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VYIK: 631.153/631.95 Type of article: original

METOA0JIOI'USA ®OPMUPOBAHUSA
[U®POBOM CUCTEMBI YIIPABJIEHUA 3EMJIEIEJIUEM

) Kaaunukun B.K., MakcumoBuu K.1O.

Cubupckuii ghedepanvHulll HAYUHbIL Yenmp azpodbuomexnonocuti Poccutickoii akademuu Hayk
HoBocubupckas o6macts, p.i. KpacrHoo6ck, Poccus
(CXDe-mail: vk.kalichkin@gmail.com

B pabote n3mokeHBI METOMOJIOTHYECKHE IOIXOAbI CO3MaHUs IH(PPOBON CHUCTEMBI YIIPABICHUS
semnenenuieM (LICY3). Ilpu BBIMONMHEHWH WCCIEAOBAHWN HWCITOB30BAH KOHBEPTCHTHBIN TIOIXO,
OCHOBaHHBI Ha METO/aX KOTHUTHBHOTO (KOHIIENTYaJbHOTO) aHAIHM3a, MPUMEHIEMOTO K (hOpMHUpO-
BaHUIO aJalTUBHO-TAHAMIAQTHEIX cucTeM 3emienenus. OCHOBOMOIAraloNMMH IPUHITUIIAMHA Opra-
Huzanuu [{CY3 BbIIeICHBI MOHUTOPUHT TIOCEBOB M OKPYKAOIIEH cpeabl (in situ, TUCTAHIIMOHHOE
30HIUPOBaHUE), POPMUPOBAHUE APXCTUIIOB CHCTEM 3eMJICJeNIUsl Ha OCHOBE aHajiM3a Pe3yJbTaToB
JUTMTEBHBIX TTOJIEBBIX OMBITOB, MOAEIUPOBAHIE TIPOCTPAHCTBEHHBIX OOBEKTOB U TUITH3AIHS 3€Meh C
ucnoip3oanreM [ C, muraHnpoBaHue U MOJAEPIKKa arpOTEXHOIOTHN TS aAalTAIlu! K TIPUPOIHBIM
M XO3SMCTBEHHBIM YCJIOBHUSM, MOJICIMPOBAHNE DKOCHCTEMHBIX YCIYyT M OMOpa3zHOOoOpasms, OIeHKa
BO3JICUCTBUS HA YCTOMUYMBOCTh U SKOHOMUKY MPOU3BOACTBA PACTEHUEBOIUECKON Mpoaykuu. Cucre-
Ma peayin3yeTcs IPU UCII0JIb30BaHUH T€OMH(OPMAIIMOHHBIX MOJICTICH B KOHKPETHOM reorpaduiecKoit
koopauHare. LICY3 mpemgycmarpuBaeT OCYIIECTBIEHHE «MHBEHTApU3ALNN» MPUPOIHBIX U TPOU3-
BOJICTBEHHBIX PECYpPCOB, a TAK)KE BBISBICHUE JIMMUTOB KIUMATHUECKUX, MTOYBEHHBIX W arpojiaHj-
ma(THBIX MapamMeTpoB MPH Pa3TUYHBIX YPOBHSX WHTEHCHBHOCTH 3€MIIETIONB30BaHM:A. Ha kaxmom
JTare OpraHr3anru OJIOKOB CHCTEMBI HCITONB3YIOTCS METOABl HHTEIIEKTYaTIhHOTO aHaIH3a JTAHHBIX
Y MallIMHHOTO OOy4YeHUs, a SAPOM pabOThl CUCTEMBI BBICTYIIAET UCIIOIb30BaHUE 0a3 3HAHWW U JIOTHU-
YEeCKHX TMpaBUI MPEAMETHON oOnmacTh. KiltoueBbIM 2JIEMEHTOM CHCTEMBI SIBISETCS] OCYIECTBICHUE
MacITaOUpPOBaHUs PE3yNbTaTOB UIMTEIBHBIX MOJECBBIX OMBITOB M HAKOIUIGHHBIX 3HAHUH B Pa3HBIX
apeayax yIrpaBJIeHHS Ha OCHOBE MapaMeTpH3alil MHOTOYPOBHEBOW BapHaTHBHOCTH CHCTEM 3eMJle-
nenus 1 (popMHUpOBaHUS MX apXeTUIoB. [IpakTudeckas peanm3alnnyd OCHOBHEIX mojoxeHui 1[CY3
MTO3BOJISIET IPUOTU3UTHCS K PEIICHUIO KITFOYEBBIX BOIIPOCOB YMEHBIIIEHHUS YPOBHS HEOTIPEIETICHHOCTH
Y COMYTCTBYIOIINX PUCKOB B O0JIACTH 3eMJICNIEIHS 33 CYeT HaAyYHO OOOCHOBAHHOHN OpraHM3aIluU pa-
LUOHAIBHOTO MPUPOAOIOIB30BAHUS, TIOBLIIICHHS YCTOMUYUBOCTH MPOU3BOICTBA PACTCHUEBOTUECKOM
MPOIYKIIMH B Pa3INYHBIX YCIOBUSIX 36MJICTIONIb30BaHUS M MHPOPMAIIMOHHOTO 00ECTICUCHHUS CETbCKUX
TOBapOIIPOU3BOIUTENCH.

KiroueBbie cj10Ba: crcTeMbl 3eMIIEIENNs, KOHIICTITYaIbHAS MOAEIH, ITU(PPOBOE yIIPaBICHUE, Mac-
mrrabuposanue, [ UC, mammHaHOE 00yUueHHe

METHODOLOGY FOR FORMING A DIGITAL FARMING
MANAGEMENT SYSTEM

(dKalichkin V.K., Maksimovich K.Yu.

Siberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk Region, Russia

(<De-mail: vk.kalichkin@gmail.com

The paper presents methodological approaches for the creation of a digital farming management
system (DFMS). A convergent approach, based on cognitive (conceptual) analysis methods, is em-
ployed in the research and applied to the formation of adaptive landscape farming systems. The fun-
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Kalichkin V.K., Maksimovich K.Yu.

damental principles of organizing DFMS include crop and environmental monitoring (in situ, remote
sensing); the formation of farming system archetypes based on the analysis of long-term field exper-
iments; spatial object modeling and land typology using GIS; planning and support for agrotechnol-
ogies to adapt to natural and economic conditions; modeling ecosystem services and biodiversity;
assessing the impact on the sustainability and economics of crop production. The system is imple-
mented using geoinformation models in a specific geographic coordinate. DFMS involves conducting
a "inventory" of natural and production resources, as well as identifying limits of climatic, soil, and
agrolandscape parameters at different levels of land use intensity. At each stage of organizing sys-
tem blocks, methods of intelligent data analysis and machine learning are used, with the core of the
system relying on the use of knowledge bases and logical rules of the subject area. A key element of
the system is the scaling of the results of long-term field experiments and accumulated knowledge in
different management areas based on the parameterization of the multi-level variability of farming
systems and the formation of their archetypes. The practical implementation of the main provisions of
DFMS allows approaching the solution of key issues related to reducing the level of uncertainty and
associated risks in agriculture. This is achieved through scientifically justified organization of rational
land use, increasing the resilience of crop production in different land use conditions, and providing

information support to rural producers.

Keywords: farming systems, conceptual model, digital control, scaling, GIS, machine learning

Jns nurupoBanus: Kanuxun B.K., Maxcumosuy K.FO. Metomonorust ¢popMupoBaHusi IU(PPOBOH CHCTEMBI YHPaBICHHS
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INTRODUCTION

Currently, it is accepted that digital agricul-
ture provides a phased increase in efficiency,
productivity, and resilience not only in the pro-
duction of crops and livestock but also through-
out the value creation chain [1]. Sensor systems
and associated analytics can provide agricultur-
al producers with higher quality information for
making timely decisions with predictable out-
comes, while the automation of decision-mak-
ing using real-time sensor data and machine
learning can enhance their reliability. The use
of digital technologies can also provide innova-
tive support for the successful implementation
of agricultural systems and land use in their
specific spatial conditions, fostering new learn-
ing in the process of decision-making [2, 3].

Knowledge sources in agriculture are based
on general recommendations derived from in-

ductive analysis of experiments conducted in
experimental fields of scientific and educational
institutions within limited geographical spaces.
However, it is now widely recognized world-
wide that results obtained in a specific spatial
point (in experiments on "small plots") are not
representative of heterogeneous production
fields located in different natural conditions,
even within the same soil-climatic region. The
issue of scaling up these results to the full ex-
tent remains unresolved. Digital (intelligent)
technologies offer the opportunity to transition
from generalized agriculture management to
individualized and optimized real-time man-
agement using sensors, the Internet of Things,
and intelligent data analysis [4—8]. Addition-
ally, digital technologies, including GIS and
remote sensing of the Earth, can contribute to
delineating and typifying management areas at
the field, farm, regional, or soil-climatic zone
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levels [9—12], thereby aiding in addressing the
scaling issues of field experimental research re-
sults.

Digital support in agronomy is currently
mainly focused on crop productivity manage-
ment through the application of precision farm-
ing methods. It is considered to be high-end
agritechnology; however, essentially, it imple-
ments specific agricultural cultivation practices
but with the utilization of modern information
systems (GLONASS/GPS, GIS, remote sens-
ing, yield estimation technologies, variable
rate application, Internet of Things). The ac-
tual agricultural systems and their connection
with agritechnologies have been undeservedly
forgotten, where the latter act as the final stage
of agricultural system implementation and their
linking element. For example, the cultivation
of different types of crops in a specific land
area and their spatial and temporal alternation
(crop rotation) largely determine the nutritional
level of crops and the phytosanitary situation
in crops through the environmental influence
of plant populations. Equally significant con-
tributions to crop productivity management
are made by soil tillage systems, regulating the
agrophysical properties of the plow layer, wa-
ter and air regimes, nutrient mobilization, and
contributing to the control of the weed compo-
nent of the phytocoenosis. The development of
a fertilization system and its implementation in
farming are also necessary, as they enable the
calculation of nutrient removal by crops and
their balance in soils (necessary for maintain-
ing soil fertility), optimize the NPK ratio, and
plan the acquisition of the required amount of
fertilizer types and forms. The application of
fertilizers in crops using Variable Rate Tech-
nology, applied in precision farming, should be
considered as the final stage of fertilizer system
implementation. The integrated plant protection
system against harmful organisms functional-
ly depends on the set of cultivated crops and

their resistance to abiotic and biotic stressors
of the environment, predecessors, soil tillage
practices, and the level of fertilizer application.
The application of pesticides in crops to con-
trol the development of harmful organisms is
carried out only when the implemented blocks
of the agricultural system have not optimized
their abundance and harmfulness, and it should
be interpreted as a forced measure rather than
an end in itself. Therefore, in the paradigm of
modern adaptive landscape agricultural sys-
tems, it is emphasized that the role of agritech-
nologies lies in supporting a unified manage-
ment system within farm land use through crop
rotations, soil tillage systems, fertilization, and
plant protection' [13].

The research goal is to develop a methodol-
ogy for forming a digital agriculture manage-
ment system, including crop and natural object
monitoring, scaling up field experiment results
by agricultural system blocks, and utilizing
modern information technologies and machine
learning.

MATERIAL AND METHODS

For the conceptualization of the Digital Ag-
riculture Management System (DAMS), an an-
alytical review of scientific publications was
conducted. This review described both theo-
retical positions and functional capabilities, as
well as the results of practical application of
modern approaches that support decision-mak-
ing in crop production. The analysis also in-
cluded an examination of publicly available
information on domestic tools in this subject
area, presented on the Internet, and related to
the general sphere of the DAMS application,
1.e., based on general systems approaches that
automatically collect and process information
to support decision-making in agriculture.

Over 20 domestic software programs were
analyzed, including Panorama AGRO (DB Pan-
orama), Agrocomplex (AdeptlS), AgroHold-

1Agroecological assessment of lands, design of adaptive-landscape farming systems and agrotechnologies: Methodical guide /
Edited by V.I. Kiryushin, A.L. Ivanov. Moscow: FSSI “Rosiformagroteh”, 2005, 784 p.
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ing (CPS), ExactFarming (ITsfera), AgroMon
(Agro Software), Assistagro, and the cloud ser-
vice "Field History" (Geomir), among others.
These programs primarily provide operational
support for agritechnologies by offering agro-
nomic information—a digital map of fields and
their history, crop rotations, soil agrochemical
analysis, a plan for crop production, various
directories. The programs allow monitoring of
crop conditions via mobile applications, per-
form biomass accumulation analysis via NDVI,
use data from satellite monitoring of fields and
UAV surveys (remote sensing), create maps
for differential application of fertilizers and
pesticides, take into account weather data, and
control the adherence to agritechnologies using
GLONASS/GPS, etc.

To formulate the methodology for the digi-
tal agriculture management system, a number
of cognitive tasks were solved, including the
conceptualization of the subject area and iden-
tification of cause-and-effect relationships be-
tween system elements. Diagrams were built
based on the basic principles of creating UML
architectural constructs, including classes and
attributes. Other methods of working with in-
formation used included content analysis, ab-
stract-logical reasoning, generalization, and
conceptualization. Graphic constructions were
made in the software package Draw.IO (app.
diagrams.net).

RESULTS AND DISCUSSION

DAMS is a rule- and knowledge-based de-
cision support system (DSS) that integrates
in-situ and remote sensing technologies for
monitoring crops and natural objects, machine
learning algorithms, and intelligent analysis of
monitoring results and long-term field exper-
iments. It involves forming archetypes of ag-
ricultural systems and their scaling, modeling
spatial objects and land typing using GIS, web
platforms with publicly available real-time da-

tabases, planning and support modules for ag-
ritechnologies, modeling ecosystem services
(ES) and biodiversity, and assessing impacts on
the sustainability and economy of crop produc-
tion (see Fig. 1).

An important component of the DAMS is
the monitoring of crops and the environment
using in-situ and remote sensing technologies,
performed based on the data from various sen-
sors (invasive and portable) and digital images
obtained from UAVs or satellites at regular in-
tervals. Monitoring allows the systematization
of information about the objects both in time
(vegetative period, year, multi-year period)
and space (management area, land use, agro-
landscape, soil-climatic zone), reflecting the
temporal and spatial dynamics of the observed
objects (see Fig. 2).

Soil sensors and wearable devices for plants
play a crucial role in intelligent agriculture,
tracking real-time physical and chemical sig-
nals, such as temperature, humidity, gas ex-
change, leaf area, chlorophyll content, and oth-
ers, providing key information for optimizing
the growing conditions of agricultural crops,
combating biotic and abiotic stresses, and in-
creasing yield. Invasive (in-soil) sensors are
used through a wireless sensor network based
on the Internet of Things? [14-16]. Currently,
Russia has a '"roadmap"—"Development of
Technologies in the Field of Internet of Things"
(http://www.sovel.org/images/upload/ru/1259/
Roadmap FRII IoT.pdf), which involves the
development of infocommunication infrastruc-
ture and requirements for using Internet of
Things technologies, including in agriculture,
as one of its directions for state stimulation.

Remote sensing is a technology that can pro-
vide information about both biological objects
(vegetation and its dynamics) and the physical
conditions of land (changes in terrain, morpho-
logical and physical parameters). To analyze
the characteristics of spatial objects, integra-
tion of remote sensing and GIS is carried out.

*Tarkhanova O.Yu. Application of wireless sensor networks in precision agriculture / Problems of Informmatics, 2017, N 4 (37), pp. 16-46.
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Puc. 1. Cxemaruyeckoe npeacTaBieHue KoHlenryanbHoi monenu LICY3
Fig. 1. Schematic representation of the conceptual DFMS model

For this purpose, segmentation and classifica-
tion of digital image data are conducted using
methods such as Geographic Object-Based Im-
age Analysis (GEOBIA) with the application
of machine learning algorithms® [17]. Various
indices based on the reflectance of the Earth's
surface and vegetation are calculated, serving
as an information resource for the dynamics of
natural and anthropogenic objects. One of the
most promising achievements in this field is
hyperspectral imaging (HSI), which combines
spectroscopy and visualization [18].

In the concept of Digital Agriculture Man-
agement System (DAMS), integration of prox-
imal (in situ) and remote sensing technologies
is envisaged to select the most informative pa-
rameters of observed objects, standardize and
normalize data obtained from different sourc-

es, and use them in creating machine learning
models and GIS. DAMS is based on data intel-
ligence approaches that extract useful informa-
tion from large volumes of data. Data intelli-
gence utilizes advanced algorithms to analyze
and identify trends, distributions, and patterns
that are difficult to discern with the naked eye.
The acquired knowledge can help better under-
stand data, observe how they change over time,
and predict the future consequences of various
management interventions.

As a result of crop and environmental mon-
itoring, large datasets, commonly referred to
as "big data," are generated, requiring storage,
editing, analysis, and interpretation. The latter
holds significant potential for decision-makers.
Big data is typically characterized by volume,
variety, velocity, veracity, and value [19]. Such

*Blaschke T, Hay G.J., Kelly M., Lang S., Hofmann P, Addink E., Tiede D. Geographic object-based image analysis — towards a new paradigm //

ISPRS journal of photogrammetry and remote sensing, 2014, vol. 87, pp.

180-191. DOI: 10.1016/j.isprsjprs.2013.09.014.
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Fig. 2. Graphic representation of the structural and contextual content of monitoring crops and the environ-

ment within the framework of DFMS

data are conveniently stored and analyzed in
the cloud. Cloud computing is a widely ac-
cessible paradigm offering advantages such
as minimal management efforts, convenience,
ease of maintenance, and centralized control
[20]. Traditional data processing methods are

inadequate to meet the constantly growing
needs of intelligent agriculture, hindering the
extraction of valuable information from field
data. Machine learning (ML) is employed to
address this issue, which is a subset of artificial
intelligence [21] and leverages the exponential
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growth of computer processing power.

The most common ML model used for data
processing is artificial neural networks (ANNs).
Among the popular ANNs are deep neural net-
works (DNNs), which incorporate multiple
hidden layers between input and output levels.
A common type of DNN is convolutional neu-
ral networks (CNNs), whose layers can adjust
neurons in three dimensions, unlike tradition-
al neural networks [22]. Recurrent neural net-
works (RNNs) are also widely used. They are
called "recurrent" because they perform the
same process for each element, with previous
computations determining the current result
[23]. In addition to ANNs for data processing
and building predictive models, including the
use of time series from long-term field exper-
iments, the following ML algorithms can be
utilized: K-nearest neighbors (KNN), Gaussian
process regression (GPR), decision trees (DT),
support vector machines (SVM), random for-
ests (RF) [24], as well as the CART method
[25], among others.

Data processing of monitoring and experi-
mental results using ML is necessary because
even scientists often find it challenging to in-
terpret or utilize these data due to their volume
and complexity, let alone production special-
ists, who typically do not require high-preci-
sion data for every decision and have limited
capabilities for working with them.

For scaling up the results of long-term field
experiments in agriculture, it is advisable to
create archetypes of agricultural systems based
on the data obtained from the SFSCA RAS ex-
perimental stations. An archetype of an agri-
cultural system refers to a model of land use
for a specific agroecological group of a natu-
ral-agricultural (soil-climatic, agrolandscape)
region with an ecologically and economically
determined set of cultivated crops and corre-
sponding management practices (crop rotation,
soil tillage, fertilization, plant protection).

When analyzing the results of long-term
field experiments, particular importance lies in
evaluating their multilevel variability along the
gradient of management intervention and the
temporal detailing of data. Developing general
principles for the manifestation of agricultur-
al system variability at the management area
level across different agroecological zones
(subtaiga, forest-steppe, steppe) allows for the
development of more suitable adaptive land
management strategies. In turn, the formation
of agricultural system archetypes provides the
opportunity to parameterize local land-use spe-
cifics, followed by the generation of the most
characteristic class criteria. The following ba-
sic classes are identified: land group and type,
crop, crop rotation, soil tillage system, plant
protection system, and fertilization system.
Each class forms an empirical basis for identi-
fying and multidimensionally representing the
complexity type of the agricultural system (see
Fig. 3).

The structural-functional organization of ag-
ricultural system archetypes includes building
a hierarchical structure of classes and their at-
tributes, storing detailed data on the main bio-
physical variations of systems at the attribute
level. The main principles of archetype devel-
opment for further scaling can be considered
as the allocation of valid field experiment data
among different archetypes at the class level and
the possibility of comparing their attribute char-
acteristics®. Archetype formation should be ac-
companied by the creation of corresponding da-
tabases and knowledge, as well as logical rules.

Agricultural system archetypes are imple-
mented in specific natural conditions (spatial
objects), characterized by indicators that can
be formalized and entered into databases. It is
necessary to search for acceptable comparison
algorithms (preferably in automated mode) for
valid characteristics (there should not be many)

*Madry W., Roszkowska-Mgdra B., Gozdowski D., Hryniewski R. Some aspects of the concept, methodology and application of farming system
typology // Electronic Journal of Polish Agricultural Universities, 2016, vol. 19, N 1, p. 12. http://www.ejpau.media. pl/volume19/issuel/art-12.html.
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of agricultural system archetypes with the same
characteristics of spatial land-use objects. Cur-
rently, the most probable technology for ob-
taining information about a spatial object for
this purpose is remote sensing.

For scaling agricultural system archetypes in
a geographical context, preliminary modeling
of spatial objects and land typology using GIS
of the territory planned for scaling of a particu-
lar agricultural system archetype are necessary.
For these purposes, decision-making methods

Farming system archetypes

+Agroecological land parameters
+Agroecological crop needs

integrated with GIS can be used. ELECTRE
TRI (ELimination Et Choix Traduisant la RE-
alité) [26] is used as a tool. However, this ap-
proach does not allow evaluating land param-
eters in an extended context since it is limited
by the number of attributes for analysis and is
based on expert subjective opinion.

The most promising method is the creation
of quantitative models of higher accuracy based
on geospatial data on a continuous scale [27]. In
global practice, such models are built on pub-

Land group and type
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licly available data through the Google Earth
Engine’. ML and remote sensing are also used
for mapping land suitability at spatial-tempo-
ral scales. ML models can be trained based on
datasets and easily integrate their various types
[28]. For example, algorithms based on artifi-
cial neural networks, partial regression by least
squares method, random forest, support vector
machines, K-nearest neighbors, extreme gradi-
ent boosting, adaptive neuro-fuzzy inference
system are used for land suitability mapping
[29]. ML methods have demonstrated greater
reliability and stability, making them popular
and economically effective for assessing agri-
cultural land features and potential [19].

Web platforms with publicly available re-
al-time databases serve as the basis for data
collection, processing, and display. They ag-
gregate information with common character-
istics and facilitate management. The advan-
tage of some online databases is that they are
free to install (a small fee is usually charged
for use) and easy to use. The following data-
bases belong to this category: Knack (https://
www.knack.com) — allows creating various
data views using filters, charts, dashboards,
etc., Zoho Creator (https://www.zoho.com/de/
creator/) — application and web application de-
velopment without programming knowledge,
ZenBase (https://getzenbase.com) — provides
management functions, data import, and inter-
active reports, Back4App (https://www.back-
4app.com/) — application development, host-
ing, and management.

Digital global databases on meteorological
parameters, soils, relief, and soil-vegetation
cover allow improving the monitoring process
and expanding the assessment of the suitability
and productivity potential of agricultural lands.
Examples of the most common open-access da-

tabases include: HWSD (http://www.fao.org)
— global soil database, ERA Interim (https://
www.ecmwf.int) and NCEP/NCAR (http://
www.esrl.noaa.gov) — open global reanalysis
databases, WorldClim (https://www.world-
clim.org) — global climate database, ETOPOI
(https://ngdc.noaa.gov/mgg/global/relief/) or
ASTER GDEM V3 (https://earthexplorer.usgs.
gov) — global digital topographic models.

Domestic planning and support modules for
agrotechnologies are based on a probabilistic,
but essentially static approach, resulting in
only partial adaptation to natural and produc-
tion conditions (based on accounting for the
average variability of resources)®. Additionally,
these solutions fundamentally rely on regres-
sion models. Such models are built directly
from observation and experimental data and
help support decision-making through interpo-
lation. Due to the complexity and uncertainty
of the environment and management objects,
interpolation has limited value. Therefore, the
creation of a tool—simple in application and
based on the achievements of information tech-
nology—is still relevant. In our opinion, such
a tool (software) can be based on the method
of controlling dynamic objects with the use of
predictive models — Model Predictive Control
(MPC)” method, which is currently the most
advanced method for managing technologi-
cal processes. MPC allows for high-precision
control operations with moderate complexi-
ty and optimizes the process within a limited
time frame, thus enhancing accuracy. Although
MPC originated in industrial process control, it
is also suitable for agriculture, as it can effec-
tively manage nonlinear systems [30].

In the context of specific land use, the fol-
lowing informational support is necessary for
choosing and adapting agrotechnologies: deter-

SGorelick N., Hancher M., Dixon M., Ilyushchenko S., Thau D., Moore R. Google Earth Engine: Planetary-scale geospatial analysis for everyone //
Remote sensing of Environment, 2017, vol. 202, pp. 18-27. DOI: 10.1016/j.rse.2017.06.031.

SStepnykh N.V., Zargaryan A.M., Zhukova O.A. Computer program for designing technologies for growing crops // Agrarian Bulletin of the Urals.

2017, N 3 (157), pp. 54-58.

"Mayne D.Q. Model predictive control: Recent developments and future promise / Automatica, 2014, vol. 50, N 12, pp. 2967— 2986. DOIL:

10.1016/j.automatica.2014.10.128.
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mining the volumes of crop production and the
structure of crop rotations, selecting appropriate
crops and varieties; developing systems for soil
treatment, fertilizers, and plant protection; de-
signing agrotechnologies adapted to natural and
economic conditions; and assessing their possi-
ble differentiation by levels of production inten-
sification depending on the resource potential,
including planning and implementing precision
farming techniques (see Footnote 1) [31].

Ecosystem services (ES) are typically
viewed in terms of "natural capital" or "a col-
lection of natural assets" as a broad spectrum
of potential benefits that humans receive from
the use of nature. ES from agricultural lands
can be divided according to their belonging
to different components of the biogeocenosis:
services related to soil (edaphotop), vegeta-
tion (phytocenosis), animals (zoocenosis), etc.
[32]. The list of ES in farming systems reflects
basic natural connections and includes biopro-
duction, bioresource, biotopic, gas exchange,
water- and climate-forming, and soil-forming
functions [33].

In the last two decades, many countries with
intensive farming have seen an increased need
for integrating a comprehensive evaluation and
monitoring of ES into the practice of territo-
rial planning and the organization of farming
systems. For these purposes, various tools are
developed, such as In'VEST—a comprehensive
assessment of ES and trade-offs, LUCI—a land
use indicator and ES improvement opportuni-
ties, and ARIES—artificial intelligence for ES®.
These tools help assess different land use man-
agement options and provide quantitative mod-
eling results of ES, which can work with spatial
objects. The choice of a particular instrument

depends on the research objectives. Agent-
based’ and scenario [34] modeling is also used
to assess ES.

Biodiversity provides a kind of buffer effect
or "insurance" against irreversible environmen-
tal variability, through the adaptive response of
the components of agrobiogeocenosis to these
changes, collectively contributing to a more sta-
ble provision of ES in natural resource systems
[35]. The concept of biodiversity is broadly in-
terpreted and signifies not only species richness
reflected in genetic, taxonomic, and function-
al diversity of various system components but
also diversification of activities and managerial
impacts, as well as a variety of approaches to
planning and managing farming systems. The
economic section allows for calculating poten-
tial damage from intensive natural resource use
and subsequent long-term effects.

When planning and managing farming sys-
tems, it is important to assess the impact on the
sustainability and economy of crop production.
The basis of sustainability assessment involves
determining risks and finding a balance be-
tween natural-climatic, socio-economic factors,
and biological systems. A wide range of tools,
consisting of groups of indexes or formalized
models with a list of specific predictors, such
as the Response Inducing Sustainability Eval-
uation (RISE), Farm Sustainability Indicators
(IDEA), Sustainability Assessment of Food and
Agriculture systems (SAFA), and Monitoring
and Assessment of Sustainability (SMART),
expert opinions combined with multi-criteria
assessment (MCA) '* ! are developed to "mea-
sure" sustainability. These tools differ in their
sustainability measurement purpose, spatial
and temporal scales. It should be noted that a
generally accepted methodology for creating a

8Sharps K., Masante D., Thomas A., Jackson B., Redhead J., May L., Jones L. Comparing strengths and weaknesses of three ecosystem services
modelling tools in a diverse UK river catchment // Science of the total environment, 2017, vol. 584, pp. 118-130. DOI: 10.1016/j.scitotenv.2016.12.160.
°Brady M., Sahrbacher C., Kellermann K., Happe K. An agent-based approach to modeling impacts of agricultural policy on land use, biodiversity
and ecosystem services // Landscape Ecology, 2012, vol. 27, pp. 1363—1381. DOI: 10.1007/s10980-012-9787-3.

WGrenz J., Thalmann C., Stampfli A., Studer C., Héni F. RISE — a method for assessing the sustainability of agricultural production at farm level
// Rural Development News, 2009, vol. 1., 2009, pp. 5-9. URL: http://nachhaltigeslandmanagement.de/fileadmin/ user_upload/ DOCUMENTS/RPs/
SURUMER/Grenz-et-al 2009 RurDevelNews.pdf. (accessed on: 1.12.2023).

"Kamali F.P, Borges J.A., Meuwissen M.P, de Boer I.J., Lansink A.G.O. Sustainability assessment of agricultural systems: The validity of expert
opinion and robustness of a multi-criteria analysis // Agricultural systems, 2017, vol. 157, pp. 118-128. DOI: 10.1016/j.agsy.2017.07.013.
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system of indicators and benchmarks for assess-
ing sustainability has not yet been developed.
The simplest tools for sustainability assessment
could be multidimensional statistical methods,
such as principal component analysis, which
allows classifying indicator values depending
on the driving force in agricultural production
conditions.

The economic efficiency of farming systems,
according to [36], is directly linked to land
productivity and is based on the assessment
of production costs, profitability, expenses on
environmental protection measures, and other
economic indicators.

In English-language literature, the advisabil-
ity of digitizing agriculture and the potential
consequences of its implementation are actively
discussed. For instance, [37] indicates that it is
still unclear what the future of digital agricul-
ture will look like, who will benefit from dig-
ital farming, and how it will affect agricultural
production and food systems overall, including
the provision of ES. The authors of the publica-
tion conclude that identifying key existing and
emerging issues, forming a more robust factual
database, and increasing investment in research
in this area are more than relevant for domes-
tic agriculture, especially regarding research
investment. In our opinion, the considerations
made in [37] are more than relevant to domestic
agriculture, especially regarding investment in
research.

CONCLUSION

Formation of a digital agricultural manage-
ment system consists of the following main
stages (blocks):

— monitoring of crops and the environment —
provides crucial information for assessing the
variability of natural conditions and their impact
on crop yields, and aids in the development of
predictive models for the yields of agricultural
crops and the selection of management actions;

— formation of farming system archetypes
based on the analysis of results from long-term
field experiments, creation of databases and
knowledge bases for scaling systems;

— modeling of spatial objects and typification
of lands using the capabilities of integrating re-

mote sensing and GIS to scale the archetypes of
farming systems for their inclusion in the local
decision support system;

— planning and support of agrotechnologies
for adaptation to natural and economic condi-
tions, their differentiation by levels of produc-
tion intensification depending on the resource
potential, including planning and implementa-
tion of precision farming techniques;

— modeling of ecosystem services (ES) and
biodiversity with the aim of optimizing agri-
cultural natural resource use, reducing environ-
mental impact through reduced pesticide use,
and diversifying cultivated agricultural crops;

— assessment of the impact on the sustain-
ability and economy of crop production through
forecasting risks of yield reduction and profit-
ability due to possible adverse weather condi-
tions, such as soil and air droughts.

The digital system for agricultural manage-
ment (DSAM) is implemented with mandatory
use of geoinformation models of spatial objects
and cannot function without specific geographi-
cal localization (management areas). Each block
of the DSAM involves data analysis using var-
ious machine learning algorithms, model build-
ing, and their integration into a unified system,
forming knowledge bases and logical rules.
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PACTEHHUEBO/ICTBO U CEJIEKLJUA
PLANT GROWING AND BREEDING

https://doi.org/10.26898/0370-8799-2024-3-2 Tun crarbu: OpUrHHAIBHAS
VIK: 633.112.9«324»:631.5(470.4/5) Type of article: original

JAECUKAIUA U CEHUKALUA B TEXHOJIOI'MU BO3JAEJIBIBAHUS COPTOB
03UMOM TPUTUKAJIE B CPEJJTHEM IPEYPAJIbE

C<)Baduna 3.D., Jloxkun M.A.
Yomypmceruii 2ocyoapcmeentvlii azpaphwviil YHUGepCUmem

Mxenck, Poccust
(<)e-mail: vaf-ef@mail.ru

TpuTHkase — UCKYCCTBEHHO CO3/IaHHAs YEJOBEKOM KYNBTypa, UMEIOIIas KakK IOJIOKUTEIbHBIE,
TaK ¥ OTPULATENIbHbIE IPU3HAKH U CBOMCTBAa. OJHUM U3 HEXKENATEIbHBIX IPU3HAKOB ABISETCS HU3Kas
YCTOWYMBOCTb 3€pHA K IPOPACTAHUIO NPH CO3PEBAHUM. B CBA3M € 3TUM MOMCK COCO0a MOBBIICHUS
YCTOWYMBOCTH 3€pHA CTAHOBHUTCS TOCTATOUHO aKTyaJbHBIM BOIPOCOM. Pemiennio qanHoi npooaembl
MOXET MOCITYKHTb OCYIIIECTBICHUE MTPeAyOOpOIHOI 00pabOTKH MOCEBOB, @ UMEHHO JACCHUKAIMS U Ce-
Hukaius. Llepro uccaenoBanus, MPOBEACHHOTO B YCIOBHIX YIMYPTCKO# PecmyOnuku, reorpaguue-
cku otHocsmeics k Cpexnemy [Ipemypanpio, ObIII0 CpaBHUTENBHOE N3yYEHUE BIUSHUS JECUKAIIIH U
CCHMKALIMH IIOCEBOB HA YPOXKaHMHOCTb U Ka4€CTBO 3€pHa 03UMOM TpUTHKaie. B 1ByxdakTopHoM nose-
BOM SKCIIEPUMEHTE B TE€UCHHE BereTaMOHHbIX epuooB 2021 u 2022 rr. uzyyanu copra Moxesckas 2
(xoHTpONB) U bera, moceBbl KOTOPBIX MOABEPranuch 00padoTke aecukanToM CyxoBel W CeHHKaHTa-
Mu — 20 1 30%-MHu pacTBOpaMu aMMHA4HOW CEIUTPHI U Cyibdara aMMOHUs. B roapl nccnenoBanus
3aKJTIOYUTEIIFHBIE TAlbl OHTOTEHE3a Y COPTOB TPUTHKAJIE MPOXOAMIIN B JKapKUX 3aCYIUTUBBIX yCIIO-
BUsX. B nTore mericTBue M3ydaeMBbIX BEIIECTB HE OTPA3MIOCh Ha ypoxKaiHOCTH 3epHa. [Ipu cpaBHe-
HUM 3a5BJICHHBIX COPTOB YCTaHOBJICHO NIPEUMYIIECTBO 10 ypoxkaiiHocTH copra bera, o0ycioBneHHoe
(hopmMupoBaHMeM Oosee KPYITHOTO 3e€pHa U OONbLIeH MPOAYKTUBHOCTHIO comBeTus. [Ipu sTom 0omb-
LIMM HAaKOTUIEHHEM CYXOT'0 BEILICCTBA Ha SAMHUIIC TUIOLIA TN XapaKTEepU30BaJicsi 6oJiee BBICOKOPOCIBII
copt MxkeBckas 2. B xozne skcriepuMeHTa BBISIBICHO MOBBILLIEHHE [TOKa3aTeseil HaTyphl 3epHa 03UMOM
TpuTuKaie copra bera Ha 7-9 /1 B BapuaHTax ¢ mpuMeHeHUeM cynbdara ammonus. OO0beMHas Macca
3epHa copra keBckas 2 o 1eHCTBHEM H3y9aeMbIX TIPUEMOB HE U3MEHSIIACH.

KuroueBble cjioBa: AecUKalNs, CCHUKALUSA, 03UMasi TPUTUKAJIE, COPT, YPOJKaHHOCTB 3€pHA, ypo-
JKaIHOCTB CEMsH, HaTypa

DESICCATION AND SENIFICATION IN THE TECHNOLOGY OF CULTIVATION
OF WINTER TRITICALE VARIETIES IN THE MIDDLE URALS

() Vafina E.F., Lozhkin M.A.
Udmurt State Agrarian University

Izhevsk, Russia
(<)e-mail: vaf-ef@mail.ru

Triticale is an artificially man-made culture that has both positive and negative signs and proper-
ties. One of such undesirable signs is the low resistance of the grain to germination during maturation.
Therefore, the search for ways to reduce this phenomenon is an urgent issue. Pre-harvest treatment of
crops, namely desiccation and senification, can be a solution to this problem. The purpose of the study,
conducted in the conditions of the Udmurt Republic, geographically belonging to the Middle Urals,
was a comparative study of the effect of desiccation and senification of crops on yield and grain quality
of winter triticale. In a two-factor field experiment during the growing seasons 2021 and 2022, the va-
rieties Izhevskaya 2 (control) and Beta, whose crops were treated with desiccant Sukhovey and seni-
cants — 20 and 30% solutions of ammonium nitrate and ammonium sulfate, were studied. In the years
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Desiccation and senification in the technology of cultivation of winter
triticale varieties in the Middle Urals

Vafina E.F., Lozhkin M.A

of the study, the final stages of ontogenesis in triticale varieties took place in hot dry conditions. As a
result, the effect of the studied substances did not affect the grain yield. When comparing the declared
varieties, the yield advantage of the Beta variety was established due to the formation of larger grains
and higher inflorescence productivity. At the same time, a greater accumulation of dry matter per unit
area was characterized by a higher-growing variety Izhevskaya 2. In the course of the experiment the
increase of the natural weight indices of winter triticale variety Beta by 7-9 g/l in the variants with
the use of ammonium sulfate was revealed. Grain volume weight of the Izhevskaya 2 variety did not
change under the influence of the studied methods.

Keywords: desiccation, senification, winter triticale, variety, grain yield, seed yield, natural weight
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INTRODUCTION

Yield is the result of the complex and inten-
sive life activity of the entire plant. There is a
close interrelationship between the seeds and
vegetative parts of the plant, which determines
the yield level of the cultivated crop. The syn-
thesis of vital compounds in the vegetative parts
and their transfer to the forming seeds largely
depend on the conditions of the external envi-
ronment. The natural course of seed matura-
tion is conditioned by the polymerization of
high-molecular substances, which is accompa-
nied by the release of moisture into the atmo-
sphere. When there is increased humidity in the
atmosphere, moisture release decreases, leading
to slower seed maturation.

In the second half of the last century, scien-
tists searched for substances that enhance the
"pumping" of vital compounds from leaves and
stems to the reproductive organs of the plant.
We know them as desiccants and senicants. In
Latin, desiccare means "drying out," and seni-

um means "aging"!?. Desiccation involves the
inhibition of physiological processes in plant
cells, while senescence optimizes the ratio of
free to bound water within them. Moisture loss
during desiccation is associated with the break-
down of cell walls, and during senescence, with
the optimization of phloem flow and an in-
crease in dry matter content in the cell. Under
such pre-harvest treatments, stems lose mois-
ture more significantly, leaves less so, and seeds
the least. However, the action of desiccation in
this case is more aggressive, accompanied by
damage to chloroplasts and an increase in eth-
ylene concentration. Senescence represents a
non-pesticide way to improve grain quality’.
The choice between these practices is linked to
the specific conditions of the ripening and har-
vesting period [1].

One of the lesser-known but valuable crops
is winter triticale. In the Middle Urals, which
includes the Udmurt Republic, breeding work
with this crop is conducted, and technological
practices for cultivating it for grain, seeds, and
fodder are developed* [2, 3]. Considering the re-

'Altergot V., Makhotkina G., Sezenov A. Senication. What does it give? // Zemledelie, 1972, N 7, pp. 42-45.

*Batueva 1.V, Eliseev S.L., Yarkova N.N. Harvesting time and desiccation of winter grain crops in the Middle Urals // Agrarian Bulletin of the

Urals, 2014, N 10 (128), pp. 10-13.
SURL: https: // agroinfo.kz (accessed on: 10.02.2023).

‘Babaytseva T.A., Lentochkin A.M., Ovsyanikova I.A. Influence of sowing techniques on seed productivity of winter triticale varieties in the
Middle Urals // Achievements of science and technology of AIC, 2014, N 8, pp. 14-16.
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gional conditions and based on the description,
study of morphobiological characteristics, and
formation of productive elements, a model of
an adapted variety of winter triticale for grain
and fodder purposes has been created’ [4, 5]. It
is known that triticale is characterized by grain
instability to sprouting of grain in standing crop
(in the ear), inherited as a recessive trait from
rye, which also varies by variety [6].

Due to the limited study of harvesting prac-
tices in the region aimed at preserving the quan-
tity and quality of the harvested winter triticale
crop, the purpose of our study was to compar-
atively investigate the influence of desiccation
and senescence of crops on the yield and quality
of grain of winter triticale varieties. The objec-
tives of the research are:

1) to identify the influence of desiccation and
senescence of crops on the yield of grain of win-
ter triticale varieties;

2) to substantiate the yield of grain obtained
under different abiotic conditions by its struc-
ture, particularly by the accumulation of dry
matter;

3) to determine the influence of desiccation
and senescence of crops on the specific weight
of grain of winter triticale varieties.

MATERIAL AND METHODS

A two-factor field experiment was conducted
in 2020 and 2021 on the territory of the "Agro-
technopark" Educational Scientific and Pro-
duction Complex (56°51'09" N, 53°12'24" E;
Udmurt Republic, Votkinsk district, Iyulskoye
village). Two varieties of winter triticale were
studied: Izhevskaya 2 (control) and Beta.
During the experiment, the crops were treated
with 20% and 30% solutions of ammonium ni-
trate (NH,NO,) and ammonium sulfate ((NH,)-
,50,) (at a grain moisture content of 45%), and
with the desiccant Sukhovey (at a grain mois-
ture content of 30%). For the preparation of the
working solution, 27 and 40 kg of ammonium
nitrate, 30 and 45 kg of ammonium sulfate, and

1.5 liters of Sukhovey desiccant were used re-
spectively. The rate of the working solution ap-
plication was 300 1/ha in all cases.

Field studies were conducted according to
the commonly accepted agronomic methodolo-
gy. The registration plot per "variety" factor was
150 m?, and per "treatment" factor was 25 m?,
with each factor being repeated four times. The
experiment was conducted on a typical regional
sod-podzolic medium loam soil of medium cul-
tivation level. The cultivation technology fol-
lowed regional recommendations. The forecrop
was spring rapeseed, harvested for green fod-
der a month before sowing. After the harvest of
the forecrop, discing was performed, followed
by cultivation with harrowing after two weeks,
and then pre-sowing cultivation. Sowing was
done using the Alfa CC-11 selection seeder in
the usual row method with a seeding rate of 5
million germinable seeds/ha. In the spring, after
the start of regrowth, top-dressing with ammo-
nium nitrate was applied at a rate of 1 c/ha in
physical weight. The plots were harvested at the
end of the wax ripeness phase of the grain using
a Terrion SR-2010 combine in a single-phase
method. After harvesting, the grain yield was
adjusted to a standard moisture content of 14%.

RESULTS AND DISCUSSION

The growth and development of winter trit-
icale plants during the spring-summer period
of 2021 occurred under relatively high average
daily air temperatures (deviation up to +9.7 °C)
accompanied by a small amount of precipitation
(see Fig. 1).

The ratio between the sum of precipitation
and the air temperature above 10 °C (HTC)
from the phase of stem elongation to grain ma-
turity and harvesting ranged from 0.50 to 1.10
for Izhevskaya 2 and from 0.29 to 0.77 for Beta.
The combine harvesting of winter triticale treat-
ed with senicants in the form of ammonium
nitrate and ammonium sulfate solutions was
conducted 20 days after treatment for Beta and

*Vafina E.F. Programming of winter triticale grain yield in the conditions of the Udmurt Republic // Modern achievements of plant breeding -
production: Proceedings of the National Scientific and Practical Conference, Izhevsk, 2021, pp. 54-59.
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Fig. 1. Meteorological conditions in the spring-summer periods of the development of winter triticale

varieties

18 days for Izhevskaya 2. The grain moisture
content at harvest in the senification treatment
variants was 12%. Plots of both varieties in the
variant using the desiccant Sukhovey were har-
vested 3 days later at a grain moisture content
of 10%.

In these abiotic conditions, winter tritica-
le had a relatively low grain yield — from 1.91
to 2.47 t/ha, with a 0.44 t/ha advantage for the
Beta variety (LSD, = 0.13 t/ha) (see Fig. 2).

In May, June, and the first five days of July
2022, the conditions were cool (the deviation of
the average daily air temperature from the long-
term average was —2.6...—1.1 °C) with sufficient
precipitation (96 and 174% of the norm). In July
and August, however, growth and development
of plants occurred under hot (temperature ex-
ceeded the norm by 1.5...4.5 °C) and dry con-
ditions (precipitation was 42 and 2% respec-
tively). Desiccation with Sukhovey reduced
the grain moisture of both varieties to optimal

within 7 days. After treatment with nitrogen
fertilizer solutions, the harvest of Beta crops
was conducted 23 days later, and Izhevskaya 2
— 15 days later. In terms of grain yield, the Beta
variety outperformed the control by 0.69 t/ha
(LSD,, = 0.32 tons/ha). The elevated tempera-
ture regime and insufficient moisture during the
grain filling and ripening period neutralized the
effect of the treatments, and the yield differenc-
es between the variants in the years of the study
were insignificant. Harvesting of the control
plots and those treated with desiccant and seni-
cants was carried out at the same calendar time
(differences between the variants with different
treatments were insignificant).

The studied varieties did not differ in plant
winter survival. However, by harvest time, the
Izhevskaya 2 variety showed a higher tillering
coefficient, and the Beta variety had greater
inflorescence productivity. In the abiotic con-
ditions of 2021, the Izhevskaya 2 had 407—412
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Fig. 2. Yield of winter triticale varieties during desiccation and senification of crops

productive stems/m?, and the ear productivity
was 0.69-0.72 g, while for the Beta, these fig-
ures were 356-367 stems/m? and 1.11-1.13 g
respectively (LSD , by the "variety" factor — 12
stems/m? and 0.03 g respectively) (see Fig. 3).
In the relatively more favorable conditions of
the 2022 vegetation period, the winter tritica-
le varieties differed in the density of productive
tillering (441-457 stems/m? for Izhevskaya 2
and 439-453 stems/m? for Beta) and the grain
mass per ear (1.60-1.64 g and 1.67-1.79 g re-
spectively). The varieties also differed in height:
Izhevskaya 2 formed taller plants in both years
of the study (2021: LSD, = 15 cm; 2022: LSD
=10 cm).

The Izhevskaya 2 and Beta varieties had dif-
ferent dry matter accumulation characteristics
during various phases of vegetation. In the less
favorable abiotic conditions of the 2021 vege-
tation period, dry matter accumulation by the
varieties was on the same level (see Fig. 4).
Some advantage was noted for the Beta variety
from the phase of stem elongation to the begin-

ning of wax ripeness, with a difference from the
similar indicator of Izhevskaya 2 ranging from
14 to 110 g/m? (LSD, by phases of vegetation
- 17, 10, 20, 15, 30 g/m?). In 2022, during the
stem elongation phase, both varieties formed
dry matter equal in quantity to the dry matter
formed by the varieties in 2021 only during ear-
ing. The Izhevskaya 2, being more morpholog-
ically taller, had an advantage in dry matter ac-
cumulation per unit area from the earing phase
in the conditions of the 2022 vegetation peri-
od. The difference in dry matter was minimal
during earing (18 g/m* LSD = 10 g/m*), and
maximum at the start of the wax ripeness of the
grain (395 g/m*; LSD , = 30 g/m?).

Triticale grain can have various intended
uses. Currently, it is primarily used for feed
purposes. In our country, a standard for feed
triticale grain has been established and is in ef-
fect, and regulatory documents have been de-
veloped for triticale grain in general and for
triticale flour. The biochemical composition of
the grain and flour is of practical interest to the

PaCTCHHeBOHCTBO " CEIICKIUA
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bakery and confectionery industries®[7, 8]. Ac-
cording to GOST 34023-2016, a range of in-
dicators is regulated, one of which is the spe-
cific weight of the grain (bulk density). Thus,
for the Ist class, the minimum specific weight
of the grain must be 700 g/l, for the 2nd class
— 680 g/1, and for the 3rd class, it is not limit-
ed. The higher the specific weight, the greater
the grain's completeness, providing higher nu-
tritional value. In grains with a higher specific
weight, there is more endosperm, meaning more
storage nutrients from different groups are pres-
ent’. Research has shown that meteorological
conditions, technological practices, and varietal
characteristics significantly influence the bulk
density of the grain [9—11].

In the less favorable moisture conditions of
2021, the winter triticale variety Izhevskaya 2
formed grain with a bulk density of 660—-669
g/1, while the Beta variety was 639—647 g/ (see
the table). In 2022, which was more humid, the

specific weight of the grain increased. Thus, for
the Izhevskaya 2 variety, it varied within the
range of 698-703 g/1, and for the Beta variety, it
was 689-708 g/l.

Depending on the pre-harvest treatment of
the crops, the specific weight of the grain for
the Izhevskaya 2 variety did not significant-
ly change in both years of the study. The Beta
variety reacted differently to the treatments: in
2021, no changes in specific weight were ob-
served across the experimental variants, while
in 2022, an increase of 7-9 g/l was recorded
with senification treatments of 20 and 30% am-
monium sulfate solutions.

CONCLUSIONS

1. Increased air temperatures and low
amounts of precipitation during the second half
of the vegetation period neutralized the effects
of desiccation and senification treatments in-
cluded in the cultivation technology of winter

Harypa 3epHa cOPTOB 03UMO#1 TPUTHKAIIE B 3aBUCHMOCTH OT JA€CUKAIIMH U CEHUKAIINN TI0CEBOB, T/
Natural weight of winter triticale varieties depending on desiccation and senification of crops, g/l

2021 2022
Option
Izhevskaya 2 (control) Beta Izhevskaya 2 (control) Beta
Without treatment (control) 660 640 703 689
Desiccant Sukhovey 661 641 698 692
Senicants:
) 665 639 700 693
NH,NO,, 20% solution
NH,NO,, 30% solution 665 645 700 694
(NH,),S0O,, 20% solution 669 647 701 708
(NH,),80,, 30% solution 668 644 700 706
Average (A)
666 654 700 697
LSD,, For 1st order plots | For 2nd order plots | For 1st order plots | For 2nd order plots
Factor “variety” F <F, 1 3
Factor “treatment” F S F 4 6

*Alasheeva A.Yu., Milchakova A.V., Mazunina N.I. Comparative evaluation of the cookies “Minutka” with the addition of triticale flour //
Contribution of young scientists in the implementation of priority directions of development of agrarian science: Proceedings of the National
Scientific and Practical Conference of Young Scientists, Izhevsk, 2021, pp. 190-193.

"Gunkin V., Karpilenko G., Sorokin A. Influence of wheat grain shape on its natural weight // Khleboprodukty, 2009, N 9, pp. 56-57.

PactreHneBoncTBO M ceneKIus

CHOUPCKHI BECTHHK CEITbCKOXO3SHCTBEHHON HayK ® 2024 ¢ 54 ¢ 3 27



Desiccation and senification in the technology of cultivation of winter
triticale varieties in the Middle Urals

Vafina E.F., Lozhkin M.A

triticale varieties. The grain yield across the
experimental variants did not show significant
differences.

2. The grain yield of the winter triticale vari-
ety Beta exceeded that of the Izhevskaya 2 vari-
ety by 0.45-0.69 t/ha. The Izhevskaya 2 variety
was distinguished by forming a denser produc-
tive tillering, while the Beta variety had higher
ear productivity.

3. The genetically determined tall stature of
the Izhevskaya 2 variety (plant height 21-26 cm
taller than the Beta variety) allowed for the ac-
cumulation of a greater amount of dry matter per
unit area.

4. The grain of the Izhevskaya 2 variety had
a higher specific weight (666700 g/1) compared
to the Beta variety (654—697 g/1). The filling of
the grain of the earlier maturing Beta variety
was influenced by senescence treatments with
ammonium sulfate solutions, increasing its val-
ue by 7-9 g/l. For the Izhevskaya 2 variety, no
changes in grain specific weight due to desicca-
tion and senification treatments were detected.
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HOJYYEHUE CTAHAAPTHBIX KJIOHOBBIX ITOABOEB BULLIHN MAAKA
HHYTEM 3EJIEHOI'O YEPEHKOBAHUA

C<DTaaumos B.P.

FOoicno-Ypanvckuii Hayuno-ucciedos8amenbCKutl URCIMUMYm cad0800Cmed U Kapmogeneeoocmea —
Quauan Ypanvckozo gedepanvHo2o azpapro2o HAYYHO-UCCIe008aMENbCKO20 YeHMpPa Ypanbckozo
omoenenus Poccutickou akademuu HayK

ExarepunOypr, Poccus

(<De-mail: vadimgalimoff@yandex.ru

Wzydena Bunias Maaxa (Cerasus maackii (Rupr.)) ans npuMeHeHHUs B Ka4ECTBE TTO/IBOS B TTMTOM-
HUKOBOACTBe. Kynbrypa obnanaer TakuMu X031HCTBEHHO LIEHHBIMU MTPU3HAKAMH, KaK YCTOWIMBOCTD
K OOJIE3HSIM M BpPEAUTENSIM, 3UMOCTOMKOCTh, OBICTpasi BOCCTAHOBUTENbHASL CIIOCOOHOCTD, BBICOKAS
YKOPEHSEMOCTh 3€JICHbIX YEePEeHKOB. B crarhe paccMOTpeHbl 0COOEHHOCTH BBIPAIIMBAHMS BUIIHU
Maaka myTeMm 3eJIeHOT0 YepPeHKOBaHMS B yCIOBHIX YemssOmHCKO#N obmacTu. 3amadeil nccieqoBanus
SBIISUIOCH OIICHUTH BHUITHIO Maaka Ha YKOPEHSIeMOCTh U BOZMOXXHOCTD ITOMyYUTh CTaHJIAPTHBINA KIIO-
HOBBIH MTOJIBOW. YCTaHOBIJICHO, YTO NP UCTIOIB30BaHUU 3€JICHBIX MPUPOCTOB BUINHU Maaka JITHHON
20, 30 u 40 cM yKOpPEHSIEMOCTh BO3PACTAET COOTBETCTBEHHO Ha 2,5; 12,5 u 19,1% no cpaBHEeHHIO C
KOHTPOJIbHBIM BapuanToM (15 cMm). Bbixoa cTaHAapTHBIX MOABOEB YBEIMUUBAETCS MIPU MCIIOIbH30Ba-
HuK OoJjiee JIMHHBIX YepeHkoB (3040 cMm) o cpaBHEHHIO ¢ KOHTpolsieM (15 cm), wim B 2,5-3.,4 pasza
COOTBETCTBEHHO. V3MEHEHMsI IPOM30LUIA U B YBEJIIMYEHUU JUAMETPA YCIOBHOW KOPHEBOW LIEHKH,
oHa yBenmmumiiach Ha 9,3; 28,0 u 50,0% Ooinbire, yem Ha KoHTpoJe (3,2 MM). [TlocTaBICHHBIM OTIBITOM
JTIOKa3aHo, 4TO MPH JITHHE Hape3KH 3eJIEHBIX YePEHKOB BUITHM Maaka niuHoli 40 cM MOXKHO 32 OJMH
BETeTAI[MOHHBIN TIEPHO MOMYYUTh ¢ | M? 3alIMIIEHHOTO TpyHTa Oosee 150 mT. KIOHOBBIX MOABOEB,
MPUTOIHBIX JUIA 3UMHEH TpuBUBKH. [Ipu 3eneHOM YepeHKOBaHUH BUIIHE Maaka B Teruuie, 000pyao-
BaHHOH TyMaHOOOpa3yIoliel yCTaHOBKOW, JUIMHA 3€JICHOTO YePEHKa, BEICAXKEHHOTO Ha YKOPEHEHUE,
OKa3bIBAET CYIIECTBEHHOE BIMSHHE HA YKOPEHSEMOCTh M BBIXOJ OJHOPOIHBIX KIOHOBBIX IMOIBOEB.
[Ipu ncmonb30BaHUH OMHOJICTHUX M00eToB MtrHONW 30—40 cM, Hape3aHHBIX B aKTHUBHBIN IIEPUOI PO-
CTa, YKOpEeHseMoCTh BUlIHU Maaka Bo3pacTana B 1,3 pa3a, quameTp yCIOBHOW KOPHEBOW LIEHKH — B
1,5 pasa, oOmiuii BEIXO MIPUTOAHBIX JUIS TPUBUBKY TOABOEB — B 3,4 pa3a 1o CPaBHEHHIO C KOHTPOJIb-
HBIM BapuantoMm (15 cm).

KuaroueBbie cioBa: Bumins, Maaka, 3eJIeHO€ YepEeHKOBaHHE, TTOABON

OBTAINING STANDARD CLONAL ROOTSTOCKS OF THE
MAAK CHERRY BY GREEN CUTTINGS

(<) Galimov V.R.

South Ural Research Institute of Horticulture and Potato Growing — Branch of the Ural Federal
Agrarian Research Centre of the Ural Branch of the Russian Academy of Sciences
Yekaterinburg, Russia

(<)e-mail: vadimgalimoff@yandex.ru

The Maak cherry (Cerasus maackii Rupr.) has been studied for use as a scion in nursery produc-
tion. The culture has such economically valuable features as resistance to diseases and pests, winter
hardiness, fast regenerative ability, high rooting capacity of green cuttings. The article deals with the
peculiarities of cultivation of the Maak cherry by green cuttings in the conditions of the Chelyabinsk
region. The objective of the study was to evaluate the Maak cherry for the rooting ability and the
possibility of obtaining a standard clonal scion. It has been found that using green shoots of the Maak
cherry, 20, 30 and 40 cm long, the rooting capacity of cherry increases by 2.5; 12.5 and 19.1%, re-
spectively, compared to the control variant (15 cm). The yield of standard rootstocks increases, when
using longer cuttings 30-40 cm, when compared to the control (15 cm), or 2.5-3.4 times, respectively.
Changes also occurred in the increase in the diameter of the conditional root neck, it increased by 9.3;
28.0 and 50.0% more than the control (3.2 mm). It has been proved by the experiment that at cutting
length of green cuttings of the Maak cherry with the length of 40 cm, it is possible to get more than
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150 pieces of clonal rootstocks suitable for winter grafting from 1m? of the protected ground during
one vegetation period. In green cuttings of the Maak cherry in a greenhouse equipped with a fogging
unit, the length of green cuttings planted for rooting has a significant effect on rooting and yield of
the uniform clonal rootstocks. When using 30—40 cm long annual shoots cut during the active growth
period, rooting ability of the Maak cherry increased 1.3 times, the diameter of the conditional root
neck — 1.5 times, the total yield of the suitable for grafting rootstocks — 3.4 times compared to the

control variant (15 cm).

Keywords: cherry, Maak, green cuttings, rootstock
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INTRODUCTION

Maak Cherry (Cerasus maackii (Rupr.)) is
named after Richard Karlovich Maak (1825-
1886), a member of the Russian Geographical
Society, who participated in three major scientific
expeditions exploring Siberia and the Far East'.

This variety of cherry is distinguished by its
high winter hardiness and resistance to cocco-
mycosis and rotting, making it widely used for
producing clonal rootstocks. One of the most
common methods of propagating Maak Cherry is
green cutting [1-3]. The factors that significantly
affect the yield of standard clonal rootstocks in-
clude the length of the green cutting planted in a
greenhouse with automatic watering [4—6].

Cherry varieties are typically propagated by
grafting a selected scion onto a grown rootstock
[7]. Mass production of genetically uniform
rootstocks for cherry propagation is facilitated
by green cutting in covered greenhouses, which
allow control over growing conditions. The use
of rooting stimulants increases the yield of plant-
ing material [8—11].

Grafting stone fruit cultures onto clonal root-
stocks allows for the implementation of several
significant practices that facilitate the technolog-
ical maintenance of planted orchards from the
planting of seedlings to the harvest [12, 13].

Clonal rootstocks of Maak Cherry are intend-
ed for propagating a collection of cherry and
sweet cherry varieties that have a weak rooting
ability when propagated by green cuttings. Lo-
cal cherry varieties such as Troitskaya, Kurch-
atovskaya, and Vishnevaya Gorka (elite and se-
lected forms) are propagated using winter graft-
ing from December to March, a period when the
intensity of agricultural work is reduced. In our
region, the cost-effectiveness is achieved when
the planting of winter grafts begins in mid-April,
with the seedlings (planted in containers) reach-
ing the market in the first ten-day period of June.

The purpose of the research is to determine
the optimal length of green cuttings of Maak
Cherry to produce rootstocks within one vege-
tation period.

MATERIAL AND METHODS

From 2015 to 2018, studies were conducted
on one-year growths of Maak Cherry at the De-
partment of Horticulture of the South Ural Re-
search Institute of Horticulture and Potato Farm-
ing as part of the creation and improvement of
technologies.

During the study period, green cuttings were
made at the Maak Cherry mother plot, and the
timing of harvesting (second ten-day period of

'Evmenova L.N., Gryanova O.V. Maak Richard Karlovich researcher of Siberia in the middle of the XIX century // In the world of science and
art: issues of philology, art history and cultural studies, 2016, N 1 (56), pp. 79-86.
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June) coincided with the active growth of one-
year shoots. Figure 1 shows that the one-year
growth was cut to different lengths (15, 20, 30,
and 40 cm). The obtained green cuttings were
tied in bundles of 50 and placed in a water solu-
tion of the rooting stimulator Kornevin (1 g/1).
In the solution, the cuttings were immersed with
their bottom ends, which were covered by a 1
cm layer of water. The cuttings remained in the
water solution of the agent for 15—18 hours. Fig-
ure 2 shows the mother trees of the Maak Cher-
ry, where green cuttings for the experiment were
made. After soaking in the solution, the green
cuttings were planted in soil consisting of a mid-
dle loamy leached chernozem (layer 18 cm) and
a top layer (5 cm) of washed sand. The green
cherry cuttings were planted according to a 10 x
5 cm scheme with a planting depth of 3 cm. The
plots were randomized, with 50 green cuttings
planted in each variant in threefold replication.
The greenhouse with polycarbonate covering,
where the planted cuttings were located, was

Puc. 1. 3eneHble YepeHKU BUIITHE Maaka, 1moro-
TOBJICHHBIC JIJISl BBICAJIKU B TETUTUILY

Fig. 1. Green cuttings of the Maak cherries pre-
pared for planting in the greenhouse

equipped with an automatic watering system.
The planted green cuttings were sprinkled with
fine irrigation.

The irrigation was automatic at regular in-
tervals. The first watering was at 7 a.m., fol-
lowed by every 2 hours. Each watering lasted
1 minute. The last watering was at 9 p.m. local
time. In rainy weather, the interval between the
waterings was extended to 4 hours. After the
beginning of rooting, the watering frequency
was reduced to 6 times a day. The emergence
of a root system in green cuttings was noted
at the beginning of the second decade of July.
The digging up of the rooted clonal rootstocks,
as well as the taking of records and measure-
ments, began on September 15. The obtained
data were entered into a computer for statisti-
cal processing®. The research was conducted
according to classical methods according to
the guide and instructions for the production of
planting material®*.

Puc. 2. Marounbie iepeBbs BUlllHU Maaka, 17e
Hape3aJn 3eJIeHbIE YePEHKH IS OTIHITOB

Fig. 2. Mother trees of the Maak cherry where
green cuttings were cut for the experiments

2Dospekhov B.A. Methodology of field experiment. Moscow: Agropromizdat, 1985, 351 p.

SProgram and methodology of varietal study of fruit, berry and nut crops. Orel: VNIISPK Publishing House, 1999, 668 p.

‘Polikarpova F.Ya. Methodical instructions for production of rootstock of stone fruit crops (cherry and plum) by green cuttings. Moscow:

VASKhNIL, 1978, 21 p.
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The rootstocks obtained as a result of green
cutting belong to the second category according
to the GOST R 53135-2008°.

RESULTS AND DISCUSSION

The propagation of difficult-to-root stone
fruit cultures by grafting them onto a rootstock
grown within one vegetation period is promising
and relevant® [14].

A film greenhouse equipped with automatic
watering allows for the production of rootstocks in
one season from the Maak Cherry green cuttings.

The research showed that increasing the
length of the green cutting used for planting im-
proves the rooting of the Maak Cherry. It was
noted that green cuttings with a length of 20 cm
increased rooting by 2.5%, 30 cm by 12.5%, and
40 cm by 19.1% compared to the control variant
(15 cm) (see Table 1).

In 2016, high rooting was observed in the
variant with a cutting length of 40 cm (86.3%),
which was 29.0% higher than the control.

As the length of the green cutting increas-
es, so does the diameter of the conditional root
neck. In the control variant with a green cutting
length of 15 c¢cm, over four years it was 3.2 mm,
while in the variants with cutting lengths of 20,
30, and 40 cm, the diameter of the conditional
root neck of the grown rootstocks increased by
0.3, 0.9, and 1.6 mm, respectively.

The rooting obtained in 2015 in the control
variant (78.3%) allows us to conclude that the
Maak Cherry has a high level of rootability,
which should be studied in further experiments.
The diameter of the conditional root neck of the
rootstocks, which were planted with a green
cutting length of 40 cm, increased by 1.5 times
(from 3.2 to 4.8 mm), making them suitable as

Ta6a. 1. BiusHue IIMHBI 3€JIEHOTO YepeHKa Ha YKOPEHsAEeMOCTh BUIITHI Maaka

Table 1. Effect of green cuttings length on the rooting performance of the Maak cherry trees

Rooting capacity by years, %
Stem length, cm Average for 4 years
2015 2016 2017 2018

15 (control) 78,3 57,3 61,6 60,3 64,4
20 62,6 73,3 63,7 68,3 66,9

30 68,3 83,6 78,3 77,6 76,9

40 82,3 86,3 84,3 81,3 83,5
LSD,, 2,1 1,9 3,7 1,9 11,3

Tada. 2. BnusHue IIUHBI 3€JIEHOTO YepeHKa BULITHU Maaka Ha TuaMeTp YCIOBHOW KOPHEBOU MIEHKH

BbIpAIICHHBIX ITOABOCB

Table 2. Effect of the Maak cherry green cuttings length on the diameter of the conditional root neck of

the grown rootstocks

Conditional root neck diameter, mm Average
Stem length, cm
2015 2016 2017 2018 for 4 years

15 (control) 34 3,7 2,6 3,1 3,2
20 3,4 3,8 3,2 3,5 3,5

30 39 4.5 3,7 4.1 4.1

40 4,7 5,1 4,6 4,7 4,8
LSD, 0,3 0,3 0,2 0,3 0,2

SGOST R 53135-2008. Planting material of fruit, berry, subtropical, nut, citrus crops and tea. Technical conditions. Moscow: Standardinform,

2008, 42 p.

°Bezukh E.P. Progressive technological elements in nursery farming in the North-West of Russia // Horticulture and viticulture, 2012, N 3, pp.

36-39.
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rootstocks for stone fruit cultures without the
need for further growth in the following year
(see Table 2).

Figure 3 shows the clonal rootstocks of the
Maak Cherry that were grown in one vegetation
season in a greenhouse with automatic watering.

When assessing the impact of the length of
the green cherry cuttings on the output of the
clonal rootstocks suitable for spring and winter
grafting, it was found that the output per square
meter increased. On average, over four years
of research compared to the control variant (15
cm), a length of 20 cm of cuttings planted for
rooting produced 73.7 pcs/m? of clonal root-
stocks, at 30 cm cuttings length — 114.4 pcs/m?,
at 40 cm length — 152.4 pcs/m?.

The data obtained convincingly demonstrate
the advantage of using longer cuttings to obtain
standard clonal rootstocks (see Table 3).

The harvested clonal rootstocks of cherry are
stored in a facility where a constant temperature
of minus 2 °C is maintained. The clonal root-
stocks obtained are subsequently used for graft-
ing selections, varieties, and collections of cher-
ry during the winter period.

$4567R0123456789(112348548°"

Puc. 3. KitoHoBbBIE TT01BOM BUIITHU Maaka
Fig. 3. Clone rootstocks of the Maak cherry

Ta6a. 3. BiusHue [UIMHBI 3€IEHONO YEpEHKa BUII-
HU Maaka Ha BBIXOJ] KJIOHOBBIX IIOJIBOEB, ILIT./M?
Table 3. Effect of the Maak cherry green cuttings
length on the yield of clonal rootstocks, pcs/m?

Stemcﬁngth’ 2015 | 2016 | 2017 | 2018 | Average
15 (control) | 40,3 | 48,3 | 44,6 | 45,6 447
20 67,6 | 93,6 | 68,6 | 653 73,7
30 1243 | 1053 | 112,3 | 115,6 | 114,4
40 162,3 | 149,3 | 147,6 | 150,3 | 152,4
LSD,, 25 | 21 | 20 | 24 | 149
CONCLUSION

The scientific research conducted on obtain-
ing standard clonal rootstocks showed that the
Maak Cherry is capable of achieving a high per-
centage of rooting under favorable (greenhouse)
conditions. By increasing the length of the green
cutting from 15 to 3040 cm, rooting increased
by 1.3 times, and the diameter of the conditional
root neck increased by 1.5 times. The number of
standard clonal rootstocks also increased from
44.7 per m? in the control variant to 152.4 per
m? in the variant with a green cutting length of
40 cm. The use of green cuttings with a length
of 30—40 cm, cut and planted in the greenhouse
during the period of active growth, allows for
the production of high-quality standard clonal
rootstocks suitable for propagating sweet cherry
and cherry within one vegetation period without
the need for further growth.
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BUOXUMHUYECKHUE ITIOKA3ATEJIM BEJIKOBOI'O OBMEHA KPOBH
KAK KPUTEPUU MMOJHOLIEHHOCTH KOPMJIEHUSI BPOUJIEPOB

<) Ky3bmuna U.B., OpunnnukoBa H.B.

Dedepanvhblil HayyHbIL YeHMpP « Bcepoccutickutl Hay4HO-UCCc1e008amenbCKull U MexHoL02U4ecKull
UHCIUMYmM NMUYE800CmMaa»

MockoBckast 06macTs, I. Ceprues [locan, Poccus

(<) e-mail: irina.kisloval606198@yandex.ru

OnbITH TPOBEEHBI HA IBIIISATaX-0poiiepax kpocca «CmeHa-9» B ycioBusax BuBapus Cenekin-
OHHO-TEHETUYECKOTO IIeHTpa «3aropckoe SKCIepUMEHTAILHOE TUIEMEHHOE XO3SHUCTBOY», I. Cepruen
[Tocan. Pesynbrarel OMOXMMHUYECKUX HCCIICAOBAHU MIa3Mbl KPOBH TIOKA3aJId BOJTHOOOpa3HbIC H3Me-
HCHUA aKTUBHOCTH TPUIICHHA BO BCEX MCCICAYCMbIX BO3PACTHBIX IIEPUOIAX. IToBeIIEHUE KOHLICHTpAa-
UM 00111eT0 Oenka B 7-CyTOYHOM BO3pacTe BO BCEX TPYIINAX MO CPABHEHUIO C CYTOUHBIM MOTJIO OBITh
CIIPOBOIIMPOBAHO MEPEXOIOM C SHIOTEHHON (OPMBI KOPMIICHHS TIPH MOCTYTUIEHUH 3K30T€HHOTO KOP-
Ma, COZIepIKaIero OOIbIIee KOJIMIECTBO MTPOTEHHA 110 CPABHEHUIO C JKEJITOYHBIM MeIkoM. Bo3pacT-
Has TWHAMUKA aKTUBHOCTH INEIOYHOU (ocdara3pl nMesa pe3kue KojieOaHus Ha TPOTSIKEHUN BCETO
nepuoja BelpaluBanus. B BozpacTHo# nepuox ¢ 1-7 cyT Habmiomanock nosbimeHue gocdarasHoit
AKTUBHOCTHU C IOCJIEAYIOIUM CHIKEHHEM JI0 35-CyTOYHOTO BO3pacTa OTHOCHUTENIHO KOHTPOJIS BO
BceX rpynmnax. [ITuk BEICOKOW aKTUBHOCTH JIJAHHOTO (pepMeHTa npuxonmics Ha 7-e cyTku (31 030 ex./m)
B KOHTPOJBLHOH Ipymre u Ha 14-e CyTku — BO 2-i OmBITHOH Tpymme. Jlamee mporuCcXoansIo MOCTeTeH-
HOE CHIDKEHHE aKTUBHOCTH JaHHOTO (hepmeHTa. Peskoe yBenmudeHue ypoBHs mIenoqHol (ochaTazsl
B KPOBH IIBITUIAT-OPOTIEpOB B 7—21-CyTOYHOM BO3pacTe CBHJETEILCTBYET 00 MHTEHCUBHOM POCTE
1 CTAHOBJICHUM OPTaHU3Ma, OJHAKO PE3KHH CKaYOK aKTUBHOCTH B 7-CyTOYHOM BO3PAcTe TAKKe MOT
OBITh BBI3BAH IEPEX0JIOM HA HOBBIN paIMOH, YTO SBJIIETCS (hakTopoM crpecca. [loHmKeHne akTHBHO-
CTH JAHHOTO H3UMa B 28—35-CyTOYHOM BO3pacTe CBHCTEILCTBYET O 3aMEJICHUH Ipoliecca pocTa.
CrnenoBarenbHO, IeNBI0 TAHHOTO MCCIIE0BAHUS SBISIIOCH U3ydeHHe OMOXUMHYECKOTO COCTaBa Kpo-
BH B pa3HBIX MEPHO/IaX MOCTIMOpHOTeHe3a IBIIIAT-0poiiinepoB kpocca «CMeHa-9» mpu n3MeHeHHH
YPOBHS ITPOTEHHA B PAIIOHE, YTO B JAHHOM CITy4ae OCTACTCS aKTyallbHBIM H HH(POPMAaTHBHBIM HCTOY-
HUKOM MH(OPMAIUK O BIMSHUU W3MEHEHHSI MHTPEIMEHTHOTO COCTaBa KOpMa Ha OpraHM3M NTHIIBI B
LIEJIOM.

KuroueBble cj10Ba: 1BIIUISITa-OpOIICPBI, CHIPOH MPOTEUH, TPUIICUH, HienouHas (¢ocdarasza, 00-
MM OeJIOK, MOYEeBasi KMCJI0Ta

BIOCHEMICAL INDICES OF BLOOD PROTEIN METABOLISM AS CRITERIA
OF BROILER NUTRITION ADEQUACY

(<x)Kuzmina L.V., Ovchinnikova N.V.

Federal Scientific Center "All-Russian Research and Technological Institute of Poultry Breeding"
Sergiev Posad, Moscow Region, Russia

(<De-mail: irina.kisloval606198@yandex.ru

The experiments were conducted on the broiler chickens of the cross "Smena-9" in the vivarium of
the Selective Genetic Centre "Zagorskoe Experimental Breeding Farm" in Sergiev Posad. The results
of the blood plasma biochemical tests showed wavelike changes in the trypsin activity at all ages stu-
died. The increased concentration of total protein at 7 days of age in all groups could have been
induced by switching from endogenous feed when receiving exogenous feed containing more pro-
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of broiler nutrition adequacy

tein than the yolk sac. The age dynamics of the alkaline phosphatase activity had sharp fluctuations
throughout the whole rearing period. At 1-7 days of age, there was an increase in the phosphatase ac-
tivity with a subsequent decrease until 35 days of age relative to the control in all groups. The peak of
high activity of this enzyme occurs on the 7th day — 31030 units/I in the control group and on the 14th
day in the experimental group 2. Thereafter, there is a gradual decrease in the activity of this enzyme.
A sharp increase in the level of alkaline phosphatase in the blood of broiler chickens at 7-21 days of
age indicates intensive growth and formation of the organism, but a sharp surge in activity at 7 days of
age could also be caused by the transition to a new diet, which in itself is a stress factor. A decrease in
the activity of this enzyme at 28-35 days of age indicates a slowdown in the growth process. Conse-
quently, the purpose of this study was to investigate the biochemical composition of blood in different
periods of post-embryogenesis of broiler chickens of the cross "Smena-9" at changing the level of
protein in the diet, which in this case remains a relevant and informative source of information on the
effect of changes in the ingredient composition of feed on the bird organism as a whole.
Keywords: broiler chickens, crude protein, trypsin, alkaline phosphatase, total protein, uric acid
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INTRODUCTION Modern feed, which is manufactured for the
intensive fattening of poultry, ensures maximum
utilization of its nutrients by rule. Special at-
tention needs to be paid to the peculiarities of
digestion, absorption, and metabolism [6] be-
cause the concentration of glucose, amino acids,

fatty acids, and other substances in body fluids

Poultry farming is the most advanced sector
of livestock agriculture globally. Thanks to im-
proved farming methods, automated equipment,
comprehensive and balanced feeding, and oth-
er new technologies, chicken meat is one of the

most popular options in meat production [1, 2].
This type of meat also contains a large amount
of digestible protein, low cholesterol, low fat,
and a high proportion of unsaturated fatty acids,
enhancing its quality and accessibility [3]. The
taste, which can be influenced by many compo-
nents of the diet, is crucial for meat quality [4].
It is well-known that altering the composition of
animal feed can modify the fatty acid and pro-
tein profile of the products [4, 5].

is a factor of homeostasis'. Some authors have
shown that under various nutritional conditions,
broiler chickens exhibit specific and significant
shifts in blood parameters, as blood serves as an
effective indicator reflecting various aspects of
metabolism in the body [7]. In this case, blood
parameters in birds can be used as a biochemi-
cal criterion of the adequacy of their diet, which
are reliable indicators of the well-being of birds
and reflect the processes of nutrition, physiolog-

'Gietzen D.W. Neural mechanisms in the responses to amino acid deficiency // The Journal of nutrition. 1993. N 123 (4). P. 610—

625.
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ical and pathological state of the organism as a
whole [8].

Literature® suggests that insufficient protein
levels decrease growth rate and metabolism,
slow development, and deteriorate the quality
and nutritional value of carcasses, which subse-
quently prevents the realization of the high ge-
netic potential for meat productivity of the fat-
tened young stock. Both excess and deficiency
of protein in poultry diets lead to fat deposition
in internal organs and subcutaneous tissue, cause
digestive system disorders, and decrease pro-
ductivity®. Since modern poultry farming is en-
tirely based on industrial technology, the norms
for feeding poultry with regard to the quantity
and quality of the feeds used should be constant-
ly improved.

The purpose of the study is to investigate
some basic biochemical indicators of protein
metabolism in the blood of "Smena-9" broiler
chickens cross during the post-embryonic period
of ontogeny at different protein levels in the diet.

MATERIAL AND METHODS

Experiments to study biochemical indica-
tors were conducted on 105 "Smena-9" broiler
chickens. The poultry were reared from day-old
to 35-day-old in the vivarium of the breeding
and genetic center ‘“Zagorskoye Experimental
Breeding Farm” (SGC “Zagorskoye EBF” — a
branch of FSC “VNITIP”) under the condition
of feeding and housing in accordance with the
requirements for these age groups and cross of
poultry [9].

The experiments were conducted in accor-
dance with the European Convention for the
Protection of Vertebrate Animals used for Ex-
perimental and Other Scientific Purposes®. At
one day old, three groups of 35 individuals each
were formed. The experimental scheme is pre-

sented in Table 1.

The feeding of the chickens had three peri-
ods: a starter period (0-14 days), a growth peri-
od (1521 days), and a finishing period—from
day 22 until slaughter. The variation in crude
protein in the diet was achieved by changing the
proportion of soybean meal and synthetic amino
acids used.

Blood for analysis was collected weekly from
5 individuals from each group. At day-old and
7-day-old, it was collected at slaughter. At other
age periods, it was taken from the axillary vein.
For plasma studies, sterile vacuum tubes with
lithium heparin anticoagulant were used. To
separate plasma from blood cells, samples were
centrifuged at 5000 rpm for 5 minutes using an
EVA-200 centrifuge (China).

Biochemical analyses of blood were per-
formed on a SINNOWA BS-3000P semi-auto-
matic biochemistry analyzer (China) using ap-
propriate reagent kits for determining total pro-
tein, alkaline phosphatase, and uric acid. Trypsin
activity was determined using benzoyl DL-argi-
nine nitroanilide (BAPNA, "ACROS ORGAN-
ICS", Switzerland) as a substrate.

Ta6a. 1. Cxema onbiTa
Table 1. Experiment scheme

Number .
Group o fuhea ds Feeding features
Control 35 Basic Diet (BD)
with crude
protein content in starter
23.0%
Experimental:
Ist 35 BD with crude protein
content in starter 21.5%
2nd 35 BD with crude protein
content in starter 24.5%

*Konoblei T.V. Indicators of morphological and biochemical composition of blood of broiler chickens grown on mixed fodder with a different

ratio of protein of vegetable and animal origin / T.V. Konoblei, M.V. Tolstopiatov // Integration processes in science, education and agricultural
production - a guarantee of successful development of agroindustrial complex: proceedings of the International Scientific and Practical Conference:
in 4 volumes, Volgograd, January 25-27, 2011, vol. 2, Volgograd: Volgograd State Agrarian University, 2011, pp. 146-149.

3Pogosyan D.G., Rybalko M.N. Effect of different levels of protein in diets on metabolism in the body of broiler ducklings / D.G. Pogosyan //
Theoretical and practical aspects of innovative achievements in zootechnics and veterinary medicine: a collection of scientific articles of the All-
Russian scientific and practical conference, Kursk, November 30, 2022 / Kursk State Agricultural Academy named after L.I. Ivanov, 2022, pp. 180-183.

“European Convention for the Protection of Vertebrate Animals Used for Experimental or Other Scientific Purposes (ETS No. 123) (Strasbourg
18.03.1986). URL: http://www.conventions.ru/view_base.php?id=19432).
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For statistical analysis of the results, Micro-
soft Office Excel was used, which performed
calculations of the mean value (M) and standard
deviation (= m). The significance of differences
was determined using the Student's z-test, with
differences considered statistically significant at
p <0.05.

RESULTS AND DISCUSSION

Analyzing the data in Table 2, one can observe
wave-like changes in trypsin activity throughout
all growth periods. There are both declines and
increases in enzyme activity.

The trypsin activity at one day of age was at
the same level across all groups, averaging 1253
+ 109.1 units/l. By the 7th day of age, the ac-
tivity of this enzyme had significantly decreased
by 76.9% (p > 0.05) in the control group, 75.7%
in the first experimental group (p > 0.05), and
79.3% in the second experimental group (p >
0.05) compared to the activity at one day of age.
By the 14th day of age, enzyme activity had sig-

Taba. 2. AKTUBHOCTb TPUIICHHA B IJIa3M€ KPOBU
IBIIIAT-0poitiepoB kpocca «CMeHa-9» mpu pasHOM
YPOBHE IPOTEHHA B palioHe, e11./11

Table 2. Trypsin activity, units/l in blood plasma
of broiler chickens of the cross «Smena-9» at
different levels of protein in the diet

Group
Age, experimental
days control
Ist 2nd

1 1253 £109,1
7 289 +34.4* | 304 £26,2* 259 +24 4%
14 557 +472% | 650=+39,0% | 547 +40,8*
21 360 +33,4% | 455+£37,1*% | 404 +55,3*
28 490 + 56,6* | 684+46,1* | 489 +57,9*
35 352 £31,6% | 289 +£28,7* | 266+ 16,3*

*p > 0,05 compared to the daily age.

nificantly increased by 1.9 times in the control
group and 2.1 times in both experimental groups
compared to the 7th day of age. At 21 days of
age, there was a decrease in enzyme activity
compared to the 14th day of age, amounting to
360.0 £+ 33.4 units/l in the control group, 455.0 +
37.1 units/l in the first experimental group, and
404.0 £+ 55.3 units/I in the second experimental
group. By the 35th day of age, trypsin activity
had almost returned to the levels seen at 7 days
of age. Apparently, changes in enzyme activity
are related to the physiological maturation of the
pancreas.

It should also be noted that there is experi-
mental evidence that digestive enzymes can be
absorbed into the bloodstream, then carried by
the blood to the pancreas and secreted back into
the intestine [10]. Apparently, the increase in this
enzyme with a reduction in protein in the diet at
all growth periods compared to the control group
supports this hypothesis. This is also evident
from the decrease in enzyme activity in the blood
in the second experimental group compared to
the first experimental group, where the enzyme
is likely being returned to the pancreas for activa-
tion to further break down dietary protein.

The biochemical data analysis of the total
protein level is presented in Table 3. The content
of total protein in the serum of broiler chickens
in all groups during the entire observation peri-
od was within the physiological norm. However,
analyzing the age dynamics of total protein con-
tent, a significant (p > 0.05) increase in its level
from 7 days of age compared to one day of age
in all groups at all growth periods can be noted.

Considering that the intensity of protein me-
tabolism in poultry and the level of meat pro-
ductivity are closely related and that the pro-
tein level in the bird's body is regulated by the
central nervous system and hormones, it can be
assumed that the increase in total protein con-
tent in all groups starting from 7 days of age is
related to the enhancement of protein synthesis
under the influence of the protein metabolism
nerve center located in the hypothalamus of the
intermediate brain’.

STsyurik A. V., Bezborodov N.V. Effect of vitamin-mineral complex Mixodil on the hormonal background and protein content in the blood of laying

hens // Vestnik of OSU, 2015, N 6 (181).
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Ta6a. 3. Coaepkanue oO1iero Oenka B ra3me
KPOBH LBIIIAT-OpoiiiepoB kpocca «Cmena-9» mpu
pPa3HOM ypOBHE NPOTEHHA B pallMOHE, I/

Table 3. Total protein content in the blood plasma
of broiler chickens of the Smena-9 cross at different
levels of protein in the diet, g/l

Group
Age,
days control experimental
Ist | 2nd

1 28,3 +0,54
7 359+ 1,27*% | 34,8+ 1,68* | 35,0+1,79*
14 33,7+£0,98*% | 37,1 +£1,28*% | 31,5+1,02
21 32,5+1,03 | 352+0,99* | 37,8+£0,73*
28 33,4+0,95*% | 33,1+0,60* | 35,4+0,72%
35 33,8+ 1,37* | 37,4+0,70% | 37,8+ 1,11*

*p > 0,05 compared to the daily age.

The protein minimum (the amount of pro-
tein necessary to maintain nitrogen balance)
depends on the type of poultry, its physiologi-
cal state, and the level of productivity (intensi-
ty of growth or egg production). For example,
the amino acid requirements of broiler chickens
and turkey poults® are noted to be higher com-
pared to adult poultry. An imbalance of amino
acids disrupts normal growth and development,
decreases poultry resistance to diseases. Excess
protein in the diet overloads the body with pro-
tein degradation products. In this case, during
deamination, urea, sulfuric, and other acids’ are
produced in increased amounts as end products.

Uric acid is the primary product of nitro-
gen-containing compound metabolism in birds.

The amount of uric acid in the blood depends
not only on many factors but also largely on the

amount of protein consumed or the rate of its
breakdown in the body [11].

As seen in Figure 1, at one day and 7 days of
age, the level of uric acid in all studied groups is
approximately at the same level. Starting from
14 days of age until slaughter, a lack of protein in
the diet leads to a decrease in the concentration
of uric acid in the serum. An increase in the con-
centration of this indicator in the blood plasma
of broiler chickens in the second experimental
group compared to the first experimental group
is likely due to an excess of nitrogen, which the
broilers attempted to remove via uric acid, there-
by increasing its content [12].

Alkaline phosphatase is a cellular enzyme,
and the biochemical composition of blood plas-
ma reflects the metabolic situation in tissues, al-
lowing for the assessment of changes in organ
functions and the animal's adaptation to dietary
and physiological challenges [13]. An increased
activity of this enzyme in the blood is universal-
ly recognized as a marker of skeletal or hepato-
biliary diseases [14].

According to our studies, a peak in high activ-
ity of alkaline phosphatase in the control group
(see Fig. 2) occurs on the 7th day, but there is
a gradual decrease afterward. A sharp increase
in phosphatase activity in the blood of broiler
chickens at 14 days of age in all groups indi-
cates intensive growth and development of the
organism. By 21 days of age, there is a decrease
of 40.7% in the first experimental group, while
in the second experimental group, there is an in-
crease of 7.4% compared to the control group.
Apparently, a decrease in the activity of this en-
zyme at 28-35 days of age indicates a slowing of
growth processes.

CONCLUSION

In the blood of broiler chickens during the
post-embryonic period, certain dynamics of
biochemical indicators were observed. Chang-
es in all studied blood parameters indicate the
intensity of growth of broiler chickens in the

®Tarasov N.V. Lysine and methionine in mixed fodder for broilers / Poultry farming, 2009, N 5, pp. 12-15.

"Kryukov V., Bevzyuk V., Polunina S. Selection of feeds with high protein content // Poultry farming, 1997, N 6, pp. 14-16.
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Fig. 2. Alkaline phosphatase activity in the blood plasma of broiler chickens of the Smena-9 cross

at different levels of protein in the diet, units/l

post-embryonic period of ontogeny and the es-
tablishment of their digestive system, which is
fundamental to the growth and development of
the bird.

Reducing the protein level in the diet leads
to an increase in trypsin activity, a decrease in

alkaline phosphatase activity, and a reduction in
uric acid content compared to the control group
at all growth periods.

Increasing the protein level in the diet leads
to an increase in alkaline phosphatase activity at
14 and 21 days of age, a wave-like change in
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trypsin activity at all periods, and an increase in
uric acid content compared to the control group.

Therefore, our experimental data show that
changes in crude protein in the feed for broil-
er chickens of the cross “Smena-9” affect the
biochemical composition of the blood. The
data indicate that reducing crude protein in the
feed through soybean meal has a more benefi-
cial effect on the overall condition of the bird
than increasing it. It is essential to ensure that
there are no changes in the metabolic energy and
nutritional value of the diet due to other com-
ponents of the feed. It can be suggested that in
the future, blood parameters in poultry could be
used as a biochemical criterion of feeding ade-
quacy and as markers of the physiological state
of high-producing birds.

CIIUCOK JIUTEPATYPbI

1. Lee C.Y, Song A.A., Loh T.C., Abdul Rahim R.
Effects of lysine and methionine in a low crude
protein diet on the growth performance and gene
expression of immunity genes in broilers // Poul-
try Science. 2020. N 99 (6). P. 2916-2925. DOI:
10.1016/j.psj.2020.03.013.

2. Massuquetto A., Panisson J.C., Schramm V.G.,
Surek D., Krabbe E.L., Maiorka A. Effects of
feed form and energy levels on growth perfor-
mance, carcass yield and nutrient digestibility in
broilers. Animal. 2020. N 14 (6). P. 1139-1146.
DOI: 10.1017/S1751731119003331.

3. Kwiecien M., Winiarska-Mieczan A., Danek-
Majewska A., Kwiatkowska K., Krusinski R. Ef-
fects of dietary alfalfa protein concentrate on li-
pid metabolism and antioxidative status of serum
and composition and fatty acid profile and an-
tioxidative status and dietetic value of muscles
in broilers // Poultry Science. 2021. N 100 (4).
P. 100974. DOLI: 10.1016/j.psj.2020.12.071.

4. Watanabe G., Kobayashi H., Shibata M., Kubo-
ta M., Kadowaki M., Fujimura S. Reduction in
dietary lysine increases muscle free amino acids
through changes in protein metabolism in chi-
ckens // Poultry Science. 2020. N 99 (6). P. 3102—
3110. DOI: 10.1016/5.psj.2019.11.025.

5. Cartoni Mancinelli A., Mattioli S., Twining C.,
Dal Bosco A., Donoghue A.M., Arsi K., Angeluc-
ci E., Chiattelli D., Castellini C. Poultry Meat
and Eggs as an Alternative Source of n-3 Long-
Chain Polyunsaturated Fatty Acids for Human
Nutrition // Nutrients. 2022. N 14 (9). P. 1969.

DOI: 10.3390/nu14091969.

6. Kowaee U.A., Psaouuckas A.A., Tamvsanuue-
6a O.E. Viconp30BaHUE B ITUIIEBOACTBE CYXOTO
CBEKJIOBHYHOTO jkoMa: MoHorpadwus. Exkatepun-
Oypr: M3narensckue pemenns, 2019. 110 c.

7. Temupaes PbB., Kaupos A.B., llocoesa ©.H.
Mopdonoruueckuii 1 OMOXMMHUYECKUH COCTaB
KPOBH MSICHOM NTHIIBI MPU NMPUMEHEHUH B pa-
IIHOHAX OMOJIOTHYECKHN aKTUBHBIX MTPenapaTos //
W3Bectus Topckoro rocyaapcTBEHHOrO arpap-
Horo yHuBepcurera. 2019. T. 56. Ne 1. C. 91-97.

8. Mirsaiidi Farahani M., Hosseinian S.A. Effects
of dietary stinging nettle (Urtica dioica) on hor-
mone stress and selected serum biochemical
parameters of broilers subjected to chronic heat
stress // Vet Med Sci. 2022. N 8 (2). P. 660-667.
DOI: 10.1002/vms3.721.

9. E¢umos J].H. PyxoBoncTBo 1o padote ¢ nruiei
MsICHOTO Kpocca «CMmeHa-9» ¢ ayToCeKCHOM Ma-
TepuHCKOW poxuTenbekoit Gopmoii /[.H. Edu-
MoB, A.B. Eropoga, )X.B. Emanyiinosa u zip.; oz
penaxuueit akanemuka PAH ®ducununa B.U.:
monorpadusi. Ceprues [locan, 2021. 95 c.

10. Kyzomuna HU.B., Osuunnuxosa H.B., Tonnwi-
2o C.M. AXTUBHOCTB TIPOTEONUTHIECKOTO (hep-
MEHTa TPUIICHHA B CHIBOPOTKE KPOBH y KPbIC B
YCIIOBUSIX BOJHOW WM THINEBOH JemnpuBaiuu //
Bronnerens skcriepuMeHTaNbHOH OHONOTHH U
meaniuael. 2023. T. 175. Ne 5. C. 540-544. DOI:
10.47056/0365-9615-2023-175-5-540-544.

11. Abou-Elkhair R., Ahmed H., Ketkat S., Selim S.
Supplementation of a low-protein diet with
tryptophan, threonine, and valine and its im-
pact on growth performance, blood biochemical
constituents, immune parameters, and carcass
traits in broiler chickens // Vet World. 2020.
N 13 (6). P. 1234-1244. DOI: 10.14202/vet-
world.2020.1234-1244.

12. Kriseldi R., Tillman P.B., Jiang Z., Dozier W.A.
Effects of feeding reduced crude protein diets
on growth performance, nitrogen excretion, and
plasma uric acid concentration of broiler chicks
during the starter period // Poultry Science.
2018. N 97 (5). P. 1614-1626. DOI: 10.3382/ps/
pex395.

13. Viana E.F., Carvalho Mello H.H., Carvalho F.B.,
Café M.B., Leandro N.S.M., Arnhold E., Strin-
ghini J.H. Blood biochemical parameters and
organ development of brown layers fed reduced
dietary protein levels in two rearing systems //
Animal Bioscience. 2022. N 35 (3). P. 444-452.
DOI: 10.5713/ab.21.0145.

300TEXHUS U BETEPUHAPHS

CHOUPCKHI BECTHHK CEITbCKOXO3SHCTBEHHON HayK ® 2024 ¢ 54 ¢ 3 43



Biochemical indices of blood protein metabolism as criteria
of broiler nutrition adequacy

Kuzmina I.V., Ovchinnikova N.V.

14. Siller A.F., Whyte M.P. Alkaline Phosphatase:

Discovery and Naming of Our Favorite En-
zyme // Journal Bone Miner Researcher. 2018.
N 33 (2). P. 362-364. DOI: 10.1002/jbmr.3225.

REFERENCES

1.

Lee C.Y., Song A.A., Loh T.C., Abdul Rahim R.
Effects of lysine and methionine in a low crude
protein diet on the growth performance and gene
expression of immunity genes in broilers. Poul-
try Science, 2020, no. 99 (6), pp. 2916-2925.
DOI: 10.1016/].psj.2020.03.013.

Massuquetto A., Panisson J.C., Schramm V.G.,
Surek D., Krabbe E.L., Maiorka A. Effects of
feed form and energy levels on growth perfor-
mance, carcass yield and nutrient digestibility
in broilers. Animal, 2020, no. 14 (6), pp. 1139—
1146. DOI: 10.1017/S1751731119003331.
Kwiecien M., Winiarska-Mieczan A., Danek-
Majewska A., Kwiatkowska K., Krusinski R.
Effects of dietary alfalfa protein concentrate on
lipid metabolism and antioxidative status of se-
rum and composition and fatty acid profile and
antioxidative status and dietetic value of muscles
in broilers. Poultry Science, 2021, no. 100 (4),
p- 100974. DOI: 10.1016/j.psj.2020.12.071.
Watanabe G., Kobayashi H., Shibata M., Kubo-
ta M., Kadowaki M., Fujimura S. Reduction in
dietary lysine increases muscle free amino acids
through changes in protein metabolism in chick-
ens. Poultry Science, 2020, no. 99 (6), pp. 3102—
3110. DOI: 10.1016/j.psj.2019.11.025.

Cartoni Mancinelli A., Mattioli S., Twining C.,
Dal Bosco A., Donoghue A.M., Arsi K., Ange-
lucci E., Chiattelli D., Castellini C. Poultry Meat
and Eggs as an Alternative Source of n-3 Long-
Chain Polyunsaturated Fatty Acids for Human
Nutrition. Nutrients, 2022, no. 14 (9), p. 1969.
DOI: 10.3390/nu14091969.

Koshchaev I.A., Ryadinskaya A.A., Tatyaniche-
va O.E. Use of dry beet pulp in poultry farming.
Ekaterinburg, Publishing Solutions, 2019, 110 p.
(In Russian).

Temiraev R.B., Kairov A.V., Tsogoeva F.N.
Blood morphology and biochemistry of meat
poultry when using biologically active prepa-
rations in their diets. Izvestiya Gorskogo gosu-
darstvennogo agrarnogo universiteta = Proce-
edings of Gorsky State Agrarian University,
2019, vol. 56, no. 1, pp. 91-97. (In Russian).

8.

10.

11.

12.

13.

14.

Mirsaiidi Farahani M., Hosseinian S.A. Effects
of dietary stinging nettle (Urtica dioica) on hor-
mone stress and selected serum biochemical
parameters of broilers subjected to chronic heat
stress. Vet Med Sci, 2022, no. 8 (2), pp. 660—667.
DOI: 10.1002/vms3.721.

Efimov D.N. Guide to work with poultry of meat
cross "Smena 9" with autosex maternal parental
form / D.N. Efimov, A.V. Egorova, J.V. Emanuy-
lova et al.; edited by Academician of the Russian
Academy of Sciences Fisinin V.I. Sergiev Posad,
2021. 95 p. (In Russian).

Kuz'mina I.V., Ovchinnikova N.V., Tolpygo S.M.
Activity of proteolytic enzyme trypsin in blood
serum in rats under conditions of water and
food deprivation. Byulleten' eksperimental'noi
biologii i meditsiny = Bulletin of Experimental
Biology and Medicine, 2023, vol. 175, no. 5,
pp. 540-544. (In Russian). DOI: 10.47056/0365-
9615-2023-175-5-540-544.

Abou-Elkhair R., Ahmed H., Ketkat S., Se-
lim S. Supplementation of a low-protein diet
with tryptophan, threonine, and valine and its
impact on growth performance, blood bioche-
mical constituents, immune parameters, and car-
cass traits in broiler chickens. Vet World, 2020,
no. 13 (6), pp. 1234-1244. DOI: 10.14202/vet-
world.2020.1234-1244.

Kriseldi R., Tillman P.B., Jiang Z., Dozier W.A.
Effects of feeding reduced crude protein diets
on growth performance, nitrogen excretion, and
plasma uric acid concentration of broiler chicks
during the starter period. Poultry Science, 2018,
no. 1, no. 97 (5), pp. 1614-1626. DOI: 10.3382/
ps/pex395.

Viana E.F., Carvalho Mello H.H., Carvalho F.B.,
Café M.B., Leandro N.S.M., Arnhold E., Strin-
ghini J.H. Blood biochemical parameters and
organ development of brown layers fed reduced
dietary protein levels in two rearing systems.
Animal Bioscience, 2022, no. 35 (3), pp. 444—
452.DOI: 10.5713/ab.21.0145.

Siller A.F., Whyte M.P. Alkaline Phosphatase:
Discovery and Naming of Our Favorite Enzyme.
Journal Bone Miner Researcher, 2018, no. 33(2),
pp. 362-364. DOI: 10.1002/jbmr.3225.

44

Siberian Herald of Agricultural Science * 2024 « 54 « 3

Zootechnics and veterinary medicine



Buoxumuyeckue nokasarenu 6e1KoBoro oOMeHa KpoBH Kyspmuna U.B., OBunnHuKOBa H.B.
KaK KPUTEPHUH MOJTHOLIEHHOCTU KOPMJICHHS OpoiiiepoB

NH®OPMALNSA OB ABTOPAX AUTHOR INFORMATION

(x)Ky3pmuna U.B., xannunar OHOJIOTHYECKUX 1Irina V. Kuzmina, Candidate of Science
HayK, MJIQAIINA HAay4YHBIH COTPYIHUK; aapec Aas in Biology, Junior Researcher; address: 10, Ptit-
nepenncku: Poccus, 141311, MockoBckast o0nacth, segradskaya St., Sergiev Posad, Moscow region,
. Ceprues Ilocan, yn. IItunerpaackas, 10; e-mail:  141311; e-mail: irina.kisloval606198@yandex.ru
irina kisloval606198@yandex.ru Natalya V. Ovchinnikova, Junior Researcher

OpuunHukoBa H.B., Mnammuii Hay4dHBIA CO-

TPYAHUK
Jama nocmynnenuss cmamou / Received by the editors 08.08.2023

Jlama npunsmus k nyoauxayuu / Accepted for publication 25.09.2023
Jlama ny6nuxayuu / Published 22.04.2024

300TEXHUS U BETEPUHAPHS CHOUPCKHI BECTHHK CEITbCKOXO3SHCTBEHHON HayK ® 2024 ¢ 54 ¢ 3 45



https://doi.org/10.26898/0370-8799-2024-3-5 Twrr cTaTeu: OpUTHHATBHAS
VIIK: 636.082:636.22 Type of article: original

I'EMATOJIOT'HYECKUE ITOKA3ATEJIN KPOBH TEJIOK
PA3JIMYHBIX JIMHUM KA3AXCKOM BEJIOIOJIOBOM IMOPO/IbI

<) Trounedaes C.J., Hyp:kanos b.C.

DedepanbHblil HAYYHBIL YeHMP OUOTOSUYECKUX CUCTeM
u acpomexnonozuil Poccutickotl akademuu HayK
Openodypr, Poccus

(X)e-mail: s-tyulebaev(@mail.ru

OnbIT 3aB03a UMIIOPTHBIX BBICOKONIPOLYKTHBHBIX IPOU3BOIUTENCH MTOKa3al HEIOCTATKH AaHHON
NPaKTUKH, 00yCIIOBICHHBIC HU3KOH aJanTauueil 3aBe3¢HHbBIX KUBOTHBIX U TPYAHOCTSMH UX IOJHO-
LHEHHOW aKKJIMMAaTH3alUi K HOBBIM YCJIOBHSIM COACpKaHMS M KOpMJIeHUs. B pesynbrare B Jydiiem
Cllydae 3TO HE MO3BOJISICT PEaqn30BaTh UX MOTEHIMAN, B XYIIIEM — CIOCOOCTBYET TOMY, YTO OHH
OBICTPO BHIOBIBAIOT U3 TIPOIIECCA BOCIIPOM3BOACTBA. OTEUECTBEHHBIE MTOPOIBI IPHUCIIOCOOICHBI K yC-
noBusM Poccun, oHaKoO HYIAKOTCsl B COBEPILIEHCTBOBAHUY IPOLYKTUBHBIX KauecTB. IlosTomy ce-
JIEKIIMOHHO-IUIEMEHHAsl paboTa UMEET KIIIOUEBOE 3HAYCHUE B TEXHOJIOTMYECKOM Pa3BUTHU OTPACIH
MSICHOTO CKOTOBOJICTBA Halleil cTpanbl. Hamu Obun mpoBeAeHb! MCCIe0BaHUS Ha TEJIKaX Ka3aXCKOH
OernoronoBoii nopoxsl tuHui Honrysa 7139, Koponst 13682HB-6 u 3omnororo 3423 B ycnosusx CIIK
(konmx03) «AHUXOBCKHI» AnamoBckoro paiioHa OpenOyprckoi obmactu. OT6op mpod KpoBU y Te-
JIOK TIPOBOAMIIN B 15-Mecs4HOM BO3pacTe yTpOM 10 KOpMIICHHS U3 apeMHOH BeHsI (17 = 18). Kposb,
IPEAHA3HAYECHHYIO U1 MOP(OJIOrHUECKUX HCCIEN0BaHUMN, TIOMEIIAIN B BAKYYMHbIE IIPOOUPKH C aH-
TUKOAryJISIHTOM, JUIl OMOXMMHYECKUX — B IPOOUPKH C aKTMBATOPOM KOATYJISIIMU. YCTaHOBIICHO, YTO
TEJKH JIMHUM 30510T0r0 3423 peBOCXOAMIIN )KUBOTHBIX JpyTruX JuHUM. Hanpumep, npencraBuress-
HUIIBI TaHHOHM JIMHUM MPEBOCXOAMIN TeJIOK JuHuK JoHry3a 7139 no comepkaHHIO B KPOBU OOILETo
oenka (79,9 r/n) Ha 5,6%, ansoymunoB (36,8 /1) — Ha 6,35%, ACT (27,8 En/n) — na 4,27%, AJIT
(105 En/n) — na 14,2%, sputpountos (5,67 - 10'? xki/n) — na 15,24%, remormobuna (79,6 r/m) — Ha
12,42%, 9T0 CBUIETENHCTBYET O BRICOKOH CKOPOCTH META00IN3Ma U OKUCITUTEIHFHO-BOCCTAHOBHUTEIh-
HBIX IIPOLIECCOB B UX OPraHU3ME U UCKJIIOYACT CKPBITHIC PUCKHU 10 YCTOMYMBOCTH, aJallTAPOBAHHOCTH
reHo(OH/1a HOBOH CEJICKUMOHHOW (OPMBL. YUHUTHIBAsl NPUBEICHHBIC B HAIICH MPEbIAYILEH cTaThe
MOKa3aTeNl IPOAYKTUBHOCTH, a TAKXKe IMOJyYeHHBIE B IPOLIECCE JAHHOTO CCIE0BAaHHS PE3YIIbTATHI,
MEPCICKTUBHBIMU B CEJICKIIMOHHO-TIJIEMEHHOH paboTe CO CTaJ0M Ka3axCKOro OElIoroj0BOr0 CKOTAa B
yenoBusix CIIK sBIsitOTCS cO3MaHNE U YBETUUICHUE YUCICHHOCTH KUBOTHBIX JIWHUU 30510TOTO 3423,

KuroueBbie ¢j10Ba: KPYITHBIN POTATHIi CKOT, Ka3axcKasi 0€I0T0I0Bas IOPOJa, JIMHIS, TEJIKH, TeMa-
TOJIOIMYECKHE TIOKA3aTENH, CEJICKIMS, aJallTUBHOCTh

HEMATOLOGICAL PARAMETERS OF BLOOD OF THE HEIFERS
OF DIFFERENT LINES OF THE KAZAKH WHITE-HEADED BREED

(<) Tyulebaev S.D., Nurzhanov B.S.

Federal Research Centre of Biological Systems and Agrotechnologies of the Russian Academy
of Sciences

Orenburg, Russia

(<De-mail: s-tyulebaev(@mail.ru

The experience of importing high-yielding foreign producers has shown the disadvantages of this
practice due to low adaptation of the imported animals and difficulties in their full acclimatization
to new conditions of housing and feeding. As a result, at best it prevents them from realizing their
potential, at worst it contributes to their rapid drop out of the reproduction process. Domestic breeds
are adapted to Russian conditions, but need to improve their productive qualities. Therefore, selection
and breeding work is of key importance in the technological development of the beef cattle breeding
industry of our country. We conducted studies on the heifers of the Kazakh white-headed breed of the
Donguz 7139, Korol 13682NV-6 and Zolotoi 3423 lines in the conditions of the APC (collective farm)
"Anikhovsky" of the Adamovsky district of the Orenburg region. Blood sampling of the heifers at 15
months of age (n = 18) was carried out in the morning before feeding from the jugular vein, for mor-
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phological studies — in vacuum tubes with an anticoagulant, for biochemical — with a coagulation acti-
vator. It was found that the heifers of the Zolotoi 3423 line surpassed the animals of the Donguz 7139
line in blood content of total protein (79,9 g/1) by 5.6%, albumins (36,8 g/1) by 6.35%, AST (27,8 Un/l)
by 4.27%, ALT (105,0 Un/l) by 14.2%, erythrocytes (5,67 - 10'2 cells/l) by 15.24% and hemoglobin
(79,6 g/l) by 12.42%, that indicates a high rate of metabolism and redox processes in their body and
eliminates the hidden risks of stability, adaptability of the gene pool of a new breeding form. Taking
into account the productivity indicators given in the previous article, as well as the results obtained in
the course of the present study, the creation and increase in the number of animals of the Zolotoi 3423
line is promising in breeding and breeding work with a herd of the Kazakh white-headed cattle in the

APC (collective farm).

Keywords: cattle, Kazakh white-headed breed, line, heifers, hematological parameters, breeding,

adaptability
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INTRODUCTION

It is crucial that in Russian beef cattle farming,
breeding animals that are adapted to the climat-
ic conditions of our country and distinguished
by high productivity predominate. This can be
achieved not merely by importing livestock
from abroad, but through scientifically ground-
ed use of genetics from foreign breeds and the
improvement of domestic ones. Significant im-
portance in creating high-quality breeding herds
and improving the breed quality of agricultural
animals is given to breeding methods' [1-3].

Domestic and international practices have
shown that the primary method in breeding
livestock should be purebred breeding by lines.
Purebred animals can stably transmit their qual-
ities and produce highly productive offspring
when crossbred. Enhancement of breeding and
productive qualities is achieved through system-

atic selection and matching, as well as improving
feeding and maintenance of the livestock [4-8].

In selecting new forms (lines, types, etc.),
breeders focus on the characteristics they wish
to obtain and develop in the animals. These traits
are concentrated in parental forms carrying a
specific genotype. Creating a related group with
the necessary characteristics and further breed-
ing such animals promote the consolidation of
heredity, determining the expression of these
traits in the given population, which is precisely
what breeders need. At the same time, in the case
of linebred animals, heredity characterized by
high indicators of external trait expression might
suggest the possibility of a different response to
external stimuli (climate, housing conditions,
feeding, etc.), hidden in the internal indicators.
Therefore, the best criteria for the successful de-
velopment of the obtained genotype in specific

"Tyulebaev S.D., Kanatpayev S.M., Nurpisov I.B., Karsakbaev A.B. “Bredinsky meat” type of the Simmental breed — a new direction in beef cattle
breeding in Russia / Herald of Beef Cattle Breeding, 2009, vol. 4, N 62, pp. 109-112.
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local conditions are the harmony of the internal
environment of the animal's body and the stabil-
ity of internal indicators. Thus, blood is a vital
medium for all cells, tissues, and organs of ani-
mals. Through it, the most important property of
matter—metabolism—is realized. Blood deliv-
ers nutrients and oxygen to body cells, removes
metabolic products and carbon dioxide. Further-
more, it participates in maintaining the balance
of the body's hormonal function and regulating
the immune system.

Blood, while maintaining a certain consisten-
cy of composition, is a highly labile system that
reflects oxidative-reductive processes occurring
in the body, as well as the metabolism of sub-
stances depending on the variability of external
conditions. In this context, there are values be-
yond which hematological indicators cross in
cases of reduced immunity or the presence of
disease? [9]. This quality of blood is utilized in
biology, medicine, and veterinary science, pro-
viding the ability to monitor organism develop-
ment and regulate the processes of forming ani-
mal productivity indicators.

The purpose of the study is to investigate the
hematological indicators of heifers of the Ka-
zakh white-headed breed from various forming
lines.

MATERIAL AND METHODS

The subjects of the study were heifers of the
Kazakh white-headed breed from the Donguz
7139, Korol 13682HB-6, and the newly created
Zolotoi 3423 lines.

Animal procedures were carried out in accor-
dance with the instructions and recommenda-
tions contained in the USSR Ministry of Health
Order "On Measures to Further Improve Orga-
nizational Forms of Work with Experimental
Animals" No. 755 dated August 12, 1977, and
the "Guide for the Care and Use of Laboratory
Animals" (1996). In doing the research efforts
were made to minimize animal suffering, and the
minimum possible number of samples was used.

During the experiment, 54 clinically healthy
Kazakh white-headed heifers were divided into
three groups (18 each): 1st — Donguz 7139 line,
2nd — Korol 13682HB-6, 3rd — Zolotoi 3423.
The study was conducted at the APC (collective
farm) "Anikhovsky" in the Adamovsky district
of the Orenburg region. The duration of the ex-
periment was 212 days (from 8 to 15 months of
age). Blood samples were taken from 15-month-
old heifers (6 from each group). Sampling was
done once in the morning before feeding and
watering from the jugular vein. Blood used for
morphological studies was placed in vacuum
tubes with anticoagulant (EDTA), and for bio-
chemical studies, in tubes with coagulation acti-
vator (silica dioxide — SiO,).

For the selection-genetic evaluation of lines,
primary documentation on zootechnical and
breeding records adopted on the farm was used.
Animal groups were formed according to the
pair-analogs method and were maintained ac-
cording to specialized meat livestock technol-
ogy. The line testing was carried out based on
the methodologies and instructions of the State
Variety Commission of the Russian Federation.

The study of animal biosubstrates (n = 18)
was conducted using equipment at the Test-
ing Center of the CUC of Biological Systems
and Agrotechnologies of the Russian Acad-
emy of Sciences (accreditation certificate Ne
RA.RU.21PF59 dated October 12, 2015)°. The
physiological health status of the animals was
monitored throughout the experiment. Morpho-
logical blood parameters were determined using
an automatic hematological analyzer URIT-
2900 Vet Plus (URIT Medical Electronic Co.,
Ltd., China). Biochemical analysis of the blood
serum was conducted on an automatic biochem-
ical analyzer DIRUI CS-T240 (Dirui Industrial
Co., Ltd., China) using commercial veterinary
biochemical kits from DiaVetTest (Russia). Bio-
chemical parameters of blood included determi-
nation of total protein, albumin, creatinine, urea,
direct bilirubin, cholesterol, lactate dehydroge-
nase (LDH), glucose, aspartate aminotransferase

*Ayadi O., Gharbi M., Benchikh-Elfegoun M.C. Haematological and biochemical indicators of tropical the ileriosis diseased cattle in wilaya of
Sétif (North East Algeria) // Journal Parasitic Diseases, 2017, N 41 (2), pp. 538-542.

SURL: www.uKn-6¢t.pd.
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(AST), alanine aminotransferase (ALT), and etc.

Statistical processing was performed using
IBM SPSS Statistics 20 software. The level of
significance was considered statistically signif-
icant at p < 0.05.

RESULTS AND DISCUSSION

Due to the possibility of presenting some in-
dicators in a diagram form, we have changed the
usual sequence of material presentation. Con-
sidering the key properties of blood, we studied
its morphological and biochemical indicators,
which for all presented parameters did not ex-
ceed the reference intervals for cattle [10]. Heif-
ers of the Korol 13682HB-6 and Zolotoi 3423
lines surpassed their peers from the Donguz
7139 line in the accumulation of transaminase
enzymes (AST and ALT), which characterize the

rapidity of lipid metabolism in the body (see the
table).

The young stock of the Donguz 7139 line
was inferior in AST content to the heifers of
the Korol 13682HB-6 line by 0.49%, and to the
Zolotoi 3423 line by 4.27%; in ALT by 3.29%
and 14.40% respectively (p < 0.05). The highest
amount of direct bilirubin was recorded in the
heifers of the Donguz 7139 line — 2.10 pmol/l,
they surpassed animals of the Korol 13682HB-6
and Zolotoi 3423 lines by 9.5% and 21.9% re-
spectively (p <0.01).

One of the most important properties of blood
is the supply of oxygen to the body tissues. An-
alyzing the blood parameters of heifers across
the three lines, it is evident that the number of
erythrocytes in animals of the Korol 13682HB-
6 and Zolotoi 3423 lines is higher by 16.05%
(p <0.01) and 15.24% (p < 0.01) respectively,

I'emaronorunueckue moxaszarenu 15-MeCSUHBIX TEJIOK Ka3aXCKOM OeI0roI0BOM MOPOIbI
Hematological parameters of 15-month-old heifers of the Kazakh white-headed breed

Line

Indicator Donguz 7139 Korol 13682HB-6 Zolotoi 3423
ALT, units/I 24,30 + 0,79 25,10 +2,01 27,80 £ 1,112
AST, units/I 100,70 = 0,99 101,20 + 1,29 105,00 + 1,312
Direct bilirubin, pmol/l 2,10+£0,132 1,90 + 0,159 1,64 +£0,114>°
Creatinine, pmol/l 144,20 + 6,12 140,90 + 8,98 160,50 + 4,28
Leukocytes, 10° kl/1l 6,42 +0,51 7,50 £ 0,76 7,10 £ 0,63
Lymphocytes, % 60,80 + 8,83 44,70 £ 6,76 37,90 + 8,20
Monocytes, % 18,98 + 0,98 15,44 + 0,95 17,40 + 1,05
Granulocytes, % 20,22 +£7,56 39,86 + 8,84 44,62 £ 12,78
Erythrocytes, 102 kl/1 4,92 +0,17 5,71 +£0,31° 5,67 +0,21°
Hematocrit, % 21,30+ 0,88 22,80 + 0,97 23,38+ 1,21
Average erythrocyte volume, fl 43,30 £ 0,98 40,20 £ 1,41 41,40 £ 1,02
Average hemoglobin content in the cell, pg 14,32 £ 0,41 13,40 £0,32 14,02 £ 0,29
Red blood cell distribution accuracy, % 20,00 £ 0,31 19,50 £ 0,37 20,16 £ 0,35
Red blood cell distribution width, fl 30,10 £ 1,02 27,00 £ 1,43 28,0+ 0,93
Thrombocytes, 10° kl/1 245,40 £ 11,3 213,80 £ 15,6 225,20+ 13,9
Average thrombocyte volume, fl 9,40 +0,32 9,30 +0,29 10,10 £ 0,34

°p < 0,05 (to the 1st group).
°» < 0,05 (to the 2nd group).
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compared to representatives of the Donguz 7139
line.

Animals of the Donguz 7139 line outper-
formed heifers of the Zolotoi 3423 and Korol
13682HV-6 lines by 0.3 and 0.92 pg (2.1 and
6.9%) in average cellular hemoglobin concen-
tration, respectively (with a non-significant dif-
ference).

In terms of platelet content, the animals of
the Donguz 7139 line had superiority over the
representatives of the Zolotoi 3423 and Korol
13682HV 6 lines by 31.6 - 109 kl/1 (12.8%) and
20.2 - 109 kl/1 (8.2%), respectively (with an un-
reliable difference).

The highest percentage of lymphocytes was
found in the blood of heifers of the line Donguz
7139 — 60.8%, while this average indicator var-
ied within 37.9 —44.7% in animals of the line
Korol 13682HV-6 and Zolotoi 3423. Due to the
high variability of the trait, the reliability of dif-
ferences was not revealed.

The mean platelet volume was within the nor-
mal range and ranged from 9.3 to 10.1 fl. The
relative volume of platelets by lines differed in-
significantly.

The ability of animals to convert feed protein
into body proteins is evidenced by the amount
of total protein in blood serum. Thus, the high-
est concentration of total protein in blood se-

Albumi gg g
umin ,
-

rum was found in the animals of the lines Korol
13682HV-6 and Zolotoi 3423 — by 6.7 (p < 0.05)
and 5.6% (p < 0.05) more relative to the animals
of the line Donguz 7139 (see Fig. 1). Moreover,
the increase in the content of total protein was
at the expense of an almost uniform increase in
albumin.

In the course of the study, it was found that
a greater amount of albumin was in the blood
serum of heifers of the Korol 13682HV-6 and
Zolotoi 3423 lines. According to this indicator,
the animals of Donguz 7139 line lagged behind
them respectively by 4,04 (p > 0,05) and 6,35%
(p £0,05).

The highest hemoglobin content was observed
in the blood of the representatives of the line Zo-
lotoi 3423 — by 3.10 (»p > 0.05) and 12.42% (p <
0.05) more than in the lines of Korol 13682HV-6
and Donguz 7139.

The lowest amount of urea was recorded in
the blood of heifers of the Donguz line 7139 —
by 9.4 (p > 0.01) and 16.9% (p > 0.01) less than
the indicators for the lines of Korol and Zolotoi
(with unreliability of the difference) (see Fig. 2).

The highest concentration of cholesterol was
observed in the heifers of the Korol 13682HB-6
lines: by this indicator they surpassed the com-
pared lines by 7.36 and 10.76%. Glucose content
in blood serum of the heifers varied from 1.61 to
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Hemoglobin 77,2
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Fig. 1. Protein and hemoglobin concentration in the blood of heifers of different lines
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1.76 mmol/l depending on the lines. However,
the difference was not significant for these indi-
cators as well.

The practice of breeding cattle of foreign se-
lection in Russia shows some vulnerability of
such animals in terms of resistance to climatic
conditions of our country.

It is possible to indirectly judge the resistance
of the organism, immune system to unfavorable
factors on the basis of the analysis of blood pa-
rameters and stability of its composition. Cur-
rently, it is more appropriate to breed beef cat-
tle of domestic selection as more adapted to our
conditions in the conditions of farms [11, 12].
One of such breeds of domestic selection is the
Kazakh white-headed cattle.

Creation of breeder lines on the basis of re-
lated groups of high-class stud bulls is of great
importance for the improvement of the whole
breed. In order to consolidate the features of the
line at the first stage of its creation it is important
to study hematological parameters of progeny,
to exclude hidden risks on stability, adaptability
of the gene pool of the new breeding form. In
addition, the content of total protein, albumin,
erythrocytes and hemoglobin in the blood can be
judged on the intensity of metabolic processes in
the body and average daily live weight gain [13].

Urea

In our experiment heifers of the line Zolotoi
3423 had superiority over their peers of the line
Donguz 7139 bred in the farm in the following
parameters: total protein — by 5.60%, albumin
— by 5.97, erythrocytes — by 15.24, hemoglobin
— by 12.42%. The number of erythrocytes and
hemoglobin concentration in the blood of the
animals of the Korol 13682HV-6 line were high-
er by 16.05 and 9.03%, respectively (p < 0.05)
compared to the heifers of the Donguz 7139 line.
The increase in the content of total protein and
albumin fractions in the animals of the line Zo-
lotoi 3423 is a biochemical confirmation of high
average daily gains. And it agrees with the data
of our previous studies [14].

V.G. Oguy and T.V. Kureninova also found
that a higher level of hemoglobin and erythro-
cytes ensures high productivity of cattle [15].

CONCLUSIONS

1. Blood parameters of the animals of differ-
ent lines did not exceed the reference intervals
and corresponded to the values typical for the
animals bred under comfortable environmental
conditions.

2. There were small differences between the
indicators of the heifers of different groups. In
particular, it was found that the representatives
of the line Zolotoi 3423 surpassed the animals

6,20
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3,15
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Glucose 1,61
1,72

[ Zolotoi line 3423
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Puc. 2. KOHI_ICHTpaI_II/IH MOYCBUHBI, XOJICCTCPHUHA U TJTIFOKO3bI B KPOBU TCJIOK PA3HBIX JIMHUN

Fig. 2. The content of urea, cholesterol and glucose in the blood of heifers of different lines
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of the line Donguz 7139 in blood content of total
protein (79.9 g/1) by 5.6%, albumin (36.8 g/l) —
by 6.35%, AST (27.8 U/l) — by 4, 27%, ALT (105
U/l) — by 14,2%, erythrocytes (5,67 - 1012 kl/1) —
by 15,24%, hemoglobin (79,6 g/l) — by 12,42%,
that testifies about high speed of metabolism and
redox processes in their organism.

3. On the basis of the conducted research it
is established that the heifers of the created line
(Zolotoi 3423) by the level of hematological
parameters are not inferior to the line of Korol
13682NV-6 and significantly surpass the line
Donguz 7139, which allows, taking into account
the data of our previously published articles on
productivity, to recommend animals of this line
for breeding and replication in the stud flock.
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YACTOTA BBIJIEJJEHUS BAKTEPUM CLOSTRIDIUM SPP. U UX ACCOIIMAIIAM
ITPHU PA3JINYHBIX ®OPMAX KJIOCTPUINO3A KPYITHOT'O POI'ATOI'O CKOTA

Cynopruna T.E., CX)I'norosa T.U., Hedenuenko A.B., Korenesa C.B., Beabkep J.A., [l1oToB A.T.
Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexuonozuti Poccutickou akademuu Hayk
HoBocubupckast ob6nacts, p.in. Kpacnoo6ck, Poccus

(<) e-mail: t-glotova@mail.ru

B crarbe npencrasnensl pe3ynbrarsl BelaeneHus oaxkrepuit Clostridium spp. 1 UX accouuanni ot
KPYITHOTO POTaToro CKOTA C Pa3IMYHBIMU KIMHMYECKMMHU (opMamu KiIocTpuanosa. bakrepuonoru-
yeckumu metofamu ¢ 2016 mo 2023 1. uccienosanu 910 nmpo6 Onomarepuala, OTOOpPaHHBIX OT KOPOB,
HeTeJel M TeJIAT B BO3pacTe 10 6 Mec, a TakkKe OT MEPTBOPOXKICHHBIX TENSAT M a0OPTUPOBAHHBIX
IUIOZIOB NP MATOJIOTHSIX BOCIIPOM3BOACTBA y KOPOB. B aTHOMOrMM KIOCTPUAMO30B KPYIHOTO pOTa-
TOrO CKOTa OCHOBHAsl POJIb IPUHAMIESKUT caenytomuM Bunam: C. perfringens, C. septicum, C. novyi
(C. oedematiens), C. histolyticum n C. sordellii. OT xOpoB u HeTene dare Bcero Beiaemsmu C. Ais-
tolyticum (65,2%), C. septicum (45,6), C. perfringens (29,7) u C. sporogenes (26,1), pexe — C. sor-
dellii (1,7) n C. novyi (0,9%). [lpu sHTEpOTOKCEMHHU U FHTEPUTE OT )KUBOTHBIX BBLACISUIN OAKTEpPUU
Clostridium spp. 1eCTH BUJOB, IPX BarMHUTE M SHAOMETpUTE — IATH. llpu Apyrux KIMHUYECKUX
(dopmax 3aboseBaHHs OT KOPOB M HETEJed M30IMpoBaIM OaKTepuH deThipex BuaoB. CriekTp Oakre-
pHii, y4acTBYIOILMX B Pa3BUTHH aOOMa3uTa, SHTEPUTA U SHTEPOTOKCEMHHU Y TEIST, ObUT OIMHAKO-
BBIM U IIpEACTaBIEH YeThIpbMs Buaamu Oaktepuii: C. histolyticum, C. septicum, C. perfringens u
C. sporogenes. bakrepun msaTH BUI0B U30JIMPOBAJIN OT TEJISAT C CENTUUECKOW (hopmoii 3a00meBaHMs.
Oco0eHHOCTH KIMHUYECKOTO MPOSBICHUS U TEUCHHS KJIOCTPHIMO30B y KPYHHOIO POraTroro CKoTa
3aBHCEJIN OT BUIOBOI'O COCTaBa BO30yauTeIel M UX accoluanuii. bojaesHu, BoI3pIBaeMble OaKTEpUIMU
Clostridium spp., IPOTEKaJI OCTPO WJIM MOJOCTPO, XapaKTEPU30BAINCH BUIUMBIMH MOPAKESHUSIMU
OPraHOB U TKaHEH yXe yepe3 HECKOJIBKO YacOB IOCIIE BBISIBJICHUS Y )KUBOTHOI'O NMPU3HAKOB 00JIE3HU
1 B OOJIBIIMHCTBE CIy4aeB 3aKaHUYMBAJIUCH JETATbHBIM HCXOIOM.

KiroueBble ci10Ba: KIOCTPUAMO3bI, aHAIPOOHBIE OaKTEepHUU, KPYHHBIH pOraThlii CKOT, TOKCHHBI,
TOKCEMHUsI, 0aKTEPHUOIOTNIECKHE METObI

THE FREQUENCY OF BACTERIAL ISOLATION OF CLOSTRIDIUM SPP. AND
THEIR ASSOCIATIONS IN VARIOUS FORMS OF CLOSTRIDIOSIS IN CATTLE

Sudorgina T.E., &0)Glotova T.I., Nefedchenko A.V., Koteneva S.V., Velker D.A., Glotov A.G.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<)e-mail: t-glotova@mail.ru

The article presents the results of isolation of Clostridium spp. bacteria and their associations from
cattle with different clinical forms of clostridiosis. From 2016 to 2023, 910 samples of biomaterial
collected from cows, heifers and calves under 6 months of age, as well as from stillborn calves and
aborted fetuses in case of reproductive pathologies in cows were investigated by bacteriological me-
thods. The following species play a major role in the etiology of bovine clostridiosis: C. perfringens,
C. septicum, C. novyi (C. oedematiens), C. histolyticum and C. sordellii. C. histolyticum (65.2%),
C. septicum (45.6), C. perfringens (29.7) and C. sporogenes (26.1) were isolated most frequently from
cows and heifers, while C. sordellii (1.7) and C. novyi (0.9%) were isolated less frequently. Clostri-
dium spp. bacteria of six species were isolated from animals in enterotoxemia and enteritis, and five
species in vaginitis and endometritis. In other clinical forms of the disease, bacteria of four species
were isolated from cows and heifers. The spectrum of bacteria involved in the development of abo-
masitis, enteritis and enterotoxemia in calves was similar and represented by four bacterial species:
C. histolyticum, C. septicum, C. perfringens and C. sporogenes. Bacteria of five species were isolated
from the calves with septicaemic form of the disease. The peculiarities of clinical manifestation and
the course of clostridiosis in cattle depended on the species composition of pathogens and their associ-
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ations. Diseases caused by Clostridium spp. bacteria were acute or subacute, characterized by visible
lesions of organs and tissues in a few hours after the animal showed signs of disease and in most cases

ended in death.
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INTRODUCTION

Clostridia belong to the genus Clostridium,
family Clostridiaceae, order Clostridiales, class
Clostridia, and phylum Firmicutes. The genus
Clostridium is numerous and diverse, currently
comprising about 240 species, most of which are
saprophytes.

Typically, it is difficult to isolate a single
pathogenic species as the primary etiological
agent of diseases, as they are often caused by
an association of pathogens, which may in-
clude species such as C. perfringens, C. novyi
(C. oedematiens), C. septicum, C. sordellii, C.
histolyticum, and C. difficile. Enterotoxemia
in cattle (Bovine) is associated with C. per-
fringens types A, C, and D. C. septicum can
be involved in the development of malignant
edema, gas gangrene, and enterotoxemia. C.
chauvoei is the causative agent of blackleg
(emphysematous carbuncle). C. sordellii is of-
ten linked with sudden death, enterotoxemia,
and malignant edema. Bovine bacillary hemo-
globinuria is caused by C. hemolyticum'[1]. In
recent years, a new species, C. difficile, which
causes diseases in calves, lambs, and newborn

piglets, has been identified [2—4]. Bovine clos-
tridiosis can be caused by any of the listed
Clostridium species (either singly or in various
combinations), be clinically more severe, pro-
gressing rapidly, and in most cases, ending in
the animal's death [5].

Despite species differences, many clostridia
share a common set of similar virulence factors
that facilitate the bacteria's realization of critical
aspects of their reproduction and toxin produc-
tion, including obtaining nutrients, binding and
adhesion to host cells, evasion of host defenses,
and environmental resilience [6]. Colonization
of the gut by toxigenic Clostridium spp. in-
volves local effects of their toxins and enzymes
on the mucous membrane. Initially, the toxins
act on endothelial cells, disrupting circulation
and causing edema, hemorrhages, ischemia,
and local necrosis. Under these conditions, the
bacteria actively proliferate and produce even
more toxins, while the enzymes they produce
(collagenases, deoxyribonucleases, hyaluroni-
dases, and neuraminidases) help evade immune
system defenses and damage tissues, leading to
the further spread of the infection [7].

'Kapustin AV, Motorygin AV, Bukova N.K. Species composition of clostridia of cattle / Vestnik veterinarii, 2013, N 1 (64), pp. 71-73.
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Studies by international scientists have
shown that increased permeability of the colon
allows for bidirectional translocation, i.e., bac-
teria can cross the epithelial monolayer by two
routes: paracellular (between cells) and trans-
cellular (through cells), facilitating the develop-
ment of bacteremia and the spread of clostridia
throughout the body. Subsequent toxemia can
lead to pathology in internal organs, including
the brain, liver, lungs, and heart® [7]. Research
on C. difficile has provided new insights into
how bacteria traverse the intestinal barrier, caus-
ing severe damage to the epithelium of the co-
lon, and the role of toxins produced by clostridia
in systemic organ damage, including apoptosis
of lymphocytes, disorganization of the thymus,
red and white spleen pulp, and capsular lesions
in the kidneys following barrier disruption® *.

The etiological structure of pathogens caus-
ing pathologies of the gastrointestinal and repro-
ductive systems in cattle at dairy complexes in
Siberia is quite diverse and represented by virus-
es and bacteria. In recent years, due to the inten-
sification of dairy farming, changes in the etio-
logical structure of pathogens have been noted,
with an increase in microbial associations and
a predominance of Clostridium spp. bacteria in
their spectrum [8].

The purpose of the study is to investigate the
etiological structure of Clostridium spp. bacteria
and their associations in the context of clinical
forms of clostridiosis in cattle at dairy complex-
es in Siberia.

MATERIAL AND METHODS

The study was conducted from 2016 to 2023
at the biotechnology laboratory — diagnostic cen-
ter of the Institute of Experimental Veterinary
Science of Siberia and the Far East of the Sibe-
rian Federal Scientific Centre of Agro-BioTech-

nologies of the Russian Academy of Sciences.

For bacteriological studies, biological ma-
terial samples (contents of the small and large
intestines, mesenteric lymph nodes, pieces of
liver, affected muscles, abomasum, and rumen)
from cows, heifers, and calves up to 6 months
old, as well as vaginal swabs from cows after
the first or second calving, heifers with clinical
forms of endometritis or vaginitis, were collect-
ed. In cases of reproductive organ pathologies
from aborted fetuses and stillborn calves, sam-
ples of liver, spleen, heart blood, and intestines
were taken. Samples of milk and colostrum were
collected in sterile tubes to maintain an anaero-
bic environment from the cows and heifers with
clinical or subclinical forms of mastitis. Samples
were collected as quickly as possible after the
animal's death and delivered to the laboratory
no later than 4-12 hours in a cooler with ice to
avoid refreezing and thawing. A single freeze at
—18 °C was possible; the samples were placed
in small containers with tightly closed lids and
delivered within 24 hours in cooler bags.

Cultures of bacteria were isolated and iden-
tified according to GOST 26503—-85 "Methods
of laboratory diagnosis of clostridiosis." For
bacteriological studies, the samples were plated
on nutritive media: Schaedler agar, Clostridium
agar (HiMedia), blood meat peptone agar, and
thioglycolate medium, and incubated at 37 °C
under aerobic and anaerobic conditions for 24—
48 hours. When studying the cultural-morpho-
logical properties of Clostridium spp. bacteria,
their growth characteristics, micro-morphology
in Gram-stained smears were noted. Species
identification of bacteria was performed using
the ANAEROTest 23 kit (Microlatest). Toxigen-
ic and pathogenic properties of microorganisms
were studied on outbred white mice.

*Yu H., Chen K., Wu J., Yang Z., Shi L., Barlow L.L., Aronoff D.M., Garey K.W., Savidge T.C., von Rosenvinge E.C., Kelly C.P, Feng H.
Identification of toxemia in patients with Clostridium difficile infection // PLoS One, 2015, vol. 10 (4), pp. 124-235.

3Carter G.P, Chakravorty A., Pham Nguyen T.A., Mileto S., Schreiber F., Li L., Howarth P, Clare S., Cunningham B., Sambol S.P.,, Cheknis A.,
Figueroa I., Johnson S., Gerding D., Rood J.I., Dougan G., Lawley T.D., Lyras D. Defining the Roles of TcdA and TcdB in Localized Gastrointestinal
Disease, Systemic Organ Damage, and the Host Response during Clostridium difficile Infections // mBio, 2015, vol. 6 (3), pp. 551.

*Tao L., Zhang J., Meraner P, Tovaglieri A., Wu X., Gerhard R., Zhang X., Stallcup W.B., Miao J., He X., Hurdle J.G., Breault D.T,, Brass A.L.,
Dong M. Frizzled proteins are colonic epithelial receptors for C. difficile toxin B // Nature, 2016, vol. 538 (7625), pp. 350-355.
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RESULTS AND DISCUSSION

A total of 910 samples of biological material
were examined from calves up to 6 months old,
stillborn calves, aborted fetuses, cows, and heif-
ers. To identify the species composition of Clos-
tridium spp. and their associations in various
clinical forms of clostridiosis, bacteriological
studies of biomaterial samples were conducted,
determining the number of isolated cultures and
the percentage of the studied samples.

Figure 1 presents the spectrum of clinical
forms of clostridiosis in cows and heifers. Mas-
titis (25%), abortion (17), vaginitis (15), septi-
cemia (12), endometritis (10) were most com-
monly registered in animals, less frequently
enterotoxemia (9), myositis (5), abomasitis (4),
and enteritis (3%). The septic form of clostridio-
sis was characterized by pathological changes in
the liver, lungs, and spleen. Enteritis, enterotox-
emia, abomasitis, and myositis occurred in acute
form leading to sudden animal death, while en-
dometritis, vaginitis, and mastitis occurred in
a subacute form followed by decreased animal
productivity.

Tables 1 and 2 suggest that the clinical mani-
festations and progression of clostridiosis in cat-
tle depended on the type of pathogens and their
associations.

Analyzing the data presented in Table 1, it
can be concluded that from cows and heifers,
C. histolyticum (65.2%), C. septicum (45.6), C.

Septicemia ..
12% Endometritis
. N\ 10%
Myositis
5% Vaginitis

15%

Mastitis
25%

Abortion
17%
Abomasite
4%

Enterotoxemia
9% Enteritis

3%
Puc. 1. Knuanueckue (HopMbI KIOCTPUANO03a Y KO-
POB U HEeTeJel Ha MOJIOUHBIX KoMIulekcax Cubupu

Fig. 1. Clinical forms of clostridiosis in cows and
heifers at dairy complexes in Siberia

perfringens (29.7), and C. sporogenes (26.1)
were most frequently isolated, less often C.
sordellii (1.7) and C. novyi (0.9%). In cases of
enterotoxemia and enteritis, Clostridium spp. of
six types were isolated from animals, and five
types in cases of vaginitis and endometritis. In
other clinical forms of the disease, bacteria of
four types were isolated from cows and heifers.
All isolated clostridium cultures were toxigenic
to some degree in outbred white mice.

In acute forms of clostridiosis from cows and
heifers, associations consisting of two or three
different species of bacteria were most often iso-
lated: C. perfringens + C. septicum; C. perfrin-
gens + C. histolyticum and C. perfringens + C.
sporogenes; C. perfringens + C. histolyticum +
C. sordelli, while in subacute forms — C. septi-
cum + C. sporogenes + C. histolyticum; C. per-
fringens + C. septicum in combination with the
representatives of opportunistic flora.

In calves, the disease most often occurred in
the form of enterotoxemia and septicemia, char-
acterized by sudden animal death and accompa-
nied by pathological changes in the liver, lymph
nodes, and intestines (see Fig.2). Additionally,
enteritis and abomasitis were registered in the
calves.

Table 3 presents the results of bacteriological
studies of biomaterial samples from the calves.

The spectrum of bacteria involved in the de-
velopment of abomasitis, enteritis, and entero-
toxemia in calves was the same and represented
by four types of bacteria. Septicemia in calves
was caused by bacteria of five types: C. histo-
Iyticum, C. septicum, C. perfringens, C. sporo-
genes, C. sordellii.

According to Table 4, clinical forms of the
disease in calves were most often caused by
different bacterial associations. In cases of abo-
masitis, enteritis, and enterotoxemia, the most
frequently isolated associations were: C. per-
fringens + C. septicum; C. perfringens + C. his-
tolyticum; C. perfringens + C. sporogenes, while
in septicemia — C. septicum + C. sporogenes +
C. histolyticum; C. perfringens + C. septicum in
combination with opportunistic flora.

The analysis of the obtained research results
indicates the identification of a broad spectrum
of clostridiosis pathogens in cattle at dairy com-
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Taoa. 1. Yacrora Beinenenus KyisTyp 0akrepuit Clostridium spp. u3 npo0 Onomarepuana oT KOpOB U
HeTeJel ¢ KITMHMYeCKUMH (opMamMu KiocTpuanosa (n = 640)

Table 1. The frequency of isolation of bacterial cultures Clostridium spp. from biomaterial samples from
the cows and heifers with clinical forms of clostridiosis (n = 640)

Number of the cultures isolated/percentage of the samples tested
Clinical form
C. histolyticum | C. septicum | C. perfringens | C. sporogenes | C. sordellii C. novyi

Endometritis 34/5,4 34/5,3 17/2,6 16/2,5 4/0,6 -
Vaginitis 71/11,1 58/9,1 17/2,6 28/4,4 4/0,6 -
Abortion 96/15,0 47/7,3 30/4,7 3/0,4 - -
Abomasite 8/1,25 9/1,4 14/2,2 12/1,9 - -
Enteritis 8/1,25 4/0,6 13/2,2 10/1,6 1/0,2 1/0,1
Enterotoxemia 21/3,3 18/2,8 28/4,4 23/3,6 2/0,3 5/0,8
Mastitis 125/19,5 58/9,1 40/6,2 42/6,6 - -
Myositis 11/1,7 21/3,3 13/2,0 11/1,7 - -
Clostridiosis of internal

organs (septicemia) 43/6,7 43/6,7 18/2,8 22/3,4 — —
Total... 417/65,2 292/45,6 190/29,7 167/26,1 11/1,7 6/0,9

Taba. 2. Accomuaruu KJIOCTPUIUH, BEIICICHHBIX OT KOPOB M HETEJEH ¢ KIIMHNYECKUMHU hopMaMu 3a00-

neBaHus (n = 640)

Table 2. Associations of clostridia isolated from the cows and heifers with clinical forms of the disease

(n = 640)

Clinical form

Association of the pathogens

The number of positive samples
of the number of the samples tested, %

. C. perfringens + C. histolyticum + C. sordellii 13,2
Endometritis - - -

C. septicum + C. sporogenes + C. histolyticum 8,6

C. perfringens + C. histolyticum + C. sordellii 14,4

Vaginitis C. perfringens + C. septicum 11,7

C. septicum + C. sporogenes + C. histolyticum 24,5

C. perfringens + C. histolyticum 19,7

Abortion C. perfringens + C. se'pticur? ' 12,0

C. sporogenes + C. histolyticum + C. septicum 22,8

C. histolyticum + C. septicum 22,4

. C. perfringens + C. septicum 3,6

Abomasite C. perfringens + C. histolyticum + C. sporogenes 5,3

C. perfringens + C. septicum 2,6

o C. perfringens + C. sporogenes 3,6
Enteritis - - - -

C. perfringens + C. histolyticum + C.sordelli 3,4

C. nowyi (C. oedomaties) + C. septicum 0,8

C. perfringens + C. sporogenes 7,9

Enterotoxemia C. perfringens + C. histolyticum + C. sordellii 7,9

C. nowyi (C. oedomaties) + C. septicum 3,6

C. perfringens + C. histolyticum 25,8

Mastitis C. septicum + C. sporogenes 15,6

C. histolyticum + C. septicum 28,6

Myositis C. septicum + C. sporogenes 5,0

Clostridiosis of C. perfringens + C. sporogenes 6,3

internal organs C. histolyticum + C. septicum 13,4

(septicemia) C. perfringens + C. histolyticum 9,5
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Abomasite
6%

Enteritis

Septicemia
15%

39%

Enterotoxemia
40%

Puc. 2. Knuanyeckue GopMbl KIIOCTPHIN032
y TeJIAT Ha MOJIOYHBIX KoMIuiekcax Cuoupu

Fig. 2. Clinical forms of clostridiosis in calves at
dairy complexes of Siberia

plexes in Siberia. The identified species compo-
sition of Clostridium spp. and their associations
largely correspond to the results obtained by oth-
er researchers [6, 9, 10], but there are slight dif-
ferences in the species composition of bacteria
causing different clinical forms of the disease.

CONCLUSION

The conducted studies have determined the
species composition of clostridia in various clin-
ical forms of clostridiosis in cattle. In most cas-
es, cows and heifers exhibited malignant edema
of organs and tissues, as well as various clinical
forms of the disease: necrotic enteritis, entero-
toxemia, mastitis, vaginitis, endometritis, and
abortions, mainly registered in cows and heifers

Ta6a. 3. Yacrora BbiesieHus BO30yIUTENCH KIOCTPUANO3a U3 PoO OroMarepuaia oT TEIST U UX CBS3b

¢ KJIMHUYECKON opMoii kiocTpuano3a (n = 270)

Table 3. The frequency of isolation of clostridiosis pathogens from biomaterial samples from the calves
and their relationship with the clinical form of clostridiosis (n = 270)

Number of the cultures isolated/percentage of the samples tested
Clinical form
C. histolyticum C. septicum C. perfringens C. sporogenes C. sordellii

Abomasite 5/1,9 8/3,0 14/5,2 5/1,8 -
Enteritis 18/6,7 19/7,0 24/8,9 22/8,2 —
Enterotoxemia 91/33,7 40/14,8 50/18.,5 33/12,2 -
Clostridiosis of internal

organs (septicemia) 86/31,9 57/21,1 36/13,3 34/12,6 2/0,7
Total... 200/74,2 124/45,9 124/45.,9 94/34.,8 2/0,7

Ta6ua. 4. Acconuaiuu KIOCTPUIUH, BBIICICHHBIX OT TEJIAT C Pa3IMUHBIMUA KIMHHUECKUMU (hOpMaMU

3aboneranus (n = 270)

Table 4. Associations of clostridia isolated from the calves with various clinical forms of the disease (n = 270)

- oy Number of positive samples
Clinical form Association of pathogens of the number of the samples tested, %

) C. perfringens + C. septicum 8,2

Abomasite C. perfringens + C. sporogenes 7,0

C. perfringens + C. septicum 14,8

Enteritis C. perfringens + C. sporogenes 16,3

C. perfringens + C. histolyticum 15,2

C. perfringens + C. sporogenes 30,7

Enterotoxemia C. perfringens + C. histolyticum 52,2

C. perfringens + C. sporogenes 25,9

Clostridiosis of internal organs C. histolyticum + C. septicum 52,9
(septicemia)

C. perfringens + C. histolyticum 45,2
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before their first and second calving or within
a few months afterward. Anaerobic enterotox-
emia and necrotic enteritis in calves manifested
as acute toxico-infections, characterized by pro-
nounced toxemia affecting the gastrointestinal
organs.

The common clinical signs of clostridiosis
in cattle included rapidly increasing depression
caused by body intoxication, edemas, necrosis
of the affected tissues. Depending on the toxi-
genicity of the pathogen strains and the duration
of the disease, pronounced changes in the liv-
er and mesenteric lymph nodes, lesions of the
pelvic limb muscles, reproductive organs, udder,
and less frequently other organs and tissues were
observed.

It should be noted that regardless of the type
of pathogen and their associations, different
clinical forms of clostridiosis in cattle occurred
acutely and subacutely, causing visible lesions
of organs and tissues within a few hours after the
first clinical signs of the disease were detected,
and in most cases, they ended fatally.
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MNPOU3BOJACTBEHHO-9KOHOMMNYECKOE OBOCHOBAHUE PA3HBIX
CIHOCOBOB CKAPMJIMBAHUA TEJATAM I'PYBbIX KOPMOB

XD ¥Ynumob6ames M.b., l'onem6oBckuii B.B., Cepreesa H.B., Xanumoexos P.3.
Cesepo-Kasxasckuil pedepanbHulil HAYUHbBIL A2PAPHBLIL YEeHMP

CraBpononbckuil kpai, r. Muxainosck, Poccust

(<) e-mail: murat-ul@yandex.ru

Lesnp nccnenoBaHusi — U3yYUTh XPOHOMETPAX TEXHOJOIMUYECKUX ONEPaLUil M BIMSIHUE PA3HBIX
Cr0co00B CKapMJIMBAHUS IPYOBIX KOPMOB TEJSITaM a0epIAUH-aHTyCCKON MOPOABI Ha BO3PACTHBIE M3-
MEHEHHUS KUBOH Macchl M 3(QQPEKTUBHOCTH BHIpAIMBAHMS B MOJOUYHBIN nepuoA. [ms nmpoBemeHus
uccienoBaHusl ObUTH COPMUPOBAHBI TPH T'PYMIIEI HOBOPOKACHHBIX TesAT (Mo 10 rom. B Kaxoi):
1-1 (KOHTpOJBbHAS) — TENATA, KOTOPHIM CKapMJIMBAJIN I'pyOble KOpMa COBMECTHO CO B3POCIBIM IIO-
TOJIOBbEM, 2-51 (KOHTPOJIbHAS) — TEeNATa, KOTOPBIX KOPMHIIM B OTAEIBHOM OT Marepei 3aroHe (cro-
JIOBKeE), 3-51 (OIBITHAsI) — TEJSATA, KOTOPBIX KOPMWIN B PACIHOJIOKCHHOM B OTIECJIHOM 3aroHe JKcIie-
PUMEHTaJILHON KOPMYIIKE ¢ OrpaHMYEHHBIM JIOCTYIIOM JUISL B3POCIIOro MOrojoBbs. Ha BbimonHeHne
OCHOBHBIX TEXHOJIOIMYECKHX ONEepalnii 3a BeCh IIEPHOJ] UCCIICOBAHUS B 3-1 TpyImIe OblIO 3aTpayeHo
201 ¢ (3,35 mun), uro Ha 3847 c¢ (64,12 muH) MeHble, yeM B 1-it rpynme, u Ha 609 ¢ (10,15 muH)
MeHbIIIE, YeM BO 2- rpyrme. PakTuueckas oeaeMOoCTh U3 SKCIIEPUMEHTAIbHON KOPMYIIKH (TesTa
3-ii Tpynimien) Obwta Beime Ha 132 kr (p > 0,999), ywem B 1-ii rpymme, u Ha 66 kT (p > 0,99), yem Bo 2-ii.
HaumeHb1iee KOIMUECTBO HECHEIEHHBIX OCTATKOB CEHA OTMEUEHO B 3KCIIEPUMEHTAIbHON KOPMYIIKE
u coctaBmiio 99 kr, uto Ha 54 (p > 0,999) u 18 kr (p > 0,99) MeHbIIe OTHOCUTENBHO 1-i 1 2-ii TpymI
COOTBETCTBEHHO. MUHMMAaNbHBIC IOTEPH CeHa 3a()MKCUPOBaHbI B 3-i rpymme — 36 Kr, B TO BpeMsl Kak
B 1-i rpynme 3ToT mokaszarens coctaBui 114 xr, Bo 2-i — 84 kr, uTo Ooibme Ha 78 (p > 0,999) u 48 kr
(» > 0,999) coorBercTBeHHO. B BO3pacTe 6 mMec TensTa 3-il TPYMITBI MPEB3OIUINA 1O KUBON Macce
CBOMX CBEPCTHHUKOB U3 Apyrux rpynm Ha 4,2-6,1 xr (p > 0,95-0,99). VX npeBocXoncTBO MO cpen-
HECYTOYHOMY TPHUPOCTY 3a BECh MEPHOA HcciaemoBanus coctaBuio 21-33 1 (p > 0,95-0,99). bonee
peHTabenbHbIM (Ha 2,8—4,7 abc.%) oka3aioch BIPAIIMBAHHUE TEJIST, KOTOPHIM CKapMJIMBAJIN CEHO U3
9KCHEPUMEHTAIBHON KOPMYIIKH.

KuroueBble ci10Ba: TensATa, MOJOYHBIM MEPUOJ, KOPMYIIKA, TEXHOJIOTMUECKHE ONepaliu, CEHO,
MOTEpHU, TIOEJJAEMOCTh, POCT, PEHTA0eTbHOCTh

PRODUCTION AND ECONOMIC JUSTIFICATION OF DIFFERENT METHODS
OF FEEDING ROUGHAGE TO CALVES

(<) Ulimbashev M.B., Golembovskii V.V., Sergeeva N.V., Khalimbekov R.Z.
North-Caucasus Federal Scientific Agrarian Centre

Mikhailovsk, Stavropol territory, Russia

(<) e-mail: murat-ul@yandex.ru

The purpose of the research is to study the timing of technological operations and the effect of
different methods of feeding roughage to Aberdeen Angus calves on age-related changes in the body
weight and the effectiveness of cultivation during the dairy period. 3 groups of newborn Aberdeen
Angus calves of 10 heads each were formed: 1st (control) — calves fed roughage together with adult
livestock, 2nd (control) — calves fed in a separate pen (canteen) from their mothers, 3rd (control) —
calves fed in an experimental feeder with limited access for adult livestock located in a separate
pen. For the entire period of research, 201 seconds or 3.35 minutes were spent on performing basic
technological operations in the 3rd experimental group, which is 3847 seconds or 64.12 minutes, less
than in the 1st group and 609 seconds or 10.15 minutes, less than in the 2nd group. The actual pala-
tability from the experimental feeder (calves of the 3rd group) was higher by 132 kg (p > 0.999) than
in the 1st group and by 66 kg (p > 0.99) than in the 2nd group. The smallest amount of uneaten hay
residues was in the experimental feeder and amounted to 99 kg which is 54 kg less (p > 0.999), than
in the 1st group and 18 kg less than in the 2nd group (p > 0.99). The minimum hay losses were 36 kg
in the 3rd group, while in the 1st group this figure was 114 kg, and in the 2nd group 84 kg, which is
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more by 78 (p > 0.999) and 48 kg (p > 0.999), respectively. At the age of six months, the calves of the
3rd group surpassed the live weight of the herdmates of other groups by 4.2-6.1 kg (p > 0.95-0.99).
Their superiority in average daily growth over the entire study period was 21-33 g (p > 0.95-0.99). It
turned out to be more cost-effective (by 2.8-4.7 abs. %) to raise the calves which were fed hay from

a developed feeder.

Keywords: calves, dairy period, feeder, technological operations, hay, losses, palatability, growth,

profitability
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INTRODUCTION

In beef production, the milking period is con-
sidered the most critical, during which signifi-
cant changes in the growth and development of
calves occur due to both genetic and non-genetic
factors. Establishing appropriate environmental
conditions during this period ensures the fuller
realization of the genetic potential of economi-
cally beneficial traits in the young stock.

The effectiveness of intensive rearing of cat-
tle of various origins using different technolog-
ical equipment and production-technical solu-
tions is confirmed by numerous Russian [1-6]
and international [7-9] studies. Nevertheless,
the search continues for new ways to improve
technological equipment and devices that can
increase productivity, reduce labor costs, and
expenses in raising different age and sex groups
of cattle. The impact of different types of feed-
ers on the behavior, productivity, and welfare of
animals is also reflected in the works of foreign
scientists"?[10].

Given that modernizing the livestock sec-
tor's material and technical base is crucial for
comprehensive improvement, it is necessary to
shift the sub-sector towards intensive develop-
ment, including aspects such as forage harvest-
ing, preparation, and distribution [11, 12]. Since

farms have varying financial capabilities, the
transition to high-tech production is gradual.
The absence of feeding tables and feed distrib-
utors in farms suggests using more accessible
alternatives that, while different from traditional
feeders, result in less feed waste and lower hu-
man and material resource costs.

Existing feeders have their unique features,
both positive and negative. Considering this, we
have attempted to create a feeder for roughage,
including in rolls, for feeding all age and sex
groups of cattle. This feeder aims to solve the
following problems: reducing feed costs and the
cost of its production, and increasing the eco-
nomic efficiency of production. As a result, a
decision was made to issue a patent for the in-
vention.

The study aims to investigate the timing of
technological operations and the impact of dif-
ferent methods of feeding roughage to Aberdeen
Angus breed calves on age-related changes in
live weight and rearing efficiency during the
milking period.

MATERIAL AND METHODS

The study was conducted on the basis of the
peasant (farmer's) farm M.S. Sultanov, located
in the plain zone in the Maisky District of the

'Buskirk D.D., Zanella A.J., Harrigan T.M., Van Lente J.L., Gnagey L.M., Kaercher M.J. Large round bale feeder design affects hay utilization
and beef cow behavior // Journal of Animal Science, 2003, N 81 (1), pp. 109-115.

*Martinson K., Wilson J., Cleary K., Lazarus W., Thomas W., Hathaway M. Round-bale feeder design affects hay waste and economics during
horse FEED-ING1,2 // Journal of Animal Science, 2012, N 90 (3), pp. 1047-1055.
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Kabardino-Balkarian Republic. The subjects of
the study were Aberdeen Angus breed calves
during the milking period.

Three groups of newborn calves (10 animals
each) were formed: the 1st group (control) —
calves fed roughage together with the adult pop-
ulation, the 2nd group (control) — calves fed in
a separate pen from the mothers (dining area),
the 3rd group (experimental) — calves fed using
an experimental feeder with limited access for
the adult population. The diet for animals in all
groups was the same. Calves in the 3rd group
were fed roughage using our invention (decision
to grant a patent for the invention "Feeder for
roughage for all age and sex groups of cattle"
under application No. 2023118316/10(039323)
dated July 12, 2023). The design of this feeder
allows limiting cows' access to the roughage in-
tended for calves (see the figure).

The timing of technological operations for
feeders of different types was studied based on
the time required to load and clean feeders, as
well as their filling frequency. Feed consumption
and losses were monitored based on the amount
of feed provided and consumed, their remnants,
and losses. Weighing of animals was carried out
at birth and at the ages of 3 and 6 months, based
on which the average daily weight gain was de-
termined.

Economic efficiency was calculated based on
production costs, revenue from sales, and profit-
ability levels. Experimental data were processed
using methods of variation statistics. "Microsoft
Office" and "Microsoft Excel" (Microsoft Corp.,
USA) were used as software. Data processing
was conducted in "Statistica 6.0" (StatSoftlnc,
USA).
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Kopmytika st rpyObIX KOPMOB JJIsE BCEX MOJIOBO3PACTHBIX TPYIII KPYITHOIO POTATOr0 CKOTA:

1 — BHYTpeHHU Kapkac; 2 — CbeMHBIH pa300pHBIA BHEIIHIH OrpaHUYUTEIBHBIN KapKac; 3 — HaBECHBIC TETIIN;

4 — pukcaTop; 5 — HAKJIOHHBIN CTEP)KEHB; 6 — BEPXHSS paMa; / — HIKHAS pama; 8§ — TOPU30HTalbHas ayra; 9 — aHo;
10 — 6opruk; /1 — momepeyHbie pedpa KeCTKOCTH; /2 — BePTUKAIbHBIC CTEPKHM; 3 — PUKCATOPHI

Roughage feeder for all age and sex groups of cattle:

1 — internal frame; 2 — removable collapsible external limiting frame; 3 — hinges; 4 — lock; 5 — diagonal bar;
6 —upper frame; 7 — lower frame; § — horizontal arch; 9 — bottom; /0 — lip; /] — transverse rib stiffeners;

12 — vertical rods; 13 —locks
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RESULTS AND DISCUSSION

In the process of the study, the time required
for technological operations was taken into ac-
count: feed loading, cleaning of feeders from
uneaten residues (see Table 1).

Throughout the study period, the total time
spent on main technological operations in the
3rd experimental group was 201 seconds (or
3.35 minutes), which is 3847 seconds (64.12
minutes) less than in the 1st group, where feed-
ing was done in the absence of mothers from a
roughage feeder, and 609 seconds (10.15 min-
utes) less than in the 2nd group.

Data on the consumption and losses of rough
feed are presented in Table 2.

It was established that the actual consumption
from the experimental feeder (3rd group) was
132 kg higher (p > 0.999) than in the 1st group
using the farm's technology, and 66 kg (p > 0.99)
higher than the indicators of the 2nd group with
classical feeding technology.

The smallest amount of uneaten hay residues
was recorded in the experimental feeder — 99 kg,

which is 54 (p > 0.999) and 18 kg (p > 0.99) less
than in the Ist and 2nd groups, respectively.

The minimum hay losses were observed in
the 3rd group (36 kg), whereas in the 1st group,
this indicator was 114 kg, and in the 2nd — 84 kg,
which are 78 (p > 0.999) and 48 kg (p > 0.999)
more, respectively.

Furthermore, to study the efficiency of us-
ing the improved feeder for rolled hay, the live
weight of the test animals was recorded at dif-
ferent age periods, based on which the average
daily live weight gain and relative growth rate
were calculated (see Table 3).

Differences between the groups in live weight
at birth were insignificant. However, by the age
of 3 months, calves in the 3rd group had a greater
live weight than those in the 2nd and 1st groups,
exceeding their peers by 2.1 and 2.7 kg, respec-
tively, and at 6 months by 4.2 (»p > 0.95) and 6.1
kg (p > 0.99).

A similar pattern was observed in the aver-
age daily live weight gain. Throughout the study
period, calves in the 3rd group surpassed their

Tao6a. 1. XpOHOMCTpa)K TEXHOJIOT'MYCCKUX onepauuﬁ 1 KPaTHOCTD 3allOJIHCHUS 1JI KOPMYIICK PA3HBIX TUIIOB

Table 1. Timing of technological operations for different types of feeders

. Group
Indicator st nd rd
Time required to load the feeder, s 12 +£1,054" 77 £ 8,340" 46 +£ 0,577
Time required to clean the feeder, s 10 +£0,428" 13 £0,824™ 21+0,577
Feeder filling frequency, times 184 9 3
Total time spent:
s 4048 810 201
min 67,47 13,50 3,35
Note. Differences in comparison with group 3: “p > 0,99; ™"p > 0,999.
Ta6a. 2. Yuer noenaeMocTy U moTephb IpyobIx kopmoB (n = 10)
Table 2. Recording of roughage palatability and losses (n = 10)
Indicator Group
Ist 2nd 3rd
Total volume of the specified feed, kg 1110+ 0,24 1110 +£ 14,71 1110 + 6,24
Amount of the feed remaining in the feeder, kg 153 £0,06™ 117 +£5,23" 99 + 1,56
Feed losses, kg 114 £ 0,02 84 +£0,01™ 36+0,02
Amount of the feed eaten, kg 843 +£ 0,27 909 + 4,75™ 975 + 16,90

Note. Differences in comparison with group 3: “p > 0,99; **p > 0,999.
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peers from the Ist and 2nd groups by 33 (p >
0.99) and 21 g (p > 0.95), respectively.

No significant differences in growth energy
were found in individual age periods, but it was
higher in the 3rd group.

The economic justification for using different
methods of feeding hay in calf rearing technolo-
gy is presented in Table 4.

Different indicators of absolute live weight
gain in experimental groups of calves provided a
difference in the cost of 1 kg of live weight gain
and varied production costs during their rearing.
Simultaneously, an equal sale price with differ-
ent live weight gains led to different revenue
amounts. Thus, the sale of calves from the 3rd
group generated 759.7 and 1279.3 rubles more
than from calves of the 1st and 2nd groups, re-

spectively, providing them an advantage in prof-
itability level by 2.8 and 4.7 abs.% respectively.

CONCLUSION

The use of a new feeder for feeding rough-
age during the milking period of raising Aber-
deen Angus calves ensured an increase in live
weight and growth intensity of the animals. This
result was achieved by increasing the consump-
tion of hay and reducing its losses, which led to
an improvement in the economic efficiency of
production by 2.8-4.7 abs.% compared to oth-
er variants (feeding together with adult cattle,
and separately from mothers). By the end of the
milking period, the calves that were fed rolled
hay were heavier and exceeded their peers by
4.2-6.1 kg (p > 0.95-0.99). The superiority in

Taoa. 3. /lunamuka ®HUBOH Macchl TeJIAT pa3HbIX rpymn (n = 10)

Table 3. Dynamics of live weight of calves of different groups (n = 10)

Group
Age Ist | 2nd | 3rd
Live weight, kg
At birth 225+0,2 223+0,2 226+0.2
3 months 89,6 + 1,0 90,2 +0,9 923+1,2
6 months 1684+ 13" 170,3 + 1,4° 1745+ 1,5
Average daily live weight gain, g
From birth to 3 months 746 £ 8.4 754 £9,1 774 £ 9,6
From 3 to 6 months 866 £ 7,2 880 +8,0 903 £ 8.5
For the entire period 806+ 7,6 818 £4,3" 839 + 8,3
Relative growth rate, %
From birth to 3 months 119,7+0,7 120,7+0,8 121,3+ 0,9
From 3 to 6 months 61,1+0,4 61,5+0,5 61,6 +0,5

Note. Differences in comparison with group 3: “p > 0,99; ™*p > 0,999.

Taba. 4. DxoHOMHUYECKOEe 000CHOBAaHUE UCTIOIL30BAHUS Pa3HBIX CITOCOO0OB CKapMIIMBAHMSI CEHA B TEXHO-

JIOTYH BbIpalllMBaHUA TECJIAT

Table 4. Economic justification for the use of different methods of hay feeding in calf rearing technology

Indicator Group

Ist 2nd 3rd
Absolute live weight gain, kg 1459 148,0 151,9
Cost of 1 kg of live weight gain, rubles 184 181 177
Production costs, rubles 26 845,6 26 788,0 26 886,3
Realization price of 1 kg, rubles 220 220 220
Sales revenue, rubles 32098 32 560 33418
Profit, rubles 52524 5772,0 6531,7
Profitability level, % 19,6 21,5 243
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growth intensity was also confirmed by the av-
erage daily gain in live weight: in the group of
calves fed hay using the new feeder, the excess
in live weight indicators was 21-33 g (p > 0.95—
0.99) throughout the study period. Additionally,
the use of the new feeder significantly reduced
time and labor resources. The results of testing
the developed feeder indicate the effectiveness
and appropriateness of using such technological
equipment. The use of the proposed invention,
along with improving economically beneficial
traits, allowed for reducing costs and the cost per
unit of live weight gain. It appears promising to
continue such research into the post-milk rearing
period.
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B craree mpencraBieH 0030p JMTEpaTyphl, MOCBSAIIEHHOH OHWOAKTUBHBIM BEUIECTBAM H
MHHOBAILIOHHBIM METOIaM SKCTPAKIMN OMOJIOTHYECKH aKTUBHBIX BEIIECTB U3 PACTUTEIHHOTO CHIPHS,
00cykIaeTcsi HEOOXOMMOCTB pa3padOTKU HOBBIX METOJIOB SKCTPAKIIUH ISl COXPAHEHUSI CTPYKTYPHBIX 1
(yHKLIHMOHAIIBHBIX CBOWCTB 3KCTParupyeMbIX coelMHeHn. VceaenoBanue BKIIIOYAeT aHAN3 HeJaBHUX
NyOlnMKayMi 1O MeToAaM JKCTPakIMh W OMOIMOMETPHYECKOE KAapTHPOBAHUE C HCIOJB30BAaHUEM
nporpaMMHoro obecriedenust VOSviewer. ABTOpBI paccMaTpUBAIOT Pa3UUYHBIC METOJIbI, BKIIIOUAsS
CBEPXKPUTHUYECKYIO (ITIOUAHYIO AKCTPAKINIO, (PEpMEHTANNIO, YIBTPa3BYKOBYI0 M MHKPOBOJIHOBYIO
00paboTtky. Ocoboe BHUMaHHWE YeleHO KOMOWHHUPOBAaHHBIM METOIaM, TakUM Kak (epMeHTHas
9KCTPAKLMS C NMPUMEHEHHEM YNbTpa3Byka M MHUKpPOBOJH. OmpesiesneHbl JOCTOMHCTBA M HEJOCTATKH
HOBBIX METOJIOB 3KCTPAKLIMH, a TAK)KEe KOMOMHAIMK TEXHUK C TOYKH 3PCHHUS MOBBILICHHS TOTEHIIMATA
W3BJICUCHUS] OMOAKTUBHBIX COSIMHEHHH U3 PAaCTUTENHHOTO ChIpbs. PaboTa mpu3BaHa CTUMYIMPOBATH
MHTEPEC K Pa3BUTHIO HOBBIX METOJIOB SKCTPAKIIUK U MPOJBHKECHHIO UCCIIEIOBAaHUN B ATOW 00IacTy.
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The article presents a review of literature on bioactive substances and innovative methods of ex-
traction of biologically active substances from plant raw materials, discusses the need to develop new
extraction methods to preserve the structural and functional properties of the extracted compounds.
The study includes analysis of recent publications on extraction methods and bibliometric mapping
using VOSviewer software. The authors review various methods including supercritical fluid extraction,
fermentation, ultrasonic and microwave processing. Special attention is given to combined methods
such as enzyme extraction using ultrasound and microwaves. The advantages and disadvantages of
new extraction methods, as well as combinations of techniques in terms of increasing the potential for
extraction of bioactive compounds from plant raw materials are determined. The work is intended to
stimulate interest in the development of new extraction methods and to promote research in this field.
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INTRODUCTION

Plant-based foods play a crucial role in hu-
man nutrition. Since ancient times, plants have
been a key element of a healthy lifestyle due to
their nutritional and medicinal properties, with
their bioactive compounds playing a vital role in
maintaining health. Centuries of human use of
medicinal plants have led to the development of
advanced methods for processing and utilizing
them today'.

The need for new extraction methods to pre-
serve the structural and functional properties of
extracted compounds is increasingly pressing.
This topic has been extensively explored in both
new and traditional methods.

The main objectives of this review are to
briefly explore a series of recently published
studies on innovative extraction methods for
bioactive substances from plant materials, and
to perform a literature analysis on this topic.

MATERIAL AND METHODS

During the analysis of publications, the
VOSviewer software for bibliometric mapping
was used. Developed by two Dutch researchers,
VOSviewer is a program for constructing and
viewing bibliometric maps, freely available to
the bibliometric research community. VOSview-
er can be used, for instance, to create maps of
authors or journals based on co-citation data, or
to construct keyword maps based on their co-oc-
currence. The program provides viewing tools
that allow for detailed examination of bibliomet-
ric maps. Unlike most computer programs used
for bibliometric mapping, VOSviewer does not
display these maps satisfactorily. When building
a map, VOSviewer employs the VOS (Visual-

ization of Similarities) methods, developed by
Nees Jan van Eck and Ludo Waltman??, where
VOS stands for 'visualization of similarity'.
Thus, the program can display maps constructed
not only using VOS but also using multidimen-
sional scaling and other methods of information
analysis and visualization. Data can be automati-
cally loaded via VOSviewer using the download
function with a search query for keywords from
the OpenAlex database, an open-access index
of scientific papers, authors, places, institutions,
and concepts [1].

Figure 1 presents the result of mapping scien-
tific papers published since 2018, with the key-
words "extraction" and "bioactive" found in the
titles (a), abstracts (8), and full texts (e) of the ar-
ticles. Figure 1, 6 depicts the same map with the
"food science" cluster highlighted and color dif-
ferentiation by publication years. The mapping
illustrates the interconnectedness of the query
elements, determined by the number of docu-
ments in which they occur together. The stated
keywords were found in the titles of 21 scientific
papers, with 146 related keywords used to con-
struct a map colored by distribution. Keywords
were found in the abstracts of 21 documents and
in the full texts of 225 documents, with 137 and
706 connections found, respectively.

According to the conducted mapping, the top-
ic of extracting bioactive compounds has been
increasingly covered in fields such as chemis-
try, biology, biochemistry, medicine, biomedical
engineering, food sciences, materials science,
nutraceuticals, etc. (see Figs. 1, a, 6). Based on
the publication analysis over the last two years
(see Figs. 1, 6—; highlighted in light yellow and
light green), it is possible to identify the scien-

'Petrovska B. Historical review of medicinal plants’ usage / Pharmacognosy Reviews, 2012, vol. 6, N 11, p. 1.
Van Eck N.J., Waltman L. Software survey: VOS viewer, a computer program for bibliometric mapping // Scientometrics, 2009,

vol. 84, N 2, pp. 523-538.

3Perianes-Rodriguez A., Waltman L., van Eck N.J. Constructing bibliometric networks: a comparison between full and fractional
counting // Journal of Informetrics, 2016, vol. 10, N 4, pp. 1178-1195.
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tific areas and topics related to the extraction of
bioactive compounds. Among these, the most
prominent are chemistry, food sciences, materi-
als science, chromatography, antioxidants, poly-
phenols, polysaccharides, flavonoids, etc.

For this literature review, a map was con-
structed where the affinity of elements is deter-
mined by the number of shared references. The
elements selected were the most cited articles
by authors whose works contain the same key-
words. Figure 2 presents the mapping result. A
total of 653 documents were found, 215 of which
were published no earlier than 2018. A map was
constructed from the bibliometric data of these
215 works, color-differentiated by years.
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The map shown in Figure 2 displays the di-
versity of publications from 2018 to 2023 by
the most cited authors, who mention the ex-
traction of bioactive compounds in their texts,
with at least 30 references each. The size of the
circle indicates citation frequency, and the cir-
cles highlighted in yellow reflect the most recent
publications.

RESULTS AND DISCUSSION

This section provides a brief overview of the
literature on bioactive substances and innovative
extraction methods.
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Fig. 1. The results of bibliometric mapping with co-occurrence analysis
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1. Extraction of bioactive compounds from
plant products

In their recent review article, scientists from
India highlighted that the extraction of bioactive
compounds from food products requires careful
consideration of various physicochemical pa-
rameters including solvent, concentration, tem-
perature, pressure, and time [2]. Furthermore,
the authors note that these factors are not inher-
ently interrelated, but their combination changes
not only the efficiency of the extraction process
but also its cost.

An international team of scientists published
a review on the bioactive compounds of cit-
rus, providing comprehensive details about the
composition and health benefits of carotenoids,
flavonoids, limonoids, and terpenes [3]. The
authors discuss existing issues and the insuffi-
cient understanding (e.g., cellular and molecu-
lar mechanisms of citrus bioactive compounds
in the body) and contemplate the possibilities of
processing citrus waste, which could potential-
ly serve as an inexpensive and environmentally
friendly source of bioactive substances. The ex-

perts emphasize the need for further research in
the context of effective extraction of bioactive
substances from citrus fruit waste.

Researchers from Indonesia in their study
discussed terpenes and terpenoids (the main bio-
active compounds of essential oils), their role in
human health maintenance, and their potential
use as natural food preservatives [4]. The ar-
ticle presents current knowledge on the use of
essential oils in the pharmaceutical and medical
industries, describing the primary spectrum of
biological activity of essential oils, including
anticancer, antimicrobial, anti-inflammatory, an-
tioxidant, and anti-allergic properties.

A publication by scientists from Germany
presented a review of existing databases on the
composition of over 400,000 natural products
and the most comprehensive list of open sources
listing bioactive compounds found in plants and
products [5]. The article also contains interest-
ing information, such as listing the five most fre-
quently occurring metabolites identified based
on the analysis of 50 open databases (see Fig. 3).
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11. Innovative extraction methods

Liquid-liquid and solid-liquid extraction

Scientists from the Arctic University of Nor-
way compared liquid-liquid extraction using
ethyl acetate and solid-liquid extraction using
resin in the process of isolating natural micro-
bial products to prepare an extract from a bacte-
rial culture [6]. During the extraction, resin and
fermentation broth with natural products were
used. The authors suggest that both extraction
methods are utterly unsuitable for very polar and
hydrophilic compounds. However, liquid-liquid
and solid-liquid methods are comparable in ex-
tracting natural products from microbial fermen-
tation broth or aqueous solutions at different pH
levels. Liquid-liquid extract contains fewer me-
dium components, but this method is less suit-
able for extracting larger cultures due to the high
consumption of organic solvents.

Supercritical fluid extraction

A team of scientists from Iran in their re-
view article explored the possibilities of using
supercritical fluid extraction for extracting oils
from seeds, characterized the corresponding ex-
traction systems related to extraction with su-

percritical carbon dioxide, including extraction
mechanisms, parameters used, and response sur-
face methodology for process optimization [7].

The paper consolidates findings from vari-
ous authors, presents tables indicating optimal
parameters for seeds like pomegranate, gurum,
babassu, ucuhuba, chia, white mustard, etc. Ad-
ditionally, hybrid schemes (notably using ultra-
sound) are proposed, and a comparative analysis
of SC-extraction and traditional methods of oil
extraction from seeds is conducted.

A group of authors from South America
published a review discussing the potential of
natural products in extracting flavonoids using
so-called "green" solvents and advanced meth-
ods, including supercritical fluid extraction [8].
The article aims to facilitate a review of direc-
tions for improving available methods, offering
broader scope for understanding the extraction
of flavonoids from various matrices, which will
be studied by researchers working in this field.
The article references other reviews dedicated to
one or several extraction methods, compounds
and classes of compounds, as well as types of
tissue and plants. Due to the complex nature of
the plant material matrix and the diversity of
chemical characteristics of flavonoids, scientists
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Fig. 3. The most frequently occurring molecules in public databases:
a — the common largest substructure in the five most frequently occurring molecules; 6 — coumaric acid; ¢ — gallic

acid; e — scopoletin; 0 — ellagic acid
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agree that at present, there is no single standard
method that can be used for each material or fla-
vonoid currently being extracted.

Extraction using pulsed electric field (PEF)
and high voltage electric discharges (HVED)

An international group of scientists presented
findings on the impact of extraction methods on
extracting bioactive phenolic compounds from
by-products of the food industry [9]. The article
contains information on advanced technologies
for sustainable and efficient extraction of phe-
nolic compounds from plant matrices, including
non-thermal and electrochemical methods such
as PEF and HVED. Additionally, it addresses the
complexity of resolving the compositional het-
erogeneity of phenolic fractions from plant ma-
trices, considering important factors influencing
the extraction of phenolic compounds.

A Portuguese research article described meth-
ods for extracting pigments from microalgae and
cyanobacteria. The authors noted that PEF and
HVED are innovative methods that have not yet
been used for industrial applications and, despite
their high efficiency, have a drawback of high
energy consumption [10].

Ultrasound extraction

A group of Chinese experts recently present-
ed a comprehensive review of the mechanisms
of ultrasonic extraction, various ultrasonic de-
vices, and their applications for extracting bio-
active compounds [11]. The authors explored
the potential uses of ultrasonic extraction for
producing functional and healthy food products.
The article includes data on obtaining various
compounds from medicinal and oil plants using
ultrasonic extraction methods: from rosemary,
marjoram, saffron, mint, pomegranate peel, ja-
boticaba, orange, lotus fruits, jujube, longan
pericarp, red raspberry berries, garlic cloves,
caraway seeds, tomato pressings, etc.

Enzymatic extraction

An article by Indian scientists is dedicated to a
comparative analysis of various methods for ex-
tracting bioactive compounds (enzymes, organic
acids, etc.), obtained from fruit and vegetable
waste [12]. It discusses the method of enzymatic

pre-treatment, which the authors recognize as a
new and useful way to extract bound compounds
and increase their yield. The publication also de-
tails various types of phenolic components and
enzymes in different food products.

Another group of Indian scientists published
a review article focusing on various aspects re-
lated to extraction using enzymes [13]. The pa-
per discusses the possibilities of using enzymes
to extract various biomolecules such as poly-
phenols, oils, polysaccharides, flavorings, and
dyes; it describes enhanced extraction technol-
ogies that combine traditional methods with the
use of ultrasound, microwaves, high pressure,
and supercritical carbon dioxide; it touches on
the topic of immobilizing enzymes on magnetic
nanoparticles, which could improve the opera-
tional characteristics of the extraction system
by allowing for the multiple uses of expensive
enzymes, making the process industrially and
economically viable.

Combinations of new technologies

An Irish research article reviewed new ex-
traction technologies involving ultrasound, mi-
crowaves, enzymes, and their combinations,
summarizing their mechanisms of action, advan-
tages, and disadvantages (particularly, the issues
of extracting phyto-bioactive compounds from
plant materials) [ 14]. It shows that combinations
of methods are complementary and have more
promising potential.

Another review discusses methods and tech-
nologies (traditional, new, and integrative) used
to extract bioactive compounds of plant origin,
as well as their advantages and disadvantages
[15]. The article describes combined methods,
such as enzymatic extraction with ultrasound
and microwaves, combinations of ultrasound,
electric pulses, and high hydrostatic pressure.

CONCLUSION

Combined methods of extracting bioactive
substances show promising results, often en-
hancing efficiency, yet these processes remain
under-researched. Scientists emphasize the im-
portance of further studies in the area of com-
bined methods for extracting bioactive sub-
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stances from plant materials. They recommend
conducting more in-depth research aimed at op-
timizing extraction processes and improving the
efficiency of obtaining bioactive compounds. It
is important to focus on developing new tech-
nologies and techniques that could enhance the
quality and increase the quantity of extract-
ed compounds. When creating new extraction
methods, economic and environmental aspects
must be considered. Research should continue to
evaluate the potential of combined methods on
an industrial scale. According to scientists, de-
veloping innovative approaches to the extraction
of bioactive compounds should be conducted by
interdisciplinary teams. Furthermore, priorities
should include standardizing extraction process-
es and developing industry guidelines. Further
research in this field is crucial for enhancing the
efficiency and sustainability of the extraction
processes of bioactive compounds.
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YTO HY)KHO ATPAPHOI HAYKE CEI'oaHs1?

D)AxmeroBa A.K., Kusic A.A.

Hayuno-npouzsoocmeennwiii yenmp 3epnosozo xossiicmea um. A.1M. bapaesa
AxmonuHcKas obnacte, . Hayunsiit, Pecrybnuka Kazaxcran
(<) e-mail: balkozha.ak@gmail.com

B crarbe npeacTaBieH KpaTKuil aHaIU3 CyLIECTBOBAHUS arpapHOil HayKH B COBPEMEHHOM MHUpE B YCIIO-
BUSIX MOCTIAaHAEMHUYEKCKOTO NMEPHUOoJia, MHTCHCUBHOTO pa3BUTHA LHU(MPOBU3AINU U BHEIPEHUS HCKYCCTBEH-
HOTO MHTEJUIeKTa. Pa3BUTHE OTpaciy UAET COBMECTHO ¢ MEXKIUCIUIUIMHAPHBIMU HayKaMu, Oiaronapst Ko-
TOPBIM MOTYT CO3/1aBaThCsl OyyIIHe CIIEHAPUH €€ YCIEITHOTO BHEAPEHH B MPaKTUKY. Mmest komoccanpHoe
IIPOJBIDKEHHE, arpapHasi HayKa BCE elle CTaJIKHBAETCs C BBI30BAMU U IPpoOJIeMaMi, TAKUMH KaK yCTapeBILIMiA
MapK CEJIbCKOXO3SICTBEHHON TEXHUKU U ci1abast HHYPACTPyKTypa BO MHOTUX pa3BUBAIOLIMXCS cTpaHax. B
100aJIbHOM MaclITade HayKa periacT BOMPOCHI CO3JaHUsl YCTOMUUBOTO Pa3BUTHUS, YIYULICHUS TTI0A0POIMS
MOYBBI M COXpaHEHUs1 OMOpa3HO00pa3ys B YCIOBHAX M3MEHEHHUS KIMMaTa. MHOTHE yTH PELeHHUs CO3aB-
LIMXCsl aHTPOITOTEHHBIX MPOOJIeM BEAYT K CHIIBHOMY 00pa30BaHHIO M MepeKBATH(UKAIINHN JTFOAEH TI0 IPUH-
UMy «00pa3oBaHUE HA MPOTSHKEHUH BCEH JKM3HWY». braromaps TakuM 1moixojamM BeIpacTeT SKOHOMUYECKast
COCTaBJISIIOLIASA CEIILCKOTO X034HcTBa. C TOUKHU 3pEHHsI UCCIE0BATEIbCKON Cpe/ibl, HEOOXOOUMO PACLIUPSIThH
HCCIIEI0BATENLCKIE TEMATHKH, YTOOBI 3aKPBITh clla0ble 3BE€HbsI B LIETIH «4eJIOBEK — npuponay. Joctmwkenus
arpapHoil HayKH JOJDKHBI HAWTH MPaKTHYECKOEe MPUMEHEHHE Ha MECTHOM YPOBHE «(epMep — YMHOBHHK —
yueHblii». B HacTosIee BpeMst CyleCTBYIOT MHOKECTBO COOOIIECTB, CEMHUHAPOB M MIardopM, Mpornara-
JTUPYIOMKX 00pa30BaTesIbHbIE U MTPAKTUYECKUE LIEH IO BOTIPOCaM YIIyUIIEeHHsI KaueCcTBa BEICHHS arpapHOii
HayKd, O0pBOBI C TOIOI0M, TIOTHOIEHHOTO MUTAHKS M U3MEHEHHUS KJIIMMAaTa, IJIe MOXHO MPOSBUTH JTHYHYIO
TOYKY 3p€HMS ¥ BBICIYIIAaTh MHEHNUS IPO(deccHoHanoB. JJaHHbIe MEepONIPUATHS IPOBOASTCS P HOAICPIKKE
TaKUX MeXayHapomHbix opranm3anwmii, kak OOH u I[TPOOH, xoTopbie OTBOAST 0COOYIO POIb JKEHIMHAM,
paboTaromuM B arpapHbIx cdepax ¢ Helblo pa3BUTHs HEOOXOAUMBIX KaueCTB AJIsl BEACHUS arpapHON HAayKH.
CeropHALIHIE BO3MOKHOCTH HUMEIOT BCE MPEANOCHUIKA Pa3BUBaTh arpapHble HAIllpaBlIeHUs HayK, IepeHH-
Masi OTIBIT MEPEOBBIX CTPAH U aJANTUPYS UX MOJl MECTHBIE YCIOBHUS, BOSMOKHOCTH U MEHTAJIUTET C LENbIO
o0ecreueHus Ka4eCTBEHHOTO M CTaOMIIFHOTO 3€PHOBOTO MPOM3BO/ICTBA ISl TUINIEBBIX TOTPEOHOCTEN Yerno-
BEKa.

Ki1roueBble ci10Ba: CenbCKOXO3SHCTBEHHAsT Hayka, MU(POBU3ALMS, WHTEPIUCUUIUIMHAPHBIA HOAXOL,
30POBBIC IKOCHCTEMBI, yCTOWYHMBOE Pa3BUTHE, COXpaHEHHE OMopazHooOpas3us, 00pa3oBaHue

WHAT DOES AGRICULTURAL SCIENCE NEED TODAY?

(<) Akhmetova A.K., Kiyas A.A.
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The article presents some key points of agricultural science existence in the world during the
post-pandemic period, the intensive development of digitalization, and the deployment of artificial
intelligence. The industry's development is coupled with interdisciplinary sciences, enabling the cre-
ation of future scenarios for successful implementation into practice. With tremendous advancement,
agricultural science still faces challenges and problems such as outdated agricultural machinery and
poor infrastructure in many developing countries. On a global scale, the science addresses sustainable
development, soil fertility improvement, and biodiversity conservation in the face of climate change.

IpoGnemsr. CyxaeHus CHOUPCKHI BECTHHK CEITbCKOXO3SHCTBEHHON HayK ® 2024 ¢ 54 ¢ 3 79



What does agricultural science need today?

Akhmetova A K., Kiyas A.A.

Many of the solutions to the man-made problems that have been created lead to strong education and
reskilling of people on the principle of "life-long learning". Through such approaches, the economic
component of agriculture will grow. From the point of view of the research environment, it is necessary
to expand research topics in order to close the weak links in the “human-nature” chain. The achieve-
ments of agrarian science should find practical application at the local level, involving "farmer-offi-
cial-scientist" collaboration. There are now many communities, workshops, and platforms promoting
educational and practical goals for better agricultural science, combating hunger, nutritious food, and
climate change, where one can express personal perspectives and hear from professionals. These events
are supported by international organizations such as the United Nations and UNDP, which give a spe-
cial role to women working in agrarian spheres in order to develop the necessary qualities for practicing
agrarian science. Present opportunities have the potential to advance agrarian sciences, drawing from
the experiences of advanced countries and adapting them to local conditions, opportunities, and men-

talities, with the aim of ensuring high-quality and stable grain production for human food demands.
Keywords: agricultural science, digitalization, interdisciplinary approach, healthy ecosystems,
sustainable development, biodiversity conservation, education
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Throughout history, despite natural, social, or
geopolitical challenges, humans have engaged
in agricultural science. Today, we conduct scien-
tific research in a post-pandemic period marked
by intense digitalization and the integration of
artificial intelligence [1].

Agricultural science is developing in many
countries and is considered a strategically im-
portant field for ensuring food security. Today,
it is actively and fruitfully pursued at the inter-
section of interdisciplinary sciences (bioinfor-
matics, biostatistics, space sensing) and STEM
(Science, Technology, Engineering, and Math-
ematics). In the dynamically developing world,
all areas of science are also changing towards
development and adaptation to new living con-
ditions for humanity.

As a result, many scientists have started us-
ing platforms (Zoom) and messengers. These
formats are effective for conducting trainings,
conferences, and seminars, saving participants
financial resources and time on travel [2]. In

'URL.: https://blog.zoom.us/a-message-to-our-users/.

2019, about 10 million people used Zoom daily,
whereas in 2020, the number rose to 200 million
daily'.

Research methods demonstrate significant
development in the sciences, yet many challeng-
es remain. One of the global problems is finding
a balance between satisfying humanity's food
needs and preserving ecosystems, biodiversity,
and global ecological sustainability. Attention
is paid to ecological processes on farms. Food
security limits the prospects for changing food
systems. It is necessary to bridge the gaps be-
tween historical and structural factors that create
opportunities for equality and food security in
various aspects of human life?.

In this context, emphasis should be placed on
education, which promotes the acquisition of crit-
ical and analytical thinking skills, enabling future
graduates to approach solving issues in modern
agriculture competently and creatively [3].

Global higher education practice shows that
a new specialist, having a theoretical base of

2Barishpolets, V.A. Analysis of global environmental problems // RENSIT, 2011, N 1, pp. 79 —96.
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knowledge and little practical experience, must
survive in a competitive environment in the job
market across all sectors, including education
and production [4—6]. For example, in the USA,
the educational system focuses on training spe-
cialists in a "knowledge-based economy" [7,
8]. In the Gulf Cooperation Council countries,
future specialists are trained to protect the popu-
lation from social, economic, and political chal-
lenges, including combating unprofessionalism
and falling oil prices [9], Arab countries (Qatar
and UAE) adopt the best educational practices®.

Education in agriculture is an essential com-
ponent for solving real-world problems in pro-
viding food for the growing population, pro-
tecting the environment, and finding a balance
between nature and the production of nutritious
products for humanity® [10—12].

One solution could be the expansion of re-
search topics and their development in practice.
Eradicating "zero hunger" should be achieved at
the local level using adaptive and collaborative
solutions that simultaneously consider local in-
stitutional capabilities, diversification of agro-
ecosystems and ecological management, and the
quality of local diets.

Two conceptual foundations—socio-ecologi-
cal systems and sustainable diets—offer system-
ic lenses for a comprehensive analysis of agri-
culture and food security, which can be used in
developing effective policies [13].

Previously, there was a trend of obtaining ag-
ronomic education at a young age, and adults did
not even consider education in adulthood. Now,
there is a move towards lifelong education [14].

Individuals can not only improve their knowl-
edge through online accessible courses, but they
can also obtain a second and entirely new educa-
tion, vastly different from their existing one. As a
result, many institutions are adapting to people's
dynamic schedules, providing the opportunity to
study at any age. Such approaches contribute to

the development of the educational level of the
population, which will be economically benefi-
cial for the country [15].

Currently, it is popular to be a member of
communities that promote goals to combat hun-
ger, ensure adequate nutrition, and address cli-
mate change. Today, summits for the youth serve
as such platforms, where one can express their
viewpoint and learn from professionals.

Seminars are organized that facilitate rapid
focus adjustments and corrections, allowing ad-
aptation to modern methods of conducting agri-
cultural sciences. The UN and UNDP have taken
a significant role in this regard. For example, at
one seminar ("Skillathon"), organized with the
support of UNDP for women scientists from
agrobiological fields, they were encouraged
to develop "soft" skills for career growth and
continue research for success and recognition.
Speakers paid significant attention to the impor-
tance of women in science, and it was openly
stated that there are too few due to stereotypes
and mentalities in some societies [16].

Society must equally acknowledge the con-
tributions of women to new trend disciplines
and STEM. Their activities will help improve
the socio-economic situation in the country
(UNDP Permanent Representative in Kazakh-
stan — Katarzyna Wawrzeniecka). Kazakhstan is
a country undergoing systemic transformations
in science and education. Thanks to education-
al grants, young women can receive an educa-
tion. Women are eager to study in undergradu-
ate and graduate programs in the country. But
at the highest levels of society, these processes
decrease. Women prioritize family. The next
challenge for the country is to carry out reforms
so that women can engage in studies and science
in doctoral programs while paying attention to
their families (Minister of Science and Higher
Education — Sayasat Nurbek). Marathon train-
ers were people from various fields, drawing

3Wang H.H., Moore T.J., Roehrig G.H., Park M.S. STEM integration: teacher perceptions and practice // Journal of Pre-College
Engineering Education Research, 2011, vol. 1, N 2, pp. 1-13. DOI: 10.5703/1288284314636.

*Rusakovich V.I. Investment climate of Arab countries // Mining information and analytical bulletin (scientific and technical

journal), 2009, N 9, pp. 382-387.

SDurik A.M., Hulleman C.S., Harackiewics J.M. One size fits some: instructional enhancements to promote interest // Interest in

Mathematics and Science Learning, 2015, vol. 1, N 1, pp. 49-62.
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attention to the fact that scientists can develop
using diverse resources and approaches. These
include journalists, coaches, specialists in grant
writing, project commercialization, and system-
ic thinking. Today, agrarian scientists are en-
couraged to use systemic thinking. Focusing on
one research theme, one must analyze it from
various angles, incorporating interdisciplinary
approaches. It is essential to have a national
role model in science—someone like Marie Sk-
lodowska-Curie. Today's trend in science is to
provide people with information, collaborate
with local and foreign colleagues, and share
experiences (Tiffany Sprague, STEM4ALL
Platform Lead, UNDP Istanbul Regional Hub).
The seminar also addressed issues of popu-
larizing science in Kazakhstan. Today's social
networks can be used to attract attention to in-
dividual scientists and research institutions so
that active network users can see how interest-
ing agricultural science can be when combined
with interdisciplines (Galiya Idoiatova, media
expert, founder of the creative solutions agency
"Point": "Media presence. Image. Expert posi-
tioning in social networks")°.

Thus, there are all the prerequisites for devel-
oping agricultural science directions in Kazakh-
stan, learning from the experience of other coun-
tries, setting tasks to ensure quality and stable
grain production for human food needs.
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*  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 of Scientific

Section name Specialties, for which academic degrees are awarded

. o 4.1.1. General agriculture and crop production
Agriculture and chemicalization i L . .
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
Problems. Opinions
4.1.3. Agrochemistry, soil science, plant protection and quarantine
Scientific relations
4.2.3. Infectious diseases and animal immunology
From the history of agricultural
science 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock

products
Brief reports

From dissertations 4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex
4.3.3. Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

. an article has not been published before in any other journal;

. an article is not subject to review in any other journal;

. all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.

CHOUPCKHI BECTHHK CEITbCKOXO3SHCTBEHHON HayK ® 2024 ¢ 54 ¢ 3 85



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 ex-
pressed 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 send-
ing 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:

1. 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 con-
tent, 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
knowledge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contri-
bution 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 15. 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 num-
ber 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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If it is necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manuals,
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, placed page by
page through numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, key-
words, 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/
translit-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, 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 Agricul-
tural 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, TABLES, SCREENSHOTS AND PHOTOGRAPHS
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
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 num-
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bered. 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 transla-
tion of the table title should be placed after the table title in Russian.

Photos, screenshots and other non-drawn illustrations must be uploaded separately as *.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.

Attention should be paid to the spelling of formulas in the article. To avoid confusion, it is necessary to write
Greek (a, B, m, 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 compli-
ance 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 manu-
script.

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 Edi-
tor-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 cancelled from the register.

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 Commit-
tee 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 with-
drawn. 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 withdrawal is sent to data bases where the journal is indexed.
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