds. The large blood volume of these animals 
increases the likelihood of successful repro-
duction for ixodid ticks. It should be noted that 
prolonged feeding on the host is characteristic 
only of females; males of Ixodes pasture ticks 
are facultative hematophages, whereas males of 
other genera are obligate hematophages. The bi-
ological characteristics of ixodid ticks—includ-
ing their camouflage tactics and feeding habits 
across various developmental stages—make 
them highly effective vectors of infection.

Ixodid ticks are natural vectors for many pro-
tozoal, bacterial, viral, and rickettsial diseases 
affecting humans and animals. It is known that 
ixodid ticks transmit the causative agents of 
tick-borne encephalitis, borreliosis (Lyme dis-
ease), tularemia, anaplasmosis, piroplasmosis, 
and others. They may also play a role in trans-
mitting certain types of fungi, toxoplasma spe-
cies, and flagellates. Such close and diverse as-

1Foil L.D., Gorham J.R., French D.D. Mechanical transmission of bovine leukaemia virus by horse flies (Tabanidae: Diptera) //
Veterinary microbiology, 1988, vol. 16 (3), pp. 253–258.

2Saitov V.R., Salnikova M.M. Ixodid Ticks: general and specific aspects of studying the family: a teaching and methodological 
manual. Kazan, 2019, 28 p.



92 Siberian Herald of Agricultural Science • 2026 • 56 • 4

The role of blood-sucking insects and ixodid ticks  
in the possible transmission of bovine leukemia virus

Osipova N.A., Agarkova T.A., Dvoeglazov N.G.,  
Gendzhiev A.Ya., Gulyukin M.I. 

Zootechnics and veterinary medicine

sociations between blood-feeding ticks and var-
ious microorganisms are typically attributed to 
the long evolutionary history of their parasitism 
and the variety of ecological relationships with 
their hosts—terrestrial vertebrates. Furthermore, 
blood-feeding parasites of the family Ixodidae 
can serve as natural reservoirs for diseases [27, 
28].

Experts have suggested that ixodid ticks act 
as a factor contributing to the spread of the leu-
kemia virus, particularly during periods of tick 
activity and in the presence of a large number 
of animals infected with the bovine leukemia 
virus. For instance, Italian scientists conduct-
ed a study on 1,200 Rhipicephalus bursa and 
Rhipicephalus sanguineus ticks collected from 
farms with BLV-positive cows. Viral DNA was 
detected in 8.4% of the ticks, and the gene se-
quence matched the BLV strain circulating on 
the farm. Laboratory studies have demonstrated 
the virus's ability to persist across developmen-
tal stages: larva → nymph → adult. According 
to available data, 30% of nymphs derived from 
larvae that had fed on BLV-positive blood tested 
positive by PCR [29].

Japanese scientists concluded that the me-
chanical transfer of infected blood residues on 
the chelicerae is possible during brief but deep 
bites. They conducted an experiment using a 
sterile colony of Haemaphysalis longicornis. 
The ticks fed on seropositive calves for 30 min-
utes and were then immediately transferred to 
seronegative calves. After 16 weeks, two of the 
ten healthy calves were found to be infected with 
the leukemia virus [30].

T.R. Machado et al. [31] established that 
BLV-infected lymphocytes survive in tick he-
molymph for up to 48 hours. A.M. Sato et al. 
[32] detected the gp51 protein in the gut of H. 
longicornis 24 hours after a blood meal, con-
firming the preservation of the virus's antigenic 
integrity within the tick.

In a study on the susceptibility of Dermacen-
tor reticulatus ticks to bovine leukemia virus 
(BLV), Yu.V. Glazunov et al. [33] determined 

that BLV proviral DNA can persist in the bod-
ies of adult ixodid ticks for up to one year. PCR 
analysis of samples from ixodid ticks collected 
from BLV-infected animals confirmed the pres-
ence of BLV DNA in 87.7 ± 2.3% of cases, in-
dicating the potential for the virus to be main-
tained within the bodies of ixodid ticks.

CONCLUSION 

Numerous studies conducted by scientists 
worldwide have confirmed the role of blood-suck-
ing insects and ixodid ticks in the transmission 
of viruses, bacteria, and parasites. It has been 
demonstrated that the bovine leukemia virus can 
persist in ixodid ticks throughout their develop-
mental stages, from larva to adult. Vector-borne 
diseases—including viral ones transmitted by 
blood-feeding insects—require continuous mon-
itoring, preventive measures, and control efforts 
to protect cattle from blood-feeding parasites in 
both housing and pasture environments, thereby 
preserving herd productivity.

Nevertheless, the role of blood-feeding in-
sects in the transmission of viral infections such 
as BLV requires further research, as the data re-
main contradictory or preliminary. The question 
of whether ixodid ticks can transmit the bovine 
leukemia virus from infected to susceptible ani-
mals remains a subject of debate.
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симментальской породы с разными генотипами CSN3, BLG, SCD1, 
PIT1 генов
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Новосибирская область, р.п. Краснообск, Россия
2Сибирский государственный университет инженерии и биотехнологий
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e-mail: gal.goncharenko@mail.ru
Представлены результаты исследований по выявлению ассоциативных связей генов CSN3, 

BLG, SCD1, PIT1 с молочной продуктивностью и воспроизводительными качествами коров сим-
ментальской породы. Молочная продуктивность изучена по трем и старше лактациям в стаде 
коров Алтайского края (n = 86). Показано положительное влияние генотипа CSN3АА и CSN3АВ 
на удой, содержание молочного жира и белка. Максимальные различия в сравнении с геноти-
пом CSN3ВВ достигали по удою 1971,2 кг, молочному жиру – 84, молочному белку – 63,6 кг 
(вторая лактация). Определены желательные варианты гена BLG. Коровы с генотипом BLGAA 
превосходили сверстниц с альтернативными генотипами по удою в зависимости от лактации 
на 1132,2–1209,7 кг. Коровы с генотипами BLGAA и BLGАB имели более высокое содержание 
молочного жира и белка на 42,8–53,4 и 36,4–39,0 кг, чем животные с генотипом BLGBB, соот-
ветственно. По гену SCD1 по третьей лактации и старше коровы с генотипом SCD1TT имели 
преимущество над сверстницами с альтернативными генотипами по удою на 1271,9–1349,7 кг, 
массовой доле жира на 0,03 и 0,04%, молочного жира на 54,9–58,5 кг, молочного белка на 41,0–
43,6 кг. При анализе ассоциативных связей генотипов гена Pit1 показано, что по второй и тре-
тьей лактациям лучшим был гомозиготный вариант этого гена Pit1AA. Превосходство удоя над 
генотипом Pit1AB было на уровне 2451,8 кг, массовой доле жира на 0,06%, молочного жира на 
106,7 кг, молочного белка на 79,2 кг. Сухостойный и сервис-период у коров симментальской 
породы анализируемого стада соответствовали физиологическим нормам: сухостойный период 
составлял 57,7–61,3 дня, сервис-период между лактациями – 73,8–124,6 дня. 

Ключевые слова: ген, генотип, симментальская порода, лактация, удой, жир, белок

Milk productivity and reproductive traits of the Simmental cows with 
different genotypes of CSN3, BLG, SCD1, PIT1 genes 
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The results of the studies aimed at identifying associations between the CSN3, BLG, SCD1, and 

PIT1 genes and milk productivity and reproductive performance in the Simmental cows are presented. 
Milk productivity was studied for the third and older lactations in the herd of cows in the Altai Krai 
(n=86). A positive effect of the CSN3AA and CSN3AB genotypes on milk yield, milk fat and milk 
protein content was demonstrated. Maximum differences compared to the CSN3BB genotype were 
1971.2 kg in milk yield, 84 kg in milk fat, and 63.6 kg in milk protein (second lactation). Desirable 
variants of the BLG gene were identified. Cows with the BLGAA genotype outperformed their peers 
with alternative genotypes in milk yield by 1132.2 kg to 1209.7 kg, depending on the lactation. Cows 
with the BLGAA and BLGАB genotypes had higher milk fat and protein content by 42.8–53,4 kg and 
36.4-36.9 kg, respectively, than animals with the BLGBB genotype. According to the SCD1 gene, in 
the third lactation and later, cows with the SCD1TT genotype had an advantage over their peers with 
alternative genotypes in milk yield by 1271.9-1349.7 kg, fat mass fraction by 0.03 and 0.04%, milk fat 
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by 54,9–58,5 kg, and milk protein by 41.0-43.6 kg. Analysis of the associations between the Pit1 gene 
genotypes revealed that the homozygous Pit1AA variant of this gene was superior in the second and 
third lactations.  The superiority of milk yield over the Pit1AB genotype was at the level of 2451.8 kg, 
fat content by 0.06%, milk fat by 106.7 kg, milk protein by 79.2 kg. The dry stage and service stage 
between lactations in the Simmental cows in the analyzed herd correspond to physiological norms: the 
dry stage was 57.7-61.3 days, and the service stage between lactations was 73.8-124.6 days.

Keywords: gene, genotype, Simmental breed, lactation, milk yield, fat, protein 
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INTRODUCTION

The Simmental breed population, despite 
high-quality milk indicators, especially its pro-
tein content, decreased by 6.88% compared to 
2010. However, milk yield increased by 2,298 
kg and reached an average of 6,089 kg in Rus-
sia in 2024, with fat content of 4.0% and protein 
of 3.27%1. The preservation of a breed depends 
on increasing its productivity, improving repro-
ductive traits, and resistance to various diseas-
es. Along with traditional methods of selecting 
animals for these traits, using DNA markers is 
a more effective way to quickly achieve the de-
sired result. For this purpose, this study used the 
most significant genes CSN3, BLG, SCD1, PIT1, 
whose expression is associated with milk pro-
ductivity and reproductive abilities.

In dairy cattle farming, the CSN3 gene has 
not lost its value and informativeness. As numer-
ous studies have shown, it is associated with the 

technological properties of milk, especially its 
suitability for cheese-making [1, 2]. At the same 
time, studies have noted the priority of certain 
genotypes of this gene for milk yield and fat con-
tent, but the data are contradictory [3–6]. Whey 
protein BLG affects milk yield, fat, and protein 
content in cows of different breeds, but the con-
clusions aren't always clear-cut [5–8]. Lately, 
when looking for gene markers, the SCD1 gene 
has been getting attention, as it's involved in 
regulating saturated and unsaturated fatty acids. 
Because of this, it can be considered a potential 
marker for the quality of milk. However, there 
is information about this gene affecting other 
important breeding traits as well. According to 
reports2, 3 [9, 10], his genotypes are linked to 
milk yield, fat and protein content, as well as the 
reproductive traits of cows and heifers [11]. The 
Pit1 gene (pituitary-specific transcription factor) 

1Yearbook on breeding work in dairy cattle farming in the Russian Federation. Moscow: VNIIplem, 2024, 274 p.
2Yulmetyeva Yu.R., Safina N.Yu., Sharafutdinov G.S., Shakirov Sh.K. Polymorphism of the stearyl-CoA desaturase gene (SCD1) 

for loci of quantitative traits of milk productivity // Agricultural Scientific Journal, 2018, N 11, pp. 43–45. DOI: 10.28983/asj.
v0i11.416.

3Pozovnikova M.V., Serdyuk G.N., Tulinova O.V., Terletsky V.P., Dementyeva N.V., Mitrofanova O.V. Association of stearoyl-
CoA desaturase (SCD1) gene polymorphic variants with economically important traits in the Russian Ayrshire cattle population // 
Agricultural Biology, 2017, vol. 52, N 6, pp. 1139–1147. DOI: 10.15389/agrobiology.2017.6.1139rus.
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is a marker of the quality composition of milk 
and meat productivity4.

The goal of the work is to determine the influ-
ence of CSN3, BLG, SCD1, PIT1 genotypes on 
the milk productivity of the Simmental cows and 
their reproductive abilities.

MATERIAL AND METHODS

Molecular-genetic research on SNP mark-
ers was carried out in the biotechnology lab of 
the Siberian Research and Design and Techno-
logical Institute of Animal Husbandry of the 
SFSCA RAS. The study focused on Simmental 
cows from a herd in the Altai Territory (n = 109). 
Genomic DNA was extracted from the animals' 
blood using the clinical material extraction kit 
“Ampli Prime DNA-Sorb-V” according to 
the instructions from the manufacturer, OOO 
“NextBio” (Moscow). PCR-PDRF reactions 
were carried out in a programmable amplifier 
DRAWELL NC 1000-S. The quality and con-
centration of the extracted DNA, as well as the 
identification of genotypes, were evaluated on 
an agarose gel using the E-Box-CX5 TS-20.M 
gel documentation system under UV light with 
ethidium bromide fluorescence.

Polymorphism of the CSN3 and BLG genes 
was determined using the method described in 
the recommendations of the All-Russian Re-
search Institute of Animal Breeding5. The gen-
otypes of the SCD1 gene were determined ac-
cording to protocol [11]. The genotypes of the 
Pit1 genes were identified following the method 
(see footnote 4). The obtained gene amplifica-
tion products were treated with the restriction 
endonucleases Hind III, EcoICRI, Nae III, RsaI 
(SibENZYM, Novosibirsk) according to the 
manufacturer's instructions.

The milk productivity of cows was evaluat-
ed over 305 days of lactation separately for the 
first, second, third, and subsequent lactations 

based on livestock records. When assessing the 
reproductive performance of cows, factors like 
the length of the dry period and service period 
were taken into account. 

The statistical processing of the collected 
data was carried out using Microsoft Excel and 
generally accepted biometric methods in animal 
husbandry.

RESULTS AND DISCUSSION 

The associative links of genetic markers with 
productive traits have some features related to 
breed and previous selection. Because of this, 
our research focused on identifying them in a 
herd of Simmentals, formed using German and 
Austrian breeding material. The CSN3 gene, 
which is significant for protein content and 
cheese-making quality, is especially important 
for the Simmental breed. In the first lactation, 
we did not identify any priority genotypes for 
any of the traits considered (see Table 1).

In the second lactation, cows with the CSN3BB 
genotype produced 1,521.6 and 1,971.2 kg less 
milk compared to CSN3AA and CSN3AB cows, 
respectively (р < 0,001). The pattern was con-
firmed for the third lactation and older. Cows 
with the CSN3AA and CSN3AB genotypes had 
milk yields 1936.8 and 1387.3 kg higher com-
pared to the CSN3BB genotype (р < 0,001, р < 
0,01).

There were no significant differences in the 
overall fat content between these genotypes, but 
when it came to milk fat in the second and third 
lactations, the differences reached the threshold 
of significance. Milk fat content in cows with 
CSN3AA and CSN3AB genotypes was higher by 
64.1 and 84 kg (second lactation), 83.5 and 60.5 
kg (third lactation and beyond) compared to 
cows with the CSN3BB genotype (р < 0,001). A 
similar situation was observed with protein. The 
protein percentage in the herd didn't vary, but in 

4Drozdov E.V., Zayakin V.V., Nam I.Ya. Allelic polymorphism of the PIT-1 gene in cattle herds of the Bryansk region and its 
association with milk production // Izvestia of Samara Scientific Center of the Russian Academy of Sciences, 2011, vol. 13, N 5-3, 
pp. 235–240.

5Kalashnikova L.A., Khabibrakhmanova A.Ya., Pavlova I.Yu., Ganchenkova T.B., Dunin N.M., Pridanovich I.E. Recommendations 
on the genomic evaluation of cattle // Lesnye Polyany, 2015, 33 p.
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terms of total amount, the heterozygous and ho-
mozygous CSN3AA genotypes were in the lead. 
Cows with these genotypes had higher totals in 
their second lactation by 49.2 and 63.6 kg, re-
spectively (р < 0,001). By the third lactation, the 
differences between them were 62.5 and 44.7 kg, 
respectively (р < 0,001, р < 0,01).

Similar conclusions were reached in studies 
[12] on cows of several groups: purebred local 
and Austrian Simmentals, as well as those im-
proved with the Holstein breed. Jersey cows 
with the CSN3BB genotype stand out for their 
higher protein-milk content (3.93%), while het-
erozygous cows have the highest milk yield [5]. 
In a comparative analysis of several breeds, 
no clear results were obtained, but an increase 

in milk yield in Holstein cows was influenced 
by the CSN3AA genotype, while in Simmental 
cows, the CSN3BB genotype had a positive ef-
fect on milk fat content [13].

When analyzing the associative link of BLG 
gene genotypes, it was also found that cows with 
the BLGAA genotype had higher milk yield, total 
fat, and protein content in both the first and third 
lactations (see Table 2). In the first lactation, 
cows with the BLGAA genotype outperformed 
BLGBB animals by 1,132.2 kg (р < 0,01). Het-
erozygous cows for this gene also outperformed 
the homozygous ones for the BLGB allele by 
1054.4 kg (р < 0,05). The fat and protein content 
in cows with different genotypes didn't show any 
significant differences, but the amount of milk 

Табл.  1 .  Продуктивность коров симменталь-
ской породы за 305 дней лактации в зависимости 
от носительства генотипа по гену CSN3 
Table 1.  Productivity of Simmental cows over 
305 days of lactation depending on the genotype 
carrier status for the CSN3 gene

Indicator
Genotype

CSN3AA CSN3AB CSN3BB

First lactation

п 36 41 9
Yield, kg 6558,5 ± 194,5 6819,0 ± 183,1 6480,8 ± 623,0
Fat, % 4,17 ± 0,01 4,16 ± 0,01 4,17 ± 0,02
Fat, kg 273,7 ± 8,1 283,9 ± 7,57 270,6 ± 26,6
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,20 ± 0,02
Protein, kg 211,4 ± 6,3 222,0 ± 5,6 208,2 ± 20,4

Second lactation
п 25 24 5
Yield, kg 7007,0 ± 208,0 7456,6 ± 303,8 5485,4 ± 339,1
Fat, % 4,13 ± 0,01 4,14 ± 0,01 4,11 ± 0,02
Fat, kg 289,6 ± 8,7 309,5 ± 12,8 225,5 ± 15,1
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 225,8 ± 6,7 240,2 ± 9,8 176,6 ± 11,0

Third lactation and older
п 32 29 15
Yield, kg 8313,3 ± 255,3 7763,8 ± 391,2 6376,5 ± 260,9
Fat, % 4,16 ± 0,01 4,16 ± 0,01 4,12 ± 0,02
Fat, kg 346,4 ± 10,9 323,4 ± 16,6 262,9 ± 11,1
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 268,0 ± 8,2 250,2 ± 12,6 205,5 ± 8,4

Табл.  2 .  Продуктивность коров симменталь-
ской породы за 305 дней лактации в зависимости 
от носительства генотипа по гену BLG
Table 2.  Productivity of cows over 305 days of 
lactation depending on the genotype carrier status 
for the BLG gene

Indicator
Genotype

BLGAA BLGAB BLGBB
First lactation

п 34 42 10
Yield, kg 6844,2 ± 172,8 6766,4 ± 197,4 5712,0 ± 484,0
Fat, % 4,18 ± 0,01 4,16 ± 0,01 4,19 ± 0,04
Fat, kg 285,8 ± 7,2 281,5 ± 8,3 238,7 ± 19,3
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,21 ± 0,02
Protein, kg 220,6 ± 5,6 220,1 ± 6,1 183,7 ± 15,7

Second lactation
п 19 25 10
Yield, kg 7460,5 ± 359,7 6908,5 ± 220,8 6709,8 ± 436,0
Fat, % 4,14 ± 0,01 4,13 ± 0,01 4,12 ± 0,02
Fat, kg 309,5 ± 15,1 285,7 ± 9,3 277,2 ± 18,8
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 240,4 ± 11,6 222,5 ± 7,2 216,2 ± 14,1

Third lactation and older
п 15 38 23
Yield, kg 8453,1 ± 400,6 7721,9 ± 307,4 7243,4 ± 349,5
Fat, % 4,17 ± 0,01 4,16 ± 0,01 4,13 ± 0,02
Fat, kg 353,0 ± 16,9 321,6 ± 12,9 299,6 ± 15,2
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 272,5 ± 12,9 248,9 ± 9,9 233,5 ± 11,3
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fat and protein varied by 42.8–47.1 and 36.4–
36.9 kg in favor of the BLGAA and BLGAB gen-
otypes, respectively (р < 0,05).

In the third lactation, differences in milk yield, 
total fat, and protein content were found only be-
tween the BLGAA and BLGBB genotypes. Cows 
with the BLGAA genotype outperformed those 
with the BLGBB genotype by 1,209.7 kg in milk 
yield, 53.4 kg in milk fat, and 39.0 kg in milk 
protein (р < 0,05).

Comparison with the literature data showed 
some contradictions. According to [5], higher 
milk yield in Jersey cows was noted in animals 
with the heterozygous BLGAB genotype, while 
the lowest was in those with the BLGBB gen-
otype. Cows with the BLGBB genotype were 
characterized by high milk fat, whereas the high-
est protein content was in cows with the BLGAB 
genotype. The same dependence has been found 
in the Holstein breed. Higher levels of fat, pro-
tein, SOMO, and dry matter were observed in 
Holstein cows with the BLGAB genotype [14]. 
It's worth noting that study [15] didn't find any 
significant differences between BLG gene gen-
otypes in the milk quality of Black-and-White 
cows.

The SCD1 gene, which is linked to choles-
terol levels in cow blood, had a weak effect on 
milk production and milk quality during the first 
and second lactations, except for the fat content. 
Higher levels were noted in cows with the SC-
D1TT genotype – 4.15%, which is 0.03% higher 
than in cows with the SCD1CC genotype (p < 
0.05) (see Table 3). It should be noted that in the 
third lactation and beyond, cows with the SC-
D1TT genotype outperformed their peers with 
other genotypes in milk yield by 1271.9–1349.7 
kg (p < 0.05), fat content by 0.03 and 0.04% (p 
< 0.05), milk fat by 54.9–58.5 kg (p < 0.01), and 
milk protein by 41.0–43.6 kg (р < 0,05).

The association between SCD1 gene gen-
otypes and milk production and quality hasn’t 
been studied as much as protein metabolism 
genes, probably because they have a weaker ef-
fect on these traits. However, it has been found 

that the C alleles of the SCD1 gene have a big-
ger impact on milk fat and fatty acid content. 
Holsteinized Black-and-White cows with the 
CT and CC genotypes of the SCD1 gene outper-
formed those with the TT genotype [16].

When analyzing the associative links of the 
Pit1 gene with major economically valuable 
traits, the results for lactations were mixed (see 
Table 4). In the first lactation, higher milk yield 
was observed in cows with the Pit1BB genotype 
– 6,931.9 kg, which is 716.8 kg more than in 
first-calf heifers with the Pit1AB genotype (р < 
0,05). The milk fat content was also higher in 
these animals by 30.2 kg (p < 0.05). In addition, 
first-time heifers with the Pit1BB genotype had 

Табл.  3 .  Продуктивность коров симменталь-
ской породы за 305 дней лактации в зависимости 
от носительства генотипа по гену SCD1
Table 3.  Productivity of cows over 305 days of 
lactation depending on the genotype carrier status 
for the SCD1 gene

Indicator
Genotype

SCD1CC SCD1TC SCD1TT

First lactation
п 26 42 18
Yield, kg 6531,5 ± 229,4 6690,1 ± 216,7 6844,9 ± 229,6
Fat, % 4,17 ± 0,01 4,17 ± 0,01 4,17 ± 0,01
Fat, kg 272,4 ± 9,7 278,6 ± 8,9 285,7 ± 9,7
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 213,7 ± 6,9 215,5 ± 7,0 220,6 ± 7,4

Second lactation
п 16 27 11
Yield, kg 7213,1 ± 339,3 6853,7 ± 250,6 7372,8 ± 438,5
Fat, % 4,12 ± 0,01 4,14 ± 0,01 4,15 ± 0,01
Fat, kg 298,0 ± 14,5 283,6 ± 10,4 306,5 ± 18,8
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 232,2 ± 11,0 220,8 ± 8,1 237,6 ± 14,1

Third lactation and older
п 25 36 15
Yield, kg 7507,2 ± 355,7 7429,4 ± 280,2 8779,1 ± 467,1
Fat, % 4,15 ± 0,01 4,14 ± 0,01 4,18 ± 0,01
Fat, kg 312,0 ± 14,9 308,4 ± 12,1 366,9 ± 19,6
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 242,0 ± 11,5 239,4 ± 9,0 283,0 ± 15,0
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a higher milk protein content by 21.0 kg com-
pared to their peers with the Pit1AB genotype (р 
< 0,05).

In the second and third lactations, the homo-
zygous variant of the Pit1AA gene became the 
priority genotype, outperforming the heterozy-
gous Pit1AB genotype in milk yield by 1,059.5 
kg (p < 0.05). The superiority over heterozy-
gotes of this gene was also noted in fat content 
by 0.06%, milk fat by 47.9 kg, and milk protein 
by 34.3 kg (р < 0,05).

In the third lactation, the established pattern 
persisted. Cows with the Pit1AA genotype had 

higher values for all the traits considered com-
pared to the Pit1AB heterozygotes. For exam-
ple, milk yield was higher by 2,451.8 kg, fat 
content by 0.06%, milk fat by 106.7 kg, protein 
content by 0.01%, and milk protein by 79.2 kg  
(р < 0,001). It was also found that cows with the 
Pit1BB genotype exceeded those with Pit1AB in 
these indicators: by 928.0 kg in milk yield, by 
41.3 kg in milk fat content, and by 30 kg in milk 
protein (р < 0,05).

Similar results were obtained in Jersey cows. 
Higher milk yield and fat content were found 
in cows with the Pit1AA genotype, but for pro-
tein content and milk protein, the Pit1AB gen-
otype was the most favorable [17]. Research6 
conducted on the Black-and-White breed in the 
Stavropol region also supports the priority of the 
Pit1AA and Pit1AB genotypes.

Our study found the influence of certain gen-
otypes on the reproductive traits of Simmental 
cows (see Table 5). For instance, a shorter dry 
period (45 days) was observed in cows after their 
first lactation with the CSN3BB genotype, which 
is 13.8–14.7 days shorter than in animals with 
other genotypes (р < 0,05). The shortest service 
period was also noted in cows with the CSN3BB 
genotype, while, on the contrary, the longer ser-
vice period was in heterozygotes – 124.6 days. 
The 43-day difference reaches the threshold of 
significance (р < 0,05).

Cows with the BLGAB genotype had the lon-
gest service period after their first lactation – 
107.2 days, which is 32.2 days longer than cows 
with the BLGBB genotype (p < 0.01). Variation 
in the dry period was noted among cows with 
different Pit1 genotypes. A shorter dry period 
was observed in cows with the Pit1BB genotype 
– 60.5 days compared to 67.6 days in cows with 
the Pit1AA genotype (р < 0,05). At the same 
time, the service period for the third lactation 
and older was shortest in cows with the Pit1AA 
genotype – 73.8 days, while for Pit1BB it was 
around 116 days, and a bit less – 101.8 days – for 

Табл.  4 .  Продуктивность коров симменталь-
ской породы за 305 дней лактации в зависимости 
от носительства генотипа по гену Pit1
Table 4.  Productivity of Simmental cows over 
305 days of lactation depending on the genotype 
carrier status for the Pit1 gene

Indicator
Genotype

Pit1AA Pit1AB Pit1BB

First lactation
п 5 31 50
Yield, kg 6949,8 ± 334,5 6215,1 ± 231,2 6931,9 ± 169,1
Fat, % 4,18 ± 0,02 4,16 ± 0,01 4,17 ± 0,01
Fat, kg 290,6 ± 14,5 258,8 ± 9,6 289,0 ± 7,0
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 223,9 ± 10,8 202,4 ± 7,4 223,4 ± 5,4

Second lactation
п 4 22 28
Yield, kg 7795,0 ± 443,1 6735,5 ± 256,3 7221,4 ± 275,9
Fat, % 4,18 ± 0,02 4,12 ± 0,01 4,14 ± 0,01
Fat, kg 325,8 ± 19,4 277,9 ± 10,8 299,2 ± 11,6
Protein, % 3,22 ± 0,00 3,22 ± 0,00 3,2 ± 0,00
Protein, kg 251,2 ± 14,4 216,9 ± 8,3 232,7 ± 8,9

Third lactation and older
п 5 45 26
Yield, kg 9694,4 ± 642,0 7242,6 ± 236,3 8170,6 ±367,5
Fat, % 4,20 ± 0,01 4,14 ± 0,01 4,18 ± 0,00
Fat, kg 406,7 ± 26,3 300,0 ± 10,1 341,3 ± 15,4
Protein, % 3,23 ± 0,00 3,22 ± 0,00 3,22 ± 0,00
Protein, kg 312,6 ± 20,6 233,4 ± 7,6 263,4 ± 11,8

6Mikhailenko T.N., Selionova M.I., Surzhikova E.S. Milk productivity of Black-and-White cows with different genotypes at the 
PIT-1 and PRL gene loci // News of Science in the Agro-Industrial Complex, 2018, N 2, pp. 190–194. DOI: 10.25930/e31p-8q49.
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heterozygotes of this gene. The difference was 
28.0–42.2 days (р < 0,05, р < 0,01).

Comparing our results with the literature 
shows that they are contradictory. For instance, 
researchers considered the Pit1AB genotype of 
the Pit1 gene to be the desirable one, as cows of 
the Holstein breed with this genotype have the 
shortest calving interval and dry periods com-
pared to the alternative genotypes [18].

CONCLUSIONS 

1. In the Simmental herd, for each of the stud-
ied genes CSN3, BLG, SCD1, and Pit1, geno-
types were identified that have a positive effect 
on milk productivity, the quality composition of 
milk, and some reproductive performance in-
dicators. Cows with the genotypes CSN3AA, 
CSN3AB, BLGAA, BLGAB, SCD1TT, Pit1AA 
showed higher milk yields, with differences be-
tween individual lactations for alternative gen-
otypes reaching 2,451.8 kg. The highest milk 
yield was observed in full-grown cows (third 
lactation and older), among which the top per-
formers were animals with the genotypes CS-
N3AA – 8,313.3 kg, BLGAA – 8,453.1 kg, SC-

D1TT – 8,779.1 kg, and Pit1AA – 9,694.4 kg. 
The obtained data can be used when selecting 
animals for the breeding group.

2. The variability in the fat content of milk 
is small: 4.12–4.20%. The highest levels were 
observed in cows with the BLGBB and SC-
D1TT genotypes – 4.19% and Pit1AA – 4.20%. 
There’s also low variability in protein content 
in milk among cows with different genotypes – 
3,20–3,22%.

3. The dry period and service period in the 
Simmental cows of the analyzed herd corre-
sponded to physiological norms. Cows with 
lower milk production had the shortest dry pe-
riod – 45 days – and the service period between 
lactations 81,6– 88,9 days (CSN3BB). More 
productive cows had longer rest periods – from 
107.2 (BLGBB) to 119.6 days (Pit1AA).
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Антимикробная резистентность и чувствительность  
к бактериофагам штаммов зоопатогенных Moraxella spp.,  
выделенных в Центральном регионе России
Пименов Н.В., Бузмакова Н.А., Зулькарнеев Э.Р.
Московская государственная академия ветеринарной медицины и биотехнологии –  
МВА им. К.И. Скрябина
Москва, Россия 

e-mail: Elzz89@mail.ru
Инфекционный кератоконъюнктивит крупного рогатого скота, вызываемый преимуществен-

но бактериями рода Moraxella spp., представляет серьезную экономическую проблему в живот-
новодстве. Глобальной угрозой является рост антимикробной резистентности возбудителей, что 
снижает эффективность терапии. В Российской Федерации данные о профилях резистентности 
Moraxella spp. ограничены, что затрудняет разработку адекватных протоколов лечения. Цель 
исследования – охарактеризовать профили антимикробной резистентности и оценить чувстви-
тельность к бактериофагам клинических штаммов Moraxella spp., выделенных от крупного ро-
гатого скота с признаками инфекционного кератоконъюнктивита в Центральном регионе Рос-
сии. В период с апреля по июль 2025 г. в хозяйствах Московской и Владимирской областей было 
отобрано 35 проб конъюнктивальных смывов от 26 животных с клиническими проявлениями за-
болевания. Выделение культур проводили на 10%-м кровяном агаре. Идентификацию изолятов 
осуществляли на основании культурально-морфологических свойств, биохимических тестов 
(оксидаза, каталаза) и масс-спектрометрии. Чувствительность к 11 антимикробным препаратам 
определяли диско-диффузионным методом. Литическую активность четырех штаммов бактерио- 
фагов оценивали методом спот-теста. Из исследованных проб было выделено и идентифици-
ровано два изолята – M. bovis и M. bovoculi. Оба штамма продемонстрировали фенотип множе-
ственной лекарственной устойчивости, проявив полную резистентность к β-лактамам (пеницил-
лин, ампициллин, клоксациллин, цефалотин), тетрациклинам (тетрациклин, окситетрациклин), 
сульфаниламидам (сульфадиазин) и макролидам (эритромицин). Сохранилась чувствительность 
к фторхинолонам (ципрофлоксацин) и аминогликозидам (канамицин, гентамицин). В отноше-
нии штамма M. bovis литическую активность проявили три из четырех исследованных бакте-
риофагов (vB_Mboc_M3; vB_Mbo_W17; vB_Mbo_R2), штамм M.  bovoculi был чувствителен  
к двум фагам (vB_Mboc_M3; vB_Mbo_W17). Результаты исследования указывают на циркуля-
цию в Центральной России штаммов Moraxella spp. с множественной лекарственной устойчиво-
стью к антибиотикам первой линии, что может являться причиной неэффективности стандарт-
ной эмпирической терапии. Проявленная in vitro эффективность специфических бактериофагов  
в отношении мультирезистентных изолятов свидетельствует о потенциале фаготерапии как аль-
тернативной стратегии для контроля данного заболевания.

Ключевые слова: инфекционный кератоконъюнктивит, антибиотикорезистентность,  
Moraxella bovis, Moraxella bovoculi, фаготерапия
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Infectious keratoconjunctivitis in cattle, primarily caused by the bacteria from the genus Mo-

raxella spp., poses a significant economic challenge in the field of animal husbandry. A glo- 
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Antimicrobial resistance and sensitivity to bacteriophages  
of zoopathogenic Moraxella spp. strains isolated  
in the Central region of Russia

Pimenov N.V., Buzmakova N.A., Zulkarneev E.R. 

therapy. In the Russian Federation, data concerning the resistance profiles of Moraxella species are 
limited, which hinders the development of adequate treatment protocols. The objective of the study 
was to characterize the antimicrobial resistance profiles and evaluate the sensitivity to bacteriophages 
of the clinical strains of Moraxella spp. isolated from cattle with signs of infectious  keratoconjuncti-
vitis in the Central region of Russia. From April to July of 2025, a total of 35 conjunctival lavage sam-
ples were collected from 26 animals exhibiting clinical indications of the disease on the farms located 
in the Moscow and Vladimir regions. Isolation of the cultures was carried out on 10% blood agar. 
Identification of the isolates was conducted through the examination of cultural and morphological 
characteristics, the implementation of biochemical tests (e.g., oxidase, catalase), and mass spectrome-
try. The degree of sensitivity to 11 antimicrobial agents was ascertained by the disc diffusion method. 
The lytic activity of four bacteriophage strains was evaluated by the spot test method. Two isolates 
were identified from the samples studied: M. bovis and M. bovoculi. Both strains exhibited a multi-
drug resistance (MDR) phenotype, indicating complete resistance to β-lactams (penicillin, ampicillin, 
cloxacillin, cephalothin), tetracyclines (tetracycline, oxytetracycline), sulfonamides (sulfadiazine), 
and macrolides (erythromycin). Sensitivity to fluoroquinolones (ciprofloxacin) and aminoglycosides 
(kanamycin, gentamicin) was preserved. Three of the four bacteriophages studied (vB_Mboc_M3; 
vB_Mbo_W17; vB_Mbo_R2) exhibited lytic activity against the M. bovis strain; the M. bovoculi 
strain was sensitive to two phages (vB_Mboc_M3; vB_Mbo_W17). The findings of the study suggest 
the circulation of Moraxella spp. strains with MDR to first-line antibiotics in the Central region of 
Russia, which may be the underlying cause of the ineffectiveness of standard empirical therapy. The 
demonstrated in vitro efficacy of specific bacteriophages against multidrug-resistant isolates indicates 
the potential of phage therapy as an alternative strategy for controlling this disease.

Keywords: infectious keratoconjunctivitis, antibiotic resistance, Moraxella bovis, Moraxella 
bovoculi, phage therapy
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INTRODUCTION 

Infectious keratoconjunctivitis (IKC) is one 
of the most common and economically signifi-
cant diseases of cattle worldwide. The disease 
causes considerable economic damage to the 
livestock industry, leading to reduced weight 
gain in young animals, decreased milk produc-
tion in cows, and sometimes culling of animals 
due to irreversible eye damage (up to blindness), 
and so on [2].

The main causative agents of IKC are recog-
nized as bacteria of the genus Moraxella spp. [3]. 
M. bovis is considered the primary pathogen, ca-
pable of causing the disease on its own due to 
virulence factors like type IV pili for adhering to 
the cornea and the RTX cytotoxin, which causes 
lysis of epithelial cells and neutrophils, leading 
to the characteristic corneal ulceration [4–6]. The 
role of M. bovoculi in the pathogenesis of IKC 
is not fully understood. Although bacteria of this 
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species are often isolated from the eyes of not 
only sick but also healthy animals, their presence 
is associated with more severe disease [4, 7].

Traditionally, the IKC therapy has been 
based on the use of broad-spectrum antimicro-
bial drugs—mainly β-lactams and tetracyclines 
[8]. However, in recent decades, there has been 
a worrying global trend of increasing antibiotic 
resistance among the pathogens that cause this 
disease. For example, studies conducted in the 
USA, Brazil, and other countries show the emer-
gence and spread of Moraxella spp. strains that 
are resistant to one or more classes of antibiotics1, 

2. The development of multiple drug resistance 
(MDR) reduces the effectiveness of standard 
treatment regimens, slows down the recovery 
of animals, and contributes to the further spread 
of resistant pathogens in populations [9]. In the 
Russian Federation, systematic studies of antibi-
otic resistance profiles of Moraxella spp. are lim-
ited, which creates a 'blind spot' in understanding 
the epidemiological situation and makes it harder 
to choose the right empirical therapy.

In light of the global antibiotic resistance cri-
sis, finding and developing alternative ways to 
fight bacterial infections is one of the top priori-
ties in modern microbiology and veterinary sci-
ence [10]. Among the most promising areas, one 
can highlight phage therapy—that is, the use of 
viruses that specifically infect and lyse bacterial 
cells [11, 12]. Due to their high specificity, ability 
to self-replicate at the site of infection, and a fun-
damentally different mechanism of action, bacte-
riophages are capable of effectively eliminating 
multidrug-resistant (MDR) bacterial strains [13, 
14]. The potential of phage therapy against infec-
tious keratoconjunctivitis (IKC) has been little 
studied, and data on the lytic activity of bacterio-
phages against clinical isolates of Moraxella spp. 
remain scarce in the scientific literature. 

Thus, studying the antibiotic resistance pro-
files of Moraxella species as IKC causative 
agents in Central Russia and evaluating the po-

tential of bacteriophages for their elimination 
constitute an important scientific and practical 
issue.

The purpose of the study was to characterize 
the antimicrobial resistance profiles and evalu-
ate the bacteriophage susceptibility of clinical 
Moraxella spp. strains isolated from cattle ex-
hibiting signs of infectious keratoconjunctivitis 
in the Central region of Russia.

MATERIAL AND METHODS 

Sampling and objects of study
The study was conducted from April to July 

2025 in the Moscow and Vladimir regions. To 
this end, 35 samples of biological and clinical 
material—specifically conjunctival sac swabs 
collected using standard methods into trans-
port media for bacteriological analysis—were 
obtained from cows (n = 16) and from sheep  
(n = 5) and goats (n = 5) exhibiting clinical signs 
of infectious keratoconjunctivitis.

Isolation and identification of bacteria
Under laboratory conditions, the samples 

were plated on 10% blood agar and incubated at 
37°C for 24 hours. Colonies exhibiting morphol-
ogy characteristic of Moraxella spp. (small, with 
a zone of hemolysis) were selected for further 
analysis.

Identification involved Gram staining and 
biochemical tests (oxidase and catalase). Species 
identity was conclusively confirmed using MAL-
DI-TOF mass spectrometry on a BactoSCREEN 
analyzer (OOO RPC “LYTECH”). Sample 
preparation for analysis was performed accord-
ing to the standard protein extraction protocol.

Antibiotic susceptibility testing
The susceptibility of the isolated strains was 

determined using the disk diffusion method. 
A 100 μL volume of a bacterial suspension equiv-
alent to a turbidity standard of 1 × 10⁸ CFU/ml 
was evenly distributed over the surface of Muel-

1Loy J.D., Brodersen B.W. Moraxella spp. isolated from field outbreaks of infectious bovine keratoconjunctivitis: a retrospective 
study of case submissions from 2010 to 2013 // Journal of Veterinary Diagnostic Investigation, 2014, vol. 26, N 6, pp. 761–768.

2Maboni G., Gressler L.T., Espindola J.P., Tasca C., de Vargas A.C. Differences in the antimicrobial susceptibility profiles of 
Moraxella bovis, M. bovoculi and M. ovis // Brazilian Journal of Microbiology, 2015, vol. 46, N 2, pp. 545–549.
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ler-Hinton agar to create a confluent lawn.
Discs containing the following antibiotics 

were used: penicillin, ampicillin, gentamicin, ci-
profloxacin, erythromycin, kanamycin, sulfadi-
azine, cloxacillin, cephalothin, oxytetracycline, 
and tetracycline. The results were interpreted 
based on the measurement of growth inhibition 
zone diameters in accordance with standard clin-
ical criteria.

Assessment of sensitivity to bacteriophages
The lytic activity of four previously char-

acterized bacteriophages (vB_Mboc_M3; vB_
Mbo_W17; vB_Mbo_R2; vB_Mboc_G9) [15, 
16] against the isolated Moraxella strains was 
evaluated using the spot test method.

RESULTS AND DISCUSSION

The obtained isolates
From 35 samples obtained from 26 animals 

with clinical signs of IBK, two isolates of the 
genus Moraxella—M. bovis and M. bovoculi—
were isolated and identified. All other isolated 
cultures consisted of Gram-negative rods and 
coccobacilli identified via MALDI-TOF; these 
were not the subject of the present study: Staph-
ylococcus, Streptococcus, Pseudomonas spp., 
Klebsiella spp., Acinetobacter spp., Corynebac-
terium spp.

Sensitivity to antimicrobial drugs
The results of the analyses revealed an alarm-

ing level of multidrug resistance in M. bovis and 
M. bovoculi strains isolated within the Russian 
Federation (see Table 1).

Both strains demonstrated complete resis-
tance to most β-lactam antibiotics (penicillin, 
ampicillin, cloxacillin, cephalothin), as well as 
to tetracycline, sulfadiazine, and erythromy-
cin. Ciprofloxacin, kanamycin, and gentamicin 
showed the greatest efficacy.

The observed resistance of Moraxella to 
β-lactams and tetracyclines sharply contrasts 
with the data from other geographic regions. For 
example, in a large retrospective study conduct-
ed in the US from 2010 to 2013, both M. bovis 
and M. bovoculi showed high sensitivity (>95%) 
to ampicillin, penicillin, and oxytetracycline (see 

footnote 1). Similarly, in a study by J.A. Angelos 
et al. among 57 M. bovoculi isolates from Cal-
ifornia, no resistance to ampicillin was found, 
and only 12.3% of the strains were resistant to 
penicillin, while 3.5% were resistant to oxytetra-
cycline3. Research in South America also shows 
significantly lower levels of resistance. For ex-
ample, V. Sosa and P. Zunino found that M. bo-
vis circulating in Uruguay is more resistant to 
cloxacillin (14%) and tetracycline (6%) than M. 
bovoculi (3% and 0%, respectively)4. But these 
figures are far from the 100% resistance shown 
in our work.

Even in the study by G. Maboni et al. in Bra-
zil, where some of the highest rates were noted 
(40% resistance to penicillin and 20% to oxy-
tetracycline in M. bovis), the resistance level 
turned out to be significantly lower (see footnote 
2). It's also worth noting that the high resistance 
to cloxacillin observed in the study by G. Ma-
boni et al. may indicate that Moraxella spp. have 
mechanisms of resistance to penicillinase-stable 
penicillins, which aligns with our findings on 
broad β-lactam resistance.

A similar situation is seen with sulfonamides. 
In our case, the strains were completely resistant 
to sulfadiazine, whereas in the study by J.A. An-

Табл.  1 .  Чувствительность штаммов Mora- 
xella spp. к антибактериальным препаратам
Table 1.  Sensitivity of Moraxella spp. strains to 
antibacterial drugs

Antibiotic M. bovis M. bovoculi

Penicillin R R
Ampicillin R R
Gentamycine I S
Ciprofloxacin S S
Erythromycin R R
Kanamycin S S
Sulfadiazine R R
Cloxacillin R R
Cefalotin R R
Oxytetracycline I R
Tetracycline R R

Note. S – sensitive; I – moderately sensitive (intermediate 
sensitivity); R – resistant.
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gelos et al., resistance to sulfadimethoxine was 
19.3% (see footnote 3). Such a discrepancy may 
reflect intense selective pressure linked to the lo-
cal practice of using antibiotics. As G. Maboni 
et al. suggested, the irrational use of oxytetracy-
cline over many years could have contributed to 
the selection of resistant Moraxella spp. strains. 
High genetic variability within Moraxella spp., 
shown by V. Sosa and P. Zunino (see footnote 
4), provides a basis for the rapid adaptation of 
bacteria and the spread of resistance genes in 
populations.

Unlike resistance to traditional drugs, the 
high effectiveness of fluoroquinolones and ami-
noglycosides in our study fully agrees with inter-
national data. J.D. Loy and B.W. Brodersen, as 
well as J.A. Angelos et al., report almost 100% 
sensitivity of M. bovis and M. bovoculi to fluoro-
quinolones and gentamicin (see notes 1, 3). Sim-
ilarly, in the study by K. Karthik et al., conducted 
in India, the isolated M. bovoculi was sensitive 
to ciprofloxacin and gentamicin [17]. This sug-
gests that these classes of antibiotics still remain 
reliable therapeutic options of choice for treating 
IKC.

Our data indicate that empirical treatment of 
IKC using penicillins and tetracyclines—drugs 
of choice in the farms across Russia’s Central 
region—may prove ineffective, leading to eco-
nomic losses due to a lack of therapeutic re-
sponse and exacerbating animal suffering. It is 
also worth noting the need for antimicrobial sus-
ceptibility testing of circulating clinical strains 
to select appropriate initial therapy.

Sensitivity to bacteriophages
Given the antibiotic resistance we observed 

in clinical Moraxella spp. strains—specifically 
to first-line antibiotics—identifying alternative 
therapeutic strategies has become a priority. In 
this context, phage therapy emerges as a promis-
ing approach for combating IKC caused by mul-
tidrug-resistant (MDR) pathogens.

The results of the study demonstrate the sig-
nificant potential of this approach: three of the 
four bacteriophages investigated showed lytic 
activity against clinical isolates of multidrug-re-
sistant moraxella. Given the differences in the 
mechanisms of action of phages and antibiotics, 
bacteriophages can effectively eliminate even 
those bacteria that have developed resistance to 
traditional drugs. The results are presented in 
Table 2.

The bacteriophages used successfully lysed 
moraxella isolates in vitro. Against M. bovis, 
three of the four phages demonstrated lytic ac-
tivity, whereas against M. bovoculi– only vB_
Mboc_M3 and vB_Mbo_W17.

CONCLUSION 

The study revealed the emergence of M. bo-
vis and M. bovoculi strains exhibiting multidrug 
resistance to most first-line antibiotics, a situa-
tion that differs significantly from that in other 
countries. This trend could make traditional IKC 
treatment plans less effective and will require 
a review of therapeutic approaches, definitely 
taking antibiotic sensitivity data into account. 
Fluoroquinolones and aminoglycosides are still 
effective drugs, but they should be used wisely 
to prevent resistance from developing to these 
classes as well.

Against this background, one promising di-
rection is phage therapy. Our in vitro studies 
have shown that specific bacteriophages can 
effectively lyse multi-resistant Moraxella spp. 
strains. Phages with a broad spectrum of action, 
active against both M. bovis and M. bovoculi, 
are particularly valuable, making them ideal for 
treating mixed infections that are often found in 
the field.

Further research should focus on the molecu-
lar-genetic characterization of resistance mech-
anisms and monitoring their spread in popula-
tions of IKC pathogens.

3Angelos J.A., Ball L.M., Byrne B.A. Minimum inhibitory concentrations of selected antimicrobial agents for Moraxella 
bovoculi associated with infectious bovine keratoconjunctivitis // Journal of Veterinary Diagnostic Investigation, 2011, vol. 23, 
N 3, pp. 552–555.

4Sosa V., Zunino P. Diversity of Moraxella spp. strains recovered from infectious bovine keratoconjunctivitis cases in Uruguay //
Journal of infection in developing countries, 2013, vol. 7, N 11, pp. 819–824.
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Исследованы параметры средней потенциальной плодовитости таймырской популяции 

диких оленей в 1987–2006 гг. Средний взвешенный показатель в данный промежуток мони-
торинга определен в 0,399 плода-самки на одну взрослую самку. Среди репродуктивных по-
колений максимальной потенциальной плодовитостью обладала возрастная группа 6-летних 
самок (0,451 плода-самки на одну взрослую самку), минимальной – молодые 2-летние самки 
(0,117 плода-самки на одну взрослую самку). У этой же возрастной группы выявлены и наибо-
лее высокие значения яловости – 76,1%. В каждый репродуктивный сезон среди всех поколе-
ний взрослых самок таймырских диких оленей встречаются животные, взявшие репродуктив-
ную паузу в размножении (lim 9,87–76,10%). Наибольший суммарный репродуктивный вклад 
в потенциальном размножении зафиксирован среди поколений 3–5-летних животных – 63,7%, 
самых многочисленных групп в  популяции на том мониторинговом интервале. Предельный 
возраст участия в потенциальной репродукции – 15 лет. Результаты исследования свидетель-
ствуют: в период хозяйственного использования охотничьих ресурсов таймырских тундровых 
оленей в  1987–2006  гг. поголовье взрослых самок таймырской популяции еще обладало ве-
сомым репродуктивным потенциалом, покрывая интенсивную промысловую нагрузку и годо-
вую элиминацию от других факторов среды, уравновешивая убыль стабильным размножением. 
Суммарные показатели средней потенциальной плодовитости в весенние периоды составили 
для населения взрослых самок таймырской популяции 79,95 эмбрионов обоих полов на 100 
половозрелых самок при средней яловости 20,1%. В настоящее время таймырская популяция 
диких оленей не обладает подобными высокими показателями потенциальной плодовитости, 
что не позволяет ей поддерживать промысловую численность на достаточно устойчивом уров-
не при существующей промысловой нагрузке на ее охотничьи ресурсы.

Ключевые слова: таймырская популяция, самка, возрастные группы, яловость, размноже-
ние, плодовитость, репродуктивный успех
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numerous groups in the population in that monitoring interval. The maximum age for participation in 
potential reproduction is 15 years. The results of the study show that during the period of economic 
use of the hunting resources of Taimyr tundra reindeer in 1987–2006, the population of adult females 
of the Taimyr population still had significant reproductive potential, covering the intensive commer-
cial load and annual elimination from other environmental factors, balancing the decline with stable 
reproduction. The total indicators of average potential fertility in spring periods for the population of 
adult females of the Taimyr population were 79.95 embryos of both sexes per 100 sexually mature 
females, with an average infertility of 20.1%. Currently, the Taimyr wild reindeer population does not 
have such high rates of potential fertility, which does not allow it to maintain commercial numbers at 
a sufficiently high level given the existing commercial pressure on its hunting resources.

Keywords: Taimyr population, female, age groups, barrenness, reproduction, fertility, reproduc-
tive success
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INTRODUCTION

To effectively manage hunting resources of 
commercial animal populations while ensuring 
their viability, you need accurate information 
on the species' fertility rates across different 
reproductive cycles. In other words, ecological 
monitoring of hunting resources in a managed 
population largely relies on identifying the lev-
els of seasonal and multi-year reproduction and 
how this affects overall population numbers over 
time. Nevertheless, the complexity of the age 
structure of a natural population, the different 
times it takes animals to reach sexual maturity, 
the fact that not all adults of the same genera-
tion participate in reproduction (reproductive 
pauses), the varying lifespans, the timing and 
intensity of commercial exploitation of a par-

ticular natural population, and the selectivity of 
commercial hunting make it impossible to accu-
rately predict reproduction rates and population 
growth in each yearly biological cycle.

It’s worth noting that in practice, the self-re-
covery potential of a species population of 
hoofed animals is most often determined through 
aerial surveys, during which the demographic 
structure of herds, current replenishment, spatial 
cohesion, and the decline or maintenance of lo-
cal group numbers that make up a given natural 
population are identified. Moreover, this kind of 
monitoring needs to be done regularly for com-
mercially valuable species. On the other hand, 
figuring out the exact number of mature females 
and the population of juvenile offspring in a spe-
cific area is only possible roughly, so in many 
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cases, people also rely on extrapolation and ex-
pert estimates [1]. Meanwhile, the Taimyr popu-
lation of wild reindeer belongs to long-exploited 
hunting populations, which have been closely 
monitored for resources for many decades, and a 
lot of empirical data has been gathered on their 
reproduction [2–7].

The goal of the study is to assess the aver-
age potential fertility parameters of Taimyr wild 
reindeer from 1987 to 2006, during the final 
phase of the Soviet planned model of controlled 
hunting and under the market-based model of 
wildlife management that replaced it. At this 
time, both legal and “shadow” fishing pressures 
on the population were steadily increasing. So, 
it's necessary to mark the point where the pop-
ulation's resources are overexploited, which in 
the 21st century is undermined by unsustain-
able commercial fishing, and the population size 
keeps declining, approaching a critical level.

MATERIAL AND METHODS 

The average potential fertility of reproductive 
females of wild reindeer in the Taimyr popula-
tion during periods of intensive use of hunting re-
sources of this commercial population (planned 
and market models of commercial reindeer herd-
ing) was studied based on materials from L.A. 
Kolpashchikov1 and A.M. Shapkin [7]. The total 
number of commercial samples was 1,491 indi-
viduals aged 2 to 15 years.

Fertility is measured by the number of off-
spring per adult female2. During the spring 
migration of animals from their wintering ar-
eas to calving grounds (April–May) within the 
population range of the species on the Taymyr 
Peninsula (northern Central Siberia), scientific 
spring culls were conducted from 1987–1990 
and 1996–2006, during which 1,491 female 

wild reindeer from the spring migration of the 
Taymyr population were examined [7]. Upon 
dissection, pregnant and dry (embryo-free) fe-
males were identified. Each collected specimen 
was assigned an identification number, and its 
lower incisors were removed for subsequent age 
determination. The reproductive success of adult 
females from different age groups was assessed 
based on potential fecundity values.

When calculating the average reproductive 
success of females (before calving) based on the 
collected commercial samples from 1987–2006, 
the sex ratio in these samples between male and 
female fetuses of pregnant females was taken as 
1:13, 4. The proportion of non-pregnant females 
in age groups was calculated using percentag-
es [8], where the number of pregnant and dry 
females (animals without offspring) makes up 
100%, so the infertility will be x% of the number 
of females in that age group.

The average fertility (potential) by age co-
horts during the reproductive seasons was calcu-
lated using G. Koli's2 proposed method with data 
from females older than two years.

The errors of the obtained age-specific fertil-
ity values from these materials (average poten-
tial) were calculated using the formula for the 
standard deviation of the “successes” proportion 
for n trials in a binomial distribution:

D(proportions) = pq / n,                   (1)

where p – probability of success (the chance 
that the female will produce a female offspring),  
q = 1–p – the probability of failure, i.e., the fe-
male won't produce a female offspring; n – sam-
ple size. So, the error (standard deviation) is the 
square root of the variance [9]:

σ D=σ .                         (2)

1Kolpashchikov L.A. Taimyr wild reindeer population: biological foundations for management and sustainable resource use: 
Doctoral Dissertation (Biological Sciences): 11.00.11. Norilsk, 2000, 379 p.

2Caughley G. Analysis of Vertebrate Populations. Moscow: Mir, 1979, 362 p.
3Michurin L.N. Wild reindeer of the Taymyr Peninsula and the rational use of their stocks: Candidate of Science in Biology 

Dissertation / Norilsk, 1964. 227 p.
4Bolshakov V.N., Kubantsev B.S. Sexual structure of mammal populations and its significance. Moscow, Nauka Publ., 1984, 233 p.
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The reproductive contribution for each age 
class of females is found using the formula:

mv = fxmx ,                      (3)

fx – size of the age group; mx – the number of 
females born to each female in the age interval x.

The average potential fertility for sexually 
mature females of different ages in the repro-
ductive cycles of 1987–1990, 1996–1998, and 
1999–2007 for this part of the Taimyr popula-
tion was calculated using a weighted average by 
age according to the Koli2 formula:

....
....

432

432

+++
+++

=
NNN
nnnmw ,           (4)

where n – the number of newborn female off-
spring, N – the number of females of this age.

The individual age of the females was deter-
mined under laboratory conditions based on the 
layered structures of the incisors5, specifically, 
the formed layers of incisor cementum I1, pre-
liminarily decalcified with a 5% nitric acid solu-
tion. Sections of the incisors from females were 
prepared using a domestic MRTU-12 rotary mi-
crotome. To count the annual rings, the samples 
were stained with Ehrlich's hematoxylin. N.F. 
Arsentyeva determined the age of the female 
Taimyr wild reindeer [7].

All observations and the collection of prima-
ry data on the reproductive capabilities of female 
wild reindeer were conducted using standard zo-
ological research methods6.

RESULTS AND DISCUSSION 

The results regarding the average potential 
fecundity of Taimyr wild reindeer during the 
1987–2006 biological cycles are presented in 
the table.

During this period, the Taymyr population 
still possessed a reproductive core of adult fe-
males spanning 14 reproductive generations—
aged 2 to 15 years—that, despite intensive har-

vesting and other elimination factors, managed 
to offset herd losses and maintain the biological 
productivity of the population’s local migratory 
flows at a reasonably stable level. Moreover, 
given the current level of commercial harvest-
ing, animals in the 3- and 4-year-old age groups 
continued to constitute the largest segment of 
the adult female population in the Taymyr herd; 
data from harvest samples collected between 
1987 and 2006 indicate that they accounted for 
43.06% of the total. According to our data, the 
potential reproductive contribution of these two 
age groups to herd replenishment (specifically, 
female offspring) amounted to nearly 45%. To-
gether with the 5-year-old group—which still 
constitutes a significant portion of the popula-
tion—adult females from these three reproduc-
tive classes could produce 63.7% of the poten-
tial offspring.

Young two-year-old females exhibited both 
the lowest potential fecundity—0.117 female 
offspring per female in this age group—and 
the highest rate of barrenness among all age 
groups (76.1%; see table). This indicates that 
the majority of female Taimyr tundra reindeer 
reach sexual maturity in their third year of life 
(only 15.9% of animals in this group showed 
signs of barrenness; see table). The 6-year-old 
age group exhibited the highest average poten-
tial fecundity: 0.451 female fetuses per female. 
This group also recorded the lowest rate of 
barrenness among the cohorts of adult females 
(9.87%), meaning 90.13% of the animals in this 
age group were pregnant. According to the col-
lected data, 6-year-old females accounted for 
10.2% of the population's reproductive core; 
consequently, their reproductive contribution to 
the population's growth is effectively lower than 
that of the more numerous 3–5-year-old female 
cohorts. In other words, after reaching the age of 
six, females exhibit a decline in potential fecun-
dity with each subsequent reproductive year due 

5Klevezal G.A., Kleinenberg S.E. Age determination of mammals by layered structures in teeth and bones. Moscow: Nauka, 
1967, 144 p.

6Novikov G.A. Field studies on the ecology of terrestrial vertebrates. Moscow: Sovetskaya Nauka, 1953, 502 p.
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to fishing and natural mortality resulting from 
various abiotic and biotic environmental factors. 
Furthermore, the survival function decreases 
with age [10]. On the other hand, among old-
er animals (over 10 years of age), females with 
high potential fecundity—ranging from 0.402 to 
0.437 fetuses per adult female [7]—are still en-
countered during certain reproductive seasons; 
this can likely be attributed to favorable summer 
foraging and overwintering conditions for these 
animals. The upper age limit for potential repro-
duction among adult female Taimyr wild rein-
deer is 15 years. However, evidence of actual re-
production has been observed at the age of 16 (in 
a single individual) within the herds comprising 
the population's local migratory groups [7].

Aggregate indicators of average potential fe-
cundity for adult females of the Taymyr popu-
lation during the spring periods of 1987–2006 
amounted to 79.95 embryos (of both sexes) per 
100 sexually mature females, with an average 
barrenness rate of 20.1%. These figures repre-
sent a high reproductive potential for the migra-
tory segments of this natural population, given 
the combined legal and "shadow" harvesting 
pressure on their resources in northern Central 
Siberia. The weighted average potential fecun-
dity was 0.399 female offspring per adult fe-

male. Thus, during that period of exploitation, 
the Taimyr wild reindeer population possessed 
a sufficient number of adult females to main-
tain reproductive rates and preserve an effective 
population size for harvesting. Based on the data 
regarding realized reproduction (aerial survey 
monitoring), the number of young-of-the-year 
offspring in July 1990 was estimated at 75.31 
calves per 100 sexually mature females [7]. The 
average figures for realized reproduction (Au-
gust–October)—accounting for juvenile mor-
tality—during the 2002–2007 period stood at 
59.03 calves of both sexes per 100 adult females 
(lim 49–76).

CONCLUSION

An assessment of the status of the Taimyr 
wild reindeer population—based on the results 
of conducted research—indicates that between 
1987 and 2006, the exploited segments of this 
natural population maintained a reliable level 
of effective recruitment despite existing har-
vest levels: fourteen generations of females of 
various reproductive ages contributed to re-
production. The total number of adult females 
in the herds of this natural population (lim: 
189.8–201.5 thousand) offset the demographic 

Средняя потенциальная плодовитость возрастных классов таймырских тундровых диких северных 
оленей в период 1987–2006 гг. (n = 1491 самка)
Average potential fertility of age classes of the Taimyr tundra wild reindeer in the period 1987–2006  
(n = 1491 females)

Age, years, x Size of the age 
group, fx

Number of 
pregnant, Bx

Number of the offspring 
(mx ± ơ) per female

(Bx / 2fx)

Barrenness
across age
groups, %

Reproductive contribution
of the age group

(offspring-female), (fx) mx

2+

3+

4+

5+

6+

7+

8+

9+

10+ and older

Total

117

327

315

255

152

119

81

45

80

1491

28

275

262

222

137

103

68

36

61

1192

0,117 ± 0,029

0,420 ± 0,027

0,416 ± 0,028

0,435 ± 0,031

0,451 ± 0,040

0,433 ± 0,045

0,420 ± 0,055

0,4 ± 0,073

0,381 ± 0,054

0,399 ± 0,013

76,10

15,90

16,80

12,94

9,87

13,40

16,05

20,00

23,70

20,10

13,70

137,34

131,04

110,93

68,60

51,53

34,02

18,00

30,50

595,61
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consequences of continuous annual commercial 
harvesting. The mean potential fecundity among 
reproductive age classes (animals aged 2 to 15 
years) fluctuated between 0.117 and 0.451 fe-
male fetuses per sexually mature female. The 
potential of the Taymyr population remained in-
tact during the 2006–2007 reproductive season 
as well: monitoring of realized fecundity under 
natural field conditions—conducted within the 
autumn migration flows of animals in the Pya-
sina area—revealed 64 calves of both sexes per 
100 adult females [7]. However, by the summer 
of 2009, the realized fertility rates of the Taymyr 
population had dropped significantly: aerial sur-
veys recorded 54.12 calves per 100 sexually ma-
ture females, while the post-harvest size of the 
reproductive core stood at 165.2 thousand fe-
males. By the summer of 2021, there were only 
15.6 calves per 100 adult females, and the size 
of the population's reproductive core had fallen 
to just 132.9 thousand females [7]. Thus, the 
hunting seasons from 2007–2009 to the present 
can be considered the starting point of overhar-
vesting and excessive, unsustainable pressure on 
the hunting resources of the Taymyr population 
in northern Central Siberia. To conserve the re-
sources of this natural population, the question 
of imposing a total ban on the hunting of Taymyr 
tundra reindeer for all categories of hunters in 
the Yenisei North is now being raised.
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AUTHOR GUIDELINES
The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientific 

community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals 
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for the 
degrees of Doctor or Candidate of Sciences must be published. 

The journal publishes original articles on fundamental and applied issues by the following directions:
general agriculture and crop production;
plant breeding, seed production and biotechnology;
agrochemistry, soil science, plant protection and quarantine;
fodder production;
infectious diseases and animal immunology;
private zootechnics, feeding, technology of feed preparation and production of livestock products;
breeding, selection, genetics, and animal biotechnology;
technologies, machinery and equipment for the agro-industrial complex;
food systems.
The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald  

of Agricultural Science”:

Section name Code and name of the scientific specialty in accordance with the Nomenclature  
of Scientific Specialties, for which academic degrees are awarded

Agriculture and chemicalization 4.1.1.  General agriculture and crop production
4.1.3.  Agrochemistry, soil science, plant protection and quarantine

Plant growing and breeding 4.1.1.  General agriculture and crop production
4.1.2.  Plant breeding, seed production and biotechnology

Plant protection 4.1.3.  Agrochemistry, soil science, plant protection and quarantine

Fodder production
4.1.1.  General agriculture and crop production
4.1.2.  Plant breeding, seed production and biotechnology
4.1.3.  Agrochemistry, soil science, plant protection and quarantine

Zootechnics and veterinary 
medicine

4.2.3.  Infectious diseases and animal immunology
4.2.4.  Private zootechnics, feeding, technology of feed preparation and production of livestock 
products
4.2.5.  Breeding, selection, genetics, and animal biotechnology

Mechanization, automation, 
modelling and dataware 4.3.1.  Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3.  Food systems

Problems. Opinions
Scientific relations
From the history of agricultural 
science
Brief reports
From dissertations  

4.1.1.  General agriculture and crop production
4.1.2.  Plant breeding, seed production and biotechnology
4.1.3.  Agrochemistry, soil science, plant protection and quarantine
4.2.3.  Infectious diseases and animal immunology
4.2.4.  Private zootechnics, feeding, technology of feed preparation and production of livestock 
products
4.2.5.  Breeding, selection, genetics, and animal biotechnology
4.3.1.  Technologies, machinery and equipment for the agro-industrial complex
4.3.3.  Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE
Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:
an article has not been published before in any other journal;
an article is not subject to review in any other journal;
all co-authors agree with the publication of the current version of the article.
Before submitting an article, it is necessary to make sure that the file (files) contains all the information required 

in Russian and English, tables and figures provide the source of the information presented, all references are written 
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES
1. Submission of the article is carried out through the electronic editorial board on the journal’s website https://

sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the 
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board 
will be automatically notified of the receipt of the new manuscript. 

Accompanying documents to the manuscript of an article:
a scanned copy of a letter from the organization confirming authorship and permission to publish (sample cover letter);
a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be expressed 

for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;
a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and sending it 

to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;
author questionnaires in Russian and English (sample author questionnaire);
a scanned copy of your post-graduate school transcript (for full-time postgraduate students).
2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s 

personal account shows the current status of the manuscript. 
3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural 

science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the 
executive secretary. 

ARTICLE DESIGN PROCEDURE
The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm, 

page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and 
bibliography); the articles placed in the sections “From dissertations” and “ Brief reports” should not exceed 7 pages. 

Article design structure: 
UDC 
2.	  Title of an article in Russian and English (no more than 70 characters). 
3. 	 Surnames and initials of the authors, full official name of the scientific institution where the research was con-

ducted in Russian and English. 
If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-

tion of each author to a particular institution using the superscript index. 
4. 	 Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract is 

a brief and consistent presentation of the material of the article on the main sections and should reflect the main content, 
follow the logic of the presentation of the material and description of the results in the article with the provision of specific 
data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution of 
the author; the place of research should be indicated to the district (region), specific organizations should not be mentioned. 

5. 	 Keywords in Russian and English. There should be up to 5–7 words by the topic of the article. It is desirable 
that the keywords support the abstract and the title of the article. 

6.	  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of 
interests, the author should also inform the editor about it. 

Example wording: “The author declares no conflict of interest”. 
7. 	 Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as 

acknowledgements to people who contributed to the article but are not the authors. 
8. 	 The main body of the article. When presenting original experimental data, it is recommended to use subheadings: 
INTRODUCTION (problem statement, goal and tasks of the study) 
MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and 

time of research) 
RESULTS AND DISCUSSION 
CONCLUSION 
REFERENCES. The number of sources must be at least 12. The list of references includes only peer-reviewed 

sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The 
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources 
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for 
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square 
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic 
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is 
unacceptable to abbreviate the names of articles, journals, publishing houses. 
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1.	 If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information 
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by 
page through continuous page numbering. 

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords, 
list of references. 

EXAMPLE OF REFERENCES IN RUSSIAN AND ENGLISH AND FOOTNOTES 
REFERENCES (in Russian): 
Monograph 
Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p. 
Part of a book 
Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture in 

southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp. 230-235. 
Periodical publication 
Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat 

depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. № 4. pp. 27-35. DOI: 
10.26898/0370-8799-2018-4-4. 

REFERENCES (in English): 
References are compiled in the same order as the Russian version, according to the following rules: 
Names and surnames of the authors are given in the established way of transliteration, English title of the article, 

transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of 
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article. 
Transliteration of the authors.  English title of the article. 
Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49–54. 
Transliteration of the source = English name of the source 
Monograph 
Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian). 
Part of a book 
Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture 
in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990, 

pp. 230–235. (In Russian). 
Periodical publication 
Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat 

depending on the system of soil tillage. Sibirskii vestnik sel’skokhozyaistvennoi nauki = Siberian Herald of Agricultural 
Science, 2018, vol. 48, no. 4, pp. 27–35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4. 

FOOTNOTES: 
Quated text1. 
1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia // Problems and 

prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf. 
(Chita, October 16-17 2008). Chita, 2009, pp.36-39. 

Digital Object Identifier – DOI (when the cited material has it) should be indicated at the end of the bibliographic 
reference. 

Example: 
Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize 
(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923. 
The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.

com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS 
The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-

lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only 
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that 
...” or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2. 
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian. 

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or 
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as figures. All tables should have headings. The title of the table should be translated into English. Tables should be 
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered. 
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The 
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the 
table title should be placed after the table title in Russian. 

Photos, screenshots must be uploaded separately as files of the following format*.jpeg files (*.doc and *.docx if the 
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name 
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which 
should correspond to the name of the picture placed in the text. 

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.
Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be 

possible to make changes to them. To avoid confusion, it is necessary to write Greek (α, β, π, etc.), Russian (A, a, B, b, 
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should 
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W1, F1, etc.). 

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR 
The Editorial Board asks the authors to be guided by the above stated rules when preparing the article. 
All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance 

with formal requirements. At this stage the Editorial Board reserves the right to: 
• accept the article for review; 
• return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data; 
• return the article which is designed not according to the journal’s requirements to the author (authors) without 

consideration; 
• reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance. 
Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript. 
All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-

dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in 
accordance with their research profile for reviewing to the members of the Editorial Board. 

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief. 
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication. 

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors 
about the actions planned, the article is removed from the publication waiting list. 

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author. 
The designated author (contact author) is sent the final version of the manuscript accepted for publication, which 

he/she must check. 

REVERSAL OF EDITOR/ REVIEWER’S DECISION 
In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision 

made. In order to do this, the author should: 
• amend the manuscript in compliance with the comments substantiated by reviewers and editors; 
• clearly outline their stance on the issue under question. 
The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due 

to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be 
rectified in the manuscript for it to be accepted for publication. 

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA 
FALSIFICATION DETECTION 

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for 
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on 
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles. 

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL 
In case of error detection that affect understanding of an article but do not distort the results of research, they can 

be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case 
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The 
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the 
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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