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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2025-11-1 Tun crarbu: OpUrHHAIBHAS
VIK 631.5/004.048 Type of article: original

Ilinar¢gopmeHHBbIN M0AX0] K 00pad0TKe JTAHHBIX MOHUTOPUHIA U MOJIEBBIX
onbiToB COHIIA PAH nus peanusanuu ungpoBoro 3emJieeus

x)Kamnukun B.K., [lonuenko A.C., I'oaoxBact K.C.

Cubupckuii ¢hedepanvhviil Hayuuslil yenmp azpoduomexnonoutl Poccutickoll akademuu Hayx
HoBocubupckast ob6nacts, p.im. Kpacnoo6ck, Poccus

()e-mail: vk kalichkin@gmail.com

[pencrasnena koHIeNuUs WIATGOPMEHHOTO MTOAXO/A IS CO3AAHMS MHTEIUICKTYaIbHON CUCTEMBI
IU(pPOBOTo 3eMIICACIHS C UCTIOJIb30BAHUEM COBPEMEHHBIX MH(DOPMALMOHHBIX TeXHONOTui. Onrcana
BO3MOXKHASI apXHTEKTypa IUIaT(GOpMBI, COCTOSIIAs W3 TISATH OJIOKOB, IO3BOJIAIONIAsl COOHMPATh,
XPaHHUTh ¥ aHAIM3UPOBATh JaHHBIC O KITIOUYEBBIX ITapaMeTpax MPUPOAHON CPEAbl U TOCEBOB KYIBTYP,
a Takke oOMeHHMBaThcs MH(MOpPMAIMEH M 3HAHUSMHU C LENBI0 MOBBIIICHHUS TPOU3BOIUTEIBHOCTH
n >pdexkTHBHOCTH pemeHni B 3emuenenuu. [lokazaHa 11e1ecoo0pa3HOCTh CHHEPreTHYECKOTO
UCIIONIb30BaHUs CCHCOPHBIX ceTeld HTepHeTa Bellel, AMCTaHIIMOHHOTO 30HJUPOBAHMSI, MAITUHHOTO
00y4YeHUS 1 aHAJTUTUKH OOJIBIINX JAHHBIX JUIS CO3IaHMUS IPOTHOCTHIECKUX MOJIeIIel, peKOMEHAaIii
U CHCTeM MOIJICPKKH TMPHUHATHs pelieHnid. V370keHbl OCHOBHBIE NPU3HAKKM M UX HapameTphl,
HEOOXOUMBIE Il pa3padOTKU MPEJUKTUBHBIX MOJENCH YpPOXKaHHOCTH CeNbCKOXO3SHCTBEHHBIX
KYJBTYD, @ TAK)XK€ UCIIONIb3yeMbIe JJIsl 3TOW LEJIM OCHOBHBIE METO/bI MAIIMHHOTO 00yuyeHus. Onucan
QITOPUTM pa3padOTKH PEKOMEHJAIUH 10 BBIPAIIMBAHHUIO KYJIBTYP C MOMOIIBIO MOJICIIMPOBAHUS HA
OCHOBE MAIIMHHOTO OOYy4eHHs, KOTOPBIH COCTOMT M3 CO3JaHUs Habopa NaHHBIX, NPEABAPUTEIbHON
00paboOTKN JaHHBIX, OOy4YeHHUs MOAEIM M OLECHKH pe3ynbTaToB. [IpuBeneHa CTPyKTypa CHUCTEMBI
TOZICP’KKH TIPUHATHS PEIICHUH, COCTOAIIAS M3 YETHIPEX OCHOBHBIX KOMIIOHEHTOB: 0a3bl JIaHHBIX,
MoJeNiel U aHAIMTHYECKUX MHCTPYMEHTOB, apXUTEKTYPbI U CETH, MOJIb30BATEIbCKOr0 HHTEpdeiica.
Onwucanbl OCHOBHBIE TIOAXOJAbl W HWHCTPYMEHTBHl MO pa3pabdOTKe WMHUTAIMOHHBIX MOJICIICH.
[TnaropMeHHBIN MOIXO/ peaan3yeTcsi ¢ UCIOIB30BAaHUEM ABYX IOATHUIIOB IUIAT(GOPM: XpaHEHUS U
yhpaBieHHs JaHHBIMU M aHanu3a AaHHBIX. s XpaHeHHs JaHHBIX HCIOJb3YyeTCs pachpeaeicHHas
(haiimosas cucrema Hadoop (HDFS) u apyroe, a Takxke 6a3p1 manueix MySQL, PostgreSQL u mpyroe.
Jiist ananu3a JaHHBIX TPUMEHSIOTCS 1aTGopMbl moTokoBoro ananusa Apache Kafka, Apache Flink,
Apache Storm u ap. Ilpumenenne >Tux 1miar¢opM MO3BOJISET aHAIM3UPOBATH JAHHBIE B PEXHUME
peaJbHOrO BPEMEHHU M 00JerdaeT X OOMEH MEXIy Pa3sHOPOIHBIMU yCTPOMCTBAMH M CHCTEMaMH,
a TakKe oOecreunBaeT HHTErpalmio ¢ IHTepHeTOM Belllei U IMCTaHIIMOHHBIM 30HANPOBAHUEM.

KaroueBble cioBa: mmdpoBoe 3emienenue, IUIATQOPMEHHBIH IOAXON, HayKa O JaHHBIX,
MOHHUTOPHHT, TUCTAaHMOHHOE 30HANpoBanue, MamnHaoe oby4yenue, CIIITP, Apache Kafka

A platform-based approach to processing SFSCA RAS monitoring
and field experiments data for the implementation of digital agriculture

(<) Kalichkin V.K., Donchenko A.S., Golokhvast K.S.

Siberian Federal Scientific Centre of Agro-BioTlechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk Region, Russia

()e-mail: vk kalichkin@gmail.com

The concept of a platform approach for creating an intelligent digital farming system using modern
information technologies is presented. The possible architecture of the platform, consisting of five
blocks, is described, which allows collecting, storing and analyzing data on key parameters of the
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A platform-based approach to processing SFSCA RAS
monitoring and field experiments data for the implementation
of digital agriculture

Kalichkin V.K., Donchenko A.S., Golokhvast K.S.

natural environment and crops, as well as exchanging information and knowledge in order to increase
productivity and efficiency of solutions in agriculture. The expediency of synergetic use of sensor
networks of the Internet of Things, remote sensing, machine learning and big data analytics to create
predictive models, recommendations and decision support systems is shown. The main features
and their parameters necessary for the development of predictive crop yield models are described,
as well as the main machine learning methods used for this purpose. An algorithm for developing
recommendations for growing crops using machine learning-based modeling is described, which
consists of creating a dataset, preprocessing the data, training the model, and evaluating the results. The
structure of the decision support system is presented, consisting of four main components: database,
models and analytical tools, architecture and network, user interface. The main approaches and tools
for developing simulation models are described. The platform approach is implemented using two
subtypes of platforms: data storage and management and data analysis. For data storage, the Hadoop
distributed file system (HDFS), etc., as well as MySQL, PostgreSQL databases, etc. are used. The
data analysis platforms Apache Kafka, Apache Flink, Apache Storm, etc. are used for data analysis.
The use of these platforms allows for real-time data analysis and facilitates their exchange between
heterogeneous devices and systems, as well as provides integration with the Internet of Things and

remote sensing.

Keywords: digital agriculture, platform approach, data science, monitoring, remote sensing,

machine learning, DSS, Apache Kafka

Jost nurupoBanusi: Kanuukun B.K., [Jonuenko A.C., I'onoxeacm K.C. IlnardpopMeHHBIH m0AX01 K 00pabOTKe JaHHBIX MOHU-
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INTRODUCTION

Digital farming is currently understood as
the use of modern environmental monitoring
and data analytics technologies, as well as data-
and knowledge-based solutions, to improve
and optimize the farming systems, enhance the
quality of crop products and increase crop yields,
efficiently manage biotic and abiotic stressors,
and reduce the consumption of non-renewable
resources [1-3]. Key digital technologies for
the development and implementation of smart
farming systems include artificial intelligence
(Al), big data, cloud computing, smart sensors,
the Internet of Things, satellites, and drones
[4-6].

Within the concept of digital, or "smart,"
farming, large volumes of data are collected
from various sources. This data is a valuable
resource that can be used in data-driven services

and decision support systems (DSS). However,
one of the main challenges associated with large
volumes of data is its significant diversity in terms
of format and meaning, as well as the consistency
and compatibility of the technologies, procedures
and protocols used [7-9]. Moreover, various
services and technologies in the smart farming
ecosystem have limited interoperability due to
the lack of standardized methods for integrating
data and systems. These issues create significant
challenges in data exchange, the application of
processing technologies and their integration,
and the provision of various information services
[10, 11].

To address these challenges, a platform-
based approach is being developed — a design
method intended for creating efficient, reliable
and sustainable intelligent systems [12-14].
A platform approach typically takes into

6 Siberian Herald of Agricultural Science ¢ 2025 « 55 « 11
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ITnaropmeHHBIH MOIX0R K 00pabOTKE JAHHBIX MOHHTOPHHTA
u noneBbix onbiToB COHIIA PAH nus peanuzauuu
1(pOBOTO 3eMIICIEITHS

Kamnukun B.K., [lonuenko A.C., Tomoxsact K.C.

account several mandatory requirements for the
integration, processing, and use of information.
These requirements include compatibility,
reliability, scalability, real-time data processing,
security and privacy, and standardized rules
[15, 16].

Processing and analyzing large volumes of
data is a complex task that is gradually shifting
from classic "batch" processing (extract,
transform, and load) to real-time processing. For
example, environmental monitoring has recently
adopted open-source technology in the big data
environment, using a distributed platform for
processing data streams in real time. These
platforms receive datasets from various sensor
systems, as well as data from heterogeneous
automated meteorological systems, regardless
of their type, and send them to the Apache
Kafka topics using the Kafka Connect API for
processing by the Kafka stream processing
engine [17, 18].

An environmental monitoring system
[19] plays a key role in digital agricultural
management, ensuring sustainable agriculture
and helping to address key challenges and
factors affecting productivity. An intelligent
monitoring system is essentially the foundation
of digital agriculture. Not only can it maintain
agricultural productivity with limited resources,
but it also helps monitor climate change,
nutrient and water dynamics in the soil, and
control the development of weeds, pests and
diseases [20, 21].

The purpose of the study is to develop a
conceptual framework for a platform-based
approach to collecting, storing, and analyzing
environmental monitoring and field experiment
data to achieve digital farming objectives.

MATERIAL AND METHODS

The research methodology was based on
an interdisciplinary approach, embodied in
the principles of objectivity and systematicity.
The following information processing methods
were used during the study: content analysis,

abstract-logical analysis, generalization, and
conceptualization.

To develop a platform approach for creating
an intelligent system, an analytical review of
scientific publications in the bibliographic
databases Web of Science, Scopus, Science
Direct, Springer Link, Google Scholar,
Elibrary.ru, and CyberLeninka was conducted,
describing both the theoretical principles and
functional capabilities, as well as the results of
the practical application of modern approaches
in data science. Methods for collecting, storing,
and analyzing data to support decision-making
in agriculture were analyzed. The analysis also
included a review of open-source information on
tools in this field available online.

RESULTS AND DISCUSSION

The Digital Agriculture Management System
(DAMS) is a data- and knowledge-based
decision support system that integrates the
following main blocks:

— technologies for in situ monitoring and
remote sensing of crops and natural objects;

— machine learning algorithms and intelligent
analysis of monitoring results and long-term
field experiments;

— modeling of spatial objects and land
classification using GIS;

— web platforms with publicly accessible
real-time databases;

— modules for planning and supporting
agricultural technologies;

—assessment ofthe impact on the sustainability
and economics of crop production [22].

DAMS is based on ground-based, proximal
and remote monitoring of soil, air and crops,
carried out using a variety of sensors (invasive
and portable) and digital images obtained from
unmanned aerial vehicles (UAVs) or satellites
at regular intervals, as well as from external
databases, such as weather and climate [23].
Data collected from various sources, including
long-term field experiments, are compiled on
a specialized platform of the Siberian Federal

3emiieienue U XUMH3aIvs
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A platform-based approach to processing SFSCA RAS
monitoring and field experiments data for the implementation
of digital agriculture

Kalichkin V.K., Donchenko A.S., Golokhvast K.S.

Scientific Centre of Agro-Bio-Technologies
of the Russian Academy of Sciences (SFSCA
RAS) (see Fig. 1).

The platform approach concept is a design
method for data processing that will enable
researchers to have a standard and reliable
solution for collecting, storing, analyzing, and
sharing information and knowledge to improve
the productivity and efficiency of digital farming
solutions.

The platform structure includes the following
blocks: data collection, data processing and
quality monitoring, modeling and predictive
analytics, crop cultivation recommendations,
DSS.

Data  collection. The  selection of
representative features and the collection of
data on their parameters are crucial for their
intelligent analysis. Most often, various types
of agricultural models use the features that
reflect the agrometeorological resources of the
area during the growing season or year, soil
characteristics, crop conditions at different
stages of plant growth, and the management
actions applied to crops.

The ‘“‘agrometeorological resource” feature
group contains weather information collected
using field weather stations and includes data on
air and soil temperature, air and soil humidity,
wind speed and direction, precipitation amount,

and temperature fluctuations. Weather data can
also be used from various sources, such as digital
global databases of meteorological parameters.
An example is the online resource "Weather
and Climate" (http://www.pogodaiklimat.ru), a
Russian climate database containing a long-term
weather archive from around the world.

The group of features “soil” includes the
following variables: soil type and structure of
the soil cover, occurrence in relief, location as a
geographic object, pH value, nutrients (nitrogen,
phosphorus, potassium, magnesium, sulfur,
zinc, boron, calcium, manganese), soil moisture,
structural state, etc. Soil information is obtained
by digitizing paper soil maps, using remote
sensing data from satellites and UAVs, and
using agrochemical surveys or sensor systems.
Validation of these variables is achieved through
agrochemical and agrophysical laboratory
analysis.

The "crop condition" feature group contains
information about the crop: biomass, growth
during cultivation, stand density, projective
cover, and other parameters, determined through
field surveys and vegetation indices (VI). The
NDVIis commonly used, calculated based on the
two most stable (independent of other factors)
sections of the vegetation's spectral reflectance
curve. In the red region of the spectrum (0.6—
0.7 um) lies the maximum absorption of solar
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radiation by plant chlorophyll, and in the infrared
region (0.7-1.0 um) lies the region of maximum
reflection of leaf cellular structures. The
relationship between these indicators allows for
a clear distinction between vegetation and other
natural objects and analysis of its condition. This
group also includes other VIs that indicate crop
health, such as leaf area index, nitrogen status
of plants, and the development of diseases and
pests.

In the group of features “control actions” the
data on crop yields (time series) obtained in the
field experiments are used, as well as data on
the phytosanitary and agrochemical condition
of the soil and crops, crop rotation over time
on the site, the use of fertilizers and plant
protection products (pesticides), soil cultivation
methods, sowing dates and parameters of other
agrotechnical indicators.

Data processing and quality monitoring.
The data collected from various sources is
typically presented in different formats, which
are incompatible for storage in a single database.
Furthermore, some of this data may contain
incomplete data, missing values, outliers,
and outliers. To address these issues, various
preprocessing methods must be used during the
data preparation stage. These methods include
standardizing data according to a specified
format, identifying and removing duplicate data,
eliminating gaps in generated data, and validating
data sources and content. These methods help
ensure data consistency, completeness, and
accuracy.

The key goal of data processing and
monitoring is to achieve balance to reduce class
bias, perform data transformations, and remove
irrelevant features. Various feature selection
methods have been developed, such as filter-
based feature selection and wrapper-based feature
selection [24]. In predictive analytics, features
and their variables are also evaluated using
various statistical criteria, such as information
gain assessment, information gain coefficient,
Gini coefficient reduction, variance analysis,

x-square, Relief F algorithm (an algorithm for
selecting features of rank importance), principal
component analysis, etc.

Furthermore, data quality assurance is also
an important task. A large number of tools have
been developed for this purpose. For example,
in [25], the authors identified 667 such software
tools. For a detailed study, the authors selected
13 tools (8 commercial and 5 open source) that
provide functions such as data profiling, data
quality assessment using metrics, and automated
data quality monitoring. Based on their analysis,
they found that these tools are widely used in
research, but none of them fully implement
the functions listed above. Therefore, it can be
concluded that data quality monitoring tasks in
global data science are still underdeveloped.

Modeling and predictive analytics. Modeling
is the study of natural objects using their models.
This involves constructing and studying models
of real-life objects and phenomena (living
and nonliving systems, various processes—
physical, chemical, biological, social), studying
constructed objects and systems to determine
and refine their characteristics, rationalize their
creation methods, etc. There are several types of
modeling:

—subject: the model reproduces the geometric,
physical, dynamic or functional characteristics
of the object;

— analog: the model and the original are
described by a single mathematical relationship;

—symbolic: diagrams, drawings, and formulas
act as models;

—model experiment: it is not the object that is
being studied, but its model.

In digital agriculture, modeling is a
fundamental paradigm. Modeling technology is
a comprehensive method for predicting possible
outcomes or assessing the consequences of
decisions by creating computer models of
complex systems and simulating their behavior,
as well as the processes of possible changes in
the systems.
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In recent years, simulation modeling has
become widespread as the most promising
direction [26]. Approaches to the development
of simulation models of systems can be divided
into the following groups:

— programming the model using universal
languages, such as Java, JavaScript, Python,
C++, C#, R, etc. The dynamics of the system are
described by equations that are coded into the
program, then the equations are calculated and
the relationship between the output values and
the input values is established;

— creating a model using specialized
modeling languages, such as GPSS, SIMULA,
SIMSCRIPT, MIMIC, CSMP/360, etc. The
dynamics of the system are reflected by the
interaction of the model elements in time and
space;

— conducting simulation experiments using
specialized software products, such as Aimsun,
AnyLogic, Arena, AutoMod, GPSS World,
VisSim, MvStudium, etc. The simulation
environment provides the ability to visualize the
simulation process, allows for scenario analysis,
and the search for optimal solutions;

— integrating of simulation tools into standard
mathematical computer systems, such as the
Simulink package, Matlab, Mathcad, and
Mathematica. These software environments
provide tools for working with formulas,
numbers, graphs, and text, as well as for
managing variables and data input and output.

Various CASE (Computer-Aided Software
Engineering) tools are also used for business
process modeling, database design, code
generation, and documentation. These tools are
a set of software tools that automate software
development and maintenance processes [27].

In predictive analytics, there are currently
two main approaches used to forecast crop
yields, as well as other objects and processes.
The first approach uses mathematical models
called process models or crop growth models
(mechanistic models). These models can be
used to represent a variety of interactions

between plant physiological processes and
the environment to assess biomass production
potential and provide an abstract understanding
of the dynamic behavior of physiological stages
ofplantdevelopment. Despite their effectiveness,
such models are typically too expensive and
labor-intensive, making them impractical for
large-scale applications in agriculture.

The second approach uses data-driven
models. This approach, sometimes called
empirical, is comparatively easier to use than
crop growth models. It considers crop yield
data over several years, obtained through field
experiments or remote sensing. Based on these
data, a set of traits most likely to influence yield
is identified. Taking these effective traits as
independent and yield as the dependent variable,
various forecasting modeling options are applied.
These methods are relatively less expensive
and easier to implement, and they require no
prior information on the various physiological
processes involved in plant growth.

Currently, the second approach utilizes
various machine learning (ML) algorithms,
a subfield of artificial intelligence. ML is a
scientific technology that enables computers to
learn and improve, either independently or with
minimal human intervention, by processing
data obtained through interaction with the real
world. It incorporates adaptive mechanisms that
enable learning from examples and experience
and demonstrates the ability to automate the
construction of analytical models.

Predictive analytics is performed by two
types of models: machine learning (ML) models
and deep learning (DL) models. ML models
typically use the following algorithms: Decision
Trees — DT), Support Vector Machines — SVM,
Markov chain correlation — MCC, K-Nearest
Neighbors — KNN), Random Forest — RF, Naive
Bayes classifier — NB, Gradient Boosting —
GB, Adaptive Boosting — AdaBoost, eXtreme
Gradient Boosting — XGBoost, Artificial Neural
Network — ANN, Regression Models — RM, etc.
DL models use Convolutional Neural Network

10  Siberian Herald of Agricultural Science * 2025 « 55 « 11

Agriculture and chemicalization



ITnaropmeHHBIH MOIX0R K 00pabOTKE JAHHBIX MOHHTOPHHTA
u noneBbix onbiToB COHIIA PAH nus peanuzauuu
1(pOBOTO 3eMIICIEITHS

Kamnukun B.K., [lonuenko A.C., Tomoxsact K.C.

— CNN, Recurrent Neural Network — RNN,
Deep Neural Networks — DNN, Spiking Neural
Network — SNN, Long-Short Term Memory —
LSTM, etc. [28].

Recommendations for growing crops. Crop
recommendation can be generated using ML-
based modeling and consists of four steps:
dataset creation, data preprocessing, model
training, and result evaluation.

The sequence of operations when creating a
model are:

— data collection: current data on weather
conditions, soil properties, vegetation indices,
management effects, and historical crop yield
data are used; cleaning: all errors and noise in
the data are removed, and categorical data are
converted to numerical form; normalization: the
data is scaled so that all characteristics contribute
equally to the model;

— feature selection and extraction: the most
important (relevant) features of the data are
identified to aid in forecasting, and new features
can be created based on existing data;

— splitting data into training and test sets;

— training the model using ML algorithms
(e.g. RF or XGBoost);

— evaluation of the performance indicators
of the forecasting model (for example, RMSE,
MAE, R2, F1-Score, etc.);

—retraining test using performance evaluation
parameters on the test dataset.

Determining the best model for predicting
crop yields using ML with an appropriate set of
features and characteristics of their parameters
provides the opportunity to develop specific
recommendations for crop cultivation.

Decision support systems (DSS). The decision
support system consists of four main components
[29]: a database, a model and analytical tools,
a DSS architecture and network, and a user
interface (see Fig. 2).

A DSS database is a collection of current
and historical structured data from multiple
sources, organized for easy access and analysis.
This data component can be expanded to

include knowledge in the form of rules. Large
databases in DSS are often referred to as
data warehouses. DSS typically utilizes data
extracted from all relevant internal and external
databases. Information management often refers
to database management. Management decision
support refers to the use of computerized tools
to make sense of structured data or documents
in a database.

In model-based DSS, mathematical and
analytical models are the core component. Such
DSSs have a specific set of goals, so selecting
the appropriate models is a key design issue.
Furthermore, the software used to create these
models must manage the required data and user
interface. In model-based DSS, the values of key
variables or parameters are repeatedly modified
to reflect potential changes in monitoring data.
This requires continuous model updating.
Knowledge-based DSS uses specialized models,
such as ML methods, to process rules or identify
relationships in data.

The DSS architecture and network define
how the hardware and software are organized,
how data is distributed within the system, and
how the system components are integrated and
connected. The DSS, ifnot forinternal use, should
be accessible via a web browser on the internet
via mobile devices. It's important to consider not
only technical issues, but also security concerns
related to DSS architecture, networks, and the
Internet. Network technologies and modern,
accessible network platforms can become key
drivers of DSS.

The user interface is the most important
component. Tools for creating it are sometimes
called DSS generators. Much of the design and
development effort for a DSS should be focused
on creating the user interface. With the massive
growth of mobile devices, DSS user interfaces
must be adaptable to search for input and deliver
results on traditional computer screens as well
as on a variety of mobile devices. In some cases,
this device support may even extend to wearable
devices.
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To implement a platform approach to
building intelligent systems, two subtypes of
platforms are typically used: data storage and
management, and data analytics. A data storage
and management platform is integrated software
and hardware for collecting, prioritizing, and
managing data, while a data analytics platform
is a platform used to perform data analysis to
extract valuable information.

The most common platform for storing data
is the Hadoop distributed file system (HDFS),
but Amazon, Web Services, Google Cloud,
PostGIS, and others are also used. The following
databases are also used: MySQL, PostgreSQL,
Google Cloud, Microsoft Access, Microsoft
SQL, ArcGIS, and others.

Streaming data analysis platforms include
Apache Kafka, Apache Spark, Apache Flink,

Models
Database and analytical tools
—data o
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—rules — models

\/

Architecture and network

— architecture
— network
—web server
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— mainframe

A

User interface

— dialogue box

— menu

— diagrams, graphs
—web browser

A
\4

User

Puc. 2. O6mast CTpyKTypa CUCTEMBI OAJCPKKH
NPUHATHS PELICHUH

Fig. 2. General structure of the decision support
system

Apache Storm, Amazon Web Services (AWS),
Google Cloud, QGIS, and others.

The most widely used software is WEKA
(Waikato Environment for Knowledge Analysis),
which specializes in data mining tasks. ArcGIS,
Orion Context Broker (OCB), MATLAB, and
Pix4Dmapper are also used. These programs
typically include a set of visualization tools
and algorithms for data analysis and predictive
modeling, as well as graphical user interfaces
for easy access to these functions.

The goal of data analysis is to solve problems
based on the data collected and the stated
objectives. For example, classification indicates
whether something will happen, while regression
predicts the likelihood of something happening.
Multiclass classification is typically the most
common data analysis task. Other methods used
include binary classification, anomaly detection,
clustering, forecasting, and regression.

The following four types of data analysis are
used in the Data Science system:

— descriptive analytics is applied to historical
data to answer the question "what happened".
Used to create reports, summaries and data
visualizations, it allows you to identify key
performance indicators of any activity, identify
key trends and anomalies, and also provides
the opportunity to get a clear understanding of
previous events and trends;

— diagnostic analytics 1s performed by
analyzing historical data and data structures to
answer the question "why something happened."
For example, data analysis may reveal that crop
yield losses are related to weather conditions
during the growing season, disease development,
or violations of agricultural regulations.
Additionally, cause-and-effect analysis can
be used to understand which specific factors
influence yield;

— predictive analytics is used to transform
raw data into valuable information to make
predictions about the future or gather information
about unknown events and answer "what will
happen" questions. An example would be
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creating a predictive model for weed growth
in agricultural crops based on spring weather,
precursor crops, and the use of agrochemicals in
agricultural technology;

— prescriptive analytics is used during system
development to provide end users with forecasts
and then suggest behavioral recommendations.
This type of analytics helps answer the question
"what to do." An example of this is a decision
support system (DSS), which enables decision
makers to determine, for example, a revenue-
maximizing strategy.

The technical and technological support of the
platform for creating intelligent systems consists
of sensors, an Internet of Things platform,
wireless communication technologies, Internet
of Things protocols, a cloud platform [30-33],
as well as Earth remote sensing (ERS) data.

Sensors play a vital role in monitoring
systems, as they act as converters between real-
world signals and their digital representations.
Various classes of sensors are used, including
location and orientation sensors; optical sensors,
which measure soil and plant properties in
various wavelength ranges; electrochemical
sensors, which provide information on soil
pH and nutrient content; mechanical sensors,
which provide information on soil compaction;
dielectric/electromagnetic soil moisture
sensors; airflow sensors, which measure soil
permeability; photosynthetically active radiation
(PAR) sensors, etc. Weather and environmental
sensors provide real-time weather data,
including temperature, humidity, wind speed,
and precipitation. These sensors also measure
environmental parameters such as atmospheric
pressure and solar radiation. They are essential
for forecasting and managing weather-related
risks.

Low power consumption, compatibility of
data transmission between the microcontroller
and the sensor, accuracy, repeatability,
sensitivity and reliability are the main factors
when choosing a sensor for use in a monitoring
system [34].

The Internet of Things is being developed
using multi-tier architectures capable of
connecting an unlimited number of devices with
each other and with existing services. The basic
IoT model has a three-tier architecture consisting
of the sensing, network, and application layers.
IoT sensor platforms consist of a sensor node,
including sensors, a power source, energy storage
devices, actuators, a main control board or data
processing unit, and structural components.
These structural components determine the
placement of the sensor node in the field. There
are two main types of [oT platforms available for
environmental monitoring. Stationary platforms
can collect continuous telemetry data related to
a single plant or an entire crop within a field.
The main advantage of stationary IoT is the
high temporal resolution of the data. Mobile IoT
platforms can collect data over a specific area
and with high spatial resolution, but with limited
temporal resolution.

Selecting an IoT platform and main control
board is a crucial step in system design. The
motherboard must support the communication
protocols and power requirements (e.g., voltage)
of the sensors and actuators. Voltage converters
and communication protocol converters are often
required to interface the sensors with the main
control board. Motherboards support various
types of digital memory. Volatile memory stores
instructions and data for the currently running
program until power is applied and impacts
system performance. Larger volatile memory
is required for IoT nodes with large volumes of
data generated by sensors such as RGB cameras
or spectral sensors mounted on UAVs. Common
[IoT boards have integrated/supported radio
modules. Low-power networks are of particular
interest.

Wireless data transmission is a key function
of the Internet of Things (IoT) system. To design
a successful system, it is important to understand
the factors that influence signal strength,
interference, system design, bandwidth, and
transmission range. The received power of a
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wireless data transmission under line-of-sight
conditions in a signal-free zone depends on the
transmitter power, the gain of the transmitter
and receiver antennas, the distance between the
transmitter and receiver, and the wavelength of
the radio signal. LPWA technologies such as
LoRa and NB-IoT, operating at 900 MHz, are
recommended for applications where long-range
communication and low power consumption
are important. Bluetooth and Wi-Fi, operating
at 2.4-5.0 GHz, are recommended for short-
range data transmission and are characterized by
high power consumption and susceptibility to
interference.

IoT protocols are data transmission standards
that enable communication between endpoints
and services, with the Internet serving as the
underlying network. 10T protocols are broadly
divided into two main groups: data protocols and
network protocols. Data protocols correspond to
the application layer, while network protocols
correspond to the perception layer of the
IoT network. IoT network protocols include
LoRaWAN, Wi-Fi, Zigbee, and Bluetooth.

The cloud is an integral part of any IloT
system. Data collected by individual sensors
becomes more useful when connected to other
relevant sensors. Cloud services provided to
users are divided into three main classes based
on the services offered: infrastructure as a
service (laaS), platform as a service (PaaS),
and software as a service (SaaS). A typical
cloud architecture has nine layers: network,
storage, server, virtualization, operating system,
middleware, runtime, data, and applications.

Currently, there are various remote sensing
platforms, including satellite and unmanned
aerial vehicles, that can be used to collect
data with different spatial, temporal, and
spectral resolutions [35]. The most appropriate
resolutions depend on many factors, including
the objectives of analysis and management,

crops and their growth stages, field size, etc.
For example, for crop emergence detection, it is
better to use data with a high spatial resolution
(< 0.1 m), while for yield assessment, data with
a wider range of resolutions — 1-10 m — can be
used. Multispectral imagery allows for assessing
crop conditions that visible (RGB) images
cannot detect, while thermal imagery is useful
for detecting pest infestations, soil moisture, and
water stress in plants. Unlike visible and infrared
(IR)-based remote sensing, microwaves are less
susceptible to atmospheric attenuation and can
determine the biophysical properties of crops and
soil under any day or night conditions. Remote
sensing data is used in specific applications,
such as assessing soil properties and moisture,
forecasting crop yields, controlling diseases and
pests, detecting weeds, etc.

The most important technology in the
platform being developed should be the ability
to process streaming data, which forms the
logic of data operations and helps create
computational and predictive models. Software
for processing real-time data streams is typically
developed in Event Processing Language (EPL).
The processing engine provides high-level
programming models with built-in functions for
event filtering, correlation, and abstraction (e.g.,
Kafka, Flink, Storm, Samza). Stream processing
performs computational operations such as
averaging, pattern matching, event prediction,
event filtering, correlation, and abstraction based
on input data streams or a dataset. The insights
gained from the analyzed data are used in user
applications.

The Event Processing Language (EPL) is
also used to define the templates and logic
of forecasting models, specifying parameter
thresholds, formulas, including temporal
relationships, aggregation, index models, and
event correlations. The classification of event
templates used in the inference engine is as
follows!:

'Clemente P.J., Lozano-Tello A. Model driven development applied to complex event processing for near real-time open data //

Sensors. 2018. Vol. 18. N 12. P. 4125. DOI: 10.3390/s18124125.
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— the selection pattern is used to detect a
simple event;

— window data - to allocate windows in the
data stream to limit the scope of action;

— time sequence of events — to indicate the
time sequence of events;

— pattern combinations — to combine multiple
patterns using logical operators (AND, OR,
NOT, etc.) with time connectors (while or until).

For real-time streaming data analysis, it's
advisable to use a platform such as Apache
Kafka. This open-source, distributed streaming
event processing engine (https://kafka.apache.
org/) is available as an laaS (infrastructure as
a service) and is used to analyze data streams
using filters, aggregations, and combining
windowed data sets based on various predefined
templates to generate predictive inferences. A
stream processing engine processes sensor data
streams or other data sets in real time, identifying
patterns in incoming data and matching them
against a pre-defined threshold for predictive
analysis? [36, 37].

This platform processes and analyzes
streaming data using Kafka-centric data
pipelines, which reliably transfer data between
disparate systems or applications using the
Kafka Connect API. Kafka also uses KSQL, a
streaming SQL engine for Kafka, allowing for
persistent queries in real time without storing the
data stream in a database.

Apache Kafka can run as a cluster on a local
server or in a cloud environment, with each
user connecting to the cluster via the Katka
Connector API and processing data using stream
processors. The cluster stores streams of data
records in categories called topics. Each record
consists of a key, a value, and a timestamp. The
Kafka stream processing engine consumes an
input stream from available topics, producing
an output stream for one or more output topics,
effectively transforming input streams into
output streams.

Apache Kafka's application in the context of
environmental monitoring and management is
as a centralized messaging system, facilitating
messaging between disparate devices and
systems. Stream processing of heterogeneous
data is performed using the Kafka API. This
decouples data from system dependencies,
enabling seamless integration of existing data
analysis systems with new ones and use with the
Internet of Things platform.

It should be noted that the digital platform
concept described in this paper is a complex of
software platforms, i.e., extensible codebases that
provide functionality supplemented by modular
services. Each modular service is a software
subsystem that can extend the functionality of
the digital platform. These additions enable
the use of standardized interfaces, such as
application programming interfaces (APIs),
to integrate new modules. The standardized
integration process and modular architecture of
software platforms minimize interdependencies
between modules and facilitate the development
of network externalities.

CONCLUSION

To implement the digital farming paradigm
based on environmental monitoring using field
experiment data obtained at the SFSCA RAS
stations, it seems necessary to implement a
platform approach currently being developed in
Data Science.

The conceptual basis of the architecture of
the platform for designing intelligent digital
farming systems consists of five blocks:
data collection, data processing and quality
monitoring, modeling and predictive analytics,
recommendations for crop cultivation, and DSS.

The platform approach is based on three core
components that perform different functions: an
infrastructure system is required to support the
entire platform; a sensor and communication

*Hiraman B.R., Viresh C.M., Abhijeet K.C. A study of apache kafka in big data stream processing // International Conference on
Information, Communication, Engineering and Technology (ICICET). IEEE. 2018. P. 1-3. DOI: 10.1109/ICICET.2018.8533771.
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system 1is responsible for collecting and
transmitting data; and a modeling component
manages the data and facilitates decision
making. These components interact with each
other to ensure the platform's secure and reliable
operation.

The technical and technological support for
the platform approach is based on the use of
sensors, an Internet of Things platform, wireless
communication technologies and data transfer
protocols, a cloud platform, and Earth remote
sensing data. Platform layers include the data
entering the platform, software for collecting and
storing the data, and computational algorithms
for building models. The technologies that power
the platform include big data, machine learning,
and cloud-based streaming computing, which
enable processing of the data collected on the
platform. Machine learning methods are used to
generate recommendations and forecasts.

The development of a digital platform and the
implementation of a platform-based approach
at SFSCA RAS will facilitate the integration,
processing, and use of data obtained through
environmental monitoring technologies and
field experiments. A platform-based approach
and maintaining data relevance throughout
the processing lifecycle can address various
challenges not only in digital agriculture but also
in other disciplines of agricultural science.

Given the large volume and complexity of
data, computing technologies are increasingly
required at all stages—from data collection to
application development—to perform the tasks
that exceed human capabilities. The integration
of modern information technologies on a single
platform aligns with the recommendations of
world-class data science.

CIIMCOK JIUTEPATYPbI

1. Gebresenbet G., Bosona T., Patterson D., Pers-
son H., Fischer B., Mandaluniz N., Chiri-
ci G., Zacepins A., Komasilovs V., Pitu-
lac T., Nasirahmadi A. A concept for application
of integrated digital technologies to enhance fu-
ture smart agricultural systems // Smart agricul-

tural technology. 2023. Vol. 5. P. 100255. DOI:
10.1016/j.atech.2023.100255.

Finger R. Digital innovations for sustainable
and resilient agricultural systems // Europe-
an Review of Agricultural Economics. 2023.
Vol. 50. N 4. P. 1277-1309. DOI: 10.1093/erae/
jbad021.

Akkem Y., Biswas S.K., Varanasi A. Smart far-
ming using artificial intelligence: A review // En-
gineering Applications of Artificial Intelligence.
2023. Vol. 120. P. 105899. DOI: 10.1016/j.en-
gappai.2023.105899.

Kalyani Y, Collier R. A Systematic Survey on
the Role of Cloud, Fog, and Edge Computing
Combination in Smart Agriculture // Sensors.
2021. Vol. 21. Is. 17. P. 5922. DOI: 10.3390/
$21175922.

Fuentes-Periailillo F.,, Gutter K., Vega R., Sil-
va G.C. Transformative technologies in digi-
tal agriculture: Leveraging Internet of Things,
remote sensing, and artificial intelligence for
smart crop management // Journal of Sensor and
Actuator Networks. 2024. Vol. 13. N 4. P. 39.
DOI: 10.3390/jsan13040039.

Mansoor S., Igbal S., Popescu S.M., Kim S.L.,
Chung Y.S., Baek J-H. Integration of smart sen-
sors and IOT in precision agriculture: trends,
challenges and future prospectives // Frontiers in
Plant Science. 2025. Vol. 16. P. 1587869. DOI:
10.3389/1pls.2025.1587869.

Silva J.V., Van Heerwaarden J.,Reidsma P. Big
data, small explanatory and predictive power:
Lessons from random forest modeling of on-
farm yield variability and implications for da-
ta-driven agronomy // Field Crops Research.
2023. Vol. 302. P. 109063. DOI: 10.1016/j.
fcr.2023.109063.

Indira P, Arafat LS., Karthikeyan R., Selvara-
jan S., Balachandran PK. Fabrication and in-
vestigation of agricultural monitoring system
with IoT & AI // SN Applied Sciences. 2023.
Vol. 5. N 12. P. 322. DOI: 10.1007/s42452-023-
05526-1.

Eze VH.U., Eze E.C., Alaneme G.U., Bubu PE.,
Nnadi E.O.E., Okon M.B. Integrating IoT sen-
sors and machine learning for sustainable preci-
sion agroecology: enhancing crop resilience and
resource efficiency through data-driven strate-

16  Siberian Herald of Agricultural Science * 2025 « 55 « 11

Agriculture and chemicalization



ITnaropmeHHBIH MOIX0R K 00pabOTKE JAHHBIX MOHHTOPHHTA
u noneBbix onbiToB COHIIA PAH nus peanuzauuu
1(pOBOTO 3eMIICIEITHS

Kamnukun B.K., [lonuenko A.C., Tomoxsact K.C.

10.

11.

12.

13.

14.

15.

16.

17.

gies, challenges, and future prospects // Disco-
ver Agriculture. 2025. Vol. 3. N 1. P. 1-34. DOLI:
10.1007/s44279-025-00247-y.

Gebresenbet G., Bosona T., Patterson D.,
Persson H., Fischer B., Mandaluniz N., Chiri-
ci G., Zacepins A., Pitulac T., Nasirahmadi A.
A concept for application of integrated digital
technologies to enhance future smart agricul-
tural systems // Smart agricultural technology.
2023. Vol. 5. P. 100255. DOI: 10.1016/j.at-
ech.2023.100255.

Dibbern T., Romani L.A.S., Massruha S.M.F.S.
Main drivers and barriers to the adoption of Digi-
tal Agriculture technologies // Smart Agricul-
tural Technology. 2024. Vol. 8. P. 100459. DOI:
10.1016/j.atech.2024.100459.

Almalki FA., Soufiene B.O., Alsamhi S.H.,
Sakli H. A Low-Cost Platform for Environmen-
tal Smart Farming Monitoring System Based on
IoT and UAVs // Sustainability. 2021. Vol. 13.
N 11. P. 5908. DOI: 10.3390/sul3115908.
Chkarat H., Abid T, Sauvée L. Conditions for
a Convergence between Digital Platforms and
Sustainability in Agriculture // Sustainability.
2023. Vol. 15. N 19. P. 14195. DOI: 10.3390/
sul51914195.

Chimenti G., Hagberg J., Araujo L. Platforms, in-
frastructures and the Futures of market society //
Journal of Business Research. 2025. Vol. 189.
P. 115167. DOI: 10.1016/j.jbusres.2024.115167.
Ahmed N., Shakoor N. Advancing agriculture
through loT, Big Data, and Al: a review of smart
technologies enabling sustainability // Smart Ag-
ricultural Technology. 2025. Vol. 10. P. 100848.
DOI: 10.1016/j.atech.2025.100848.

AbouZaid A., Barclay PJ., Chrysoulas C., Pit-
ropakis N. Building a modern data platform
based on the data lakehouse architecture and
cloud-native ecosystem // Discover Applied
Sciences. 2025. Vol. 7. P. 166. DOI: 10.1007/
$42452-025-06545-w.

Akanbi A. Estemd: A distributed proces-
sing framework for environmental monitor-
ing based on apache kafka streaming engine //
Proceedings of the 4th international confer-
ence on big data research. 2020. P. 18-25. DOI:
10.1145/3445945.3445949.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Lalaoui I.L., El Haji E., Kounaidi M. The Evo-
lution and Challenges of Real-Time Big Data:
A Review // Computer Sciences & Mathematics
Forum. 2025. Vol. 10. N 1. P. 11. DOI: 10.3390/
cmsf2025010011.

Fascista A. Toward Integrated Large-Scale En-
vironmental Monitoring Using WSN/UAV/
Crowdsensing: A Review of Applications, Sig-
nal Processing, and Future Perspectives // Sen-
sors. 2022. Vol. 22. N 5. P. 824. DOI: 10.3390/
$22051824.

Ullo S.L., Sinha G.R. Advances in [oT and Smart
Sensors for Remote Sensing and Agriculture
Applications // Remote Sensing. 2021. Vol. 13.
N 13. P. 2585. DOI: 10.3390/rs13132585.
Morchid A., Alami R.E.l., Raezah A.A, Sab-
bar Y. Applications of internet of things (IoT)
and sensors technology to increase food securi-
ty and agricultural Sustainability: Benefits and
challenges // Ain Shams Engineering Journal.
2024. Vol. 15. N 3. P. 102509. DOI: 10.1016/j.
asej.2023.102509.

Kanuuxkun B.K., Maxcumosuu K.FO. Metonoio-
rust hopMupoBaHus IIU(YPOBOH CHCTEMBI YIIpaB-
neHust 3emenenueM // CHOUPCKUN BECTHHK
cenbCcKoxo3siicTBeHHOU Hayku. 2024. T. 54. No 3.
C. 5-20. DOI: 10.26898/0370-8799-2024-3-1.
Kanuukun B.K., [{lonuenxo A.C., I'onoxeacm K.C.
DopMHPOBaHUE CHCTEMBbI IM(POBOTO YIpaB-
JICHUs1 3eMJIC/ICTINEM Ha OCHOBE MOHHMTOPHHIA
W JUTMTEIBHBIX TOJEBBIX OMBITOB // ATpoOuno-
TexHonmoruu u mmdposoe 3emuenenue. 2025.
Ne2 (14). C. 58-68. DOI: 10.12737/2782-490X-
2025-58-68.

Khaire UM., Dhanalakshmi R. Stability of fea-
ture selection algorithm: A review // Journal of
King Saud University-Computer and Informa-
tion Sciences. 2022. Vol. 34. N 4. P. 1060-1073.
DOI: 10.1016/j.jksuci.2019.06.012.

Ehrlinger L., Wéf3 W. A survey of data quali-
ty measurement and monitoring tools // Fron-
tiers in big data. 2022. Vol. 5. P. 850611. DOI:
10.3389/fdata.2022.850611.

Luan T. A comprehensive review of simulation
technology: development, methods, applica-
tions, challenges and future trends // Internation-
al Journal of Emerging Technologies and Ad-

3emiieienue U XUMH3aIvs

CubupCKuii BECTHHUK CEIIbCKOX035iICTBEHHOI Hayku ® 2025 ¢ 55« 11 17



A platform-based approach to processing SFSCA RAS
monitoring and field experiments data for the implementation
of digital agriculture

Kalichkin V.K., Donchenko A.S., Golokhvast K.S.

27.

28.

29.

30.

31.

32.

33.

34.

vanced Applications. 2024. Vol. 1. N 5. P. 9-14.
DOI: 10.62677/1JETAA.2405119.

Bucaioni A., Cicchetti A., Ciccozzi F. Modelling
in low-code development: a multi-vocal syste-
matic review // Software and Systems Mod-
eling. 2022. Vol. 21. N 5. P. 1959-1981. DOI:
10.1007/s10270-021-00964-0.

Kanuuxun B.K., Maxcumosuu K.IO., Anewen-
ko O.A., Anewenxo B.B. IlpornozupoBaHue
YPOXKaWHOCTH CEINbCKOXO3IHCTBEHHBIX KYIBTYP:
CTPYKTypa JIaHHBIX U METO/bI HCKYCCTBEHHOTO
nHTesuekTa // CenbCKOXO03sHCTBEHHBIE Malllu-
Hbl U TexHosoruu. 2025. T. 19. Ne 2. C. 33-44.
DOI: 10.22314/2073-7599-2025- 19-2-0-0.
Power D.J., Sharda R. Decision support and ana-
lytics // Springer Handbook of Automation. —
Cham: Springer International Publishing, 2023.
P. 1401-1410. DOI: 10.1007/978-3-030-96729-
1_66.

Alahmad T, Neményi M., Nyéki A. Applying
IoT sensors and big data to improve precision
crop production: a review // Agronomy.
2023. Vol. 13. N 10. P. 2603. DOI: 10.3390/
agronomy13102603.

Pathmudi V.R., Khatri N., Kumar S., Abdul-
Qawy A.S.H., Vyas A.K. A systematic review
of ToT technologies and their constituents for
smart and sustainable agriculture applications //
Scientific African. 2023. Vol. 19. P. e01577.
DOI: 10.1016/j.sciaf.2023.e01577.

Senoo E.EK., Anggraini L., Kumi JA.,
Karolina L.B., Akansah E., Sulyman H.A.,
Mendonga 1., Aritsugi M.
with Artificial Intelligence Technologies for
Precision Agriculture: Definitions, Applications,
Challenges, and Opportunities // Electronics.
2024. Vol. 13. N 10. P. 1894. DOI: 10.3390/
electronics13101894.

Shahab H., Naecem M., Igbal M., Ageel M., Ul-
lah S.S. loT-driven smart agricultural techno-

IoT Solutions

logy for real-time soil and crop optimization //
Smart Agricultural Technology. 2025. Vol. 10.
P. 100847. DOLI: 10.1016/j.atech.2025.100847.

Soussi A., Zero E., Sacile R., Trinchero D., Fos-
sa M. Smart Sensors and Smart Data for Pre-
cision Agriculture: A Review // Sensors. 2024.
Vol. 24. N 8. P. 2647. DOI: 10.3390/524082647.

35.

36.

37.

Khanal S., Kushal K.C., Fulton J.P., Shearer S.,
Ozkan E. Remote Sensing in Agriculture — Ac-
complishments, Limitations, and Opportuni-
ties // Remote Sensing. 2020. Vol. 12. N 22.
P. 3783. DOI: 10.3390/rs12223783.

Raptis T.P, Cicconetti C., Passarella A. Effi-
cient topic partitioning of Apache Kafka for
high-reliability real-time data streaming appli-
cations // Future Generation Computer Systems.
2024. Vol. 154. P. 173—188. DOI: 10.1016/j.fu-
ture.2023.12.028.

Lalaoui 1L, El Haji E., Kounaidi M. The Evo-
lution and Challenges of Real-Time Big Data:
A Review // Computer Sciences & Mathematics
Forum. 2025. Vol. 10. N 1. P. 11. DOI:10.3390/
cmsf2025010011.

REFERENCES

1.

Gebresenbet G., Bosona T., Patterson D., Pers-
son H., Fischer B., Mandaluniz N., Chiri-
ci G., Zacepins A., Komasilovs V., Pitu-
lac T., Nasirahmadi A. A concept for application
of integrated digital technologies to enhance fu-
ture smart agricultural systems. Smart agricul-
tural technology, 2023, vol. 5, p. 100255. DOI:
10.1016/j.atech.2023.100255.

Finger R. Digital innovations for sustainable and
resilient agricultural systems. European Review
of Agricultural Economics, 2023, vol. 50, no. 4,
pp. 1277-1309. DOI: 10.1093/erae/jbad021.
Akkem Y., Biswas S.K., Varanasi A. Smart far-
ming using artificial intelligence: A review. En-
gineering Applications of Artificial Intelligence,
2023, vol. 120, p. 105899. DOI: 10.1016/j.en-
gappai.2023.105899.

Kalyani Y., Collier R. A Systematic Survey on
the Role of Cloud, Fog, and Edge Computing
Combination in Smart Agriculture. Sensors,
2021, vol. 21, iss. 17, p. 5922. DOI: 10.3390/
$21175922.

Fuentes-Penailillo F., Gutter K., Vega R., Sil-
va G.C. Transformative technologies in digi-
tal agriculture: Leveraging Internet of Things,
remote sensing, and artificial intelligence for
smart crop management. Journal of Sensor and

18

Siberian Herald of Agricultural Science ¢ 2025 « 55 « 11

Agriculture and chemicalization



ITnaropmeHHBIH MOIX0R K 00pabOTKE JAHHBIX MOHHTOPHHTA
u noneBbix onbiToB COHIIA PAH nus peanuzauuu
1(pOBOTO 3eMIICIEITHS

Kamnukun B.K., [lonuenko A.C., Tomoxsact K.C.

10.

11.

12.

Actuator Networks, 2024, vol. 13, no. 4, p. 39.
DOI: 10.3390/jsan13040039.

Mansoor S., Igbal S., Popescu S.M., Kim S.L.,
Chung Y.S., Baek J-H. Integration of smart sen-
sors and IOT in precision agriculture: trends,
challenges and future prospectives. Frontiers in
Plant Science, 2025, vol. 16, p. 1587869. DOI:
10.3389/1pls.2025.1587869.

Silva J.V., Van Heerwaarden J., Reidsma P.
Big data, small explanatory and predictive po-
wer: Lessons from random forest modeling of
on-farm yield variability and implications for
data-driven agronomy. Field Crops Research,
2023, vol. 302, p. 109063. DOI: 10.1016/].
£cr.2023.109063.

Indira P., Arafat 1.S., Karthikeyan R., Selvara-
jan S., Balachandran P.K. Fabrication and investi-
gation of agricultural monitoring system with [oT
& Al. SN Applied Sciences, 2023, vol. 5, no. 12,
p- 322. DOI: 10.1007/s42452-023-05526-1.

Eze VH.U., Eze E.C., Alaneme G.U., Bubu P.E.,
Nnadi E.O.E., Okon M.B. Integrating [oT sen-
sors and machine learning for sustainable preci-
sion agroecology: enhancing crop resilience and
resource efficiency through data-driven strate-
gies, challenges, and future prospects. Discover
Agriculture, 2025, vol. 3, no. 1, pp. 1-34. DOL:
10.1007/s44279-025-00247-y.

Gebresenbet G., Bosona T., Patterson D.,
Persson H., Fischer B., Mandaluniz N., Chiri-
ci G., Zacepins A., Pitulac T., Nasirahmadi A.
A concept for application of integrated digital
technologies to enhance future smart agricul-
tural systems. Smart agricultural technology,
2023, vol. 5, p. 100255. DOI: 10.1016/j.at-
ech.2023.100255.

Dibbern T., Romani L.A.S., Massruha S.M.F.S.
Main drivers and barriers to the adoption of Dig-
ital Agriculture technologies. Smart Agricultur-
al Technology, 2024, vol. 8, p. 100459. DOI:
10.1016/j.atech.2024.100459.

Almalki F.A., Soufiene B.O., Alsamhi S.H.,
Sakli H. A Low-Cost Platform for Environmen-
tal Smart Farming Monitoring System Based on
IoT and UAVs. Sustainability, 2021, Vol. 13,
no. 11. P. 5908. DOI: 10.3390/su13115908.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chkarat H., Abid T., Sauvée L. Conditions for
a Convergence between Digital Platforms and
Sustainability in Agriculture. Sustainability,
2023, vol. 15, no. 19, p. 14195. DOI: 10.3390/
sul51914195.

Chimenti G., Hagberg J., Araujo L. Platforms,
infrastructures and the Futures of market society.
Journal of Business Research, 2025, vol. 189,
p- 115167. DOI: 10.1016/j.jbusres.2024.115167.
Ahmed N., Shakoor N. Advancing agriculture
through IoT, Big Data, and Al: a review of smart
technologies enabling sustainability. Smart Ag-
ricultural Technology, 2025, vol. 10, p. 100848.
DOI: 10.1016/j.atech.2025.100848.

AbouZaid A., Barclay P.J., Chrysoulas C., Pit-
ropakis N. Building a modern data platform
based on the data lakehouse architecture and
cloud-native ecosystem. Discover Applied
Sciences, 2025, vol. 7, p. 166. DOI: 10.1007/
$42452-025-06545-w.

Akanbi A. Estemd: A distributed proces-
sing framework for environmental monitoring
based on apache kafka streaming engine. Pro-
ceedings of the 4th international conference
on big data research, 2020, pp. 18-25. DOI:
10.1145/3445945.3445949.

Lalaoui I.L., El Haji E., Kounaidi M. The Evo-
lution and Challenges of Real-Time Big Data: A
Review. Computer Sciences & Mathematics Fo-
rum, 2025, vol. 10, no. 1, p. 11. DOI: 10.3390/
cmsf2025010011.

Fascista A. Toward Integrated Large-Scale En-
vironmental Monitoring Using WSN/UAV/
Crowdsensing: A Review of Applications, Sig-
nal Processing, and Future Perspectives. Sen-
sors, 2022, vol. 22, no. 5, p. 824. DOI: 10.3390/
$22051824.

Ullo S.L., Sinha G.R. Advances in IoT and Smart
Sensors for Remote Sensing and Agriculture
Applications. Remote Sensing, 2021, vol. 13,
no. 13, p. 2585. DOI: 10.3390/rs13132585.
Morchid A., Alami R.E.l.,, Raezah A.A., Sab-
bar Y. Applications of internet of things (IoT)
and sensors technology to increase food securi-
ty and agricultural Sustainability: Benefits and
challenges. Ain Shams Engineering Journal,
2024, vol. 15, no. 3, p. 102509. DOI: 10.1016/j.
asej.2023.102500.

3emiieienue U XUMH3aIvs

CubupCKuii BECTHHUK CEIIbCKOX035iICTBEHHOI Hayku ® 2025 ¢ 55« 11 19



A platform-based approach to processing SFSCA RAS
monitoring and field experiments data for the implementation
of digital agriculture

Kalichkin V.K., Donchenko A.S., Golokhvast K.S.

22.

23.

24.

25.

26.

27.

28.

29.

Kalichkin V.K., Maksimovich K.Yu. Methodo-
logy for forming a digital farming management
system. Sibirskij vestnik sel'skohozyajstvennoj
nauki = Siberian Herald of Agricultural Sci-
ence, 2024, vol. 54, no. 3, pp. 5-20. (In Rus-
sian). DOI: 10.26898/0370-8799-2024-3-1.
Kalichkin V.K., Donchenko A.S., Golokh-
vast K.S. Formation of a digital agriculture
management system based on monitoring and
long-term field experiments. Agrobiotekh-
nologii i cifrovoe zemledelie = Agrobiotech-
nologies and digital farming, 2025, no. 2 (14),
pp. 58-68. (In Russian). DOI: 10.12737/2782-
490X-2025-58-68.

Khaire U.M., Dhanalakshmi R. Stability of fea-
ture selection algorithm: A review. Journal of
King Saud University-Computer and Informa-
tion Sciences, 2022, vol. 34, no. 4, pp. 1060—
1073. DOI: 10.1016/j.jksuci.2019.06.012.
Ehrlinger L., W6 W. A survey of data quality
measurement and monitoring tools. Frontiers in
big data, 2022, vol. 5, p. 850611. DOI: 10.3389/
fdata.2022.850611.

Luan T. A comprehensive review of simulation
technology: development, methods, applica-
tions, challenges and future trends. Interna-
tional Journal of Emerging Technologies and
Advanced Applications, 2024, vol. 1, no. 5,
p- 9-14. DOI: 10.62677/1JETAA.2405119.
Bucaioni A., Cicchetti A., Ciccozzi F. Model-
ling in low-code development: a multi-vocal
systematic review. Software and Systems Mod-
eling, 2022, vol. 21, no. 5, p. 1959-1981. DOLI:
10.1007/s10270-021-00964-0.

Kalichkin V.K., Maksimovich K.Yu., Alesh-
chenko O.A., Aleshchenko V.V. Crop yield pre-
diction: data structure and Al-powered methods.
Sel'skoho-zyajstvennye mashiny i tekhnologii =
Agricultural Machinery and Technologies,
2025, vol. 19, no. 2, pp. 33—44. (In Russian).
DOI: 10.22314/2073-7599-2025- 19-2-0-0.
Power D.J., Sharda R. Decision support and
analytics. Springer Handbook of Automation,
Cham: Springer International Publishing,
2023, pp. 1401-1410. DOI: 10.1007/978-3-030-
96729-1_66.

30.

31.

32.

33.

34.

35.

36.

37.

Alahmad T., Neményi M., Nyéki A. Applying
IoT sensors and big data to improve precision
crop production: a review. Agronomy, 2023,
vol. 13, no. 10, p. 2603. DOI: 10.3390/agrono-
my13102603.

Pathmudi V. R., Khatri N., Kumar S., Abdul-Qa-
wy A.S.H., Vyas A.K. A systematic review of
10T technologies and their constituents for smart
and sustainable agriculture applications. Sci-
entific African, 2023, vol. 19, p. e01577. DOL:
10.1016/j.sciaf.2023.e01577.

Senoo E.E.K., Anggraini L., Kumi J. A., Karo-
lina L.B., Akansah E., Sulyman H.A., Men-
donga 1., Aritsugi M. IoT Solutions with Arti-
ficial Intelligence Technologies for Precision
Agriculture: Definitions, Applications, Chal-
lenges, and Opportunities. Electronics, 2024,
vol. 13, no. 10, p. 1894. DOI: 10.3390/electron-
ics13101894.

Shahab H., Naecem M., Igbal M., Ageel M., Ul-
lah S.S. IoT-driven smart agricultural techno-
logy for real-time soil and crop optimization.
Smart Agricultural Technology, 2025, vol. 10,
p- 100847. DOI: 10.1016/j.atech.2025.100847.
Soussi A., Zero E., Sacile R., Trinchero D., Fos-
sa M. Smart Sensors and Smart Data for Pre-
cision Agriculture: A Review. Sensors, 2024,
vol. 24, no. 8, p. 2647. DOI: 10.3390/524082647.
Khanal S., Kushol K.C., Fulton J.P., Shearer S.,
Ozkan E. Remote Sensing in Agriculture — Ac-
complishments, Limitations, and Opportunities.
Remote Sensing, 2020, vol. 12, no. 22, p. 3783.
DOI: 10.3390/rs12223783.

Raptis T.P., Cicconetti C., Passarella A. Effi-
cient topic partitioning of Apache Kafka for
high-reliability real-time data streaming appli-
cations. Future Generation Computer Systems,
2024, vol. 154, pp. 173-188. DOI: 10.1016/].
future.2023.12.028.

Lalaoui I.L, El Haji E., Kounaidi M. The Evo-
lution and Challenges of Real-Time Big Data: A
Review. Computer Sciences & Mathematics Fo-
rum, 2025, vol. 10, no. 1, p. 11. DOI: 10.3390/
cmsf2025010011.

20

Siberian Herald of Agricultural Science ¢ 2025 « 55 « 11

Agriculture and chemicalization



ITnaropmeHHBIH MOIX0R K 00pabOTKE JAHHBIX MOHHTOPHHTA
u noneBbix onbiToB COHIIA PAH nus peanuzauuu
1(pOBOTO 3eMIICIEITHS

Kamnukun B.K., [lonuenko A.C., Tomoxsact K.C.

NH®OPMALNSA OB ABTOPAX

CxKanuukun Baapumup KinmeHnrbeBuw,
pyxoBogurens CuoHUN3bull COHIIA PAH, mox-
TOP CEJIbCKOXO3SHCTBEHHBIX Hayk, mpodeccop;
ORCID 0000-0002-7765-3451, SPIN-xom 1587-
4615; anpec aas nepenucku: Poccust, 630501, Ho-
BocuOMpcKas o6macth, p.n. KpacHooOck, a/s 463;
e-mail: v.kalichkin@gmail.ru

Jonuenko Auexkcanap CeMeHOBHY, DPYKOBO-
mutens UOBCu/IB COHIIA PAH, akanemuk PAH,
JIOKTOp BETEpPHHAPHBIX HaykK, mpodeccop; SPIN-
kox 3918-5688

T'onoxBact Kupmiaa CepreeBu4, TUpeKTop
COHIIA PAH, unen-xoppecnongent PAO, nokrop
ouonormueckux Hayk, mnpodeccop PAH; SPIN-kox
7598-2190

AUTHOR INFORMATION
(x)Vladimir K. Kalichkin, Head of the
SRIABD SFSCA RAS, Doctor of Science in

Agriculture, Professor; ORCID 0000-0002-7765-
3451, SPIN-code: 1587-4615; address: PO Box 463,
Krasnoobsk, Novosibirsk Region, 630501, Russia;
e-mail: v.kalichkin@gmail.ru

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

Kirill S. Golokhvast, Director SFSCA RAS,
Corresponding Member of the RAE, Doctor of

Science in Biology, Professor RAS; SPIN-code
7598-2190

Jama nocmynnenuss cmamou / Received by the editors 07.08.2025
Jlama npunsmus k nyoauxayuu / Accepted for publication 02.09.2025
Jlama ny6nuxayuu / Published 08.12.2025

3emiieienue U XUMH3aIvs

CuOHpCKHii BECTHHK CEJILCKOXO3IHCTBEHHON Hayku ¢ 2025 ¢ 55« 11 21



https://doi.org/10.26898/0370-8799-2025-11-2 Tum craTey: OpUTHHATBHAS
VJIK 631.4:004.492 Type of article: original

MaremaTudeckasi MojieJib COPOLIMU MAPOB BO/JbI MOYBAMU
C JUHEHHBIM HCTOYHHUKOM-CTOKOM

<) Dénopos F0.U., ITaauauc B. ., Ukanosa M.B.
Openbypeckuii 20cyoapcmeenHblll azpapHbulil yHugepcumen
OpenOypr, Poccus

xpe-mail: yurf0023@mail.ru

Paccmotpeno 00o0IieHre MaTeMaTHuIeckoil MOJeNId COpOLMU NapoB BOABI MOYBAMH arpoJiaHj-
ma@ta B clydae HECTALOHAPHOIO JMHEHHOIO0 MCTOYHHMKA-CTOKA, IPUCYTCTBYIOLIETO B IIOYBEHHOM
cucreme. [Ipobnema n3yueHus TMHAMUKNA COPOLIMOHHOTO Mpolecca — 00beMHON BIaKHOCTH TIOUBBI
arponanamadra — GpopMasn3oBaHa 3ahadeil ¢ HauyaJlbHBIM YCJIOBHUEM JJIsI HEOJHOPOJHOIO ypaBHE-
HUsl PUKKaTu ¢ JMHEHHON MpaBOM 4acTbr, MHTETPUPOBAHUE KOTOPOTO HE SBJISAECTCS TPUBUAIBHOU
3ajgauedl. B otamume ot knaccuueckoir mopenn M. ['pusmepa copOumu BOISHBIX HMapoOB MOYBAMHU H
paccMOTpPEHHOI paHee aBTopaMi COPOLIMOHHON MOAETHN CO CTAIlMOHAPHBIM UCTOYHUKOM BBEICHHE B
MOZeJb HeCTAMOHAPHON (PYHKIIMH MCTOYHUKA-CTOKA CYIIECTBEHHO YCIOKHHIIO 3a/1ad4y UHTETPUPO-
BaHMs YPaBHEHUs MOJEIIH U UCCIIEOBAHUS COPOLIMOHHON MOJIEIIHN, IOTPEOOBAJIO IIPUBIICUEHUS METO-
JIOB aHAJMTHYECKOW Teopun AuddepeHInaIbHbIX YPaBHEHUH, HO YBEIHYMIO MHOT00Opa3Hne pexu-
MOB TEYEHHsI MOAEIMPYEMOTO MPOLECCa U PACIIUPUIO BOZMOKHOCTH YIIPABJIEHUS STUM IIPOLIECCOM.
MerogaMu aHATUTHYECKOW Teopun AuddepeHInaIbHbIX YpaBHCHUH HAWICHO pelIeHue MOACTBHOM
3aJja4M, ¢ TIOMOIIBIO KOTOPOTro Obla NPOM3BEICHA OLICHKA IMHAMUKN OCHOBHOTO ITOKa3arelis copo-
IIMOHHOTO Tporiecca — 00bEMHOM BIQXXHOCTH MOYBBI. B pesynbrare MareMaTHYecKoro aHajau3a Ju-
HaMMKH IIpoliecca COPOLUH YCTaHOBICHO, YTO BCE MHOT000pa3ue TEOPETUIECKU BO3MOKHBIX PEKHU-
MOB TEYEHHUSI MOJIEIHPYEMOTO COPOIIMOHHOTO Tporecca (popMupyeTcst B 3aBUCUMOCTH OT 3HAYCHUN
JIBYX OCHOBHBIX PEryJIHpYyeMbIX MapaMeTpoB MOJeNN — K03 UIHeHTa OTHOMICHUs! TIOCTOsHHOM Ha-
JaJHbHOM BIIAYKHOCTH K ITOCTOSTHHONW PaBHOBECHOH BIAQYKHOCTH M YIJIOBOTO KOA(PGHUITHEHTA TUHEHHON
($yHKIMH HCTOYHMKA-CTOKA. C TIOMOIIBIO BAPHHPOBAHUSI ATUX TTAPAMETPOB MOSIBISIETCS] BOBMOXKHOCTh
YIPaBIATh U3y4aeMbIM IIPOLECCOM: MOAEIMPOBAThH COPOLMOHHBIN IpOIecC B PEXUME MHTCHCUB-
HOT'O YBJI&KHEHUS I10YBBI, B PEKUME KPUTHUECKOIO UCCYIIECHUS IOYBBI, B CTALIMOHAPHOM DPEXKHUME
u z1p. Pe3ynprarsl ucciaenoBaHuid MOTYT OBbITh IPUMEHEHBI [T AAJIbHEHIINX UCCIIECIOBAHUI TUHAMU-
KH{ BJIIZYKHOCTH B poduiie TeKCTypHO-Tr(depeHITMpOBaHHBIX MEITMOPUPYEMBIX TIOUB.
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Mathematical model of water vapor sorption by soils with
a linear source- drainage
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The generalization of the mathematical model of water vapor sorption by soils of an agricultural
landscape in the case of a non-stationary linear source- drainage present in the soil system is consid-
ered. The problem of studying the dynamics of the sorption process, the volumetric soil moisture of
an agricultural landscape, is formalized by a problem with an initial condition for the inhomogeneous
Riccati equation with a linear right-hand side, the integration of which is not a trivial task. In contrast
to the classical model of M. Griesemer for the sorption of water vapor by soils and the sorption model
with a stationary source previously considered by the authors, the introduction of a non-stationary
source- drainage function into the model significantly complicated the task of integrating the model
equation and studying the sorption model, required the use of methods from the analytical theory of
differential equations, but increased the diversity of flow regimes of the modeled process and expand-
ed the possibilities for controlling this process. Using methods of the analytical theory of differential
equations, a solution to a model problem was found, with the help of which an assessment was made
of the dynamics of the main indicator of the sorption process — the volumetric soil moisture. As a
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result of the mathematical analysis of the dynamics of the sorption process, it was established that
the entire variety of theoretically possible flow regimes of the simulated sorption process is formed
depending on the values of two main adjustable parameters of the model - the coefficient of the ratio
of the constant initial humidity to the constant equilibrium humidity and the angular coefficient of
the linear source-drainage function. By varying these parameters, it becomes possible to control the
process being studied: to simulate the sorption process under conditions of intensive soil moisture,
under conditions of critical soil drying, under steady-state conditions, etc. The research results can be
applied to further studies of moisture dynamics in the profile of texture-differentiated reclaimed soils.
Keywords: mathematical model, dynamics of water vapor sorption by soils
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INTRODUCTION

The relevance of research into processes in
the gas phase of the soil system for agricultural
soil science and agroecology, both in connection
with the assessment of soil fertility, the
preservation of its physical fertility, and in
connection with the implementation of the soil
system's main ecological functions, including
the global regulation of the gas regime of the
planet's atmosphere and the environmental
safety of agricultural production, has been
substantiated by many researchers. This paper
examines water vapor sorption processes in
agricultural landscape soils and the impact
of source-sink processes in the soil system on
these processes. It continues a series of studies
on modeling water vapor sorption processes in
soils, previously conducted by the authors [1, 2].

Among modern works on the study of the
sorption of soil gases and water vapor by soils,
there are quite a lot of works on the study of
factors influencing the water-holding capacity
of soils (for example, the temperature factor,
climate change) [3-5], on the relationship
between the hydrothermal conditions of the
soil and the characteristics of energy and mass
exchange (including the processes of water
vapor sorption) in the soil system [6-9], on the
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relationship between the adsorption of water
vapor by soils and the carbon cycle [10, 11].

The purpose of the study is a mathematical
representation of the processes of water vapor
absorption by soils of agricultural landscapes
and evaporation by the model that takes into ac-
count the factors influencing the water-holding
capacity of soils by introducing a source-sink
function into the model.

The objective of the study is to formalize the
problem of studying the dynamics of the water
vapor sorption process in the presence of a linear
source-sink, solving a non-trivial differential
equation of the formulated model and studying
the influence of the source-sink function in the
sorption model on the dynamics of volumetric
moisture in the soil system.

MATERIAL AND METHODS

Previously [1, 2], we examined our own
mathematical model of water vapor sorption
by soils with a stationary source-sink, and
provided the origin of the proposed model. The
mathematical model of the sorption process was
represented by a problem for an inhomogeneous
nonlinear differential equation with a stationary
free term. In this paper, we generalize the model
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of water vapor adsorption by the soil surface to
the case of a non-stationary source-sink.

The problem of assessing the dynamics of
water vapor sorption is formalized by the task

dw(2)/dt = kw(1-w/W) + f£), w(0) = wq, (1)

where w(f) — volumetric soil moisture at a given
t time; W — constant equilibrium humidity
(a systemic factor limiting the dynamics of
volumetric humidity); & — model constant
(adsorption rate parameter); w,— constant initial
humidity; ¢ — time; f{#) — non-stationary source-
sink function, free term of the equation (1). In
contrast to the sorption model considered in
[1, 2], in the proposed model the free term of
the equation f{?) is not a constant, but a linear
function:

1) = Wik(at — k/4), )

where coefficient a — source-sink parameter.

Changing the values of the parameter a
(along with w) allows us to control the sorption
process by changing its characteristics. In our
opinion, this approach expands the possibilities
for modeling water vapor sorption processes by
soils.

We have found an analytical solution to
problem (1), represented by sums of power
series. A distinctive feature of the model under
study is that equation (1) is a nonhomogeneous
Riccati equation, which in general cannot be
reduced to quadratures, and its integration is not
a trivial task.

In this article, equation (1) is integrated using
the power series method. To do this, we first
replace the unknown function w(t) in equation
(1)

w(t) = [Wikz(£)|dz(t)/dt, z(f) = u(t)exp(k/2t) (3)
problem (1) is reduced to the following problem
with initial conditions

d*u/df? — atu(t) = 0, u(0) =1,
du(0)/dt = k(wy/W) = b. 4)

The solution to problem (4) was found using

the power series method in the form

u(?) = uy(2) + btuy(2), )

where functions u;(¢) and u,(¢) are the sums of
power series with common terms

a,(f) = [T(n + 1/3)/ T(1/3)][(3aty/(3n)'],
b, (1) = [C(n + 2/3) TQ/3[(Baly/(3n + D],

respectively n = 0, 1, 2, ..., ['(x) — gamma
function (Euler integral of the second kind).

Substituting the solution u(t) of problem (4)
found in (5) into formula (3), we find the solution
w(t) of the original problem (1)

w(t) = W12 + (W/ku)duldt. (6)

Formula (6) is the main analytical relationship

for analyzing the dynamics of volumetric soil
moisture w(?).

RESULTS AND DISCUSSION

In this paper, we propose a generalization of
the mathematical model of water vapor sorption
by agricultural landscape soils, previously
constructed in [1, 2], in the case of a non-
stationary (linear) source-sink. The problem of
studying the dynamics of the sorption process
is formalized by problem (1) with an initial
condition for the inhomogeneous Riccati
equation with a linear right-hand side (2). Using
methods of the analytical theory of differential
equations, a solution to problem (1) was found,
given by the main relation (6), with the help of
which assessment of the dynamics of volumetric
moisture content w(t) of the soil was made.

The dynamics of the function w(?) are
determined by the properties and behavior of the
function u(t), which is included in formula (6)
and is the solution to equation (4). Differential
equation (4) for a = 1 is called the Airy equation;
it plays an important role in many applied
problems in various sciences. The uniqueness
of the Airy equation is that it has an inflection
point = 0 on the abscissa axis, at which the type
of solution changes from oscillatory at # < 0 to
exponential at # > 0. The graph of the solution
u(t) fora=1 and b =—0.383 is shown in Fig. 1.
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Puc. 1. T'papux pynxumu u(f): a =1; b =-0,383
Fig. 1. Function graph u(f): a=1; b =-0 383

The presence of two parameters a and b of the
model in formula (6) significantly increases the
diversity of the flow regimes of the simulated
sorption process and complicates the study
of the dynamics of volumetric soil moisture
in the agricultural landscape. The coefficient
a characterizes the angular coefficient of the
source f{(t). The coefficient b in (4) depends on
the relationship between w, and W, therefore it
is convenient to write it in the form b = k(r—1/2),
r=wy/W, r can vary in the range [0, 1].

Let us identify the nature of the monotony
of the sorption process at the initial stage. Let
us denote by K(0) = dw(0)/dt the slope of the
tangent to the graph of the function w(?) at the
point ¢ = 0. As K(0) = —kW(r—1/2)?, then for all
r from the segment [0, 1] the values of K(0) are
contained in the range [-kW/4;0]; K(0) <0 for all
r except = 1/2, at which it is equal to zero. In
this regard, in the model under study, the onset
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of the sorption process is accompanied by a drop
in the volumetric soil moisture w(?) for any r,
except r = 1/2.

The conducted analysis revealed from the
whole variety of theoretically possible modes of
the simulated sorption process several different
modes depending on the values of the parameters
a and r (i.e. from b).

At r=1/2 (limiting case) the slope coefficient
K(0) = 0; b = 0. The function w(?) increases
monotonically from the initial value quite
quickly wy= W/2 to the limit w(7) = W, then the
process is completed. This process takes place
over a limited period of time [0, 7] in intensive
soil moisture mode, 7 — its duration, and f{¢)
acts as a source. Taking the values of the main
parameters of water vapor adsorption from the
kinetic experiments of M. Griesemer, described
in [1], let's depict the sorption curve: W=0,2184;
k=1,02. Graph of the function w(z) (7) atr=1/2
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Puc. 3. I'paduk dyaxmum w(t): »=0,2 (b =-0,306); a = 0,1
Fig. 3. Function graph w(?): r=0,2 (b =-0,306); a = 0,1
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Puc. 4. I'paduk dysxmmm w(t): r=0,194 (b =-0,312); a = 0,079
Fig. 4. Function graph w(¢): » = 0,194 (b =-0,312); a = 0,079

(wo=W/2,b=0),a=0,51s shown in Fig. 2. The
solid line shows part of the graph of the function
w(t) on the interval [0, 7], which is interpreted
as a sorption curve. The dotted portions of the
graph have no physical meaning in this model.

Atr+#1/2 K(0) <0, therefore, at the beginning
of the process, the function w(z) decreases. There
are several possible options for the development
of the process:

— w(?) has a positive minimum on the interval
under consideration, so its values will initially
fall monotonically from w, to this minimum,
then rise monotonically to the value w(7) = W,
then the process will be completed (see Fig. 3);

— the smallest value of the function w(?) over
the time interval under consideration will be non-
positive; the volumetric soil moisture w(?) will
begin to decrease monotonically from the initial
value w to zero — w(7T) = 0, after this, the process

will be completed; a time-limited process of
critical drying of the soil will occur, and the
function w(?) plays the role of a sink; the sorption
curve in this mode at » = 0,194 (wy = 0,194,
b=-0,312), a= 0,079 is shown in Fig. 4.

CONCLUSION

A generalization of the mathematical model
of water vapor sorption by agricultural landscape
soils for a non-stationary (linear) source-sink is
proposed. Unlike M. Griesemer's classical mod-
el of water vapor sorption by soils and the previ-
ously considered sorption model with a station-
ary source, the introduction of a non-stationary
source-sink function into the model significantly
complicated the study of the sorption model but
expanded the possibilities for controlling this
process. The conducted analysis of the dynam-
ics of volumetric soil moisture showed that the
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entire variety of theoretically possible flow re-
gimes of the simulated sorption process is de-
termined by the values of two main adjustable
parameters - the coefficient of the ratio of the
constant initial moisture content to the constant
equilibrium moisture content and the angular
coefficient of the linear source-sink function.
Varying these parameters allows us to control
the process being studied: to simulate the sorp-
tion process in the mode of intensive soil moist-
ening, the mode of critical soil drying, the sta-
tionary mode, etc. The results of the conducted
studies expand knowledge about the processes
under consideration and can be applied for fur-
ther studies of moisture dynamics in the profile
of texture-differentiated reclaimed soils.
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Ouenka Bausinus iramMmmoB Bradyrhizobium elkanii
HAa CeMeHA Pa3JIM4YHbIX CeJIbCKOX03SIiICTBEHHBIX KYJIbTYP

Sxumenko M.B., &) Tarapenko U.1O., I'ytop 51.C., Copoknna A.U., Yenenepa A.B.
DedepanvHblil HAyYHbIL YeHmp « Bcepoccutickuti HayuHO-Ucc1e008amenbCKull UHCIMUMym couy
bnarosemenck, Poccust

(<)e-mail: tigy@vniisoi.ru

B crarpe mpencraBneHBl pPe3yNbTaThl OIEHKH BIUSHHS MMTaMMOB Bradyrhizobium elkanii
(Kuykendall et al., 1992) u3 xomnexnmun PenepanbHOTO HAayYHOTO IIeHTpa «Bcepoccuiickuii Ha-
YYHO-HCCIIEIOBATEIbCKUA WHCTUTYT COW» HAa CEMEHa COW, MIIEHUIIBI, SYMEHS, JIONMHA W BUTHBL.
OCHOBHOH TeNbI0 PabOTHI OBUTO BBISIBIIEHHE HanOoliee MEPCIEeKTUBHBIX YHCTHIX KYIBTYp pHU300Hi
JUTSL UX JTAThbHEWIIeTro MpUMEHEHHs TPU POM3BOACTBE OHoMpenaparoB. B mporecce nccnenoBanus
HCIIOJIb30BaHbl IITaMMbl By-4, By-5, By-6, By-9, By-10, By-11, By-25, Bp-1, ®3-28, BblneneHHbIC
W3 KOPHEBBIX KIyOeHBKOB Vigna unguiculata, V. radiate w V. angularis, BEIpalIeHHBIX Ha JYTOBOU
YepHO3EeMOBHIHOW 1OouBe (AMypckas oOmacTs, TaMOOBCKHMIT MyHUIMITATBHBINA OKpYT, ¢. CamoBoe).
Taroke ncronb3oBad mTamMM Ma-0, BeIIeNeHHBIH U3 KOPHEBBIX KIIyOEHBKOB V. unguiculata, BwIpa-
IIEHHOU Ha JIEPHOBO-TIYTOBOH aJUTFOBHAIILHON TIOUBE, TIOTY4YeHHOH 13 MarajgaHckoit obmactu. B xome
HKCTIEPUMEHTOB YCTAaHOBJIEHO, YTO OONBIIMHCTBO M3yYaeMBIX IITAMMOB PHU300WMH CIIOCOOCTBYIOT
3HAYUTENHPHOMY YIYYIIEHUIO TIPOPACTaHUS CEeMSH M CHWKCHUIO YPOBHS AMH(PHUTHONH MHUKPOQIOPHI.
DHeprus MmpopacTaHus OaKTEepPU30BAHHBIX CEMSH COM B CpeHeM Bo3pocia Ha 15%, mimmHa mpopoct-
koB — Ha 120% 1o cpaBHEHHUIO ¢ KOHTposeM. [loxokue pe3yabraTsl MONydeHbl A mieHuns! (32 u
70% cootBeTcTBeHHO) U JoiHA (20 1 112%). IlItammer Ma-0 u By-25 criocoOcTBOBanmm yBennde-
HUIO TEMITOB IPOPACTAHUS CEMSH SUMEHS B 4 1 5 pa3 COOTBETCTBEHHO OTHOCUTENHFHO KOHTpous. [pn
MTOCEBE CEMSTH I10 «Ta30HY» YUCTHIX KYNBTYp B. elkanii Mukpodiopa, Haxoasmascs Ha ceMeHax, JIn00
He TIpopacTaia, J00 MPOSBIIIACE B BH/IE €IMHUYHBIX KOJMOHUN. Torma Kak B KOHTPOJIBHBIX YallIKax
[leTpu (6e3 MHOKYIAIMHN) HA 7-€ CYyTKH pocTa HAOIIOIaIN BEICOKYIO HH(DUIIMPOBAHHOCTH HECTEPHUITb-
HBIX CeMsH dnUPUTHON MuUKpodraopoit. [loaydeHnble pe3ynbTaThl MOATBEPKIAIOT EPCIEKTHBHOCTh
WCTIOJIh30BaHUs PU300WH B arpOHOMHU TSI TIOBBIIIEHUS! MTPOAYKTUBHOCTH CEITLCKOXO3SHCTBEHHBIX
KyJIBTYp M yIydlieHus (PUTOCAHUTAPHOTO COCTOSHUS ITOCEBOB.

KaroueBsie cioBa: Bradyrhizobium elkanii, mTamm, CelbCKOXO3IHCTBEHHBIE KYIBTYPBI, CTUMY-
TS TIPOPACTaHUS CEMSH, SHEepPTHsl MMPOPAaCcTaHUs, BCXOXKECTh, UTMHA TPOPOCTKOB, ChIpas Macca
MIPOPOCTKOB

Assessment of the effect of Bradyrhizobium elkanii strains
on the seeds of various crops

Yakimenko M.V., <) Tatarenko I.Yu., Gutor Ya.S., Sorokina A.L., Chepeleva A.V.
Federal Research Center "All-Russian Scientific Research Institute of Soybean"
Blagoveshchensk, Russia

(X)e-mail: tigy@vniisoi.ru

The article presents the results of the studies aimed at assessing the effect of Bradyrhizobium
elkanii (Kuykendall et al., 1992) strains from the collection of the Federal Research Center "All-Rus-
sian Scientific Research Institute of Soybean" on the seeds of soybeans, wheat, barley, lupine and
vigna. The main purpose of the work was to identify the most promising pure cultures of rhizobia for
their further use in the production of biopreparations. The study used strains Vu-4, Vu-5, Vu-6, Vu-9,
Vu-10, Vu-11, Vu-25, Vr-1, FZ-28, isolated from root nodules of Vigna unguiculata, V. radiate and
V. angularis grown on the meadow chernozem-like soil (Amur region, Tambov municipal district,
Sadovoe village). During the experiments, it was found that the studied rhizobium strains signifi-
cantly contribute to improving seed germination and reducing the level of epiphytic microflora. The
germination energy of bacterized soybean seeds increased by an average of 15%, and the length of
the seedlings increased by 120% compared with the control. Similar results were obtained for wheat
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(32 and 70%, respectively) and lupine (20 and 112%). Strains Md-0 and Vu-25 contributed to an in-
crease in the rate of germination of barley seeds by 4 and 5 times, respectively, relative to the control.
When sowing the seeds on a "lawn" of pure cultures of B. elkanii, the microflora on the seeds either
did not germinate or appeared as single colonies. Whereas in control Petri dishes (without inoculation)
on the 7th day of growth, high infection of non-sterile seeds with epiphytic microflora was observed.
The obtained results confirm the potential of using rhizobia in agronomy to increase the productivity
of agricultural crops and improve the phytosanitary condition of crops.

Keywords: Bradyrhizobium elkanii, strain, agricultural crops, seed germination stimulation, ger-
mination energy, germination, length of seedlings, wet weight of seedlings
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INTRODUCTION

The modern world faces growing demand for
food, requiring researchers to develop innova-
tive approaches to ensure sustainable food pro-
duction. Agriculture currently faces significant
risks of crop losses due to a number of global
challenges, including soil degradation, climate
change, and the increasing frequency and inten-
sity of pathogen and pest attacks [1-3]. In these
conditions, the methods aimed at increasing
crop yields while reducing the negative impact
of chemicals on the environment are particularly
relevant. These methods include the use of bio-
fertilizers, biopesticides, and the introduction of
practices for returning plant residues to the soil,
which contributes to improving its structure and
maintaining ecosystem biodiversity' [4, 5].

Of particular interest in this context are
soil microorganisms, which play a key role in
maintaining soil fertility and stimulating plant

growth. The ability of soil microorganisms to
improve plant nutrition and enhance their re-
sistance to stress and pathogens makes them an
important research target for the development of
environmentally friendly agricultural technolo-
gies? [6, 7].

One of the most promising areas is the study
of rhizobia, which are capable of entering into
symbiosis with legumes [8]. Rhizobia not only
provide plants with available nitrogen through
the process of nitrogen fixation, but also promote
the solubilization of phosphates, the synthesis of
phytohormones and vitamins, and increase plant
resistance to pathogens by inducing systemic re-
sistance [9-11].

However, for maximum effectiveness of
rhizobial preparations, it is necessary to take
into account the regional characteristics of soil
microbial communities [12]. The Far Eastern
region of Russia is a unique ecosystem where

'Chestnova Yu.V. Development of a new preparative form of biofertilizer based on rhizosphere bacteria // Applied biotechnology
for the development of agriculture and industry: Proc. I Int. scientific-practical. conf. (Saratov, October 20, 2023), Saratov, 2024,

pp- 88-92.

’Krotikova Yu.S., Nikashova L.P. The role of soil microorganisms in sustainable agriculture: research results / Innovative ideas
of young researchers for the agro-industrial complex: collection of materials of the International scientific and practical conference
of young scientists (Penza, March 27-28, 2025), Penza, 2025, pp. 320-323.
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populations of soybean nodule bacteria are nat-
urally distributed in the soils® [13]. Their forma-
tion is associated with the growth of wild Ussuri
soybeans in this area, as well as with the active
cultivation of cultivated soybeans*. Far Eastern
natural populations of rhizobia are a valuable re-
source for the search for new competitive strains
with high activity, which opens up broad pros-
pects for the creation of effective inoculants.

Thus, the study of rhizobia and their inter-
action with legumes is an important step in the
development of sustainable agriculture capable
of responding to the negative challenges of our
time.

The purpose of the study is to evaluate the
effect of pure cultures of Bradyrhizobium el-
kanii on the seeds of soybeans, wheat, barley,
lupine and cowpea, which will help in the future
to identify the most promising strains for the de-
velopment of biopreparations.

MATERIAL AND METHODS

The study was conducted in 2024 in the bi-
ological research laboratory of the Federal Sci-
entific Center "All-Russian Research Institute of
Soybeans". The objects of the study were col-
lection pure cultures of B. elkanii, isolated from
Far Eastern natural populations [14], as well as
soybean seeds (Glycine max (L.) Merr.), wheat
(Triticum L.), barley (Hordeum L.), lupine (Lu-
pinus L.), cowpea (Vigna angularis (Willd.)
Ohwi & H. Ohashi).

Laboratory microbiological experiments
were performed four times in accordance with
the generally accepted methods’. A miner-
al-plant nutrient medium (MPM) was used. All
microbiological work was performed in a cabi-
net. 96% ethyl alcohol was used to sterilize sur-

faces and maintain the alcohol lamp. The study
of the possibility of stimulating germination and
disinfection of soybean seeds and other legumi-
nous crops using pure cultures of soybean rhi-
zobia was carried out according to the methods
proposed by the All-Russian Research Institute
of Agricultural Microbiology, as modified by
S.A. Begoun®. The studied variants were repli-
cated four times. Seedling length, germination,
and seed germination energy were measured in
accordance with GOST 12038-84’. The B vita-
min content of rhizobia bacteria was determined
by chemiluminescent immunoassay using para-
magnetic particles and an Access2 automat-
ed immunoassay analyzer (Beckman Coulter,
USA). Statistical data processing was performed
using analysis of variance (ANOVA) in Micro-
soft Excel (Microsoft Corporation, USA).

RESULTS AND DISCUSSION

Experiments were conducted to examine the
possibility of stimulating germination and dis-
infection of soybean, lupine, cowpea, wheat,
and barley seeds using pure cultures of soy-
bean rhizobia. The following B. elkanii strains
were used: By-4, By-5, By-6, By-9, By-10,
By-11, By-25, Bp-1, FZ-28, Md-0. The first
nine strains were isolated from the root nod-
ules of different cowpea species grown in the
Amur Region (Tambov Municipal District,
Sadovoye village): By-4, By-5, By-25 — V. un-
guiculata (L.) Walp., variety k460; By-6, By-9,
By-10, By-11 — V. unguiculata (L.) Walp., vari-
ety k463; Bp-1 — V. radiate (L.) R. Wilczek, va-
riety k3096; FZ-28 — V. angularis (Willd.) Ohwi
& H. Ohashi. Strain Md-0 was isolated from
the root nodules of V. unguiculata (L.) Walp.
(variety K460), grown in the soil obtained from

SHe Y., Yu Q. The influence of mordants and inoculants on the development of soybean diseases in the conditions of the
southern zone of the Amur region // Youth Bulletin of the Far Eastern Agrarian Science: collection of student research papers / ed.

E.B. Zakharova. Blagoveshchensk, 2023, Issue 8, pp. 66-71.

4Farming system of the Amur region / ed. V.A. Tilba. Blagoveshchensk, 2003, 304 p.
SMicrobiology Workshop: A Textbook for University Students / Edited by A.L. Netrusov. Moscow: IC "Academy", 2005, 608 p.

®Begoun S.4. Methods and techniques for studying and selecting effective strains of soybean nodule bacteria. Methods of
analytical selection: methodological recommendations. Blagoveshchensk, 2005, 70 p.

GOST 12038-84. Seeds of agricultural crops. Methods for determining germination. Moscow: Standartinform, 2011, 32 p.
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the Magadan Region (forecrop — everlasting
pea, vegetation experiment, Magadan Research
Institute of Agriculture). The seed harvest year
for all crops is 2023.

The strains showed good and abundant growth
of bacterial mass on MPM and the ability to pro-
duce B vitamins. The concentration of vitamin
By in the bacterial mass of the strains averaged
31.4 pg/ml, varying widely (851 pg/ml) (see
Table 1). The highest levels of vitamin By in the
biomass (more than 40 pg/ml) were demonstrat-
ed by the strains By -6, By -10, Bp-1, and FZ-28.
The amount of vitamin B, was several orders of
magnitude higher than the concentration of vita-
min By, with greater variability in this indicator
(C, = 68,5%). The minimum content of vitamin

Taoda. 1. Craructuyeckue 3HaUYCHUSI KOHLICHTPa-
LMY BUTAaMHHOB By 11 B1,, cuHTE3UpyeMBIX Ipynnoi
mwTamMMoB B. elkanii, nir/mn

Table 1. Statistical values of the concentration of
vitamins By and B;, synthesized by a group of
B. elkanii strains, pg/ml

Indicator Vitamin By Vitamin By,
X 31,4 871,5
lim 8-51 310-2008
o 14,8 566,6

C,, % 472 68,5

Note .X — arithmetic mean; lim — limit of variation;
o — standard deviation; C, — coefficient of variation.

Inoculation with
a collective strain

Without inoculation

B/, in the biomass (310 pg/ml) was noted in the
By-4 strain, concentrations of more than 1000
pg/ml were recorded in the strains By-9, By-10,
By-25, Md-0.

A consistent stimulating and healing effect
was observed in the strain variants. In all control
Petri dishes (without inoculation), high levels
of epiphytic microflora infection of non-sterile
agricultural seeds were observed on the seventh
day of growth (see Fig. 1).

When sowing seeds on a “lawn” of pure cul-
tures of B. elkanii, the microflora on the seeds
did not germinate or appeared in the form of sin-
gle colonies (see Table 2).

All studied B. elkanii strains had a stimulat-
ing effect on the seed germination process.

Placing seeds on a "lawn" of pure rhizobia
cultures primarily stimulates their germination
rate. On average, the germination energy of bac-
terized soybean seeds increased by 15% com-
pared to the control, seedling length by 120%,
wheat by 32% and 70%, and lupine by 20%
and 112%, respectively. Significant variability
in these parameters was observed (respectively
Cv=68,9 and 82,2%).

Strains Md-0 and By-25 allowed increasing
the germination energy of barley seeds by 4 and
5 times, respectively. The seedling length in
these variants increased by 0.5-0.6 times com-
pared to the control. A positive effect of cowpea

Inoculation with
a collective strain

Without inoculation

Puc. 1. Ctumynsiqus IpopacTaHusi ceMsiH cou copTa Anmnerpa (a) v nieHuIsl copta ApioHa (0)
Fig. 1. Stimulation of germination of soybean seeds of the Alpetra variety (a), and of wheat of the Aryuna

variety (0)
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Taoa. 2. I/ICCJ'ICI[YCMLIG XapaKTCPUCTUKN HECTCPUIIbHBIX CCMSH IIPU BhIPAIIUBAHUU T10 «T'a30HY» YUCTBIX

KyJlbTYp B. elkanii (7-e cyTKu)

Table 2. The studied characteristics of non-sterile seeds when grown on a "lawn" of pure cultures of

B. elkanii (7th day)

Seed germination Length of sprouts Raw mass of sprouts | Presence
Culture Option o o o of
% % to the om % to the g/10 % to the microflora
control control plants control
Soybeans, Alpetra Control 100 100 3,30 100 4,19 100 +
variety Rhizobia 93 93 4,16 126 4,36 104 -
Control 100 100 5,60 100 1,35 100 +
Wheat, Aruna variety —
Rhizobia 98 98 6,68 119 1,72 127 -
) Control 90 100 3,80 100 1,47 100 +
Barley, Amur variety ——
Rhizobia 100 111 5,22 137 1,80 123 -
) ) Control 90 100 2,80 100 4,82 100 +
Lupine, K408variety ——
Rhizobia 97 107 3,39 121 4,12 86 -
Control 60 100 1,20 100 2,26 100 +
Cow pea —
Rhizobia 61 102 1,78 148 2,48 110 -
C,, % 68,9 82,2 17,3
LSDys 1,80 1,03 0,88

Note. The LSDys value was calculated separately for each culture based on the analysis of variance; the values are shown for

the key comparisons (strain and control).

Taoa. 3. CrarucTuyecKkue 3HaYCHUS BCXOKECTH
1 JJIUHBI HpOpOCTKOB HeCTepI/IHLHBIX CCMSIH HpI/I
BBIPAILIMBAHNU 110 «Ta30HY» YUCTBIX KYJIBTYD

B. elkanii (3-e cyTkn)

Table 3. Statistical values of germination and
length of seedlings of non-sterile seeds when grown
on a "lawn" of pure cultures of B. elkanii (3rd day)

Indicator Seed germination, | Length of sprouts,
pes. cm
X 4,45 0,60
lim 0-10,0 0-2,3
o 3,07 0,49
C,, % 68,9 82,2

Note. Here and in Table 4: the values are calculated based
on the data for all crops to illustrate the general trend; LSDs for
each crop see Table 2.

seed bacterization was observed in the variants
with strains By-5, By-9, By-10, By-11, By-25,
FZ-28, Md-0 (see Table 3).

Seed germination of the studied crops in the

control was high (100%). In the variants with
bacterization, slight variability in this indicator
was noted (C, = 17,5%). Seed germination of
barley, lupine, and cowpea exceeded the control
by 11-33% in almost all experimental variants.
The best seed germination rate for cowpea was
recorded in the variant containing the Md-0
strain. In this variant, seed inoculation resulted
in a 1.3-fold increase in germination relative to
the control (see Table 4). In experiments with
seeds of the Alpetra soybean variety and the
Aruna wheat variety, the use of strains By-4,
By-6, By-9, By-10, Bp-1 caused a 10% decrease
in germination. This may be due to the species
of rhizobia. On average, the germination rate of
bacterized barley, lupine, and cowpea seeds in-
creased by 14% compared to the control.

The rhizobia strains used in the study sig-
nificantly stimulated an increase in the length
of agricultural crop seedlings with an average
variability in this indicator (C, = 56,8%). Thus,
inoculation of barley seeds with the By-4 strain
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Taoxa. 4. CrarucTuueckue 3HAYCHUS BCXOXKECTH,
JUTMHBI M CBIPOI Macchl MPOPOCTKOB HECTEPHIIBHBIX
CEMSIH NP BBIPALIMBAHUH IO «T'a30HY» YUCTBIX
KyAbTYp B. elkanii (7-e cyTkn)
Table 4. Statistical values of germination, length
and wet weight of seedlings of non-sterile seeds
when grown on a "lawn" of pure cultures

of B. elkanii (7th day)

Indicator

Seed

germination,

pcs.

Length of
sprouts,
cm

Raw mass of
sprouts,
g/10 plants

X

lim

C,, %

9,0
5,0-10,0
1,60
17,5

42
1,2-11,1
2,40
56,8

2,9
1,3-5.8
1,24
432

contributed to an increase in the length of seed-
lings by 5% compared to the control. Strains By-
10, By-25, Bp-1, Md-0 increased this indicator
in all studied crops. The greatest length of seed-
lings was observed in the variants with inocula-
tion of soybean (9.2 cm), wheat (11.1 cm), bar-
ley (9.2 cm) and cowpea (3.5 cm) seeds with the
By-25 strain. When seeds were bacterized with
the By-25 strain, the minimal increase in seed-
ling length was observed in wheat (98%), while
the maximal increase was observed in cowpea
(192%). The greatest lupine seedling length (4.9
cm) was recorded in the variant bacterized with
the Md-0 strain. Overall, in the variants using
rhizobia, the seedling length of soybeans, wheat,
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Fig. 2. Wet weight of sprouts, g/10 plants
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barley, lupines, and cowpeas increased by an av-
erage of 50%.

When non-sterile seeds of agricultural crops
were placed on a "lawn" of pure B. elkanii cul-
tures, the wet weight of the seedlings increased
(see Fig. 2). The best results were observed in
variants with bacterization of Alpetra soybean
seeds with strains By-5 and By-25, wheat vari-
ety Aruna with strains By-4, By-6, By-25, Md-0,
barley variety Amur with strains By-10, By-25,
Md-0, cowpea with strains By-25 and Md-0.

In the above-mentioned variants, the fresh
weight of soybean seedlings exceeded the con-
trol by 16-39%, wheat by 24-113%, barley by
20-104%, and cowpea by 42-47%. B. elkanii
strains did not affect the fresh weight of lupine
seedlings, which remained at the control level.
On average, in the treatments with seed bacte-
rization, the fresh weight of soybean, wheat,
barley, and cowpea seedlings increased by 29%
compared to the control.

CONCLUSION

Thus, the study established the stimulating
effect of rhizobia on agricultural crop seeds. The
highest rates of seed germination were observed
in the variants bacterizated with the following B.
elkanii strains: By-5, By-10, By-11, By-25 for
soybean, By-5, By-25, Md-0 for wheat, By-5,
By-11, By-25, FZ-28, Md-0 for barley and lu-
pine, By-25, Mn-0 for cowpea. High rates of
cowpea seed germination were recorded us-
ing strains By-5, By-10, By-25 and Md-0. The
length of soybean and wheat seedlings was
maximum when using strains By-4, By-6, By-
10, By-25, Md-0, barley and lupine — By-10,
By-25, FZ-28, Md-0, cowpea — By-6, By-10,
By-11, By-25, Bp-1, Md-0. The maximum fresh
weight of cowpea sprouts was 3.32 g/10 plants
(strain By-25), wheat — 2.87 (strain Md-0), soy-
beans — 5.81, and barley — 3.0 g/10 plants. The
data obtained are statistically significant. Prom-
1sing strains are recommended for use in the pro-
duction of biopreparations.
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KOPMOIIPOH3BO/ICTBO
FODDER PRODUCTION

https://doi.org/10.26898/0370-8799-2025-11-4 Tun crarbu: OpUrHHAIBHAS
VIK 633.2:631.5(571.14) Type of article: original

IIpoayKTHBHOCTH OJHOBHAOBBIX MHOTOJIETHUX TPaB MO/ BIUSHHEM
Pa3HBIX MOKPOBHBIX KYJIBLTYP M CPOKOB MoceBa B Jiecoctenu [Ipunodns

BortsikoB A.O., ) leTpyk B.A.

Hoesocubupckuii 2cocyoapcmeenHulii acpapHbulii yHusepcumem
HoBocubupck, Poccus

() e-mail: medicago@mail.ru

B ycrnoBusix siecocrenu [IprnoObsi n3ydeHa MPOAYKTHBHOCTh OJHOBHJIOBBIX MHOTOJIETHHX TPaB
I10J] Pa3HbIMU MTOKPOBHBIMU KYJIETYpaMU. B kauecTBe MOKPOBHBIX KYyJIBTYP HUCIOJIb30BAHBI TYMEHb H
3epHOCMECH M3 TISITH KOMIIOHEHTOB: OBCA, SIYMEHS, MIIIEHHIIbI, Fopoxa, BUKA. HopMa BhiceBa suMeHs
180 kr/ra, 3epHocmecu — 250 kxr/ra. [lepen moceBoM ceMeHa CMEIIMBAIM B CIICIYIOIIEH MPOIOPIIUU:
oBec — 100 kr, stumens — 70, mmenuta — 50, ropox — 15, Buka — 15 kr. [locme yoopku 3epHOCMECH,
KaK U SYMEHb, IIPUMEHSIIN ISl 3aTOTOBKH 3epHOCeHaXa. ['ycToTa cTednecTos: 3epHOCMECH, a TaKKe
BBICOTA PAaCTEHHUI ¥ MPOAYKTHBHOCTH OBLIHM BBIIIE 110 CPaBHEHHMIO ¢ stameHeM. CleoBaTeibHo, 3ep-
HOCMECh OKa3biBaJia 0ojiee yrHeTarllee JeiCTBUE Ha MHOTOJICTHHE TPABhl B MOCIEAYIONIUE 2 TO/a.
B nanpHeiinieM pasHUIA 10 YPOXKAWHOCTH MEXTy MHOTOJICTHUMHU TPaBaMH TIOJI Pa3HbIMU TTOKPOB-
HBIMH KYJBTypaMU IIOYTH HUBEIUPOBAIACH. YPOXKAMHOCTh MHOTOJICTHUX TPAB IO/ SYMEHEM B IICJIOM
OblIa BBINIE, YeM TOA 3epHOCMEChIo. B cpemrem mo ombiTy Ne 1 HamOombIieH yposKalHOCTRIO IO
STIMEHEM OTInvasiach JronepHa (4,91 1/ra abc. cyx. B-Ba), HauMeHbLIel — Ki1esep (2,66 1/ra). [log
3epPHOCMECHIO YPOXKAHHOCTH JIFOIIEPHBI U KJIEBEpa COCTaBMiIa cOOTBeTCTBeHHO 4,19 1 2,16 T/ra abc.
cyx. B-Ba. TakuM 00pa3om, 311ak0-0000Basi 3€pPHOCMECH OKa3aja yrHETarollee BIUSHHE Ha POCT U
pa3BUTHE MHOTOJICTHUX TpaB, HO He pelaroniee. PazHuIa mo ypokalHOCTH MHOTOJIETHHX TPaB B
MTOCJICAYIOIIUE TOBI TI0J] PA3HBIMH TIOKPOBHBIMH KYJIBTYypaMu Oblila HecyliecTBeHHOH. [loaTomy 1mo-
CEeB 36pPHOCMECH KaK MOKPOBHOW KYJIBTYpPbI JUII MHOTOJIETHUX TPaB MPEIIOYTUTEIbHEE, TAK KaK ee
YPO’KaHHOCTB B IIEPBBIN TOJ] IOCEBA OKa3ajlach 3HAYMTEIHHO BHIIIE TI0 CPABHEHUIO C YPOKANHOCTHIO
ssameHs. Ha ocCHOBaHMM M3ydYeHVsI BIMSHUS BECEHHETO U JISTHETO CPOKOB ITOCEBA Ha IPOJYKTHBHOCTb
ITOKPOBHOM KYJBTYPhI (SYMEHS) 1 MHOTOJICTHUX TPaB B MOCIEAyonme rojbl (oneiT No 2) MOXKHO
YTBEPKIATh, YTO YPOIKAHHOCTH MOKPOBHOM KYJIBTYPhI BECEHHETO CPOKa ITOCEBA BBIIIE 10 CPABHEHHIO
C MIOCEBOM JICTOM. DTO OOBSICHAETCSL 00JIee KOPOTKUM IIEPUOJIOM Pa3BUTHUS TTOKPOBHOU KYJIBTYPHI JI0
CPOKOB YOOPKH IO CPAaBHEHHUIO C MOCEBOM BecHOW. CpeHsisi IPOYKTHBHOCTh MHOTOJICTHUX TPaB B
TEUEHUE MOCICYIOIINX JeT Obljla HE3HAYUTEIBHO BBIIIE IIPH JISTHEM CPOKE TTOCEeBa.

KiroueBble cjioBa: TOKPOBHBIC KYJIBTYPbI, MHOTOJIETHHE TPABbI, IPOAYKTHBHOCTD, CPOKH TTOCEBA

Productivity of single-species perennial grasses under the influence
of different cover crops and sowing dates in the forest-steppe
of the Ob region

Votyakov A.O., &<)Petruk V.A.
Novosibirsk State Agrarian University
Novosibirsk, Russia

(<X)e-mail: medicago@mail.ru

The productivity of single-species perennial grasses under different cover crops has been studied
in the conditions of the forest-steppe of the Ob region. Barley and a grain mixture of five components
were used as cover crops: oats, barley, wheat, peas, vetch. The rate of sowing of barley is 180 kg/ha,
grain mixtures — 250 kg/ha. Before sowing, the seeds were mixed in the following proportions:
oats —100 kg, barley — 70, wheat — 50, peas — 15, vetch — 15 kg. After harvesting, the grain mixture,
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Productivity of single-species perennial grasses under Votyakov A.O., Petruk V.A.
the influence of different cover crops and sowing dates

in the forest-steppe of the Ob region

like barley, was used for harvesting grain silage. The density of the grain mixture stem, as well as plant
height and productivity were higher compared to barley. Consequently, the grain mixture had a more
depressing effect on perennial grasses in the next 2 years. Later on, the difference in yield between
perennial grasses under different cover crops was almost leveled. The yield of perennial grasses under
barley was generally higher than under the grain mixture. On average, according to experiment No. 1,
alfalfa had the highest yield under barley (4.91 t/ha abs. dry matter), the smallest was shown by clo-
ver (2.66 t/ha). Under the grain mix, the yields of alfalfa and clover were 4.19 and 2.16 t/ha abs. dry
matter, respectively. Thus, the cereal-bean grain mixture had a depressing effect on the growth and
development of perennial grasses, but not decisive. The difference in yields of perennial grasses in
subsequent years under different cover crops was insignificant. Therefore, sowing a grain mixture as
a cover crop for perennial grasses is preferable, since its yield in the first year of sowing turned out to
be significantly higher than the yield of barley. Based on the study of the influence of spring and sum-
mer sowing periods on the productivity of the cover crop (barley) and perennial grasses in subsequent
years (experiment No. 2), it should be argued that the yield of the cover crop of the spring sowing pe-
riod is higher compared to summer sowing. This is due to the shorter period of development of the
cover crop before harvesting compared to sowing in spring. The average productivity of perennial
grasses over the following years was slightly higher during the summer sowing period.
Keywords: cover crops, perennial grasses, productivity, sowing dates
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INTRODUCTION nial grasses are also widely used to increase the
forage productivity of arable land and to create
cultivated pastures [1-3]. Currently, hayfields
and pastures occupy almost 50% of the total ag-
ricultural land area!. Forages made from peren-
nial grasses constitute the main share of forages
in foreign countries?.

Compared to annual forage crops, perennial
grasses use photosynthetically active radiation
(PAR) more efficiently: the former use PAR only
from germination to harvest, the latter — through-
out the entire warm period of the year>.

Despite the extensive study of the issues of

Perennial herbaceous plants are the most im-
portant forage crops. Perennial grasses can be
used not only for hay, haylage, and silage, but
also to form cultivated pasture communities. Pe-
rennial grasses play a significant role in combat-
ing wind and water erosion by forming a thick
turf. They also help enrich the soil with organic
matter. Forage grasses from the legume family
enrich the soil with nitrogen.

Compared to annual forage crops, perenni-
al grasses are much more economical to culti-

vate. It should be noted that perennial grasses
are equally as good as annual forage crops in
terms of feed quality. Perennial grasses are in-
dispensable in creating green conveyors. Peren-

improving cultivation technology and the on-
going breeding work [1-12], the issues of com-
parative productivity of single-species perenni-
al grasses, as well as the influence of different

'Goncharov P.L., Goncharova A.V. Breeding and seed production of grasses in Siberia // Siberian Herald of Agricultural Science,

2003, vol. 33, N 3, pp. 23-24.

2Humpkreys M., Amstead J., Thorogood D., Turner L. Mapping out the future for grasses // IGER Junov, 2002, N 6, pp. 12—15.
3Kolomeichenko V.V. More attention to hayfields and pastures // Kormoproizvodstvo, 2012, N 4, pp. 3-6.
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cover crops on their productivity in subsequent
years, remain unexplored.

In Siberia, grain mixtures used as cover crops
are also widely used for grain silage. The grain
mixture is harvested relatively early—in the sec-
ond half of August. After harvesting, perennial
grasses thrive and accumulate nutrients for over-
wintering®.

The objectives of the study are to examine
the productivity of cover crops and common
single-species perennial grasses (galega, clover,
alfalfa, timothy, brome) during subsequent years
of development after harvesting cover crops, as
well as to determine the productivity of perenni-
al grasses (alfalfa, clover, brome) under the cov-
er of barley during spring and summer sowing
periods.

MATERIAL AND METHODS

The first set-up of Experiment No. 1 was con-
ducted in early June 2007, and a repeat set-up
was conducted in late May 2008 at the Novosi-
birsk State Agrarian University's training farm.
The experiment examined the structural param-
eters of the grass stand and the productivity of
single-species perennial grasses (factor A) and
cover crops (factor B).

The training farm's agricultural lands are lo-
cated in the forest-steppe of Western Siberia.
The soils are leached chernozem. The humus
content of the topsoil of the experimental plot
is 3.5%, and the exchangeable potassium and
phosphorus levels are high and very high. Min-
eral fertilizers were applied to the experimental
plot annually during spring harrowing. The fer-
tilizer rate is calculated for a hay yield of 6 tons/
ha (N3oP30Ks0)’. The area of the experimental

plotis 20 m?. The placement of experimental and
control plots was randomized. The row spacing
for perennial grasses is 30 cm.

Before sowing, the seeds were mixed in the
following proportions: oats — 100 kg, barley —
70, wheat — 50, peas — 15, vetch — 15 kg. When
sowing, the seeding rates for barley and grain
mixture (180 and 250 kg/ha, respectively) were
reduced by 20%®9. All varieties are released for
the region. The methods for setting up the exper-
iment and statistically processing the obtained
data are generally accepted’.

In 2017 and again in 2018, Experiment #2
was conducted to study the effect of sowing
timing (factor B) on the structural parameters of
the grass stand and the productivity of the cov-
er crop and perennial grasses (factor A). Spring
sowing was carried out on May 28, and summer
sowing was carried out on July 28. Barley (the
cover crop) and the following perennial grasses
were used in the experiment: alfalfa, clover, and
brome. These perennial grasses and the cover
crop were identified as the most promising for
further research. The experimental methodolo-
gy, plot area, fertilizers, and grass varieties were
the same as in the previous experiment.

RESULTS AND DISCUSSION

Weather conditions varied during the study
years. The 2007 growing season was rainy and
warm, allowing for a relatively high cover crop
yield and laying the foundation for perennial
grass production in subsequent growing sea-
sons. In 2008, June was warm and wet, although
the rest of the season was dry. The 2009-2012
growing seasons could be characterized as dry.
The next experiment was established in 2017.

“Pershilin K.G. Adaptive intensification of forage production in the forest-steppe of Western Siberia: Doctor’s thesis in

Agriculture, Novosibirsk, 2000, 54 p.

SBenz V.A., Volkova L.D., Khromov A.Ya. et al. Parameters and methods for calculating the levels of planned yields of forage

crops. Novosibirsk, 1985, 70 p.

¢Agricultural technologies for feed production in Siberia: practical manual, Novosibirsk, 2013. 246 p.
"Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of the research results). Moscow:

Alliance, 2014, 386 p.
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The work continued until 2020. Throughout
the study period, the weather was favorable for
grass growth and development.

In the year of the establishment of Experi-
ment No. 1, only plants of barley cultivated as
a cover crop and a grain mixture of five compo-
nents were observed.

It is known that the structural parameters
of the grass stand to some extent determine its
yield.

Thus, the barley stand density as a cover crop
for the different perennial grasses varied only
slightly (see Table 1). This is understandable,
as the sowing was carried out at the same seed-
ing rate as a continuous background. The lowest
barley stand density (205 pcs/m?) was observed
in the plot where galega was the cover crop, and
the highest was in the plot where brome was the
cover crop (228 pcs/m?). The height of the bar-
ley plants varied from 63 to 69 cm, which is not
a significant difference.

In the grain mixture, the density of cereal
grasses was 276-293 pcs/m?, height — 70-75
cm. The density of leguminous grasses reached
29-48 pcs/m?, height — 37-46 cm (see Table 1).

Thus, together with the cereal grasses, the
shoot density in the grain mixture was over 300
shoots/m?, which is significantly higher than
the barley stem density. This explains the high-
er yield of the grain mixture. The aboveground
barley yield was 1.86 t/ha of absolute dry matter,
and the grain mixture yield was 3.74 t/ha (see
Table 2). Compared to the grain mixture, bar-
ley's dry matter yield is 2.0 times lower, its feed
yield is 1.5 times lower, and its metabolizable
energy yield is more than 2.0 times lower. This
may explain the preference of the grain legume
mixture as a cover crop over barley.

In Experiment No. 1, among perennial grass-
es, alfalfa had the highest stem density: under
the barley cover, it reached 225 stems/m? (see
Table 3). This high stem density created a fairly
competitive environment for weed growth. As a

Ta6a. 1. CTpyKkTypHBIE ITOKa3aTeIN TPABOCTOS TOKPOBHBIX KYJIBTYP B BAPHAHTAX C Pa3HBIMU
MHOTOJIETHUMU TpaBamH (cpeaHee 1o onbiTy, 2007 u 2008 1)

Table 1. Structural indicators of cover crop grass stand in the variants with different perennial grasses

(average for the experiment, 2007 and 2008)

Grain mixture
Barley
Perennial herbs Cereal crops Legumes
Stem deniity, Plant height, Stem deniity, Plant height, Stem density, Plant height, cm
pes./m cm pes./m cm pcs./m?
Galega 205 +9,0 67+9,0 284+ 6,5 75+3,0 29+9,0 44 + 4.0
Clover 2124+9,0 69+3,0 290+ 4,5 70 £2,0 33£8,6 37+2,0
Alfalfa 213+5,0 67+1,5 2934525 73+1,0 30+5,0 46 +3,5
Timothy grass 218 £3,0 63+2,5 282 £ 18,5 70 +2,5 34430 38+1,2
Brome 228 +4,0 66+2,5 276 £ 4,0 70 £ 4,0 48 +2.5 39+2,5
Ta6a. 2. IIpogyKTUBHOCTH MMOKPOBHBIX KYIBTYp (cpeaHee 1mo onbiTy, 2007 u 2008 1)
Table 2. Productivity of cover crops (average for the experiment, 2007 and 2008)
Yield
Cover crops
t/ha abs. dry matter thousand feed units/ha GJ/ha
Barley 1,86 0,93 12,36
Grain mixture 3,74 1,72 26,60
LSDys 0,69 0,47 5,72
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result, the weed density was very low. The least
dense stand of brome grass was 110 weeds/m?
before mowing. The number of weeds in the
brome grass stand was also insignificant, at 61
weeds/m?.

Under the legume-cereal grain mixture, the
stem density of perennial grasses was slightly
lower compared to their density under barley.
No significant differences were observed. The
density of galega under barley was 143 pcs /m?,
under the grain mixture — 140 pcs /m?, alfalfa —
225 and 236 pcs /m?, respectively, timothy — 106
and 80 pcs /m?, brome — 110 and 126 pcs /m?.

Consequently, a reduction in perennial grass
density under the grain mixture was not reliably
confirmed in most cases. Weed abundance under
barley and the grain legume mixture did not dif-
fer significantly.

The average height of single-species peren-
nial grasses varied little across the experiment
(see Table 3). The tallest plants were galega and
brome grass: under barley, they reached 83 cm,
and under the grain mixture, 78 and 75 cm, re-
spectively. The heights of the remaining grass
species were much smaller. The effect of the
grain mixture as a cover crop has been almost
completely ignored. This suggests that perennial
grasses sown under different cover crops reach a
uniform height by the age of 4-5 years.

Based on the analysis of perennial grass

yields in 2007 and 2008, it was found that alfalfa
was the most productive: under barley, its yield
was 4.91 t/ha of absolute dry matter, and under
a grain mixture, 4.19 t/ha (see Table 4). Its bio-
logical properties may serve as an explanation in
this case. Alfalfa is considered a cold-hardy crop
with a long growing season. With proper care, it
can remain in the grass stand for over 10 years,
although its yield declines starting in the 4th or
Sth year®.

The relatively low yield of galega (2,400 kJ/
ha) is explained by the age of the grass stand.
For galega, 4-5 years of age is insignificant; the
crop has a productive longevity. Higher yields
are achieved much later in life [13, 14]. Clover
provides forage for only three years, so its av-
erage yield is the lowest over the entire study
period. Timothy grass and brome grass generally
yield less than single-species perennial legumes.

Based on the results of Experiment No. 2,
it should be noted that the cover crop (barley)
had a slightly higher stand density when sown
in summer. This can be explained by the low-
er soil contamination at the time of cover crop
sowing, as the soil had been cultivated prior
to sowing. Thus, the barley stem density when
sown in spring in a plot where alfalfa was the
cover crop was 224 pcs/m?2, clover — 205 pcs/m?,
brome — 236 pcs/m? (see Table 5). When sown in
summer, the stem density reaches 295, 301 and

Ta6a. 3. CrpykTypHBIE TOKa3aTeIN TPABOCTOS MHOTOJIETHUX TPaB IMEPBOTO YKOCA IO/ Pa3HBIMHU

TTOKPOBHBIMHE KYJIETypaMu (cpemaHee 1o onbITy, 2007 u

2008 rr.)

Table 3. Structural indicators of perennial grass stand of the first cut under different cover crops

(average for the experiment, 2007 and 2008)

Stem density, pcs./m? Plant height, cm
Perennial herbs
Barley Grain mixture Weeds Barley Grain mixture Weeds

Galega (control) 143 140 51 83 78 92
Clover 140 118 42 53 73 51
Alfalfa 225 236 51 53 47 55
Timothy grass 106 80 44 56 64 9
Brome 110 126 61 83 75 58
LSDys A = 14,25, LSDys B = 14,06, LSD(5s AB = 20,16 (stem density)

LSDys A =11,9, LSDys B =11,8, LSDys AB = 20,16 plant height)

8Goncharov P.L., Lubenets P.A. Biological aspects of alfalfa cultivation. Novosibirsk: Nauka, 1985. 256 p.
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Ta6xa. 4. TIpogyKTUBHOCTH MHOTOJICTHUX TPAB MO/ Pa3HBIMHU MOKPOBHBIMHU KYJIETYPaMH
(cpennee o ombiTy, 2007 1 2008 rT.)

Table 4. Productivity of perennial grasses under different cover crops (average for the experiment,

2007 and 2008)
Barley Grain mixture

B e e I A
Galega (control) 3,69 2,40 38,48 3,29 2,13 27,45
Clover 2,66 1,81 21,37 2,16 1,46 17,30
Alfalfa 491 3,54 43,62 4,19 3,01 37,18
Timothy grass 3,47 2,64 28,85 2,92 2,06 2422
Brome 3,52 2,54 30,61 3,13 2,25 27,15

LSDys A = 2,11, LSDys B = 1,33, LSDys AB = 2,97 (GJ)

LSDys A = 0,25, LSDys B = 0,16, LSDys AB = 0,35 (abs. dry matter)
LSDys A = 0,18, LSDys B = 0,10, LSDys AB = 0,24 (feed units)

286 pcs/m?, respectively. Note that barley, as a
cover crop, was sown at the same seeding rate as
all undercrop grasses. The low stand density was
due to a 20% reduction in the cover crop seeding
rate, as required by the technology. Therefore,
the seeding rate was 180 kg/ha (5 million seeds/
ha).

Moreover, spring-sown barley yielded 1.5—
2.0 times more than summer-sown barley. This
can be explained by the fact that, despite favor-
able summer conditions for growth and develop-
ment, barley, as a cover crop, had significantly
less time to harvest compared to spring-sown
barley.

As a result, the yield of spring-sown cov-
er crops was significantly higher. For example,
spring-sown barley yielded 3.9—4.6 t/ha of ab-

solute dry matter, while summer-sown barley
yielded 2.9-3.1 t/ha, which is significantly lower
(see Table 6).

The stand density of perennial grasses in sub-
sequent years after cover crop harvesting depend-
ed on the time of sowing. The stand density of
summer-sown clover and brome grass was high-
er than that of spring-sown grasses. The denser
stand of summer-sown grasses is explained by
favorable conditions for the development of pe-
rennial grasses compared to spring-sown grass-
es. For the same reason, summer-sown grasses
of the studied crops were slightly taller than
Spring-sown grasses.

Alfalfa and clover differed only slightly
in terms of stem density and plant height (see
Table 7). The stem density of spring- and sum-

Taba. 5. CTpyKkTypHbIe TOKa3aTeIN TPABOCTOSI TOKPOBHOM KyJIbTYpbI IPH pa3HbIX CpOKaxX MOCeBa

(cpennee no ombity, 2017 1 2018 rT.)

Table 5. Structural indicators of cover crop grass stand at different sowing dates (average for the

experiment, 2017 and 2018)

Spring sowing

Summer sowing

Perennial herbs

Plant height, cm

Stem density, pcs./m?

Plant height, cm

Stem density, pcs./m?

Alfalfa 224 86 295 45
Clover 205 84 301 43
Brome 236 80 286 35
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mer-sown alfalfa was 121 and 104 pcs/m?, re-
spectively, while that of clover was 102 and 120
pcs/m2. The height of spring-sown alfalfa plants
was 64 cm, while that of summer-sown clover
was 68 cm, while that of clover was 64 and 71
cm.

A significant difference in stem density and
plant height was observed in brome grass com-
pared to legumes: these indicators were 1.5-2.0
times lower. The stem density of spring-sown
brome grass was 58 plants/m?, while that of
summer-sown brome grass was 86 plants/m?.
The low stem density of perennial grasses is
also explained by the sowing method. Perennial
grasses were sown with a row spacing of 30 cm.
Brome plants are significantly taller than alfalfa
and clover, which is due to the morphological
characteristics of the grasses studied. A signifi-
cant difference between the structural parame-
ters of spring- and summer-sown brome should

also be noted. For example, the height of spring-
and summer-sown brome plants was 77 and 86
cm, respectively. This difference is significant.

The productivity of perennial grasses at dif-
ferent sowing dates varied (see Table 8). The
yield of summer legume crops was higher than
that of spring crops. The yield of alfalfa from
spring and summer sowings was 2.51 and 2.99 t/
ha of absolute dry matter, clover — 2.58 and 2.88
t/ha, and brome grass — 2.20 and 2.36 t/ha. Con-
sequently, differences were noted between the
different sowing dates for legumes, although not
always significant. For brome grass, the yield
from summer sowing was also higher than from
spring sowing.

With summer sowing, when the soil is pre-
pared as a semi-fallow, cover crops and perenni-
al grasses themselves experience more favorable
conditions. Their development is accelerated.
For example, in the Moscow region, the studies

Tada. 6. [IpogyKTHBHOCTb MOKPOBHOM KyJBTYpbI IIPH pa3HBIX CpOKax MoceBa (CpeaHee MO OIbITY,

20171 2018 rr)
Table 6. Productivity of cover crops at different sowing times (average for the experiment,
2017 and 2018)
Spring sowing Summer sowing
Perennial herbs t/ha abs. dry thousa}nd feed Gl/ha t/ha abs. dry thousgnd feed Gl/ha
matter units/ha matter units/ha
Alfalfa 3,9 1,5 23,8 2,9 1,1 17,7
Clover 4,6 1,8 28,1 2,9 1,1 17,7
Brome 4,4 1,7 26,9 3,1 1,2 18,9

LSDys A = 0,67, Fys B and Fjjs AB > F, (abs. dry matter)

Tab6a. 7. CTpykTypHBIC TOKa3aTelId TPABOCTOS MHOTOJICTHUX TPpaB IIPH Pa3HBIX CPOKaX MOCEBa

(cpemnee o ombiTy, 2017 1 2018 rT2)

Table 7. Structural indicators of perennial grass stand at different sowing dates (average for the

experiment, 2017 and 2018)

Stem density, pcs./m?

Plant height, cm

Perennial herbs
Spring sowing

Summer sowing

Spring sowing Summer sowing

Alfalfa 121 104 64 68
Clover 102 120 64 71
Brome 58 86 77 86

LSDys A=11,01, LSDys B = 8,98, LSDys AB = 15,56 (stem density)
LSDy; A = 8,50, LSDys B = 6,90, F\s AB > F,, (plant height)
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Ta6ua. 8. IIpogyKTHBHOCTh MHOTOJIETHUX TPaB MPHU Pa3HBIX CPOKAX MOCEBA (CPETHEE IO OMBITY,

2017 m 2018 rr)
Table 8. Productivity of perennial grasses at different sowing times (average for the experiment,
2017 and 2018)
Spring sowing Summer sowing
Perennial herbs t/ha abs. dry | thousand feed G/ha t/ha abs. dry | thousand feed G/ha
matter units/ha matter units/ha

Alfalfa (control) 2,51 1,80 22,20 2,99 2,15 26,43

Clover 2,58 1,72 20,66 2,88 1,92 23,32

Brome 2,20 1,58 18,70 2,36 1,69 20,10

LSDys A =0,26, LSDys B =0,22, F)s AB > F, (abs. dry matter)

were conducted on different timings of overseed-
ing (spring and summer) of Caucasian goat's rue
into the sod of a reedgrass bed. According to the
results, summer sowings were virtually equal in
yield to spring sowings [14].

In conclusion, it can be noted that the stud-
ied perennial grasses, sown at different times,
differed in terms of their grass stand structural
parameters. The stem density and plant height
of the summer-sown plants were higher. Conse-
quently, the yield was also higher.

CONCLUSIONS

1. Cover crops had a depressing effect on
perennial grasses during the initial growing sea-
son. Subsequently, the differences in perennial
grass yields under different cover crops leveled
out.

2. The productivity of the grain mixture
cover crop was almost twice as high as that of
barley — 1,720 versus 0,930 feed units/ha. Bar-
ley, as a cover crop, has less suppressive effects
on perennial grasses. However, growing the
grain mixture as a cover crop is also effective,
given its undeniable advantages in productivity
and suitability for haylage compared to barley.

3. Alfalfa was the most productive of the
perennial grasses (3,540 feed units/ha). Red clo-
ver showed the lowest yield (1,810 feed units/
ha).

4. The productivity of barley used as a cov-
er crop for perennial grasses was higher when
sown in spring than when sown in summer. Pe-

rennial grass productivity at different sowing
times was slightly higher when sown in summer.
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NHTEeHCHBHOCTH NMPOSABJICHNS 00JI€e3HEH B arpoLieHO3e KOPMOBBIX 0000B
(Vicia faba L.) B ycioBusix 3anagnoi Cudbupu

<) Ammapuna JI.@.
Cubupckuii ghedepanvhwiii HayuHblll Yyeump azpobuomexnonozuti Poccutickoil akademuu Hayk

Hosocubupckas oonacts, p.im. KpacHooOck, Poccus
(X)e-mail: alf8@yandex.ru

B crarpe mpuBeneHsI pe3ynbTaThl MHOTOJIETHHX HaONIOICHWI B arpoleH03e KOPMOBBIX 0000B
(Vicia faba 1.) Ha BBIIIEIOYEHHBIX Y€PHO3EMaX B KIMMATHUECKHUX YCIOBHUSX JIECOCTENH 3arafHon
Cubupu c MeNnpl0 ONpeneNeHUsT YacTOThl U WHTEHCUBHOCTH 3a0oyieBaHuil pacTeHuil. [lo maHHBIM
OOJBIIIOTO KOMTMYECTBA MCCIEAOBAHUI KaK OTEYECTBEHHBIX, TaK M 3apyOEKHBIX CIICIHAINCTOB, 3Ta
KyJbTypa JIOCTATOYHO aKTHBHO MOPAYKACTCS IEIBIM KOMILICKCOM 3a00JieBaHMM, YTO HAHOCUT 3Ha-
YUTEIBHBIN YIIepO yporkalo M KaueCTBY CEJIbCKOXO3SHCTBEHHOM MpoAyKuuu. B xone uccienoBanus
B ITOCEBaX KOPMOBEIX O00OB BBISIBIICH sl 3a00JeBaHnil (OOBIKHOBEHHASI MO3anKa, (py3apro3, MATHH-
CTOCTH Pa3HO 3TUOJIOTUH, JIOKHAS MyYHHUCTAs! pOca U JIp.), UHTCHCUBHOCTh Pa3BUTHSI KOTOPBIX 3aBH-
ceJa OT MOTOJHBIX YCIOBUI BEreTalliOHHOTO MEPHo/ia M 3KOJIOTHYECKUX TPeOOBaHN BO30OyAUTEIEH.
YCTaHOBIIEHO, YTO B TOJBI C JIOCTATOYHBIM YPOBHEM YBIAKHEHUS Mpeodiananu (y3apruo3 1 JOKHAS
My4HucTas poca. KoadduimeHt koppensiuu pacupoctpaneHHocTy (y3apruo3Horo yesianus ¢ ['TK
coctasui 0,9 npu p < 0,05. YpoBeHb pa3BUTHSA JIOKHOW MYYHHUCTON POCHI NMPEBBIIIAN TOPOT BPEIO-
HOocHOCTH (Oosee 40%), 4To Takyke 0OYCJIOBIEHO YPOBHEM YBIKHEHHS B BETETAI[MOHHBIA TIEPUO.
[TokazaHo, 4TO 3aCyILIUBBIC YCIOBUS, OJIATONPUSATHBIC JI POCTa aKTUBHOCTH TIIEH, SBIISIOIIMXCS TIe-
peHoCUYMKaMHU OOBIKHOBEHHOM MO3anKH, CIIOCOOCTBOBAIN Pa3BUTHIO JaHHOTO 3aboneBanus (110 53%)
Y yBEIIMYEHHIO CKOPOCTH HapacTaHusl WHPEKINU. BRIACHEHO, YTO CTETIeHb Pa3BUTHS PA3IUYHBIX TH-
OB MSTHUCTOCTH, BBI3BIBAEMON KOMIUIEKCOM BO30yauTeneil (Buubl ponoB Alternaria, Stemphylium,
Cercospora), 6bla BBICOKOW Ha BCEX 3Tarax (OT MOSBICHUS BCXOIOB 0 CO3peBaHMs 6000B) U BO BCE
rozbl uccieaoBanus (MHIEKC pa3BuTus — 10 61,6%, pactpoctpanenHocts — 100,0%). Dto mpuBeno
K 3apaxkeHuto 10 40% ceMsiH HOBOTO ypOKasi M CHUYKCHHUIO UX MOCEBHBIX KaueCTB, YTO CBUICTECIb-
CTBYET O HECOOXOJAMMOCTH MPUMEHEHUS COOTBETCTBYIOIIMX 3alIMTHBIX MEPONPHUATHH, 0COOCHHO Ha
CEMEHHBIX MTOCEeBaXx.

KuaroueBbie ci1oBa: 00JIe3HH PACTEHUH, CTEIICHb TOPAXCHHOCTH, (Dy3apro03, MO3anKa, TISITHUCTOCTh
JTUCTHEB, KOPMOBBIE OOOBI

The intensity of disease manifestations in the agrocenosis of broad beans
(Vicia faba L.) in Western Siberia

C<)Ashmarina L.F.

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

(X)e-mail: alf8@yandex.ru

The article presents the results of long-term observations in the agrocenosis of broad beans (Vicia
faba L.) on leached chernozems in the climatic conditions of the forest-steppe of Western Siberia in or-
der to determine the frequency and intensity of plant diseases. According to a large number of studies
by both domestic and foreign experts, this crop is quite actively affected by a whole range of diseases,
which causes significant damage to the harvest and quality of agricultural products. During the study,
a number of diseases (common mosaic, fusariosis, spotting of various etiologies, downy mildew, etc.)
were identified in broad bean crops, the intensity of development of which depended on the weather
conditions of the growing season and the environmental requirements of the pathogens. It was found
that in years with sufficient moisture levels, fusariosis and downy mildew predominated. The correla-
tion coefficient between the prevalence of fusariosis wilt and HTC was 0.9 at p < 0.05. The level of
development of downy mildew exceeded the harmfulness threshold (more than 40%), which was also
due to the level of moisture during the growing season. It was shown that dry conditions, favorable for
the growth of activity of aphids, which are carriers of common mosaic, contributed to the development
of this disease (up to 53%) and an increase in the rate of infection growth. It was found that the degree
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of development of various types of spotting caused by a complex of pathogens (species of the genera
Alternaria, Stemphylium, Cercospora) was high at all stages (from emergence to bean ripening) and in
all years of the study. (development index — up to 61.6%, prevalence — 100.0%). This led to infection
of seeds of the new crop up to 40% and to a decrease in their sowing qualities, which indicates the
need for protective measures against these pathogens, especially in seed crops.

Keywords: plant diseases, degree of infestation, fusariosis, mosaic, leaf spot, broad beans
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INTRODUCTION

Broad beans are a valuable protein crop that
is widely grown throughout the world!. Provid-
ing the livestock industry with vegetable protein
is one of the most important and pressing issues,
which is driving the expansion of the area under
cultivation of this crop.

Employees of the Siberian Research Institute
of Fodder Crops of the Siberian Federal Scientif-
ic Centre of Agro-BioTechnologies of the Rus-
sian Academy of Sciences (SFSCA RAS) have
created a productive variety of fodder beans
called Sibirskie?. However, its widespread intro-
duction into production is hampered by a num-
ber of factors, one of which is the high incidence
of diseases in plants of this variety?.

Numerous studies conducted in various coun-
tries around the world indicate that fodder beans
are significantly affected by a whole range of
diseases, which causes significant damage to
the harvest and quality of agricultural products
[1, 2]. Thus, in various regions of China, India
and Libya, the most common fungal diseases of

the crop in question are chocolate leaf spot, root
rot, anthracnose, alternaria leaf spot, ascochyta
leaf spot and stem rot, sclerotiniose, caused by
Botrytis fabae, Fusarium solani, F. oxysporum,
Colletotrichum spp., Alternaria alternata, Asco-
chyta fabae and Sclerotinia sp. respectively [3—
5]. There are known cases where diseases caused
complete crop losses [6]. In Ethiopia, yield loss-
es of 50-62% have been recorded for commer-
cially released faba bean varieties and up to 54%
for local varieties [7]. In addition, studies have
shown that in China, which accounts for 30%
of the world's production of this crop, diseases
cause losses of about 20% of the crop*.

The severity of disease development in le-
gumes depends on a number of factors, includ-
ing meteorological conditions, which are one of
the main limiting factors. For example, tempera-
tures around 20°C, the presence of free moisture
on the leaves, and high (less than 90%) relative
humidity create optimal conditions for the devel-
opment of most types of bean leaf spot® [8—10].

'Kashevarov N.I., Bakshaev D.Yu., Sadokhina T.A., Polischuk A.A., Davydova N.V., Kashevarova N.N., Sadokhin I Yu.,
Khazov M.V, Lebedev A.N. Cultivation of fodder beans in Siberia: scientific and practical manual. Novosibirsk, 2017, 42 p.

2Kashevarov N.I., Polyudina R.1., Polischuk A.A., Petrov A.F., Kashevarova N.N. Sibirskie fodder beans // Kormoproizvodstvo,

2008, N 4, pp. 20-21.

3Ashmarina L.F, Konyaeva N.M., Gorobey I.M. Fungal diseases of fodder beans in Western Siberia // Vestnik of the Russian

Agricultural Science, 2008, N 5, pp. 25-27.

‘Lang L.J., Yu Z.H., Zheng Z.J., Xu M.S., Ying H.Q. Faba bean in China: a state-of-the-art review / International Center for

Agricultural Research in the Dry Areas, Aleppo, 1993, 144 p.

SBadina G.V. Cultivation of legume crops and weather. L.: Gidrometeoizdat, 1974, 242 p.
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VIHTEHCHBHOCTB HPOSIBICHNUSI O0Ie3HEH
B arporeHo3e KopMoBbIX 60008 (Vicia faba L.)
B ycnoBusx 3anagHoii Cubupu

Ammvapuna JI.®.

The significant prevalence of legume diseas-
es in Siberia is due to several factors, including
climate conditions, soil characteristics, and ag-
ricultural practices used in the region. Siberia
is characterized by a harsh climate with sharp
temperature fluctuations, which can favor the
development of certain diseases adapted to such
conditions.

As aresult of climate warming, dominant dis-
eases are shifting. While rust was the dominant
disease in the region's fodder bean crops sever-
al decades ago, other diseases are now gaining
prominence®. Due to changes in weather condi-
tions, there is a risk of an increase in the inci-
dence of certain diseases.

Identifying the pathogens that can reduce
yield and seed quality is a key area of protecting
this crop from diseases. Therefore, it is essential
to conduct continuous phytosanitary monitoring
of crops to identify priority diseases and then de-
velop scientifically sound recommendations for
their control.

In this regard, the purpose of our research
was to study the development and intensity of
various diseases in the agrocenosis of fodder
beans in the forest-steppe conditions of Western
Siberia, which will improve the effectiveness of
the strategies for protecting this crop to ensure a
stable harvest.

MATERIAL AND METHODS

Field studies were conducted in a field com-
munity of the Sibirskie variety of fodder beans
at the Siberian Federal Scientific Centre of
Agro-BioTechnologies of the Russian Acade-
my of Sciences field station from 2020 to 2024.
Disease development was monitored regularly
throughout the growing season. To analyze the

phytosanitary situation, methods for determin-
ing the prevalence and development of diseases
in the field using standard scales were used’: 8.

Pathogen detection and identification were
performed in laboratory conditions. Samples of
affected plants were placed in Petri dishes on
Czapek agar medium supplemented with ster-
ile streptomycin at a dose of 100 mg/I to inhib-
it bacteria and limit the development of rapidly
growing soil fungi. Incubation was carried out in
a thermostat at a temperature of 23-24°C. The
grown fungal colonies were examined on days
7, 10, and 14 using appropriate identification
kits. The rate of infection growth was calculated
according to Odum?’.

In terms of weather, the study years were
diverse, covering the full spectrum of climatic
conditions typical of the forest-steppe zone of
Western Siberia. For example, 2020 and 2023
were slightly dry (HTC = 1.3-1.0), 2021 and
2022 were dry (HTC = 0.9 and 0.6, respective-
ly), and 2024 was excessively wet (HTC = 2.0).
This diversity of weather conditions determined
the manifestation patterns and dynamics of dis-
ease development, as well as the phytosanitary
situation in forage bean agrocenoses.

RESULTS AND DISCUSSION

Long-term observations in the fodder bean
agrocenosis revealed the presence of a whole
range of diseases of various etiologies. Among
them, the most common in the forest-steppe
conditions of the Ob region were various types
of spotting (including chocolate spot), fusari-
osis, mosaic, downy mildew, and others. Each
disease has its own ecological optimum!?, so the
dominance of a particular disease was observed
depending on the weather conditions of the year.

*Ashmarina L.F., Gorobey I.M., Konyaeva N.M., Agarkova Z.V. Atlas of forage crop diseases in Western Siberia. Novosibirsk,

2010, 174 p.

’Guidelines for the recognition and recording of pests and diseases of peas and fodder beans and the assessment of the effectiveness

of their control. Moscow: Selkhozizdat, 1962, 32 p.

$Methodology for identifying, recording, and predicting pests and diseases of grain legumes and forage legumes, and signaling

the timing of their control. Moscow: Kolos, 1970, 46 p.

°Odum Yu. Fundamentals of Ecology: trans. from English. Moscow: Mir, 1975, 740 p.
YStoddard F.L., Nicholas A.H., Rubiales D., Thomas J., Villegas-Fernandez A.M. Integrated pest management in faba bean //

Field Crops Research, 2010, N 115, pp. 308-318.
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Every year, the development of fusarium wilt
caused by a complex of species of the genus
Fusarium (F. oxysporum Schl., F. solani (Mart.)
Sacc., etc.) was noted in bean crops!!. The dis-
ease manifested itself throughout the entire
growing season (see Fig. 1, 2).

During the germination period, basal stem rot
was observed. Brown spots were observed on
the cotyledons. On the stem, the disease mani-
fests as a constriction, while dark brown, almost
black, round spots form on the leaves. Plants af-
fected by fusarium turn yellow, dry out, and are
easily pulled from the soil. During the flower-
ing and fruiting period, fusariosis manifests as
lesions and drooping of the plant tips, as well as
wilting of the leaves. The pathogens are trans-
mitted through seeds, soil, and airborne droplets.

It was found that the prevalence of fusario-
sis varied by year (from 66.7 to 31.0%) and was
clearly correlated with the moisture level (see
Fig. 1). The correlation coefficient with the HTC

67

was 0.9 and was reliable (p < 0,05).

The seasonal dynamics of disease develop-
ment shown in Figure 2 show that in the dry year
of 2022, the rate of infection increased sharply
in late July, when precipitation was significantly
below normal. Plants experienced stress during
the drought, which contributed to the intensifi-
cation of disease development. A similar situa-
tion was observed in 2024. Meanwhile, in 2021,
which was characterized by a uniform distribu-
tion of precipitation, the disease was sporadic.

Every year, cases of leaf spot caused by a
whole group of pathogens were recorded in bean
Crops.

The most common were Alternaria blights
(caused by the imperfect fungus Alternaria te-
nuis Nees et Fr.). Alternaria blight affects coty-
ledons and leaves, primarily in the early stages
of crop development. The disease manifests as
spots of varying size and shape, brown or dark
brown in color, with or without a yellow border.
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Fig. 1. Prevalence of fusarium wilt depending on the HTC value

Figs. 1, 3, 5, 6: error bars — standard deviation

WAshmarina L.F,, Gorobey I.M., Davydova N.V. Fusariosis of fodder beans in the forest-steppe of Western Siberia // Siberian

Herald of Agricultural Science, 2008, vol. 187, N 7, pp. 42—46.
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Fig. 2. Seasonal dynamics of fusarium wilt development

The spots can enlarge, destroying large areas of
the leaves. This dramatically reduces seed yield
and their sowing quality.

Additionally, cases of spotting caused by Cer-
cospora fabae Fautr. have been observed. This
appears as large, round, brownish-purple spots
with a light center. The spots gradually merge,
and their surface becomes concentrically wrin-
kled. On the stems, the spots are elongated, dark,
and have rims; on the beans, they are the same as
on the leaves.

Black spot (caused by the imperfect fungus
Stemphylium sarciniforme Wiltsh.) has also
been observed, affecting the lower leaves first,
then the upper leaves, as well as the stems and
pods. A typical symptom of the disease is the
formation of dark brown spots, which enlarge
over time and often cover a significant area of
the plant.

Figure 3 shows the results of long-term ob-
servations, according to which the prevalence
of spotting was high in all years of the study.
The disease was observed from seedling emer-
gence to plant maturity. Mycological analysis of
the new bean crop revealed a fairly high level
of infestation (Alternaria species — up to 40%),
leading to a decrease in the sowing quality of
the seeds. This indicates the need for protective
measures, especially in seed crops.

For spotting, the highest Disease Progression
Index (DPI) was observed in the years with suf-
ficient moisture (2020 and 2024), as confirmed
by a significantly significant correlation coeffi-
cient (» = 0.7) and long-term seasonal disease
dynamics (see Fig. 4). The plants were infected
with pathogens to varying degrees from seedling
stage. The highest rate of infection growth was
observed in August (during the fruit formation
and ripening phase).

During monitoring of bean crops, isolated
cases of chocolate spot were observed in some
years with adequate moisture. Chocolate spot,
like powdery mildew, is an airborne disease
transmitted by airborne droplets. Therefore, the
epiphytotic process of these diseases was sim-
ilar. A survey conducted in early August 2022
revealed a low prevalence of the disease, which
after two weeks reached 50%, and the disease
progression rate was 25.5%. The results ob-
tained are consistent with the data of B. Bankina
et al. [1], who conducted research in Latvia.

During the study period, cases of plant dam-
age by downy mildew were observed annually
(see Fig. 5).

The causative agent of the disease is Perono-
spora fabae Jacz. et Serg. The disease affects
leaves, stems, and beans. On the upper surface
of affected leaves, light green spots first appear,
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Fig. 4. Seasonal dynamics of spot disease development

followed by large chlorotic spots that later turn
dark brown and gradually dry out. All affected
plant organs become covered with a continuous
coating of fungal sporulation, significantly re-
ducing crop productivity.

Disease severity depended on moisture levels
during the growing season. In 2021, when the
HTC for May—June was 1.1, the disease devel-
opment index exceeded the ETH and reached
47.9%, with prevalence reaching 100%. In 2022,
when the HTC for May—August was 0.6, dis-

ease development did not reach the harmfulness
threshold and reached 11.6%.

Among the transmissible diseases in crops,
the common mosaic of fodder beans has been
noted (see Fig. 6, 7). The causative agents are
Pisum virus 2 Smith, Phaseolus virus I Smith
and Phaseolus virus 2 Smith.

The disease is characterized by general chlo-
rosis and yellow-green leaf spotting, often ac-
companied by wavy and slight leaf curling. The
disease slows plant growth, especially at the
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Fig. 5. Development index and prevalence of powdery mildew

apical internodes, impairs fruiting, and reduces
yield. It is transmitted by aphids.

In hot, dry weather, insect activity increases,
contributing to increased infection transmission
in crops. An inverse correlation has been found
with the humidity of the growing season. Thus,
in the dry year of 2021, characterized by un-
even precipitation, the disease prevalence was
the highest (53%). The rate of infection growth
in the second ten-day period of July, when pre-
cipitation was only 22% of the long-term aver-
age, was very high, reaching 4.8 units, due to
increased vector activity. A similar pattern was

observed in 2022 from late July to the first ten-
day period of August.

Thus, regular disease monitoring in the fod-
der bean agrocenosis revealed the specific devel-
opment patterns of a complex of diseases. The
importance of phytosanitary monitoring lies in
collecting sufficiently comprehensive disease
information and proposing the most rational ap-
proaches to preventive and protective measures.
Identifying the most common bean diseases in
a region provides the basis for short- and long-
term forecasts and determines control measures
for the most harmful diseases.
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CONCLUSIONS

1. Inthe course of long-term research in the
agrocenosis of fodder beans in the forest-steppe
of Western Siberia, a whole complex of diseases
(common mosaic, fusariosis, spotting of various
etiologies, downy mildew, etc.) was identified,
the intensity of development of which depended
on the weather conditions of the growing sea-
son and the environmental requirements of the
pathogens.

2. It was found that fusariosis and downy
mildew were prevalent under conditions of suf-
ficient moisture. The correlation coefficient be-
tween fusariosis prevalence and the HTC was
0.9 at p < 0.05. Downy mildew development,
exceeding the harmfulness threshold (more than
40%), was also determined by moisture condi-
tions during the growing season.

3. It has been shown that dry conditions, by
increasing the activity of insects that carry the
disease in bean crops, contributed to the devel-
opment of common mosaic (up to 53%) and in-
creased the rate of growth of this infection.

4. It has been found that the degree of de-
velopment of the spots caused by a complex of
pathogens (types of genera Alternaria, Stem-
phylium, Cercospora), was high in all years of

the study from germination to bean ripening
(DPI — up to 61,6%, prevalence — 100%). This
resulted in the infection of up to 40% of the new
crop's seeds (Alternaria species) and a reduction
in their sowing quality. This fact demonstrates
the need for protective measures against these
pathogens, especially in seed crops.
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N3yyenue 4yBCTBUTEIBHOCTH COPHBIX PACTEHUH
Kk repounuay Keabsun Iliroc u ero 3¢ppexktuBHOCTH
B II0CeBe KYKYPY3bl Ha 3¢pHO B ycaoBusix I[Ipumopsbs

) KocTtiok A.B., JIasmenko E.B.

JlanbHegocmoyHblll HAYYHO-UCCE008AMENbCKUL UHCIMUNYM 3AWUMbl pacmeHutl — huauan
Dedepanvrozo HayuHo20 yenmpa azpobuomexnonozuil Jlarvneco Bocmoxa um. A.K. Yavixu
[Ipumopckuii kpaii, Xankaiickuii paiion, c. Kamenb-Pribonos, Poccus

(X)e-mail: dalniizr@ mail.ru

Uccnenosanus npoBoauin B [[puMopckoM Kpae Ha SKCIIEpUMEHTaIbHOH 6a3e [lanbHeBOCTOUHOTO
Hay4YHO-HUCCIIEIOBATENIHCKOTO MHCTUTYTA 3alTUThI pacTeHuit B 2022—2024 rr. B ycinoBusix BereTalnoH-
HOTO JIOMHUKA M3y4eHa YyBCTBUTEIBHOCTH 15 BUJIOB COpPHBIX pacTeHuil k repouruay Kenssun Ilmtoc.
[IpoBenenHs! BU3yabHBIC HAOMIOACHHMS 3a MX PA3BUTHEM IIOCIIC TIPOBEIACHHBIX 00paboToK. OTMEUCHBI
CUMITOMBI TePOUIINIHOTO ACWCTBUSA U BPEMS WX IMPOSBICHHUS. YCTAaHOBJIEHO, YTO BBICOKOYYBCTBH-
TENBHBIMH K TePOUITUTY SBISIOTCS MIETUHHUK CU3BIH, TPOCO KypHUHOE, MEPCTHSIK MOXHATBIHN, IIUPHUIIA
3alPOKUHYTasl, HIILCTOJIBLMS IpedeHuaTas, KOMMENNHA OOBIKHOBEHHAs, THOMCKYC TPOHYATBIH, CUre3-
OeKHsl MyIIUCTas U OCOT MoJeBOi. K 4yBCTBUTEIEHBIM OTHOCSATCSI TOpPEI] MOYEUyHHbIN, Mapb Oernasi,
akaymda roxHas, 00JSIK METHHUCTHIA 1 aMOPO3HUsl TIOJILIHHOJIMCTHAS. YCTOHUUBBIM K JIEHCTBUIO TIpe-
mapara Obl1 kKaHaTHUK TeodpacTa. JlaHa omeHKa OHOOTHYIECKON U XO3SHCTBEHHOM 2(PGEKTUBHOCTH
repoutnaa Kenmpeun [lroc B HopMe pacxoga 0,4 Kr/ra mpu BHeCSHHH B $as3bl 5—6-ro u 7—8-T0 JIHcTa
KyKypy3bl. [epOumm ¢ MOMEHTa BHECEHUS U JI0 YOOPKH ypo)Kas He3aBUCHMO OT CPOKOB 00PaOOTKH
MPAKTUYECKH MOJHOCTBIO YHUUTOXkAaJl MHOTOJIETHUE JIBYAOJIbHBIE, OJHOJETHNE — 3JIAKH U ABYIOJb-
HBbIE, B TOM YHMCIIe JOMUHUPOBABIIYIO B IOCEBaX 10 HAapallMBacMOW HAJA3eMHOH Macce aMOpO3HIO
MOJIBIHHONMCTHY10. Bhicokas agdexruBHOCTh BHEeceHus repounmaa Kenssun [limtoc B a3y 5—6-ro
JUCTA KYIBTYPHI TIO3BOJIMIIA TTOBBICUTHh YPOXKAWHOCTH B cpemHeM Ha 43,9 11/ra, Ipu ypoKaiHOCTH B
xoHTpoJe 9,0 1/ra. CylecTBEHHO MEHBIIIee KOJTMYECTBO YPOXKasi COXPAaHEHO P O3 THEM HUCIIOITh30-
BaHMU repounmaa — 24,5 n/ra. Uarepsan mexay oopadorkamu gocturai 20 cyT. 3a 3TOT IPOMEKYTOK
BPEMEHM COPHBIE PACTEHUS OKa3bIBaJIN CEPHE3HYI0 KOHKYPEHIUIO KYJIBTYPE, YTO MOBIHUSIIO HA MOJTY-
YEHHYI0 YPOKAHHOCTD 3€pHa.

KiiioueBble cjioBa: copHbIC pacTeHUs, TepOHIINA, KYKypy3a, mpenapar, ¢asa, HaJ3eMHas Macca,
3 (PEeKTUBHOCTH, YPOKAHHOCTH

Study of weed sensitivity to the herbicide Kelvin Plus and its effectiveness
in sowing corn for grain in the conditions of Primorye

) Kostyuk A.V., Lyashenko E.V.

The Far Eastern Research Institute of Plant Protection — Branch of the Federal Scientific Center of
Agricultural Biotechnology of the Far East named after A.K.Chaiki

Kamen-Rybolov, Khankaisky district, Primorsky Territory, Russia

(<X)e-mail: dalniizr@ mail.ru

The research was conducted in the Primorsky Territory at the experimental base of the Far Eastern
Research Institute of Plant Protection in 2022-2024. The sensitivity of 15 weed species to the Kelvin
Plus herbicide was studied in a vegetation house. Visual observations of their development after the
treatments were carried out. Symptoms of herbicide action and the time of their manifestation were
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Study of weed sensitivity to the herbicide Kelvin Plus
and its effectiveness in sowing corn for grain
in the conditions of Primorye

Kostyuk A.V., Lyashenko E.V.

noted. It was found that the following are highly sensitive to the herbicide: Setaria glauca, Echinochloa
crusgalli, Eriochloa vilosa, Amaranthus retroflexus, Elsholtzia cristata, Commelina communis, Hi-
biscus trionum, Siegesbeckia pubescens, and Sonchus arvensis. Sensitive plants include Polygonum
persicaria, Chenopodium album, Acalypha australis, Cirsium setosum and Ambrosia artemisiifolia.
Abutilon theophrasti was resistant to the drug's action. An assessment was made of the biological and
economic efficiency of the herbicide Kelvin Plus at a consumption rate of 0.4 kg/ha when applied in
the 5-6 and 7-8 leaf phases of corn. From the moment of application until harvest, regardless of the
timing of treatment, the herbicide almost completely destroyed perennial dicotyledons, annual cereals
and dicotyledons, including Ambrosia artemisiifolia, which dominated the crops in terms of growing
aboveground mass. The high efficiency of applying the Kelvin Plus herbicide in the 5—6th leaf phase
of the crop allowed increasing the yield by an average of 43.9 c/ha, with the yield in the control being
9.0 c/ha. A significantly smaller yield was preserved with late herbicide application — 24.5 c/ha. The
interval between treatments was up to 20 days. During this period, weeds seriously competed with the
crop, which impacted the resulting grain yield.

Keywords: weeds, herbicide, corn, preparation, phase, aboveground mass, efficiency, yield
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INTRODUCTION

Corn i1s one of the most widely cultivated
crops in global plant production. It ranks first in
gross grain yield and second in sown area [1].
Currently, corn cultivation areas in the Russian
Federation are vast and span a variety of natural,
climatic, and agroclimatic zones [2]. In 2022,
71,900 ha of grain corn were sown in the Pri-
morsky Territory. In recent years, the region has
seen an upward trend in gross corn grain harvest,
driven by the increased interest from agricultur-
al producers and demand in the Asia-Pacific re-
gion. Gross corn harvest in 2022 nearly tripled
compared to 2015, with a yield of 7.6 t/ha [3,
4]. In Primorye, the share of agricultural land is
10.07% of the total land in the Far Eastern Fed-
eral District: this is approximately 80% of the
region's agricultural land, of which 703.8 thou-
sand ha are arable land [5].

Severe weed infestation hinders high and
stable corn grain yields. High seed productivi-
ty and the long viability of weed seeds entering

the soil are key biological traits that have his-
torically contributed to the species' survival, but
they have also contributed to significant weed
infestation and have been a major obstacle to
improving agricultural practices [6]. Corn re-
acts to a deficiency of any of these vital factors
primarily by delayed development, followed by
suppression of the production process. Under
competition with weeds, it loses more grain than
silage productivity; weeds also reduce the qual-
ity of grain and green mass [7, 8]. In corn crops
in the south of the Far East, the main weeds are:
cereals (barnyard grass (Echinochloa crusgalli
(L.) Beauv.), yellow-foxtail grass (Setaria glau-
ca (L.) Beauv.) and green foxtail grass (Setaria
viridis (L.) Beauv.), hairy cupgrass (Eriochloa
vilosa (Thump.) Kuth), dicotyledons (common
ragweed (Ambrosia artemisiifolia L.)), China
jute (Abutilon theophrasti Medik.), redroot am-
aranth (Amaranthus retroflexus), lamb's-quar-
ters (Chenopodium album L.), St.-Paul's-wort
(Sigesbeckia pubescens), southern copper leaf
(Acalypha australis L.), field milk thistle (Son-

60  Siberian Herald of Agricultural Science ¢ 2025 « 55 « 11

Plant protection



Vi3y4eHne 4yBCTBUTEIBHOCTH COPHBIX PACTCHHUIT
k repoununy Kenssun ITintoc u ero sdpexruBHOCTD
B [TOCEBE KyKypy3bl Ha 3¢PHO B yCIOBHUSIX [IprMopbst

Kocrtiok A.B., JIsimenko E.B.

chus arvensis L.), yellow thistle (Cirsium se-
tosum). Barnyard grass grows in quantities of
50 pcs. / m? or more in most areas. Research
conducted at the Far Eastern Research Institute
of Plant Protection (FERIPP) found that corn
grain yields significantly decrease by an average
of 29% with barnyard grass infestation at levels
of 12 pcs. /m?, and at a contamination density of
10 pcs. /m? of common ragweed — by 34-41%"-2.
According to S.V. Kuznetsova and V.N. Bagrint-
seva, with the same amount of common ragweed
in the crop, the grain yield shortfall can be 6-7 ¢/
ha or more?.

Assessing the harmfulness of pests is one of
the key tasks of agrobiocenological diagnostics
of agricultural crops, since it is aimed at deter-
mining their economic significance and the need
for protective measures [9]. Crop infestation
remains one of the key problems in agriculture.
The most effective method is considered to be
the use of herbicides. Without herbicides, two
pre-sowing cultivations do not ensure that corn
crops are free of weeds [10]. The list of pesti-
cides and agrochemicals approved for use in corn
crops in the Russian Federation in 2021 includes
more than 200 names*. With the increasing use
of plant protection products, the diversity of pes-
ticides has increased depending on the chemical
structure of their active ingredients. Recently,
combination pesticides have been used, capable
of destroying a range of pests in a single appli-
cation, and considerable attention has been paid
to studying the potential for extending the appli-
cation period [11-13]. Such herbicides include
Kelvin Plus, a WSG containing sodium salts,
dicamba, and diphenbenzopyr, as well as nico-
sulfuron.

The purpose of the study is to investigate the
sensitivity of weeds to herbicide Kelvin Plus in
a greenhouse, as well as its effectiveness in sow-
ing corn for grain.

MATERIAL AND METHODS

The studies were conducted in the experimen-
tal fields of the Far Eastern Research Institute of
Plant Protection in 2022-2024, as well as in a
vegetation house. The soil was meadow-brown
podzolized, containing 3—4% humus in the ar-
able horizon. Corn cultivation was carried out
using the no-till technology. The mid-early
Canyons hybrid was sown at a seeding rate of
80,000 seeds/ha. Mineral fertilizer (nitroammo-
phoska) was applied before sowing at a rate of
100-150 kg/ha of physical mass. The forecrop
was soybeans in 2022 and 2023, and autumn fal-
low in 2024.

The 20222024 growing seasons were char-
acterized by alternating dry and rainy periods.
In 2022, precipitation in the first and second
ten-day periods of May was only 12 mm (the
norm is 57 mm); in the third ten-day period of
May and the first ten-day period of June, it was
104 mm (the norm is 66 mm); in the third ten-
day period of June and July, it was 214 mm (the
norm is 147 mm); and in the first two ten-day
periods of August, it was 18 mm (the norm is 84
mm). Temperatures from the third ten-day peri-
od of May to mid-August reached 29.3-33.7 °C.
In 2023, during the initial stages of corn devel-
opment, soil moisture was insufficient. In May,
only 31 mm of rain fell, which was three times
less than the monthly average (94 mm). In the
first ten days of June, by contrast, rainfall was
three times (116 mm) above the long-term av-
erage (38 mm), then in the second and third ten
days of June, it was again half (25 mm) below
the average (54 mm), and in the first ten days of
July, conversely, it was 1.5 times above the aver-
age. Rainfall in the second and third ten days of
July (95 mm) was four times less (24 mm) than
the long-term average. Precipitation was close to
the norm only in August, while in September it

'Altukhova T.V., Kostyuk A.V. Harmfulness of barnyard grass in grain corn crops // Corn and sorghum, 2006, N 3, pp. 16-19.
2Altukhova T.V., Kostyuk A.V., Spiridonov Yu.Ya., Shestakov V.G., Ginevsky N.K. How to protect corn from common ragweed //

Plant protection and quarantine, 2005, N 7, pp. 38-39.

3Kuznetsova S.V., Bagrintseva V.N. Herbicides for ragweed control in corn crops // Plant protection and quarantine, 2019, N 6,

pp. 41-43.

4List of pesticides and agrochemicals permitted for use in the Russian Federation in 2021: reference ed., Moscow, 2021, 816 p.
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was 2.3 times lower. Temperatures in the second
ten-day period of July and August, the third ten-
day period of July, and the first and second ten-
day periods of September exceeded the long-
term average by 1.8-3.1°C. 2024 turned out to
be extremely unfavorable for the growth and
development of corn plants. In the third ten-day
period of May (when the first shoots were just
beginning to emerge), 139 mm of moisture fell
(the norm is 39 mm), in the second and third ten-
day periods of June — about 205 mm (the norm is
53 mm), and in the third ten-day period of July —
79 mm (the norm is 25 mm). Air temperatures
in August exceeded the long-term average by
1.1-2.5°C, while in the remaining months they
were within the norm.

Kelvin Plus herbicide was applied at a rate of
0.4 kg/ha in two stages: during the 5th-6th and
7th-8th leaf stages of corn. A DASH adhesive
(surfactant) was added to the working solution
(1.2 /ha). A manual boom sprayer (ORSh-2.5)
with a working solution application rate of 200
1/ha was used for application. The experimental
plot area was 22.5 m?, with four replicates and
randomized placement.

Three surveys were conducted during the
growing season: before applying the working
solutions and 30 and 60 days after. The first was
conducted using a quantitative species-based
method, while the subsequent ones also used a
gravimetric method.

In a vegetation house, plastic cups were filled
with meadow-brown soil. Then, 10 seeds of one
of 15 weed species were sown in each of them.
Solutions of the Kelvin Plus herbicide were ap-
plied to the vegetative weed plants in the early
stages of their development using an OL-5 lab-
oratory sprayer designed by the All-Russian Re-
search Institute of Phytopathology at the doses
of 0.1; 0.2; 0.3; 0.4 and 0.5 kg/ha with the addi-
tion of DASH surfactant in a ratio of 1:3.

The studies were carried out in accordance
with the “Methodological guide for the study

of herbicides used in plant growing™, the dig-
ital material was processed using mathematical
methods according to B.A. Dospekhov® and
V.A. Koronevsky’.

RESULTS AND DISCUSSION

The study results indicate that weeds respond-
ed differently to the herbicide applied. For exam-
ple, plant twisting was observed just two hours
after the treatment on redroot amaranth, China
jute, lamb's-quarters and St.-Paul's-wort, and
the next day on trailing hollyhock (Hibiscus tri-
onum L.), common persicaria (Polygonum per-
sicaria L.) and common ragweed. A slowdown
in the growth and development of elsholtzia cri-
stata (Elsholtzia cristata Willd.), hairy cupgrass,
barnyard grass and yellow-foxtail grass was also
detected. Similar signs of herbicide action were
noted on the other weeds studied. On the 4th
day, the growth points of the elsholtzia cristatus
turned yellow, the copper leaf leaves drooped,
necrosis appeared on the yellow-foxtail grass,
the plants of the yellow thistle and the field milk
thistle slightly wilted, the common persicaria
and the common ragweed twisted strongly. On
the 7th day, the death of individual plants of
elsholtzia cristata, redroot amaranth, and yel-
low-foxtail grass was detected at a consumption
rate of 0.1 kg/ha, hairy cupgrass — at a rate of
0.2 kg/ha, lamb's-quarters and barnyard grass —
at a rate of 0.3 kg/ha. Necrosis appeared on the
leaves of St.-Paul's-wort at all application rates.
Restoration of growth was observed on the Chi-
na jute plants at an application rate of 0.1 kg/
ha. On the 10th day, complete death of redroot
amaranth, yellow-foxtail grass, elsholtzia crista-
ta plants was observed at all application rates,
as well as on hairy cupgrass starting with a rate
0f 0.2 kg/ha and common dayflower start-
ing with a rate of 0.4 kg/ha. Necrosis appeared
on the leaves of trailing hollyhock, field milk
thistle and yellow thistle.

SSpiridonov Yu.Ya., Larina G.E., Shestakov V.G. Methodological guide for the study of herbicides used in plant growing. Moscow:

Pechatny Gorod, 2009, 252 p.

®Dospekhov B.A. Methodology of field experiment. Moscow: Kolos, 1979, 416 p.
"Koronevsky V.I. On the methodology of statistical processing of data from long-term field experiments // Zemledelie, 1985,

N 11, pp. 56-57.
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The conducted inventory of the green mass
of weeds showed that for the complete destruc-
tion of yellow-foxtail grass, redroot amaranth
and elsholtzia cristata, 0.1 kg/ha of the herbicide
Kelvin Plus is sufficient, for hairy cupgrass —
0.2, barnyard grass — 0.3, common dayflower —
0.4 kg/ha (recommended consumption rate) (see
Table 1).

When using the recommended application
rate, the aboveground mass of the trailing hol-
lyhock and St. Paul's-wort plants was 95% less
than in the control, field milk thistle - 92% less,
common persicaria, lamb's-quarters, southern
copper leaf and yellow thistle - 70-75% less,
common ragweed - 61% less, China jute - only
27%. To destroy the latter by 47%, it was neces-
sary to apply the studied herbicide at a dose of
0.5 kg/ha.

The plots where the field trials were conduct-
ed before the application of the Kelvin Plus her-
bicide in the 5-6 leaf stage were infested with
480-535 weeds/m?. Before the treatment in the
7-8 leaf stage, the crops in the sown area con-
tained 546-585 weeds/m? (see Table 2).

Within 20 days of application, the herbicide
Kelvin Plus reduced the total number of weeds
to 65 pcs./m? (or by 89%). Annual grasses (barn-
yard grass, foxtails and hairy cupgrass) were de-

stroyed most effectively — by 86% (33 pcs./m?),
as well as annual dicotyledonous plants — by
95% (16 pcs./m?), and perennials — by 91%
(1 pcs./m?). In addition, the number of common
dayflower plants decreased to 7 pcs./m? (by
50%), and common horsetail (Equisetum ar-
vens L.) — to 8 pcs./m? (by 53%).

By mid-growing season, weed populations
under the herbicide-free control had increased
to an average of 739 pcs/m?, and they had ac-
cumulated 2874 g/m? of aboveground mass
(see Table 3). Annual dicotyledons accounted
for the largest amount of aboveground mass at
1558 g/m? (54%), of which common ragweed
accounted for 88%. Annual cereals increased
the aboveground mass by 823 g/m? (29%), pe-
rennial dicotyledons, represented by species of
wormwood, yellow thistle and field milk this-
tle, by 329 g/m? (11%), common dayflower
by 110 g/m? (4%) and common horsetail by
54 g/m? (2%).

Regardless of the application timing, the her-
bicide Kelvin Plus reduced the total number of
weeds to 185-199 pcs/m? (by 73—-75%) and the
growth of aboveground mass to 296343 g/m>.
The product effectively inhibited the growth
and development of perennial dicotyledons
to 2-53 g/m?, annual grasses to 68—129 g/m?,

Ta6a. 1. UyBCcTBUTENIEHOCTh COPHBIX pacTeHnid k repounuay Kemssun [lnroc
Table 1. Susceptibility of weeds to the Kelvin Plus herbicide

Drug dose, kg/ha
Plant
Control* 0,1 0,2 0,3 0,4 0,5 HCP™ s
Barnyard millet 5,28 80 93 100 100 100 14
Hairy cupgrass 4,18 91 100 100 100 100 10
Common dayflower 3,16 5 39 39 100 100 24
Common ragweed 1,28 12 29 56 70 82 17
Southern copper leaf 2,96 27 26 56 71 73 14
China jute 3,92 17 21 26 27 47 12
Lamb's-quarters 3,83 34 52 76 72 81 10
Common persicaria 1,96 23 62 60 75 87 12
Trailing hollyhock 3,07 69 87 88 95 94 7
St.-Paul's-wort 3,34 75 80 91 95 100 6
Field milk thistle (from seeds) 3,06 74 90 91 92 94 9
Yellow thistle (from seeds) 2,68 60 68 71 70 80 10

* Aboveground mass of plants, g.
**Least significant difference at 5% significance level.
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Tao6a. 2. 3acopeHHOCTH ITOCeBa KyKypy3bl (IIT./M?) iepes; BHeceHreM repounnnaa Kenssun [Tmroc
B (pa3y 7-8-ro sucra (uepe3 20 cyt nocie o0paboTku B azy 5—6-ro nucta) (cpeguee 3a 2022—-2024 rr.)

Table 2. Weed infestation of corn crops (pcs./m?) before application of the Kelvin Plus herbicide
in the 7-8th leaf phase (20 days after treatment in the 5-6th leaf phase) (average for 2022-2024)

Annuals Perennials

Experiment option Total number common . . common

cereal crops dayflower dicotyledons | dicotyledons horsetail
Control (no herbicides) 585 233 14 312 11 15

Kelvin Plus:
5—6th leaf phase 65 33 7 16 1 8
7th—8th leaf phase 546 221 14 284 13 14
and annual dicotyledons to 28-81 g/m?. In the [15].

last group, common persicaria, St. Paul's-wort,
trailing hollyhock, lamb's-quarters, elsholtzia
cristata, as well as common ragweed, which
dominates the above-ground mass, were almost
completely destroyed. The vegetative mass of
southern copper leaf and individual China jute
plants was several times greater than in the con-
trol due to the lack of competition.

When the herbicide was applied at the 5-6
leaf stage, it exhibited a more active effect on
common dayflower, while when applied at the
7-8 leaf stage, it was more effective on annu-
al grasses and common horsetail. The product
demonstrated high efficacy in trials in Belarus
[14], Moscow, Voronezh, and Astrakhan regions

Despite the fact that the overall effectiveness
of the Kelvin Plus herbicide was equal at both
application times, significantly more (the small-
est significant difference at a significance level
of 5% = 3.8 c/ha) (52.9 c/ha) corn grain was
harvested when the herbicide was applied at the
early stages of weed and corn development, with
a yield in the control of 9.0 c/ha. With late treat-
ment with the Kelvin Plus herbicide, the weeds
seriously competed with the crops and thereby
significantly reduced the grain yield, which av-
eraged 33.5 c/ha over the 3 years of research.

CONCLUSIONS

1. In a greenhouse, the weeds found to be

Ta6a. 3. DpdexruBHocTh repounuaa Kenppun [Tnroc (0,4 kr/ra) B moceBe KYKypy3bl Ha 3¢pHO

(cpenuee 3a 2022-2024 rT.)

Table 3. Efficiency of the Kelvin Plus herbicide (0.4 kg/ha) in sowing corn for grain

(average for 2022-2024)

Weediness
quantity, pcs/m? above ground mass, g/m?
annuals perennials annuals perennials Grain Yield
E i t opti ield i N
Fperiment opron total | ce. | COMMON dicot- | dicot- igror; total | cere- (;32:1- dicot- | dicot- iﬁg}; };l/ia lnzr/;zse
day- yle- | yle- yle- | yle-
reals 1 horse- als day- horse-
ower | dons | dons tail flower dons | dons tail
Control (no her-
bicides) 739 |378| 22 294 | 13 32 2874823 | 110 |[1558] 329 | 54 9,0 —
Kelvin Plus:
5—6th leaf
phase 185 | 86 14 44 7 34 | 343 | 129 | 49 28 | 53 | 84 52,9 43,9
7th—8th leaf
phase 199 | 94 16 69 1 19 | 296 | 68 | 101 81 2 44 33,5 24,5
LSD"ps 3.8

*Least significant difference at 5% significance level.
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highly sensitive to the herbicide Kelvin Plus
were: yellow-foxtail grass, redroot amaranth,
elsholtzia cristata, hairy cupgrass, barnyard
grass, common dayflower, trailing hollyhock,
St. Paul's wort, and field milk thistle. Sensi-
tive weeds included common persicaria, lamb's
quarters, southern copper leaf, yellow thistle,
and common ragweed. China jute was found to
be resistant.

2. In corn crops, Kelvin Plus herbicide has
been found to be highly effective when applied
during the 5-6 leaf stage and in the early stag-
es of weed development. It virtually completely
eradicates broadleaf weeds and annual grasses.
This increases the yields by 43.9 c/ha. When ap-
plied during the 7-8 leaf stage, the herbicide can
have a significant impact on corn grain yield.
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YpoxaliHOCTh THOPHUIOB MOACOTHEYHUKA B 3aBUCUMOCTH OT T€XHOJIOTHU
U YCJIOBHM BO3/eJbIBaHNA HA ore 3anagnoud Cudupu
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Cubupckuii ghedepanvhwiii HayuHblll Yyeump azpobuomexnonozuti Poccutickoil akademuu Hayk
Hosocubupckas oonacts, p.im. KpacHooOck, Poccus

(<X)e-mail: ivaandreva@yandex.ru

[IpencraBieHs pe3yabTaThl NCCIENOBAHMIA TI0 alTpOOAIMH TPeX TEXHOIOTHHA BO3/IEIBIBAHHS TIOA-
conHeunuka (Express, Clearfield n xmaccuveckast), MpoBeAeHHOH Ha moisix xo3siictBa OAO «Hapne-
*1a» B baranckom paiione HoBocubupckoit obmactu B 2021-2022 rr. [IpuBeaeHs! nmokaszarenu Ouo-
JIOTHYECKUX 0COOCHHOCTEH U YPOXKaWHOCTH TPEX TMOPHUJIOB MOJICOJHEUHUKA C YUETOM TEXHOJIOTHH
BBIPAIIMBAHUS, TIPEIIICCTBEHHNKA U TIPEMIOCEBHOTO (hOHA. YCTAaHOBIICHO, YTO JUTUTEIHHOCTH ITEPUO-
Jla BeTeTaINX MOJICOTHEYHNKA CYIIECTBEHHO pa3iNdajach Y pa3HbIX THOPUOB U 3aBHUCENA OT MOTOA-
HBIX ycioBuil. HanbompIast mpoomKUTEIhbHOCTS BETETAIIMOHHOTO TIEpHo/ia HaOoIanach y ruopuaa
Canmapun 444, Bo3nenpiBaeMOro 1no kiaccuueckor TexHonaoruu — 180 £ 2 nqusa B 2021 . u 151 £2 nusa
B 3acynuiBoM 2022 r. Camslii kopoTkuil nepuon Bereranuu (162 +2 u 140 + 2 qHs1 COOTBETCTBEHHO)
ormeueH y rubpuna Cetrnana KJIII, BeipammBaemoro no Texnonoruu Clearfield. Tlokazano, 4to B
ycnoBusix 1ora 3arnagHoit CuOMpH 0CHOBHBIM OTPaHHYMBAIOIINM (PaKTOPOM /IS TTIOJTYHEHHUS BBICOKUX
ypOoKaeB TOACOTHEUHUKA ABISETCS neuiuT ocamkos. B 2021 1., ommyaromeMcst 6osee Giraromnpu-
ATHBIMH yCTOBHAMH 1151 pocTa nonconHednuka (I'TK = 0,8), ypoxkaliHOCTh ceMsiH THOPUIIOB COCTAB-
nsuta ot 1,92 mo 2,28 1/ra 6e3 CyIIeCTBEeHHBIX pa3INddil B 3aBUCHMOCTH OT TEXHOJIOTHH U TPEIO-
ceBHoro ¢ona. B ycinoBusix 3acynumsoro 2022 r. (I'TK = 0,3) ypoxxallHOCTh TOJCOIHEYHUKA ObLIa
3HAUUTENHHO MeHbIle U cocTaBisa ot 0,42 1o 1,3 T/ra y pasHbIX THOPHUIIOB B COOTBETCTBUH C TEXHO-
JIOTUSIMHA WX BO3JCNBIBAaHUSI. MacIUIHOCTh CEMSH U3y4aeMbIX THOPUIOB TTOJICOTHEUHUKA COCTABIIS-
na 50-53%. Haubomnpimas 3¢ ¢deKTHBHOCTD TepOUIIUAHBIX 00pab0TOK ObLTa JOCTUTHYTA Ha IMOCEBaX
MTOJICOTHEYHHKA, BRIpaInBaeMoro 1o texaonoruu Clearfield. IlporpaBnuBanue ceMsH QyHTHIAIAMHA
MIPEI0TBPAINajo pa3BUTHE 0OJIE3HEH KyIbTYphI B TIOJIEBBIX YCIOBHAX, 4 UCMIOIb30BAHUE HHCEKTUITUAA
BO BPEMsI MaCCOBOTO Pa3MHOKEHUS JIyTOBOTO MOThUIbKA B 2021 I PHUBENO K MOTHOMY YHUUTOKECHHUIO
BPEAUTENS HA TIOJICOTHECUHUKE.

KuioueBble cj10Ba: THOPHUIBI TOJCOTHEUHNKA, TEXHOJIOTHH W YCIOBHS BO3ICIBIBAHMS, TIPEIIIIC-
CTBEHHHK, YPOXKaHOCTh, MACITUIHOCTH CEMSH, CPECTBA 3aIlIUTHl PAaCTeHUHN

Sunflower hybrid yields depending on the cultivation technology
and conditions in the south of Western Siberia

Salita D.I., CX)Andreeva L.V.

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

(X)e-mail: ivaandreva@yandex.ru

The article presents the results of research on testing three sunflower cultivation technologies (Ex-
press, Clearfield and classical), carried out in the fields of the OAO "Nadezhda" in the Bagansky
district of the Novosibirsk region in 2021-2022. The indicators of biological characteristics and yield
of three sunflower hybrids are given, taking into account the cultivation technology, forecrop and the
pre-sowing background. It was found that the duration of the sunflower growing season varied signifi-
cantly among different hybrids and depended on the weather conditions. The longest growing season
was observed in the Sanmarin 444 hybrid, cultivated using the classical technology, which amounted
to 180 + 2 days in 2021 and 151 + 2 days in the dry 2022. The shortest growing season (162 + 2 and
140 + 2 days, respectively) was noted in the Svetlana KLP hybrid, grown using the Clearfield technol-
ogy. It was shown that in the conditions of the south of Western Siberia, the main limiting factor for
obtaining high sunflower yields is the lack of precipitation. In 2021, characterized by more favorable
conditions for sunflower growth (hydrothermal coefficient (HTC) = 0.8), the yield of hybrids ranged
from 1.92 to 2.28 t/ha without significant differences depending on the technology and pre-sowing
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background. In the dry conditions of 2022 (HTC = 0.3), the sunflower yield was significantly lower
and ranged from 0.42 to 1.3 t/ha for different hybrids in accordance with their cultivation technolo-
gies. The oil content of seeds of the studied sunflower hybrids was 50-53%. The highest efficiency of
herbicide treatments was achieved on sunflower crops grown using the Clearfield technology. Seed
treatment with fungicides prevented the development of crop diseases in the field, and the use of an
insecticide during the mass reproduction of the meadow moth in 2021 led to a complete destruction

of the pest on sunflower.

Keyword: sunflower hybrids, cultivation technologies and conditions, forecrop, yield, seed oil

content, plant protection products
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INTRODUCTION

Sunflower is the main oilseed crop grown in
various regions of the Russian Federation, due
to its high yield and profitability [1-3]. The ev-
er-growing demand for sunflower processed
products is leading to an increase in the area
devoted to this crop. Currently, Russia accounts
for up to 40% of global oilseed production [4].
However, expanding the area under cultivation
alone does not solve the problem of increasing
sunflower production volumes. Therefore, cur-
rent research areas include improving cultiva-
tion technology, optimizing production costs,
and increasing yield per unit area [5—8].

Sunflower yield depends on a range of fac-
tors, of which the most important are cultivation
technology and the selection of hybrids with high
genetic resources' [1, 9-14]. Modern sunflower
hybrids have a yield potential of over 40 cent-
ners of seeds per hectare [4]. However, achiev-
ing such a yield in production conditions is quite
difficult due to crop rotation problems, increased
weed damage, diseases, and pests? [6, 15-18].
Unfavorable agroclimatic conditions, especially

moisture deficiency during the growing season,
can also significantly reduce the yield [11, 19].
Weeds are a major problem in crop produc-
tion, significantly reducing the quality and quan-
tity of the harvest. To combat weeds, sunflower
hybrid growers have found a solution by using
herbicide-resistant varieties and specialized
cultivation technologies. Several technologies
have been developed for sunflower cultivation.
Classical (traditional) technology involves the
use of agronomic tillage techniques, particularly
mechanized tillage, and primarily soil-applied
herbicides to reduce weed damage. However,
this technology is generally not very effective
in controlling broadleaf weeds. New sunflower
cultivation technologies focus on the interaction
between the hybrid and herbicide, enabling ef-
fective weed control at all stages of the plant's
growing season. Thus, the Express Sun tech-
nology can only be used on sunflower hybrids
that are resistant to tribenuron-methyl: the use
of preparations based on it allows inhibiting the
growth of dicotyledonous weeds, including in
some cases perennial species. However, when

'Nesmeyanova M.A., Dedov A.V., Panov A.A., Panova E.Yu. Sunflower cultivation technology with biologization elements //
Oil crops, 2015, N 2 (162). URL: https://cyberleninka.ru/article/n/tehnologiya-vozdelyvaniya-podsolnechnika-s-elementami-

biologizatsii.

2Luchinsky S.I., Knyazeva T.V. Dominant weeds and their harmfulness in sunflower crops // Scientific journal of the Kuban State
Agrarian University, 2010, N 58. URL: https://cyberleninka.ru/article/n/dominiruyuschie-sornyaki-i-ih-vredonosnost-v-posevah-

podsolnechnika.
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growing Express hybrids, it is not possible to
suppress the development of such a malicious
weed as broomrape. In this regard, a third stage
was developed — the Clearfield technology,
which allows for the cultivation of sunflower
hybrids that are genetically resistant to prepara-
tions based on imazapyr and imazamox> *[7, 8,
13]. The Clearfield herbicide treatment method
is based on the use of innovative preparations
with a broad spectrum of action and adapted to
specific agro-climatic conditions. Clearfield can
be used for any tillage scheme — from classic to
No-till, Strip-till, Mini-till. Sunflower hybrids
grown using this technology are resistant to
drought, lodging, white and gray mold, phoma
disease and phomopsis leaf and stem blight. A
significant advantage of this technology is its
ability to successfully combat broomrape®=*[20].

In the conditions of Western Siberia, the ef-
fectiveness of new technologies for sunflower
cultivation has been practically not studied, and
therefore the aim of the study was a compara-
tive study of Express and Clearfield hybrids and
technologies in comparison with the classical
technology for growing the crop in the south of
Western Siberia.

MATERIAL AND METHODS

The object of the research were hybrid (F1)
sunflower plants Safari, Svetlana KLP and San-
marin 444, grown using different cultivation
technologies.

Safari F1 is a two-line hybrid, included in the
State Register for the Central Black Earth, Ural,
and West Siberian regions. Its growing season
lasts 120 days and it is resistant to downy mildew
and white rot. Svetlana KLP F1 is a first-gener-

ation hybrid with a growing season of 122 days.
It belongs to the "northern" type and is used as
a standard in trials for early-maturing hybrids.
It has genetic resistance to downy mildew. San-
marin 444 F1 is a simple hybrid with high oil
content and early maturing. It is susceptible to
broomrape and phomopsis leaf and stem blight°.

The research was conducted in 2021-2022
on the fields of the OAO “Nadezhda” in the
Bagansky District of the Novosibirsk Region
(53.844747 N, 77.741662 E). The soil of the ex-
perimental plot is southern alkaline sandy loam
chernozem. The light mechanical composition
of the parent rocks contributes to wind and water
erosion on the ridges. According to the agrocli-
matic zoning, the area belongs to the Kulunda
zone with a continental climate. It is character-
ized by a lack of moisture and a short growing
season for plants, as well as early and deep soil
freezing, which impedes the mobilization of mo-
bile forms of nutrients and the accumulation of
humus in the soil.

Agrometeorological conditions during the
2021-2022 growing seasons differed from long-
term averages, primarily in terms of precipita-
tion (see Table 1). During the study years, higher
average monthly temperatures were observed in
the spring (April and May) compared to long-
term averages. However, 2022 is characterized
as dry due to low precipitation (hydrothermal co-
efficient (HTC) = 0.3), while in 2021 the lack of
precipitation in May and April was compensated
by abundant precipitation in the summer (HTC =
0.8), which, in combination with high tempera-
tures, had a beneficial effect on the growth and
development of sunflower.

In 2021, sowing was carried out using TSM-
8000 seeders from May 4 to 11, and in 2022, us-

3Pfenning M., Palfay G., Guillet T. The CLEARFIELD® technology — A new broad-spectrum post-emergence weed control sys-
tem for European sunflower growers // Journal of Plant Diseases and Protection, New Series 21, 2008, Spec. is. 21.

4Zasorina E., Komaritskaya E., Ishkov I., Titov A. Technology selection for cultivation of sunflower hybrids in Central Black
Earth region // BIO Web of Conferences 37, 00083, 2021. URL: https://doi.org/10.1051/bioconf/20213700083.

SDirect.Farm. Sunflower for oil — cultivation technology. URL: https://direct.farm/post/podsolnechnik-na-maslo-tekhnologiya-

vyrashchivaniya-205.

®Vear F. Changes in sunflower breeding over the last fifty years // Oilseeds Fats Crops Lipids, 2016, vol. 23, pp. 1-8.
"Kaya Y., Evci G., Pekcan V., Yilmaz 1. Clearfield technology in sunflower and developing herbicide resistance sunflower hy-

brids // Soil-Water Journal, 2013, vol. 2 (2), pp. 1713-1722.

8Kaya Y. Herbicide resistance breeding in sunflower, current situation and future directions // Journal of Academy of Science of

Moldova, 2015, vol. 2 (326), pp. 101-106.
°State  Variety =~ Commission.  URL:

https://gossortrf.ru/registry/gosudarstvennyy-reestr-selektsionnykh-dostizheniy-

dopushchennykh-k-ispolzovaniyu-tom-1-sorta-rasteni/safari-podsolnechnik/
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ing a Tempo L precision seeding drill from April
29 to May 8. The Safari hybrid was grown using
the Express technology (field area: 86 hectares),
Svetlana KLP — using the Clearfield technology
(74 hectares), and Sanmarin 444 — using the con-
ventional technology (64 hectares). The seeding
rate was 1 seeding unit/2.5 ha (60,000 seeds/ha).

The seeds were treated with a pesticide com-
plex containing Mefenoxam, Fludioxonil, Thia-
methoxam, and Fulvital Plus. Azofoska N16-
P16-K16 mineral fertilizer was applied at a rate
of 100 kg/ha during sowing.

Phenological observations and determina-
tion of the growing season of sunflower hybrids
were carried out according to the methodology
of state variety testing of agricultural crops!®.

A TUMAN-2 self-propelled sprayer was
used for herbicide treatments. Treatments were
carried out from June 7 to June 15, at the stage
of 2-4 to 6-8 true leaves of the crop using the
Express technology and at 4-5 true leaves of
the crop using the Clearfield technology, using
August herbicides mixed with fertilizers and ad-
hesives. The formulations were not varied from
year to year; they were applied at the same rate
and amount of working solution (see Table 2).

In addition to herbicide treatments in sun-
flower fields grown using conventional technol-

ogy, inter-row cultivation was carried out using
the KRN-5.6 cultivator to control weeds.

In 2021, to suppress the development of the
meadow moth, crops were sprayed with the in-
secticide Break, OE at a rate of 0.15 1/ha and a
working solution of 200 1/ha using an Amazon
trailed sprayer.

Sunflower fields were surveyed for weed in-
festations before and after weed control efforts.
A quantitative method for recording crop weed
infestations was used!!, with 10 replicates. To
monitor sunflower pests and diseases through-
out the growing season, visual field surveys
were conducted diagonally across the field every
7—-10 days. The number of meadow moth larvae
was calculated per one square meter.

The harvesting was carried out using the
Vector, Polesie 1218 and New Holland com-
bines equipped with specialized headers: row-
less combing with a cutting width of 9.8 m and
6-meter row cutting.

The oil content was determined by the NIR
spectroscopy in accordance with GOST 22391—
2015' using an InfraLUM FT-10 infrared ana-
lyzer.

Statistical processing of the obtained data was
carried out with the calculation of the standard
error (SE) using the Excel computer program.

Taoda. 1. Temneparypa Bo3ayXxa U 0OCaJK{ BEr€TALlHIOHHOTO NEPHOAA B TOAbI HCCIICIOBAHUI, JTOKAJIbHAS
Meteoctanuus Agrokeep (Bayer 2833641312), c. MupoHoBka

Table 1. Air temperature and precipitation during the growing season during the years of research, local
weather station Agrokeep (Bayer 2833641312), Mironovka village

Average daily air temperature, °C Total precipitation, mm
Period deviations from the deviations from the
norm 2021 2022 norm norm 2021 2022 norm

2021 2022 2021 2022
April 4,7 9,7 7,0 5,0 2,3 18 0 3,2 -18,0 -14,8

May 13,0 18,6 16,0 5,6 3,0 23 0 26,7 -23,0 3,7
June 18,0 18,7 17,8 0,7 -0,2 50 52,7 14,5 2,7 -35,5
July 20,0 21,5 20,2 1,5 0,2 65 56,2 8.8 -8,8 -56,2
August 17,6 19,3 17,1 1,7 -0,5 42 53,9 5,6 11,9 -36,4

"Methodology of state variety testing of agricultural crops. Moscow: Kolos, 1985, 230 p.
"Bazdyrev G.I., Loshakov V.G., Puponin A.L, et al. Agriculture: a textbook for university students majoring in agronomy.

Moscow: Kolos, 2000, 551 p.

12GOST 22391-2015. Sunflower. Technical conditions. Moscow: Standartinform, 2019, 7 p.
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Taoa. 2. [arel repOMInIHbIX 00pabOTOK MOCEeBOB MoacoIHeuHuKa B 2021-2022 rr.
Table 2. Dates of herbicide treatments of sunflower crops in 2021-2022

Technology Date of treatment Hybrid (F1) Preparation and the application rate
Express 07.06-11.06 Safari Quickstep 0.5 1/ha + Mortar 40 g/ha + Humate (fertilizer)
1 I/ha
Clearfield 13.06-15.06 Svetlana KLP | Paradox 0.33 I/ha + Grader 0.07 I/ha + Adju (adhesive)
0.33 I/ha + Humate 1 1/ha
Classical 12.06 Sanmarin 444 Quickstep 0.5 1/ha + Humate 1 1/ha

RESULTS AND DISCUSSION

The onset dates of the phenological phases
of sunflower growth and development varied
among hybrids and were largely dependent on
meteorological conditions during the growing
season. Seedlings of the Sanmarin 444 hybrid,
grown using conventional technology, emerged
12—-13 days after sowing; seedlings were un-
even, spread over 8—10 days in 2021 and 10-12
days in 2022. The emergence time for the Svet-
lana KLP (Clearfield) hybrid ranged from 9 to
12 days. The Safari (Express) hybrid had very
uniform emergence, emerging 10 to 12 days af-
ter sowing. The emergence time for the same hy-
brid varied slightly depending on the preceding
crop and pre-sowing soil treatment. Thus, the
emergence of hybrid seedlings Svetlana KLP
and Safari, sown on wheat and barley stubble,
was delayed by 1-2 days compared to plants
in fields with autumn tillage with a forecrop —
spring wheat.

During the study years, sunflower flowering
began in the third ten-day period of July and
lasted for 10—12 days for the Svetlana KLP and
Safari hybrids, grown using new technologies.
For the Sanmarin 444 hybrid, flowering was de-
layed by an additional 7-8 days.

The length of the sunflower growing sea-
son depended on the genetic characteristics of
the hybrid and weather conditions, which var-
ied significantly across the years of the study.
Thus, the growing season of sunflower hybrids
in 2022 was significantly shorter, likely due to
insufficient precipitation, compared to 2021 (see
Table 3). While the forecrop had some influence
on the progression of individual phases of crop
development, it ultimately had no effect on the
overall maturity of the hybrids.

Although all tested hybrids belong to the
early-ripening group, differences in the length
of their growing seasons were noted, including
across the years of study. The longest growing
season was observed for the Sanmarin 444 hy-
brid, which in 2021 amounted to 180 + 2 days;
in the dry 2022 year, it ended a month earlier
(151 £ 2 days). The shortest growing season was
observed for the Svetlana KLP hybrid — 162 +
2 and 140 + 2 days, respectively, in 2021 and
2022.

Sunflower hybrid yields varied across years
of study, as well as depending on the technol-
ogy and the forecrop (see Table 3). A compara-
tive analysis of sunflower hybrid yields over two
years of testing revealed that the main limiting
factor for achieving high yields of this crop is in-
sufficient precipitation, regardless of cultivation
technology. Thus, the yield of the Svetlana KLP
hybrid, grown in fallow land using the Clearfield
technology, was 1.7 times lower during the dry
growing season of 2022 than in 2021. An even
greater difference was observed for the Safari
(Express) hybrid, for example, when grown in
fallow land — its yield was reduced by 4.2 times,
and for Sanmarin 444 (classic technology) — by
5 times. Pre-planting tillage and pre-sowing soil
cultivation also influenced the crop yield. This
influence was particularly pronounced during
the critical weather season (2022), when pre-
cipitation was deficient. Specifically, the yield
of the Safari hybrid, grown using the Express
technology, ranged from 1.19 t/ha when grown
on wheat stubble to 0.54 t/ha when grown on fal-
low. At the same time, this hybrid, sown after
fallow, demonstrated the highest yield in 2021 —
2.28 t/ha. Overall, during the dry 2022, the yield
of hybrids grown using the latest technologies

3amuTa pacTeHui
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Taoxa. 3. buomornueckue u NPOAYKTUBHBIC TOKA3aTCIN FI/I6pI/I,ZlOB IIOACOJTHCUYHHUKA B 3aBUCUMOCTH

OT TIpenoceBHOTO (poHa 1 TexHomorui ux BosaenbBanust, OAO «Hamexma», 2021-2022 rr.

Table 3. Biological and productive indicators of sunflower hybrids depending on the pre-sowing
background and cultivation technologies, OAO "Nadezhda", 2021-2022

Technology Hybrid Pre-sowing background (forecrop) p\gfi%idt?gg;s Seed yield, t/ha Oilsgg(rilst,e(r)z of

2021

Classical Sanmarin 444 Autumn ploughing (wheat) 180 +2 2,1 50,0

ClearField Svetlana KLP Autumn ploughing (wheat) 162 +2 1,92 52,0

Complete fallow 162 +2 1,99 52,0

Express Safari Complete fallow 175+2 2,28 53,0
2022

Classical Sanmarin 444 Stubble field (wheat, barley) 151+2 0,42 52,0

Clearfield Svetlana KLP Autumn ploughing (wheat) 140+ 2 1,1 52,4

Stubble field (wheat) 140+ 2 1,3 51,8

Express Safari Autumn ploughing (wheat) 150+2 0,99 52,0

Stubble field (wheat) 150 £2 1,19 52,8

Complete fallow 150+£2 0,54 52,6

significantly exceeded that of conventional tech-
nology.

Weather conditions and the preceding crop
did not significantly affect the oil content of sun-
flower seeds, which varied from 50 to 53%. The
highest oil content was observed in the seeds of
the Safari hybrid, grown using the Express tech-
nology.

Observations revealed that weeds predom-
inated in sunflower crops grown using various
technologies: barnyard grass, field bindweed,
and leafy euphorbia, with lesser amounts of
wild buckwheat, wild oats, common worm-
wood, and Canadian fleabane. In addition to
the above-mentioned species, saltwort grew in
significant quantities in sunflower fields grown
using conventional technology (see Table 4).

Herbicide treatment of sunflower crops
grown using the Clearfield technology com-
pletely suppressed the growth of all growing
weeds until harvest. Herbicide treatment of sun-
flowers grown using the Express technology
also resulted in the death of virtually all weed
species, with the exception of the Canadian flea-
bane weed, which subsequently regenerated in

isolated numbers but did not compete with the
crops. The number of weeds decreased by 3
times in sunflower crops grown using conven-
tional technology despite the use of herbicidal
and mechanical treatments, but the species such
as common wormwood, saltwort, Canadian flea-
bane, sow thistle, and leafy euphorbia continued
to develop competing with sunflower.

It should be noted that, despite their high
effectiveness, Clearfield herbicides negatively
impact the next crop in the rotation, so fallow-
ing the following year is essential. With conven-
tional technology, fallowing the following year
is also substantial due to the large number of
weeds accumulated during the sunflower year.

No signs of sunflower diseases have been re-
corded on the OOO “Nadezhda” premises over
two years of cultivation, indicating adequate
fungicide treatment of the seed. No specialized
pests have been observed. However, in 2021,
a massive outbreak of the meadow moth was
observed, including in some sunflower fields.
The average number of pest caterpillars on July
31, 2021, was 133 £ 22 per square meter. As of
August 2, 2021, larvae of various instars were
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found not only on leaves but also on the heads
of the crop, necessitating the use of insecticides.
The biological efficacy of treatment with Break,
OE insecticide was 100%.

CONCLUSIONS

1. The length of the sunflower growing sea-
son varied depending on the hybrid's genetic
characteristics and weather conditions. The late
hybrid Sanmarin 444 had a growing season of
180 + 2 days in 2021, while in the dry 2022 sea-
son, it ended a month earlier (151 + 2 days). The
Svetlana KLP hybrid proved to be the earliest
maturing, completing its development in 162 + 2
and 140 = 2 days in 2021 and 2022, respectively.

2. In the southern conditions of Western Si-
beria, the main limiting factor for high sunflow-
er yields is insufficient precipitation. In 2021,
a year with favorable moisture conditions, hy-
brid seed yields varied slightly depending on
the technology and the preceding crop, ranging
from 1.92 to 2.28 t/ha. In the dry 2022-year, seed
yields were significantly lower and varied wide-
ly from 0.42 to 1.30 t/ha. However, the yield of
the hybrids grown using the latest technologies
was higher than that of the hybrids grown using
conventional technologies. Weather conditions
and the previous crop did not significantly affect
the oil content of sunflower seeds, which ranged

from 50 to 53%.

3. The effectiveness of herbicide treatments
for sunflower crops grown using new technol-
ogies was high, reaching 100% (Clearfield).
In sunflower crops grown using conventional
technology, weed numbers were reduced by a
factor of three after herbicide and mechanical
treatments. The timely use of fungicides and
insecticides to prevent disease and pest damage
enabled complete control of pest growth in sun-
flowers.
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MopdodyHkunoHaibHbIe HapaMeTPbl MOJOYHOU ’kKejle3bl KOPOB
Pa3HbIX TeHOTHIIOB 1O reny PGR

C)Yanukasn K./., Kouyepa H.A., Yaunkuii A.A., lleroaes I1.0.,
Kopouies A.A., lypkuna B.A., CtamukoBa B.A.

Kocmpomckas eocyoapcmeennas cenbCKOX03AUCMBEHHAS AKAOeMUs.
Koctpomckast obnacts, . KapaBaeo, Poccust

e-mail: kseniyasabetova@mail.ru

[IporecTepoH perynupyer penpoAyKTHBHYIO (YHKIWIO, CTHMYJIHPYET pPa3BUTHE >KEJIE3UCTON
TKaHW MOJIOYHOH JKeJe3bl M CEeKPEUHI0 MOJIOKa. boJbIMHCTBO ero 3¢ ¢eKTOB OMoCpeaoBaHO
SIIEPHBIMH  PEIETITOPAMHU, SBISIONIMMHCS TPAHCKPUMIIIMOHHBIMU (pakTopaMu. J{aHHBIX O YacToTe
pacmpenencHuss TeHOTUIIOB W ajiesiell TeHa penentopa mporectepoHa (PGR) m accouuanuu
ux ¢ MOppoyHKIHOHAIBHBIMU TapaMeTpaMH MOJIOYHOM >Kele3bl y KpPYIMHOTO POTaroro CKoTa
OTpaHUYEHHOE KOJMYECTBO, U BCE OHU KacaloTCsA TpaHCTpaHW4YHBIX mopoj. Llens uccienoBanus —
nszydeHne MOpPPODYHKIIUOHAIBLHBIX IapaMETPOB MOJIOYHOH JKeJe3bl KOPOB KOCTPOMCKOH U
TOJIIIITHHCKOM MTOPO pa3HBIX TEHOTHUITOB 110 TeHY PGR B YCIOBHSIX TIIEMEHHBIX X03s1HCTB KocTpomckoi
obmactu. Mccnenoanne BeimoHeHO B 2024 1 2025 TT. HA TUIEMEHHBIX MEPBOTENKAX KOCTPOMCKON
(n = 81) u rommTuHCcKON Mopon (n = 26). OnpeneneHa B3auMMOCBA3b reHoTHIA 10 reHy PGR u
MOpho(yHKIIMOHATBHBIX TAPaMETPOB MOJIOYHOH skene3bl. BhISABIEHO, UTO B UCCIIEyeMbIX BBIOOPKax
KOPOB KOCTPOMCKOI! M TOJIIITHHCKOM TOpo Haubosee pacrpoctpaHeH reHotun A4 rena PGR (dacrora
pacnpenenenust 0,568 u 0,462 coorBercTBeHHO). OIHAKO ONTUMAIBHBIMH MOP(OIOTHICCKUMHU
rmapaMeTpaMu Il MallTHHHOTO W POOOTH3NPOBAHHOTO JOCHIHS M BAHHOOOPa3HOW (GOopMOM MOJTOTHOM
JKeJe3bl 00JIaIal0T HOCUTENH PeAKoro reHotuna PGRCC. Taxke 1O pe3ynbTaraM MepBOi JakTanuu
YCTaHOBJICHO, YTO B BBIOOPKE KOCTPOMCKOM MOPOJIBI y HOocuTenel renotuna PGRCC ynoit O BhILe
Ha 9,26 u 14,29%, uem y HOocutenei reHoTunoB PGRA u PGRAY coorBercTBeHHO (p < 0,5). Ha ocHOBe
MOJTYYEHHBIX JaHHBIX ONPEIEICHO, YTO HOCHTENN TeHoTHa PGRYC 001a1al0T IpenoYTHTEIbHBIMH
JUTS MAITMHHOTO ¥ pOOOTH3MUPOBAHHOTO JOeHUsI MOP(HO(YHKIIMOHATHHBIMU TTApaMeTPaMU MOJIOYHOH
JKeIe3bl, MO3TOMY HEOOXOIMMO TPOJOKUATE MCCIEIOBAHNS B JTAaHHOM HAIlpaBIEHUN Ha OOJNBIIEM
ITOTOJIOBBE KUBOTHBIX U B PAMKAaX JIPYTHX MOMYIISIIIUNA KPYITHOTO POTATOrO CKOTA.

KuiroueBble cj10Ba: reH penenTopa NporecTepoHa, reHoTur, MophodyHKINOHAIBHbIE MapaMe-
TPBI, KOPOBBI, KOCTPOMCKAsl ¥ TOJIIITHHCKAs! TOPOJIbI, MOJIOYHAS HKele3a

Morphofunctional parameters of the mammary gland
of cows of different genotypes for the PGR gene

(<) Chaickaya K.D., Kochueva N.A., Chaitskiy A.A., Schiogolev P.O.,
Korolev A.A., Durkina V.A., Stamikova V.A.

Kostroma State Agricultural Academy

Karavaevo settlement, Kostroma region, Russia

e-mail: kseniyasabetova@mail.ru

Progesterone is a regulator of the reproductive function and stimulates the development of glandu-
lar tissue of the mammary gland and milk secretion. Most of its effects are mediated by nuclear recep-
tors, which are transcription factors. There is a limited amount of data on the frequency of distribution
of genotypes and alleles of the progesterone receptor gene (PGR) and their association with morpho-
functional parameters of the mammary gland in cattle, and all of them concern transboundary breeds.
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Morphofunctional parameters of the mammary gland
of cows of different genotypes for the PGR gene

The purpose of the scientific work is to study the morphofunctional parameters of the mammary
gland of the Kostroma and Holstein cows of different genotypes for the PGR gene in the conditions
of breeding farms of the Kostroma region. The studies were carried out in 2024-2025 on breeding
first-calf cows of the Kostroma (n = 81) and Holstein (n = 26) breeds. The relationship between the
genotype of the PGR gene and the morphofunctional parameters of the mammary gland was deter-
mined. It was revealed that in the studied samples of cows of the Kostroma and Holstein breeds, the
most common genotype is A4 of the PGR gene (distribution frequency 0.568 and 0.462, respectively).
However, carriers of the rare PGR®“ genotype had optimal morphological parameters for machine
and robotic milking and a bath-shaped mammary gland. Also, based on results of the first lactation, it
was found that in the sample of the Kostroma breed, the milk yield of carriers of the PGR%C genotype
was 9.26% and 14.29% higher than that of the carriers of the PGR** and PGR¢ genotypes (p < 0.5),
respectively. Based on the data of the study, it was determined that carriers of the PGR%“ genotype
have morphofunctional parameters of the mammary gland that are preferable for machine and robotic
milking, therefore it is necessary to continue research in this area on a larger number of animals and
within other cattle populations.
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INTRODUCTION this hormone and the gene encoding its receptor

Progesterone is an important regulator of the ith superovulation and embryogenesis'-? [3-5].

reproductive function, ensuring a normal men-
strual cycle and maintaining pregnancy, stimu-
lating the development of mammary gland tis-
sue, and milk secretion. Progesterone's effects
are mediated by its nuclear receptors, which are
transcription factors. The progesterone receptor
interacts with progesterone in the cell nucleus,
thereby activating the expression of a number of
specific genes [1, 2].

Among open scientific sources, the majority
of the studies are devoted to the association of

However, there is also information about the re-
lationship between the level of this hormone and
the incidence of mastitis in cows [6].

Data are available on the single nucleotide
polymorphisms G59752C and T81637C, locat-
ed in introns 3 and 4 of the progesterone receptor
gene (PGR). Association analysis showed that
these SNPs have a significant effect on the to-
tal number of eggs (p < 0.01), and the 781637C
polymorphism is also associated with the num-
ber of embryos. Furthermore, these polymor-

'Driver A.M., Huang W., Gajic S., Monson R.L., Rosa G.J., Khatib H. Short communication: Effects of the progesterone receptor
variants on fertility traits in cattle // Journal of Dairy Science, 2009, vol. 92 (8), pp. 4082—4085.

*Morris D., Diskin M. Effect of progesterone on embryo survival // Animal, 2008, vol. 2 (8), pp. 1112-1119.
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phisms are associated with superovulation traits
in cows [3, 7].

Yu.Yu. Shakhnazarova et al. [4] found that
among the Holstein cows, carriers of the 44 geno-
type of the PGR gene were significantly superior to
carriers of the AG genotype in lifetime productivity.

Data on the genotype and allele frequencies
of the progesterone receptor gene in cattle is
limited, and all available data pertain to trans-
boundary breeds. Overall, the PGR4“ genotype
has the highest frequency, but the predominant
allele in different populations can be either 4 or
G (see footnote 1) [4, 8].

Thus, taking into account the results of the
studies of the previous authors and information
about the biological role of progesterone and its
receptor, it is necessary to continue studying the
frequency of distribution of the PGR gene gen-
otypes and their association with economically
valuable traits in domestic cattle breeds.

The purpose of the study is to investigate the
morphofunctional parameters of the mammary
gland of the Kostroma and Holstein cows of dif-
ferent genotypes for the PGR gene in the condi-
tions of breeding farms in the Kostroma region.

MATERIAL AND METHODS

The study was conducted in 2024 and 2025
on the farms in the Kostroma region on 107
breeding first-calf cows of the Holstein (n = 26,
00O “Sushchevo™) and Kostroma breeds (n =
81; AO “Karavaevo Breeding Farm” — 33 heads,
00O ““Planeta” Agrofirm” — 17 heads, OOO
“Minskoe” — 31 heads).

The zootechnical records data were obtained
from the TAS "SELEKS" (Russia), the veteri-
nary records from "M-complex" (Russia) [9].

Linear assessment of cows was carried out from
the 30th to the 120th day of lactation® ¢. Mor-
phological assessment of the udder was per-
formed according to the VASKHNIL method-
ology®. The udder shape was assessed visually
1-1.5 hours before milking. The udder function
was assessed in the second and fourth months of
lactation using an MM-04V milk monitoring de-
vice (Russia). Milking time was measured using
a stopwatch.

Blood samples were collected from the cows'
tail veins using vacuum systems with the antico-
agulant K2 EDTA (Germany). The DNA was iso-
lated using the PROBA-GS-GENETIKA reagent
kit (Russia). During the study, a test system for
genotyping cattle for the progesterone receptor
gene using real-time polymerase chain reaction
(RT-PCR) was developed. Nucleotide sequences
were selected using the NCBI (National Center
for Biotechnology Information) databases® and
Ensembl’ (see Table 1). Primer and probe analysis

Ta6a. 1. HykmeoTunHble mocIeq0BaTEIbHOCTH
JUIS TEHOTUITMPOBAHUS KOPOB 10 reny PGR

Table 1. Nucleotide sequences for genotyping
cows for the PGR gene

Name Sequence

Progesterone receptor gene — rs136764006
(1:2.7861416G>A)

"-gCA gTg AAA AgA CAC ATT CAg gA
PGR_for gLAaAglg & 8848
C-3'
5-AAA ggC ATT AAg gCA ATT TCT gAC
PGR_rev
- C-3'
PGR A "-gAg ACC ATA ATg TgT ATg-3"-(FAM)
PGR G "-gAg ACC gTA ATg TgT ATg-3"-(HEX)
BHQI)-5"-gAg AAg TTA CTC Agg AAA
PGRBHQ( QI)-5"-gAg AAg gg
- ACT g-3"-(P)

30rder of the Ministry of Agriculture of the Russian Federation dated February 1, 2011 No. 25 “On approval of the Rules for
maintaining records in pedigree cattle breeding of dairy and dairy-meat productivity directions” / GARANT.RU: information and
legal portal. URL: https://www.garant.ru/products/ipo/prime/doc/2074157/.

4SNPlem R 10-96. Rules for evaluation the body conformation of the daughters from sires of dairy and dairy-meat breeds
(approved by the Department of Animal Husbandry and Breeding of the Ministry of Agriculture of Russia on June 14, 1996).

Moscow: Agropromizdat, 1996, 18 p.

SEvaluation of cow udders, milk flow process and mammary gland diseases in connection with machine milking: index. lit. for
1982-1988. Moscow: Central Scientific Agricultural Library, 1990, 101 p.

‘https://www.ncbi.nlm.nih.gov/
https://www.ensembl.org/index.html
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was performed using the Oligo 6.0 software.

To perform real-time PCR, 30 ul of PCR
mixture and 5 pl of DNA sample were add-
ed to each tube of the strip using variable vol-
ume dispensers. The PCR mixture contained
fluorescently labeled FAM and HEX probes
(0.1 pleach), fluorescence quencher—BHQ probe
(0.3 ul), reverse (0.6 pl) and forward primers
(0.1 ul), 25 mM dNTP (0.24 ul), 10 pl of en-
zyme solution (0.5 pl of Taq polymerase and
9.5 ul of PCR buffer).

Genotyping of cow DNA samples was per-
formed using a DT Prime thermocycler (Russia)
at an annealing temperature of 57°C. Genotype
was determined by melting curve analysis.

The frequency of PGR genotypes was deter-
mined using the formula

P=m/N,

where P — genotype frequency in a group; m —
number of genotype carriers; N — total number
of individuals.

The frequency of alleles 4 and G of the PGR
gene was calculated as follows:
_ 2ng4 tnye _ 2ngg +nye

o 2N 4= 2N

where p — allele frequency 4; g — allele frequen-

cy G; nyy, nyg, ngg — number of genotype carri-
ers AA, AG and GG respectively; N — total num-
ber of ianimals in a group.

The standard error of the genotype frequency
was determined using the formula

SEu = ’PAA' (llv_PAA)’

where SE ,,— standard error of the genotype fre-
quency AA4; P,,— AA allele frequency.

The standard error of the allele frequency was
calculated as

p-q

2:N’
where SE,, — standard error of the allele frequen-
cy A.

Gene equilibrium was estimated using the
Hardy—Weinberg equation:

pPr2pgtgi=1.

Statistical processing of the results was per-
formed in Microsoft Office Excel (2019). Sta-
tistical hypotheses were tested in the RStudio
development environment version 2024.12.0
(Build 467) using the R language version 4.4.2.
Testing the statistical significance of differences
between animal groups was performed by calcu-
lating the Student's #-test.

Taoda. 2. Yacrora pacrpeneneHus TeHOTUNOB reHa PGR y KOPOB pa3HBIX MOPOJ]
Table 2. Distribution frequency of PGR gene genotypes in cows of different breeds

AA AG GG
. N,
Breeding farm heads | 7 lobes, N n, lobes, o n, lobes, N
heads P+ SE ’ heads P+ SE,; ? heads P+ SEqq ’
Kostroma breed
AOQO “Karavaevo
Breeding Farm” 33 16 | 0,485 +0,087 | 48,48 | 11 |0,333+0,082(33,33| 6 0,182 +0,157 | 18,18
OO0 ™Minskoe™ |5 | 3 | 074240001 | 7419 | 7 |0226+0,158 22,58 1 | 003220177 | 323
00O “Planeta”
Agrofirm” 17 7 10,412+0,186 | 41,18 | 10 | 0,588 +£0,156 |58,82| O 0,000 0,00
For the sample as
a whole 81 46 | 0,568 £0,073 | 56,79 | 28 | 0,346 +0,090 34,57 7 0,086 +£0,106 | 8,64
Holstein breed
900 "Sushehe- | 56 | 12 | 0.462+0,144 | 46,15 | 7 |0269+0,168 [2692|7 02694 0,168 |26,92
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MopdodyHKIMOHATEHEIE TapaMETPhl MOIIOYHOH JKETIe3bI KOPOB
Pa3HBIX F€HOTHIIOB 110 reHy PGR

Yannkas K. ., Kouyesa H.A., Yannxuii A.A., llerones I1.0.,
Koposnes A.A., lypkuna B.A., Cramukosa B.A.

RESULTS AND DISCUSSION

As a result of genotyping DNA samples of
breeding cows, the following results were ob-
tained (see Table 2).

It was found that the PGR*! genotype was
most frequent in the Kostroma cow sample.
However, in the herd of the OOO ““Planeta”
Agrofirm”, the heterozygous genotype for the
progesterone receptor gene was predominantly
recorded (58.8%). In a sample of Holstein cows,
the PGR genotype also showed a tendency

toward the highest prevalence, while PGRA¢
and PGRYY had similar frequencies in the herd.
These findings differ from those reported by oth-
er researchers (see footnote 1) [4, 8].

The analysis showed that the highest fre-
quency in the samples of the cows of both the
Kostroma and Holstein breeds in the breeding
farms of the region was recorded for allele 4
(see Table 3).

Testing the hypothesis of free distribution
of the PGR gene alleles among the cows of the

Taoda. 3. Yactora pacnpenenenus amieneii rena PGR y KOpoB pa3HbIX OPOTT

Table 3. Distribution frequency of PGR gene alleles in cows of different breeds

A G
Breeding farm N.heads 1 s, P+ SE, % lobes, P+ SE, %
Kostroma breed
AO “Karavaevo Breeding Farm” 33 0,652 +0,059 65,15 0,348 +£ 0,059 34,85
000 “Minskoe” 31 0,855 + 0,045 85,48 0,145 + 0,045 14,52
000 “Planeta” Agrofirm” 17 0,706 + 0,078 70,59 0,294 + 0,078 29,41
For the sample as a whole 81 0,741 £0,034 74,07 0,259 + 0,034 25,93
Holstein breed
00O “Sushchevo” 26 0,596 + 0,068 59,61 0,404 + 0,068 | 40,38

Taba. 4. Jluneiinas orieHKa BBIMEHH KOPOB KOCTPOMCKOM MOPOJIBI B pa3pese reHOTUIoB rena PGR, 6amn

Table 4. Linear assessment of the Kostroma cows udder in terms of the PGR gene genotypes, score

Indicator Optimal value Genotype
(see footnote 4) Ad AG GG

n, heads - 46 28 7
Attachment of the anterior lobes 8 5,11+0,15 5,21 £0,24 5,00 £0,22
Length of the anterior lobes 9 5,33 +0,14* 5,39 +£0,25 5,86 £0,14
E;ieiht of attachment of the posterior 9 5394 0,14 5544021 5714047
Width of the posterior lobes 9 5,91 +0,20 5,82+0,28 6,29 +0,47
Fissura 9 6,93 £0,26 6,71 £ 0,39 7,29 £0,52
Position of the bottom 6 5,04 +£0,12 5,46 +£0,25 5,00 £ 0,00
Nipple positioning:

front 5 4,98 + 0,06 5,11 +0,08 5,00 £ 0,00

rear 5 5,15+£0,10 5,21+0,17 4,86 +0,14
Nipple length:

front 5 5,41 +0,15% 5,36 +0,23 4,86 +0,42

rear 5 3,92 £0,19% 4,00 £0,22* 3,14 +£0,28
General appearance 100 80,72 £ 0,47 79,86 + 0,66 81,14+ 1,45

Note. In Tables 4, 5, 7: the reliability of differences is indicated in comparison with the GG genotype of the PGR gene

(*p<0,5; *p <0,01; ***p <0,001).
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studied populations made it impossible in none
of the cases to accept the alternative hypothesis
of a significant difference between the observed
genotype frequencies and the theoretically ex-
pected ones (p > 0,05). The difference closest
to the significance threshold was observed in
Holstein cows from the OOO “Sushchevo” (y? =
5,053, p =0,08). Consequently, in all the studied
populations, the alleles of the PGR gene spread
freely and do not experience selection pressure.

When analyzing the morphological parame-
ters of the mammary gland in a sample of cows
of the Kostroma breed, the best scores were not-
ed for six of the eleven assessed parameters in
individuals of the rare genotype PGR“ (see Ta-
ble 4).

In carriers of the PGRC genotype, the length
of the anterior udder lobes was estimated to be
9.04% significantly higher than in the individ-
uals with the alternative homozygous genotype
(p < 0.5), which may indicate greater milk pro-
ductivity of these cows®. Also, cows with the GG
genotype of the progesterone receptor gene had

optimal anterior nipple length compared to the
individuals with the PGR** (p < 0.5) and PGR4¢
genotypes. Meanwhile, the posterior nipple
length in first-calf heifers with the PGR%“ gen-
otype was 24.84% and 27.39% shorter (p < 0.5)
than in the cows with the alternative homo- and
heterozygous genotypes, respectively. In our
opinion, the mammary gland of the individuals
with a heterozygous genotype developed more
harmoniously, since the same length of the nip-
ples is a necessary condition for machine and
robotic milking.

Among the Holstein cows, the mammary
gland parameters of the GG genotype carriers
were closest to optimal — they corresponded to
nine out of eleven points (see Table 5).

However, a significant difference in the as-
sessment was only observed for the height of the
posterior udder attachment. In the cows with the
PGRSS genotype, this indicator was 20.03% and
21.67% higher than in the cows with the PGR*
and PGR4¢ genotypes, respectively (p < 0.5). A
higher posterior udder attachment in a cow indi-

Ta6ua. 5. JluneitHas omleHKa BEIMEHH KOPOB TOJIIITHHCKOM MOPOJIBI B pa3pese TeHOTUIoB reHa PGR, 6ain
Table 5. Linear assessment of the Holstein cows udder in terms of the PGR gene genotypes, score

Indicator Optimal value Genotype
(see footnote 4) AA AG GG

n, heads - 12 7 7
Attachment of the anterior lobes 8 5,00 + 0,48 4,57 +0,37 5,29+ 0,42
Length of the anterior lobes 9 5,33 £0,40 5,29 £0,42 4,71 £ 0,29
l}(I)f)iegSht of attachment of the posterior 9 5.83 + 0,39* 571+ 0.36* 7294036
Width of the posterior lobes 9 6,17 +£ 0,46 6,14 £ 0,34 7,14 £0,74
Fissura 9 5,58 £0,34 6,00 + 0,49 6,50 + 0,89
Position of the bottom 6 4,42 +0,34 4,71 +£0,52 4,71 £0,42
Nipple positioning:

front 5 4,92 £0,15 529+0,18 5,29+0,18

rear 5 5,42+0,23 5,43 +0,37 5,71 £ 0,29
Nipple length:

front 5 4,88 0,09 4,86 +0,32 4,93 £ 0,28

rear 5 3,63 +0,21 3,57 +£0,30 3,86 £0,32
General appearance 100 78,92 £1,13 78,29 £ 1,48 78,86 £ 1,28

8Kuzmina N.V.,, Listratenkova V.I., Koltsov D.N. The relationship between linear assessment indicators and exterior indices with
the productivity of Brown Swiss cows in the Smolensk region // “Transactions of the educational establishment “Vitebsk the Order
of “the Badge of Honor” State Academy of Veterinary Medicine”: scientific and practical journal, 2009, vol. 45, Issue 2, Ch. 2,

pp- 93-94.
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Kostroma breed

26% 74% 64%
A4

32%

4%

AG GG

Holstein breed

50% 50% 57%
A4

43% 20% 80%

AG GG

B Rounded m Tub-shaped I Cup-shaped

Pacnpenenenyie KOpOB KOCTPOMCKOH M TOJILUTHHCKON MOPOJ ¢ Pa3HBIMU T€HOTHIIAMH 110 ()OpME BBIMEHH
Distribution of cows of the Kostroma and Holstein breeds with different genotypes by the udder shape

cates a smaller distance between the lower edge
of the vulva and the upper edge of the glandular
tissue of the mammary gland, meaning the ud-
der of such an animal has the ability to fill better
and the cow is predisposed to high milk yield.
Also, the height of the attachment of the poste-
rior lobes of the udder characterizes the support-
ing function of the ligamentous apparatus of the

mammary gland (prevents it from sagging with
age), which facilitates convenient fixation of the
apparatus for machine milking and reduces the
risk of infection of the nipple canals with patho-
genic microflora [10].

In the Kostroma breed sample, a predom-
inantly cup-shaped mammary gland was ob-
served (see the figure). It is known that cows

Tada. 6. OyHKIMOHANBHbBIE CBOMCTBA BEIMEHH KOPOB pa3HbIX FeHOTHIOB reHa PGR
Table 6. Functional properties of the udder of cows with different genotypes of the PGR gene

Indicator A | Ger;oéype | GG

Kostroma breed

n, heads. 46 28 7

Daily milk yield, kg 25,41 +0,85 24,66 = 0,77 25,69 + 1,88

Milking time, min 11,86 + 0,38 11,35+ 0,46 12,44 £ 0,92

Milk flow rate, kg/min 2,15+0,05 2,22 +0,08 2,07 £ 0,06
Holstein breed

n, heads. 10 7 5

Daily milk yield, kg 28,39+1,12 31,06 £2,23 28,02 + 1,66

Milking time, min 11,47 £ 0,70 10,93 £ 0,59 10,60 = 0,99

Milk flow rate, kg/min 2,53 +0,15 2,88 +0,22 2,75+0,33
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Ta6ua. 7. Ilokazarenn MOJIOYHOM MPOAYKTUBHOCTH KOPOB pa3HbIX F'eHOTUNOB reHa PGR 3a nepByto

JJaKTalluko

Table 7. Milk productivity indicators of cows with different genotypes of the PGR gene during

the first lactation

. Genotype
Indicator
a4 | 4G | GG
Kostroma breed
n, heads 45 28 5
Milk yield, kg 7380,10 +£233,37 6970,64 £+ 234,82* 8133,10 +443,40
Fat, % 4,21 +0,05 4,04 £0,04 4,33+0,16
Protein, % 3,58 £0,04 3,51 +0,04 3,71 £0,09
Holstein breed
n, heads 10 7 5
Milk yield, kg 9308,10 367,58 9753,29 + 775,84 9559,80 + 403,69
Fat, % 3,85+0,03 3,79 £ 0,04 3,83 +0,05
Protein, % 3,38 +£0,03 3,35+0,02 3,36 £0,02

with cup- and tub-shaped udders are most prone
to high milk production®. Thus, the carriers of the
GG genotype are preferable, as no individuals
with an undesirable rounded udder shape were
found among them. In the sample of Holstein
cows, the highest frequency (80%) of tub-shaped
mammary glands was also found in the cows
with the PGR®Y genotype.

When assessing the functional properties of
the mammary gland during control milkings in
the samples of the Kostroma and Holstein breeds
of cows, no reliable differences were found in
terms of PGR gene genotypes (see Table 6).

Carriers of the heterozygous genotype tended
to have the highest milk flow rate (2.22 +0.08 and
2.88 = 0.22 kg/min in the Kostroma and Holstein
breeds, respectively), which is preferable for ma-
chine and robotic milking in order to reduce pro-
duction costs and reduce the impact of vacuum on
the mammary gland. Milk flow rate and milking
duration are inversely related: the shorter the time
spent on milking cows, the lower the likelihood
of udder injury associated with prolonged expo-
sure to vacuum on its parenchyma [11].

Moreover, analysis of milk productivity indi-
cators during the first lactation showed that the
Kostroma cows with the PGRYC genotype had

a 9.26% and 14.29% higher milk yield than the
cows with the PGR** and PGR*¢ genotypes, re-
spectively (p < 0.5). No significant differences in
fat and protein mass percentages were found be-
tween the different genotypes (see Table 7).

In the sample of Holstein breed, no significant
differences in the qualitative and quantitative in-
dicators of milk productivity in the cows with
different genotypes of the PGR gene during the
first lactation were found (see Table 7).

CONCLUSIONS

1. It was found that the 44 genotype of the
progesterone receptor gene was the most com-
mon genotype in the studied samples of the
Kostroma breeding cows (frequency of 0.568). A
tendency toward the prevalence of this genotype
was also observed in the Holstein cattle popula-
tion (frequency of 0.462). The predominant al-
lele was PGR41in both samples.

2. Carriers of the rare PGR“ genotype have
optimal morphological parameters for machine
and robotic milking and a tub-shaped mammary
gland, which is also characteristic of the first-calf
cows of both the Kostroma and Holstein breeds
in the studied samples.

3. Analysis of the first-lactation data revealed
that in a sample of the Kostroma cows carrying

Samusenko L.D., Mamaev A.V. Cattle breeding: practical training. St. Petersburg, 2020, 240 p.
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the PGR“ genotype, the milk yield was 9.26%
and 14.29% higher than in the cows carrying the
PGR* and PGRA“ genotypes, respectively (p <
0.5). In a sample of the Holstein cows with dif-
ferent PGR gene genotypes, no significant differ-
ences were found in either quantitative or quali-
tative milk production characteristics during the
first lactation.

4. In connection with the above, it can be as-
sumed that carriers of the PGR%“ genotype have
preferable morphofunctional parameters of the
mammary gland for machine and robotic milk-
ing, therefore it is recommended to continue re-
search in this direction on a larger number of ani-
mals and within other populations of cattle.
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Pa3paboTka HOBOro crioco0a yruau3amnuu
CBEKMX MOOOYHBIX MPOAYKTOB KUBOTHOBOICTBA

T'osiem0o0Bckmii B.B., (<) KopoBun A.A.
Cesepo-Kaskasckuil hedepanvhbiil HAYUHbIL AepapHblll YeHmp
CraBpomnoibsckuil kpaii, r. Muxaiinosck, Poccust

(<X)e-mail: abv20korovin@yandex.ru

Crioco0 yTHIM3aIK CBEXKETIONYyYeHHBIX MOOOYHBIX MPOIYKTOB KHBOTHOBOJICTBA 3aKIIIOYAETCS B
TOM, YTO CBEKHH HABO3 M/MJIM TIOMET Pa3lelsieTCsl Ha KHUIKYI0 M TBEPIYyIo (pakiuy IyTeM IMpeaBa-
PHUTETBHOTO Pa3BEICHHS BOIOH C MOCIEAYIONMM TOMOTEHH3HPOBAaHUEM | ceraprpoBanueM. JKuakas
(dpakuusi MCIONIB30BaIaCh B Ka4e€CTBE XHIKOTO OMOOpraHudeckoro ymoOpenus.. TBepmas dpakuus
HCTIOJIh30BAIaCh B Ka4eCTBE CyOcTpara U pa3BelleHHs JOKIIEBBIX uepBeit cemeiictBa Lumbricidae,
C TIOCJICAYIOIIUM TOTYYEHUEM OPraHHUYECKOro yIOOpEeHUs] BEPMUKOMIIOCTa U OMOMACCHI TOXKIIEBBIX
yepseii. [lepBoHadabHO CrIOCOO HaMpaBlIeH Ha CHMYKEHHE TOKCHYHOCTH CBEXKETIONy4eHHBIX M000Y-
HBIX MTPOJYKTOB KMBOTHOBOZACTBA ITyTEM X pa30aBlieHHs: BOAOH B cooTHoueHuu ot 1:1,5 no 1:2,5 m?
¥ TOMOTE€HHU3AIIH JI0 OAHOPOTHOTO COCTOSIHUS. B pe3ynprare Kiracc omacHOCTH CHIKaeTcst 10 V (Ipak-
THUYECKU HE HAHOCHUT Bpesa OKpyXkatouiel cpexne). [Ipu 3TOM pOUCXOIUT OUUILEHHE OT OaJlTaCTHBIX
HMHOPOIHBIX MEXaHUYECKUX BKIFOUCHHUN C BBHICOKOM (KaMHH, IeOeHb, METaUT M T.1.) U HU3KOH (IIma-
rat, BEpeBKH, IIeNa, NaJKy U T. A.) YAeIbHON Maccoii, mepBble U3 KOTOPBIX OCEJAIOT Ha THO EMKOCTH,
BTOPBIE BCIDIBIBAIOT HA IMTOBEPXHOCTH, MOCIIE YETO YNAISIOTCS MEXaHMYECKUM ITyTeM. 3aTeM ToMOore-
HU3UPOBaHHAsI CyOCTAHIIMS NOAAETCS B MPECC, T/ie MPOUCXOAUT BBIAABIMBAHHUE U OT/ACICHHUE KUIKOH
(hpakmu OT TBEPHIOH, KOTOpBIE COOMpPAIOTCSA B OTHENBHYIO Tapy. IBepmas (pakius HCIOIb30BaHA
B KauecTBe cyOcTpara AJisi BRIPaOOTKH BEPMHUKOMIIOCTA I0KIEBBIMU YepBIMU cemelicTBa Lumbricidae.
ATPOXHUMHYECKHNA COCTaB KUIAKON U TBEpIOH (pakiuii coorBeTcTBoBaN TpeboBanmsM I'OCT, mpens-
SIBISIEMBIM K OpPraHUYECKMM W MHUHEPaJbHBIM YI0OpeHHsM. TOKCHKOJIOrM4eckas: XapaKTepUCTHKA
YKUJIKOW (PpaKIIMU CBUAETENBCTBOBANA O OE3BPEIHOCTH /ISl OMOIOTHIECKIX OOBEKTOB OKPYKaIOIIeH
Cpelbl.

KuroueBble c10Ba: TOOOYHBIE TTPOMLYKTHI )KUBOTHOBOJCTBA, BEPMHKOMITOCTHPOBAHHE, arpOXUMHU-
YECKHUIl COCTaB BEPMUKOMIIOCTA, JT0Xk ieBbie YyepBu (Lumbricidae)

Development of a new disposal method of fresh animal by-products

Golembovskii V.V., <) Korovin A.A.

North Caucasus Federal Agrarian Research Centre
Mikhailovsk, Stavropol Territory, Russia
(X)e-mail: abv20korovin@yandex.ru

The method for disposal of freshly obtained by-products of animal husbandry consists of separating
fresh manure and/or droppings into liquid and solid fractions by preliminary dilution with water, fol-
lowed by homogenization and separation. The liquid fraction was used as a liquid bioorganic fertilizer.
The solid fraction was used as a substrate for breeding earthworms of the family Lumbricidae with
subsequent production of organic fertilizer vermicompost and earthworm biomass. Initially, the method
is aimed at reducing the toxicity of freshly obtained animal by-products by diluting them with water
in the ratio from 1:1.5 to 1:2.5 m? and homogenizing them to a homogeneous state. As a result, the ha-
zard class is reduced to V (virtually no harm to the environment). At the same time, the ballast foreign
mechanical inclusions with high (stones, rubble, metal, etc.) and low (twine, ropes, wood chips, sticks,
etc.) specific mass are cleared, the former of which settle to the bottom of the tank, and the latter float
to the surface, after which they are removed mechanically. The homogenized substance is then fed into
a press, where squeezing and separation of the liquid fraction from the solid fraction takes place, which
are collected in a separate container. The solid fraction is used as a substrate for vermicompost pro-
duction by earthworms of the family Lumbricidae. The agrochemical composition of liquid and solid
fractions met the GOST requirements for organic and mineral fertilizers. Toxicological characteristics
of the liquid fraction indicated that it was harmless to biological objects of the environment.

Keywords: animal by-products, vermicomposting, vermicompost agrochemical composition,
earthworms (Lumbricidae)
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INTRODUCTION

Research conducted by scientists in the main
agricultural regions of Russia and abroad clearly
demonstrates the steady growth of the main neg-
ative processes recognized as the main challeng-
es to food and environmental security: the toxic
impact on the environment of animal by-prod-
ucts (ABP) and the degradation of agricultural
lands [1-3].

The volume of accumulated animal and poul-
try waste amounts to hundreds of millions of
tons, with which tens of millions of tons of or-
ganic matter, nitrogen, phosphorus, and potassi-
um compounds, as well as a wide range of other
chemical elements included in feed and vita-
min-mineral complexes, enter the environment
[4-6].

In Russia, livestock farming is one of the
leading sectors of agriculture and plays a key
role in providing the population with food. In
the face of macroeconomic instability, a gradual
expansion of production capacity is underway
across the country to reduce the cost of livestock
products [7, 8]. At the same time, the growth in
the number of farm animals and poultry is ac-
companied by an increase in the volume of the
generated ABP, which is accompanied by a de-
terioration in public health and the withdrawal
of millions of hectares of agricultural land from
economic circulation [9].

The widespread use of agrochemicals, pri-
marily herbicides and pesticides, contributed to
the degradation of natural soil flora and fauna,

inhibiting the soil's natural regenerative func-
tions, and, consequently, reducing crop fertility
and yields. In an attempt to mitigate the nega-
tive impact, farmers began applying increasing
amounts of fertilizers and agrochemicals. How-
ever, this only accelerated soil degradation due
to the death of soil biota and an imbalance of
organic components, macro- and micronutrients
[10, 11].

The high cost of modern fertilizers makes
them unaffordable to medium and small agricul-
tural producers, which only worsens the situa-
tion.

At the same time, ABP can act as a valuable
raw material for the production of environmen-
tally friendly organic fertilizers, the use of which
will serve to restore soil fertility, increase crop
yields, and improve the profitability and com-
petitiveness of agricultural enterprises [12, 13].

Federal Law No. 248-FZ of July 14, 2022
"On Animal By-Products and Amendments to
Certain Legislative Acts of the Russian Feder-
ation"! the increase in the efficiency of the ABP
use in agricultural production has been consoli-
dated, including to ensure the restoration of the
fertility of agricultural lands. The classification
of waste as ABP is regulated by Article 5 “Clas-
sification of the substances generated during the
keeping of farm animals as by-products of ani-
mal husbandry and the maintenance of their re-
cords”, and according to Article 6 they can again
be recognized as waste. At the same time, the
Decree of the Government of the Russian Fed-
eration of October 31, 2022 No. 1940 “On ap-

'On animal by-products and on the amendments to certain legislative acts of the Russian Federation: Federal Law of July 14,
2022 No. 248-FZ. URL: https://www.garant.ru/products/ipo/prime/doc/404891791.
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Pa3paboTka HOBOTO CcIOCO0a YTUIH3ALUI
CBEXHX NMOOOYHBIX TPOAYKTOB )KUBOTHOBOACTBA

Tonem6oBckuii B.B., Koposun A.A.

proval of the requirements for the circulation of
animal by-products™ regulates the application
of the recycled ABP to soil as organic fertilizers.

The disposal of ABP with the production of
fertilizers based on mechanical, physical, and
chemical methods has shown insufficient eco-
nomic efficiency. The main drawbacks of these
methods are high energy costs and the techni-
cal complexity of the equipment, which prevent
their use for processing fresh manure and litter
in small and medium-sized agricultural enter-
prises. For the most part, they are also not de-
signed for producing environmentally friendly
organic fertilizers and substrates for vermicom-
posting [14, 15].

Methods of disposal of organic-containing
waste based on the use of bacteriological and
enzymatic preparations have shown good results
and demonstrated their potential in experimental
conditions, but turned out to be quite expensive
and have not yet found wide application in agri-
culture. Common disadvantages of these meth-
ods are the complexity of preparing the compost
mixture, the use of expensive microbiological
preparations, as well as significant losses of or-
ganic matter and nitrogen during aerobic com-
posting [16].

The steady rise in fertilizer prices in Rus-
sia, against the backdrop of stabilization, and in
some years even a decrease in the purchase pric-
es of final crop production, forces agricultural
producers to use manure and litter, which have
undergone natural and technological compost-
ing, as fertilizer to replenish soil humus.

However, natural composting has a number
of significant disadvantages. Firstly, it requires
a fairly long period of time to carry out, during
which the content of beneficial organic and min-
eral substances substantially decreases. Sec-
ondly, the need to apply compost to the soil can
reach tens of tons per hectare, which, consider-

ing logistical costs, is economically impractical
for many agricultural producers [17].

In some studies, it was noted that ABP, their
fractions, and vermicomposts derived from
them can be used as organic fertilizers [18]. At
the same time, the liquid fraction was directly
transported to the fields, while the solid fraction
was sent to dumps for disposal through natural
composting lasting up to 6—8 months depending
on the natural and climatic conditions of the re-
gion [19].

We were interested in the works on the dis-
posal of such types of ABP as fresh manure
and droppings, which, according to the Federal
Waste Classification Catalog, approved by the
order of Rosprirodnadzor (The Federal Service
for Supervision of Natural Resources) dated
22.05.2017 No. 2423, are classified as hazard
classes III-1V.

The process of animal products production is
accompanied by the entry of all kinds of foreign
objects into ABP, which contribute to increased
wear of technological equipment and can lead to
its breakdown [20].

At the same time, it has been repeatedly proven
in experimental conditions that the environmen-
tally friendly technology of ABP vermicompost-
ing not only significantly accelerates the com-
posting process but also allows obtaining a more
concentrated and balanced organic fertilizer.

At present, vermicomposting is the safest and
most environmentally friendly method of pro-
cessing livestock waste [21, 22]. However, the
lack of technologically simple equipment that
allows ABP to be transformed into a substrate
and raw material for vermicompost production
that is maximally adapted for worm activity hin-
ders the widespread implementation of vermi-
composting technologies.

The purpose of the study is to develop a sim-
plified method for the rapid environmentally

2On the approval of the requirements for handling of animal by-products: Decree of the Government of the Russian Federation
dated 31.10.2022 No. 1940. URL: http://government.ru/docs/all/143923/.

30n the approval of the Federal Waste Classification Catalogue: the Order of Rosprirodnadzor (Federal Service for Supervision

of Natural Resources) dated 22.05.2017 No.
ot 22 05 2017 _n_242 ob_utverzhdenii.pdf.

242.

URL: https://rpn.gov.ru/upload/iblock/e54/prikaz_rosprirodnadzora
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safe disposal of fresh manure and litter, result-
ing in bioorganic fertilizers and a substrate for
breeding earthworms, with subsequent produc-
tion of vermicompost and worm biomass for use
in agriculture.

MATERIAL AND METHODS

Research on the specified topic was conduct-
ed in 2023 at the physiological station of the
All-Russian Research Institute of Sheep and
Goat Breeding — a branch of the FSBSI “North
Caucasian Agrarian Center”. The research was
carried out in the spring-summer period directly
on the territory of the livestock farm. The exper-
iments were repeated three times.

The diagram of the method for processing
and disposing of fresh manure and litter by pro-
ducing liquid bio-organic fertilizers and vermi-
compost is shown in the figure.

At the initial stage of the experiment, about
500 kg of substrate (fresh manure or droppings)
was placed in container 1, which had been previ-
ously filled with water at a ratio of fresh manure/
water of 1:1 m?, followed by adjusting the ratio
from 1:1.5 to 1:2.5 m*. The volume of the add-

Water

v
M~

2
N
300 4
'
5
™
6 || 7

Cxema criocoba niepepaOOTK1 ¥ yTHIM3ALUH CBEXe-
TO HaBO3a U MIOMETa

Scheme of the method for processing and recycling
fresh manure and litter

ed liquid depended on the ambient temperature,
the amount and structure of the bedding materi-
al, the housing and manure removal technology
(the initial moisture content of the manure). As a
result, the hazard class decreases to V (virtually
harmless to the environment).

After 1 hour of natural softening, the manure
was additionally homogenized using submers-
ible screws, as a result of which ballast foreign
mechanical inclusions with high specific gravity
(stones, gravel, metal, etc.) settled to the bot-
tom, and those with low specific gravity (twine,
ropes, chips, sticks, etc.) floated to the surface.
Then, using submersible pumps, the homoge-
nized substance was fed into press 2, where the
liquid fraction 3 was expelled and separated
from the solid 4.

The solid fraction 4 was used as a substrate
for the activity of earthworms of the Lumbrici-
dae family and was sent to a vermicomposter 5
(bin-type vermireactors) or a heap (length — 8.0
m, width — 1.5 m, depth — 0.3 m). The stocking
density of the earthworms was 3,000 individuals
per 1 m? of the compost mass. The composting
process lasted 6 weeks at a substrate moisture
content of 70 to 75%, during which aeration by
means of turning was carried out 1-2 times a
week.

Then the earthworms 6 were mechanically
separated from the vermicompost 7, after which
the latter was dried under natural conditions and
used as fertilizer.

Statistical processing of the data was per-
formed using Statistica and Microsoft Excel
programs.

Toxicological analysis of manure extracts
and samples of the liquid fraction for acute
toxic effects was carried out in the certified
chemical and environmental laboratory of the
OO0 "Southern Personnel Training Center In-
dustrial Safety" using daphnia Daphnia magna
Straus as test organisms (measurement proce-
dure — FR.1.39.2007.03222 "Biological con-
trol methods. Methodology for determining the
toxicity of water and water extracts from soils,
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sewage sludge, waste by mortality and changes
in the fertility of daphnia"*) and algae Scened-
esmus quadricauda ( measurement procedure —
FR.1.39.2007.03223 "Biological control meth-
ods. Methodology for determining the toxicity of
water, water extracts from soils, sewage sludge
and waste by changing the level of chlorophyll
fluorescence and the number of algae cells'">).

Agrochemical studies were conducted under
the conditions of the accredited laboratories of
the FSBI State Center of Agrochemical Service
“Stavropol” in accordance with the requirements
reflected in the GOST R 56004-2014%, GOST
27980-887, GOST 26717-858% M-MP-80-2008°,
GOST 27979-88', Methodical guidelines for
the determination of heavy metals in the soils of
agricultural lands and crop products!! and Me-
thodical guidelines for the determination of arse-
nic in soils by the photometric method!?.

Sanitary-bacteriological and sanitary-para-
sitological studies were carried out at the Test-
ing Center of the FSBI “North Caucasus Inter-
regional Veterinary Laboratory”, guided by the
GOST R 54001-2010"3, GOST R 5778220171,
MG 2.1.7.2657-10", MG 4.2.3695-211.

RESULTS AND DISCUSSION

The claimed technical solution makes it pos-
sible to significantly accelerate the natural com-
posting of manure/litter and reduce its toxicity.

The agrochemical composition of the liquid
and solid fractions meets the GOST require-
ments for organic and mineral fertilizers, which
allows enriching the soil with nutrients neces-
sary to increase its fertility and the yield of agri-
cultural crops (see Table 1).

Based on the results of biotesting of the ex-
tracts of fresh manure and liquid fraction on test
objects, the harmless reciprocal dilution (HRD)
of the sample has been identified, causing the
death of no more than 10% of Daphnia magna
Straus test organisms compared to the control
over a 96-hour period (1 < HRD 10-96 < 100)
and no more than 20% of Scenedesmus quad-
ricauda algae compared to the control over 72
hours (1 < HRD 20-72 < 100) (see Table 2).

The method of processing and disposal of the
ABP can be applied in agricultural enterprises
of any capacity, resulting in organic fertilizers in
both liquid and solid form as the final product.
At the same time, the solid fraction can be used
as a substrate for vermicomposting. The method
reduces the full processing time of freshly ob-
tained manure by at least 4-6 times, depending
on the geoclimatic conditions of the region. The
proposed technology ensures the intensification
of the ABP processing.

In terms of agrochemical composition, liquid
and solid fractions and the produced vermicom-

“Biological control methods. Methodology for determining the toxicity of water and water extracts from soils, sewage sludge,
waste by mortality and changes in the fertility of daphnia: FR (Federal register). 1.39.2007.03222. Moscow: Akvaros, 2007, 51 p.

*Biological control methods. Methodology for determining the toxicity of water, water extracts from soils, sewage sludge and
waste by changing the level of chlorophyll fluorescence and the number of algae cells: (Federal register). 1.39.2007.03223. Moscow:

Akvaros, 2007, 47 p.

SGOST R 56004-2014. Organic fertilizers. Vermicomposts. Technical specifications. Moscow: Standartinform, 2020, 12 p.
GOST 27980-88. Organic fertilizers. Methods for determining organic matter. Moscow: Publishing house of standards, 1989.
8GOST 26717-85. Organic fertilizers. The method for determining total phosphorus. URL: https://docs.cntd.ru/

document/1200019314.

“Measurement procedures of the mass fraction of elements in the samples of soils, grounds, and bottom sediments by atomic
emission and atomic absorption spectrometry methods M-MP-80-2008, SPb., 2008, 27 p.

YGOST 27979-88. Organic fertilizers. The method for determining pH. Moscow, 1989, 7 p.
"Methodological guidelines for the determination of heavy metals in agricultural soils and crop products. 2nd edition, revised

and supplemented. Moscow, 1992, 62 p.

2Methodological guidelines for determining arsenic in soils by photometric method. Moscow, 1993, 73 p.
BGOST R 54001-2010. Organic fertilizers. Methods of helminthological analysis. Moscow: Standartinform, 2011, 12 p.
“GOST R 57782-2017. Organic fertilizers. Methods of parasitological analysis. Methods for determining oocysts and cysts of

protozoa. Moscow: Standartinform, 2017, 16 p.

SMethodological Guidelines MG 2.1.7.2657—-10. Entomological methods for studying soil in settlements for the presence of

preimaginal stages of synanthropic flies. Moscow, 2010, 12 p.

1Methodological Guidelines MG 4.2.3695-21. Control methods. Biological and microbiological factors. Methods of
microbiological soil control. URL: https://docs.cntd.ru/document/608086087.
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Taoa. 1. ArpoxuMuueckuii, 0aKTEepHOIOTHUECKUI U Tapa3UTOIOTMYECKUI COCTaB HaBO3a KPYIHOTO
poraroro ckota (6eCHnoACTUIOYHOTO), KHUIKOH B TBEpAOH (hpakunit

Table 1. Agrochemical, bacteriological and parasitological composition of cattle manure (semiliquid),

liquid and solid fractions

Test results

isms CFU/g

Indicator cattle manure liquid fraction solid fraction
Quality indicators
Mass fraction of dry matter, % 14 11 27
Mass fraction of moisture, % 86 89 73
Mass fraction of organic matter, % 20,6 74 80,2
Mass fraction of nutrients, %:

total nitrogen 0,48 0,77 0,79

total phosphorus, in terms of P,Os 0,29 0,16 0,28

total potassium, in terms of K,O 0,57 1,06 1,12
Hydrogen ion activity index, pH 6,5 7,2 6,9

Mass fraction of microelements
Iron, mg/kg 199.,4 22498 240,3
Zinc, mg/kg 10,1 8,28 9,0
Manganese, mg/kg 20,3 14,47 14,5
Copper, mg/kg 12,2 2,13 54,1
Cobalt, mg/kg 7,1 0,30 6,8
Borium, % 0,005 0,002 0,01
Molybdenum, % 0,003 0,002 0,001
Magnesium, % 0,12 0,04 0,08
Calcium, % 0,44 0,86 0,92
Content of ballast foreign mechanical inclusions from dry
matter, %, no more than:

with a high specific gravity (rocks, crushed stone, metal,

etc.) less than 40 mm in size 0,9 Not found

with low specific gravity (twine, rope, wood chips,

sticks, etc.) less than 150 mm in size 0,5 » »

Safety indicators
Mass concentration of impurities of individual toxic elements (total content), mg/kg:

lead 4,55 2,24 2,18

cadmium 0,28 0,01 0,14

mercury < 0,005 < 0,005 < 0,005

arsenic 0,64 1,22 0,36
Benz(a)pyrene, mg/kg < 0,005 < 0,005 < 0,005
Polychlorinated biphenyls, mg/kg < 0,005 < 0,005 < 0,005
Mass concentration of residual amounts of pesticides, mg/
kg: < 0,005 < 0,005 < 0,005

HCCH (sum of isomers)

DDT and its metabolites (total amounts) < 0,005 <0,005 < 0,005
Specific effective activity of natural radionuclides, Bq/kg 23,1 23,1 23,1
Specific effective activity of man-made radionuclides 0.01 0.01 0.01
(ACs/45 + ASr/30), rel. units ’ ’ ’
Presence of larvae and pupae of synanthropic flies, speci- Not found
mens/kg
CGB index, CFU/g:

coliforms 8 6 2

enterobacteria 6 4 2
Presence of pathogenic and disease-causing microorgan- Not found

Presence of viable eggs and larvae of helminths, speci-
mens/kg

» »

Cysts of intestinal pathogenic protozoa, specimens/100 g

» »

Note. MU — measurement unit; BC — cattle; HCCH — hexachlorocyclohexane; DDT — dichlordipheniltrichlormethane;

CGB — Escherichia coli group bacteria.
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Taoa. 2. Toxcukoornueckas OII€HKa Hp06 BBITSAKEK CBCKCTO HABO3a U )KI/II[KOIZ q)paKLlI/II/I METOJOM

OMOTECTHUPOBAHUS

Table 2. Toxicological evaluation of the samples of fresh manure extracts and liquid fraction by the

method of biotesting

Duration of

Test object .
) observation, h

Harmless dilution ratio
(HDR10-96/ HDR20-72)

Evaluation of the test
sample

Methodology for
performing measurements

Daphnia magna 96 1,5 It has an acute toxic FR. 1.39.2007.03222
Straus effect

Scenedesmus

quadricauda 72 1,6 the same FR. 1.39.2007.03223

post met the GOST requirements for organic and
mineral fertilizers, which allows their use as or-
ganic fertilizers for agricultural crops when ap-
plied to the soil.

The solid fraction proved suitable for the sur-
vival of earthworms and the production of ver-
micompost.

CONCLUSION

The disposal of fresh manure and litter using
the proposed method is achieved by utilizing the
freshly obtained manure/litter to produce bio-or-
ganic fertilizers and the substrate for breeding
earthworms by reducing the toxicity of the pri-
mary material through dilution with water, fol-
lowed by pressing and collection of liquid and
solid fractions. In this case, the liquid fraction
can be immediately used as a bio-organic fertil-
izer, while the solid fraction can be used as raw
material for breeding earthworms and producing
vermicompost.

The levels of total phosphorus, zinc, manga-
nese, cobalt, molybdenum, magnesium, lead,
cadmium, and ballast foreign mechanical inclu-
sions in cattle manure exceed those, while total
nitrogen, total potassium, iron, and calcium are
lower than those in the liquid and solid fractions.

The harmless reciprocal dilution with water
of fresh manure extract samples and the liquid
fraction were 1.5 and 1.6, respectively, for the
test subjects Daphnia magna Straus and Scene-
desmus quadricauda.

The method of obtaining bio-organic fertiliz-
ers and substrate for breeding earthworms from

fresh manure/litter is simple and does not require
the use of special equipment.

The proposed technology allows for the in-
tensive utilization of the ABP, which previously
had no practical use, and for producing environ-
mentally friendly fertilizers balanced in macro-
and microelements, contributing to increased
crop yields and improved product quality.

The maximum effect from using the proposed
method of processing the ABP can be achieved
in agricultural enterprises that are comprehen-
sively engaged in both livestock and crop pro-
duction, as well as through close inter-farm co-
operation of agricultural enterprises specializing
in crop and livestock production separately.

The technical result that can be achieved by
the proposed method is the rapid and environ-
mentally safe disposal or processing of the ABP
and the production of liquid organic fertilizers
and substrate for breeding earthworms, derived
from animal and plant agricultural production
waste, which allows significantly reducing the
negative impact on the environment in areas
with livestock complexes, and obtaining liquid
fertilizers and substrate for earthworm breeding.

Thus, the ABP disposal is fundamental to the
environmental safety of agricultural regions and
the food security of the entire Russian Federa-
tion.
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BHeapeHue ycoBepIIeHCTBOBAHHOM TEXHOJIOTHH CONEPKAHUS
B POU3BOCTBEHHbIN MPOUECC BHIPAINMBAHUSA ATHAT
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[Tpon3BOACTBO OBIEBOIUECKON MPOMYKINK C HAUMEHBIINMU 3aTpaTaMy MaTepUallbHBIX U TPYHO-
BBIX PECYPCOB SBJISIETCS aKTYaJIbHOW MTPOo0OIeMoid, TpeOyoILeil pemeH s C UCTIOIb30BaHUEM Pa3HbIX
TEXHOJIOTUYECKHX MPUEeMOB. L{enb nccnenoBanus — pa3paboTka yCOBEpPIICHCTBOBAHHOW TEXHOIOTHI
COZIepKaHMs STHSIT MPH BBIPALIMBAHUN B MOJIOYHBIN Meprojl. BripammBanue STHIT OT pOXKICHHS 10
0TBhEMA ITPOBOAMIIOCH 110 IBYM TEXHOJIOTHSIM: TPAAULIMOHHON U YCOBEPILICHCTBOBAHHOM, KOT/Ia PSAOM
¢ TerisikoM ObLTa 00opynoBana cexnus Ha 100 maTtok (10 cakMaHOB), OTTOPO’KEHHBIX OT 00IIIEH KoTITa-
pBl OpycoM 1 nesiopaHoBol MIEHKOH. B Teuenne okorta B Temisike 3a cueT oborpesareseil moanep-
JKUBaJIach Temrieparypa B npeaenax 15-17 °C, rorna kak B 00opynoBaHHOU cekiuu — 7-9 °C, a B 1o-
MEIIEHNH OHa Koyiebanack B mpenenax 4—7 °C. B pe3ynsrare 000pymoBaHUs TOMOTHUTEIFHOU CEKITNH
B [IEPEXOHBIN EPHOJ] U3 HHINBHIYATbHOTO TETISIKA B CAKMaHHbIe TPYNIIbI, 3aTeM yepe3 10—15 nueit
B 00OLIYIO0 KOLIAPY yAAJ0Ch CHU3UTD MaAeXk NpakTHIecKH B 2 pasa. K orbeMy oT Marepeli COXpaHHOCTD
ATHST MIPU YCOBEPIICHCTBOBAHHOM TeXHOJIOTHH cocTaBmia 91,5%, npu TpagummonHoi — 87,2%. Poct
COXPaHHOCTH SITHAT K OTheMy (HpakTuueck 5 arust Ha 100 oBreMaTok) sBIsieTcs MepCIeKTHBHBIM
pe3epBOM IIPOM3BOJICTBA SATHIATHHBI (B cpeaneM 45,0-47,5 Kr msica), 9TO NPU CIOKHUBIIUXCS B yC-
JIOBHAX 3aBOJIKbBs II€HAX Ha OapaHWHY O3HAYaeT MONyYEeHHE JOTIOTHUTEIHHON BBIPYUYKH B pazMepe
27-30 thIC. p. CnexgoBaresbHO, YAyYIICHNE YCIOBUH COAEPKAHHUS MAaTOK C SITHATaMHU ITyTeM 00opy-
JOBAaHMS JIOTIOJIHUTEIBHON CEKIMHU VISl aJaNnTaluy K IPYIIIOBOMY COAEPKaHMIO NP OoJiee HU3KOH,
4YeM B TeIUIsIKe, U OoJiee BEICOKOH, ueM B 001IIel Kolape, TeMIieparype Bo31yxa, a Tak)Ke YMEHbIIICHUE
CKBO3HSIKOB CITOCOOCTBYIOT MOBBILICHUIO BBIXOAA STHAT K 0ThbeMy Ha 4,9% W yBEIMYCHHUIO UX YKUBOH
Macchl U3-3a CHIKEHUSI CTpecca B IepexonHbli nepuoa Ha 5,3%, uyTo o0ecrneurnBaeT nojlyyeHue J10-
MTOJTHUTENLHON MPOAYKIMH U IPHOBLITH.

KiiroueBble cioBa: sSrHATA, MOJOYHBIN TIEPHOJI, YCOBEPIICHCTBOBAHHAS TEXHOJIOTHSI, Ak, CO-
XPaHHOCTb, )KUBasi Macca

Introduction of an improved management technology into the production
process of growing preweaning lambs
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The production of sheep products with minimal expenditure of material and labor resources is a
pressing issue that requires a solution using various technological methods. The objective of the study
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Introduction of an improved management technology into
the production process of growing
preweaning lambs

was to develop an improved technology for keeping lambs during the preweaning period. Lambs were
reared from birth to weaning using two technologies: traditional and improved, where a section for
100 ewes (10 sakmans) was equipped next to the winter shelter, separated from the common sheep-
fold shed by a beam and cellophane film. During lambing, the temperature in the winter shelter was
maintained at 1517 °C using heaters, while in the equipped section it was 7-9 °C, and indoors it fluc-
tuated within 4-7 °C. As a result of equipping an additional section during the transition period from
an individual winter shelter to sakman groups, and then after 10—15 days to a common sheepfold shed,
it was possible to reduce mortality by almost a half. By weaning, the survival rate of lambs using the
improved technology was 91.5%, while using the traditional technology it was 87.2%. The increase in
the survival rate of lambs to weaning (almost 5 lambs per 100 ewes) is a promising reserve for lamb
production (an average of 45.0—47.5 kg of meat), which, given the current prices for mutton in the
Trans-Volga region, means additional revenue of 27-30 thousand rubles. Consequently, improving
the conditions for keeping ewes with lambs by equipping an additional section for adaptation to group
housing, with a lower than in a winter shelter and higher than in a common sheepfold shed air tempera-
ture, as well as reducing drafts, contributes to an increase in the yield of lambs to weaning by 4.9% and
an increase in their live weight due to a decrease in stress during the transition period by 5.3%, which
ensures additional production and profit.
Keywords: lambs, preweaning period, improved technology, mortality, survivability, live weight
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INTRODUCTION maximum use of the biological characteristics of
sheep and their genetic productivity potential [7,
8].

Considering that environmental factors have
a significant impact on the growth of lambs in the
first months of rearing (until weaning from their
mothers), increased attention should be paid to
care issues, which will ensure the preservation
of the young [9]. The overwhelming majority of
losses in the sheep industry are associated with
lamb mortality, starting from the newborn peri-
od and until weaning from the mothers [10-12].

The economic efficiency of managing the
sheep breeding industry, along with the influ-
ence of genetic factors, is determined by nat-
ural-climatic, fodder, and organizational-tech-
nological characteristics [1-3]. The main crite-
rion determining the choice of a particular re-
source-saving technology is the system of sheep
keeping [4].

Low-cost technologies for the production of
livestock products continue to remain a relevant

problem, the solution of which appears to be an
important national economic task for Russia,
especially in light of the restriction of supplies
of equipment and technologies from unfriendly
foreign countries [5, 6]. In this regard, the fur-
ther development of the country's sheep breed-
ing should be accompanied by the application
of the Russian resource-saving technologies
that ensure its sustainable development, with the

The various reproduction technologies used
in sheep farms do not always ensure compliance
between the production-technological opera-
tions performed and animal welfare, which re-
duces the efficiency of the industry. In particular,
the production and rearing of lambs during the
stall period using the sheep shed-based meth-
od does not allow for an optimal microclimate
in the sheepfold for each age group of animals.
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In addition, with this method of keeping the
breeding stock and their offspring, there is an
overspending of feed, bedding material, energy,
and labor costs. During the period of weaning
lambs from their mothers, an important criterion
is their survival rate [13, 14]. The joint housing
of ewes and lambs contributes to an increase in
morbidity and a decrease in the quantitative and
qualitative indicators of production. The recom-
mended separate housing of ewes from lambs
according to the separate-contact method, unlike
sheep shed-based housing, has a number of ad-
vantages, consisting in the possibility of creating
differentiated conditions for feeding, keeping,
and care, which ensures comfortable conditions
for the animals' bodies and increases the survival
of young animals in the first months of rearing
[15, 16].

Lambs obtained from ewes that were kept
from the second half of gestation during the stall
period on an open exercise yard using deep straw
bedding, in terms of blood indicators and growth
rate, surpassed their peers kept by the sheep
shed-based method. At the same time, morbidi-
ty and mortality of lambs under the sheep shed-
based method of keeping significantly exceeded
the values of their peers — by 41.6 and 9.8 abso-
lute percent, respectively'.

The main reason for the increase in lamb
mortality during the milk-feeding period is con-
sidered to be colds, which usually occur with a
change in the housing technology (accordingly,
a sharp change in temperature and humidity con-
ditions) — transfer from the winter shelter to the
communal sheepfold shed?.

It is proposed to avoid a number of diseases
in the early periods of life of young farm ani-
mals, and along with this, to reduce mortality by
creating local zones with the required thermal
conditions for them. The introduction of such

developments into the technology of the milk
period of rearing ensures disease prevention, an
increase in the body's defenses, and an increase
in growth rate?.

The purpose of the study is to develop an im-
proved technology for keeping lambs during the
milk-feeding period.

MATERIAL AND METHODS

The research was carried out in 2 stages on the
Stavropol breed sheep from the peasant (farm)
household “Ruslan” in the Dergachyovsky dis-
trict of the Saratov region from 2023 to 2024.

Lambing was conducted in March accord-
ing to the traditional scheme. The ewes that had
given birth were kept in a winter shelter in indi-
vidual pens for the first 10 days, then sections
of 10 ewes with lambs were formed in a com-
mon room, gradually increasing the size. Re-
cord-keeping was done according to the lambs
born in the first 10 days of lambing.

The growth of laboratory animals was stud-
ied according to the indicators of live weight at
birth and weaning from mothers at the age of 4
months.

In the first stage, a flock of 3-year-old first-
grade ewes was taken. The live weight of the
ewes was 47.0 kg, and the yield of clean wool
was 2.5 kg, which corresponds to the breed
standard. At lambing, all ewes' offspring were
marked by assigning a serial number, which was
recorded in a journal. Mortality was also tracked
on a ten-day basis up to 4 months of age (i.e.,
until weaning).

In the second stage of the study, an additional
section for 100 ewes (10 sacks) was set up next
to the winter shelter in the sheepfold shed, sepa-
rated from the general sheepfold shed by a beam
and plastic film.

In a flock of 528 ewes, 242 ewes lambed over

'Ykhmadiev G.M., Safin M.A. Natural and technological foundations for obtaining viable offspring of sheep // Veterinarny Vrach,

2015, N 5, pp. 63-67.

2Aboneev V.V., Konik N.V. Selection and technological methods for increasing the competitiveness of fine-wool sheep breeding //

Sheep, goats, wool business, 2015, N 3, pp. 3-5.

3Trunov S.S., Rastimeshin S.A. Requirements for the thermal regime of livestock buildings with young animals and the
prerequisites for the use of local heating // Bulletin of the All-Russian Scientific-Research Institute for Electrification of Agriculture,

2017, N 2 (27), pp. 76-82.
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a period of 10 days, yielding 329 live lambs.
Fertility amounted to 136%, including 8 still-
born lambs (3.3%). Subsequently, 234 heads
were under observation.

Of the live lambs kept in the winter shelter,
only 4 died. Over the following 10 days, 23 drop
herds were formed (an average of 2 per day), and
further recording of the dead lambs was carried
out for 10 days after the formation of the drop
herds. After that, the grouping of drop herds was
done taking into account the age and develop-
ment of the lambs.

Using a personal computer and the Staf pro-
gram, all digital material was processed bio-
metrically according to N.A. Plokhinsky (1969)
and E.K. Merkureva (1970) with the calculation
of the arithmetic mean (X) and the error of the
arithmetic mean (mx). Using the values of X and
mx, the criterion of reliability of differences td
was determined. Based on #d and the number of
observations n, the probability level of differ-
ences (p) was determined. The differences were
considered reliable if p was greater than 0.95,
0.99, and 0.999.

RESULTS AND DISCUSSION

Information on the mortality of lambs from
birth to weaning from their mothers is presented
in Table 1.

In both rearing technologies, the highest mor-
tality of lambs was observed in the second ten-
day period of the first month of ontogenesis, i.e.,
after the sheep were moved from the winter shel-
ter to the general housing (from the 11th to the

Ta6a. 1. JlunaMuka majaexa sirHsT OT POXKICHUS
JI0 OTheMa

Table 1. Dynamics of lamb mortality from birth
to weaning

1st month
Indicator | Iten- | IT ten- [IIT ten- 2nd 3rd 4th Total
day day day month | month | month
period | period | period
Mortality:
heads 4 10 3 5 2 - 24
% 1,70 4,27 [ 1,28 [ 2,13 0,85 | — 110,25
Viability,
% 98,20195,72192,73190,59(89.,20] — 189.75

20th day of the lambs' lives). Mortality amount-
ed to 4.27%. In the third ten-day period of the
first month, mortality decreased almost threefold
and increased in the second month of life, during
the period when the sheep were taken to pasture.

The total mortality rate over 4 months of life
was 10.25%.

The dynamics of real cases are clearly pre-
sented in Fig. 1.

The mortality rate of lambs during the milk
period of rearing, depending on the applied
management technology, can be judged by the
data presented in Table 2.

Based on the results of the first stage of the
research, it can be preliminary concluded that
the mortality is associated with the changes in
the lambs’ housing (transfer to group housing
and release to pasture) and, accordingly, with
the influence of paratypic environmental factors
(temperature, wind, drafts, etc.).

During the implementation of the second
stage of work, the conditions for the transition-
al periods were modernized to ensure greater
comfort for the animals under the influence of
external environmental factors, which consisted
of additionally equipping a section for 100 ewes
(10 drop herds) next to the winter shelter in the
sheepfold shed, separated from the main sheep-
fold by a beam and plastic film (see Fig. 2).

5.0
45
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3,5
30 / \

43

25 / \ 21
2,0 7 A\
> 1,7 \ v \
1,0 1,3 N
05 0.8
0,0 . . : .
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ten-day ten-day ten-day month  month
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Puc. 1. lunamuika maaexa SrHIT B IIOJICOCHBIN
niepuon, % (IeK. — 1eKasa)

Fig. 1. Dynamics of lamb mortality during the
suckling period, % (t-d per. — ten-day period)
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Taoa. 2. Ha;[em 1 COXPAaHHOCTD ATHSAT B MOJIOYHBIN MEepUOA BbIpalllMBaHUs IPHU Pa3HbIX TEXHOJIOTHUAX

cofiepKaHHs
Table 2. Mortality and safety of lambs during the preweaning period of rearing under different housing
technologies
1-it mec
Indicator T ten-day I ten-day | 1II ten-day 2nd month | 3rd month | 4th month Total
. . . total
period period period
Technology being tested (n = 118)
Mortality:
heads 2 3 1 6 2 1 1 10
% 1,69 2,54 0,84 5,07 1,69 0,84 0,84 8,44
Viability, % 98,30 95,76 94.91 96,32 90,32 92,37 91,52 91,52
Traditional technology (n = 117)
Mortality:
heads 3 4 2 9 3 2 1 15
% 0,85 5,12 1,70 7,67 2,56 1,70 0,85 12,78
Viability, % 97,14 94,01 92,30 94,48 89,74 91,45 87,17 87,17

During lambing, the temperature in the heat-
ed winter shelter was maintained at 15-17 °C
thanks to heaters, while in the equipped section
it was 7-9 °C, and in the room it fluctuated be-
tween 47 °C.

During the lambing process over 21 days, 10
additional sections were filled and 10 in the un-
heated room.

A strict mortality count was carried out, the re-
sults of which are presented in Table 2 and Fig. 3.

Based on the data obtained, illustrating the
results of the second stage of research conduct-

OOoOoOo0oOono
Winter shelter
Control Experiment
Individual
cages (n = 50)
OOOo0o0ocono
Cold room Additional

equipped section

Puc. 2. BayTpukomapHoe 000py10BaHNe
Fig. 2. Intra-barn equipment

ed on ewes of the same flock, but a year older,
it can be stated that the equipment of an addi-
tional section during the transition period from
an individual winter shelter to drop herd groups,
and then after 10-15 days to a common sheep-
fold shed helps to reduce mortality by almost

6
5.1
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3 6

2 A

. /\\0 9

078 D
0 T T T T T 1
I II 11 2 3 4

ten-day ten-day ten-day month  month month
period  period  period

e Advanced technology
= Traditional tchnology

Puc. 3. JlunamuKa naziexa npu pa3Hoil TEXHOIOTUU
BBIPAIIMBAHUS SITHAT OT POXKACHUS 10 OThEMa OT
Marepu, %

Fig. 3. Dynamics of mortality under different tech-
nologies of lamb rearing from birth to weaning, %
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Tao6a. 3. XKusas macca (Kr) sIpOK IIPH Pa3HBIX
croco0ax BeIpaLBAHUS

Table 3. Live weight (kg) of ewe lambs under
different rearing methods

. Traditional
Indicator Advanced technology technology
n 20 20
Live weight at
birth 3,79 £0,14 3,80 +0,10
At weaning 21,84 +£0,20 20,74 £ 0,17

2 times. Ultimately, by weaning, the survival
rate of the lambs with the improved technology
was 91.52%, with the traditional technology —
89.75% (stage I) and 87.17% (stage II).

The increased survival rate of lambs at wean-
ing (almost 5 lambs per 100 ewes) provides an
additional source of lamb production. If the av-
erage slaughter weight of four-month-old lambs
is 8.0-9.5 kg, then for every 100 ewes, an ad-
ditional 45.0-47.5 kg of meat can be obtained.
Given the current lamb prices in the Trans-Volga
region, this translates into additional revenue of
27,000-30,000 rubles. In addition, a slight ad-
vantage in live weight was noted in young ani-
mals raised with their mothers until weaning (4
months) using improved technology.

In order to evaluate the live weight of ewes
intended for rearing using improved and tra-
ditional technologies, 20 newborn individuals
with a live weight in the range of 3.79-3.8 kg
were selected (see Table 3).

The difference in live weight at weaning was
5.31% (p> 0.95), or 1.10 kg in absolute terms,
which is another 306.2 rubles of additional reve-
nue from one ewe lamb.

CONCLUSION

Improving the conditions for keeping ewes
with lambs by equipping an additional section
for adaptation to group housing at a lower air
temperature than in a winter shelter and high-
er than in a general sheepfold shed, as well as
reducing drafts, contributes to an increase in
the yield of lambs at weaning by 4.9% and an
increase in their live weight due to a decrease

in stress during the transition period by 5.3%,
which ensures additional production and profit.
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ArpoTexHHYecKHe NMOKa3aTe M TEXHOJIOTHYeCKOro mpouecca
padoTts! peixyuTess noussl ITPII-5,6

Cx)UBano H.M.!, UekycoB M.C.2, Kem A.A.%, SIxkoBaeB H.C.!

'Cubupcrutl ghedepanvhuwiil HayuHblil Yyenmp acpobuomexronocuti Poccutickoii akademuu Hayk
Hosocubupckast o6macts, p.im. KpacHooOck, Poccus

2OmcKutl azpapuwiii HAYYHLLL YEeHmpP

Owmck, Poccust

(<) e-mail: ivanovnm@sfsca.ru

B crarbe npexncraBieHbl pe3ynbTaThl UCCIEIOBAHMS, MOCBALICHHOIO 3KCILUIyaTallMOHHO-TEXHO-
JIOTHYECKOM OIleHKe paboThl mpuiienHoro peixaurens noussl [1PI1-5,6 «Tutan» (mpousBogutens —
OMCKHUH SKCIepUMEHTANIBHBIN 3aB0J). M3yueHO 3MeHEeHe TBEpAOCTH MOYBBI B 3aBUCHMOCTH OT €€
BJIQKHOCTH M IIyOHMHBI 00padoTku. OmnpeneneHbl arpoTeXHUYECKHE OKA3aTead TEXHOJIOTHYECKO-
ro mporiecca, JaHa dHEpreTHIecKas oleHka padoTel Tpaktopa K-744P4 B arperare ¢ puIXIIUTEIEM
[1PI1-5,6. MccnenoBanue mpoxonuiio Ha MOJSX KPECThSIHCKO-(PEePMEPCKOro X035 cTBa, pacioiokKeH-
Horo B [laBnorpazackom paitone Omckoii oonmactu. [lomyyeHHbIe TaHHBIE TOKA3BIBAIOT, YTO HA HETPO-
HYTOM 3aJIe)KHOM T10JIe HanOOoJIbIIast BIAXKHOCTH TMIOUBHI COXpaHSIETCA B BEPXHEM JIEPHOBOM CJIO€, KO-
TOPBIH 33/IepP>KUBAET BJIary U HE MPOITyCKaeT ee B HIbKHKE c1ou. Ha rmyoune 20 cM BIakHOCTB MTOYBBI,
HaxoAsLIencs B 3a1eku, Ha 8% HIke, yeM y oOpaboTtanHoi. Ha mmy6oune 40 cm nokasarenu BiIaKHO-
CTH BBIpaBHMBAIOTCA. MakcuMasbHast TREPIOCTh 3aJIeKHBIX 3eMelb HaOmoaaeTcs Ha TiryouHe 30 cM.
B o0miem Buie naMeHeHue TBEPJOCTH MOUBBI B 3aBUCUMOCTH OT ITyOHHBI 00pa0OTKH MPEACTaBICHO
YpaBHEHUEM IOJIMHOMA BTOPOM CTEIIEHH. YCTAHOBJIEHO, YTO IO TSATOBBIM M MOLIHOCTHBIM IOKa3are-
nsm tpakTtop K-744P4 B arperare ¢ peixnurenem [1PI1-5,6 oGecnieunBaeT ycTOH4YMBOE BBHITTOJTHEHNE
TEXHOJIOTHYECKOTO Mpoliecca BO BpeMsi OCEHHEH 00padOTKU MOYBHI NpU [IyOnHE Xoxa paboyux op-
raHoB 22 cM Ha CKOPOCTH ABIKEHHS A0 9,05 km/4, mpu riryonHe xona pabouux opraHoB 31 cm — Ha
CKOpOCTH 710 5,54 kM/4. CoxpaHEeHHe CTEpHH Ha MOBEPXHOCTH TOJIs jocTuraet 61-66%. Tsarosoe co-
MIPOTHBJICHUE arperara npu riyorHe Xoaa pabounx opraHoB 21 cM ¢ MOBBIIEHUEM CKOPOCTH OT 5,60
10 9,05 xm/4a yBennunnocs Ha 12%. Ilpu rmyOune o6pabotku 31 cM ¢ yBenudeHuem ckopoctu ot 3,90
10 5,54 xm/4 oHO Bo3pociio Ha 11%. [Ipor3BOAUTENLHOCTH arperara 3a 4ac OCHOBHOTO BPEMEHH TIPH
1youHe 00padoTku 21 cM u ckopoctr 9,05 kM/4 coctaBuina 5,06 ra/y, npu r1youne o0padoTku 31 cm
W CKOPOCTH IBIDKEHUS 5,54 KM/d — coOoTBeTCTBEHHO 3,10 Ta/d. YIeabHBIH pacXo TOTUIHBA COCTABHII
36,1 xr/ra.

Ki1roueBble c10Ba: BIaKHOCTb U TBEPAOCTD MTOUBBL, 00pa0OTKa MOYBBI, PHIXJIUTEIb, CPEPHUUCCKUE
IHCKH, arperar, CKOpocTb

Agrotechnical indicators of the technological process
of operation of the soil ripper PRP-5,6

)Ivanon N.M.!, Chekusov M.S.2, Kem A.A.% Yakovlev N.S.!
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The article presents the results of a study devoted to the operational and technological evaluation
of the work of the trailed soil ripper PRP-5,6 "Titan" (manufacturer — Omsk Experimental Plant). The
change in soil hardness depending on its moisture content and tillage depth was studied. The agro-
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Agrotechnical indicators of the technological process
of operation of the soil ripper PRP-5,6

Ivanon N.M., Chekusov M.S.,
Kem A.A., Yakovlev N.S.

technical parameters of the technological process were determined, and the energy assessment of the
K-744R4 tractor operation in combination with the PRP-5,6 ripper was given. The study took place
in the fields of a peasant farm located in the Pavlograd district of the Omsk region. The data obtained
show that in an undisturbed fallow field the greatest soil moisture is retained in the upper sod layer,
which retains moisture and does not allow it to pass into the lower layers. At a depth of 20 cm, the
moisture content of fallow soil is 8% lower than that of the cultivated soil. At a depth of 40 cm, the
moisture levels level out. The maximum hardness of fallow lands is observed at a depth of 30 cm.
In general, the change in soil hardness depending on the depth of cultivation is represented by a se-
cond-degree polynomial equation. It has been established that, in terms of traction and power perfor-
mance, the K-744R4 tractor in combination with the PRP-5,6 ripper ensures stable performance of the
technological process during autumn soil cultivation at a working depth of 22 cm at a speed of up to
9.05 km/h, and at a working depth of 31 cm at a speed of up to 5.54 km/h. The retention of stubble on
the field surface reaches 61-66%. The unit's traction resistance increased by 12% at a working depth
of 21 cm with a speed increase from 5.60 to 9.05 km/h. At a working depth of 31 cm with a speed in-
crease from 3.90 to 5.54 km/h, it increased by 11%. The unit's hourly productivity at a working depth
of 21 cm and a speed of 9.05 km/h was 5.06 ha/h, and at a working depth of 31 cm and a speed of

5.54 km/h, it was 3.10 ha/h. Specific fuel consumption was 36.1 kg/ha.
Keywords: soil moisture and hardness, soil tillage, ripper, spherical discs, aggregate, speed
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INTRODUCTION

In agricultural production, a contradiction has
arisen between the need to increase labor produc-
tivity through the use of energy-intensive machin-
ery and the agronomic requirements of crop culti-
vation. This has necessitated the development of
technologies and machinery that, in addition to
primary soil cultivation, enable measures to elim-
inate the causes of water and wind erosion and
create conditions for the accumulation and reten-
tion of productive soil moisture [1, 2].

With the development of agricultural mech-
anization and the intensification of production
processes, the problem of the negative impact of
machine and tractor units on the soil has aris-
en, the numerous passes of which contribute to
the compaction of the soil, a decrease in fertility
and the effectiveness of traditional methods of
land cultivation [3, 4]. When soil is compacted,
the water-air regime and conditions for mineral

nutrition of plants worsen, the yield of agricul-
tural crops decreases, erosion processes inten-
sify, crop infestation and infection by diseases
and pests increase, the effectiveness of fertiliz-
ers decreases, and the costs of material resourc-
es for soil cultivation increase. Therefore, in
compacted fields, it is advisable to recurrently
(every 3—4 years) loosen the soil to a depth of
22-27 cm, especially in the northern zone of the
solonetz forest-steppe of the Omsk region. Deep
loosening prevents salts from rising into the root
zone and increases yields by 15-19% [5, 6].

The most effective methods for combating
compaction of the topsoil and subsoil are deep
loosening and paraplowing. Loosening the top-
soil and the so-called plow pan is accomplished
with chisel plows or other cultivators. However,
loosening deeper soil layers (more than 40 cm)
has not yet been sufficiently developed and sub-
stantiated.
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Mechanical tillage is closely linked to both
the ecological stability of the arable horizon and
the overall ecology of the environment. Exces-
sive use of moldboard plows and repeated pass-
es of various machinery and tractor units lead to
the erosion and deforestation of the fertile soil
layer, as well as the contamination of the water
bodies with fertilizer and chemical residues [7].

The formation of soil microaggregates occurs
under the influence of chemical processes, while
macroaggregates result from the joining of mi-
croaggregates under the influence of the adhe-
sive capacity of biological particles. Therefore,
the strength of macroaggregates is an order of
magnitude lower than the cohesive strength of
soil particles in microaggregates. Therefore,
plowing primarily leads to the destruction of
soil macroaggregates. This can be either direct
physical disruption of the soil structure during
mechanical tillage or indirect disruption (for
example, disruption of root fragments and my-
corrhizal hyphae, which are the primary binding
agents for macroaggregates)'-? [8].

By now, many countries around the world
have accumulated significant experience in the
use of deep loosening. This agricultural tech-
nique is particularly effective in the areas prone
to water erosion. In Russia, almost a third of all
arable land requires loosening. In addition, more
than 4.4 million hectares of agricultural land are
fallow, which also need to be brought into crop
rotation [9]. The total annual need for imple-
ments for deep soil loosening and cultivation of
fallow lands is more than 10,000 units.

Subsoilers with passive working elements
have become widespread in most countries.
They are simple in design and reliable in oper-
ation® [10, 11]. Their disadvantage is their high
energy consumption: when loosening to a depth
of 0.6-0.7 m, one working element consumes

from 20 to 40 kW of traction power, and up to
40 kg of fuel is consumed to process 1 hectare.

At the same time, periodic deep loosening of
compacted soils using deep rippers helps to in-
crease soil permeability and increase the yield
of spring wheat grain from 1.58 to 1.76 t/ha
(11.4%) relative to the option with minimum
soil tillage [12].

At this stage of scientific and technologi-
cal development, the problem of soil compac-
tion cannot be completely resolved. Therefore,
the development of new methods for deep soil
loosening and the improvement of the design
of working parts of machine and tractor units to
reduce their energy consumption are important
and pressing national economic issues.

The purpose of the study is an operational
and technological assessment of the work of the
PRP-5.6 unit during autumn tillage of stubble.

The research objectives are:

1) study of the changes in soil hardness with
depth of cultivation depending on its moisture
content;

2) determination of agrotechnical indicators
of the technological process;

3) energy assessment of the unit's operation.

MATERIAL AND METHODS

To date, a number of issues remain unre-
solved regarding the choice of deep soil loosen-
ing modes (strip or solid), as well as the arrange-
ment and configuration of working tools. The
PRP-5.6 'Titan' towed soil looseners (manufac-
turer — Omsk Experimental Plant) are designed
for loosening soil on both non-moldboard and
mouldboard backgrounds, with the process-
ing depth of the horizon up to 45 cm, aiming
to break the plow pan of the plowed field and
to treat soils with various mechanical composi-

'Martynova N.A. Soil chemistry: soil organic matter: teaching aid. Irkutsk, 2011, 256 P.

2Lisetskiy FN., Marinina O.A., Rodionova M.E. Changes in the structural state of soils with differences in soil-climatic con-
ditions and land use history // Izvestiya of the Samara science centre of the Russian academy of sciences, 2013, vol. 15, N 3 (3),

pp. 998-1002.

3Leontyev Yu.P, Makarov A.A. Experimental researches of operating parts models of chisel plows with different designs of side

plates // Prirodoobustrojstvo, 2013, N 3, pp. 81-85.
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tions*. With the help of this machine, it is possi-
ble to carry out stubble cultivation, treatment of
fallow lands, chopping of perennial grasses, as
well as stubble processing, loosening of alcaline
soils to ensure the penetration of moisture and
air into the deep layers. Deep loosening creates
favorable conditions for the development of the
plant root system due to the leveling of the top-
soil layer by spurred rollers.

The PRP-5.6 soil ripper is compatible with
tractors of the 6th—8th traction class (K-744P3,
New Holland, Buhler). The ripper consists of
two frames (see Fig. 1). The front frame is used
to mount the disk gangs. Additionally, the trailer
frame, to which the wheel assemblies are mount-
ed, is bolted to it. The rear frame, on which the
ripper working elements and dual toothed rollers
are mounted, is bolted to the front frame using
clamps and bolts.

The ripper's working element consists of a
stand to which the chisel is attached using two
cotter pins (see Fig. 2). The working element
stand is mounted to the frame using two bolts. To
prevent damage to the working elements when
used on heavy, contaminated, or rocky soils, a

smaller diameter shear bolt is provided.

The ripper is converted from transport to
working position and back using a hydraulic
system. Transport wheels, powered by the trac-
tor's hydraulic system, are provided for trans-
port. The working depth is set by rearranging
the adjustment pins in the roller brackets and
the adjustment pins of the wheel assembly in
the wheel brackets (see Fig. 3). The depth of the
disc gang is adjusted by changing the length of
the bracket turnbuckle. The set working depth is
discretely locked using a pin in the holes in the
lever of the transport wheel lifting mechanism.

The ripper's technological process is as fol-
lows. At the beginning of the run, the operator
switches the tractor's hydraulic system to the
"float" position, thereby converting the unit from
transport to working position. The ripper, under
its own weight, lowers, lowering the working
parts and discs to the set depth. At the end of the
run, the hydraulic system is switched to the "lift"
position, the ripper working parts are lowered,
and the ripper is returned to the transport posi-
tion. After turning, the cycle is repeated.

Puc. 1. YcrpoiicTBo npuuenHoro puixautens nouss! [1PI1-5,6:
1 — mepenHss paMa; 2 — AUCKOBEIE Oatapen; 3 — 3aaHss pama; 4 — pabodmii OpraH PEIXJIATEIS; 5 — TPAaHCIIOPTHEIC
KoJieca; 6 — 3y04aThIii KaTOK

Fig. 1. The structure of a trailed soil ripper PRP-5,6:

I — front frame; 2 — disc batteries; 3 — rear frame; 4 — working element of the ripper; 5 — transport wheels; 6 — toothed

roller

4Golovanov D.A., Kem A.A., Chekusov M.S. Combined implement for primary soil cultivation and moisture accumulation in arid
regions of Western Siberia // Achievements of Science and Technology of AIC, 2013, N 2, pp. 53-55.
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Puc. 2. PaGounii oprad peIXJIATENS:

1 — croiika; 2 — 1070T0; 3 — 00TEeKarelb;

4 — WITUIMHTBL; 5 — cpe3Hoit 6ot

Fig. 2. The working element of the ripper:
1 —stand; 2 — chisel; 3 — fairing; 4 — cotter pins;
5 — shear bolt

Field studies of the PRP-5.6 unit were carried
out in a peasant farm located in the Pavlograd
district of the Omsk region, in accordance with
the requirements of the Agricultural Machinery
and Technology Testers Association Standards
STO AIST 10 4.6— 20035, STO AIST 4.2-2004¢
and GOST 33687— 2015’. The required num-
ber of experiments was determined based on
the condition of obtaining an error not exceed-
ing 5% with a confidence level of 80%. Before
performing the experiments, the working parts
of the ripper were adjusted and configured ac-
cording to the recommendations in the operating
manual.

The soil was ordinary medium-deep cherno-
zem, with a medium-loamy texture. Soil mois-
ture content at a 10-cm depth was 24.56%, at a
20-cm depth it was 18.82%, and in the 20-30 cm
horizon it was 16.53%. Moisture content mea-
surements were performed in five replicates.
Soil hardness was determined using a standard
method using an IP-232 mechanical hardness

Puc. 3. PerynupoBka riryOuHbI 00paOOTKH ITOYBBI
Ha KPOHILTEHHE KaTKa:
1 — perynupoBOYHbIE OCH KaTKa; 2 — KPOHIITEHHBI KaTKa

Fig. 3. Adjusting the processing depth on the roller
bracket:
1 —roller adjustment axes; 2 — roller brackets

tester and an SC 900 penetrometer [13]. Instru-
ment readings were recorded in an observation
log and processed using Microsoft Excel. The
field surface ridge was determined using the es-
tablished method before and after the unit's pas-
sage®.

The field section where the tests were con-
ducted consisted of two sections: a 30-meter ac-
celeration section and a 200-meter measurement
section. The required machine speed was set in
the acceleration section. Process quality indica-
tors were determined during deep autumn tillage
after grain crops. Soil moisture content ranged
from 28.21% to 26.92%, and soil hardness in the
10-20 cm layer was 3.62 MPa, while in the 20-
30 cm layer it was 5.38 MPa.

The machine consists of a K-744R4
“Kirovets” tractor and a PRP-5.6 “Titan” sub-
soiler. The tillage speed was selected based on
technological feasibility and the tractor's traction
and power capabilities. When tilling to a depth
of 20 cm, the speed was taken to be 9.05, 7.70,

SSTO AIST 10 4.6-2003. Organization standard. Testing of agricultural machinery. Tillage machines. Performance indicators.
General requirements. Novokubansk: Publishing house of RosNIITiM, 2004, 27 p.

SSTO AIST 4.2-2004. Testing of agricultural machinery. Machines and tools for shallow and shallow tillage. Methods for assess-
ing functional indicators. Moscow: Ministry of Agriculture of the Russian Federation, 2004, 36 p.

7GOST 33687-2015. Machines and tools for surface tillage. Test methods. Moscow: Standartinform, 2016, 42 p.
8Sakhabiev I.A., Giniyatullin K.G., Kadyrova R.G. Field methods for studying the physical properties of soils: educational and

practical work. ed., Kazan, 2022, 36 p.

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe

CuOHpCKHii BECTHHK CEJILCKOXO3IHCTBEHHON Hayku ¢ 2025 ¢ 55« 11

109



Agrotechnical indicators of the technological process
of operation of the soil ripper PRP-5,6

Ivanon N.M., Chekusov M.S.,
Kem A.A., Yakovlev N.S.

and 5.60 km/h, while when tilling to a depth
of 30 cm, the speeds were 5.54, 4.80, and 3.90
km/h. When the tillage depth increased to 32 cm,
it was impossible to carry out the technological
process at a speed higher than 5.54 km/h due to
tractor wheel slippage.

The quality indicators of the technological
process were determined at the maximum pos-
sible speed of movement according to the STO
AIST 1.12-2006°. The working depth of the
working tools was set in accordance with the
technological requirements for the work under
the existing conditions and was tested with the
ripper operating at a setting processing depth
of 20 and 30 cm. The studies were conducted
in conjunction with an agronomic assessment
during autumn soil cultivation. The main agro-
nomic indicators of the technological process
were determined by the GOST 33736—2016'.

RESULTS AND DISCUSSION

Soil hardness has a significant impact on the
traction resistance of tillage machines and, con-
sequently, on the economic performance of the
entire technological process. To evaluate the
operational and technological performance of
a machine, it is necessary to know the physical
condition of the soil layer throughout the entire
tillage depth. Soil hardness and moisture are in-
terrelated. The process of soil moisture change
depending on its condition is presented in the
graphs in Fig. 4, a.

The study results show that in an undisturbed
fallow field, the highest moisture content is re-
tained in the upper sod layer, which traps mois-
ture and prevents it from reaching the lower lay-
ers. At a depth of 20 cm, the moisture content of
fallow soil is 8% lower than that of cultivated
soil, and only at a depth of 40 cm does the mois-
ture content equalize. Consequently, this affects
the soil's firmness and density (see Fig. 4, 0, 6).

The maximum hardness of fallow soil is
recorded at a depth of 30 cm. A significant in-
crease in hardness was observed at depths great-
er than 15 cm, and the maximum density was
found at a depth of 20 cm, which corresponds to
the minimum soil moisture content. Generally,
changes in soil hardness can be described by a
second-degree polynomial equation:

y =-11,17x* + 289,13x — 237,18,

where y —soil hardness, kPa; x — soil layer depth, cm.

The same picture is observed in cultivated
soils. Maximum hardness and density are ob-
served at a depth of 15-30 cm. At a depth of ap-
proximately 40 cm, the values for all soil param-
eters become equal and are independent of the
condition of the upper cultivated layer.

Analysis of the obtained results showed that
at a tillage depth of 20 cm and a travel speed of
5.60 to 9.05 km/h, the average tillage depth was
20.2-21.0 cm (see Table 1). The standard devia-
tion was +£1.39 and +1.68 cm, respectively, with
a variation coefficient of 6.62—8.00%. The soil
surface ridge after tillage was 2 cm. At the same
time, erosion-hazardous particles decreased by
a maximum of 1.30%. Soil crumbling (fraction
size less than 50 mm) was 100%, and stubble
preservation was 61-63%.

At a tillage depth of 30 cm and a travel speed
of 3.90 to 5.54 km/h, the average tillage depth
was 31.3-32.0 cm with a standard deviation of
+1.69 and +2.01 cm and a variation coefficient
of 5.28-6.42% (see Table 1). After passing at
this depth, the soil surface ridgeness was 3 cm.
The proportion of erosion-hazardous particles
decreased (1.08-2.96%). Soil crumbling was
100%, stubble preservation was 64—66%.

Laboratory and field studies have shown that
the ripper ensures soil loosening with a deepen-
ing of the arable horizon up to 32 cm, as well as
preventing wind erosion of the soil by preserv-

°STO AIST 1.12-2006. Testing of agricultural machinery. Agricultural tractors, tillage machines, seeding and planting machines,
and plant protection machines. Performance and reliability indicators. Moscow: Federal State Institution "State Testing Center",

2006, 68 p.

YGOST 33736-2016. Agricultural machinery. Machines for deep soil cultivation. Test methods. Moscow: Standartinform, 2017,

36 p.
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Taoa. 1. AI‘pOTeXHI/I‘{GCKI/IC IMOKa3aTeiiv npu J'Ia60paT0pHO—HOJ'I€BBIX HCIIBITAHUAX

Table 1. Agrotechnical indicators in laboratory and field tests

Indicator Value

Travel speed, km/h 9,05 7,70 5,60 5,54 4,80 3,90
Tillage depth:

specified, cm 20,0 20,0 20,0 30,0 30,0 30,0

arithmetic mean value, cm 20,2 21,0 21,0 31,3 31,3 32,0

standard deviation, cm +1,55 +1,68 +1,39 + 1,86 +201 | £1,69

coefficient of variation, % 7,68 8,00 6,62 5,95 6,42 5,28
cArlllerage ridge height (ridgeness of the soil surface), 2.0 2.0 2.0 3.0 3.0 3.0
Preservation of stubble, % 61,0 63,0 62,0 64,0 65,0 66,0
Incr.ease (+) or decrease (-) ofo erosion-hazardous soil 0,84 072 130 2,96 203 | -1.08
particles in the 0-5 cm layer, %

ing stubble on the surface of the field and reduc-
ing erosion-hazardous particles.

Energy assessment of the ripper's operation
was carried out to determine energy costs and
assess its compliance with the traction and pow-
er performance of the K-744R4 tractor in combi-
nation with the PRP-5.6. The data are presented
in Table 2 and Fig. 5.

According to the obtained results, with a
working depth of 21-22 c¢m and an increase in
the travel speed from 5.60 to 9.05 km/h, the trac-
tion resistance increased from 47.47 to 59.71 kN
(12%), specific energy consumption — from
84.96 to 106.65 MJ/ha (25%). With a working
depth of 31.3-32.0 cm and an increase in trav-
el speed from 3.90 to 5.54 km/h, the traction
resistance increased from 86.89 to 90.31 kN,
specific energy consumption — from 154.89 to
161.54 MJ/ha.

Ta6a. 2. DHepreTnyeckas OlleHKa padOTHI arperara
Table 2. Energy assessment of the unit operation

In terms of traction and power perfor-
mance, the K-744R4 tractor in combination
with the PRP-5.6 ripper ensures stable perfor-
mance of the technological process during au-
tumn soil cultivation with a working depth of
21-22 cm at a speed of up to 9.05 km/h, and
with a working depth of 31-32 cm at a speed
of up to 5.54 km/h. During the operational
and technological assessment, productivi-
ty per hour of prime time was 3.10 hectares
at a travel speed of 5.54 km/h. Productivity
per hour of non-primary time was 2.19 hect-
ares. The decrease in productivity per hour of
non-primary time, compared to productivity
per hour of prime time, was due to the loss of
shift time for turning, setup, and adjustment

of the unit.

Indicator Value
Operating speed, km/h 5,60 7,70 9,05 3,90 4,80 5,54
Tillage depth, cm 22,0 21,0 21,0 32,0 31,3 31,3
Productivity per 1 hour of main time, per hour 3,14 431 5,06 2,18 2,68 3,10
Machine power consumption, kW 74,1 106,1 149.9 93,8 117,9 139,1
Machine specific energy consumption, MJ/ha 84,96 88,62 | 106,65 | 154,89 | 158,37 | 161,54
Machine traction resistance, kN 47,47 49,56 59,71 86,89 88,63 90,31
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Fig. 5. Traction and power indicators of the K-744R4 tractor in combination with the PRP-5,6 soil ripper:
row 1,2 — processing depth of 30 cm; row 3, 4 — processing depth of 20 cm

CONCLUSION

The results of the studies revealed that at a
depth of 20 cm, the moisture content of fallow
soil i1s 8% lower than that of the cultivated soil.
At a depth of 40 cm, the moisture content lev-
els out. The maximum hardness of fallow soil
is observed at a depth of 30 cm. Generally, the
change in soil hardness with cultivation depth
is represented by a second-degree polynomial
equation.

In terms of traction and power performance,
the K-744R4 tractor in combination with the
PRP-5.6 ripper ensures stable performance of
the technological process during autumn soil
cultivation with a working depth of 22 cm at a
speed of up to 9.05 km/h, and with a working
depth of 31 cm at a speed of up to 5.54 km/h.
Stubble retention on the field surface reach-
es 61-66%. The unit's traction resistance at a
working depth of 21 cm increased by 12% (from
47.47 to 59.71 kN) with a speed increase from
5.60 to 9.05 km/h. At a working depth of 31 cm,
with a speed increase from 3.90 to 5.54 km/h,
this figure increased by 11% (from 86.9 to 90.3
kN). The unit's hourly productivity at a working
depth of 21 cm and a speed of 9.05 km/h was

5.06 ha/h, and at a loosening depth of 31 cm and
a speed of 5.54 km/h, it was 3.1 ha/h, respective-
ly. Specific fuel consumption was 36.1 kg/ha.
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O6cyxeHa riobanbHas koHienmus «Equnoe 3noposbe» («One health»), ocHOBaHHas Ha B3aUMO-
3aBHCHMOCTH 3/I0POBbSI UEJIIOBEKA U 3/I0POBbsI )KUBOTHBIX M CBSI3U CO 3JI0POBBEM IKOCHUCTEM, B KOTO-
PBIX OHU CYIIECTBYIOT. PHCKH yHUBEpPCATHHOTO XapaKTepa CTAHOBSTCA TOTAJIHHBIM SIBICHUEM JITH/IE-
MHOJIOTHH/3MA300TOJIOTMH M IIPUHIIUITHAIBHO KacaroTCs BCETro KUBOTO Ha 3emiie. OCHOBHOM JIBUXKY-
e CHII0M BOSHHKHOBEHUS U PaCpOCTPaHEHHsI 3a00I€BaHUN CPEIIU dKUBOTHBIX U JIFOJICH CTAaHOBATCS
TIPOIIECCHI CKOPEE COMMABHOM, YeM OMOJIOTHIECKOM IPUPOIBL. YTPO3BI BO3PACTAIOT C TI00ATH3aIIHEH
TOPTOBJIU, TOTAIBHBIM MMOTCIICHUEM, U3MECHCHHUSIMUA CTAHIAPTOB COLIMATIBHOIO TIOBEICHUS YEIIOBEKa,
YYaCTUBIIMMHUCS MEKIOCY/IaPCTBEHHBIMUA KOH(IUKTAMHU BIUIOTh J0 BOEHHBIX. KOHIENIHs, MpuHs-
tast B Hagasre 2000-x romoB MOB/®AO/BO3/KOHEII B cuHEpreTHUECKOM COTPYIHUYECTBE C Ooee
yem 70 APYrUME MEKIYHAPOIHBIMH OPraHU3aIUsIMK, KOTOPbIC UTPAIOT KIIFOYEBYIO POJIb BO B3aUMO-
JIEHCTBUH 4YEJIOBEKa, KUBOTHBIX U DKOCHCTEM, YCIICIIHO Peain3yeTcs BO MHOTHX CTpPaHaXx MUpA C
Pa3IMYHBIM COITMAEHO-OKOHOMHYECKAM YPOBHEM ITPH MOAEPIKKE MTPABUTEIHCTB U MEKTyHAPOIHBIX
OaHkoB pa3BuTus. Berepunaphas orpacib B « EJMHOM 310pOBbE» 3aHUMAET OJIHY M3 KIIFOUCBBIX TI03H-
nuii. KoHnenmus rnpenocTapiseT BO3MOXKHOCTh 3HAYUTEIILHO YBEIUYUTh BO3MOXKHOCTH BETEPUHAPUN
B HAI[MOHAJBHBIX U MEXTOCYIapCTBEHHBIX MacIiTadax, MpoecCHOHAIBHOE BIUSHUE B YIOBIETBO-
PEHUM COBPEMEHHBIX MOTPEOHOCTEH OOIECTBAa U B KOHEYHOM MTOTE BBIIIOJHUTH CBOC BEIIMYANIIICE
npohecCHOHaTBHOE MTPU3BAHKE B HCTOPUHU. BEKTOp MepCreKTUBHOTO pa3BUTUS U (DyHIAMEHTaIbHOU
TpaHcpOpManuy BETEPUHAPHH BO BCEM MacIITa0e ee COIMAIBbHOTO, SKOHOMHYECKOTO, TYMaHHUTap-
HOTO 3HAYCHUSI — HEOOXOAUMOCTh YACSATh OOJbIIE BHUMAHUS MEXIUCIUINIMHAPHOMY U MEKOTpac-
JIEBOMY COTPYIHHUYECTBY U UCCIIEOBAHUSM — MOXKET 00€CIIEUnTh TOTAIBHBIN MPOTPeCcC OT 370POBbS
KUBOTHBIX ¥ TPUBUAIBHON BETCAHAIKCIIEPTU3HI 10 «EIMHOTO 3M0pOBhs Kak cephl, TeHCTBUTEIHHO
«obeperaroiieii 4enoBeuecTBOY.

KaroueBbie cioBa: «EquHOe 3710pOBbE», BETEPHHAPHS, STTH300TOIOTUS

"One health"
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Medicine cures people, and veterinary science
protects humanity.
Evseenko S.S.
The global concept of “One Health” has been discussed, based on the interdependence of human
and animal health and the connection with the health of the ecosystems in which they exist. Risks of a
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universal nature are becoming a total phenomenon of epidemiology/epizootology and fundamentally
affecting all living things on earth. The main driving force behind the emergence and spread of disea-
ses among animals and humans are processes of a social rather than biological nature. Threats are in-
creasing with the globalization of trade, global warming, changes in human social behavior standards,
and the increasing frequency of interstate conflicts, including military ones. The concept, adopted
in the early 2000s by OIE/FAO/WHO/UNEDP in synergistic collaboration with more than 70 other
international organizations that play a key role in the interaction between humans, animals and eco-
systems, is being successfully implemented in many countries of the world with different socio-eco-
nomic levels with the support of governments and international development banks. The veterinary
industry occupies a key position in the "One Health" program. The concept provides an opportunity
to significantly increase the capabilities of veterinary medicine on a national and international scale,
the professional influence in meeting the modern needs of society and ultimately to fulfill its greatest
professional calling in history. The vector of promising development and fundamental transformation
of veterinary science across the full scope of its social, economic, and humanitarian significance — the
need to pay greater attention to interdisciplinary and intersectoral collaboration and research — can en-
sure total progress from animal health and trivial veterinary examination to "One Health" as a sphere

that truly "protects humanity."

Keywords: "One Health," veterinary science, epizootology
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The global situation regarding infectious dis-
eases in the 21st century is characterized by un-
precedented apocalyptic phenomena. Concepts
have emerged that designate the current period
as the “era of pandemics™!.

Its most pronounced feature is the progres-
sive emergence of new dangerous infections of
animals and humans, previously unknown to

60% Human infectious
diseases — zoonotic
infections

bgé.;‘ﬁ‘

5% new human infections
occur every year, including
3 — zoonotic infections

Puc. 1. Xusorusie, monu u 6onesau [WOAH]
Fig. 1. Animals, people and diseases [WOAH]

science and practice. In addition, a number of
existing diseases adapt and slip out of control in
altered patterns (new hosts, ranges, serotypes,
pathotypes) (see Fig. 1).

Dangerous zooanthroponoses with extraordi-
nary potential have emerged, such as avian influ-
enza HS — highly pathogenic and widely spread
low pathogenicity pathotypes, paramyxoviral

including 75% emergent
human infections are
of zoogenic origin

bgé -1

80% agents of potential
bioterrorism — zoonotic
pathogens

' A pandemic era. The lancet planetary health. URL: https://www.thelancet.com/journals/lanplh/article/piis2542-5196(20)30305-

3/fulltext.

IpoGnemsr. CyxaeHus

CuOHpCKHii BECTHHK CEJILCKOXO3IHCTBEHHON Hayku ¢ 2025 ¢ 55« 11

117



"One health"

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

diseases Hendra and Nipah, numerous new in-
fections of coronavirus origin identified to this
day, particularly severe acute and Middle East-
ern respiratory syndromes. The pandemics of
swine flu HIN1 (2009-2010) and Zika fever
(2015-2017) have passed. Western Europe ex-
perienced a ten-year crisis of new prion diseases
(1986-1996) and a serious epizootic of exotic
bluetongue (2006-2013), which began spread-
ing again in the northwest of the continent.

In the last decades of the 20th century, a
new forest "fox" ecotype of rabies emerged in
Europe, currently representing a hyperenzootic
state in the European part of the Russian Feder-
ation with a tendency to further spread eastward.
Since 2007, the African swine fever (ASF) pan-
zootic has been progressing, evolving into a fun-
damentally new natural focal infection of wild
boars across Eurasia. The notorious COVID-19
pandemic is difficult to control. The growing ten-
sions surrounding plague and smallpox in small
ruminants pose a real panzootic threat, and bo-
vine leukemia continues to spread worldwide?.

To the above should be added the fatal unfa-
vorable situation in the world, especially in the
Russian Federation, in a number of well-known
chronic problems in veterinary medicine, first of
all the stalemate with infections of factor-endog-
enous nature, which arose in the second half of
the 20th century with the transfer of animal hus-
bandry to an industrial basis and remains insol-
uble to this day without encouraging prospects
for a solution’.

The emergence of infectious diseases has
become a commonplace phenomenon in epide-
miology and epizootology. It is important that
this total phenomenon fundamentally affects all
living things on Earth. Demonstrative examples
are exotic events that put the existence of sus-
ceptible animals as biological species under fa-

tal threat. These are exclusively malignant: the
white-nose syndrome mycotic disease of bats,
the viral white spot syndrome of shrimp of the
Penaeidae family, or the retroviral immunodefi-
ciency of koalas [1]. Unfortunately, the specific
causes of emergent phenomena, a priori related
to the ecology of parasitic systems, are mostly
not determined or remain unknown, except for
the observation of unexpected activity of natural
reservoirs with obviously inexhaustible poten-
tial, where a special place belongs to representa-
tives of the order Chiroptera [1-3].

Inresponse to these challenges, a special mod-
ern category of socially significant infectious
animal diseases is being formed, the emergence
and spread of which, regardless of the scale of
economic damage, negatively affects the social
structure of certain groups and segments of the
population. In particular, this includes African
swine fever under the conditions of the current
panzootic, avian influenza, bovine leukemia and
rural residents, rabies as a dangerous zooanthro-
ponosis.

Such a situation is illustrated by a number
of negative indicators of general significance.
Human activity has seriously altered three-quar-
ters of the terrestrial and two-thirds of the ma-
rine environment. Three-quarters of the billion
people living on less than $2 a day depend on
subsistence farming and livestock breeding to
survive. Animal diseases pose a direct threat to
the economy of rural communities that depend
on livestock farming. One fifth of global live-
stock losses are associated with animal diseases.
People and their domestic livestock more often
come into contact with wildlife when more than
25% of the original forest cover is lost. These
contacts increase the likelihood of the spillover*
of natural focal and other wildlife infections®.

’Databases of the FSBI "Veterinary Center', the World Organisation for Animal Health (WAHIS), FAO (EMPRES), and others.
3SMakarov V.V., Stekolnikov A.A., Sochnev V.V. Factor-Endogenous Doctrine of the Main Pathology of Productive Animals:

Textbook for Universities. St. Petersburg: Lan, 2025, 64 p.

4Spillover and spillback refer to the transmission of a natural focal infection from biotopes to domestic animal or human
populations, literally “overflowing”, and the return of the infection from domestic conditions to natural foci, literally “draining back”.
In eco-epidemiology, these are two mutually opposite vectors of infection spread “there and back”.

3Global health risks and tomorrow’s challenges. URL: https://www.woah.org/
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Risks of a universal nature are increasing
with the globalization of trade, total warming,
changes in human social behavior standards, and
more frequent interstate conflicts, up to military
ones, which provides pathogens with numerous
opportunities to colonize new territories and
evolve into new forms. Although in most cases
the risk is focused on the transmission of patho-
gens from animals to humans, animal health is
also affected by diseases transmitted from hu-
mans. COVID-19, tuberculosis, various strains
of influenza, and other anthroponotic infections
are potentially dangerous and even deadly for
animals of different species®.

Management of global health risks — from
combating individual diseases to total warming,
other natural-climatic, anthropogenic, and tech-
nogenic phenomena with negative consequenc-
es — is impossible without full cooperation from
the sectors of animal, human, and environmental
health, multifaceted interstate and supranational
partnerships, the development and implemen-
tation of global strategic and tactical solutions
in combating major diseases and broader health

threats, for example, drug resistance to antimi-
crobial agents (see Fig. 2).

All of this, as well as the undeniable fact that
the main driving force behind the emergence and
spread of diseases among animals and humans
are processes of a social rather than biological
nature, prompted OIE/FAO/WHO/UNEP’ in
synergistic cooperation with more than 70 oth-
er international organizations, which play a key
role in the interaction of humans, animals, and
ecosystems, to formulate and adopt in the early
2000s a fundamental concept in their activi-
ties called '""One Health" (see Fig. 3)%°.

Its essence is that human health and animal
health are interdependent and connected to the
health of the ecosystems in which they exist.
The increasing interdependence with animals
and animal products can become the most criti-
cal risk factor for human well-being concerning
infectious disease incidence, to the point that the
current generation may become the first in hu-
man history whose life expectancy and overall
health decline.

One Health gt

: Communication
@ fq
Medicine, veterinary
science, environmental
protection, socicty,
government

Puc. 2. «<Equnoe 3moposbe» [CDC]
Fig. 2. One Health [CDC]

Coordination

22

—

Cooperation

C .
Protection

of humans, animals,
plants,
and the environment

°FAO. World Livestock 2011 — Livestock in food security. Rome, FAO. 2011.
TUNEP, United Nations Environment Programme. [Iporpamma Oprauusaiuu O6bennnennsix Hanuii mo okpyskaromieit cpeze.

8 A momentous, milestone presentation at the American Veterinary Medical Association Convention by L.J. King. URL: https://
onehealthinitiative.com/a-critical-need-for-veterinary-medicines-fifth-transformation-american-veterinary-one-health-society-
avohs-presentation-at-2025-american-veterinary-medical-association-convention.

%“‘One Medicine-One Health”: An Historic Perspective. URL: https://onehealthinitiative.com/wp-content/uploads/2023/06/

WM1J 2023 02 one health one medicine.pdf._
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The concept of 'One Health' is aimed at main-
taining balance and optimizing the health of hu-
mans, animals, and ecosystems, therefore the
problems addressed are predominantly global
in nature. It is implemented as a unifying, col-
laborative global approach to understanding the
risks to human and animal health (both domestic
and wildlife) and the health of ecosystems as a
whole, relying on intergovernmental standards,
global health information, networks of inter-
national experts, and programs for strengthen-
ing national services. At all levels, not only the

organs of veterinary and human medicine are
actively involved, but also all interested and re-
sponsible agencies that carry out and regulate
socio-economic activities on a national scale
— legislative, administrative, law enforcement,
natural resource management, public, educa-
tional, fundamental academic and applied sci-
ence (see Fig. 3) [4].

The concept of “One Health” implies a holis-
tic integrated interpretation of the notion of
'health' without isolating human health, animal
health, environmental health, and traditional dis-

One Health

Healthcare

Veterinary science
Environmental

Ecol
health coloey

Medicine
Molecular
and microbiology [  Health

economics

Clinical health H Population health )4—»( Ecosystem health )

E \

Zoonotic infections

Bacterial infections Drug resistance

Vector-borne infections

Biological threats  Parasite infections

Viral infections Control

Food security Surveillance
Vaccination and treatment

Global health = Yector control
Sanitation

- 4

@ )

Specific problems

— Metabolic disorders
in humans and animals
— Oncology and cardiovascular pat
hology of humans and animals
— Diseases of the muscu
loskeletal system of humans and animals
— Human-animal relationships
— Environmental threats
to humans and animals

Puc. 3. «3ouTHKY, WIUTIOCTpUPYIOIKH cepy npuMeHeHns KoHuenuuu «Eannoe 3n0poBbex!?

Fig. 3. "Umbrella" illustrating the scope of application of the "One Health" concept!’

YMuraille E., Godfroid J. Le concept «One Health» doit s’imposer pour permettre I’anticipation des pandémies // Published:

2020. June 24. 11.18pm CEST. DOI: 10.64628/A AK.xtnhedcxk.
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ciplinary selfishness, with the aim of a full, deep,
and comprehensive understanding and use of the
complex connections and relationships between
these three spheres of science, practice, and ed-
ucation. It is based on interdisciplinary equal
cooperation, collaboration, and communication
between veterinary, medical, and other special-
ists in the field of animal and human health, na-
ture conservation and environmental protection,
ecologists, zoologists, theriologists, anthropolo-
gists, economists, sociologists, and others!! [5].

The idea of a unified view of health and
the importance of the environment has ancient
roots, dating back at least to Ancient Greek
times, especially to Hippocrates with his treatise
"On Airs, Waters, and Places." In the modern
sense, this movement in the mid-20th century
first identified itself with the phrase "One Med-
icine" and developed by integrating concepts of
environmental hygiene and eco-epidemiology,
later being renamed "One World — One Health."
Ultimately, under its modern name, this move-
ment originated in the early 2000s in the USA
(see footnote 9) [6].

The concept of "One Health" did not
arise out of nowhere. Among other things, the
moral and theoretical basis was formed by the
well-known "Iron Laws of Conservation" of the
American ecologist and demographer Paul Eh-
rlich!'> 3] where, in the most general form, the
situation in which the world's population found
itself is reflected.

(7) In nature conservation, only successful de-
fense or retreat is possible. Offense is impossi-
ble: a species or ecosystem, once destroyed, can-
not be restored. (i7) The continuing growth of the
population and nature conservation contradict
each other. Preserving and further increasing
the population is fundamentally incompatible;
the population directly displaces biodiversity.
(iii) The economic system, gripped by a growth
mania, and nature conservation also oppose each

"0One Health. URL: https:/fr.wikipedia.org/wiki/One Health.

other. Nature preservation and a growth-oriented
economy are fundamentally incompatible. The
type of growth must change: from extensive it
must move to intensive, from quantitative to
qualitative, from spatially expanding to con-
tracting. (iv) The idea that when making moral
decisions about the use of the Earth, one should
consider only the short-term goals and imme-
diate happiness of Homo sapiens is deadly not
only for non-human organisms but also for all
of humanity. (v) Arguments in favor of the right
of non-human life forms to exist and calls for
compassion toward those who may be our only
living companions in the Universe are current-
ly mostly unheard. Until ethical and aesthetic
views change, nature conservation must remain
a matter of human welfare and survival. Na-
ture protection should be considered a matter of
well-being in a more distant perspective as well.

The same goal is served by the "Manhattan
Principles 'One World — One Health"', formu-
lated by the Wildlife Conservation Society and
agreed upon in 2004 at a symposium on the
spread of infectious diseases among humans,
domestic and wild animals, which was attended
by representatives of numerous international or-
ganizations competent in this area (WHO, FAO,
etc.). The essence of their twelve postulates is as
follows!*.

A significant connection is asserted between
the health of humans, domestic and wild animals,
and the threats they pose to humans, food secu-
rity, the economy, as well as the maintenance of
a healthy environment and functioning ecosys-
tems. It is recommended to include wild animal
health issues as a significant component of glob-
al prevention of human and domestic animal
diseases, surveillance, monitoring, control, and
mitigation of their consequences. Human health
protection should involve a significant contri-
bution to nature conservation. Particular atten-
tion is required for the development of adaptive

2Conservation Biology: Monograph; translated from English / edited by M. Suleya, B. Wilcox. Moscow: Mir, 1983, 430 p.

BEhrlich P, Ehrlich A. Ecoscience: Habitat and Biodiversity Conservation Save Species From Extinction. URL: motherearth-
news.com/sustainable-living/nature-and-environment/habitat-and-biodiversity-conservation-zmaz82sozgoe/

14“The Rockefeller University, Caspary Auditorium Conference Summary One World, One Health: Building Interdisciplinary

Bridges to Health in a Globalized World. 2004. 29.
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and forward-looking approaches in relation to
emerging and re-emerging infections associated
with complex interspecies interactions.

It is necessary to increase investment in glob-
al and national human and animal health in-
frastructures, based on the scale and nature of
emerging and re-emerging threats of this type,
to improve monitoring of human and animal
health, timely information exchange, coordina-
tion of response measures among governmental
and non-governmental agencies, public and vet-
erinary institutions, vaccine and pharmaceutical
manufacturers, and other stakeholders. It is also
necessary to develop cooperation between gov-
ernments, the population, and the private and
public sectors in addressing global health and
environmental protection issues.

It is fundamentally important to invest in
education and raising awareness among people
around the world, in influencing the political
process for a better understanding of the inter-
connection between health and the integrity of
ecosystems to improve the prospects of “plane-
tary health”.

The health problems of animals and hu-
mans are currently primarily associated with
new emergent, re-emerging, endemic, neglect-
ed exotic infections, transmissible diseases, the
progressive drug resistance of pathogens, food
safety and food security, environmental pollu-
tion, climate change, and other health threats
faced by humans, animals, and the environment
(see Fig. 3)'.

In particular, the widespread creation of live-
stock farms with high animal density and the use
of prophylactic pharmaceutical drugs to main-
tain health and increase growth rates significant-
ly increases the likelihood of developing antibi-
otic resistance and thereby reduces their effec-
tiveness. Pathogens resistant to antimicrobial
drugs can spread rapidly in the microbiomes of
populations and communities, as well as in the

surrounding environment (soil, water), hinder-
ing the treatment of diseases in agricultural an-
imals and humans. The nosoareals of transmis-
sible infections are expanding due to increasing
environmental temperatures and the expansion
of the habitats of vectors. Diseases of productive
animals can threaten livelihoods and the econo-
my'®.

The implementation of the "One Health"
concept (better to say — doctrine) is fundamen-
tally supported by the governments of econom-
ically developed countries (USA, UK, France,
etc.), the UN, the World Bank for development,
and other political and economic institutions. It
is reflected in numerous national and internation-
al programs aimed at addressing pressing issues
of general importance. Achievements and prob-
lems are widely published abroad and discussed
at international congresses and other scientific
and technical events. For example, the "Europe-
an Joint Programme EJP One Health" (France)
coordinates the collaboration of dozens of scien-
tific laboratories and educational institutions in
the fields of veterinary, medical, environmental,
and biotechnological studies, carrying out more
than 30 projects on combating foodborne zoo-
noses, antibiotic resistance, emerging zoonoses,
and other emerging risks!'”. The expected bene-
fits of implementing the concept for the global
community are estimated at approximately $40
billion per year. The projected annual expendi-
ture requirement is less than 10% of this amount
of benefits, with a 'loss/profit' ratio of 1 to 10'3.

In general, the place of veterinary medicine
in the 'One Health' concept defines the specific
roles and responsibilities of veterinary special-
ists (see Table 1).

The educational component of the “One
Health” concept is of special interest. Its goals
and means are positively received by the veter-
inary community. The concept has gained wide
recognition and support, and has become the basis

SMicrobial Threats to Health: Emergence, Detection, Response // Institute of Medicine. 2003. Washington, DC: The National

Academies Press. DOI: 10.17226/10636.

1%0One Health. URL: https://www.who.int/news-room/fact-sheets/detail/one-health
"Conférence scientifique annuelle 2019. 22—-24 mai, 1re conférence scientifique annuelle de I'EJP One Health [archive], Dublin,

Irlande.

8About One Health. URL: https://www.cdc.gov/one-health/about/index.html.
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for the daily work of veterinarians and the train-
ing of students worldwide (see footnote 8) [6].

As the veterinary sector develops, it should
take key positions in “One Health”, which is
why veterinary medicine stands on the thresh-
old of the greatest period of opportunities in its
history, considering the changing needs of the
global society. It is assigned an important role
in five overlapping areas of the concept — public
health, biomedical research, global food securi-
ty, ecosystem health, and traditional veterinary
animal medicine (see Table 1). The concept
touches on each of these areas, so understand-
ing and applying the principles of “One Health”
should be at the core of the veterinary profession
— the history of veterinary medicine is inextrica-
bly linked to them. Although recently veterinary
medicine has moved away from its historical
roots due to excessive focus on specialization,
'One Health' will once again become the driving
force and the meaning of veterinary existence,
since the turning point has already been passed
(see footnote 8) [6].

Thanks to its history and the training of spe-
cialists, veterinary medicine is better suited
than other professions to promote, lead, and
implement this concept. Specializations within
the profession and significant changes in veter-
inary school curricula indicate a sharp need to
improve the level of training for both students
and practicing veterinarians so that the profes-
sion can effectively implement the principles of
“One Health”. Veterinary medicine must be a
leader here in partnership with human medicine,
public health, biomedicine, productive animal
husbandry, ecology, and theriology. This could
become the most important opportunity for the
progress of the profession in the foreseeable fu-
ture, especially for academic veterinary medi-
cine (see footnote 8) [6].

"One Health" as a rapidly developing subject
area fully meets the general requirements for a
new specialization and the professional com-
petence of a veterinarian in terms of social de-
mand, the substantive, scientific, and practical
level of the knowledge and skills communicat-

Tao6a. 1. Ponmu u 06s13aHHOCTH BEeTEpHHAPOB B KOHIIENINN « EnuHOE 3M10pOBHEY [6]

Table 1. Roles and responsibilities of veterinarians in the “One Health” concept [6]

Human health

Domestic animal health

Environmental health

Reducing global famine

Fight against zoonoses Disease prevention

Quality control and food safety
animal origin

Biomedical research
exports

Disease surveillance
disease control

Biosecurity

products

Human-animal bonding and
companion animal health

antimicrobial drugs

Ensuring animal welbeing

Production of safe food products of

Ensuring the security of livestock product

Veterinary medicine, diagnostics and

Veterinary-sanitary and epidemiological
examination of animals and animal

Monitoring of pathogen resistance to

Protecting biodiversity

Wildlife resource management

Control of traffic of exotic species
and disease vectors

Disease prevention in wild animal
populations

Surveillance of wild animal diseases
and zoonoses

Veterinary medicine in the
conservation of natural resources

Measures to adapt fauna to climate
change
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ed. For example, The Royal (Dic) School of Vet-
erinary Studies of the University of Edinburgh
(Scotland), being a world leader in veterinary
education, provides postgraduate education that
combines interdisciplinary experience in a spe-
cific set of subjects, including veterinary, envi-
ronmental, sociological, and economic determi-
nants of health. Among them are disciplines ab-
solutely unknown in domestic veterinary prac-
tice, such as unified health policy, ecosystem
health, applied epidemiology and surveillance in
conservation medicine, welfare of wild animals
in captivity and in the wild, ecosystem resilience
and extreme events, the relationship between
the environment and society, emerging infec-
tious diseases, pasture-based livestock farming
and herd health, non-communicable diseases in
a global context, wildlife disease management,
conservation project management and leader-
ship, and others'®. The One Health Institute of
the UC Davis School of Veterinary Medicine
(Davis, USA) has been working worldwide for a
decade on solving complex issues related to the
interaction of animals, people, plants, and the
environment, maintaining a global network of
interconnected centers, laboratories, programs,
and projects, each of which has its own sources
of funding and operational structure to address
unique challenges, contributing to the global
mission of the “One Health” concept®.

The adoption of the provisions of this con-
cept in relation to the situation in the Russian
Federation, general awareness of corporate re-
sponsibility in the current situation is the only
real direction for solving modern problems of
veterinary science, practice, and especially ed-
ucation [5]. A convincing argument should be
the pandemic parallels as a kind of synergism of
emergent infections. African swine fever, which
spread to pandemic proportions in the territory
of Eurasia, became a significant factor of nega-
tive impact on public welfare infrastructure and
vital elements of the economy, in particular, the
reduction of access to animal protein for the vast
population of Southeast Asian countries, where

YOne Health // The Royal (Dick) School of Veterinary Studies.

the COVID-19 pandemic subsequently arose.
The concept of “One Health”, which implies
specific components of universal activity, is pre-
sented in Fig. 4.

Agriculture and food are a key foundation for
the livelihood of society “from farm to fork”,
linking into a single chain the elements of so-
cial-economic, natural, and geographical order
— livestock farming, crop production, process-
ing, nature conservation, epizootics, epiphytot-
ics, epidemics, and the natural focality of infec-
tions. Regarding the social sphere, the funda-
mental importance is unquestionable, primarily
of integrating veterinary and human medicine
and the necessity of applying joint cross-sec-
toral approaches in addressing global problems
of increasing significance, relating to the com-
petence of both fields and the scope of their
practical activities. The ecological significance
of wildlife, and more generally of environmen-
tal factors, comes down to the reservation and
spread of emerging infections as a result of natu-
ral, man-made, and anthropogenic changes. The
geoeconomic component involves various con-
sequences of the comprehensive mobility of the
population, globalization of trade in animals and
animal products, and the need for supranational
management and control (see Fig. 5).

Table 2 presents the role of socially signifi-
cant infections in the macro components of “One
Health” in a generalized format.

CONCLUSION

The concept of “One Health” is becoming a
political doctrine, supported by the governments
of the G20 countries, international development
banks, and comprehensive approaches are re-
flected in international financing and trade regu-
lations. At the same time, there is a clear public
awareness of the crucial role of veterinary sci-
ence and practice in analyzing and controlling
risks to medical healthcare, in the development
of policy, strategy, and tactics for ensuring soci-

The Institute at UC Davis. URL: https://ohi.vetmed.ucdavis.edu/about.
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ety's resilience to potential pandemic threats in
the future?' (see note 8) [6, 9].

In the domestic eLIBRARY.RU over the last
decade, there have been several dozen mentions
of the topic of “One Health”, mostly in the form
of theses from a veterinary perspective. Among
them, the haphazard and inappropriate use of
historical variations of the name already indi-
cates a lack of fundamental understanding of the
essence of this most important matter. In only
two publications from the field of medicine are
the main elements of the concept simply listed
from selfish positions without any analysis [10,
11]. This is a rather sad fact against the backdrop
of the exceptionally active and effective global
progress of the “One Health” sector, supported
by the political will of governments. Such stag-
nation regarding the coverage, recognition, and
even more so the development of the doctrine
in our country, given its unquestionable demand,
finds no reasonable explanation.

The nature of the health status of domestic
and wild animals, emergent diseases, natural

focality of infections, the ecology of reservoir
species with such negative phenomena as their
synanthropization and zoomania, and the im-
portance of veterinary public health, obviously,
little concern domestic veterinary science, prac-
tice, and education.

The concept provides an opportunity to sig-
nificantly expand the capabilities of veterinary
medicine on national and interstate scales, pro-
fessional influence in meeting the modern needs
of society, and ultimately fulfill its greatest pro-
fessional vocation in history (see footnote 8).

It is precisely this vector of prospective de-
velopment and fundamental transformation of
veterinary medicine across the entire scale of
its social, economic, and humanitarian signifi-
cance — the need to pay more attention to inter-
disciplinary and cross-sectoral cooperation and
research — that can ensure total progress from
animal health and routine veterinary examina-
tion to “One Health” as a field truly “safeguard-
ing humanity”.

Social sphere

Economic geography

Agriculture
and the food
system

Ecology

Puc. 4. MakpoKOMITOHEHTHI B3aUMOOTHOIICHUH MEXY JTIOIbMH,
JKUBOTHBIMHU U TIATOTCHAMHE B paMKax « ETUHOTO 3M0pOBBs» [7]

Fig. 4. Macrocomponents of the relationships between people, animals, and pathogens within

the framework of “One Health” [7]

2“One Health” Is The New Global Policy Framework // By J. Drake, Contributor. 2025. Aug 25. URL: https://www.forbes.com/

sites/johndrake/2025/08/25/
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Biosphere

Near-domestic
wild animals

Domestic

animals

Puc. 5. D1naeMnoa0ruieckue B3auMOOTHOLICHUS] MEXKLy JUKOW NPUPOION U JOMALITHUM MHPOM: TIOTOKH
MTaTOT€HOB M PHCK 300HO30B [§]

Fig. 5. Epidemiological relationships between wildlife and the domestic world: pathogen flows

and zoonotic risk [8]

Ta6ua. 2. CounanabHO 3HAYUMbIC UHPEKI[UH KUBOTHBIX ¥ MAKPOKOMITOHEHTHI « EMHOTO 310pOBBs»

Table 2. Socially significant animal infections and macrocomponents of “One Health”

“One Health” macrocomponents

Infection Agriculture and the . .
food system Social sphere Ecology Economic geography

Foot-and-mouth disease -+ +++ + St
African pig plague -+ A+ ot o+
Rabies — 4+ e+ o
Avian flu -+ -+ S ++
Bluetongue -+ - . T
Prion diseases + +++ ++ Tt
Swinepox and goat pox -+ ++ ++ .
Small ruminant plague -+ ++ ++ T+
Bovine leukemia ++ +++ - ++
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Problems. Solutions



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”:

Code and name of the scientific specialty in accordance with the Nomenclature

Section name S . . .
of Scientific Specialties, for which academic degrees are awarded

4.1.1. General agriculture and crop production

Agriculture and chemicalization . . . .
£ 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production

Plant growing and breeding 4.1.2. Plant breeding, seed production and biotechnology

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

4.1.1. General agriculture and crop production
Fodder 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

Zootechnics and veterinary 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
medicine 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

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

Problems. Opinions

Scientific relations

From the history of agricultural
science

Brief reports

From dissertations

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. Ifitis 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. Ne 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 text;.

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
.7 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 (a, B, w, 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 (W, F, 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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