AIP Conference Proceedings

Publishing

pubs.aip.org/aip/acp
Volume 2921

International Scientific and
Practical Conference “INNOVATIVE
TECHNOLOGIES IN AGRICULTURFE”"

 23-24 March 2022
lu, Viktor Kukhar,

Orel City, Russian Fede

Editors « Sergey Knyazev, Ibrahim Kafira

| RUSSIAN RESEARCH INSTITUTE OF
RUIT CROP BREEDING (VNIISPK)



pubs.aip.org/aip/acp



- Inteational Scie i 1i'ic and Practical Conference
Volume 2921
AIP Conference Proceedings “INNCVATIVE 77 ¢ 1 {INOLOGIES 'N AGRICULTURE” S



(@) .
Sod) Conference collection

International Scientific and
Practical Conference “INNOVATIVE
TECHNOLOGIES IN AGRICULTURE”

Orel City, Russian Federation
23-24 March 2022

Editors

Sergey Knyazev
Russian Research Institute of Fruit Crops Breeding, Orel Region, Russi

Ibrahim Kahramanoglu
European University of Lefke, Turkey, Mersin, Turkey

Viktor Kukhar
Ural State Agrarian University, Yekaterinburg, Russian F

Volkan Okatan

Eskisehir Osmangazi University, Turkey, Turkey

Mikhail Tsoy
Russian Research Insti

ion, Russian Federation

s and groat crops
crop breeding

European unive
French National |
Food

And Environment
Russian Academy Of Scien®
Latvia University Of Life Scien®

or Agriculture

And Technologies

All papers have been peer reviewed.

AII P Melville, New York, 2023
Publishing] - AIP Conference Proceedings Volume 2921

To learn more about AIP Conference Proceedings visit http://proceedings.aip.org



Editors

Sergey Knyazev

Russian Research Institute of Fruit Crops Breeding
Director

Zhilina Village

Orel Region, 302530

Russian Federation

Email: info@vniispk.ru

Ibrahim Kahramanoglu
European University of Lefke, Turkey
Department of Horticulture
Northern Cyprus TR-10

Mersin, 99010

Turkey

Email: ibrahimcy84@yahoo.com

Viktor Kukhar

Ural State Agrarian University

Department of Metal Technology and Machine Repair
Karl Liebknecht street building 42

Yekaterinburg, 620075

Russian Federation

Email: viktorurgau@mail.ru

Volkan Okatan

Eskisehir Osmangazi University, Turkey
Department of Horticulture

Eskisehir Osmangazi Universitesi Meselik Kampiisii Biiyiikdere Mah.Prof.Dr.
26040
Turkey

Email: okatan.volkan@gmail.com

Mikhail Tsoy
Russian Research Institute of Fruit Crops Breeding
Senior research of laboratory
Zhilina Village

Orel Region, 302530
Russian Federation

Email: nauka@y

Authorization to phot
statement below), is gran
Service, provided that the b.
copyright.com. For those organi
The fee code for users of the Trans

AlP | © 2023 AIP Publishing LLC
Publishing|

No claim is made to original U.S. Government works.

s for internal or personal use, beyond the free copying permitted under the 1978 U.S. Copyright Law (see
AIP Publishing LLC for users registered with the Copyright Clearance Center (CCC) Transactional Reporting
$30.00 per copy is paid directly to CCC, 222 Rosewood Drive, Danvers, MA 01923, USA: http://www.
at have been granted a photocopy license by CCC, a separate system of payment has been arranged.
Reporting Services is: 978-0-7354-4648-9/23/$30.00

Permission is granted to quote from the AIP Conference Proceedings with the customary acknowledgment of the source. Republication of
an article or portions thereof (e.g., extensive excerpts, figures, tables, etc.) in original form or in translation, as well as other types of reuse (e.g.,
in course packs) require formal permission from AIP Publishing and may be subject to fees. As a courtesy, the author of the original proceedings
article should be informed of any request for republication/reuse. Permission may be obtained online using RightsLink. Locate the article online
at http://proceedings.aip.org, then simply click on the RightsLink icon/“Permissions/Reprints” link found in the article abstract. You may also
address requests to: AIP Publishing Office of Rights and Permissions, 1305 Walt Whitman Road, Suite 300, Melville, NY 11747-4300, USA;
Fax: 516-576-2450; Tel.: 516-576-2268; E-mail: rights@aip.org.

ISBN 978-0-7354-4648-9
ISSN 0094-243X
Printed in the United States of America



AIP Conference Proceedings, Volume 2921
International Scientific and Practical Conference
“INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
Table of Contents

Preface: International Scientific and Practical Conference: Innovative Technologies in Agriculture 010001

MOLECULAR GENETIC TECHNOLOGIES IN BR NG
Bactericidal hydrosols’ properties of metal nanoparticles and their oxides in r

to escherichia coli

V. M. Bachinskaya, A. A. Deltsov, S. V. Akulova, Ya. N. Karasenkov, E. K. Taras 020001

Cephalotrichum asperulum - New pathogen of potato in Russia

Ivan Tuchkov, Rashit Tarakanov, Fevzi Dzhalilov, and Olga Beloshapkina 020002

Biochemical indicators of primate blood as a result of the inclusion vhite lupine

N. V. Gaponov, O. P. Neverova, S. Yu. Harlap, A. V. Stepanov, and[PaV. Sharavyev 020003
Dynamics of daily variability of the amount of fatty acids with diffe
bonds and their trans-isomers in the milk of black-
0. A. Bykova, A. V. Stepanov, O. V. Kostyunina . A. She 020004
Antibiotic susceptibility characteristics of oppo
microbiocenosis
A. S. Krivonogova, I. M. Donnik, A.
and E. N. Bespamyatnykh 020005
LATED TISSUES AND ORGANS
G AND REPRODUCTION
nchier Medik. cultivars in vitro
030001
ICATION OF SEED PRODUCTION AND CROP PRODUCTION
Detection of Pseud as savastanoi pv. glycinea in soybean seeds using PCR assay
Rashit Tarakanov, enatyeva, and Fevzi Dzhalilov 040001
The effect of ultrasonic vibrations on the activation of the vital functions of barley seeds
Mikhail Volkhonov, Maksim Belyakov, and Viktor Kukhar 040002

The use of biofungicides to increase the induced soil suppressiveness in intensive fruit plantations
Kh. M. Nazranov, A. N. Esaulko, B. B. Beslaneev, I. Kh. Thamokova, K. Z. Kasheva, and T. S. Aisanov 040003

THE ROLE OF BIOCHEMICAL STUDIES OF THE PLANT GENE
POOL IN THE IMPLEMENTATION OF THE DOCTRINE
OF FOOD SECURITY AND IN HEALTHY NUTRITION
Formulation and quality evaluation of partially prepared dough using protein plant raw materials
Elena Bychkova, Ekaterina Podgorbunskikh, Vladimir Buchtoyarov, Lada Rozhdestvenskaya,
and Polina Kudachyova 050001



MANAGEMENT OF MINERAL NUTRITION TO IMPROVE
THE PRODUCTIVITY, QUALITY AND SUSTAINABILITY
OF AGRICULTURAL PLANTS
Dependence of physico-chemical characteristics of leached chernozem’s soil fertility on fertilizers
and ameliorator used
Elena S. Gasanova, Konstantin E. Stekolnikov, Anna N. Kozhokina, and Angelina V. Malyavskaya 060001

Growth stimulants’ effects on productivity and quality indicators of apple fruits in the central
part of the North Caucasus
Kh. M. Nazranov, V. N. Sitnikov, A. N. Esaulko, B. B. Beslaneev, and T. S. Ais

060002

BIOLOGIZATION OF AGRICULTURE AS A MECHA

THE FORMATION OF SOIL FERTILITY

Trends in change and the current state of the effectiveness of land reclamation meéasur
in agriculture

Bakhodir Sultanov, Timur Nurimbetov, Sarsengaliy Bayjanov, Berdiya

and Akmal Durmanov 070001

Ammonium nitrogen regimen of leached chernozem in stationary ¢
and defecate

V. B. Pimenov, E. S. Gasanova, K. E. Stekolnikov, 070002
ENERGY-SAVING TECHNOLOG, DUSTRIAL COMPLEX

Issues of digital transformation of agriculture

V. E. Torikov, V. A. Pogonyshev, D. . V. Bychkova 080001
Encouraging the use g

Tulkin Farmap i , 080002
The stud elligence technologies and robotics in agriculture

E. & v . V. . 080003
The organi
of mastering rd

A. N. Semin, 080004
Ballasting features of the cheme tractors with high engine power and drawbar category
and the 4K4b layout scheme

Grigory A. Iovlev, Mavses K. Sahakyan, Mamed L. Yusupov, Irina I. Goldina, and Artem A. Sadov 080005
Innovative processes in the agricultural sector: Features and prospects

L. A. Molchanova, O. S. Akupiyan, D. P. Kravchenko, Z. Ch. Pak, and N. I. Chovgan 080006

THE ROLE OF ECONOMIC SCIENCE IN ENSURING
THE SUSTAINABLE DEVELOPMENT OF AGRICULTURE
Methodology for calculating maximum income in the greenhouse economy
Akmal Durmanov, Azamat Tabayev, Tokhir Turmanov, Gozzal Aliyeva, Saidakmal Kasimov,
and Dilobar Ruzieva 090001



Multilevel dynamic-stochastic model for optimizing the production of agricultural products
under risk conditions
Ya. M. Ivanyo and S. A. Petrova 090002

Digitalization of agriculture as a factor of sustainable economic growth of the agrarian sector
in Russia
Rishat A. Migunov, Anastasia A. Syutkina, Elena S. Kolomeeva, Vladislav I. Gornostaev,
and Ekaterina V. Enkina 090003

On the digitalization of the Russian agricultural economy: Condition, develop forecast

B. A. Voronin, Ya. V. Voronina, O. G. Loretts, E. M. Kot, A. V. Ruchkin, and 090004

Efficiency of seed production and sale as a factor of accelerated development of
of seed production and breeding in Russia

Zinaida P. Medelyaeva, Svetlana A. Golikova, and Natalia P. Shilova 090005

The formation and development of priority exports of organic prodtiets of agro-indu
of the urals region

David R. Krichker and Olga A. Ruschitskaya 090006






Preface: International Scientific and Practical Conference
«INNOVATIVE TECHNOLOGIES IN AGRICULTURE

On March 23-24, 2022, the International Scientific and Practical Conference "INNOVATIVE
TECHNOLOGIES IN AGRICULTURE" (ITIA 2022) was held on the basis of the Russian
Research Institute of Fruit Crop Breeding (VNIISPK) together with the Ural State Agrarian
University with the support of specialists from the European University of Lefke (Turkey) and
Eskisehir Osmangazi University (Turkey).

The event was dedicated to priority areas in the field of agricu
production: plant genetic resources, cultivars, technologies and metho
and biologization of agriculture.

particular crop
uction, adaptation

in the field of crop production were proposed. The concl
integrated approach to the regulation of innovation activit complex and the
development of a system of measures aimed at increasing the of agriculture. A
number of agreements were reached to strengthe i0 eratiop@inpriority areas in the
field of agriculture. Thanks to the joint fruitfulv he.Scienti actical Conference was
held at a high organizational and scientific

Positive feedback loop was receive
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Bactericidal Hydrosols' Properties of Metal Nanoparticles
and Their Oxides in Relation to Escherichia Coli
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Abstract. The article presents the results of in vitrg i conducted by the suspension method to
herichia coli, which is an indicator of

accordance with the current regulatory
. Disinfectants. Suspension method for
quired in the laboratory of diagnostics and
cases' animal pathogens of the Federal State

f al’ Veterinary of the Russian Academy of Sciences.
found that the studied metal hydrosols prevent the growth of E. coli on
were recorded after 24 and 48 hours of cultivation in a thermostat at
citrate hydrosol (E 331), the growth of the culture from the 3rd to
ata obtained allow to recommend the above-mentioned metal
fectants.

bacteria in determining the disinfection
document GOST R 59072-2020. Natio

INTRODUCTION

Providing the countr
is the main task of the
Food safety control i

h high-quality and safe products of animal origin in terms of veterinary and sanitary aspect
ament [1].

d out based on the current regulatory documents TR CU 021/2011 "On food safety",

international regulatory doct that toughen the control of food safety [2].

According to WHO, food”poisoning is a major problem worldwide; it is transmitted through food that is
contaminated with pathogenic and conditionally pathogenic microflora that is resistant to high and low temperatures
[7]. In the USA, several million cases of food poisoning are registered annually [12; 9].

Microbial food poisoning accounts for about 90% of the total number of food poisoning of various etiologies [4].

The recommendations to processing enterprises at the places of sale indicate planned disinfection of equipment
and the use of raw materials for the preparation of food that is safe in veterinary and sanitary terms.

One of the widespread microorganisms is E. coli; in natural conditions, it is the normal intestinal microflora of
animals and humans. In the course of evolution, E. coli strains have become sources of intestinal infections and
cause severe diseases [11; 10]. According to the research data of Kozlova S.V., 2019, Yurchenko A.A., 2021,
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Escherichia coli was detected in 43% of cases when slaughtering the cattle with injuries; 35.4% of them were
detected in raw milk.

It is worth noting that due to the active development of nanotechnology, the use of nanoparticles currently finds
a place in many areas including veterinary medicine. Having a proven bactericidal effect, metal nanoparticles,
particularly in the form of hydrosols, are used to create new antimicrobial - especially antiseptic - agents, which can
help in the fight against antibiotic resistance, which is actively spreading around the world. Studies have shown that,
for instance, silver nanoparticles have bactericidal properties against gram-positive bacteria E. hirae and S. aureus,
as well as gram-negative E. coli and S. typhimurium [3].

Based on the above, the authors believe that the issue of studying the resistance of Escherichia coli to metal
hydrosols is relevant since livestock farms and processing enterprises should seek ntiseptic agents for proper
disinfection.

MATERIALS AND METHODS

The experimental part of the work on the resistance study of metal hydrosols to oli was carried out
at the Department of Parasitology and Veterinary and Sanitary Examination of the FS Moscow State
Academy of Veterinary Medicine and Biotechnology - MVA named after abi i ramework of
the research agreement No. 45-11 dated 08.11.2021. Experimental samp esented by

infectious diseases of animals": B-1364. Date, source, and allocat
Moscow region. The culture was identiﬁed in the laboratory of a

ocated from cattle,
stics and control of
Research Center of

metal nanoparticles and their oxides.
The 1st sample contains the following as an ac
. Cu - 6.64 mg/l;
In the 2nd sample:
. TaO4 — 8.55 mg/l;
In the 3rd sample

31) - 2.4 mg/l.

In addition to
as an auxiliary sub
The work adopted

er-based antiseptic (sample 5), cetylpyridinium chloride (CPC) was present in all samples
0.07%.

cthodology as per GOST R 59072-2020. National Standard of the Russian Federation.
Disinfectants. Suspensio hod for determining antimicrobial activity. 4.5 cm of the tested metal hydrosols'
solution presented in Table the corresponding concentration was placed in a sterile bacteriological tube, to
which 0.5 cm of a suspension €ontaining E. coli 1x 10° microbial cells per 1 cm® was added and thoroughly mixed;
the exposure was maintained for 30 and 60 minutes as the most optimal, which is an indicator of the high
disinfectants' efficiency. Methols' hydrosols from E. coli suspension were transplanted into dense nutrient
meat infusion agar (MIA) media and Endo medium; after that, they were thermostated at a temperature of 37.0 ° C
for 24-48 hours.

020001-2



TABLE 1. Study samples of metal hydrosols

No. Samples Concentration of metal hydrosols' nanoparticles and
their oxides

1. CuO+CPC-0.07% Cu — 6.64 mg/1
2.  TaO,+ CPC-0.07% TaO4 — 8.55 mg/l
3.  Fe3s04+ CPC-0.07% Fe304 —4.94 mg/l
4.  TiO,+CPC-0.07% TiO; — 3.4 mg/l
5. Ag+ sodium citrate (E 331) Ag + sodium citrate (E 331) —2.4 mg/I
6.  ZnO+0.07 % CPC ZnO — 13.88 mg/1
RESEARCH RESULTS

ydrosols; it is used as
thogens of infectious

Escherichia coli bacteria was used to determine the exposure of antimicrobial action
an indicator bacterium in determining the quality of disinfection against gram-ne
diseases (salmonellosis, klebsiellosis, hafniosis, protein infection, brucellosis, etc.).

Disinfectants used in veterinary practice and food industry must meet the follo quirements: be
environmentally friendly, have low toxicity, have no unpleasant strong odg in stabilit storage and
dissolve well in water; it should not damage the treated surfaces, while ha hpri tio, which
is important for the consumer [8]. The study results of metal hydrosols
2.

TABLE 2. Record of the growth results of test cultures with metal nt medium
Test samples Accou 1 2 5

N nting 100 % 80 % 20 %

0. time hydrosole h ) hydrosole

I. CuO + CPC - 24 h - -

0.07 % 48 h - -

2. TaO, + CPC — - -

0.07 % - -
Fe304 + CPC — - -
+ +
MBP (without + + +
metal hydrosols'
addition)

9.  Culture control in 24 h + + + + +
saline solution 48 h + + + + +
(without metal

hydrosols'
addition)

(+) — culture growth on the medium; (—) — no culture growth on the medium.
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According to the studies' results, the authors found that the studied metal hydrosols prevent the growth of E. coli
on a dense MIA medium; the results were considered after 24 and 48 hours of cultivation in a thermostat at a
temperature of 37.0 °C.

TABLE 3. Record of the growth results of test cultures with metal hydrosols on the nutrient Endo medium

N Test samples Accou 1 2 3 4 5
0. nting 100 % 80 % 60 % 40 % 20 %
time hydrosole hydrosole hydrosole hydrosole hydrosole
CuO + CPC - 24 h - - -

0.07 % 48 h - - -
2. TaO, + CPC — 24 h - - -
0.07 % 48 h - - -
3. Fe;04 + CPC — 24 h - - -
0.07 % 23h - . -
4. TiO, + CPC - 24 h - -
0.07 % 48 h - -
5. Ag + sodium 24 h - -

citrate (E 331) 48 h - -

6.  ZnO+0.07 % 24h - -
CPC 48 h

7. Control of the 24h -
Endo medium 48 h -

8. Culture control in 24h +

MBP (without 48 h I +
metal hydrosols'
addition)
9.  Culture control in + +
saline solutiop I T

(without

dense End
of 37.0°C.
citrate hydroso

The data obta
facilities as disinfecta

ow to recommend the above-mentioned metal hydrosols for use at veterinary supervision
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Cephalotrichum Asperulum - New Pathogen of Potato in
Russia

Ivan Tuchkov, Rashit Tarakanov ?, Fevzi Dzhalilov an@@lga Beloshapkina

Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, oscow, Russian

Federation

 Corresponding author: tarakanov.rashit(@)

Abstract. The parasitic effect on the potato plant of fungi of the genus Cep
literature as endophytic, has been proved as a priority. The pathogenici
checked. Micromorphological features of conidial sporulation and myceli
PCR and sequencing, it was proved that the isolate is close to the genus
resulting sequence was deposited in GenBank (registration number ON364

are described. By
. asperulum. The

Russia, producing 28 about 20 million tons of pota i e top 5 countries with the largest potato
the pathocomplex affecting potatoes.
gs, to the 39 transition to parasitism of

The emergence of new plant pathoge
ii g plants actually do them no harm. These

endophytic fungi [1]. Endophytic fungii
fungi are mostly specialized biotro

Pezizomycotina, Sordariomycetes, Hypocreomycetidae,
ecies of saprotrophic fungi with an extensive distribution,

MATERIALS AND METHODS

on and characterization of the pure culture

To assess the phytosanitary status of a batch of potatoes of cv. Zhukovsky ranniy stored in the basement at 2-4 °C in
a private farm in Oryol region, tubers were selected and visually examined outside and inside at the cut. Subsequently,
fragments of selected tubers with signs of damage in the form of local darkening of flesh were placed in a wet chamber.
Pure culture was isolated by the limiting dilution method. Therefore, one simple of coremia was taken under a Carl
Zeiss Stemi 508 stereo microscope and placed in amicrotube containing 1 ml of sterile water. The microtube was
thoroughly mixed on a Cyclotemp-901 microcentrifuge-vortex (Russia) to obtain a mother liquor. Next, we performed
ten-fold dilutions of the suspension in water. The procedure was repeated until the concentration of 103 CFU/mL was
reached. 25 pL of the solution was transferred to Czapek medium with the antibiotic gentamicin (DalChimPharm,

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 020002-1-020002-5; https://doi.org/10.1063/5.0164603
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Khabarovsk, Russia) added at a concentration of 1 g/L and evenly distributed with a Drigalski spatula. The solution
was incubated at 20 °C until germination of individual single spores. Single spores were transferred to Czapek medium
for further cultivation. The morphological features of conidial spore structures of the fungus were described using a
Carl Zeiss Primo Star optical microscope. Affiliation with the genus Cephalotrichum was determined using the
Webster identifier [4] with subsequent correction for the latest taxonomy.

DNA purification and molecular genetic characterization

One representative potential isolate kolpna3 was isolated from diseased potato tubers and purified to single colonies
by cultivating on Czapek medium at 20 °C for 7 days. The mycelium was washe the medium with distilled
water and prepared for DNA purification. Total genomic DNA was extracted usi ytoSorb DNA extraction kit
(Syntol, Moscow, Russia) according to the manufacturer's protocol. DNA ¢ i

master-mix 5X MasDDTaqMIX-2025 (Dialat, Moscow, Russia). Amplificatio ormed in a T100
thermocycler (Bio-Rad Laboratories, California, USA).
Amplicon sequencing was performed at LLC «Syntol» (Moscow, Russia).
and analyzed using BioEdit v. 7.2.
The evolutionary history was deduced using the minimum-evoluti pluti sis was
performed in MEGA 11.

at to S1 phase and 50 pL of conidia suspension wit nL was applied to the wound.
The control variant was also wounded, but 50 plied instead of a suspension of conidia.

After inoculation, the plants were covered with a p t 22 + 2 °C with relative humidity of 95

to 100% and a light day of 16 hours. Afte To confirm Koch's postulates, a second

comparison of microstructures with
For tuber inoculatiemmpetatoes i slices, which were sterilized in 70% ethyl

alcohol and asep er filter in Petri dishes. Then, under laminar flow cabinet conditions,
one coremiumgf rown on Czapek medium was transferred to the middle of a potato
slice, the ¢ t access to light, periodically wetting the filter paper with sterile
water. Th on day 7 using a caliper. In the experiments, 5 leaves were

were converted before processing. Plots were created with GraphPad Prism 9.2.0.

RESULTS AND DISCUSSION

action and characterization of pure culture

Studies in this direction were initiated after the detection of darkened flesh of unknown etiology in a batch of stored
potato tubers in the Oryol region (Figure 1A). The analyzed potatoes were harvested in the Kolpnyansky district of
Oryol region (52.22°N, 156 37.00°E) in 2021.

After incubation of diseased tissue fragments in a wet chamber, fungal structures were visually detected on the
surface of dying darkened tissue, which were subsequently identified as conidial sporulation of fungi, coremia (Figure
1B).

Morphological description of isolate structures was performed using an optical microscope (Figures 1C-1D).
Mycelial hyphae are segmented, 2.17 to 2.96 um wide, and septa are distinct.
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Conidia unicellular, oval, oval-extended and narrowed at one end, less frequently globular, colorless, smoky gray
in mass, 4.39-4.46 um long, 3.02-3.05 um wide; phialides at ends of conidiophores elongated and curved, 3.01-3.12
pm long and 2.12-2.14 um width. The type of conidiogenesis is blastic. Conidiophores unbranched, up to 2830 um
long (on the PDA), aggregated in bundles, coremia, 42.0-42.3 pum wide. No structures of marsupial sporulation were
found.

Based on the structure of conidiophores and conidia, the obtained fungal isolate was identified as a representative
of the genus Cephalotrichum. Our data on the morphology of microstructures of the identified fungus of this genus
differ slightly from those described in potato culture in Iran [8].

ties of C. asperulum kolpna3 isolate. Symptoms of lesions on potato

) hological structure of microstructures of C. asperulum (C-D).

sky ranniy 7 days after inoculation with C. asperulum (E) and sterile water (F) by wound
inoculation with conidial suspension.

Pathogenicity testing

ion, typical local chlorosis and black-brown necroses were observed at the needle prick
ontrol wounds remained asymptomatic (Figures 1E, 1F). Symptoms appeared on all
potato leaves and tubers. The pathogen was repeatedly isolated in pure culture from
plant organs and verified by pure culture isolation and sequencing using the above

Three days after leaf 1
site on potato leaves, wh
wounds infected with conidre
diseased areas of inoculated
technique.

The isolate also showed pathogenicity when inoculated with a single coremia of potato slices. This was manifested
in the form of brown necroses, which reached a diameter of 47 mm.
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LMN850962.1 Doratomyces sp. UTHSC DI14-65

100

60 MG886303.1 Cephalotrichum asperulum isolate HHAUF 170569

80 MG886302.1 Cephalotrichum asperulum isolate HHAUF 170573
LMN850961.1 Doratomyces sp. UTHSC DI14-62
NR 146262.1 Cephalotrichum asperulum CBS 582.71

MG886304.1 Cephalotrichum asperulum isolate HHAUF 170575

LME52377.1 Doratomyces stemonitis CBS 127.22

MH860272.1 Cephalotrichum asperulum strain CBS 582.71

MG886301.1 Cephalotrichum asperulum isolate HHAUF 170550

KX923818.1 Cephalotrichum asperulum strain CBS 582 .71

HQ607849 .1 Cephalotrichum microsporum isolate ATT132

LC177641_ 1 Cephalotrichum stemonitis CBS 127 22

NR 146264 1 Cephalotrichum cylindricum UAMH

MF448342 1 Cephalotrichum purpureofuscum st

MF002123 1 Cephalotrichum gorgonifer strain H

MF448347 1 Cephalotrichum gorggii

ON364353).
Thus, the isolated f

second decade of August, the amount of precipitation was 44% of the average monthly norm, and the air temperature
rose to 34 °C. Most likely, it was these conditions that served as stress for the potato plant, as a result of which the
nonspecific immunity was weakened. Our study can be compared with the results of scientists from Iran [8], where it
was concluded that C. asperulum and C. tenuissimum spread in dry and hot climates. Due to the similarity of our
results, it can be assumed that stress caused by lack of moisture and elevated air temperatures is the starting point for
the transition of the fungus C. asperulum to parasitism. To obtain more accurate information on the background of
which abiotic factors the endophytic fungus is transitioning to a parasitic lifestyle, of course, additional research is
necessary.
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CONCLUSIONS

As far as we can judge, there were no previous publications and reports on the pathogenesis of fungi of this species
on potatoes in Russia. The established fact of pathogenicity of the studied fungus of the genus Cephalotrichum shows
the need for further monitoring, clarification of its phylogenetic specialization, evaluation of the disease harmfulness
on different potato varieties and development of protective measures to reduce damage.

FUNDING

This research was supported by the Ministry of Science and Higher Education of t
#075-15-2022-317 of April 20, 2022). The grant was provided for the state suppo
scientific centre.

sian Federation (agreement
e “Future Agrotechnologies”

REFERENCES

Ecology, 69, 1, 2-9, (1988)
2. B. Schulz and C. Boyle, «The endophytic continuum», Mycol Rese
3. K.H. Domsch, W. Gams, T.H. Anderson, Compendium of soi
Germany).
4. J. Webster, R. Weber, Introduction to Fungi (3rd ed.). (Cambridg ambridge, UK, 2007).
5. M. Kusaba and T. Tsuge, «Phylogeny of Alternaria fungi known xins on the basis
of variation in internal transcribed spacers of ribosomal DNA», Cu 1995).
6. A.Rzhetsky, M. Nei, «A Simple Method for Estime i n Trees», Mol. Biol.
Evol. 9, 945 (1992).
7. M. Zhang, X. Sun, L. Cui, Y. Yin, X. Zhao, S,
Mediated Inoculation with the Plant Pathoge
8. N. Alijani, A. Mamaghani, M. Javan-Nikkha
from Solanum tuberosum (potato) i

, W. Wang, «¥
gnaporthe Grisea is Exp. 138, 57675 (2018)

1, «<Endophytic Cephalotrichum spp.

020002-5


https://doi.org/10.2307/1943154
https://doi.org/10.1017/S095375620500273X
https://doi.org/10.1007/BF00310821

Biochemical Indicators of Primate Blood as a Result of the
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Abstract. Today, in addition to rodents, the non-human primate which are valuable
models in biomedical research, are at the disposal of rodents. Anatomical

ine in primates and its influence on their
an urgent task. In the present study, we
biochemical parameters of the blood of
male M. mulatta at the age of 9 years

biochemical blood parameters, in order to extrapol
established the effect of white lupine with an alkal

and an average body weight of 10 kg.
phosphatase, total protein, albumin,
phosphorus concentration), the a

and additional parameters (calcium and

-Alanine aminotransferase, AST-spartate

ydrogenase), which are biochemical markers of

damage to vari . sis of the research results as a result of the inclusion in the structure of

[ 0, showed the absence of pathological abnormalities in the liver, heart

tudied indicators were within the reference values, which indicates
cesses in the body.

INTRODUCTION

Intensive metabo
rich feeds balanced
fledged animal feed
leguminous crops such a

pecially anabolic processes in the body, are possible only with sufficient intake of protein-
utrients. It is difficult to satisfy the need for protein by increasing the production of full-
4]. To successfully solve this problem, it is necessary to include vegetable proteins of
upin in diet structures. The problem of plant protein deficiency in many countries of
the world has caused incread erest in lupin. The need to import soybeans and protein dependence on the United
States led to the search for ways out of the current situation. Different lupine types can be grown in more temperate
climatic conditions than soy. This crop is less demanding to the soil due to the development of a powerful root system.
Seeds of white lupine contain the same amount of protein as soy (35...40%), of similar quality. Lupin grain is not
inferior in nutritional value to soy grain, and in some respects surpasses it, has excellent taste qualities. The prime cost
of lupin grain makes it an increasingly popular alternative to soy. The dry matter of lupin grains contains 30- 46% of
crude protein. In terms of amino acid composition, lupin protein surpasses cereals and many protein feeds.

The lupin advantages have been repeatedly noted by many scientists and practitioners. Lupin contains many -
biologically active elements, which makes it possible to use it in the fight against diabetes 2 and cardiovascular
diseases [5,6].
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All over the world, lupin is cultivated primarily as a source of feed and food protein. In our country today, lupin
is used as a fodder and break crop. There is a certain problem with the introduction of this culture into food products.
This is due to the fact that the crop is quite young, therefore it is not present in the list of food products both in SanPiN
2.3.2.1078-03 and in the adopted technical regulations.

The main reason that slows down the use of lupin grain in nutrition is the presence of alkaloids in it — anti-
nutritional substances with toxic properties. These substances are a group of nitrogen-containing organic, primarily,
heterocyclic compounds. Biologically active antialimental substances, alkaloids, trypsin and chymotrypsin inhibitors
contained in lupine negatively affect the anabolism and catabolism processes, reduce body resistance to pathogenic
factors [4,5,6]. Adaptive and protective properties of the body, as a result of white lupin inclusion in the structure of
diets, can be assessed using a biochemical blood test. Blood is a liquid substanc creates the internal milieu
necessary for the optimal functioning of the cytological and histological systems e body [7]. The components
contained in it are plastic substances that provide blood viscosity, create colloida ic pgessure, maintain acid-
base equilibrium, provide transport and protective functions. The blood homeostasis fluenced by the type
and age, technology of keeping and feeding primates.

In connection with the above, this work is of great scientific interest and practi
the feasibility of introducing white lupine grains with an alkaloid level of 0.02% into the
feeds for primates, such as M. mulatta as experimental models. Because phylo enetlcally are closer to
humans than other laboratory animals, and therefore they are very convenig biological
processes in the body.

The purpose of the research was to study the hematological blood p

ce for substantiating

Primatology" Krasnodar
Krai, city of Sochi. To carry out scientific experimex ' imates"™M™mulatta, 4 heads each, similar
in appearance, origin, age, gender, were formed by t g irs in accordance with generally accepted
research methods [11;12;13]. The groups differed i i i ;15 ye animals were kept in individual cages.
The experiment period was 35 days.

Animal experiments were performed j
laboratory animals [16 17] the Helsi

s of the guidelines for the maintenance of
U Directive 2010/63/EU. The study was
eme of the experiment is presented in table

1. Experiment scheme

Feeding conditions

Complete feed (CF)

CF - lupin content 10%. Replaced with native lupin: soybean meal and

Experimental sunflower meal by 50%

I
Experimental

CF - lupin content 20%. Replaced with native lupin: soybean cake,
sunflower and corn cake by 50%, fish meal, and milk powder by 50%

The control group received a complete balanced feed.

Primates of the 2-experimental group, with complete feed, consumed native white lupin in the amount of 10%.

In primates of the 3-experimental group, native white lupin was present in the structure of complete feed in the
amount of 20%.

The alkaloid content in white lupin grain of the Dega variety was determined in the Laboratory of Plant Physiology
of the All-Russia Scientific Lupin Research Institute - a branch of the FRC "V.R. Williams All-Russia Scientific
Research Institute"
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The inorganic part of the biochemical composition of the complete feed was determined using an X-ray
fluorescence wave dispersion spectrometer "Spectroscan max GVM". Method of measuring the mass fraction of Mg,
Al, Si, Zn, P, S, Cl, K, Ca, Ba, Ti, Cr, Mn, Fe, Ni, Br, Rb, Sr in powder samples of plant materials - by X-ray
fluorescence method using X-ray devices for spectral analysis SPECTROSCAN MAX (M-049-RM/12, Russia). The
remaining indicators were determined using the FOSS NIRS DS2500F spectral feed analyzer (USA).

The material for the study was venous blood and blood serum. Blood samples (2.5-3.0 ml) were taken from the
ulnar or femoral vein on an empty stomach before the use of chlorella and 35 days after the end of the experiment.
Whole blood was stabilized with a heparin solution. Hematological analysis was performed on an automatic analyzer
CoulterAcT 5diffCP of the Beckman Coulter company (USA). The level of erythrocytes leukocytes, platelets,
hemoglobin concentration, hematocrit, average volume of erythrocytes, erythrocy ocytosis were determined.
The erythrocyte sedimentation rate (ESR) was determined by the Panchenkov m . Blood serum was obtained
from venous blood without anticoagulants in a centrifuge glass tube, which was m temperature of 15-20
°C until a clot forms. Decanting and centrifugation was performed with a thin glass
The biochemical analysis (the content of total protein, glucose, total bilirubin, calciu horus) was performed
with blood serum without hemolysis for 2-3 hours after receiving it using commercia igh Technology Inc

The white lupine grain contained 0.02% alkaloids, which a 0 i Mg i is known as a source
pa variety contained 13.8
MJ of metabolic energy, 35.85% of crude protein averaged 14.62% and 4.01%,
respectively.

The first control group received a complete bal
soybean cake, sunflower, corn and corn
sources of animal feed were fish flour in
the control group was balanced in te

- 6%. The lack of calci

which 34.10% was wheat. The share of
feed accounted for 10.00% each. The
2.00% and dry milk 4.00%. The diet of
Inflower oil, an amount of 0.3% and sugar
the introduction of tricalcium phosphate in

The feeding up for a set of feeds was identical with the control one. Nevertheless
the studied of 10% was added to the structure of the diet of this group. As a
result, hig eal and sunflower meal, were replaced with lupin by 50%. The
diet sty entical to the control group

In tf , high-protein feeds;*both of vegetable and animal origin, were replaced with white
lupin. As ] ite was 20% in the structure, which replaced vegetable feed, soybean cake by 50%,

sunflower cak by 50% and wheat by 0.3%. Animal feed: fish meal and milk powder - by 50%. Since
as a result of the usion, the level of metabolic energy of the diet began to correspond to the norm, the content
of vegetable oil in gt decreased by 1.2%. For the rest of the component composition, the experimental diet
corresponded to the c6 )

Biochemical analysi e of the most common laboratory studies in modern biomedicine, reflecting the
functional state of the organ body systems (liver, kidneys, pancreas, etc.). Biochemistry allows to assess the state
of metabolic processes (proteiny; carbohydrate, fat, water-electrolyte metabolism, imbalance of macronutrients).

To assess the effect of the introduction of white lupine with alkaloid content of -0.02% in the diet on metabolism,
we determined some biochemical parameters of blood serum. With norm-balanced primate feeding, the biochemical
composition of the blood is quite constant. Insufficient or, conversely, excessive intake of macro- , micronutrients
disrupts the nature of metabolic processes in tissues, which affects the biochemical composition of the blood.

Alkaline phosphatase (ALP) is a protein enzyme that is present in all tissues of the body and in an alkaline
environment ensures normal metabolism at the cellular level. According to the data (Table 2), at the beginning and
end (Table 3) of the experiment, the ALP indicators were within the reference values. Consequently, the inclusion of
white lupin in the diet structure of male rhesus macaques did not affect the increase in alkaline phosphatase, which
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indicates the absence of pathological changes in the hepatobiliary and osseous systems.

TABLE 2. Biochemical blood parameters at the beginning of the experiment, X+Sx

Indicators Reference values ? Groups
I-Control [I-Experiment [II-Experiment

ALP (u/l) 42.1-1635.0 137.93+£19.83 168.93+19.81 149.63+58.30
ALT (u/l) 1.0-29.0 28.58+0.34 25.79+6.60 30.61+21.2
AST (u/l) 12.0-55.0 37.85+6.49 50.22+11.33 55.00£12.20
GGT (u/l) 2.0-128.0 86.59+5.20 70.42+7.50
LDH (u/1) 59.0-287.0 198.33+15.50 164.80+15.1
Amylase 98.0-570.0 441.87+15.94 403.80+81.0
(mmol/l)
Urea 1.69 -3.76 3.74+0.71 3.48+0.57
(mmol/l)
Creatinine 53.04 -114.0 114.1+12.41 113.40+7.42 8.23£5.70
(umol/l)
Glucose (mmol/l) 1.83-6.76 6.02+0.10
Bilirubin (umol/l) 1.71-11.97 7.57+1.60 .
Protein, (g/1) 39.0-79.6 79.58+3.49 80.73+4.31 72.57+10.30
Albumin, (g/1) 39.0-51.0 42.84+1.76 39.57+4.04 39.16+1.23
Globulins (g/1) 35.0-41.0 36.74+1.50 33.41+1.01
Ca, (mmol/l) 1.75-2.45 3.79+0.13%*
P, (mmol/1) 1.06-2.13 1.5 1.46+0.30

Note: the data is given in the form of an averagg
p<0.01**, p<0.05* compared to the control

2 - reference data are given accordifigito [1

ALP - Alkaline phosphatase
ALT - Alanine transaminase

or, n=4 for all groups.

the transaminase group. At the beginning of the experiment,
I level in primates in the remaining groups both at the beginning and at the end (Table

the physiological norm, but at the end of the experiment, a decrease in enzyme activity

better use of amino a
beneficial effect of wh

n the biosynthesis process and a decrease in the intensity of their catabolism, as well as the
in on the functional state of the liver. Thus, the analysis of the data on ALT, as a result
of the inclusion of white with an alkaloid content of 0.02% in the diet structure, indicates the absence of
pathological abnormalities it iver, heart muscle, skeletal muscles, pancreas, and bile ducts. The increased ALT
level in blood serum in group 3 at the beginning of the experiment was probably transient and was not associated with
the action of white lupin alkaloids in the diet of human primates.

TABLE 3. Biochemical blood parameters at the end of the experiment, X+Sx

Indicators Reference values ? Groups
[-Control [I-Experiment [II-Experiment
ALP (u/l) 42.1-1635.0 205.3+£12.25 281.7+£34.2 209.5+47.1
ALT (u/l) 1.0-29.0 28.24+6.20 19,18+4.60 17.93+1.10%
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Continuation of TABLE 3.

AST (u/l) 12.0-55.0 22.46+0.90 26.64+3.12 32.32+3.90
GGT (u/1) 2.0-128.0 74.19+£2.26 91.77£14.22 83.87+15.4
LDH (u/1) 59.0-287.0 180.1£20.17 179.5+£15.44 190.1£15.49
Amylase 98.0-570.0 243.5+11.75 293.9+23.27 266.4+16.69
(mmol/I)

Urea 1.69 -3.76 3.41+0.79 3.01+0.56 3.63+0.59
(mmol/I)

Creatinine 53.04-114.0 112.5£10.79 113.6+7.13
(umol/l)

Glucose (mmol/l) 1.83-6.76 6.50+0.11 6.60+0.09*
Bilirubin (umol/1) 1.71-11.97 5.32+1.14 3.35+0.40
Protein, (g/1) 39.0-79.6 80.51+6.71 77.59+3.04
Albumin, (g/l) 39.0-51.0 38.52+2.98 35.66+3.90
Globulins (g/1) 35.0-41.0 41.99+1.98

Ca, (mmol/l) 1.75-2.50 2.329+0.06

P, (mmol/1) 1.06-2.13 1,4623+0.07

Note: the data is given in the form of an average value and a standg
p<0.01**, p<0.05* compared to the control group.
2 - reference data are given according to [19;20;21].
ALP - Alkaline phosphatase
ALT - Alanine transaminase
AST - Aspartate aminotransferase
GGT - Gamma glutamine transferase
LDH - Lactate dehydrogenase

rror, n=4 for all @

Aspartate Aminotransferase (AST) i
aminotransferases (transaminases) in

e group of transferases, a subgroup of
e level of the AST enzyme, both at the

e dehydrogenase enzyme (LDH), which is involved in glucose metabolism, found that the
did not exceed the reference values both at the beginning and at the end of the experiment
the experiment, the average LDH value level in the 3rd experimental group was slightly
5.50%, but this increase was within the physiological norm and these differences did
not reach statistical signifi p>0.05). This indicates the absence of oncological processes and damage in body
cells and tissues, as a result of'the inclusion of white lupine with alkaloidness 0.02% in the diet structure.

The study of the pancreatic amylase enzyme found that its level, both at the beginning and at the end of the
experiment in all groups, was within the normal range. The non-increased level of amylase indicates a normal
metabolism and the absence of inflammatory processes in the body. The results obtained by amylase are confirmed
by data on the AST enzyme, which indicate the absence of deviations in the gluconeogenesis processes.

Since 85% of urea is released during filtration of blood in the kidneys, our studies of urea concentration in the
blood allowed to assess kidney function. Both at the beginning of the experiment and at its end, the urea level was
within the physiological norm. The absence of uremia indicates a good metabolism in the kidneys and a balanced diet
of primates, in particular in terms of protein.

in all groups. At the €
higher than the control g
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The study of an important indicator of nitrogen-containing carboxylic acids- serum creatinine - involved in energy
metabolism in muscle and nerve cells, allowed to judge the state of the body. At the beginning of the experiment, the
creatinine level was within the reference values. At the end of the experiment, the average creatinine level in the 2-
experimental group was 0.62% higher relative to the control group and 0.97% higher in the 3-experimental group, but
these indicators were within the normal reference values. These indicators show the absence of a side effect of white
lupin on the filtration and excretory function of the kidneys. Indicate the balance of the protein feeding diet.

To understand the overall picture of carbohydrate metabolism in the body, one of the basic biochemical parameters
was studied, the glucose level in the blood. At the beginning of the experiment, the glucose level was statistically
significantly within the physiological norm in all groups. At the end of the experiment, in the third experimental group,
after the introduction of white lupine into the structure of the diet, the glucose le lative to the control group
increased statistically significantly slightly (p<0.05) to the upper values of the no was in the range of reference
values. Symptoms of hypoglycemia and hyperglycemia were not detected. There is pessible to diagnose the
absence of endocrine system diseases (glucoganoma, acromegalia, thyrotoxicosis,
liver and kidneys and disorders in the pancreas.

At the beginning of the experiment, the level of bilirubin, bile pigment formed fro 1n in liver cells, was
within the reference values. At the end of the experiment, the average bilirubin level in‘the ental group was
2.20% higher than the control group, but it was within the normal range and the differences each statistical
significance (p>0.05). As a result, no signs of hyperbilirubinemia, whig
gallbladder, were found. Accordingly, the excretion and conjugation of
between its formation and excretion is not impaired.

To control the presence and degree of amino acid metabolism disorders, ses and pathological
conditions, the total protein was studied. The level of blood protein in
groups at the beginning of the experiment was higher than the refere
decrease in the level of total protein in the 2-experimental.g e [ ological norm with a
statistical significance of p<0.05. The total protein in th s bo
end of the experiment within the reference values. T
(glomerulonephritis, amyloid disease, etc.). This i
gastrointestinal tract. The content of albumin and
synthetic liver and kidney function. Sufficicatsi

To diagnose electrolyte disorders in t
phosphorus and calcium exchange is
ratio With each other is equal to 1:1-

cr diseases, kidney diseases
and good absorption of protein from the
as well as total protein, indicate good

S level in the blood was determined. The
al assimilation of minerals, their certain

CONCLUSION

The use of w
of other high-pro
an alkaloidness of 6
of lupin as a protein s

Kes it possible to balance the protein feeding diets of primates without the additional use
simes. As a result of biochemical blood tests, it was found that the use of white lupine with
does not lead to pathological abnormalities in the body of primates. Consequently, the use
ent will allow to obtain amino acid-balanced feed and optimize their cost by reducing the
content or completely el pg animal protein. Lupin protein could be the basis for use in human food production.
Considering the growing pe ity of vegetarianism, the use of lupin protein for the creation of meat and fish
analogues, sports protein nutriffon seems promising.
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Dynamics of Daily Variability of the Amount of Fatty Acids
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Abstract. In the breeding enterprise in the summer, studies were carried
saturation of carbon bonds and their trans-isomers in milk obtained during
the study, it was found that in the evening milk, the level of all groups 0
morning milk, the difference ranges from 42.9% to 75.0%. Saturated fatty a

day, as well as for different periods, their level is 69% of th (
trans-isomer level is 2%. The high variability of the am
from 59.5% for polyunsaturated fatty acids to 93.3%
traits and, as a consequence, the possibility of carryi

g. In the course of
higher than in the
general during the
trans-isomers. The
somers was established
dicates a high variability of
ding to these indicators.

In recent years, the problem of rati 1SOme nsaturated fatty acids in animal products
C g cally does not regulate the content of trans-

of natural unsaturated fatty acids contained in animal fats. They
the digestion of vegetable raw materials rich with unsaturated
and further into milk processing products with a high fat
cheese, the TFA proportion ranges from 3.2 to 6.2% of the

scussion of the adverse effects of industrial TFA on health, the impact of natural TFA on
e [9-10].
of foreign researchers, TFA at the level of metabolism can block the mechanisms of gene
id compounds [11,12,13].

Milk TFA is natural a have many health benefits, including enhancing immune function, reducing body
fat, and preventing or slowi ¢ formation of tumors in certain types of cancer. This information requires further
research, since it suggests that natural TFA are metabolized quite differently than industrially produced ones.

Despite the wid
health is still que

According to a nt
expression associated W

MATERIALS AND METHODS

The object of the study was the breeding stock of black-and-white cows of the breeding enterprise of the Sverdlovsk
region of different ages (from 1 to 3 lactation). The research included milk samples taken by specialists of the farm
in July 2022. The analysis was carried out at the Center for the collective use of scientific equipment "Bioresources
and Bioengineering of Farm Animals" of the FSBSI FRC VAA n.a. L.K. Ernst using a multiparametric automatic
milk analyzer CombiFoss 7. Based on the results obtained, the average values for each component were calculated
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and an experimental database of the following indicators was compiled: the content of saturated, monounsaturated,
polyunsaturated fatty acids and trans-isomers of fatty acids.

The results of the study were processed biometrically according to the method of N.A. Plokhinsky (1970).
Quality control of the received information on average daily observations for milk fat components was carried out
using a PC program MS Excel.

RESULTS AND DISCUSSION

Milk fat is a complex consisting of a large number of fatty acid esters. The comp
significant changes both during lactation and during the day. At the same time, t
acids content in milk fat composition has recently been of scientific interest. Cha
the cow milk of the breeding farm are presented in Table 1.

ition of cow milk undergoes
tent and dynamics of fatty
n the amount of fatty acids in

TABLE 1. Daily dynamics of the amount of fatty acids depending on the saturation of carbo nd their trans-isomers,

g/100g.
Morning Evening age per day
Indicator Eva Cyv, N Cy, Cyv,
X+Ss, ¢ Xz, %
Saturated fatty acids 1.38+0.18 85.8
Mono-unsaturated fatty 0.5140.06 729
acids ) ’ ’
Poly-unsaturated fatty 0.07£0.006 0 090 01 595
acids ) ' ' ' ’
Trans-isomers of fatty 0.040.006 0.06+0.01 933

acids

The presented data (Table 1) on th ds depending on the number of double
bonds of the carbon atom show that roups of ae milk obtained during morning milking is
significantly lower thanga evening e smallest a ed for the group of trans-isomers and poly-

s were found in the largest amount in milk, mono-unsaturated acids
tio of fatty acids and trans-isomers of fatty acids was found in
ion of saturated fatty acids in milk fat exceeded the content of

and-white cattle of the breeding enterprise, both during certain periods of milking and
ount of saturated fatty acids is noted.

ount of fatty acids depending on the saturation of carbon bonds and their trans-isomers is
carly.

on average pc
Daily change
shown in Figure 11
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dynamics gives a clear picture of the change. Thus, 3 i e gure 1, it can be seen that, in
general, the level of trans-isomers and fatty acid
ted to 75.0%. The content of saturated
and mono-unsaturated fatty acids increa during the day — 62.3 and 62.7%,

93,3

FIGURE 2. Variability coefficient of the average daily content of fatty acids and their isomers, %
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The analysis of the variability of the average daily content of fatty acids in milk demonstrated a high value of the
variation coefficient, which indicates a significant difference in the magnitude of this trait in the studied group of
animals. The highest value of the variation coefficient was noted for the group of trans-isomers of fatty acids, this
indicator was the lowest in the group of poly-unsaturated fatty acids, for saturated and mono-unsaturated fatty acids
it occupied an intermediate value. It should be noted that the largest value of the coefficient was for the group of
saturated fatty acids, characterized by the highest level of content in cow milk.

Based on the analysis of variability indicators, it can be said that the studied livestock of the breeding enterprise
is characterized by high genetic diversity, which in turn is a prerequisite for further improvement of animals in terms
of the number of trans-isomers and fatty acids in milk.

For groups of fatty acids and their trans-isomers, there was a high difference b
(Table 2). Thus, according to the studied indicators, the greatest superiority
minimum values was found for trans-isomers of fatty acids — by 31.2 times, for
fatty acids by 15.4 and 11.9 times, respectively. It should be noted that in the stud
whose milk poly-unsaturated fatty acids are completely absent.

n the daily average values
maximum values over the
nd mono-unsaturated

TABLE 2. Average daily fluctuations in the amount of trans-isomers and fatty a

Indicator Minimum

Saturated FA 0.602
Mono-unsaturated FA 0.259 2.817
Poly-unsaturated FA 0.369
FA trans-isomers 0.343 0.332

The daily dynamics of the distributio ] ers in the milk of the studied black-and-
white cattle at different periods of thegda icula atific i (Fig.3 and 4).

= Saturated FA - Mono-unsaturated FA - Poly-unsaturated FA - FA trans-isomers

FIGURE 3. Distribution of fatty acids and their isomers in morning milk, %
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Analysis of the ratio of fatty acids and their trans-isomers in milk obtained in the morning shows a high
proportion of saturated fatty acids — 69%, the concentration of mono-unsaturated fatty acids was slightly lower,
which was 25%. Poly-unsaturated fatty acids and transisomers of fatty acids account for only 4% and 2%,
respectively.

3% 2%

In the milk of the studied herd of black-and < ) i g, the distribution of the
worth noting only an increase in the
proportion of mono-unsaturated fatty acids by up o) and a decrease by an corresponding

value (up to 3%) in the proportion of poly-

In the milk of b breeding enterprise, both during certain periods of milking and on
acids is noted. Low content of poly-unsaturated fatty acids and
ange in the amount of fatty acids in cow milk and their trans-
42.9%. The studied livestock of the breeding enterprise is
f fatty acids and trans-isomers of fatty acids, which in turn

REFERENCES

ion of the fatty acid composition of cow and goat milk from the point of view of

iman body», Topical issues of the dairy industry, intersectoral technologies, and
quality management sy , 1 (1(1)), 181-186 (2020). DOI 10.37442/978-5-6043854-1-8-2020-1-181-186.

2. D.A. Usatyuk, .M. Mironenko, The nutritional value of milk fat in modern milk processing technologies,
Biotechnology and society in the XXI century: coll. of art. of the International scientific and practical conf.
Barnaul: Altai State University, 278-281 (2015).

3. Yu.V. Guzeev, «Vinnichuk, Composition of fatty acids of milk of different farm animalsy», Bulletin of Sumy
National Agrarian University, 5, 148-156 (2016).

4, HL. Mansson, «Fatty acids in bovine milk faty, Food Nutr. Res., 52, 10.3402 (2008). doi:
10.3402/fnr.v52i0.1821.

020004-5


https://doi.org/10.37442/978-5-6043854-1-8-2020-1-181-186
https://doi.org/10.37442/978-5-6043854-1-8-2020-1-181-186
https://doi.org/10.3402/fnr.v52i0.1821

10.

11.

12.

13.

L. Hooper, N. Martin, O.F. Jimoh, C. Kirk, E. Foster, A.S. Abdelhamid, «Reduction in saturated fat intake for
cardiovascular disease», Cochrane Database Syst Rev. Aug 21, 8(8), CDO011737 (2020). doi:
10.1002/14651858.CD011737.pub3. PMID: 32827219; PMCID: PMC8092457.

Youngyo Kim, Youjin Je, E.L. Giovannucci, «Association between dietary fat intake and mortality from all-
causes, cardiovascular disease, and cancer: A systematic review and meta-analysis of prospective cohort
studiesy, Clinical Nutrition, 40(3), 1060-1070 (2021), ISSN 0261-5614,
https://doi.org/10.1016/j.clnu.2020.07.007.

L.V. Zaitseva, A.P. Nechaev, «Biochemical aspects of the consumption of trans-isomers of fatty acidsy,
Questions of dietetics, 2(4), 17-23 (2012).

N.V. Perova, V.A. Metelskaya, A., S.A. Boitsov, Trans isomers of unsaturate
diseases of the circulatory system associated with atherosclerosis, Therapeuti
0O.S. Medvedev, Z.0. Medvedeva, Transisomers of fatty acids as a dangeroul
Questions of dietetics, 5(2), 54-63 (2015).

N.M. Grigorieva, M.V. Kuleshova, «The danger of trans fats in food: the p
Bulletin of Chelyabinsk State University. Education and Healthcare, 4(12), 54-
4102-2020-10407.

V.A.R. Cruz, H.R. Oliveira, L.F. Brito, et al., «Genome-wide association stud i ids in Holstein
Cattle accounting for the DGAT]1 gene effect», Animals, 9(11), 997 0 .
L. Shi, X. Lv, L. Liu, et al., «A post-GWAS confirming effect ] i cids in a
Chinese Holstein dairy population», BMC Genet, 20, 53 (2019). d ( -0755-7.

V. Palombo, M. Milanesi, S. Sgorlon, et al., «Genome-wide asso ; acid composition in
Italian Simmental and Italian Holstein cows using single nucleot >, J. Dairy Sci., 101,
11004-11019 (2018). doi: 10.3168/jds.2018-14413.

y acids increase the risk of
ive, 85(9), 113-117 (2013).
of an unhealthy diet,

of public awarenessy,
OI 10.24411/2409-

020004-6


https://doi.org/10.1002/14651858.CD011737
https://doi.org/10.1016/j.clnu.2020.07.007
https://doi.org/10.24411/2409-4102-2020-10407
https://doi.org/10.3390/ani9110997
https://doi.org/10.1186/s12863-019-0755-7
https://doi.org/10.3168/jds.2018-14413

Antibiotic Susceptibility Characteristics of Opportunistic
Gram-Positive Bacteria in Poultry Microbiocenosis

A.S. Krivonogova, .M. Donnik, A.G. Isaeva ¥, E.
Petropavlovsky and E.N. Bespamyatn

Abstract. Opportunistic pathogenic microflora inhabiting microbiocenoses
Gram-positive bacteria were studied in biomaterial from broiler chickens
phytobiotic based on Brassica juncea, Linum usitatissimum, and Nigella

avilamycin and a
e to the diet. The

dynamics of the species composition of Staphylococcus spp., Enterococc , bility to antibiotics
vancomycin, ofloxacin, levomycetin, tobramycin were analyzed d

diet of chickens led to a twofold decrease in the number g i iomat rom chickens. In the
broiler biomaterial from the groups receiving phytobi b i am-positive cocci were

detected, while the largest number of isolates were sdSeepti i a low value of the minimum suppressive
concentration.

her spread of drug resistance in microbiomes was associated
ition of antibiotics into the diet to stimulate growth and

gradually Ie
niches with
with a decrease 1%
agents.

Bacterial resistance
products - eggs, milk,

trains [2, 6, 7]. One of the most significant negative effects of the AMR spread, along
crapeutic effectiveness of antibiotics, is the contamination of humanmicrobiomes by AMR

(ARGs) and non- pathogenic bacteria can be transmitted to humans through animal
at have not undergone antimicrobial treatment, as wellas, in contact with animals,
their microbial products, a v materials of animal origin [1, 2]. Thus, there are data on the detection of human
opportunistic pathogens (E.colf, Enterobacter spp.) with genetic determinants of resistance, primarily detected in the
microbiomes of farm animals and associated with extended-spectrum B-lactamases (ESBLs), [1, 8, 9, 10]. To a
lesser extent, the spread ofARGs associated with non-pathogenic microorganisms and representatives of the normal
microflora of humans and animals (Lactobacillus spp., Bifidobacterium, Bacillus licheniformis), which can also
participate in the contamination of microbiomes with resistance determinants, has been studied [11, 12]. At the
same time, the environment is important in the process of resistant bacteria emergence, their selection, maintenance,
and distribution between adjacent ecological niches, causing contamination of previously untouched ecosystems [8,
13]. There is a lot of data on the mechanisms of distribution of individual resistance determinants (cmx, ctx-m, tet,
bla, cfr, etc.) in animal microbiomes, while the authors note the stable nature of ARGs circulation, the risks of their
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migration along the food chain to humans, as well as trends towards interspecific distribution [9, 10, 14].

Since poultry is one of the most common types of meat consumed worldwide, and industrial poultry farming
technologies are characterized by the use of a large number of antimicrobials for the prevention, treatment of
diseases, and improvementof productivity, poultry microbiomes make a significant contribution to the formation
and spreadof AMR [3, 7, 15]

The existing mechanisms of horizontal gene transfer (HGT) and cross contamination of the organism with
resistant bacteria are associated with the spread of ARGs in livestock and poultry enterprises [6, 7]. Transfer
factors in this case canbe not only technological lines, inventory, animals, and raw materials being moved, but
also workers who are in direct contact with animals [6, 7].

The results of modeling conducted by van Bunnik et al. showed that curre
antimicrobials in animal husbandry and poultry farming is no longer sufficient tain AMR in humans [16].
Nevertheless, it is necessary to study the mechanisms of AMR spread in poultry risesp as well as the search
for a replacement for antibiotics in poultry farming. One of thealternatives to pr iotics is the use of

each other to exclude the transfer of microorganisms between groups.

Chickens were raised from 1 day to slaughter onday 58. In group
introduced into the feed ("MaxusG-100, Eli Lilly and Company, USA ytobiotic based on
Brassma juncea, Linum u51tat1551mum and Nigella sativa L. oils were i i ietfor 21 days.

colonies was carried out by the MALDI-TOF
antibiotics was determined by the method of miry
method (EUCAST), as well as using instructions
the method of E-tests with vancomycin.

X, France). Susceptibility to
ation (MIC) according to the standard
Enterococcus spp. was determined by

icrobiocenoses associated with broiler chickenswere studied.

s were found in the swabs from the chicken cloaca, among

e time, staphylococci and enterococci accounted for 86%-
bs. Staphylococci were most often detected in the

. sciuri. At the same time, S. xylosus was most often

an half of the isolates were represented by E. gallinarum (52.4%), E. hirac was the least
common (9.5% O isolated enterococcal cultures). Streptococcus infantarius, Brevibacterium luteolum,
gportion of isolated strains less than 1%) were found in the samples.

pes of microorganisms were found in the samples of chicken litter, among which
11 species were gram- po ey totaled 22.45% from obtained isolates. They also found 12 types of gram-
negative bacteria, 6 types of Y€ast and mold fungi. Staphylococci and enterococci predominated — in total they
accounted for 86%-92% of the gram-positive cultures detected in the samples (Figure 4). The microbial load is
expressed in quantitative values and ranged from 102 CFU/gram to 10"8 CFU/gram.

It was found that in group 1, where chickens received feed containing an antimicrobial additive (avilamycin),
single isolates of E. faecalis, E.gallinarum, and S. warneri were found in the swabs taken on day 1, which were
not subsequently detected.

S. sciuri, S. succinus, and S. xylosus were detected in washes on days 13-56.

In the swabs from the chicken cloaca in group #2, which diet included both the antibiotic avilamycin and
phytobiotic (Brassica juncea, Linum usitatissimum, Nigella sativa L.), onlyisolates of E. faecalis and E. hirae were
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detected in the first three weeks in the swabs. Staphylococcus isolates were detected on days 24 and 37 (represented
by S. xylosus). S. lentus was detected on day 56.

In the litter of experimental groups #1 and #2, which diet included an antibiotic, no isolates ofenterococci and
staphylococci were detected. At thesame time, the total number of staphylococcus and enterococcus isolates in the
biomaterial in groups#1 and #2 was 2.4 times less than in groups #3 and #4. This confirmed the avilamycin activity
against these types of microorganisms.

In group #3, chickens received only aphytobiotic preparation as an additive. On the first day, only Enterococcus
was present in the biomaterial. Staphylococci were detected from day 13.

At the same time, enterococci have not beendetected since this period. In group #4 (control), only feed was

present in the diet without any additives. In this group, the vast majority of microor, s were found, 36 isolates
of Enterococcus and Staphylococcus were isolated in total. In the same group, roportions of gram-positive
bacteria and fungi were the highest among all four groups. The phenotypic susc ili Enterococcus spp. to
vancomycin was determined. It was found that the proportion of vancomycin-sensi as 54.5% with MIC

(MIC higher than 4.0 mg/l) were represented by E. casseliflavus and E. gallin cterized by natural
resistance to vancomycin associated withthe chromosomally encoded operon vanC.

Staphylococcal isolates obtained from litter samples and swabs in all 4 _groups were
vancomycin at MIC 0.5-1.0 mg/1.

Studying of the phenotypic sensitivity of cocci isolated from the biox
at the target value of the minimum inhibitory concentration, 94.4%,
were susceptibleto ofloxacin, doxycycline, tobramycin, and levomycg
isolates were susceptible to these antibiotics at higher values of MIC ptable values, and
were also evaluated as susceptible. The largest number of isolatessusce ; alue was found in
group #3, which received phytobiotic as an additive to the dig ie control group #4.

97.2%, ar

M Fungi and yeast

M G-negative

B G-positive

FIGURE 1. of microorganisms isolated from broiler cloaca swabs on different observation days.
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Frequency of Staphylococcus species occurrence in the
biomaterial of broiler chickens

8,2%
4,9%

37,7%
29,5%
1,6%
3,3%  14,8%
OS. epidermidis @S. lentus OS.sciuri
M S. warneri M S. aureus OS. xylosus

FIGURE 2. Frequency of Staphylococcus species occurrence i

23,8%

arum [OE.faecium [ME.faecalis OE. hirae [NE. casseliflavus

ency of Enterococcus occurrence in the biomaterial of broiler chickens.
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The ratio of microorganisms isolated from the broiler litter on different
observation days

100,0%

80,0%

60,0%

40,0%

20,0%

0,0%

FIGURE 4.

4 (control)
Doxycycline O Ofloxacin OcChloramphenicol OTobramycin

eptibility of gram-positive cocci to the target values of MIC in the experimental and control
groups.

FIGURE 5. Susceptibility ofigram-positive cocci to the target values of MIC in the experimental and controlgroups.
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TABLE 1. Dynamics of the species composition of opportunistic cocci* and susceptibility to vancomycin.

Microorganism, proportion of susceptible isolates, MIC**

Group 1 Group 2 Group 3 Group 4 (control)
Day
1 S. warneri E. faecalis E. faecalis S.
(MIC<0.5mg/l) (MIC<1.0 (MIC<1.0 epidermidis
E. faecalis mg/l) mg/1)
(MIC<1.0 E. hirae E. gallinarum
mg/l) (MIC<1.0 (MIC<1.0
E. gallinarum (MIC mg/1) mg/1)
>4.0 mg/l — Resist.)
13 S. sciuri E. hirae E. faecium
(MIC<0.5mg/1) (MIC<1.0 (MIC<1.0
E. hirae MIC<1.0 mg/l) mg/l) mg/l)
24 S. sciuri S. xylosus S. IC<1.0 mg/1)
(MIC<0.5mg/1) (MIC<0.5 idis
S. xylosus mg/1)Str.
(MIC<0.5mg/1) infantarius MIC<1.0 mg/1)
(MIC<0.5 osus (MIC<0.5 mg/l)
E. casseliflavus (MIC
>4.0mg/l — Resist.)
37 S. sciuri S. sciuri (MIC<1.0 mg/1)
(MIC<0.5mg/1) (MIC<O0. S. epidermidis
S. xylosus mg/l) (MIC<1.0mg/1)

(MIC<0.5mg/1)

S. xylosus (MIC<0.5 mg/I)
S. succinus (MIC<1.0 mg/l)

mg/l)

erof
isolates

S. xylosus, S. sciuri (MIC<1.0 mg/1)

(MIC<0.5 mg/1) S. epidermidis

S. sciuri (MIC>5.0mg/l — Resist.)

(MIC<0.5 S. xylosus (MIC<0.5 mg/l)

mg/l) S. aureus (MIC<1.0 mg/l)
10 23 36

CONCLUSION

Studies of the species composition and antibiotic susceptibility of oportunistic cocci of microbiocenoses associated
with broiler chickensshowed that the predominant microorganisms in all 4 groups of chickens were Staphylococcus

spp. and

Enterococcus spp. - they ranged from 86% to 100%of the obtained isolates of gram—positive bacteria. It was
found that in the swabs from chicken cloaca and in the litter samples in experimental groups #1 and #2 treated
with the antibiotic avilamycin, the number of these microorganisms in the samples
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was 2.4 times less than in the biomaterial from groups #3 #4. Analysis of the phenotypic susceptibility of
obtained isolates to ofloxacin, doxycycline, tobramycin, and levomycetin showed that the majority of isolates (more
than 70%) were susceptible to the target values of the minimum inhibitory concentration of the antibiotic. The
growth of the remaining isolates was inhibited at a higher MIC, but not exceeding the permissible value, that is, all
isolates were evaluated as"susceptible". An analysis of the susceptibility of the detected isolates of Staphylococcus
and Enterococcus to vancomycin showed that more than half of the detected enterococci were susceptible at the
target value of MIC 1.0 mg/l. At the same time, E. casseliflavus and E. gallinarum isolates with chromosomal-
mediated natural resistance to this antibiotic demonstrated resistance to vancomycin (MIC higher than 4.0 mg/1).
Staphylococcal isolates isolated from litter samples and swabs in all 4 groups were 98% susceptible to vancomycin
at MIC 0.5-1.0 mg/1.

Vancomycin-resistant strains were identified only in groups #1 and #4, which
same time, no antibiotic- resistant isolates of Staphylococcus spp. and Entero
biomaterial of broilers from groups #2 and #3 treated with phytobiotic. Also,
phytobiotic supplement were found to have the maximum number of isolates
vancomycin, tobramycin, ofloxacin and levomycetin. In this group, the largest num
to antibiotics at a low value of the minimum inhibitory concentration. For a more detailed
effect on resistant strains of opportunistic cocci in microbiocenoses of broiler chickens, it is
similar studies over a longer time period.

t receive phytobiotic. At the
sppawere detected in the
o received only a
ood susceptibility to
es were susceptible
the phytobiotics
le to conduct
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Abstract. Amelanchier Medik. is a promising for cultivation in Russia fruit
genus are deciduous shrubs or small trees with edible sweet fruits. The work'is clonal
(83%) and gibberellic acid (GA3) on the height of microshoots (73%) was

characterized by the greatest number of microshoots (7.79 pcs.). The use o
benzylammopurme (BA) 51gn1ﬁcantly affected the height of mi

on with 1.0 mg/1 6-
(28.9 mm) and 4.

microshoots of 'Prince William'.

Expanding the range of berry crops, th
quality of human life. To solve this ant species and introduce their promising
cultivars into 1ndustr1 ] U iceberry (Amelanchier Medik.). The habitat
of most species : aits is located in North America and Canada where serviceberry has
been grown as [

1y processing as a substitute for sugar in flour products [3].
Due to i i 1s used as a natural food coloring. [4, 5]. The fruits have a
jui es, compotes, jams and marmalade are prepared from them [6, 7].

edicinal purposes. The fruits can be used to produce natural multivitamin concentrates
ylactic products [8]. Some researchers noted the high content of flavonols in the fruits of
n with other berry crops. [9]. The antioxidant properties of alcoholic extracts of various parts
ed [10].

Serviceberry is propag generative and vegetative methods [4, 6, 11, 12]. The use of seed propagation to
obtain varietal seedlings o ceberry is not suitable since the offspring differ from the mother plant. Of the
vegetative propagation methods, grafting and cuttings are the most common, the implementation of which largely
depends on the time of year and requires maintenance of scion and rootstock parent plants [6, 7]. Clonal
micropropagation has an advantage over traditional methods of propagation [13]. Some cultures are characterized by
shortened microshoots under in vitro conditions which reduces the efficiency of further rooting and adaptation [14,
15, 16]. The solution to this problem is the introduction of an additional elongation step or the addition of various
growth regulators to the nutrient medium, one of which is gibberellic acid (GA3).

There is a small number of works devoted to the use of gibberellic acid in plants of the genus Amelanchier in the
scientific literature. K. Pruski and J. Hunkova established the effectiveness of using a GAs solution in combination
with 6-benzylaminopurine (BA) to overcome dormancy after the stage of adaptation in A. alnifolia plants [17, 18].

and therapeutic 2
serviceberry in co
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The influence of gibberellic acid at the micropropagation stage was studied by V. A. Vysotsky by the case of
A. canadensis. The addition of GAj3 to the nutrient medium did not affect the morphology of microshoots and the use
at a concentration of more than 2.0 mg/1 led to leaf chlorosis [12].

To date, the method of in vitro cultivation of the genus Amelanchier representatives requires improvement which

makes research in this direction relevant.
The aim of the scientific work is to study the effect of gibberellic acid on the regeneration of serviceberry cultivars

during clonal micropropagation.

RESEARCH OBJECTS AND METHODS

Various members of the genus Amelanchier are propagated and preserved in the in Mam Botanical Garden of
Russian Academy of Sciences. The objects of study and their brief description are he table 1.

TABLE 1. Economic features of serviceberry cultivars.

Species A. alnifolia
Cultivar ‘Krasnoyarskaya’ ‘Thiessen’ ’
Height, m 4,0 3,5-4,0

Plant habitus Sprawling shrub

Maturing term End of July Mid J Mid July

Fruit size, mm 1,7 1,5
Fruit form Pear-shaped Spherical
Fruit color Blue-black Purple
Fruit taste Sweet with sourng Sweet

962) nutrient medium with the addition of
, BA in combination with 1 mg/l GA;. The nutrient
medium w1thout as a control. The experiments were carried out in 3 repetitions with 10

: S aintained: lighting of 2000 lux, 16-h photoperiod, temperature
23-25° i i as measured and the number of microshoots was counted.

RESULTS AND DISCUSSION

pf a plant in vitro depends on many factors: the type of explant, genotype, mineral and
nutrient medium, cultivation conditions, etc. The most effective way of clonal
micropropagation of service ultivars is to stimulate the formation of adventitious microshoots which makes it
important to study their morph@metric parameters. In the course of statistical analysis the influence of factors on the
number and height of microshoots of serviceberry cultivars was revealed (Fig. 1)

The regenerative potd
hormonal composition ‘€
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Number of microshoots —

72%

Height of microshoots
%

0% 10% 20% 30% 40% 50% 80% 90%

Gibberellic acid ™ Interaction of factors ™ Genotyp

FIGURE 1. Influence of factors on morphometric parameters of serviceberry

The plant genotype completely controlled the number of microshoots significantly
affect this indicator. In turn, the addition of 1.0 mg/l GA3 to the nutrient a i the height
of microshoots of serviceberry cultivars (72%), the interaction of factg i %) had a
lesser effect.

The number of microshoots is one of the indicators that characterize c tial of a culture. The
cultivars of serviceberry differed significantly in the number of micros

$.00 7.49

6.00
4.00
2.00
0.00

3.83

The number of
croshoots, pcs

mil

‘Prince William’

the explants differed to the number of newly formed microshoots and were conventionally
divided into 3 gro m 3 to 6 pcs; from 7 to 10 pcs; from 11 to 14 pcs. (tab.2).

Number of microshoots per explant

3-6 pcs. 7-10 pcs. 11-14 pcs.
‘Krasnoyarskaya’ 43 41 16
‘Thiessen’ 82 18
‘Prince William’ 100
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Serviceberry ‘Krasnoyarskaya’ differed to a greater extent in the number of microshoots: 43% of explants formed
3-6 pieces, 41% formed from 7 to 10 pieces, and 16% formed from 11 to 14 pcs. Explants of cultivar ‘Thiessen’ to a
greater extent formed from 3 to 6 microshoots per explant (82%) and to a lesser extent from 7 to 10 microshoots per
explant. (eighteen%). In the case of cultivar 'Prince William' all explants formed from 3 to 6 microshoots.

The height of microshoots is an important feature for rooting and the adaptation stage. The height of microshoots
in most cultivars of serviceberry increased on a nutrient medium containing GA; (Fig. 2). This is consistent with
studies by other authors, where the use of GA3 in combination with BA contributed to an increase in the height of
microshoots. [14, 15, 16].

35.0

& 28.
‘é 30.0 89
= 250 23.5 203
S 200 ’ 18.3
2 g2V = 1BA+ 1GA
EE 150
3 10.0 m1BA
=
20 5.0
D
= 0.0

‘Krasnoyarskaya’ ‘Thiessen’

Genotype

The greatest difference in the use of gibberellic ~ i ed in the cultivar ‘Thiessen’:
the height of microshoots in comparison with the c¢ i icher. GA; contributed to a 31% increase

of the serviceberry cultivar 'Krasnoyarsk
Microshoots of serviceberry cultivar:
mm, from 17 to 18 mm, and from 29

groups were distinguished: from 5 to 16

44

1BA+1GA 1BA 1BA+1GA 1BA

‘Thiessen’ ‘Prince William’

B Microshoot height 5-16 mm ® Microshoot height 17-28 mm = Microshoot height 28-40 mm

FIGURE 4. The ratio of microshoots of serviceberry cultivars by height on media with the addition of 1.0 mg/l GA3 and without
GA;

The use of GA3 contributed to an increase in the number of microshoots with a height of 17 to 28 mm in
‘Krasnoyarskaya’. The addition of gibberellic acid to the nutrient medium increased the number of microshoots from
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28 to 41 mm in the serviceberry cultivars ‘Thiessen’ and ‘Prince William’. 'Prince William' and 'Thiessen' to a greater
extent formed microshoots with a height of 5 to 16 mm on the control.

It should be noted that the nutrient medium without GA3 contributed to the formation of thickened microshoots as
well as the rupture of microshoot tissues (Fig. 5)

SNEmiENEE S
h: A— 1.0 mg/1 B

microshoots in ‘Kz i pcs.) was significantly higher than in other studied cultivars (4.78 pcs.
in ‘Thiessen’, .1 illi ants of ‘Krasnoyarskaya’ were characterized by a different number

pntributed to an increase in the number of microshoots with a height of 17 to 28 mm in the
cultivar ‘Krasno 2°. In the case of serviceberry cultivars ‘Thiessen’ and ‘Prince William’ the addition of
gibberellic acid to dium increased the number of microshoots from 28 to 41 mm. An increased water content
of microshoots and of explant tissues was noted in the cultivar ‘Prince William’ on a nutrient medium
containing 1.0 mg/l BA. dition of GAj3 at a concentration of 1.0 mg/l reduced the negative effect of BA on the
tissues of the ‘Prince Willia
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omonas savastanoi
plation techniques,
ementation of the
1X-2025 master-

> identification o
pybean seeds, 5 D
e diagnostics the
ion of 5x MasDIJ

Abstract. This article shortly describes the application of classical PCR fg
pv. glycinea in soybean seeds. 2 methods of pathogen extraction in infect
and 2 master-mixes have been studied. It can be seen that for highly s
destruction of seeds in a homogenizer, DNA allocation by Proba-GS set, ap
mix, and 1 pLL volume primers per reaction are required.

Pseudomonas savastanoi pv. glycinea,
glycinea (Coerper 1919) Young et al.
|

50 bp), which encodes the thermoregulated coronafacate ligase gene. Coronatine ligase is a
is of the phytotoxin coronatine, which is necessary for the initiation of pathogenesis in the

GGT GC-3") specific fo ove gene [3] are used.

MATERIALS AND METHODS

Conditions for PCR

For amplification, a PCR mixture was prepared to comprise 5x Master Mix (5x MasDDTaqMIX-2025, Dialat LTD) -
5 uL; 1.0 pL of each primer at a concentration of 10 pM/uL; 5 ng DNA - 5 pL; water for PCR - 13 pL. The final
volume of the mixture was 25 pL. Amplification conditions were as follows: preliminary denaturation at a temperature
of 96 °C - 10 min; denaturation at 96°C - 30 s, primer annealing at 67°C - 2 min, elongation at 72°C - 30 s, 40 cycles;
final elongation at 72 °C - 5 min.

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 040001-1-040001-7; https://doi.org/10.1063/5.0164606
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Determination of sensitivity and specificity

To determine the PCR sensitivity, a loop (diameter 2 mm) of a 3-day-old culture of the CFBP 2214 strain [4] grown
on King B agar medium was suspended in a sterile 10 mM MgCl, solution and tenfold dilutions were made. 100 pL
of the suspension from each dilution was plated in triplicate on King B medium and incubated for 72 h, followed by
colony counting. In parallel, DNA was isolated from each dilution using the Proba-GS kit (Agrodiagnostica, Moscow,
Russia) and analyzed according to the program presented earlier. The tests were carried out on «T100 Thermal Cycler
Bio-RAD» (Applied Biosystems USA) and «Nyxtechnik» ATC 201 (Nyx Technik, Inc., USA) cyclers.
Electrophoretic separation of amplicons was performed in 0.5x TBE buffer in the presence of ethidium bromide.
Visualization was performed using the Gel DocXR+ (Bio-Rad) gel documentati tem. The repetition of the
experiment is twofold (one reaction per cycler).

To determine the specificity, we used the DNA of closely related and
phytopathogenic bacteria stored in the bioresource collections of the All-Russi
(Bykovo, Russia) and the Department of Plant Protection of the Russian State
Timiryazev Agricultural Academy (Moscow, Russia). The DNA of the following ba
congelans, Pseudomonas syringae pv. syringae, Xanthomonas campestris pv. cam
carotovorum subsp odoriferum, Pectobacterzum wasabiae, Pseudomonas fuscovag

of endophytic and
or Plant Quarantine
University-Moscow
died: Pseudomonas
Pectobacterium

oortii, Curtobacterium ﬂaccumfaczens pv. poinsettiae, Pseudomona
savastanoi pv. phaseolicola, Pseudomonas savastanoi pv. glycin podis pv. phaseoli,
Clavibacter michiganensis subsp. nebraskensis, Clavibacter michig ] . mi ' ensis, Pseudomonas
fluorescens, Pseudomonas syringae pv. aptata, Pseudomonas sy ‘
Pseudomonas syringae pv. tomato, Pseudomonas graminis {
sp. (isolated from pea), Pseudomonas sp. (isolated
Pseudomonas syringae pv. syringae, Pseudomonas
bean), Pseudomonas corrugata, Pseudomonas bag
nitroreducens, Pseudomonas syringae pv. maculid
were similar to those mentioned above.

olated from soybean),
domonas sp. (isolated from dry
'solated from fruit trees), Pseudomonas
blated from fruit trees). PCR conditions

Seeds of soybea ere i cording to the protocol of Rooney et. al. [5] with modifications. For
grown at a temperature of 18°C in an agar medium. The bacteria
ted the concentration to ODgoo~0.2, which corresponded to 10*

To establish the optimal ma or extracting the pathogen from seeds, the following procedure were used: 1) shaking
the seeds with the buffer on ashaker and 2) destroying the seeds in the buffer, recommended for the extraction of
Curtobacterium flaccumfaciens pv. flaccumfaciens in bean seeds [6]. For the first method, 200 g of artificially infected
seeds of soybeans with internal and external infection were placed in a flask, filled with 300 mL of SPS buffer, and
placed on a shaker at +4°C for 12 h at 180 rpm. With the second method, the seeds were filled with buffer and placed
for 12 h at +4°C. After swelling the seeds were transferred to plastic bags and destroyed in the BagMixer 400R
homogenizer for 300 s. In both cases, it was further filtered employing sterile cotton filters, the suspension was
centrifuged at 8000 rpm at +4°C, the supernatant was removed and the pellet was resuspended in 1.5 mL SPS buffer,
centrifuged at 13000 rpm, and removed the supernatant. From the obtained extracts seeds, DNA was isolated using
the Proba-GS kit according to the instructions manufacturer and carried out the PCR reaction according to the
conditions given earlier.
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Master mix selection

To determine the optimal pair "DNA extraction method-master-mix" from seed extract with internal infection and
extraction with a homogenizer, DNA was isolated by five different kits and methods. As variants, 3 commercial kits
were used (Proba GS (LLC "AgroDiagnostics"), Fitosorb and Cytosorb (LLC "Synthol")) and 2 methods (heating in
NaOH (called «thermal» and modified SDS-CTAB method (mSDS-CTAB)). In the case of commercial kits, the
manufacturer's instructions were followed.

For the method with heating in NaOH (thermal), NaOH was added to the extract to a concentration of 50 mM and
placed in a solid state thermal bath at 96°C for 10 min [7]. In the case of the modified SDS-CTAB method, the protocol
[8] was followed. In analysis used 2 master mixes: 5x Master Mix (5x MasDDTa 2025, Dialat LTD) and 5x
ScreenMix-HS ("Evrogen"). Thus, in experience 10 variants were analyzed (2 r mixes X 5 DNA extraction
methods). Selection of the volume of primers was carried out by varying them fro

of localization and extractlon of the pathogen) After DNA isolation,
described conditions.

Institute of Health, USA) according to the protocol [9 0 he 3 data was implemented
through analysis of variance using Statistica 12.0 (Stat omparmg the mean Values

yand specificity

ion mix 5x MasDDTagMIX-2025 (Dialat Ltd) showed that the

——
——
——
——
e
P

FIGURE 1. Electrophoregram of PCR products with primers PsgFOR-1 and PsgREV2-1, where 0 - 107 CFU/mL, 1 -
10 CFU/mL, 2 - 10° CFU/mL, 3 - 10* CFU/mL, 4 - 10°* CFU/mL, 5 - 10> CFU/mL, 6 - 10' CFU/mL, 7 - 10° CFU/mL, 8 -
negative control, M - 100+ bp DNA Ladder (Evrogen) Molecular Weight Marker.

When testing the analytical specificity, no cross-reactions of the primers with other phytopathogens were noted.
In some strains, non-specific products were marked, the dimensions of which did not match the length (of the product)
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of the target organism. With one strain (Pseudomonas syringae pv. tomato) product similar in size to the size of the
amplicon of the pathogen under study, however, given that this strain infects tomato, its presence on soybean seed
samples is unlikely, which is consistent with the results of the work of foreign colleagues [10]. Thus, the analytical
sensitivity was 97.4% out of 37 tested closely related and other bacteria.

Determining the optimal method for extracting the pathogen from seeds

Considering that the pathogen might be found on the surface and under the seed shell, it is necessary to carry out
extraction both by flushing from the surface of the seeds and by destroying the seeds in the buffer. For this reason, it
was necessary to determine the best method to achieve maximum amplicon peak for internal and superficial
infections.

The results show that the maximum peak area of the amplicon was achieved al infection, both with
flushing and with the destruction of seeds, the peak area was 416.9 and 390.7, respct gure 2). With internal
infection, the peak area decreased and averaged 245.0 and 85.5 at seed destruction 3 out, correspondingly.

seed
destruction -
internal
infection

seed
destruction -
external
infection

Variant

Image of
bands on gel
for
electrophoresi
s

Area 85.0411.0 | 1.120.3

Histogram in
the IMAGE
J2 program

ed by processing in the IMAGE J2 program on
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FIGURE 3. Peak area values depending on the DNA extraction methods and master mix. Erro
in triplicate. K - negative control (ddH20). Note: 1-2 - Proba-GS, 3-4 - Phytosorb, 5-6 - Cytosorb 7-8 -
CTAB (A). Even optlons 5x MasDDTagqMIX-2025, odd - 5x ScreenMix-HS. Statj ed using the

Kruskal-Wallis test using Dunn's multiple comparison test. * - no differences, % .05. taken to
isolate DNA from 3 soybean seed samples by diff

It was found that in the variants using the 5x ScreenMix-HS maste i ds of DNA isolation,
either no amplicon was formed or the peak area was very low. Therefo necessary to isolate
DNA using the Proba-GS kit and use the 5x MasDDTaqMIX-2025 ma e, the shortest time
required for DNA extraction from soybean seed extract is (Figure 3B). Primer
volume selection showed that the highest peak area w PDDTagMIX-2025 master
mix in combination with 1.0 and 2.0 pL of primer pg

K-

10 20 K- 05 1.0 20
1L

ScreenMix-HS MasDDTagMIX-2025
Primer volume, ul

FIGURE 4. Peak area values depending on the amount of primer and the master mix variant. Error bars show the standard
deviation in triplicate. Statistical differences were assessed using the Kruskal-Wallis test using Dunn's multiple comparison test.
* - no differences, ** - differences at p < 0.05.

Determination of the optimal diagnostic scheme depending on the extraction method, the
localization of infection and the method of DNA isolation

It was found that in the variants using the 5x ScreenMix-HS master mix and different methods of DNA isolation,
either no amplicon was formed or the peak area was very low. Therefore, for further studies, it is necessary to isolate
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DNA using the Proba-GS kit and use the 5x MasDDTaqMIX-2025 master mix. At the same time, the shortest time
required for DNA extraction from soybean seed extract is spent when using the Proba-GS kit (Figure 3B). Primer
volume selection showed that the highest peak area was achieved when using the 5x MasDDTaqMIX-2025 master
mix in combination with 1.0 and 2.0 pL of primer per reaction (Figure 4).

100

Proba-GS
Fitosorb

Cytosorb

Thermal

DNA extraction method

mSDS-CTAB

FIGURE 5. Values of signal intensity values (perce
isolation, localization of infection, and extractio

alue) depending on the method of DNA
signal intensity values versus color.

, it is recommended to use the master mix 5x MasDDTaqMIX-
iagnostic scheme was 103 CFU/mL, which is quite enough to
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Abstract. The main reason for lower yields of grain crops is the poor qua
of grain by 35-40% through the activation of their vital function bet

of seeds. It is posst increase the yield

re is no common

methodology for assessing the effectiveness of one or another technique fo on of seeds around
the world. The following criteria are used: viability, germinatig i oots, the number of
germinated seeds, etc., which complicates the comparab, niques for activating

the vital function of seeds. A method of pre-sowing oped that provides for the
processing of seeds by ultrasonic vibrations in a batl pic vibration frequency of 20-60 kHz and
radiation power up to 240 watts for 30—180 seconds
without drying when processing for malt. In the opti d treatment, the frequency of ultrasonic
vibrations is 60 kHz, the radiation powe 180 seconds. In this mode, there is a
maximum increase in the length of barley g es —by 1.73 cm, which is 108%.

The primary
The pri ¢ i s is the insufficiently high quality of seeds. According to the
State Sg i ple, no more than 20% of high-quality seeds are sown in

Russia possible to reduce seeding rates by improving seed quality
and, as a ; crops and get an additional 1.7 to 1.9 million tons of grain, which is comparable to
the total volus S in the Russian Federation [3].

The activatio d's vital function may improve its quality. In the process of activating the vital function of
seeds before sowing ds draw on their energy reserves, contributing to an increase in yield of up to 35-40%. For
now, there are man iques for the preparation and pre-sowing treatment of seeds aimed at increasing the
activation of their vital ns during germination. Such techniques include treatment with electrostatic fields of
various ranges. Moreover, clude the use of biological and chemical activators, for instance, with the help of
Agromix with increased laboratory viability and germination readiness of spring barley [4], or the use of sodium
selenate to detect laboratory viability of soybean seeds [5], the use of electromagnetic waves with ultraviolet and
infrared radiation, the use of ultrasound, and others. However, the search results in various literary sources do not
give a general systematization by which the effectiveness of various methods can be evaluated. One of the key
reasons for the difficulty of assessing the effectiveness of a wide range of criteria, which include viability,
germination readiness, the length of sprouts and roots, the number of germinated seeds, etc. There is no single way
to assess the methodology [6].

The use of acoustic energy is one of the prospective techniques for the pre-sowing treatment of seeds. According
to researchers [7], ultrasonic treatment of dry wheat seeds with a radiation power of 360 W for 5 minutes results in
an increase in the number of germinated seeds by 36% compared to control samples. Nowadays, the effect of the
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frequency of ultrasonic vibrations and the characteristics of ultrasonic treatment on improving the quality of seeds
has not been adequately studied.

The aim of the research is to increase the activation of the vital functions of seeds.

Research tasks:

— to develop a way to activate the vital function of barley seeds;

— to investigate the effect of ultrasonic vibrations, power, and processing time on the length of barley seed
sprouts and to identify the best seed treatment methods.

THE OBJECT, METHODOLOGY AND RESULTS OF THE STUDY

To activate the vital functions of the embryo inside the seed, accelerate the meta
and reduce the time of malting, a technique for activating the vital functions of se
the treatment of seeds with ultrasonic vibrations in a bath of water with an ultraso n frequency of 20-60
kHz and radiation power up to 240 watts for 30-180 seconds, followed by drying wi ring seeds for sowing
in the field or without drying when processing for malt. The treatment mode is adj ding on the type of
crop.

To identify the optimal activation modes of the vital functions of barley secdssaii i | of the effect
of the frequency of ultrasonic vibrations, radiation power, and exposure
was created (Fig. 1).

process, increase crop yields,

FIGURE 1. Information model of v, nction activation € ley seeds by ultrasound.
The frequency of ultrasonic vibratio
(t, sec) were taken as input factors.

The response function was the 1

barley seeds in an
ifferent aperating modes

1

Laving seeds in Petri dishes for
germination in a thermostat

!

Placement of Petri dishes after the
germinated seeds appear in the phytotron

1

Detection af the optimal processing mode,
measurement of the length of sprouts

FIGURE 2. A block diagram of laboratory tests.
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The designed technique for pre-sowing treatment of seeds 3 (Fig. 3) with ultrasonic vibrations was implemented
in a bath 1 with water 2. The bath below is equipped with ultrasonic transmitters 4. The frequency of ultrasonic
vibrations was changed using a controller connected to a pulse former on an ultrasonic generator (fig. 4). The
radiation power was altered by changing the number of transmitters connected to the generator.

w o N

[

An interblock

A power amplifier flattening

transformer
________________________ -
I 1
[ |
I . |
| Ufa‘ras-f:rmc An ultrasonic bath |
| transmitters |
| |
| |
L - .

FIGURE 4. An ultrasonic device for pre-sowing seed treatment.
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In the developed device, barley seeds were treated according to the following technique: In each experiment, 100
seeds were immersed in an ultrasonic bath of water for 30 to 180 seconds at an ultrasonic vibration frequency of 20-
60 kHz and a radiation power of 120-360 W. After that, the barley seeds were germinated in Petri dishes. On the 7th
day, the sprouts were measured. The results of the measurements are shown in the table.

Under the research performed, a mathematical analysis was made with the calculation of the average values, the
error of the average o, %, definition of criteria at a 5 percent significance level, and the determination of the least
significant difference HCPys at a five percent significance level depending on the treatment mode (tab). Each test
was performed four times.

TABLE 1. The effect of ultrasonic treatment on the length of barley segd sprouts.

Frequency, Power, P, W. Time, t, Length of Error of the d>HCPos
f, kHz. sec. sprouts, L, average o,
cm. %.

60 360 105 1.05 8.57 0.54>0.18
60 120 105 2.99 5.98 1.4>0.24
20 360 105 1.82 15.28 0.23>0.29
20 120 105 2.09 7.65 0.5>0.22
40 240 105 2.59 5.4

60 240 180 3.32

60 240 30 3.16

20 240 180 1.98 0.39>0.22
20 240 30 1.37 0.22=0.22
40 240 105 2.49 0.9>0.23
40 360 180 1.89 0.3>0.19
40 360 30 ( 0.11<0.18
40 120 180 1.61>0.22
40 120 30 13. 45>1 97 1.48>0.22
40 240 105 11.08>1.97 1.33>0.23

Control

P2 1 0,00002-t2 — 4,81267-f + 0,01294-P+0,00029-t—
~0,00008-f:t. ()

cquation (1), the dependences of the length of the sprouts on the radiation power, radiation
asonic vibrations were constructed (figs. 5, 6, and 7).

Under the reg

time, and frequency
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FIGURE 7. The dependence of the length of the sprouts on the frequency of ultrasonic vibrations and the time of ultrasonic
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Activation of the vital function of barley seeds (Figs. 5-7, Table) rises with an increase in the frequency of
ultrasound up to 60 Hz, the radiation power up to 240 watts, and significantly depends on the exposure time at lower
ultrasound frequencies.

An adverse effect is the maximum suppression of vital functions by ultrasound. It is observed in the operating
mode with a radiation power of 360 W, a frequency of ultrasonic vibrations of 60 kHz, and a processing time of 105
seconds. In this mode, the length of barley sprouts was reduced by 34% compared to the control.

The maximum efficiency of ultrasonic action on the length of barley seed sprouts is observed at a frequency of
ultrasonic vibrations of 60 kHz, a radiation power of 240 W, and an irradiation time of 180 seconds. In this mode,
there is a maximum growth in the length of barley seed sprouts compared to control samples—by 1.73 cm, which is
108%.

A comparison of the actual value of t with the theoretical one (Table) for a m
of ultrasonic vibrations of 60 kHz, a radiation power of 240 W, and an exposure t
14.41>1.97 difference is significant at the 5% significance level. Consequently, th:
this regard, the null hypothesis regarding the absence of significant differences betwe
condition of the difference between the averages d>HCPys is also fulfilled, whic
difference between the averages falls into the critical area of significant differences.
disproved. The difference is significant.

f operation with a frequency
f 18Qgeconds shows that the
i act >tos 1s fulfilled. In
verages is rejected. The
0,23. Therefore, the
ull hypothesis is

CONCLUSION

1. A technique for pre-sowing ultrasonic seed treatment has been de ped. It provides f e treatment of seeds
with ultrasonic vibrations in a bath of water with an ultrasonic vib ) kHz and radiation
power up to 240 watts from 30 to 180 seconds, followed by drying w e for sowing in the field or
without drying when processing for malt.

2. In the optimal treatment mode of barley with ult ¢ vibrations is 60 kHz, the
radiation power is 240 W, and the exposure time ig mode

length of barley seed sprouts compared to control s . ich is 108%.
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¢ CBD in 20202022 on the

Abstract. Studies were conducted in intensive apple 8
ot, tracheomycosis diseases and mycotic

use of biological plant protection agents against patl

protection system, as well as with using
ical and biological fungicides has been

with the option using a chemical fungici
biological fungicides exclusively. The i

found the most effective due to the ance on soil pathogens that sharply reduces
the amount of pathg ora in the so-called "vacated niche" of the soil
microbiota. Thi ased soil suppressiveness. Based on the conducted research, an integrated
protection s ¢ prevention and treatment of radical and root rot of fruit plantations

The first ma
conditions, it i
pests and disease
the environment comg
environment, especiall

0 achieve such a result only through the iterative use of chemicals used to combat various
icultural crops. Despite the relative decrease in modern pesticides' toxicity to humans and
with those used earlier, their repeated application still has a negative impact on the
t the background of an increased treatments' number to maximize the effect. A
number of researchers ha d that pathogenic organisms develop tolerance to the chemicals used over time;
their use becomes less effectivgragainst the background of destroying natural pathogen antagonists by pesticides [2].

Due to the above, modern protection of fruit trees in the orchards should be provided as a complex that includes
the minimum required amount of chemical protection with a gradual increase in the share of biological agents and
methods' usage. Biological preparations contribute to the improvement of the soil microbiota. The use of integrated
plant protection systems will hinder the resistance development in pathogens, reduce the environmental
contamination risk of agrobiocenosis and final agricultural products [3, 4].

When laying an intensive garden, a wide range of variety-rootstock combinations and various soil and climatic
conditions requires the development of individual technologies, nutrition systems, and garden protection. Root rot of
fruit crops is a serious problem for horticulture in the North Caucasus and the south of Russia as a whole, especially
in nurseries and young gardens [5]. The problem of reducing soil suppressiveness (the ability to self-purify) in
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intensive gardens is one of the main reasons for the high damage degree by phytopathogenic (fusarium) fungi [6]. At
the present stage, the main task of gardeners is the introduction of innovative technologies where induced
suppressiveness will play a decisive role in reducing the morbidity of fruit plants.

As part of the scientific research, the Kabardino-Balkarian State Agrarian University together with the Stavropol
State Agrarian University on the basis of the "Center for Laboratory Diagnostics and Tests in the Agro-Industrial
Complex" LLC Russia, Kabardino-Balkaria, Nalchik, have conducted studies in the foothill zone of the KBD on the
use of biological fertilizers, biostimulators, and biological plant protection products.

Among the diseases in modern intensive apple plantations, phytopathogens — pathogens of root and basal rot,
tracheomycosis diseases and mycotic drying (fungi of the genus Fusarium, Phytophtora, Pythium, etc.) have
become widespread.

Interest in the study of these phytopathogens is primarily due to that the
rootstocks M9, MM106, SK2, being the most used in the Kabardino-Balkari
Caucasus, is increasing every year. Although for the first time, these diseases wer
the Kabardino-Balkarian Republic relatively recently — in 2012-2013.

e percentage to gardens on
ie, and the entire North
in the conditions of

When affected by late blight, the bark acquires a bluish-purple hue, there is pe ing of the bark and
necrotic damage to the grafting site and the basal neck — constriction. Rapid seedli by the type of
tracheomycosis wilts occurs with partial or complete constriction, tissues' blo tive rootstock
vessels, which leads to blocking the flow of organomineral substances angd ith traits of
tracheomycosis wilting, active growth of shoots is noted with develop raft part
(Figure 1).

FIGURE 1. Lesion of Gala variety trees with M9 rootstock by tracheomycosis diseases, 2020 Strong growth of shoots is one of

the traits of root rot damage.

Favorable conditions for the rapid diseases' spread are a relatively warm humid winter with a predominance of
positive temperatures, a rainy spring with a temperature optimum of +18°C and high relative humidity, heavy
alkaline soils characteristic of the Kabardino-Balkarian Republic. The stability of the rootstock and the variety, the
plot preparation before garden planting, elimination and reduction of stress factors effects that sharply reduce the
immunity of trees are also important. Having variability and high adaptability, these phytopathogens are difficult to
eradicate, despite the use of chemical means to combat them.
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Despite the current trend in the development of environmentally friendly agriculture, plant protection is mainly
based on the use of chemical pesticides. Thus, chemical active substances effective against root and basal rot have
been experimentally determined (aluminum ethylphosphite, Mancozeb, mefenoxam, dimethomorph, benomyl).
These substances are highly effective, yet they have a number of disadvantages: accumulation of toxic residues in
the environment, lack of selective action, formation of resistant pathogen races. In addition, the use of systemic
chemicals in protection technology is limited in fruit-bearing gardens.

Biological control using microorganisms is a promising alternative to pesticides, which helps to reduce the
chemical load on perennial plantings. Information on the actual microorganisms' interactions in natural habitats is
extremely limited. It has been established that the introduction of bacterial and fungal populations into the soil
biocenosis is stabilized at a sufficiently high level, and the survival of a particular anism is influenced by the
chemical soil composition, the level of introducer's application and the stage of mi al succession, the application
period.

Therefore, to increase soil suppressiveness, it is important to introduce biolo s of plant protection
that have a wide range of phytoprotective and growth-stimulating effects that are not warm-blooded species.
Compared to chemical analogues, microbial biopreparations have a number of adva tive action against a

number of pathogens, environmental safety.

Bacteria of the genus Bacillus and fungi of the genus Trichoderma are romising for
introduction into the soil biota to regulate the density of phytopathogenic pg tion of tree
microbiota. The application technology of Bacillus subtilis and Trichg d hase of
plant development, temperature regime, soil moisture, and other fag ved with

protoplasts in Fusarium solani conidia; suppresses
formation of growth tubes and consequently, the fo
and Pythium sp.

The inhibitory effect of bacteria on ph
- formation of an enzyme complex c
- synthesis of antibiotic substance

estans zoospores,; suppresses the
m of the genus Fusarium, Phytophthora

and treatmen root rot of fruit plantations;
2. To effect of Bacillus subtilis antagonist microbe and Trichoderma harzianum suppressor
fungus on the dynal population density of the main phytopathogenic fungi — pathogens of radical and root rot.
3. Conclusio he condition of trees and soil on the results of systematic long-term biopreparations'

application (in 2020 - 202
MATERIALS AND METHODS

Field experiments to study the effectiveness of selected strains of biological preparations created on the basis of
Bacillus subtilis and Trichoderma harzianum and laboratory studies were conducted during the growing seasons of
2020 — 2022 on the basis of the horticultural farm of Fruitlight LLC, Nalchik, Kabardino-Balkarian Republic in
intensive apple plantations of 2017 planting on the M9 rootstock. The total area of the garden - 14 hectares. The
garden is divided into 4 cells. Cell No.1 - Fuji variety, cells No. 2—4 - Gala variety.
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This horticultural business was chosen after a route phytopathological examination. According to the results of a
preliminary plantings' inspection, a conclusion was made on the established agricultural background: the trees
showed traits of disease damage by root and basal rot, there was tree drying.

The protection system against leaf diseases and major pests is a generally accepted practice on the farm.

Additionally, an agrochemical analysis of the garden soil was carried out. Study results: soils — slightly alkaline
and alkaline — pH of water extract — 7.6 — 8.3, humus content according to Tyurin — low — 2.5%, phosphorus and
potassium content according to Machigin — average — P>Os 30.5mg/kg of soil and K>O — 255.0mg/kg of soil. The
mechanical soil composition is heavy loamy, the structure is granular cloddy.

The object of research was soil samples taken from the rhizosphere zone of trees.

Beneficial and pathogenic microflora was determined by the following laborato
analysis; microbiological analysis; flotation method (express test: the level of phy;
harmfulness threshold was assessed).

Microorganisms' planting on solid nutrient media (PGA for bacteria and Chape
out by dilution methodsas per G.I. Yezhov (1981) [7]. To isolate strains of microor:
filled with 5ml of sterile water and shaken on a shaker for 30 minutes. After soli
suspension of microbial cells was dispersed with an inoculation loop onto the surface of th onding agarized
nutrient media in Petri dishes. One loop was planted into 2 cups. After incubation i — 280C for 2-
3 days for bacteria and 5-7 days for fungi, the grown colonies of microorg ek medium
with starch or sucrose was used for fungi; for bacteria - PGA (potato-glug

The identification of micromycetes to genus was carried out by cu
determinants; the species identity was established in accordance wit
(1977) [8].

The soil suppressiveness was assessed by the presence of fungi
pathogenic mlcroﬂora to the total amount of all detected mj

arch methods: microscopic
ogens excess relative to the

r fungi) were carried
1g of air-dry soil was
settled, an aqueous

eficial and pathogenic
microflora, nutrient media containing hydrocarbg ds easily assimilated by

The fungicidal act1V1ty of Bacillus subtlhs was
The socket method - for it, phytopathogeni
sucrose medium. Sockets with 8 mm di
the claimed strain's isolated pure cu

od and by the counter cultures method.
d on Petri dishes with agarized potato-
a drill, 150 pl of suspension liquid of
e fungicidal action effectiveness of the

harzianum Wwa ed in vitro by the interrelation type of the
enus Trichoderma sp. The experiment used the method of counter
conditional division of a Petri dish into equal parts; the pathogen

chemical pro
under stud

aluminum ethylpl
fungicides based on B
in the "walnut" and "fru
only fungicides against root

de with the active substance ethylphosphite aluminum active against the pathocomplex
ption 2 - was used. The preparation was applied using a drip irrigation system based on
¢ a.s. in the "end of flowering" phase twice with an interval of 14 days. Biological
subtilis and Trichoderma harzianum strains were used under the drip irrigation system
h" phases both in combination after using a chemical fungicide — option 3, and as the
asal rot — option 4.

TABLE 1. Compared experimental options.
Phenological Applicatio

Experimental option phase of Used preparation n rate, A;p plication
S requency
application kg/ha
1. No use of fungicides i i i i
against root and basal rot
. Aluminum . . .
ih Iohosphite AT "end of flowering" ethylphosphite 2.5 gvzlfz “;:ﬂ; it Sl
yiphosp (Ethafol) Y
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Continuation of TABLE 1.

Ethylphosphite 25 twice with an
3. Aluminum flowering" aluminum ) interval of 14 days
ethylphosphite + Bacillus nwalnut" Bacillus subtilis 2.5 sinele
subtilis + Trichoderma waint + fulvic acids +2.0 &
harzi .
arzidmm "fruit growth" Trzcﬁoderma 2.5 single
harzianum
nwalnut" Bacillus subtilis 2.5 sinele
4. Bacillus subtilis + + fulvic acids &
Trichoderma harzianum e " Trichoderma .
fruit growth . single
harzianum

Before the experiment's establishment, soil was sampled in the garden from the
points to a depth of 15-20 cm with an agrochemical drill, followed by the isolation o
selection was made 20 days after the introduction of biological preparations to
composition of the microbiota.

The complex of laboratory studies has established the species compos
a total area of 14 ha (Table 2). Phytopathogens provoking root and 1
strains used by the authors - are highlighted in bold. The assessment 0
content of native fungi of the genus Trichoderma sp.

TABLE 2. The results of phytopathologie

RESULTS AND DISCUSS

Disease

of soil pathoge
rot — the target €
il suppressiveness

three zone at several
age sample. Repeated
es in the species

the garden plot with
ts of the antagonist
s determined by the

nent, 2020.

Suppressive microflora

Average
values, %
CFU/g titer

Verticillosis

Fusarium root rot

Colonies of 4.1
the soil

0,3X103 59 suppressor
0.8x10° 13.7 Trichoderm3a
0 0 sp.0,3x10
0 0
0 0
Gleosporium sp. 0 0
Alternaria sp. 1.3x10° 22.2
Gray rot Botrytis cinerea 0.6x10° 14.7
Nectrium necrosis Nectria sp. 0 0
Trichoteciosis Trichotecium 0 0
roseum.
Black Rot Rhizopus sp. 0 0
Penicillous rot Penicillium sp. 1.2x10° 20.6
7.1x10° 95.9 0,3x103 4.1%
Total amount: 100%

Assessment of soil suppressiveness: this soil sample is characterized as weakly suppressive.
Dynamics of population density, frequency of occurrence and isolation of Fusarium sp., Phytophtora sp.,
Pythium sp. were studied; these are the target objects that occur singly or in a pathocomplex in gardens after
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conducting a series of model experiments for 3 full growing seasons. The analyses were carried out in spring — with
the beginning of active sap ascent, in summer — during heavy rains, in autumn — during harvest (Table 3).

Studies have shown that the initial phytopathogens' population density affected the dynamics of their
development both in experimental options and in control without introducing antagonists.

It should be noted that the following factors also contributed to good colonization and a high response to the use
of chemical and biological agents: maintaining a high agricultural background, combating weeds — additional
reserves of infections, balanced macro- and micro-nutrition of plants, timely watering, avoiding mechanical damage
to plants, frost damage and sunburn of perennial wood through well-planned post-harvest treatments.

TABLE 3. Phytopathogens' population density depending on the experimental @ptions, CFU/g.

. . Vegetation Fusarium root rot Pythium

Experimental options ; ) root rot
period Fusarium sp. .

Pythium sp.

1. No use of fungicides 2020 1.2*10° 0.8*103

against root and basal rot 2021 1.1*103 ) 0.9*%103

(control) 2022 1.1*10° 0.4* 0.9*%10°

2020 1.2*10°

2. Aluminum ethylphosphite 2021 1.0*103
2022 1.1*10°
3. Aluminum ethylphosphite 2020 1.2*10° 0.3*10° 0.9*103
+ Bacillus subtilis + 2021 0.8*10° 0.2*10° 0.8*10°
Trichoderma harzianum 2022 0.1*103 0.7*%103
. - 2020 { 0.8*10°
Trichoderma harsianun 2971 L7 LTE
2022 0.2*10° 0.7*10°
The inhibitory effect of antagonists i ons. Let us note the most pronounced

changes in the number for the period

, st year: from 1.3x10°% to 0.9x10%,

03 to 0.2x103, Pythitim sp. from 0.8x10° to 0.7x10°;

suppressiveness increased from 4.1% to 4.8 by 2022 — 5.9% in areas with used
oderma sp. (Table 4).

TABLE 4. Changes in soil suppressiveness during the research.
Suppressive microflora —

colonies of the soil suppressor Trichoderma sp.
2020 2022

Experimental options

Average values, Average values,

CFU/g titer % CFU/g titer %
1. No use of fungicides against root and basal 0.30x103 4.1 0.31*103 4.2
rot (control)
2. Aluminum ethylphosphite 0.30x10° 4.1 0.29*103 3.9
3. Aluminum ethylphosphite + Bacillus subtilis 0.30x10° 4.1 0.35*10° 4.8
+ Trichoderma harzianum
4. Bacillus subtilis + Trichoderma harzianum 0.30x10° 4.1 0.43*10° 5.9
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Additionally, laboratory studies were conducted to identify the effectiveness of the selected biological strains
against the main pathogenic complex. Several ways of regulating soil phytopathogens and manifestations of
antibiotic activity of Trichoderma harzianum have been studied:

- method of direct parasitizing,

- competition for the substrate (soil);

- isolation of enzymes, antibiotics, and other biologically active substances.

Several interrelation types of the Fusarium sp phytopathogen and fungus of the Trichoderma genus have been
identified in vitro by the method of counter cultures. The method's essence is in conditional division of a Petri Dish
into equal parts: the pathogen fungus is planted on one half (on the right), on the other — fungus of the Trichoderma
genus. Indicators of phytopathogen inhibition are calculated on the 5th—7th day.

Photo 2 shows the manifestation of direct parasitism and antibiotic activity choderma harzianum (half a
Petri dish) against Fusarium sp. (the opposite half of the dish). The growth suppr zonegwas already formed on
the 4th day after planting; Fig. shows the 8th day after planting. With direct par hoderma harzianum
entwines the pathogens' hyphae with mycelium, while disrupting their cellular stru d metabolism; it uses
Fusariumsp. mycelium as a nutrient medium while destroying them.

FIGURE 2. Antibiotie
fungi of the Fusarium gen

ity of biofungicide to FIGURE 3. Direct parasitism and entwining of Fusarium sp. conidium
ays after planting. with mycelium.

CONCLUSIONS

In the course of the conducted studies, it was found that populations' introduction of bacteria and fungi into the soil
biocenosis for the period of 2020 — 2022 on the basis of the experimental site of horticulture proceeded at a high
level. Chemical soil composition, introduction level of introducents and the stage of microbial succession,
application period contributed to the survival, reproduction, and development of beneficial microflora.

The research results indicate the ability of biological preparations' strains to effectively control the populations'
density of soil-dwelling phytopathogens, which determines the biological effectiveness of strains in suppressing root
rot.

040003-7




The antagonistic effect of biological preparations on the growth and development of pathogenic microorganisms'
associations has been established. The strains showed the highest antagonistic activity against Fusarium sp. and
Alternaria sp., medium — to Pythium sp. (by the diameter of the colony growth inhibition zones).

The data obtained indicate that the use of chemical fungicides alone has no selective effect and has a short-term
influence on phytopathogenic fungi. This can lead to repeated infections under favorable conditions for pathogens
and weak soil suppressiveness.

The integrated protection system using chemical and biological fungicides had the greatest effectiveness due to
the complex effect of the chemical active substance on the soil pathocomplex sharply reducing its amount, followed
by the settlement of beneficial microflora in the so—called "vacated niche" of the soil microbiota to increase the soil
ability to self-purify (suppressiveness).

Biopreparations based on the studied strains can be used as separate fungicid
root diseases in fruit plantations and to increase soil suppressiveness, as well as i
Biological agents affect pathogens throughout the entire growing season; however,
is more effective to use them in combination with chemical fungicides in comp
protection means' application.

The results obtained during laboratory analyses to study the antagonistic activi
serve as a prologue for the development of biological plant protection products.

preventive purposes against
i ed protection system.
totic root diseases, it
ith the order of plant

erma harzianum
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9f mechanochemical
onal treatment of plant
ulation.

Abstract. The article presents the stages of yeast sponge
treatment of pea grains. There is an increase in the yield

9 pandemic has also had a direct impact on food systems by changing the balance of
ood resources, due on the one hand to reduced purchasing power and on the other to a
oduction, distribution and marketing capacity [4-7]. In mature countries, these changes
e, but almost everywhere there has been a decline in agricultural production and food
availability. At the same ti¥ ¢ livestock sector, which accounts for about 40% of the value of global agricultural
production, suffered most severely in agriculture [8, 9]. Worldwide, farm animals provide about 13% of the caloric
content of the diet and 28% of the protein requirement through meat, milk and eggs [10]. But combined with the
closure of meat and milk processing plants over the 2019-20 period, there has been a significant loss of production
capacity and livestock products. The situation was exacerbated by upheaval in the protein supply chain. Like most
other agricultural businesses, livestock systems and their supply chains have experienced numerous logistical
failures.

Pandemic-induced shortages of protein products, meat in particular, have turned into great opportunities for the
plant protein sector. For example, meat shortages at the beginning of the pandemic led to an increase in consumer
demand for plant-based meat in the United States, and a 200% sales increase of meat substitutes [11]. Production of
alternative proteins involves less reliance on labor and lack of staff, unlike red meat, which is relatively labor-

dramatic change in
are of varying depth and
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intensive. The rapid spread of the COVID-19 pandemic has led to a shift in priorities toward alternative proteins due
to health and environmental concerns. Coronavirus infection, as demonstrated by numerous studies, has a serious
impact on the development and exacerbation of comorbidities, such as diabetes [12, 13] hypertension [14], and heart
disease [15]. In this case, an alternative protein diet can help reduce the impact of the virus on people at high-risk
group due to the large amount of macronutrients, trace elements and antioxidants present in the diet. Thus, COVID-
19 has begun to accelerate the development of alternative proteins and over the past two years this industry has seen
unprecedented demand from manufacturers as well as consumers, especially for certain types of products such as
meat analog and plant milk, which has provoked the active formation of production and distribution channels.

There are many challenges facing today's food and agriculture industry that require immediate action, such as:
feeding a growing global population; mitigating and adapting to climate change, redfi€ing pollution, waste and loss
of biodiversity; and ensuring that people stay healthy. The expected growth of th d's population in the coming
decades will put enormous pressure on the food system, especially for protein.

Therefore, agronomists, nutritionists, and food scientists have begun to explor
protein. To create a new generation of healthier and more sustainable foods, four basi
new raw materials; principles of structural design to create innovative products; d
friendly packaging; and customized food production that takes a personalized approaclt.

crease the supply of
nents are fundamental:
in environmentally

MATERIALS AND METHOQE

"Feedbest VGPro" (Sibbiopharm Ltd., Berdsk, Russia) were used as
on model substrates is as follows: xylanase up to 10000 units/g, B-glu
units/g, and proteolytic up to 120 units/g. Mechanical treatment of peas
[16] in two stages the first stage was pre- -crushing on a cu

biocatalytic activity
pectinase up to 5000
ording to the method
m; the second stage

W, raw material feed rate 8
ltrastructure of the plant material while
drolysis of mechanically processed pea

of Solid State Chemistry and Mechanochemistry,
kg/h). This mode of mechanical treatment makes i
preserving the catalytic activity of the enzyme [16]

rs was used to determine water-soluble
¢ described method [17].

The method of exhaustive extractio
substances. The content of reducing s

action on an 0
safety, stability; tf

During the desig
important. At this stags

allocated. The following principles have been singled out: the principle of naturalness,
ciple of efficiency, scientific validity and accessibility.

new food product with the inclusion of liquid hydrolysate, the choice of a food base is
ecessary to control and take into account the following parameters:

1. Justification for the of the source raw material;

2. Influence of hydrolysat consumer quality indicators of the final food product;

3. Convenience of adding plant hydrolysate to a food product;

4. Terms, conditions of storage and rules of realization to the consumer of the finished food product;

5. Nutritional and biological value of the final product;

6. Economic feasibility of development.

The main stages of development of a food product using hydrolysates are shown in Figure 1.
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The search for optimal conditions for obtaining plant hydrolysate

v

Analysis of qualitative and quantitative indicators of hydrolysate

v

Choosing a suitable food base for adding plant hydro

depends on the activity of yeast, it is interesting to s ¢ intensification of the
stage of fermentation in dough.

According to Figure 1, the initial stage of deve
hydrolysate. Modern approaches to the processing
yield of valuable components. Pea grains w
roller mill RM-20. It was found that mec

the yield of water-soluble substances

1 of optimal conditions for obtaining pea
oW us to obtain an effective result of the
cal grinding with enzymatic agent on a
s together with an enzyme can increase
iginal plant raw materials [18]. At the

the dry fraction and i s*Carried out. The main conditions for obtaining
pea hydrolysate; t ic agent - 2 %; optimum time of enzymatic hydrolysis - 5 hours. The
data were ob ion of total water-soluble substances and reducing carbohydrates in
the dynami a liquid system of uniform consistency, sandy color, smell and

mixed with si flour and sugar. Pea hydrolysate is introduced into the stew. Place the sponge for
fermentation in the ng chamber for 2 hours at a temperature of 32 °C.
of the dough. In the wheat flour add all the prepared sponge and additional ingredients
e resulting mixture is put into the dough mixer bowl and thoroughly kneaded for 10
minutes. At the end of the ing, oil of vegetable origin is added. Since the dough contains pea flour, the amount
of wheat flour was reducedPo preserve the quality of the dough and finished products additional intensive
mechanical processing of the dough was carried out.

- Step 3 — The ready dough was placed in proving chamber at 35°C for 40 minutes. Then the dough is kneaded
and portioned.

The mathematical modeling method was used to derive a pattern of influence of the amount of yeast and pea
hydrolysate on the dry insoluble residue of the dough.

Regression equation of the relationship between the three indicators (amount of yeast, hydrolysate and dry
insoluble residue) was derived (Equation 1):

according to the recipe.

050001-3



=14.9994 — 0.8883*x — 0.0605*y, 1)

where x is the amount of yeast, g;

y - amount of hydrolysate, g;

z - amount of dry insoluble residue, g.

The use of this equation in the technological process will make it possible to control the fermentative hydrolysis
process, helping to set the most optimal fermentation duration to obtain a finished hydrolysate with a given amount
of water-soluble substances.

Experimentally established that the threshold values of the components of yeast and hydrolyzate, which can be
introduced into the sponge, 2 and 33 grams, respectively (for the yield of sponge 504g). At these concentrations of
components are not violated organoleptic quality indicators. Prepared for use dou a smooth surface, slightly
sour, tasteless and odorless; color is white with a yellowish hue. The consiste s homogeneous elastic mass
without lumps and traces of unmixed.

CONCLUSIONS

Based on the totality of the results obtained, we can conclude that mechanochemical treatmen t raw materials
intensifies the subsequent process of hydrolytic disintegration of polymerig ly increases
the yield of water-soluble substances. Such a comprehensive approac ct in the

context of the development of resource-saving technological solutiong, as i i oods for
people with varying degrees of allergic reactions.

The introduction of pea hydrolysate and yeast into the dough can
other words, has the effect of increasing the amount of easily digestib
components applied.

nsoluble residue, in
zing the quantity of
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Abstract. The paper presents the study results on the effect of using ferti
properties of soils, as well as the content of total and labile humus. The s
long-term stationary experiment of the Department of Agrochemi
ronezh State Agrarian University on leached chernozem.
and ameliorator change the indicators of soil acidity. )
sum of exchange bases in the studied samples of the
is typical for the soils of the CCR. The maximum cq

physico-chemical
the conditions of
y of FSBEI HE Vo-
ealed that fertilizers
. It was found that the
.08 mg-equ/100 g of soil, which
in the arable layer is noted on the option
81 mg-equ/100 g of soil); the minimum
manure background (19 mg-equ/100 g
ed soil samples is characterized as high
g to the medium-humic category (4.31-

of soil). The cation-exchange capacity (
(29.2-31.6 mg-equ/100 g of soil). Acgco

(up to 41.66 a 0, depending on the dose of fertilizers applied). It
to the accumulation of mature non-mobile humus in the soil. When de-
ere is a close interrelation between the content of humus, labile humic
f exchange bases and the content of exchange calcium.

INTRODUCTION

In modern so i arious methods, and approaches to studying humus condition are proposed. Most of them
are aimed at in- aracterization of the chemical structure of humic acids, study the agronomic significance of
individual compong soil organic matter. Currently, approaches allowing to identify the most agronomically
valuable humus comp@ hat consistently correlate with the level of fertility and productivity of arable land and
are also sensitive to the s of agricultural technology are particularly relevant in agrochemistry.

When conducting an ag ic assessment of soil quality, it is advisable to divide organic matter into two
groups. The first group is represented by mineralization-resistant conservative compounds. It includes highly con-
densed humic acids (humA), humic acids associated with calcium cations (HA-2), organo-mineral complexes hu-
mA, non-hydrolyzable residue (humin), lignin and its derivatives. Qualitative and quantitative characteristics of
these organic matter components are determined by the type of soil-forming process. These compounds have existed
in soils for hundreds and thousands of years, are poorly mineralized and characterize typical soil indicators. These
substances do not participate in plant nutrition; however, they form favorable thermal, water, air, and other soil re-
gimes.

The second group of organic substances is represented by mobile components that are easily mineralized. It is
the substances of this group that are an affordable energy and nutrient substrate for microorganisms and plants. Easi-
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ly degradable organic matter (EDOM) is the closest reserve of micro- and macronutrient nutrition of plants, largely
determining the content and dynamics of mobile forms of these elements in the soil [2,3]. They are involved in the
process of soil structuring. In addition, EDOM performs a protective function. With a high EDOM content, the min-
eralization intensity of conservative organic compounds decreases, the rate of biodehumification decreases. EDOM
components determine the course of biological and geological cycles of substances, participating in migration pro-
cesses of chemical elements, differentiation of the soil profile, as well as in the formation of new organo-mineral
complexes.

According to various authors [1, 10], the second group of organic substances includes non-specific organic com-
pounds, root secretions, products of microbial metabolism, newly formed humus compounds and humA loosely
connected to the soil's mineral matrix.

Determination results of ecologically and agronomically significant humus co
velopment of systems for regulating soil fertility to increase their productivity, a
system for monitoring the humus state of chernozem soils.

The aim of the work was to study the effect of organic-mineral-lime fertilizer sy
tors, humus content and leached chernozem's EDOM.

nts are important for the de-
as fog the development of a

n agrochemical indica-

EXPERIMENTAL METHODOLO

The research was carried out in a long-term stationary field experimen i d of the
ESTC "Agrotechnology" of the Voronezh State Agrarian University name . amples of
leached low-humic medium-thick heavy loamy chernozem on cover lg i ments of 20 cm were
used as objects of research. Seven options were taken for the researc ili 1); 2. 40 t/ha of ma-

ound + NPK + defe-
he work was carried

nure — (background) - aftereffect; 3. Background + NPK; 5. Backgrou
cate (aftereffect); 13. Background + defecate (aftereffect)s
out during 2019-2021.

The following parameters were determined in sg
colometric termination (GOST 4647-76); pH as pg
the CSRIASA modification. The composition of
method.

Labile humus substances (LHS) extr i d at a soil :solution ratio of 1:20, extrac-
tion time - 17-20 hours. It is this extr: i de 1th close to neutral medium reaction.

yurin's method with a photo-
drolytlc acidity according to Kappen in
) was determined by the trilometric
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pHwat pHKCI Nr, mg-equ/100 g of soil
5 6 7 4 5 6 0 2 4 6 8

e (pHkcr) acidity, it was found that the minimum values are
s against manure background (option 5). According to the
soil class i ., the soils of options with the introduction of a double dose of

S (options 1, 2, 3) attribute to medium acidic type, limed options (options 12, 13, 15) are
y neutral. This indicates a high reclamation effect of defecate aftereffect and the acidifying
3, Hydrolytic acidity is determined to establish the need for liming, calculating lime doses,
phosphorus fertilizers. In accordance with the soil gradation, control and background
options are strongly acidie ons using mineral fertilizers against manure background (3 and 5) are very strongly
acidic, limed options are slig acidic. Thus, it was established that the station's soils have a need for liming and
the reclamation defecate aftereffect is already insufficient.

Figure 2 shows the curves of the profile distribution of the most important SAC characteristics — the sum of the
exchange bases, the content of the exchange calcium and the capacity of the cation exchange.

characterlzed as @
effect of mineral fert
as well as to adjust the
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S, Ca2+, CEC,
mg-equ/100 g of soil mg-equ/100 g of soil mg-equ/100 g of soil

18 20 22 24 25 27 29 31 33
10 ‘ilh 10

\
|
11

X in analyzed soil options
otnd + NPK; 5. Background + 2 NPK; 12. Background
Background + defecate 15. NPK + defecate.

les varies from 24.08 to 27.08 mg-equ/100 g of soil, which is
on rocks with a high content of calcium carbonate. Several
graph by the profile; for example, a uniformly decreasing

slight eluV1at10
manure backgrou

The content of e
there is a gradual increa

ver part of the profile. The option with introducing high doses of mineral fertilizers against
aracterized by an S-shaped distribution type of exchange cations along the soil profile.

g calcium ranges from 18.78 to 24.45 mg-equ/100 g of soil. On options 1, 2, 3, 5, 12, 15,
alues towards the middle of the profile (from 18.74 to 24.48 mg-equ/100 g of soil) and
then a decrease (from 18.02 3,93 mg-equ/100 g of soil), which is characteristic of the progressive-eluvial-illuvial
profile. The option's profile using defecate against organic background (option 13) is uniformly decreasing in nature.
The maximum content of exchange calcium in the arable layer is noted on the option with the joint introduction of
defecate, manure and solid mineral fertilizers (24.31 mg-equ/100 g of soil); the minimum values are noted on the
options with the introduction of mineral fertilizers against manure background (options 3 and 5, 18.78 and 19.24
mg-equ/100 g of soil, respectively).

The cation exchange capacity is the most important characteristic of the cation exchange ability of soils and is
determined by the total amount of cations that are exchange-retained in the soil. CEC in the arable layer is character-
ized as high (29.2-31.6 mg-equ/100 g of soil). With depth, CEC values decrease to average values (25.9-26.7 mg-
equ/100 g of soil) due to a decrease in the exchange cations of hydrogen and aluminum. Apart from option 12, a
uniformly decreasing type of distribution over the soil profile is noted in all options. In the option with the joint ap-
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plication of fertilizers and ameliorator, a slight increase in the CEC in the middle and lower parts of the profile was
revealed.

It is of interest to study the profile distribution of the total content of humus and mobile humus substances in soil
samples of different fertilization levels (Fig. 3). It was found that humus content in the 0-20 cm layer ranges from
4.31-4.46% except for the option using mineral fertilizers against liming background (3.96%). Soils belong to the
medium-humic category. Humus content decreases with depth; the profile is progressively accumulative, except for
organic background options with a single dose of mineral fertilizers and with defecate together with a single dose of
mineral fertilizers, where it is accumulative-eluvial-illuvial. The profile of LHS distribution varies greatly through
experimental options; yet in general, it also has a progressive accumulative nature.

humus content, % LHS, %

1 2 3 4 5 0 05 1 1,

--------- —5-.-12 ——13 ——15

F

( distribution of humus and labile humus substances (LHS) in the analyzed soil samples.
1. No fertilizers

40 t/ha of manure — (background); 3. Background + NPK; 5. Background + 2 NPK; 12. Background
+ NPK + defecate; 13. Background + defecate; 15. NPK + defecate.

For a more accuratge
the total humus (Fig. 4).

pf the content of mobile fractions in humus composition, let us calculate their ratio to
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FIGURE 4. Ratio of mobile forms of organic matter to the content of humus
manure — (background); 3. Background + NPK; 5. Background + 2 NPK; 12.

> trespectively), which indicates
and subsequent acidification. The mini-
% and 20.16% for options 12 and 13,
| profile in all options of the study.

an increase in humus mobility during the applicatj
mum values were noted on limed options against

It is known that the parameters of the
terest to determine the correlation co i g and the content of total humus, as well as

ange bases. Table 1 shows the calculated correla-
ium cations of the soil-absorbing complex play an important role in

R LHS-Ca R LHS-S
0.78 0.83
0.84 0.17
0.64 0.61
0.64 0.04
0.23 0.73
0.92 0.90
0.88 0.36

The calculation results of correlation coefficients are most clearly shown in Figure 5.
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The dotted line shows the level r > 0.7 of corresponding close con the data in Table 1
and Figure 5, the closest interrelation between the humusggs ical properties of the
studied soil is observed in the option with defecate ag alue of r varies between

ators with the physico-chemical
ganic background, a close interrelation
anomineral fertilizer system, a close in-
not revealed; it is mainly medium or
es was revealed; it is close for LHS with

properties of the studied soil, except for R Hum-@asOn the option w
was revealed only for humus and LHS w1th calc1 options with a
mical properties

weak. In option 12, a close LHS 1nterre1
calcium in the optlon w1th defecate a
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FIGURE 6. Dependence of LHS amount on hydrolytic acidity.
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Thus, introduction of mineral and organic solid fertilizers, as well as liming, change the total content of humus
and the amount of its labile fractions. The introduction of defecate (waste of sugar beet production) leads to the ac-
cumulation of mature non-mobile humus (calcium mulle characteristic of chernozem soils).

CONCLUSIONS

1. It was established that the use of organic-mineral-lime fertilizer system changes many indicators of soil
fertility. According to the values of the actual and exchange soil acidity, the options introducing a double dose of
mineral fertilizers against organic background are highly acidic. The control, background and single macronutrient
dose options are medium acid; the limed options are characterized as close to neu accordance with the value
of the hydrolytic acidity, the station's soil requires liming.
2. When studying SAC characteristics, it was revealed that the sum of exchat i the analyzed samples
of the arable layer varied from 24.08 to 27.08 mg-equ/100 g of soil, which is charac hernozem zone soils.
The maximum content of exchange calcium in the arable layer is noted on the optio e joint introduction of
defecate manure and solid mineral fertilizers (24.31 mg- -equ/100 g of soil); the mi es are noted on the

equ/ 100 g of soil).
3. It was found that humus content in the 0-20 cm layer ranges .
mineral fertilizers against liming background (3.96%). Soils belong tg medium-hum

amount of mobile forms in humus composition was noted in the op
background (53.08% and 41.66%, option 3 and 5, respectively), whicl
ing mineral fertilizers' application and subsequent acidification.
4. When calculating the correlation coefficients be
close interrelation between humus and LHS is chara 0 '
and the sum of exchange bases only in the option ] ¢ ackground. It was revealed that
there is a close interrelation between the amount of]
5. It has been established that introduction o i d fertilizers (as well as liming) changes
the physico-chemical properties, the total f its labile fractions. Liming leads to an
improvement in many soil fertility indic
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ers against organic
umus mobility dur-
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t-free humic fertilizers based on natural
ds at the present stage of horticulture

Abstract. The use of high-tech organochelate prepa
plant raw materials enhanced with chelates of tra
development is becoming increasingly wide
with microbiological preparations on ap. ieti arious soil and climatic conditions is a
mandatory element in the technology of e f eral nutrition elements' fixation by trees
. The use of these preparations on Idared

ptimizing the mineral nutrition system, adapting the orchard to unfavorable climatic
conditions, 18 t of fruit products in our country are long overdue issues, the solution of which is the
al organizations in the country [1].

case the productivity and quality of fruit growing are the issues of developing regulations
growth stimulators of a new generation in various soil and climatic conditions, followed
o the fertilizing system.

One of the main ways ¢ many urgent agrotechnological problems is to adapt the maximum number of
variety-rootstock combination$’to diverse soil and climatic conditions [2]. Growth stimulators play an essential role
in solving one of the main tasks of modern fruit growing — obtaining large and high-quality apple yields [3].

Despite that the range of growth stimulants recommended for horticultural use is quite large, this list needs to be
improved over time in terms of functional and technological parameters of use for newly introduced varieties and
cultivation conditions [4].

The main task in the field of developing regulations for growth stimulants' use is to increase adaptability to
changing conditions of biotic and abiotic factors that could stimulate the growth and development of intensive apple
orchards. At the same time, it is important to emphasize that the primary importance is given to improving the
quality parameters of fruits [5].

to use many regulators
by their organic introdu
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These studies are a reflection of a new direction - the use of humates with living microorganisms or products of
their metabolism. The use of the unique abilities of humic preparations capable of intensifying the metabolic
processes of plant cells have different phytoregulatory activity in different varieties and under various conditions of
use; therefore, this research seems to be very relevant in conditions of intensive gardening [1, 2, 3].

The scientific novelty of this work is that for the first time, a regulation for using growth stimulants of domestic
producers in combination with microbiological preparations was developed for the technological system of intensive
gardening in the conditions of the Central part of the North Caucasus.

Research objectives:

1. To establish the influence of growth stimulants on the productivity and quality indicators of apple
fruits in the conditions of the Central part of the North Caucasus.

2. Development of scientific recommendations on the regulation o
cultivation of Idared variety apple trees in various intensive gardening condition
Caucasus.

The objectives of the study were to determine the characteristics of growth an pment of Idared apple
trees in an intensive orchard, as well as to develop optimal regulations for using gr ants in combination
with microbiological preparations.

g growth stimulants in the

CONDITIONS AND METHODS OF B

The research was carried out in the plantations of Idared variety appleg
trees of an intensive unsupported garden laid in 2012 in the fores
Balkarian Republic at an altitude of 550 - 650 meters above sea 1 e was 4x3m, which
amounted to 833 trees/ha, rootstock - MM106. The crowns were forme sian spindle" system.
The row spacing maintenance system - sodding. Experime iONs We i ard by randomization.
is dark gray forest
g oils had an average of 65 cm;
the reaction of the soil solution was weakly acidic ptent was low (3,1 —4,6%) [6].
During the research year, the crown structure 3 d, the average shoot length, the number

> of the Kabardino-

n accordance with the "Program and

The main experimental records an
i eld was accounted by the weight method,

methodology of variety studies of fi
the commercial qualitiessof fruits w

s for preparations' application according to the apple
trees' phenological phases

"rosebud" "hazel" "walnut" "fruit growth"
0.5 kg/ha 0.5 kg/ha 0.5 kg/ha 0.5 kg/ha
3. Humate+7 + Trichod 0.2 I/ha 0.2 I/ha 0.2 I/ha 0.2 I/ha
4. Argolan Aqua + Trichod 2.5 /ha 2.5 /ha 2.5 /ha 2.51/ha
5. Organomix for fruits and berries, 0.5 I/ha + 0.5 /ha + 0.5 /ha + 0.5 /ha +
Organomix Bor 0.6 I/ha 0.6 I/ha 0.6 I/ha 0.6 I/ha
6. Organomix for fruits and berries, 0.5 I/ha + 0.5 l/ha + 0.5 l/ha + 0.5 /ha +
Organomix Bor, 0.6 I/ha + 0.6 /ha + 0.6 /ha + 0.6 /ha +
Organostim 0.5 I/ha 0.5 I/ha 0.5 I/ha 0.5 I/ha
7. O-RISE (COMPLEX) 0.5 l/ha 0.5 l/ha 0.5 l/ha 0.5 I/ha
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RESEARCH RESULTS

The use of growth stimulants had a certain positive effect on the structure of apple branches. There was a significant
increase in the number of lambourds per 1m bough already in the 1st phase of preparations' application. The greatest
result in terms of the "K" coefficient was achieved by the options of preparations' use before the rosebud phase in O-
RISE (COMPLEX) 6.1 and by the option of the joint use of Organomix fruits and berries (0.5 1/ha), Organomix Bor
(0.5 1 /ha), Organostim (0.6 1/ha) 5.9.

In terms of this indicator, Lignohumate AM, Argolan Aqua, Humate+7 and Organomix fruits and berries,
Organomix Bor had approximately the same indicator value at the level of 4.6.

The ratio of generative formations to growth ones ("K" coefficient) wh
Trichodermin and Organomix fruits and berries, Organomix Bor - increased
complex application of Organomix fruits and berries, Organomix Bor, Organosti
an 84% and 91% increase, respectively.

ing humic preparations +
41 to 47% to control. The
O- (COMPLEX) gave

TABLE 2. Structure of an Idared apple tree branch when treated with preparations (number r 1 m of bough, pcs.),

2021.

<

5z

i

w

Ed 2 =%
Treatment . . = 0o b= S =
. Name of preparations (options) £ g s = £
time S = = £, 9
;: =) 1 M =)
g‘; e 1

S =

ot N

Before the 1.Control

"rosebud" (water treatment) 3.2 100
phase 2.Lignohumate AM+ Trichodermin 4.6 143
3. Humate +7+ Trichode 4.7 147
4. Argolan Aqua+t
Trichodermi 4.5 141
4.6 144
6.0rganomix 5.9 184
Organomix
6.1 191

to an increase in the
average of 1.3 times cof

ive formations' number compared to the control, yet the "K" coefficient decreased by an
to the treatment period before the rosebud phase (Table 3).
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TABLE 3. Structure of an Idared apple tree branch when treated with preparations (number of organs per 1 m of bough, pcs.),
2021

Treatment time Preparation name

Number of
accreted twigs
n the form of lambourds
(pes.)

o
S =
= =
S «
Lol
]
. =
)
Y o0
= S

©

formations
to growth
"K" in %

Accretion number
in the form of growth
shoots (pcs.)
hastulas, brindilles
to control

After flowering in ~ Organomix fruits and
"hazel" or "walnut"  berries, Organomix
phase Bor, Organostim

—_
(8]
—_—
W
\O
(e}

140.6

In the "walnut" phase, complex application of Organomix fruits and berries, Organomix a Organostlm led
to an increase in the number of growth shoots by an average of 1.9 pcs., and §
decreased by 7.1 pcs. compared to the treatment with these preparationg : s is pattern

was observed in all treatment options after the "rosebud" phase for all p

technology. The tree productivity increased by 40% in this experimentz
of fruits and the average weight of fruits by 12 g caused a significant

which was 16.9g more than the control option. At the
3rd option using Humate + 7 + Trichodermin, whe
increase in the number of fruits in this option did
according increase in yield.

In a number of experimental options rease in the number of fruits. In other
¢ fruit weight (Table 4). Thus, in the 6th
ganostim and O-RISE (COMPLEX), an
increase in the "K" coe i i C ber of fruits. At the same time, the mass of
fruits was at the le g indi ere was a significant increase in the average weight in options using

weight Productivity of 1 Yield, t/ha % to
. tree, kg control
of fruit, g
129.5 25.4 21.2 100
s+ Trichodermin 138.0 30.3 253 119.3
3 Humate+7 + 143.6 30.8 25.7 121.2
Trichodermin
4 Argolan Aqua + 146.4 32.8 27.4 129.2
Trichodermin
5 Organomix fruits and berries, 138.6 324 27.0 127.4
Organomix Bor
6 Organomix fruits and berries, 139.8 33.5 27.9 131.6
Organomix Bor, Organostim
7 O-RISE (COMPLEX) 141.5 35.6 29.7 140.0
LSDys 1.23
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So, when using the tested growth stimulants, there is an increase in productivity per unit area both by increasing
the number of fruits and by increasing the average weight of apples. At the same time, it should be noted that as a
rule, fruits with a lower mass are formed in plantings in the specific climatic conditions of the mountainous zone

than in plantings in the plain zone. In these experiments using growth stimulants, the average weight of apples was
at the level of indicators of plain orchards (Figure 1).

50

> in the quality indicators of fruits. 4-fold
preparations' use increases the fruit i pest option by 23% (Table 5). A significant

e i was obtained by treating trees with stimulants
and berries, Organomix Bor, Organostim, O-RISE (COMPLEX) -

quality.

+ Trichodermin, the fruit yield of top commercial grade was
control option. As for the standard part of the fruit harvest,
same. When using O-RISE (COMPLEX), only 1% of apples
y. The fruits of the 3rd commercial grade were absent in the options of treatment with

s 1 and 2 in

other stimulants ber did not exceed 2%.

TABLE 5. The of treatments with growth stimulants on the commercial qualities of Idared variety apple fruits
Commercial grades, %
Experim " ) name top first second third
ental
1 Control
(water treatment) 3 45 13 1
2 Lignohumate AM + Trichodermin 67 18 13 2
3 Humate +7+ Trichodermin 70 18 10 2
4 Argolan Aqua + 72 24 4 0
Trichodermin
5 Organomix fruits and berries, 63 27 9 1

Organomix Bor
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Continuation of TABLE 5.

6 Organomix fruits and berries, 72 27 1 -
Organomix Bor, Organostim
7 O-RISE (COMPLEX) 73 26 - 1

Determining the economic feasibility of using various growth stimulants is an important part of the study. It is
known that making a profit from the sale of apples is possible only with a certain yield of standard fruits; as a result,
an increase in the quality indicators of fruits contributes to economic efficiency.

The use of plant growth stimulators in the technology of growing fruit crops can provide a significant increase in
the economic efficiency of gardening due to that additional costs of using this agri 1 technique are small. This
is due to the insignificant introduction rates of stimulants and their compatibility] most chemlcal preparations
for plant protection, so that additional costs for separate preparation's introduction

The use of phytoregulators increases adaptability to the prevailing climatic con
immune properties of plants, which in turn leads to a reduction in the number of treat

e year, increases the

In the experiment, the greatest net profit from growing Idared variety apples was the 7th option using
O-RISE (COMPLEX), where this indicator amounted to 578.6 thousand rubles/ha This was obtained by
increasing the yield with high quality indicators of fruits. But at the same ti e was slightly
lower than that of the Argolan Aqua option where the highest indicator .8%. is option, the

cost of a unit of production was 14.9 thousand rubles/t. The use of dome i i in was
much cheaper.

The efficiency of mineral nutrition elements' fixation by trees
intensive gardening on apple trees. Thus, the combination of humates a guarantee of their
effective fixation by the plant. In addition to increasing product1V1t preparations in the
phytosynthetic activity of Idared variety apple plants in the meuita significantly improve
the commercial qualities of fruits and thereby increase & i

owth stimulants in

TABLE 6. The influence of using growth stimula arcd variety apples' production

Measurement commercial erimental options

Indicators unit grades
4 5 6 7
26.3 243 27.6 29.4
Yield
(standard .6 1.1 24 0.3 0
fruits) 0.5 0.5 0 0.3 0 0.3
total 25.3 25.7 274 27 27.9 29.7
top+first 35
second 25
third 8
1

top+first 570.5 7525 791.0  920.5 850.5  966.0

029,0
Cost of second 700 825 650 275  60.0 75 0.0
product -

from 1 ha third 184 4.0 4.0 0.0 2.4 0.0 2.4
total 6589 839.0 860.0 948.0 9129 9735 0311 4

Costs per 1 thousand - 384.8 4028 4040 4072 4368 4482  452.8

ha rubles

Costof IT  thousand ] 180 159 157 149 162 161 152
of fruits rubles

Netincome  thousand ] 2741 4362 4560 5408 4761 5253  578.6

from 1 ha rubles
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Continuation of TABLE 6.

Profitability

level % - 71.2% 108.3% 112.9% 132.8% 109.0% 117.2% 127.8%

CONCLUSIONS

The efficiency of mineral nutrition elements' fixation by trees increases when using growth stimulants in intensive
gardening on apple trees. Thus, the combination of humates with mineral fertiliz ves as a guarantee of their
effective fixation by fruit trees.

Growth stimulators have a positive effect on the branch structure of Idared
fruit zone. The most noticeable effect on increasing the yield of trees (by 40

the forest-mountain
use of the O-RISE

(COMPLEX) preparation.

The complex use of Organomix fruits and berries, Organomix Bor, Organo ISE (COMPLEX)
significantly increases the marketability of apple fruits.

In addition to increasing productivity, the stimulating role of preparations in.the ivity of Idared
variety apple trees can significantly improve the commercial qualities of gby, i economic
efficiency of the orchard. The highest profitability was achieved j < i Aqua +

Trichodermin — 365.6%.

fertilizers, biostimulators, and biological methg protection of tomatoes in
unprotected and protected ground, potatoes, ¢ucy ¢ : ntific monograph) (Nalchik: Print
Center, 2020) 176.

2. A. Rasulov, B. Beslaneev, M. Kalmykov, i ficiency for apple trees depending on
intensive orchard systems in the Ka - i i collection: Innovative Technologies in

Environmental Engineering and A
Scientific and Practical Confere

4. S

5. . S M. .B. ev, “Agrotechnological aspects of intensive horticulture
Agrarlan Russia, 5, 27-30 (2021).

6.

7.
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mmendations aimed at improving the
ness of land reclamation measures in
es in agricultural production, farms and

Abstract. Aim research is the development of (
SC|ent|f|c and methodologlcal base for as

proportional increase

he volume of production of material goods and products necessary for people's
consumption and impra 1

quality from an environmental point of view. According to the calculations of the
Department of Social and gnmental Affairs, the world population by 2100 will be 10.9 billion people [1],
namely, compared to 2019, itwitll increase by 40%. According to the analysis, in most cases, this problem appeared
due to extensive factors, namely, due to the increase in agricultural sown areas. But it is worth noting that the total
area of all limited sown areas is projected at 1,500 million hectares. In this regard, we can say that humanity has
almost completely used all the reserves of suitable sown areas for agricultural production. For this reason, in order to
prevent the development of new lands, in order to avoid the risk of ecological collapse, there is a need to ensure
inter-farm compliance and organization of reproduction based on the efficient use of crop areas through innovative
solutions in the use of natural resources.

Global climate change has a negative impact on human interests, and in some cases leads to socio-economic
tension. In particular, an average temperature increases of 0.7 degrees [2] in the middle of the 19th century in the
early years of the 20th century had a negative impact on crop yields, especially limiting the possibility of ensuring

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 070001-1-070001-6; https://doi.org/10.1063/5.0165017
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food security, in economically slowly developing countries. Naturally, the impact of these problems on the
sustainable development of the agricultural sector, especially its central part - the agricultural network, is subject to
natural factors, unlike other systems and sectors of the real economy. Prevention of these investigated global
problems, first of all, requires the creation of Agro-adapted agricultural production based on intensive factors and
innovative developments [3,4].

One of the factors of the intensification of agricultural production is the role of melioration, which is the primary
and basic basis for the efficiency of the industry, firstly, because the lack of melioration limits the sector's potential
to ensure its efficiency, and secondly, this leads to the production of products that do not meet regulatory
requirements for quantity and quality [5]. Therefore, broad measures are being taken in the republic to improve the
reclamation state of lands [6]. However, the current status of land reclamation, the and regulatory framework
for improving the efficiency of land reclamation activities, and the incomplete re, ship between actors prevent
the creation of adequate conditions for achieving the goals set out in the Stra for tainable Agricultural
Development until 2030 [19, 20]. Therefore, the improvement of methods fo and calculating the
economic efficiency of land reclamation measures and the financial resources spe em, its impact on the
growth of incomes of agricultural enterprises [7,8], sources of financing of | tion measures, the
development of scientifically based proposals and guidelines for determining t directions of its
development in the near future is one of the most urgent today's tasks.

MATERIALS AND MET

In the process of research, the methods of statistical analysis, monog
abstract thinking, economic and mathematical modeling, expert and rat

tion and deduction,
used.

RESULT

and and water resources in agriculture:
sition and quantity. During these years,
area of arable land, which has been on a

Studies show that over the years of independence i
a) The size of the land fund has not chan ni
the area of arable land has increased by
downward trend since 2005.

- In the structure ofgag eased almost four times, and the area under
cereals increased 8 decreased by 26.4%, and fodder crops - by almost 4
times;

d agriculture in the country are border areas. The use of water
resource nual water consumption as a result of the transition to an
energ gricultural production in terms of food security and global

irrigated land 1 Di e country tends to decrease [10, 18].
view of oragination-quantitative analysis, according to the implementation of the Program
e reclamation state of lands, has a relatively positive trend. That is, solonchaks decreased
reased by 17.2%. However, the water table has increased by 22.8 percent from 0-1
alization of groundwater with a dangerous level of 3-5 g / | decreased by 24.7%;

- however, the bonus po ot irrigated arable land in the country has decreased by 5 points over the years, in
particular, the land valuation by 61-80 points has decreased by 6.6 points, and the share of sown areas with better
soil fertility by 81-100 points by 7 .1 points;

- a decrease in republican bonus points due to the use of agricultural machinery, in particular, the movement of
units across the sown area also has a negative character.

In other words, it has a direct effect on soil compaction, which contributes to a decrease in its fertility. This was
also confirmed by the results of a monographic survey conducted on the Ilhomjon farm. Eshondadaevich in
Mingbulak district of Namangan region. In this farm, in 2018, cereals were sown using traditional crops on 79.6
hectares and on the rest of the resource-saving technologies.

for the improvement
by 10.8%, and solonc
meters. Also, the level o
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As a result of these measures, the cost of equipment for processing and sowing one hectare of land using
traditional methods is 587,000 UZS, the reserve is 484,000 UZS, the fuel consumption is 70 liters, the reserve is 30
liters, 125-150 kg instead of 250 kg. The average cost of fuel was 103,000 UZS, while the average fuel consumption
was 41 liters or 189,000 UZS and seeds 250,000 UZS (Table-1).

TABLE 1. Economic and environmental efficiency of using resource-saving and traditional technologies on irrigated lands when
growing grain ( per 1 hectare) (2018)

No. Indicators Traditional Resource-saving
technological map technologies Difference +,
one Productivity, c/ha 54.0 +7.2
2 Gross output, ton 54 +0.72
The number of movement of
3 equipment on the sown area, total times 18 -5
4 Change in soil density from the 145 -0.14

movement of machinery across the
sown area (average cost), g/cm®

Increasing yields by reducing soil -

5 density, centner/ha
6 Costs per 1 hectare, you sum 4679
7 Income received, thousand UZS 6089
8 Earned profit, thousand UZS 1410
9 Profitability, % 30.1
Developed on the basis of data from the farm "llkhomjon Eshonnilayewieh" : istri e Namangan region.

pLIrce Saving od it was 1.31 g/cm3 due
to a 5-fold reduction in the number of high gravity are was 61.2 centners per hectare due to
reduced soil compaction.

That is why it is necessary to prevent sgi

intensity, switch to technologies that sig

ing irrigation methods that reduce soil
ultural machineries and also reduce the

number of effective and complex prevent soil compaction. Efficient land
management in order to adopt adv i ompaction Arid areas can also be used to
improve soil fertili

It is well kng at'the i ion of land reclamation measures will directly restore the operation of
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Ameliorative system potential

1.1. Analysis of indicators such as temperature, illumination, PAR and relative
humidity;
o o 1.2. Assessment of underground and aboveground water sources suitable for
Possibility of providing irrigated agriculture;
water resources 1.3. Assessment of limited opportunities based on water supply (Dynamics of
water supply in different periods).

y

2.1. Assessment of the geological, geomorpho

conditions of the landscape;

Possibility of providing |, |2-2. Assessment of the impact of irrigation on landseap
land resources 2.3. Determination of the share of irrigated land in the tota

drological and soil

area in terms of

ecology.
v 3.1. Keeping records of existing eq
wear);
Possibility of technical |y 3.2. Determination of the demanded reclamation system
support and regions;

3.3. Conducting on-de technologies and

Economic and financial
opportunity —»]restrictions;

4.2.Evalug ‘ mental efficiency of irrigated lands

Author's development.

FIGURE 1. Algorith i taking into account environmental restrictions.

maintenance of irrigation and reclamation potential on the basis of the "residual”
s with the wear of the collector-drainage system, channels and hydraulic structures.
the productivity of irrigated lands. This will not have a negative impact on the potential
Systems, since the development of reclamation in agriculture depends not only on natural
ential of existing reclamation systems. Thus, the potential of reclamation systems in the
an the required optimal condition (2-table).

Thisledtoas
of existing recla
factors, but also on
republic is somewhat IG

TABL ators and state of meliorative potential of the Republic of Uzbekistan.
Current state Demanded optimal
No. Indicators state
one Land Use Factor( LRF) 0.60-0.80 _ Over 90 %
2 Irrigation system efficiency 0.60 _ _ Over 80%
3 Share of salinized areas of different levels of the total area, %  Above45.0% 0O
4 Level from 1.0 to 3.0 meters of groundwater to the total area, 8.8 Below 3

%
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Continuation of TABLE 2.

5 Share of area with mineralization level from 1.0 to 3.0 g/l of 78.4 Below 10
groundwater to the total area, %

6 GTI performance , % 40-60 100

7 The state of water supply during the growing season,% 10-75 100

8 The ratio of water measuring facilities per 100 hectares of 1-2 5-7
area, pcs

9 Dispatch service and irrigation system automation level, % Below 10 80-100

Author's development.

The data in the table show that improving the efficiency of land use and the e
requires, first of all, a reduction in the proportion of water losses in existing irrigat
that the efficiency of the irrigation network is below the optimal demand, which is
of all, with the fact that the canals are sandy and there is an unauthorized diversio
[20].

It is also related to the price mismatch between agricultural and industrial products and resources. Price
inequality and financial instability on farms drastically reduce the flow gQ maintain and
increase the reclamation potential in the country.

ncy of the irrigation network

0ss is connected, first
r from irrigated areas

CONCLUSION

In conclusion, it should be said that hydraulic structures, collector drai ate use of financial
resources for irrigation and reclamation measures in general have a e occurrence of the
mentioned adverse phenomena. The analysis shows tha

- inadequate mechanism of organizational and Ural enterprises and water
management organizations that carry out land recla
- an imperfect system of efficient and ration
activities, that is, the lack of a methodolo
activities;

ancial resources for land reclamation
he implementation of certain types of

— low administrative or material res i i inang esources for land reclamation activities
and low interest rates for positive re 2
— lack of a land i ation, not only with the water management

authorities, but a ini riculture and government agencies responsible for monitoring and
monitoring th 3
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Abstract. The regimen of ammonium nitrogen of leached low-humic chernozem was
studied in 2019-2022 in a stationary experiment with fertilizers and defeca grochemistry, Soil
Science and Agroecology of the Voronezh State Agrari ity. The i as ablished in four-fold
repetition, plot area - 200 m?. Alternation of crops in crg peet, vetch-oats mixture,
eetrodes made by Volta in water-
imined by photocolorimetric method with
systems contribute to an increase in the
monium nitrogen; ontent of the latter in the studied soil is
ntent of water-sol and exchange-absorbed ammonium, yet
it stabilizes all types of soil acidity. The i : i ninantly eluvial-illuvial and is practically

Nesler reagent. It has been established that organic
water-soluble content and exchange-absorbe

with the acidity of options, the interrelation of exchange-absorbed
ammonium co : ueous and salt extract was negative, medium and close; on the options
with defecatg sttive, the value of hydrolytic acidity in the control and fertilized options -
mainly mg and close, in ¥ - ranges from medium to close in separate years.

soil adsorption © SAC). In minerals with mobile crystal lattice (illite, montmorillonite, vermiculite, etc.), it
is fixed in the inte pace and becomes practically inaccessible to plants. Ammonium compounds are partially
fixed irreversibly. UsH pon-exchange fixed ammonium nitrogen in soils is 2-4 times more than its exchange and
water-soluble forms. A nitrogen in arable soils is present in the absorbed or exchanged state and is easily
displaced by potassium or cations [1, 2, 3]. Therefore, its determination is carried out in a salt extract with a
soil:solution ratio of 1:5, that'18] with a soil moisture of 500%, which does not correspond to natural humidity at all
and gives overestimated results.

Since late 20th century, ion-selective electrodes have been widely used in research. Their use in the analysis -
and mainly in the diagnosis of the agricultural crops' supply with nutrients - is a promising direction in
agrochemistry and soil science. The determination is carried out both in suspensions in laboratory conditions and in
field studies. Only soil moisture limits the use of ion-selective electrodes in field studies. The lower humidity limit is
about 15% for soils with heavy granulometric composition [4, 5, 6, 7]. It is essential to control the nitrogen cycle for
normal functioning and development of plants. Otherwise, there will be traits of nitrogen deficiency manifested in
weak plant branching, delayed ripening, increased fragility of shoots. Nitrogen controls the synthesis of proteins and
enzymes in the plant body, thereby affecting all metabolic processes [8, 9, 10, 11].
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It is of interest to study the regimen of ammonium nitrogen using the traditional photometric method with Nesler
reagent and ionometric method using an ion-selective electrode, which was the aim of this research.

EXPERIMENTAL METHODOLOGY

Studies of the ammonium nitrogen regimen were carried out in a stationary experiment with fertilizers and
ameliorators laid on the territory of the Voronezh State Agrarian University on leached low-humic moderately deep
heavy loam chernozem in 1987 with an area of 12 hectares. The experiment was carried out in four-fold repetition,
plot area - 200 m?. The experimental scheme includes 15 options. The following experimental options were selected
for research: 1 — control, 2 — organic background, 40 t/ha of cattle manure, 3 ckground+N 6PsoKeo, 5 —
background+ Ni20P120Ki20, 13 — background+ defecate, 15 — defecate+NgoPsoK ttle manure (N - 0.5%, P —
0.25%, K — 0.6%) was introduced in bear fallow; fertilizers were applied annua! cordifig to the experimental
scheme; defecate was introduced three times at the beginning of the first (1987) a 999) rotation. In the
fourth (2005) crop rotation, defecate was introduced at a dose of 22 t/ha in options 13 efecate composition:
CaCOs — 46.50%, P,Os5 — 0.48%, K>O — 0.48%, total nitrogen — 0.35%. Ammonium le superphosphate,
and potassium chloride were used in the experiment.

Within the experiment, a six-field crop rotation was mastered with the OWi : winter wheat,

sugar beet, vetch-oats mixture, winter wheat, barley.
The method of saturated soil paste has been widely used in the USA C C the least
amount of water is added to the soil [9]. The studies were performed ug C des madeby Volta in

water-saturated pastes with a soil:solution ratio of 1:0.5 [5]. The z
photocolorimetric method with the Nesler reagent [4].
Soil samples were taken up to 1 m depth in 20 cm increments.

vV | vI | vo | VI
% precipitation, mm
2019 2020 m2021 m2022

E 1. Precipitation regime of the active growing season (AGS).

Over the years of observations, vegetation periods were characterized by moisture shortage, especially in 2022.
On average, precipitation amount per AGS ranged from 178 - which is significantly lower than normal - to 289 mm
(Fig. 1). X
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FIGURE 2. Hydrothermal conditions (HTC) of the active growing season (AG:

Precipitation distribution was extremely uneven. Most of it fell in earl ugust. The
lack of precipitation and high air temperature led to low HTC value o e for the
entire period of observations, which is not typical for the forest-steppg ion. The
average value of the HTC per AGS ranged from 0.62 to 0.96. Howevg s formed in May and
June with the exception of June 2019 with a sharp shortage of HTC p an be distinguished

because the lack of
trogen in the studied
s of observations, sugar

in terms of the hydrothermal regime, the growing season of which
moisture was observed only in July — HTC 0.39 (Fig. 2). This.affe
soil. Cultivated crops undoubtedly influenced the regim
beet, vetch-oats mixture, winter wheat and barley we
The effect of fertilizer and defecate systems on
the profile is shown in Figure 3.
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with a single dose of mineral fertilizers (Fig. 3a, b, ¢, d). The NH4" content is affected by
n. Its change is shown in Figure 4.

tion with defecate to
the reaction of the soil

070002-5



——— = = Background - 40 t'ha manure

m— == Background+N120P120K120

Background + defecate e = Defecate + N60P60K60
FIGURE 4. Change in the pH value of the water extract under the long-term use influence of fertilizer and defecate systems.
A general pattern is observed for all study years. The soil solution reaction increases in options with defecate; it

decreases in fertilized options, especially in the organomineral fertilizer system, which indicates a pronounced acidi-
fication effect under the influence of fertilizers. Fertilizers containing nitrogen in the form of NH4" are capable of
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acidifying the soil solution near the granule as a result of H' ions release by the roots to preserve the electrical bal-
ance [14, 15].

As noted above, the content of exchange ammonium is much higher than its content in the soil solution. The con-
tent of exchange-absorbed ammonium is influenced by the exchange acidity (Fig. 5).

Control m— == Background - 40 t/ha manure
Background +N60P60K60 m— = Background+N120P120KI120
Background + defecate e == Defecate + N60P60K60

FIGURE 5. Change in the pH value of salt extraction under the long-term use influence of fertilizer and defecate systems.
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For all the years of observations, there was a general trend in the change of metabolic acidity. As it follows from
the data in Figure 5, there is a steady increase in the pH of the salt extract in the options with defecate; there is an
equally pronounced decrease in fertilized and control options, which indicates a significant increase in the exchange
acidity, especially in the options of organomineral fertilizer system. Soil acidification contributes to the accumula-
tion of ammonium nitrogen in the soil. This is confirmed by the data obtained by the authors.

The content of exchange ammonium in the arable layer varies mainly in a narrow range — 22-27 mg/kg of soil.
The exception was 2021: the content of ammonium nitrogen in the arable layer varies in the range of 9-21 mg/kg of
soil.

As a rule, the content of exchange ammonium in fertilized options is higher than on options with defecate. If
limed options are considered, then the content of exchange ammonium in the opti ith defecate together with a
single dose of mineral fertilizers is higher than in the option with defecate against ic background. The reason is
simple: we observe the aftereffect of defecate and mineral fertilizers are introduce ually according to the exper-
imental scheme. The lower content of exchange ammonium in the options with de i o the competition of
Ca? and NH 4" cations.

The distribution nature of NH4" along the profile is almost the same for both the

le and the exchange

are shown in Table 1 and Figures 6-8.
As follows from the data in Table 1 and Figure 6, a negative med
tween the content of exchange-absorbed ammonium and the pH value
lized options for all observation years — r -0.52-0.95; on options with
0.40-0.58 to a close negative —r -0.90, and close —r 0.73.
A weak negative interrelation — r -0.32-0.38 and a close

e aqueous extrad
ate, it varied fro

).94 was revealed be-
ilized options.

tent with the pH of the salt extract varied from med

In the option with defecate together with a §
absorbed ammonium with salt extract pH i
tive —r -0.36. In 2019 and 2022, it was

TABLE 1. Correlation coefficients of g

ilizers, the interrelation of exchange-
se negative —r -0.79 - to medium nega-

aqueous, salt extract, and hydrolytic acidity.

Background+

Background Defec.+ NPK60
NPK120 +defec.
0.01 -0.58 -0.016
-0.85 0.10 -0.90
-0.92 0.73 0.43
-0.88 -0.40 0.19
r NH 4/pHsal
Organic Background+ Background+ Background Defec.+ NPK60
background NPK60 NPK120 +defec.
2019 -0.84 -0.33 0.56 0.57
2020 -0.77 -0.86 -0.57 -0.79
2021 -0.43 -0.93 0.96 -0.36
2022 -0.91 -0.86 0.22 0.88
r NH 4/Ng
Years Control Organic Background+ Background+ Background Defec.+ NPK60
background NPK60 NPK120 +defec.
2019 0.92 0.52 0.69 -0.15 -0.16 0.51
2020 0.81 0.66 0.91 0.88 0.22 0.78
2021 0.97 0.81 0.31 0.94 0.57 0.07
2022 0.59 0.80 0.32 0.45 0.05 -0.04
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The interrelation of exchange-absorbed ammonium with the pH value of aqueous and salt extracts is most clearly
shown in Figures 6 and 7.

l_/

08 + 0,73

nge-absorbed ammonium with the pH
value of the aqueous extract was obse organomineral fertilizer system with a
double dose of mineral fertilizers.

Flgure 7 shows the correlatlon

e act pH, the closest interrelation was observed in
stem options. A completely different dependence is observed in
1t was predominantly positive medium and close — r-0.66 and
is due to the competition between Ca?" and NH4" cations.
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FIGURE 7. Correlation coefficients of exchange amm with salt extract

In the option with joint introduction of defecate and 2019 and 2022 - posi-
tive medium and close, respectively; in 2020 and 20 i d me ctively.
e of hydrolytic acidity in the control and
fertilized options was mainly medium and close — 1 .81-0.97 (Fig. 8).

m2019 m2020 w2021 m2022

FIGURE 8. Correlation coefficients of exchange ammonium with hydrolytic acidity.
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The interrelation of exchange-absorbed ammonium content with the value of hydrolytic acidity in the option
with defecate against organic background was absent or medium in 2021 - r-0.57. In the option with defecate
together with a single dose of mineral fertilizers (in 2019 and 2020) -medium and close, r-0.51 and 0.78,
respectively.

CONCLUSIONS

1. It was established that the content of the water-soluble ammonium nitrogen form was much lower than the meta-
bolically absorbed one. Organic and organomineral fertilizer systems contribute to an increase in the content of these
nitrogen forms in the studied soil.
2. Defecate reduces the content of both water-soluble and exchange-absorbed
effectively conditions all types of acidity and maintains it at an optimal level even
3. The distribution nature of NH4" along the profile is almost the same for bo
change form. It is predominantly eluvial-illuvial, which is due to the profile differenti
4. The interrelation between the content of exchange-absorbed ammonium with
tract and the value of hydrolytic acidity was revealed.
In the control and fertilized options, the interrelation of exchange-absorbed-amiaoni ith the pH val-
ue of the aqueous and salt extract is predominantly negative medium and g g ions; in the
options with defecate - positive medium and close.
5. The interrelation of exchange-absorbed ammonium content wit idity in¥the control
and fertilized options was mainly medium and close. The interrelatio his indicator in O ns with defecate was
lower and ranged from medium to close — r-0.51-0.57, in some years -

nium. However, the defecate

r-soluble and the ex-
eached chernozem.
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Abstract. The article examines the trends of digital transformation of agri p g ion of
such digital agricultural solutions as "Smart farm", "Smart field", "Smart
"Smart agri-office", etc. is envisaged in the agricultural sector in the near
agriculture in the Bryansk region were noted. It was established that s
introduced in the region based on the use of geoinfonnation systems, sai

al modernization of
re currently being
onitoring systems;
characteristics of

demand in agricultural consulting have been established 4 been identified.

economic system i i ehtnery, living organisms, and the dlstrlbutlon of
agricultural objg a i tlons and 1nteract10n of subsystems digital solutions in the digital

MATERIALS AND METHODS

In the course of the re
used. Based on the app
agricultural industry was giv

the issues of digital transformation of agriculture were considered, statistical data were
of general scientific methods, the assessment of digital development state of the
prospects for its modernization were substantiated.

RESULTS AND DISCUSSION

Giving a FoodNet forecast to the prospects of the food market, The Agency for Strategic Initiatives notes that by
2035, rural producers will occupy about 5% of the world market in such segments as "new sources of raw
materials", "smart" agriculture, affordable organic, and personalized nutrition. The USA, Germany, Japan, China,
and France have been implementing precision farming technologies for over twenty years. For example, US farmers
use digital solutions to analyze soil conditions, to assess crop yields, for spot fertilization, etc. More than 80% of
agricultural machinery in Germany has built-in smart systems.
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Russia has about 10% of the global arable land fund, while up to 40% of them are located in the zone of risk
farming. In recent years, Russia has achieved high levels of food security in key areas. Despite the difficult
conditions, the grain harvest in 2020 amounted to over 131 million tons in net weight; the problem of providing food
to the population is being successfully solved, the country's position in international markets is being strengthened.
About 900 items of products are supplied to 157 countries, 70 million tons of products have been sold abroad, more
than 30 billion USD has been earned. By the end of 2020, exports of agricultural products exceeded imports for the
first time. Russia ranks 19th in the rating of global food exporters. Work to open new markets is in progress. [5].
There are real opportunities for crop yields and animal productivity growth in the country. However, due to the low
mechanization level of agricultural work, fertilizers' insufficiency, a large number of peasant (farmer) enterprises
having insufficient financial resources for the introduction of agricultural innovati d staff shortage, there is a
lag behind the leading countries in terms of labor productivity [1-4].

The Ministry of Agriculture of Russia has developed the Digital Agriculture pl
of all participants in the agricultural market, including the provision of digital cons
in the next decade, more than 75% of organizations in Russia will use such agricultura
"Smart field", "Smart greenhouse", "Smart herd", "Smart warehouse", "Smart agri-
of technologies, methods, models, algorithms. The use of geo information systems alfows
of the agricultural landscape, plan and control the quality of agrotechnical meas monitor
predict crop yields, monitor the operation of agricultural machinery. Precisi i pported by

igitalize the interaction
es. It is expected that
ations as "Smart farm",
on the introduction
¢ a digital model

"Agrocom", "Trimble", "Farm Works", etc.). According to expert esti 0T 1ll reduce
production losses by up to 40%. Among the most promising s, experts include
agrobiotechnology, digital logistics, e-commerce, bioenergy and biom ation of the industry
griculture, improve

workers in new professions in production [7-9].

Researchers note that in recent years, both j
internal challenges, agriculture has maintained
product types and their export. Thus, the regio ¢h in potato growing, increased the
production of grain crops, revived animalghusb al holdings. Agricultural enterprises
use more than 1800 thousand hectarg ar i ludes over 650 organizations, more
than 200 thousand personal subsidia sand people. In the structure of the
region's rural population, more t. ation, but the proportion of retirement-
age people is largg

7 on, despite external and
population's consumption of the main

Struc pf the

lation of the Bryansk region by categories, %

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Less than employable age, % B Employable, % ' Over employable age, %

FIGURE 1. The structure of the rural population of the Bryansk region by category, % (compiled by the authors).

In the structure of the gross regional product, the contribution of agriculture approached 30%. The region is
among the top five in terms of grain yield. High results of agricultural labor have been achieved in peasant (farmer)
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enterprises and households of the population. In recent years, the structure of products by farm category has changed
significantly (Figure 2).

Structure of agricultural products by categories of
enterprises, 2020

8,4

Structure of agricultural products by

categories of enterprises, 2005
33

# Agricultural organizations, %
= Agricultural organizations, %
u Population farms, % = Population farms, %

= Peasant (farmer) enterprises, %

= Peasant (farmer) enterprises, % 17,2

Resource-saving technologies are being introduced in the region; the a, fleet is being
updated. Thus, the share of resource-saving technologies in grain farming % in potato
growing. Technical and technological modernization of the industry rands in
addition to domestic agricultural machinery. Precision farming te i atelli s, GIS,

equipment monitoring systems, digital technologies in animal husbandry duced in the region.
Rural producers are implementing the results of research by scientis
Modern infrastructure, high-speed Internet connection, digital plat
planning, smart contracts, mass implementation of digital agricultural
solve the problems of agribusiness, eliminate digital i
population. An important problem is the lack o

ing smart industry
entities are needed to
services for the rural

into the online environment and reducing
the cost of transactions, digitalization of agricult ources of income for market entities,
launching products and services much fasteii format for succ | entry into local and global markets.
Economic entities must constantly int pgical innovatignsy to maintain competitive positions in
agribusiness.
Quite often, it is difficult for e 2d management decisions when adapting to
the dynamics of aggi narkets . ons for inviting experts are either the presence of
S i or lack of time to solve them. The production and application of

digital transformation of the agricultural sector. Information and
by expert consultants to economic entities on a contractual
e consulting services market are presented in the works of

1. Factors of supply and demand of consulting services in agribusiness*.

Demand

ogenous (political, economic, socio-cultural, technological)

activity institutions, regulatory and control institutions, infrastructure institutions

stem in Russia Formation of innovative corporate culture in market

subjects of agriculture

Scientific and technological progress Formation of the need of agricultural sector's economic
entities for industry knowledge, the ability to perceive
consulting services

Endogenous

Ability to generate innovative approaches to Ability to apply digital agri-innovations

agribusiness development based on digitalization

of key business processes

Development of intel
Formation of the innovatio
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Continuation of TABLE 1.
Adaptation of services to the peculiarities of rural ~ Consumer trust in consulting service providers
producers

Formation of transparency of agri-consulting Awareness of consumers on the range of services in agri-

market participants consulting

Pricing The solvency level of potential agricultural sector's
customers

*compiled by the authors

Based on the performed research, the characteristics of consulting services in
intangibility, mobility, individuality, inseparability from the source, scie
interdisciplinarity, risk and uncertainty, confidentiality, etc. The peculiarity of con agricultural sector is
primarily associated with the presence of natural and biological factors that socio-eco-economic,
organizational, technical and technological specifics. The authors believe that the mand and supply of

agriculture are considered
and _intellectual intensity,

organizations; commercial organizations, etc. In recent years, the Mi
communication system for the exchange of data between market parti
remote land monitoring system, multidimensional support for rural p
become the main trends in improving the consulting business [6, 10] (

Artificial
mtellige

FIGURE 3. Digital consulting technologies in the AIC (compiled by the authors).

The main tasks of the "Federal Center for Agricultural Consulting of the Agro-industrial Complex" of the federal
state budgetary educational institution of additional professional education "Russian Academy of Personnel Support
of the AIC" include methodological support for the development of consulting, assistance to economic entities and
the population, educational institutions, retraining and advanced training of teachers, managers, consultants;
assistance in the sustainable development of the industry and rural settlements. Recently, the Open Agrarian
University "Land of Knowledge" has been created in Russia as a digital educational platform providing access to the
database of applied knowledge in the industry, which has an innovative format for improving the skills of the
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population. Experts from 23 leading agricultural universities and 4 research institutes take part in the provision of
remote services. In the Bryansk region, the state budgetary institution "Center of Competence of the AIC of the
Bryansk region" provides information and consulting services as a legal entity in the region to industrial economic
entities of all forms of ownership. On the basis of the Bryansk State Agrarian University, a regional educational and
methodological information and consulting center has been established to support the development of economic
entities.

In the course of the research, the authors found that the activity of a digital consulting company in the
agricultural sector is associated with entrepreneurial risks. Subjective, objective, external and internal risks in digital
consulting were identified. In addition, there are property, trade, production, information, financial, and investment
risks in agri-business consulting. The authors believe that it is advisable to use ris agement methodology in a
digital consulting company.

CONCLUSIONS
The use of digital technologies in agriculture makes it possible to create e il-agrotechnical and
organizational conditions for the growth of labor productivity, rational use of natural r , environmental
protection, food security provision, and improving the standard of living of thegpepulation. Di ulting acts as
a trend of digital transformation of agricultural business, feeling the depep n the state
of the digital environment. Developing the competitive advantages g i i nies are

obliged to manage entrepreneurial risks.
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substantiated that the
mple, of economic benefits and various
roduction of drip irrigation technology.
[ asing and the establishment of a lease
payment rate not exceeding 50% of the Ce; i e payment not exceeding 15-20% with a
maturity of up to 5 years, will save agric D in comparison with a commercial loan,
and will reduce the collateral amount

implementation of water-saving technologies on a
preferences, can significantly reduce budgetary allo

The develg ends on the availability of water resources. The current critical
situation called "blue gold" today, requires the rational use of water

the introd
will reach n

[9].

hydrological balance
change on our planet W

egional and global levels. Since, the latest estimates of specialists indicate that climate
case water scarcity by 20 percent and lead to a deterioration in the lives of 2 to 5
billion people in more thai ntries of the world [3].

Currently, a shortage of water resources is felt in all Central Asian states, but the Republic of Uzbekistan is the
most vulnerable in this regard, since it has the highest demand for water in the region to meet the socio-economic
and environmental needs of the growing population and natural ecosystems, and ensure sustainable development in
general [1].

It is important to note that only 9.6 percent of the total flow of transboundary rivers in the Aral Sea basin is
formed on the territory of Uzbekistan. More than 80 percent of the water used enters Uzbekistan from the territory
of neighboring countries [7]. In other words, Uzbekistan is dependent on its neighbors for water resources. In
addition, dry years are often observed in the Aral Sea basin. If before the 2000s, dry years were repeated every 6-8
years, then recently they have been observed in every 2-3 years [14].
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In this regard, large-scale reforms are being carried out in Uzbekistan aimed at efficient use of water resources,
radical modernization of the water management system, as well as the introduction of innovative technologies in the
agricultural sector. For example, when agricultural producers introduce water-saving irrigation technologies,
subsidies are provided at the expense of the State budget to cover part of their costs [10]. It should also be noted that
agricultural producers who have introduced water-saving irrigation technologies are exempt from the single land tax
for a period of 5 years [10]. Nevertheless, "state stimulation of the further expansion of the introduction of water-
saving technologies for irrigation of agricultural crops, as well as attracting foreign investments and grants to this
area" is defined as one of the priority directions of the Concept for the Development of the Water Economy of the
Republic of Uzbekistan. It should be noted that in 2021-2023 it is planned to increase the area of [13]
implementation of water-saving irrigation technologies from 308 thousand he to 1.1 million hectares,
including drip irrigation technologies - from 121 thousand hectares to 822 thousan

From this point of view, the further widespread introduction of drip i
technologies in agriculture through the improvement of economic mechanisms dete
for research in this direction.

other water-saving
levance and demand

MATERIALS AND METHODS

The methodological and theoretical basis of the study is the scientific wo
the problems of economic stimulation of the use of drip irrigation and o
in the context of an increasing shortage of water resources, adopted s
resolutions of the President of the Republic of Uzbekistan, as well as
the analysis of the area of implementation of water-saving techno
reporting materials of the Ministry of Water Resources of the Repubhc

When solving the set tasks, abstract-logical, econ i
methods were used in the work.

A sociological survey was conducted among

itial information for
s the statistical and

and other research

Andijan, Tashkent, Jizzakh
ated in different zones: Andijan region -
region [30] - the southern zone of the
ation of water-saving technologies.

rs of farms in the Andijan region, 82 in
ers of farms in the Kashkadarya region,

A sociological survey was condu
the Tashkent region, 81 in the Jizzak

Resources of the Republic of Uzbekistan showed that

over the past ati y was introduced on an area of 77461 hectares, irrigation with
portable flexi igation along furrows screened with plastic wrap - 70819 hectares
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—*= irrigation along furrows shielded with plastic wrap
—=— watering with portable flexible hoses

FIGURE 1. Dynamics of the area of implementation of water-saving technologies in the republic for 2013-2019.
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In addition, in 2020, water-saving irrigation technologies were additionally introduced on an area of 133,000
hectares of land. The results of the analysis of statistical data show a positive trend in the introduction of drip
irrigation technology in agriculture, which is primarily [31] associated with the creation by the state of favorable
conditions for agricultural producers in the acquisition and application of drip irrigation technology. However, it
should be noted that the area of implementation of water-saving technologies is only 7.3 percent of the total irrigated
area. The results of a sociological survey conducted to determine the availability of water resources and the degree
of application of drip irrigation technologies and other water-saving technologies by agricultural producers in the
field showed that economic entities experience a shortage of water resources during the growing season, and only 44
percent of the respondents in the Andijan region, 6 percent in the Tashkent region , 30 percent - in the Jizzakh region
and 25 percent - in the Kashkadarya region use water-saving technologies in the ivation of agricultural crops

(Fig. 2).

%
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Andijan
region,

According to the interviewed respo
assoc1ated with the high cost of equ

ts, the 10

nd the lack © urces of economic entities during the period

In addition, i i pondents in the Andijan region, 65 percent in the Tashkent region,
84 percent i the Kashkadarya region noted that they would like to use water-
saving tech ies i i i ops (Fig. 3).
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FIGURE 3. Results of the survey of respondents to the question: "Would you like to apply water-saving technologies?"
The results of the survey, shown in Fig. 4 indicate that farmers need government support in purchasing drip

irrigation technology and innovative water-saving technologies. In particular, in the Andijan region - 31 percent, in
the Kashkadarya region - 29 percent and in the Jizzakh region, 24 percent of the respondents noted that they need
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state support. And for the sustainable introduction of drip irrigation technology [32], according to the survey
participants, it is necessary to lease technology (in Andijan region - 28 percent, Jizzakh region - 37 percent,
Tashkent region - 45 percent) and through a soft loan (in Andijan region - 34 percent, Tashkent region - 40 percent,
Kashkadarya region — 60 percent) (Fig. 4).

3%
7% 3% 7% 8%
1 .
. 28% / %
i 45% % 37%
.
| .
] 60%
] 34%
- 40% 32%
- 31% o 29%
| 12%
Andijan region Tashkent region Jizza ion Kas arya region
O Subsidy .Leasing EPrefere g sta ort
FIGURE 4. Results of the survey of respondents 0 you to be done for the sustainable
introduction g
A study of economic literature show, funds are a form of education and

expenditure of funds created separately d intended to finance national and local
activities [5, 6].
Extra-budgetary funds provide

guarantee tlmely fin

or of the economy - agriculture, and also
ase can be cut even if a budget deficit is formed.
ositive results of the creation of the Fund for Land Reclamation
ce of recent years in the creation of extra-budgetary funds under
the fact that the large-scale application of drip irrigation
large capital investments. To stimulate the production and

080002-4



i i Concessional loans fro Penalties for excessive HH Domestic and

. : : Other sources of funds and
! Targeted budget 1 intemational financial consumption of irrigation. 1! foreign grants income not prohibited by
P allocations i1 institutions and foreign water; irrigation water it the legislation of the
: i hanks pollution charges Republic of Uzbekistan
Sasrnissssanspransriananen T - F rererarrrsrnr s nanal Measmrssansssprissnnnsanes T TR E
¥ ¥ ¥ ¥
h 4
[ The main sources for the formation of the Fund ]

_________________ -

ks A
! Purpose: accumulation and effective
use of funds fo finance economic,

Development Fund for the

! I
1 . . . ]
1 organizational and technical introduction of water-saving
V' measures for the introduction of . .
' water-saving technologies ] technologies in agriculture
I
! I
1 )
M e ————— ’ v
Fmmmmmm N — . — — — UlEEh
¥ ¥
Censtruction and reconstruction The work of scientific and Other works
of drip irngation systems; scientific-production services for the opers stipulated by
measures to finance the associations in the direction of water-saving techno! the state
purchase of water-zaving creating their own irrigation creation of model site water
technology on long-term equipment with a focus on its training farmers in the ati
concessional leasing terma; production based on local raw principles of rational wa i conservalion
provision of concessional loans materials and materials in use ze i 1 programs.

for the introduction of water- relation to various areas of land
saving technologies to farms users, setting up the production it f
located in the pumping of components for already built PIs 1011 1 ch
irrigation zone, etc. and operating technologies.

BeEtIch o water-
saving technologies.

tions [1] and foreign banks (World Bank, Asian Development Bank, Islamic Bank,
en grants (UNDP, FAO, ICARDA, USAID, KOICA, as well as grant funds allocated in
projects, etc.), penalties for overspending of irrigation water, payments for water
as, as well as other sources of funds and income not prohibited by the legislation of the

etc.), domestic &
Uzbekistan for inhi
pollution in irrigation's
Republic of Uzbekistan.

To fulfill the above tas Foundation must establish close economic and legal relations with the leading
ministries and departments of the Republic by signing a Memorandum of Cooperation.

The creation of the Fund will promptly eliminate the organizational, financial, legal and other problems that
agricultural producers face on a daily basis in the application of water-saving technologies in their activities.

For the effective functioning of the Fund, it is advisable at the initial stage (at least 5 years) to provide the
following benefits:

- to exempt from all types of taxes, fees, duties and mandatory contributions to state trust funds;

- to exempt from payment of value added tax contractors performing work and services within the framework of
State programs at the expense of the Fund.
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In addition, cooperation with the WB, ADB, the GEF project on the Central Asian Initiative, as well as
interaction with UNDP at the level of potential donor programs will be an important aspect of the work of the new
Fund, guaranteeing the concentration of funds [15].

In order to disseminate knowledge about the rational use of water resources among the population, improve the
qualifications of agricultural producers in the operation of drip irrigation systems and the use of innovative
agricultural technologies, raise funds for the implementation of these projects, the Fund provides for active
cooperation with various ministries and departments, local authorities in the field. as well as enterprises for the
production of drip irrigation systems.

In the future, in conditions of large-scale application of water-saving technologies, a gradual transition of this
Fund to self-financing is envisaged, i.e. all kinds of consulting services will be provi o agricultural producers on
a paid basis, and the Fund will become self-sustaining.

The creation of the Fund for the Development of the Implementation o ing Technologies in
Agriculture will make it possible to efficiently and purposefully use budgeta nts and loans from
international financial institutions for the production, implementation and leasing o saving technologies in
farms, etc.

As you know, another of the modern, promising and effective financial instruments thai farms to acquire
and renew their fixed assets, increase the competitiveness of their products, and tional costs of
investment management is leasing. Given the lack of financial resources Q duci al products
and the high cost of water-saving technologies, in our opinion, it is ag
technologies.

The advantage of leasing is due to the fact that its implementatio
financial resources in the amount of the full cost of the acquired
investment needs of an agricultural producer associated with the use
exceed its financial capabilities.

In this regard, given the growing shortage of water,
it is also advisable to set the rate of lease payments

time mobilization of
mportant when the
quipment currently

iction of drip irrigation,
ancing rate of the Central

was studied, which also suffers from a

In the course of the study, the experience of t
i g drip irrigation technology and other

shortage of water resources, and also has_agsimp

technology.
gy - 25,000,000 soums / ha) (cotton area - 50 hectares))
thod of acquiring drip irrigation technology

at the expense of at the expense of on lease (suggested
expense the Fund's a loan from JSCB option)
preferential loan "Agrobank"

1. 1250 000 000 1250 000 000 1250 000 000 1250 000 000
2. - 6 14 7
3. - 10 36 10 60 J0 60
4. Processing time, wo X 15 X X
5. Insurance policy, sum - 37500000 - 30 000 000
6. Collateral (movable or immovabls - 125% of the loan  at least 125%  125% of the amount
property),% amount (equipment  of the loan remaining after the
can be used amount prepaid advance
the subject of a payment (equipment
pledge in the can serve as a
amount equal to collateral in the
80% of its value) amount equal to 50%

of its value)
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Continuation of TABLE 1.

Grace period, months - 6 - -

8. Prepayment, % 0 0 0 20
9. # prepayment 250 000 000
5 1 year 1250 000 000 280 729 167 408 958 333 264 750 000
% = 2 year 0 467 708 333 373 958 333 250 750 000
L: 2 3 year 0 442 708 333 338 958 333 236 750 000
=] 4 year 0 211979 167 303 958 333 222 750 000
g 5 year 0 0 268 208 750 000
10. Total amount, sum 1250 000 000 1440 625 000 169 1463 750 000
11. Difference with the cost of 0 190 625 000 444 213 750 000

equipment, sum

Source: Calculated by the author based on data from http://www.uzmml.uz/ru/site/calculator, h

DISCUSSION

According to our calculations, the provision of drip irrigation technology | icultural
producers in leasing, as well as the establishment of a lease payment ratg
refinancing rate, an advance payment not exceeding 15-20 percent
agricultural producers up to 12-15 percent of financial resources in comp
the amount of collateral by 55-60 percent. This, in turn, will ensure the
technology in agriculture [27, 28].

According to the calculation results, the debt repa
lease by farms specializing in cotton and grain growi
96 months.

Due to the high profitability of farms focused o
maturity period should be set approximatel

The above scheme for acquiring drip i
will create a solid foundation for stj
agricultural producers in arid and no

et for a period of at least 60-
d vegetables, viticulture and melons, the

ater-saving technology on a lease basis
of advanced irrigation technologies by

When setting the lease payment rate not exceeding 50 percent of the Central Bank
ance payment not exceeding 15-20 percent with a maturity of up to 5 years will save
0 12-15 percent of financial resources compared to a commercial loan, and will reduce the
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Abstract The implementation of artificial intelligence technologies and T8 in agrlculture 1s g place in rapidly
plementing artificial

1nte111gence technologies and robotics in agriculture accor' ese ethods, a survey of

gics (4.5 points), difficulties in
ing dependence on foreign suppliers of
level of state support (3.8 points).
ance of workers to the implementation
dpulation under the conditions of mass
sults of the study will make it possible to

hiring workers capable of mastering these techno
equipment, components, software under sanctio
Unreasonable risks include insufficient dey;
of these technologies (2.9 points), a p
unemployment when these technologigs
develop adequate public policy mea:

.2 points),
frastructure (3.4),

the capabilities of agr1 systems to cope with shocks and stresses and to deal with them.

MATERIALS AND METHODS

Agriculture is developing within rapidly changing and ever-increasing risks. They concern social, economic,
financial and personnel risks that are influenced by the rapid development of digital technologies, including robotics
and artificial intelligence.

The study aims to assess the risks of implementing artificial intelligence technologies and robotics in agriculture
according to the degree of validity.

The research objectives include the following:

— to identify the main risks of implementing artificial intelligence technologies and robotics in agriculture;

— to conduct an expert assessment of the risks of implementing artificial intelligence technologies and robotics in

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 080003-1-080003-6; https://doi.org/10.1063/5.0164582
Published by AIP Publishing. 978-0-7354-4648-9/$30.00

080003-1



agriculture;
— to distinguish risk groups for implementing artificial intelligence technologies and robotics in agriculture
according to the degree of validity.

The study of the risks of implementing artificial intelligence technologies and robotics in agriculture took two
stages. The first one summarizes the scientific literature on the risks of using these technologies in agriculture.
Manual screening of the most cited publications at the scientific base of the RSCI was performed. As a result of this
analysis, the most common risks and concerns associated with the implementation of artificial intelligence
technologies and robotics in the industry were identified. The second stage involves assessments of the risks of
using artificial intelligence technologies and robotics in agriculture, the experts were the heads of agricultural
organizations in the Sverdlovsk region, as well as representatives of the acade ommunity specializing on
studying the problems of the agricultural sector of the economy (Figure 1).

90.0
80.0 -
70.0
60.0 -
50.0
40.0 -
30.0
20.0 -
10.0
0.0

academic
degree

men women specialist master

by education level

As Figure : mong the experts were men (80.9%), due to their predominance
among the hg i i yanizati e Middle Urals. Experts aged 45-61 (44.7%) make up the largest
share, the
of yousn in terms of the education level is made up of specialists
(78.7% recei ? Russian Federation into the Bologna process for unification

, the experts were asked to fill in a questionnaire. The first part of the questionnaire
ndard questions about characteristics of a surveyed expert. The second part of the
ive points for each of the previously identified risks. Thus, 5 points corresponds to the
L 4 points - "high risks", 3 points - "medium risks", 2 points - "below average risks",
conditional index corresponds to the average assessment of this risk, which is

proposed to ans
questionnaire propose
assessment of "very hig
1 point - "minimum risks
calculated by software.

RESULTS AND DISCUSSION

The problem of studying the risks of implementing artificial intelligence technologies and robotics in agriculture is
an urgent scientific problem that has not been sufficiently studied. It is becoming more and more important in the
context of rapid digitalization of various sectors of the economy, including such a conservative industry as
agriculture. A group of experts was involved to assess the risks of implementing artificial intelligence technologies
and robotics in agriculture in terms of the degree of validity. The results of the survey can be seen in Figure 2.
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ts of the activity of agricultural organizations of the Sverdlovsk region.

4% of farmers stopped their activities for economic reasons (Table 1).

Indicator 2016 2017 2018 2019 2020 2021 2021 to 2016,
%

Number of organizations wi 271 260 246 233 204 205 75.6
profit, pcs.
Profit before taxation, thousand 4604 3773 4764 3831 4669 5889 127.9
rubles
Subsidies from the budgets of 3565 3280 3564 3471 3454 3924 110.1
all levels, thousand rubles
Net profit, thousand rubles 4452 3710 4613 3713 4571 5699 128.0
Share of agricultural 82.0 80.4 82.1 84.4 83.3 80.0 -2.0
organizations operating with (percentage
profit, % points)
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Continuation of TABLE 1.

Net profit per organization, 16.4 14.3 18.8 15.9 22.4 27.8 169.2
thousand rubles
Subsidies from the budgets of 13.15 12.62 14.49 14.90 16.93 19.14 145.5

all levels per organization,
thousand rubles

Despite the fact that during the studied period profit before taxation increased by 27.9%, and net profit by 28.0%,
a share of agricultural organizations operating with a profit decreased by 2 percentage points. And only 27.8
thousand rubles of profit falls per one organization. Even considering the f; at it grew by 69.2% per
organization, its value is very doubtful for starting large investment projects. Und se conditions, the fears of the
experts look very reasonable. As can be seen from Figure 2, more than 60% of th 5 points to this risk,
and the conditional index is 4.48 points.

One of the most significant risks of implementing artificial intelligence and ro
workers who are able to master these technologies. According to the survey data,
experts gave the highest rating, and another half rated this risk as 4 points, while the coni
points. The fact is that even the implementation of modern digital technologies_dee

agriculture is hiring
1% of the surveyed
index was 4.33

widespread, which make it possible to predict the productivity and be i i n various
factors. The use of these technologies requires certain skills in interac
would be the widespread use of robotics in milking and feeding [ ese robots requires
appropriate services, replacement of consumables and components, ete hire specialists who
can perform these types of work. And at rural areas the ta ¥ ke ¢ uch greater problem
than in the urban areas, primarily due to the limited sup S
¢ on suppliers of equipment,
telligence and robotics technologies. It
“very high risks”, another 50.0% of
. Indeed, all the robotics used in the
ears of farmers about the prospects for
ent decision support programs (artificial
al and Lely are Swedish and Dutch-made,
, ERP-systems for-agriculture is also foreign-made. The possibility of
dates makes farmers' fears reasonable.

lligence technologies and robotics in agriculture is the level of
state supp . This i robot1cs remains quite expensive for most farmers. And the
return @ e i i i possible only if a part of the costs is subsidized from the
i , subject of the federation, municipal. State support for farmers exists all over the
ot the European Union it is indirect and often higher than in the Russian Federation.
arious measures of state support [7]. These include the provision of preferential loans to
a rate of 10% per annum). Other measures are compensation of part of the costs of paying
o acquiring commissions, and credit holidays for farmers. The most effective support
of part of the capital costs for purchasing of equipment of 40-80% by its various types.
And according to the re ts, there is a certain risk that such support may be reduced or not provided if the
documents for the provisio ubsidies are filled with errors. Thus, 27.1% of the experts indicated a "very high
risk" of reducing state support; and another 31.3% indicated a "high risk", the conditional index was 3.77 points.
However, as our analysis shows (Table 1), the volume of subsidies for the studied period increased by 10.1%, while
in 2021, 45.5% more subsidies were allocated to one organization from budgets of all levels than in 2016.

The availability of the necessary infrastructure is one of the conditions for implementing artificial intelligence
and robotics technologies in agriculture. First of all, this concerns the Internet at outer rural areas, including
broadband access. This allows the exchange of information between stationary equipment (computers or robots) on
the farm and service points located remotely in district or regional centers. This allows remote diagnosing the wear
of components and assemblies, timely performing preventive repairs, and updating software. An important
infrastructure object is the availability of roads in rural areas, especially paved ones. If a failure takes place, a robot
maintenance technician should be able to come to the farm and fix the problem within a short time (the EU standard

components, and software as one of the risks of i
should be noted the assessments of these risks,

agriculture of the Russian Federation is
further maintenance of robots and s

Currently, R
agricultural prod
commission fees,
measure is the compe

080003-4



is up to 2 hours). If it takes a long time, it can result in serious downtime and disruption of the production process,
which will cause significant losses for farmers. The lack of the necessary infrastructure may rise doubts on the
feasibility of implementing a project to introduce robotics or artificial intelligence. According to experts, these risks
can be assessed as "very high" in 12.5% of cases, "high" in 33.3%, the conditional index is 3.4 points.

One of the risks of implementing new technologies is the possible resistance of employees to innovations. This
comes from the fear of workers to lose their jobs. Also, the implementation of new equipment means the need to
improve qualifications and skills, which is not always possible or irritates employees. The implementation of
artificial intelligence technologies and robotics in agriculture fully meets these reasonable concerns of workers. At
the same time, resistance can take various forms, from active as damages of new equipment to passive observation
of the process. According to experts, these risks can be assessed as "very high" in of cases, "high" in 33.3%,
the conditional index is 3.4 points.

There are a number of assessments that indicate that the massive implement
robotics technologies can displace a person from the economy and, as a result, de
according to some estimates, the further use of these technologies will replace of abo
with robots [8] and then reduce significantly jobs in the middle class [9]. Howe
revealed a positive impact of robotization and the use of artificial intelligence on employme
and only a slight decrease in employment in traditional sectors of the economy
a possible fall in income of the rural population in the context of impleme
technologies is assessed as insignificant. Thus, 47.9% of the experts n
points, and the conditional index was 2.44 points.

ificial intelligence and
old incomes. Thus,
r more of modern jobs
Its of other studies
high-tech sector
expert group,

nd robotics
rating 2

CONCLUSION

vestments, which is
es. The implementation
form ma ance and interact with this
oblem at the rural areas, primarily due to
ctions restrictions and the possibility of
' fears quite reasonable, as almost all

The implementation of artificial intelligence technologi
associated with reasonable risks, as a significant part @

equipment. And the task of hiring such workers be
the limited supply of labor resources in the count

equipment is foreign-made.
According to the expert group, th

fall in income of the rural populatio

does not cause cop

*nce technologies and robotics, a possible
from production and mass unemployment,

ion) have the necessary infrastructure, including paved roads and
he experts, the possible resistance of workers to innovations is

of equipment, components, software, and an insufficient level of state support.
s which have the conditional index of expert assessments below 3.5 points. They include
of infrastructure, resistance of workers to the implementation of these technologies, and a
e rural population.

Unreasonable r18
insufficient develop
possible fall in incom®
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Abstract. Russia’s agriculture is experiencing a shortage of workers due
attractiveness of the industry and the COVID pandemic, which poses ris ent. To reduce the
personnel shortage, farmers use robotics, but its implementationgis _slow, dt i ers to interact with
robots. The main goal of the study is to develop a model of i i ism for formation of

organizational- and-economic mechanism has been
motivational; personnel training and retraining. The
physical systems, in particular with robots, have bee

ents are: target; organizational-economic;
ber of employees interacting with cyber-

According to the In anal Labor Organization (ILO), a share of agricultural workers in the total labor force
had fallen from 81.0% to “ in developing countries and from 35.0% to 4.2% in developed countries by 2014.
The shortage of people workmg on farms is becoming persistent everywhere. In the Asia-Pacific region, especially
in Japan, the number of people working on farms decreased from 2.2 million in 2004 to 1.7 million in 2014 [2]. A
significant reduction in the labor force of about 12.8% is also observed in the European agricultural sector. This
decline in the labor force is due to the fact that young people do not become farmers, they find it unattractive, and
the lack of qualified personnel encourages the introduction of agricultural automation technologies. These problems
have been escalated with the spread of the COVID epidemic and the associated restrictions on labor movement [3].
The COVID pandemic has clearly shown the growing dependence of the industry on the supply of labor force and
has become a real challenge for the sustainability of agricultural production [4, 5].

In these conditions, farmers are increasingly using robotics and artificial intelligence technologies to reduce the
shortage of workers. Milking robots are one of the most successful and important innovations in the dairy farming
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system. According to the International Federation of Robotics, milking robots take up to 85% of the total number of
robots used in the industry. Average sales of milking robots grew by about 9.4% in 2016-2017. Nearly 20,000 dairy
farms have installed robots in Western Europe, Canada, the USA, China and Japan. Such factors as increased
frequency of milking and high labor flexibility are driving the market for milking robots.

METHODOLOGY

Some scientists have developed models for predicting the need for labor force, the use of which makes it possible to
satisfy the need for personnel [6,7]. The use of multiple regression and econometric methods in these models to
predict labor demand depends on a number of key variables such as employment a; ge level. These models are
quite complex and include several processes for estimating key variables that ange dramatically and thus
affect the accuracy of forecasting. An alternative to the above-mentioned approac

which allows establishing the relationship between the volume of agricultural produ e need for labor.

One of the limitations for introduction of robotics in agricultural organizations o, erdlovsk region is the
characteristics of cattle and the suitability of facilities for installation of robots. So, ft milking robotics, it
is necessary that the teats of the udder of cows are suitable for machine milking (cylin nd of sufficient

flooring. Let’s assume that 20% of the cattle population is suitable for facilities
have conditions for the use of a robot feed trimmer. In this case, the se i 0 cows,
and for a feed trimming robot is 400 cows.

Data from the Ministry of Agriculture of the Sverdlovsk Re;
organizational-and-economic mechanism for the reproduction of labd astering robotics in
agriculture. The state program «Digital Agriculture» [8] (2019) develof griculture of Russia,
is used as a guideline for the level of digitalization i . I8 are of specialists at
agricultural enterprises who have undergone retraining s

sed to develop an

oncept for «the Scientific and
Technological Development of Digital Agriculture i i i 0] (dated January 12, 2017). It uses “job
posmons associated w1th 1nformat10n technologl ] i ber-physical systems (the Internet of
024.
ers must interact with cyber-physical
2 material production, including in animal
husbandry The main_goa organizational-and-economic mechanism for
formation of agric e context of the us€ ot robotics.

¢ llowing research tasks can be outlined:
icultural workers directly interacting with cyber-physical systems
(robots, th i ial i i the example of the Sverdlovsk region);
i blocks) of the organizational-and-mechanism for formation

achieve the goals

To achieve the a1 d tasks of the study, general economic methods were used, including methods of an
economic-and-statistical ¢ , as well as other methods of scientific research, generalization and processing of
information, due to the spe sks of this scientific work.

RESULT

The slow pace of social development of rural areas should be noted, which determine the deterioration of the socio-
demographic situation. There is an outflow of the employable population to large cities, especially young people,
which results in a shortage of qualified personnel in agriculture in the Sverdlovsk region. If on January 1, 2017,
665.4 thousand people (15.4% of the total regional population) lived in rural areas, then on January 1, 2021, the
rural population decreased to 639.3 thousand people (or 14.9%). OBasically, there is an outflow of the employable
population from rural areas: in 2016, the labor force of the rural population was 286.6 thousand people, in 2020 it
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decreased to 260.1 people (91%). The unemployment rate of the rural population is in 1.5 times higher than the one
of the urban population.
It seems appropriate to consider the structure of workers employed in agriculture (Figure 1).

100% - - ; : : ;
4.35 4.82 5.06 4.52 4.12
90%
80% t interaction with robots
tering workers
70%
in ancillary
X o nd crafts
- 60%
3
>
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g 50%
-5}
[
=)
2
% 40%
Pig workers
30% m Cow workers
B Machine milking operators,
‘ milkers
| B Tractor drivers
W 2017 2018 2019 2020
Years
FIG he structure of workers employed in agriculture in the Sverdlovsk region, people.

As the figure shows, th® cture of employment of agricultural workers in the Sverdlovsk region can be
characterized as traditional. The largest share in it is occupied by workers employed in auxiliary industrial
enterprises and crafts (17.6%), tractor drivers (16.9%) and various specialists (15.5%), which include veterinarians,
agronomists, accountants and other employees. The priority direction of agricultural production in the Sverdlovsk
region is dairy farming, its products is about 35% of the total volume of marketable agricultural products and the
main production of most agricultural organizations (farmers). So, a share of workers serving cattle (16.0%) and
milkers (11.3%) is quite high. At the same time, a share of workers directly interacting with robots is low and only
0.1% in 2020. This is significantly lower than it was planned in the Concept of «The Scientific and Technological
Development of Digital Agriculture «Digital Agriculture» (20% by 2024).
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TABLE 1. The number of workers in animal husbandry and their share to interact with robots.

Indicator 2016 2017 2018 2019 2020
Machine milking operators, milkers 2160 2158 2050 1934 1917
Cow workers 2509 2567 2504 2737 2721
Total in animal husbandry 4669 4725 4554 4671 4638
Workers directly interacting with robots 12 12 14 17 17
A share of workers interacting with robots 0.26 0.25 0.31 0.36 0.37

eriod, the number of animal
r of employees in the
nance often perform
is indirectly indicates a

The low pace of robotization of agriculture should be noted. During the anal
husbandry workers directly interacting with robots was 17 people, or 0.37% of th
industry. At the same time, operators of robotic milking and technicians of ro
operations for 3-4 units of robotics, and their working day can be up to 12 hours a
shortage of workers with skills in interacting with robots, that necessitates training.

The shortage of qualified personnel in agriculture, a low proportion of workers interac
systems (robots, artificial intelligence) encourages the development of an ap
mechanism for formation of labor resources. The key element (block) o
concerns achievable goals for the reproduction of labor resources (Figur,

ith cyber-physical
and-economic
ock, which

Target block

Number of jobs related to robotic

Currently At least The share of
less than 3% by specialists with
1% 2023 digital skills 50%

is less than 19 al number of employees in animal husbandry (Table 1). These data make doubtful the
possibility of acl the goals of the Concept of "The scientific and technological development of digital
agriculture «Digital turey, according to which the number of employees interacting with cyber-physical
systems should be 209 24. The most realistic goals may be those to achieve the number of workers interacting
with robots up to 3% in 202 8% in 2024. This also encourages changes in the personnel training system (Figure
3).
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Block of retraining and personnel training
1

Development and

Ensuring a set of measures

Improving the material and Development of implementation of new for the transfer of knowledge
technical base of higher, distance education educational programs and and the dissemination of
secondary, special and using digital training standards for cyber conservation agriculture
professional educational technologies, including production in the system of technologies and
stitutions of agriculture augmented reality higher and secondary biotechnologies in

vocational education agricultural production

By 2024, educational institutions are training specialists for
agriculture with skills in working with big data, Internet of
Things, robots and digital agricultural equipment. More than 50%
of employees improve their skills in these program

FIGURE 3. A block of personnel training g etraining.

ent of the material-
t train workers for

agriculture with skills of interacting with robots and other . ¢ the elements of the
material base of educational institutions is their technica
The availability of numerous stands that simulate ent and software, and the

appropriate infrastructure that allows processing
technical base of many educational institutions i
agricultural organizations are introducing
conducting the educational process on o
equipment is not carried out intensivel g courses at agricultural universities do
not have classrooms and laboratori i ologies, computer equipment that allows
modeling and using Jui orman . iona ons are mainly equipped with machine tools,
that are out of seg
The most 4
resources ig

a is of great importance. However, the
he modern level of production. While
o robotics, educational institutions are

izational-and-economic mechanism for the reproduction of labor

Organizational and managerial block

Formation of the organizational and Planning the need for labor resources
management structure and their capable of mastering robotics, the
system Internet of things and Al

Ensuring the conditions for the formation of labor resources in accordance with the state
program for the digitalization of agriculture

FIGURE 4. An organizational-management block.
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The organizational-and-management block considers funding of required changes, which include private and
public investments. An important element of this block is planning the need for labor resources capable of mastering
robotics (Table 2).

TABLE 2. Calculation of investments on robotization of the industry and employee training (on the example of the Sverdlovsk

region)
Indicators 2022 2023 2024 Total

Investments in robotization of milking, thousand rubles 565346 878560 2262291 3706197
Investments in introduction of robotic feed trimmers, 9600 19768 50902 80269
thousand rubles
Necessity to train workers, pers. 60 199 306
Total costs for employee training, thousand rubles 14917 76551
Total investment in robotization of the industry, thousand 589863 2921 3863018
rubles
Share of animal husbandry workers interacting with robots, 1.82 3.0
people

According to the analysis data, as well as the planned goals on i igure 2),
investments of 3,706 million rubles will be required for the purchase i .3 mi bles for
the purchase of feed trimmers robots. The service of this equipment w i i kers by 2024. At the

the elements of the
in accordance with

same time, the cost of employees training will be 76.6 million ruble
organizational-and-management block will ensure the conditions for fo
the state program on digitalization of agriculture.

The motivation block is a set of elements aimed a
labor potential in agriculture (Figure 5).

pulation to realize their

Increase in wages due to
the growth of
qualifications

educing the severity
and monotony of work

reducing the shortage of personnel in the industry,
increasing the income level of the population of
rural areas

FIGURE 5. A motivational block.

First of all, the motiva work in agriculture can increase as a result of a decrease in labor heaviness [10], as
monotonous and heavy work be performed by robots. Their use will also reduce work injuries and increase the
level of job satisfaction, as well as raise wages by increasing the qualifications of workers. Finally, this will make it
possible to increase the attractiveness of work in agriculture, reduce the shortage of personnel in the industry, and
increase the income level of the population at rural areas.

CONCLUSION

One of the main indicators of the Concept of «The scientific and technological development of digital agriculture
«Digital Agriculture» [11] (dated January 12, 2017) is «a share of job positions associated with information
technologies, data processing and cyber-physical systems (the Internet of things) at rural areas», which should be at
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least 20% in 2024. However, at present the number of animal husbandry workers directly interacting with robots is
0.37% of the total number, or 0.1 of all employees in agriculture. This allows making a conclusion that the pace of
implementation of cyber-physical systems, including robotics and artificial intelligence technologies, can be
characterized as insufficient. It should be noted that the achievement of these indicators of the concept is not an end
in itself, but their achievement will reduce the shortage of workers in the industry and achieve the goals of
sustainable development of agriculture.

The need to reduce uncertainty and risks associated with the introduction of cyber-physical systems and
robotization of the industry has resulted in development of a mechanism aimed at improving the formation of
agricultural labor resources. To develop this mechanism there was a postulate that all categories of workers,
including those in material production, including animal husbandry, must interact yber-physical systems. The
main elements (blocks) of this mechanism are: target; organizational-economic; m: 1onal; personnel training and
retraining.

The goals on achievement the number of employees interacting with cyber-ph
particular with robots up to 3% in 2023 and 8% in 2024. The total volume of inve
industry is 3863 million rubles, including 76.6 million rubles for the training of em:
the elements of the organizational-and-management block will ensure the conditions
resources in accordance with the state program on digitalization of agriculture.

s were adjusted, in
in robotization of the
¢ implementation of
ation of labor
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er/welg dicators in the range of 1.23
performing all types of mechanized work
tractors with the specified engine power
allast weights to realize their operational
endt Vario 1050, etc. When using ballast
This requirement is not compulsory for
on of operational weight along the tractor
presentatives of tractors with the 4K4b layout
R with respective power/weight ratios — 1.6 kW/kN,
s will consider the possibilities of improving the operational properties
ight ratios of R = 2.48 kW/kN, the New Holland T9060 tractor with

Abstract. Many tractors with engine power indicators g
kW/kN — 1.54 kW/kN and belong to tractors of tracti
and transport work without installing additional ball
parameters have a power/weight ratio R = (1.6-2.77)
properties. Such tractors include Case IH
weights, it is essential to consider the r
tractors of the 4K4b layout scheme,
axes when performing.agricultural

scheme are: Johg

oncept, are capa
cights. At the same
N and they need to

INTRODUCTION

Tractors with [
the traction concct
8730, New Holla
power/weight ratios hav
and transport work witho

power (over 206 kW) of the 4K4a layout scheme are normally truck tractors, i.e. tractors of
with power/weight ratios of R = (1.23-1.54) kW/kN. Such tractors include Massey Fergusson
9030, Massey Fergusson 8737, and other tractors. Tractors with the presented
perational weight and engine power capable of performing all types of mechanized work
ing additional ballast weights. At the same time, many tractors of the 4K4a layout
scheme have power/weight rafios of R = (1.6-2.77) kW/kN and belong to tractors of traction and energy concept [1],
i.e. to perform mechanized and transport work; these tractors need ballast weights to increase the operating mass of
the tractor. Such tractors include Case IH Magnum 290, Massey Fergusson 8732, Fendt Vario 1050, etc.

When determining the optimal proportion of ballast weights providing optimal performance properties for modern
tractors with the 4K4a scheme, it is vital to consider the requirements of controllability (the load on the front axle
must be at least 0.2 mo (operating weight) and the requirements for the maximum permissible load on the axes — for
the front axle (0.35-0.45) mo < mf,,,(maximum permissible load on the front axle); for the rear axle (0.55-0.65) mo
< mZ& .. (maximum permissible load on the rear axle).

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 080005-1-080005-12; https://doi.org/10.1063/5.0165042
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Tractors with a 4K4b layout scheme with different ratios of operational weight distribution between the axes have
no requirement for controllability, yet there are more strict requirements for the load on the rear axle from the point
of view of ensuring maximum tractor traction when using various agricultural machines and tractor trailers. The load
on one wheel is very important for 4K4b tractors; therefore, the use of dual wheels on all axles - and sometimes 3
wheels - is provided for tractors with an articulated frame.

Recommended ratios of operational weight distribution along the axes for the tractor layout scheme 4K4b:

1. Agricultural machines with high tractive resistance — 55% front axle, 45% rear axle.

2. Mounted agricultural machines — 60% front axle, 40% rear axle.

3. Agricultural machines, tractor trailers with large vertical loads on the traile
rear axle.

Characteristic representatives of tractors with a 4K4b layout scheme are: John
John Deer 9520R with respective power/weight ratios — 1.6 kW/kN, 1.67 kW/kN, 2%

vice — 65% front axle, 35%

9370R, New Holland T9060,

MATERIALS AND METHODS

wheel we g,
be used in ing pination: 2 rings of 750 kg + 2 rings of 250 kg per wheel. For the New Holland T9060
tractor — a bra@ ghts on the front half-frame weighing 294 kg plus up to 18 weights of 45 kg (9 loads per

on the rear half-frame weighing 468 kg plus up to 14 loads of 45 kg; wheel weights — up to
nd one load weighing 454 kg per wheel.
it is possible to deduce the interrelation between the mass of ballast weights and the
operational mass of tracto us, the Massey Fergusson 8732 tractor with an operational mass of 10300 kg had a
total weight of ballasting weights of 12,800 kg, i.e. the ballasting coefficient ks, (the ratio of ballast weights’ mass to
the operational weight of the tractor) [1] was more than one, k, = 1.24. This indicates a high power/weight ratio of the
tractor, R = 2.48 kW/kN. The New Holland T9060 tractor with an operational weight of 23980 kg had a total ballast
weights’ mass of 5834 kg or 24.3%. The conclusion on the dependence of ballast weights’ mass on the operational
mass of the tractor will be made after determining the optimal proportion of ballast weights affecting the maximum
increase in operational properties.

The following options for additional tractors' loading will be taken to determine the optimal proportion of
ballasting weights.

Massey Fergusson 8732. Option 1 —no additional load; option 2 — front weight of 1500 kg; option 3 — front weight
of 1500 kg + 2 rings of 250 kg on the rear wheels (one ring per wheel); option 4 — front weight 1500 kg + 4 rings of

From the presented
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250 kg on the rear wheels (two rings per wheel); option 5 — front weight 1500 kg + 2 rings of 750 kg on the rear wheels
(one ring per wheel); option 6 — front weight 2300 kg + 2 rings of 250 kg on the rear wheels (one ring per wheel);
option 7 — front weight 2300 kg + 4 rings of 250 kg on the rear wheels (two rings per wheel); option § — front weight
2300 kg + 2 rings of 750 kg on the rear wheels (one ring per wheel); option 9 — front weight 2300 kg + 4 rings of 750
kg on the rear wheels (two rings per wheel); option 10 — front weight 2300 kg + 4 rings of 750 kg on the rear wheels
(two rings per wheel) + 2 rings of 250 kg (one ring per wheel); option 11 — front weight 2300 kg + 4 rings of 750 kg
on the rear wheels (two rings per wheel) + 4 rings of 250 kg (two rings per wheel).

New Holland T9060. Option 1 — no additional weight; option 2 — mounting bracket for weights on the front half-
frame 294 kg; option 3 — bracket for weights on the front half-frame 294 kg + frame for weights on the rear half-frame
468 kg; option 4 — bracket for weights on the front half-frame 294 kg + 8 weights (4 h side) + frame for weights
on the rear half-frame 468 kg; option 5 — bracket for weights on the front half-fra 4 kg + 8 weights (4 for each
side) + frame for weights on the rear half-frame 468 kg + 3 weights; option 6 — br for weights on the front half-
frame 294 kg + 10 weights (5 for each side) + frame for weights on the rear half-fr: 3 weights; option 7
— bracket for weights on the front half-frame 294 kg + 10 weights (5 for each side) + for weights on the rear
half-frame 468 kg + 6 weights ; option 8 — bracket for weights on the front half-fram weights (6 for each

— bracket for weights on the front half-frame 294 kg + 14 weights (7 for ¢ a on the rear
half-frame 468 kg + 8 weights; option 11 — bracket for weights on the fi
each side) + frame for weights on the rear half-frame 468 kg + 10 we ; opti < ts on the
front half-frame 294 kg + 16 weights (8 for each side) + frame for weig
option 13 — bracket for weights on the front half-frame 294 kg + 16 w¢
the rear h—1f-frame 468 kg + 12 weights; option 14 — bracket for weigh
(9 for each side) + frame for weights on the rear half-frame 468
the front —alf-frame 294 kg + 18 weights (9 for each si RI' WCIg he alf-frame 468 kg + 14
weights.

These ballasting options provide for the use of
wheel weights can add over 40 different options us
+ 454 kg. In this study, the authors apply t
10 — 454 kg, options 11-15 — 227 + 454

ame for weights on
94 kg + 18 weights

kg, 454 kg, or a combination of 227 kg
y per wheel in options 1-5, in options 6-

The distribution d the total weight of Massey Fergusson 8732 tractor is presented in
Table 1.

eight characteristics, kg

Rear axle Total operational
Share of the Value Share of the weight
total load total load

Option 1 37.5 6440 62.5 10300
Option 2 45.4 6440 54.6 11800
Option 3 43.6 6940 56.4 12300
Option 4 41.9 7440 58.1 12800
Option 5 40.3 7940 59.7 13300
Option 6 6160 47.0 6940 53.0 13100
Option 7 6160 45.3 7440 54.7 13600
Option 8 6160 43.7 7940 56.3 14100
Option 9 6160 39.5 9440 60.5 15600
Option 10 6160 38.3 9940 61.7 16100
Option 11 6160 37.1 10440 62.9 16600
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From the calculations presented in Table 1, it can be seen that with additional loading options 2, 3, 6-8, Massey
Fergusson 8732 tractor is preferable to be used with mounted agricultural tools and with large vertical loads on the
drag-bar.

To determine the ballasting effect on the operational properties of the tractor, i.e. on productivity and fuel
consumption, the authors calculate the nominal tractive effort for different additional loading options; the calculation
data is presented in Table 2. Table 2 also shows the change in power/weight ratios depending on the options for loading
ballast weights.

The rated tractive force on a hook (nominal tractive effort) is determined by the formula: Pyn = Amo, where A is
the coefficient for tractors with 4 drive axles and operational weight of over 2600 kg (25.5 kN)

A =3,92x103.

For the MF 8732 tractor in option 1 Py

292101 _ 39,6 kN.

1000

TABLE 2. Rated tractive effort, power/weight ratios of the Massey Fergusson 8732 trac

Option No. Indicators
o, kN Py n. kN 0, KW/KN

1 101.0 396
2 115.7 453
3 120.6
4 125.5
5 130.4
6 128.5 '
7 133.4 L8
8 138.3 L8l
9 153.0 L6
10 157.9 58
11 162.8 54

cording to power/weight ratios, the MF

The nominal tractive effort using ballast weigh
i ; determination on how this affects the

8732 tractor ballasted as per option No. nt
operational properties will be given after

For clarity, the dynamics of changé8ii
the mass of ballast wei the
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FIGURE 3. Dynamics of changes in operational mass, ng 0 depending on the additional

erformance of the machine-tractor units
formation for performing cultivation

To assess the impact of ballasting on operatio
(MTU) and fuel consumption, the auth
technological operation.

Initial data for calculations: speci ing stance coefficient — 0.15, traction margin —
7.5%. When calculatinggit is nec ble speeds in accordance with agrotechnical
requirements.
The noming i ing options at different operating speeds are presented in Table 3.

ated tractive effort, kN

49.2 51.1 50.4 523 54.2 60.0 61.9 63.8
45.0 46.7 46.1 47.8 49.6 54.9 56.6 58.3
40.8 42.3 41.8 433 44.9 49.7 51.3 52.9
36.5 38.0 37.4 38.9 40.3 44.6 46.0 47.4
323 33.6 33.1 34.4 35.6 39.4 40.7 42.0
28.1 29.2 28.8 29.9 31.0 343 35.4 36.5

The unit’s traction resistance is determined by the formula: R, = R, + R¢
where R, is the traction resistance of the agricultural machine, kN;
R ris the rolling resistance of the agricultural machine, kN.
For cultivator KPM-14 R, = 14 X 1.7 + 0.15 x45.4 = 23.8+6.81 = 30.6 kN.
The tractive resistance corresponds to a tractive effort of 32.8 kN at an operating speed of up to 8 km/h with a
margin of tractive effort.
Hourly productivity is determined by the formula:
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Wu=eBpVp=e&vEvtVaVr (1)

where e is a coefficient that considers the units of the untit's speed measurement. e = 0.1.

B —the working width of the unit grip, m; B p = £ 5 B4, where & p - the coefficient of use of the grip width considers
the difference between the working width of the grip from the design value: £ 5 = ?. With surface processing & p =
0.95-0.96. ’

Vp is the operating speed of the unit; Vp =& y V1, where & y is the speed utilization factor: & y = Z—i & y=10.81 for

tractors class 3-4 ton-force; & = 0.83 for tractors of class 5 ton-force and above;
Tp

7 - shift time utilization factor: t =

0.8.
Wr=0.1 X0.955 x14 x0.81 X8 x0.75=6.5ha/h
Calculation of fuel consumption.

With good work organization and no erating conditions, 7= 0.7-

shift

gHA= GF.c+GB.WJ]r;:.CR+GF.1DL )
where Gr.c, Ga.w, Gr.cr, GripL — average hourly fuel consumption during the shi forming basic
(clean) work, idling on turns, crossings and during engine idling (during st it Wi ine running).
The average hourly fuel consumption is taken according to reference a i ific fuel
consumption per 1 EF h.p. and the degree of engine load.
34,6X0,75+18,9x0,25_ 25,95+4,72
gHA = — TR 4.72 kg/ha
The calculation results of the ballasting effect on the performance i nit (MTU) and fuel

consumption are presented in Table 4.

TABLE 4. The ballasting effect on the MTU performancg ergusson 8732 tractor.
Specific fuel
consumption, kg/ha
4.72
4.32
4.4
4.58
3.96
3.9
4.06
4.21
4.0
4.13
4.26

Option No. Agricultural machine brand

Cultivator KPM-14
Cultivator KPM-

S| |0 ([N | (W=

loading option wit ast weights of the Massey Fergusson 8732 tractor.
Option 1 — 1 + ints; option 2 — 1.25 + 1.09 = 2.34 points; option 3 - 1.28 + 0.93 = 2.21 points; option 4 —
1.28 + 1.07 = 2.35 poi ion 5 — 1.54 + 1.19 = 2.73 points; option 6 — 1.54 + 1.21 = 2.75 points; option 7 — 1.54

1.14 = 2.92 points; option 1 7718 +1.11 = 2.89 points.

The best option for Massey Fergusson 8732 tractor's additional loading with ballast weights will be front weights
0f 2,300 kg + 4 rings of 750 kg on the rear wheels (two rings per wheel).

Let us make similar calculations for the New Holland T9060 tractor. The calculation data on weight distribution
along the tractor axes excluding wheel weights are presented in Table 5. Options of wheel weights can be used
depending on the type of technological operation and the type of agricultural machine. So, to use the New Holland
T9060 tractor on the technological operation 'cultivation', let us provide for the use of wheel weights combination of
227 kg and 454 kg per wheel. The distribution of weight along the tractor's axes taking into account wheel weights is
presented in Table 6.
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TABLE 5. Weight distribution on the axles of the New Holland T9060 tractor excluding wheel weights
Weight characteristics, kg

Front axle Rear axle '§
. = 2 2 & = '-E E
Option No. o = z o s 5 55 LT
z 2 e z 2 P g2 =%
> k) o > B © = 2 g
) 2 ) 3 ELS
= 3 = = o
wn wn
Option 1 14390 60 3597 9590 40 3980 5000"
Option 2 14684 60.5 3671 9590 39.5 5000"
Option 3 14684 59.3 3671 10058 40.7 5000"
Option 4 15044 59.9 3761 10058 40.1 )
Option 5 15044 59.6 3761 10193
Option 6 15134 59.7 3783 10193
Option 7 15134 59.4 3783 10328
Option 8 15224 59.6 3806 10328
Option 9 15224 594 3806 10418 5000
Option 10 15314 59.5 3828 10418 5000"
Option 11 15314 59.3 3828 5000"
Option 12 15404 594 3851 5000"
Option 13 15404 59.2 26002 5000"
Option 14 15494 594 26092 5000"
Option 15 15494 59.2 2672 26182 5000"

* For dual wheels of model 710/70 R42

To determine the ballasting effect on t i gactor, its productivity and fuel consumption,
let us calculate the nominal traction fi i [ al loa pptions; the calculation data is presented in
Table 7. In Table 7 one i 0 pending on the options for additional loading
with ballast weigh

t characteristics, kg

Rear axle g
S ~
. . - N
| 5 s 5 g o=
=} o o O = < =
= < = = g = -
g 5 2 = s 5 & o <
g - Z  Es 7 2T 2%
S © > S . = 2 2
2 B 2 ks 3 ELS

2 k : g5

2] wn A~
Option 1 14390 56.0 3597 11312 44.0 2828 25702 5000"
Option 2 14390 54.7 3597 11915 453 2855 26305 5000"
Option 3 14684 55.2 3671 11915 448 2855 26599 5000"
Option 4 14684 54.9 3671 12050 45.1 3012 26734 5000"
Option 5 15044 55.5 3761 12050 445 3012 27094 5000"
Option 6 15044 55.3 3761 12140 447 3035 27184 5000"
Option 7 15134 55.5 3783 12140 445 3035 27274 5000"
Option & 15134 55.3 3783 12230 447 3057 27364 5000"
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Continuation of TABLE 6.

Option 9 15224 55.4 3806 12230 44.6 3057 27454 5000
Option 10 15224 553 3806 12320 44.7 3080 27544 5000
Option 11 15314 55.4 3828 12320 44.6 3080 27634 5000
Option 12 15314 55.2 3828 12410 44.8 3102 27724 5000
Option 13 15404 55.4 3851 12410 44.6 3102 27814 5000
Option 14 15494 55.5 3873 12410 44.5 3102 27904 5000

* For dual wheels of model 710/70 R42

TABLE 7. Rated tractive effort, power/weight ratios of the New Holland T9060 tractor wit] us additional loading options.

. Indicators
Option No. mo. kKN Prn, KN

1 252.0 98.8

2 258.0 101.1

3 260.8

4 262.2

5 265.7

6 266.6

7 267.5 1.

8 268.3 1.47
9 269.2 1.46
10 1.46
11 1.45
12 1.45
13 1.44
14 1.44

terms of power/weight ratio, the New
eption of the first option (wheel weights
1s affects the operational properties will be

Holland T9060 tractor is practically in th
of 227 kg + 454 kg on the rear wheels

, al tractive effort, power/weight ratio depending on
T9060 tractor are presented in Fig. 4.

For clarity, the
the mass of bal
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The nominal traction forces for different loadin i i pperating speeds are presented in Tables
8,9.

TABLE 8. Nomina, s, additione ds' options (1-7 options).

Operating
speed, km/h ort, KN

104.1 104.5 104.9
100.0 100.9 101.3
96.1 96.4 96.8
91.2 91.5 91.8
86.3 86.6 86.9
82.2 82.5 82.8
78.7 79.0 79.2
74.7 74.9 75.2
11.6 68.9 69.3 70.2 70.4 70.7
12.9 62.6 63.2 63.5 64.4 64.6 64.8
14.0 57.8 58.4 58.7 59.5 59.7 59.9
TABLE 9. Nominal traction forces for various additional loading options (options 8-14).
s;?elz:ilr,al?rr;%h Rated tractive effort, kN
4.0 105.2 105.5 105.9 106.2 106.6 106.9 107.2
4.8 101.6 101.9 102.2 102.6 102.9 103.2 103.5
5.8 97.1 97.4 97.7 98.0 98.4 98.7 98.9
6.9 92.1 924 92.7 93.0 93.3 93.6 93.9
8.0 87.2 87.4 87.7 88.0 88.3 88.6 88.8
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Continuation of TABLE 9.

8.9 83.1 83.3 83.6 83.9 84.2 84.5 84.7
9.7 79.5 79.7 80.0 80.3 80.5 80.8 81.0
10.6 75.4 75.7 75.9 76.2 76.4 76.7 76.9
11.6 70.9 71.1 71.4 71.6 71.9 72.1 72.3
12.9 65.1 65.3 65.5 65.7 65.9 66.1 66.3
14.0 60.1 60.3 60.5 60.7 60.9 61.1 61.3

Traction resistance for cultivator KPM-24 R, =24 x1,7 + 0,15 x79.24 = 40,8+11
The traction resistance corresponds to a traction force of 61.1 kN at speeds up to
Wr=0.1 x0.955 x24 x0.83 x12.9 x0.75 = 18.4 ha/h

58,3%0,75+31,8x0,25  43,7+7,95

=— ———=——"—"=2.81 kg/ha
gha 18,4 18,4 &

The calculation results are presented in Table 10.

= 52,7 kN.
m/h with a traction margin.

TABLE 10. The effect of ballasting on the MTU performance and the fuel consumption wit land T9060 tractor.

Option No. Agricultural machine brand Hourly productivity, ha‘h ion, ke/ha

1 Cultivator KPM-24

2 Cultivator KPM-24

3 Cultivator KPM-24

4 Cultivator KPM-24

5 Cultivator KPM-24

6 Cultivator KPM-24

7 Cultivator KPM-24

8 Cultivator KPM-24

9 Cultivator KPM-24 .

10 Cultivator KPM-24 2.77

11 Cultivator KPM-24 2.78

12 Cultivator KPM 2.79
2.79
2.81

+1.02 ints; opti . . . ints; option 9 — 1.09 + 1.02 = 2.11 points; option 10 — 1.09 +
1.01=2. ; opti .01 =2.1 points; option 12 - 1.09 + 1.01 = 2.1 points; option 13 — 1.09 + 1.01
= 2.1 points; ) oints.

ding the New Holland T9060 tractor with ballast weights will be loading with wheel weights
454)x2 = 1362 kg; other loading options lead only to an increase in fuel consumption with
e 10). This suggests that the New Holland T9060 tractor with its technical characteristics
concept, and the installation of ballast weights does not lead to an improvement in

on the rear wheels
given operating weig
refers to tractors of the @
operational properties.

Many researchers are engaged in improving draught properties of tractors; let's look at some of them.

In their work "Efficiency comparison of using ballast weights and transport and technological modules to improve
tractor draught properties"”, Shutenko V.V., Perevozchikova N.V., Hort D.O. [2] consider the use of a transport and
technological module (TTM) as one of the methods of improving traction properties. A comparative analysis on using
ballasting and the transport and technological module showed that with an equal increase in tractive effort, fuel
consumption when ballasting increased by 28%, when using TTM - by 3.3%, propulsor pressure on soil remained
constant when using TTM, when using ballasting - increased by 38.5%. As a result of the research, the authors came
to the conclusion that "the use of a tractor with TTM is more efficient than a tractor loaded with ballast weights."

In the article "Improving the operational properties of wheeled 4K4 agricultural tractors" [3], Zhuravlev S.Yu.
assessed the possibility of increasing the efficiency of using machine-tractor units in tillage operations by applying
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rational parameters and characteristics of the tractor considering the use of ballast weights. Traction properties of
tractors with single and twin wheels at different weight values were considered. The author believes that "one of the
most effective methods of ensuring optimal values of tractor draught characteristics is the choice of the most rational
value of the tractor's operational mass mo with the installation of twin (2K) or single (1K) wheels. Ballasting of
wheeled 4K4 tractors can provide rational values of traction forces P, and operating speeds' intervals V,; when
performing various tillage operations. "

In the work "Improving the technological parameters of a wheeled tractor as part of a machine-tractor unit using
methods of rational weight correction" [4], Slepenkov A.E., Kulinchenko S.N., Schitov S.V., Samuilo V.V.,
Kuznetsov E.E. consider increasing the technological parameters of a wheeled tractor in terms of improving its traction
properties through the trailing weight regulator, which contributes to the redistributi f part of the trailing weight
between the power vehicle (tractor) and the agricultural tool.

In the article "Operational studies of changes in traction and energy indicators o
V.Yu., Rusanov A.V., Kryukovskaya N.S. conclude that traction and energy indicato
twin tires - in both 4k4a and 4K4b layout schemes, traction efficiency increases, th
reduced. The authors note that "The use of twin tires reduces the tractor's pressure o increasing the total

twin tires", Revenko
increase when using

area of tire contact with the soil, as well as slightly increasing the tangential traction force d d by spade bugs."

The authors published the following articles on the subject of this study: Ana of operational
properties of Belarus tractors and tractors of leading foreign companies [6 operties by
agricultural tractors of foreign production [7], Ballasting and operationa ement of

pproaches to increase the
sehcme with no controllability
e in terms of ensuring maximum traction
equirements for the load on one wheel;
1 an articulated frame. This study also
wheels (in this case - when performing

operational weight of the tractor, especially for
requirements, yet there are more strict requirements
when applying various agricultural machines and i
therefore, the use of dual wheels on all
determined that the New Holland T9060
a technologlcal operation cu1t1vat10n

power/weight ratiQ 9000 tractor with an index of R = 1.67 kW/kN is
considered. Add osed, tractive forces were calculated in accordance with additional
loading optig tivity and ballasting effect on productivity, the conclusion on the
optimal 1g i sson 8732 tractor, the optimal additional loading amounted

to 5,300 0 , ight. , with the options of additional loading in options2, 3, 6-8, it

vertical loa
For the
operational prope
kg and 454 kg per
Based on the resea
of tractors with a high p

9060 tractor with an operating weight of 23,800 kg, the effect of ballast weights on
inimal; the best performance indicators are obtained when using two wheel weights of 227
cel amounting to 1,362 kg per tractor, or only 5.7% of the tractor's operating weight.

a and calculations, it can be concluded that in order to improve the operational properties
weight ratio (Massey Fergusson 8732, R = 2.48 kW/kN), it is essential to use the
maximum amount of ballas shts considering the distribution along the axes. There is no need for ballast weights
for tractors with an articulated” frame and a 4K4b layout scheme due to sufficient operational mass to create an
appropriate tractive effort. This is a preliminary conclusion; the final conclusion can be made after further research
with tractors of similar drawbar categories and layouts.

REFERENCES

1.  G.M. Kutkov, “Development of the tractor's technical concept” in Tractors and agricultural machinery, 1, 27-35
(2019).

080005-11


https://doi.org/10.31992/0321-4443-2019-1-27-35

10.

11.

V.V. Shutenko, N.V. Perevozchikova, D.O. Hort, “Efficiency comparison of using ballast weights and transport
and technological modules to improve tractor draught properties” in Innovations in agriculture, 3 (32), 162-168
(2019).

S.Yu. Zhuravlev, “Improving the operational properties of wheeled 4K4 agricultural tractors" in Proceedings of
the Orenburg State Agrarian University, 4 (84), 127-132 (2020).

A.E. Slepenkov, S.N. Kulinchenko, S.V. Schitov, V.V. Samuilo, E.E. Kuznetsov, “Improving the technological
parameters of a wheeled tractor as part of a machine-tractor unit using methods of rational weight correction” in
Eurasian Scientific Association, 4-2 (62), 125-128 (2020).

V.Yu. Revenko, A.V. Rusanov, N.S. Kryukovskaya, “Operational studies of changes in traction and energy
indicators of tractors using twin tires” in Agrotechnics and energy supply, 4 (2 -60 (2019).

LI. Goldina, A.G. Nesgovorov, “Analysis and comparison of operational ies of Belarus tractors and
tractors of leading foreign companies” in Scientific and Technical Bulletin: T ems in the AIC, 3 (3),
113-123 (2019).
G.A. Iovlev, “Realization of operational properties by agricultural tractors of for
Practice of World Science, 6, 16-22 (2019).
L.I. Goldina, G.A. Iovlev, “Ballasting and operational properties of tractors" in Scientifi echnical Bulletin:
Technical systems in agriculture, 4 (12), 5-11 (2021).
G.A. Iovlev, LI. Goldina, “Improvement of operational properties of ag
SATU, 1 (11).
G.A. Tovlev, LI. Goldina, “Ballasting as a way to improve the oj
Engineering and electrical equipment in the AIC, 69, 1 (46), 44-
G.A. Tovlev, LI. Goldina, “Operational properties, ballasting, pr¢
and Practice of World Science, 3, 50-55 (2022).

M "

ivity of machine tor units" in Theory

080005-12



Innovative Processes in the Agricultural Sector: Features
and Prospects

L.A. Molchanova ¥, O.S. Akupiyan %%, D.P. Kravchenk
N.I. Chovgan %9

9 7Z.Ch. Pak >9 and

! Russian Academy of Entrepreneurship, Moscow, Russia
2 Belgorod State Agrarian University. V.Ya. Gorina, Belge

Y 0l-ga71@mail.ru
© dimkra54@yandex.ru
9 zinpak@yandex.ru
° natalyushka-14

economy increases the level of food securi ‘ lopment of new plant varieties, animal
t and technologies, etc. is the key to the
competitiveness of agricultural produce: il
development of domestic agriculture 4 i gti gic development and economic growth of

Russian Federation. Promising directions for increasing the level
ers have been identified.

INTRODUCTION

t Russia is endowed with significant opportunities for development when suitable soil and
igh-quality land resources contribute to obtaining high yields of agricultural crops, in an
domestic needs and the formation of export potential for the sale of products on

The agricultural
climatic conditions
amount sufficient to
international markets.

As practice shows, the priority tasks of strategic management according to modern sectoral features of the
domestic economy is the formation and implementation of a process of harmonious innovative development that can
ensure efficient and maximally efficient industrial production, especially in the agricultural sector. The strategic
focus on the implementation of innovative shifts in the agricultural sector indicates the end of the era of
spontaneous, chaotic market transformations, which were carried out under the influence of short-term internal and
external factors. The innovative type of long-term development strategies at the present stage has gone beyond
theoretical scientific concepts, and appears to be the main driving force for achieving competitive advantages in the
domestic and global agricultural markets.

The relevance of determining the role of innovation in the economic system occupies one of the leading places.
Innovation is the main factor of long-term economic development. The widespread introduction of innovations in
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all areas of the enterprises' activities ensures their successful functioning and provides competitive advantages. A
meaningful analysis of scientific research shows that the foundations of the theory were developed on innovation
issues, at the origins of which stood J. Schumpeter in the early twentieth century. Many foreign scientists, including
P. Drucker, J. Galbraith, J. Bell, M. Castells considered the "innovative" economy as the basic concept of post-
industrial society.

Leading Russian scientists and specialists conducted research on the prospects for the development of the agro-
industrial complex, the feasibility of innovation, the problems of innovation in Russia, the impact of the regulatory
framework on innovation. In particular, these issues are reflected in the works of domestic scientists, including I.G.
Ushachev, 1.S. Sandu, A.I. Altukhov, who proposed to introduce new methods of updating the material and technical
base into the domestic sector of the agro-industrial complex.

Fundamental studies of Russian scientists S.Y. Glazyev, N.A. Voronov, V. Ibert, Zh.M. Kozlova, E.O.
Naumenko and others are devoted to the study and generalization of vario nds i the development of
innovations, including in the agricultural sector.

However, the low level of innovative activity of enterprises of agricultural and in
insufficiency of the implementation of the results of scientific research into economi
of strategic priorities for the development of business entities on an innovative basis'nee
improvement.

roduction indicates the
therefore, the issues
justification and

MATERIALS AND MET

of agricultural and
industrial enterprises, as well as the conceptual foundations for the fo on of a strategy for
their harmonious innovative development.

The theoretical and methodological basis of the reseas

approach to substantiating the process of the concep

ion and a systematic
aoricultural sector of the

C S a ethods were used, the main
ones among which are: monographic - in the prog i nising experience of the development of
innovative infrastructure; statistical and econom rocessing statistical data of scientific
f infrastructure facilities on the market;
innovative infrastructure of agricultural
and improving the quality of perception of
*ha within different time periods in order to
comparative analysis of the development of domestic innovation
countries of the world.

analytical - for a systematic analysis of
enterprises; tabular, graphic - for vis
scientific developments;.compariso
establish causal
infrastructure an

presented in Table 1, the main components and signs of agricultural innovations at the
e impact / effect (quantitative and qualitative) on the environment, results of activities;
ge, breeding, new species of plants, animals, etc.), consistency, sustainability [1].

Based on
present stage arc
innovations (new k

. Basic components and signs of innovation in the agricultural sector.
Signs
istency, positive (qualitative and quantitative) impact on the environment

Author
E.S. Ilyushina,
V.Y. Konyukhov [8]

A.P. Sokolova, Participants of the innovation process: man, machine (equipment, tools), environment
L.Y. Boginovich [15]

G.N. Litvinenko, Innovations are the result of labor, new knowledge, increased efficiency, sustainability,
A.A. Esekkueva [10] consistency of the agro-industrial complex

L.M. Kornilova Innovations — new varieties of plants, breeds and species of animals, birds, etc.; new
E.A. Ivanov [9] technologies, increasing production efficiency
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Continuation of TABLE 1.

A.L Bogachev [4] Progressive methods of farming, accounting for accumulated potential
The San Jose A catalyst for growth and change, solving agricultural problems, adapting to climate
Declaration [17] change, improving food security and the quality of life of all residents

*Compiled by the authors

In our opinion, the most systematic and strategic definition of innovations in the agro-industrial complex is the
presence in them of a sign of a catalyst for growth and change, the ability to solve agricultural problems, ensure
adaptation to climate change, improve food security and the quality of life of the popudation [14].

However, despite the various approaches to determining the essence of agricul novations, these processes
have certain specifics, which is due to both the level of development of the count the industry. In particular, it
is advisable to include specific components of agricultural innovations:

- long process of innovation development;

- innovations are, as a rule, of an improving nature;
living organisms are being investigated;
the leading role is played by research institutions;
there is a direct dependence on the natural zone and climate;
dispersal of agricultural production over a large area;

— avariety of agricultural products and products of its processiy
production technologies;

— there is a big difference in the production periods of certain

If we consider the development of the innovative component of theé i then in this case the
strategy is a set of actions and methods of managing the innesative ac ; i ties that ensure their
competitive advantages on an innovative basis [7].

In turn, the choice of a specific strategy for i
combination of factors of the external and interng
directions of the state's innovation policy, the a

ed by the influence of a
nctioning of a business entity, priority
ent of scientific, technical and human
processes are aimed at solving socio-
technology, determined by the set and
ctical and methodological aspects of the

economic issues based on the use of m
structure of functional elements of strat

DISCUSSION

It should be noted tha
long-term successful de

This should be served
development of business entit
of the enterprise [12].

The conducted research makes it possible to propose a concept for the formation and implementation of an
innovative Development Strategy for agricultural enterprises, which provides for the possibility of choosing the
optimal option for the development of business entities on an innovative basis, taking into account their resource
capabilities, and the direction of implementing a long-term innovation policy with a favorable investment and
innovation environment (Fig. 1).

asonably chosen and, accordingly, content-filled innovation strategy is the key to the
ent of the enterprise and a means of ensuring its competitiveness.

clear typologization and detailed decomposition of the strategy of innovative
according to their various elements, which determine their place in the strategic set
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Goals and objectives
of innovative development

/

Principles of formation of innovative

Innovative Development Program development strategy

Strategy of innovative development of the ent

Elements of innovative development policy

Strategic directions of innovative
development of the enterprise

The innovative : strategic vision, innovation lifecycle, and serve
as a guideline fe \ ed periods. These include the development and implementation of
scientific rese dating, improving the quality and technical level of innovative

3 ise development and a number of others [11].
evelopment of economic entities, which can be applied to

directions of innovative development.
the market environment and studying its impact on the innovative development of
enterprises.

3. Research and
their main economic p

4. Analysis of the cu
innovative internal reserve

Regarding the strategic directions of innovative development of agricultural enterprises, we note that they can be
distinguished within individual industries, such as seed production and breeding, production and processing of
agricultural and industrial products, etc.

The development and functioning of the strategy of innovative development of individual enterprises has a great
impact on the results of their activities, the evaluation of which is advisable to carry out using the methods of the
strategic management system, which will encourage enterprises to rationally use their own resource potential to
ensure an increase in their efficiency at all stages of development, including innovation. In such methods, it is
advisable to apply economic criteria that will provide an objective assessment of entrepreneurial activity [13].

Achieving the strategic goals of an economic entity in the future already today needs solutions to attract the
necessary resources. The formation of a strategy for the harmonious innovative development of an enterprise is the

asting of market conditions of enterprises of branches of the domestic economy, as well as
pance indicators.
trategy for the development of enterprises and its possible changes in relation to
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identification of strategic opportunities and resources in their best combination that can increase the competitiveness
of an economic entity, the determination of reserves of potential resources on an innovative basis. Determining the
strategy for the formation of a harmonious innovative development of the enterprise, it is necessary to take into
account new trends and directions of scientific and technological progress in agriculture, economic and
environmental requirements, features of the modern material, technical, organizational and technological base of the
domestic agricultural sector.

These conditions correspond to the principles of sustainable socio-economic development, and their
consideration in the process of implementing the model of innovative development of the agrarian economy will
ensure a harmonious combination of the economic recovery of the country and the industry with the simultaneous
improvement of socio-environmental conditions of society.

Thus, the development and implementation of the concept and strategy o
agricultural sector of the economy should take into account a number of aspects o
will ensure their adequacy to the conditions and effectiveness, in particular:

1) primitiveness of ideological innovations that will form an innovatively thinking

2) rational combination of economic and socio-ecological effects from the i
innovative development of the agricultural sector of the economy;

3) directions/stages of the model implementation;

4) the need for further restructuring of agricultural enterprises in i idation and
integration;

5) reorientation of Russia from a raw country to a country tha
products to foreign markets [16].

At the same time, the implementation of the concept requires
methodology, the structure of which is aimed at ensuring the eff@
innovations at various hierarchical levels.

So, the strategy of innovative development of ente
take into account changes in the environment in
changes, optimization of their management withi
The innovation strategy is designed to ensure t
(innovative) enterprises. First of all, such a
make it possible to move to new product

In modern conditions of global co

ovative development of the
ethodological direction that

jon of the model of

butes to the generation of

Ve 1ts financial and economw condltlon

objectives of the
agrlcultural andd

rategy are to increase the competitiveness of
e performance indicators of such enterprises and increase the value
ntry, increasing the export of agricultural products. products by
ir management.

e agricultural sector are the development of new products,
. rer will be able to find more rational ways of using natural
efficient production of agricultural products. The active introduction of such
ant step towards environmental sustainability in the regional and global dimension.
innovation activity in the agricultural sector remains at a low level, the percentage of
ologies is about 10-12 (China 18%, Brazil 15%) [18].

of innovation activity in the agricultural sector are due to a number of constraining
g problems are:

penetration of higt

The indicated ind
factors. Most often , am®@

—  inconsistency of tf dination and management system in market conditions;

—  imperfection of the 1€gislative framework and inefficient management of innovations at the state level.

All of them are connected with state support of innovative activities in the agricultural sector. In addition, they
point to the lack of specialists in the field of innovation, the increased risk of innovation and the lack of a financial
mechanism for innovation. Agribusiness representatives should be aware of the need to adapt to changes, increase
their own awareness of the latest technologies and take concrete steps to increase efficiency in order to enter new
markets and increase profits.
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CONCLUSION

Currently, domestic agricultural enterprises have great potential to work in competitive markets as equal partners of
the world leaders of the agro-industrial complex. First of all, the availability of resources and climatic conditions are
among the success factors. However, the rapid development of technology dictates new business conditions for
strengthening and improving their positions through the introduction of innovations.

Innovative approaches to the development of the agricultural sector are a significant catalyst for the growth of
the national economy as a whole and a means of solving various socio-economic and global challenges.

Taking into account the results of the analysis, we note once again that agricultural innovations should have such
characteristics as a positive impact on the environment and an effect on results; stemic catalyst for growth
and change, ensure adaptation to climate change, improve food security, the qualit ife of the population, etc.

The main constraining factors of innovative activity of the subjects of the agri 1 segtor are the attitude of a
modern entrepreneur to innovation processes and awareness of their role in ensuring well as the low level
of state support for innovation and the imperfection of the legislative framework for it: ion in Russia.
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Abstract. With the transition to market relations in ¢
resources began. All this made it difficult to the production of off-season vegetables
is their high cost due to significant ener: e hes 60% in the structure of the cost of
greenhouse vegetable production The p | rowing is to eliminate seasonality in the

When performing the research Work, statistical, monographic,
thods of research with the use of computers were used. The

influence @

INTRODUCTION

After the intensive develop of closed pound vegetable growing in the 80s, the industry is currently in a recession.
The production of products 18{0st greenhouse complexes is unprofitable. In order to preserve the existing potential
and ensure the further development of the industry in the current economic conditions, it is necessary to improve the
directions increasing the efficiency of greenhouse vegetable growing [1,2]. When planning and implementing
measures to improve the efficiency of vegetable production in greenhouses in modern conditions, it is necessary to
take into account the features of greenhouse vegetable growing, which predetermine the features of assessing
economic efficiency [3,4].

The use of modern substrates for jumping out of vegetable crops suggests that land, as the main means of
production, for greenhouse vegetable growing is not decisive. Consequently, for greenhouse vegetable growing,
specific performance indicators per 1, we are deprived of economic content, their it is more expedient to determine
per 1 kg of vegetable products [5].
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The presence of artificial lighting and heating has a huge impact on increasing the productivity of vegetable crops
in greenhouses.

Consequently, the determination of the indicators of the specific consumption of energy resources in the study of
the production efficiency of off-season vegetables is mandatory.

In greenhouse vegetable growing at the present time, due to the development of new technologies, the growing
season of vegetable crops has significantly expanded [6]. The speed of the production process in different periods of
the growing season will be different, which must be taken into account when analyzing the efficiency of vegetable
production,

The collection and sale of off-season vegetable products are stretched over time, which is why the selling prices
for vegetables at the beginning and at the end of the period of nakedness differ signi ly. In this situation, the use
of seasonal indicators of the efficiency of vegetable production will give a cl icture of the results of the
enterprise.

The sectoral feature of greenhouse vegetable growing determines the search
efficiency. A large number of factors affect the efficiency of the production of greenh
results of the study of the state of indoor vegetable growing showed that in modern wo factors should be
singled out, which will significantly increase the economic efficiency of production:the tion of intensive
technologies for growing vegetables in greenhouses; rational use of energy resources in use vegetable
growing.

increase economic
etables. However, the

Literature revie

The theoretical and practical aspects of the development of h ponics, the issue specialization and
ional and economic
ts [7]. For instance,
8]. Regional allocation of
i o the importance of the work.

Vegetable products of closed ground [9].

yreenhouse vegetable crops and demand
d crises in overall agricultural products
[10]. However, the author produced a g sricultural products. Umarov, Durmanov

(2019), Nurimbetov (2021), Sharapoy, ighli e i C ovative irrigation in green houses located

mechanism of vegetable and hortlcultural economies
Abdullaev & Zuev (2002) devoted their publication to,

Buzdalov (2009) focused on the aspect of forecasti
The author’s findings are essential in the area of

a need for a is observed through the literature review
[15,16,17]. Sign f sustainable development of public production were made by such
scientists as asov (2017), M. Porter (2006) [18,19,20]. Their findings were

METHODOLOGY

Currently, the
organizations wi

It should also b
innovation process at
occurring in different sec
solutions [22].

To solve this problem, it is proposed to use the methods of multivariate statistical analysis and economic and
mathematical modeling. The changes taking place in the modern economy lead to the creation of new and improved
systems that allow analyzing the dynamics of the development of a regional organization and using large volumes of
relevant information and economic and mathematical modeling [23].

The methodology of the organizational and economic mechanism for sustainable development of the greenhouse
market is based on an integrated and systematic approach [24]. An integrated approach takes into account a set of
market factors affecting the management of sustainable development of the greenhouse market. The systematic
approach is applied in the study as a general methodological basis [25]. It provides an objective reflection of the
systemic properties of the functioning of the greenhouse market players and takes into account a complex of

enerally accepted methods to predict the development of agricultural production in
lactory reliability [21].

d that the strengthening of the economic freedom of participants in the reproductive
gional level forms a probabilistic picture of organizational and economic processes
d forces the use of a scenario approach and multivariate alternative ways of finding
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interrelated elements, taking into account the peculiarities of local agriculture, the variability of external and internal
factors, the level of state support to meet the requirements. social needs formed by enterprises in the context of constant
changes in the elements of the market environment [26].

The inconstancy of the external environment, limited resources, the presence of highly profitable and unprofitable
industries in greenhouse farms located in the same natural and economic conditions, do not allow us to determine the
only most effective methodological approach [27].

The general theoretical and methodological basis of the research is formed by scientific publications on the
problems of the development of the agro-industrial complex and agriculture, in particular the market of greenhouse
vegetable crops; analysis of intra-industry competition and increasing the competitiveness of enterprises in modern
economic conditions [28].

The study used methods widely used in economic sciences: general scientific ectical method, analysis and
synthesis, comparisons and analogies, graphic method) [29]; special (economic and ematigal, systemic, statistical
and economic, comparative analysis, mathematical modeling and experimental met

The information base of the study is made up of official statistical data of the
Republic of Uzbekistan; state statistics; normative legal norms of the republican
reference materials of specialized publications on the topic; data received from participants 1
own research; scientific internet data [30, 31].

of Agriculture of the
ipal, regional levels;
eenhouse market,

RESULTS

Our methodology allows us to optimally assign the area of crops
labor resources, as well as to increase the productivity of irrigation
climatic conditions of farms, as well as the biological characterlstlcs of

This problem is solved using the proposed computer me

Z(P C)YF,, - the

prospect of 1nduct1on, sum where P is the value Agri sum / kg; C - the cost of cultivation
agriculture of -agricultural products, UZS / ivi - area under.

of fuel, energy and
ng into account the

irrigation water,

pn the follofwing system of equations:

ultivation  of agricultural

where the F

Square of the area unde (tomato, cucumber, bell pepper, lemons, Cloud b nickname and roses).
. _ 9 . - ) H
1opt = fiFF O, w Qs q, = 5 Y, = Yimax k
lopt QIopz Jj=1 (1)

. o, .
20pt f2 QZ = WZQ’ q> :_2’ )72 = }IZmax 1=

2
13
FNoptzﬁF; Oy = wy0Os qNZA; YN=YNmax'|:l_q_N:| 'Hk/

Nopt
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is: fj, w ;- fraction culture area to the total area, and thermal end apology to general minutes limited minutes of
heat.

When evaluating the productivity of plants used approximate e m -empirical dependence of the ultimate
productivity of the main factors of any and development of plant-based agriculture (Law indispensable for STI and
equivalency factors [32, 33]; the law of the optimum, which states that the greatest productivity occurs when all the
factors are in optimal range). It is recommended to use a multiplicative form of a productivity of dependence, which
allows you to determine the yield of villages s rural culture in a given year based on the actual condition farmland and
farming systems, as well as dependent on the STI on soil moisture and changes in the factors and conditions of plant
life (in d, thermal, chemical, food and other land modes)

Y, Nmax - potential crop yield with optimal combinations of all environmental , kg / ha. The potential crop

yield is determined by the formula (2);
_ 10-FAR-n
mec 2 2-(100—v)

FAR - the amount of photosynthetic active radiation during the growing season MJ7 ha;

(@)

TABLE 1. The dependence of the total arrival of PAR (billion.

Areas

Surkhandarya

Kashkadarya

Bukhara, Navoi

Tashkent, Sirdarya, Jizzakh
Ferghana, Andijan, Namangan
Khorezm

Republic of Karakalpakstan

I - coefficient of useful use of the

By A.A. Nipochorovichu coefficient
1-group - usually observed 0.5-1.5% ; p - record-breaking - 3.5-5.0%; 4-group -
theoretically possible 6.0-8.

A - caloric con

Culture Plant organs

roducts By-products Root system

Tomato 4350 4240
4500 4620 4330 3960
4800 4900 4600 4430
4700 4800 4400 4180
3900 3900 3900 3700
5200 5200 5200 4430

X - the ratio of the massc§’of the main and by-products; - moisture content in agricultural products.

TABLE 3. Values y, V, for some crops.

No. Crops % Values V values
1. Tomato 11.8 94
2. Cucumbers 10,2 95
3. Bell pepper 14.1 74
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Continuation of TABLE 3.

Lemon 8.2 85
5. Strawberry 13.8 94
Roses 12.7 21

K ;- coefficient taking into account the deviation of the moisture content of the root layer of the soil from the
optimal value for a particular crop;

Kl = Zraﬂa
a=1

3)

%4 the contribution of a — second phase in the formation of crop yields; 3, - Co t, which depends on

Y Wope 7 (-W,5)
5 - [ w J (1-w
“ Vlyopt 1- W;pt

the value of moisture reserves .

“)
W — available moisture reserves;
(5)
@ - soil moisture, in fractions of the volume; - @ int, i by volume; m - is the
porosity.
(6)
a)opt _

’ and 7/ for various agricultural plants.

Culture On average for
4 5 the growing
season
0.43 0.61 0.54
59 53 5.6
- - 0.51
5,4
Bell peppe 0.67 0.70 0.65 - - 0.67
5.7 5,4 59 5.7
Lemon 0.65 0.70  0.65 - - 0.67
5.7 4.7 5.7 53
Strawberry 0.62 0.64  0.67 0.56 - 0.62
3.2 5.8 5.6 6.0 5.6
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The numerator shows the values opt , the denominator - 7/ .
K - coefficient taking into account the uniformity of moistening of agricultural lands of various irrigation;

K, =09854(K, - )
h

K, =1—-—"——"= - watering efficiency coefficient. Values for various i

(N

igation techniques are adopted

KC

according to the irrigation technique used or the technical parameters of the machin

hmax h

ed (for example, this indicator

is shown in the certificates of sprinkler machines). min - maximum and m' lues for the depth of

humidification, m; B - depth of the root system.
K, =0,88—-0,95 - with the introduction of a drip system;
K, =0,92-0,95 - shielding of irrigation furrow with a plastic fila
K, =0,8—0,9 - with laser field planning;
K3 - coefficient taking into account the possibility of changing
irrigation quality water depends on the content of adsorbed Na ions, C

of the billing period, salinity and moisture IU x die soil and ground
forecast of the water-salt regime of soils;

ization and reducing
m plexus at the end
by the results of the

vield due to so1

TABLE 5. Coefficients characterizin aliniza sali on of soils.

The content of toxic Coefficient terizi a Jocfficient
salts,% the degree ¢ characterizing the

i degree of
salinization of soils

1,0
0.8
0.5
0.3
0.2

. The condition of crops depending on the degree of salinization of soils.

e state of agricultural plants

Good growth and development (attacks virtually no harvest Normal s ny)
Weak inhibition (attacks plants and decrease ur on zhaya 10-20%)
Average inhibition (decrease of plants and attacks ur about zhaya 20-50%)
Strong inhibition (attacks plants and decrease ur on zhaya 50-80%)

ingle plants survive (almost no crop)

Soil sa
Virtually n0
Lightly salted
Saline
Highly saline
Salt marshes

When using saline soils, an“alternative approach to the selection of optimal solutions is important. In this regard,
the different resistance of agricultural plants should be borne in mind.

K4 - coefficient reflecting disparity actually contains a Nia mineral nutrients in the soil optimal,

The composition and scope of the necessary agrochemical measures include the introduction of organic and
mineral fertilizers into the soil. This fact is taken into account when determining land productivity through the
coefficient K4, the value of which is determined by the dependence:
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K, =02+ /Dy ®)

H _coefficient depending on the reaction of the soil solution; - dose of mineral fertilizers  (NPK),
kg / ha. Dy
When determining the doses of mineral fertilizers are taken into account: shortage of

nutrients; potential crop yields; removal of nitrogen, phosphorus and potassium with the main products and their entry
into the soil with crop residues, straw and siderite;

TABLE 7. Coefficient H depending on the reaction of the sqi
Indicators Soil solution reaction (pH)

four 5 6
Coefficient 0.15 0.50 0.90

U
Mineral Fertilizer Efficiency
The moisture content of the 20 40 60
root layer,% PPV
The effectiveness 35
of NPK, %
pH 4 8
The effectiveness 75 0
of NPK, %
K 5- coefficient reflecting the deviation of the i abited the soil layer from the optimum
value;
(€]
where T - - the amount of biolo at ha (over 10 ° C) during the growing period
(starting from the - lost amounts of biologically active temperatures as a result of delay
with sowing (Q
T, - th

ily average biologically active air temperatures.

Culture

Value

Tomato 3060
Cucumbers 2710
Bell pepper 2890
Lemon 3870
Strawberry 2540
Roses 2080

K 4- coefficient taking into account the effect of soil salinization on the value of crop yields;
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TABLE 9. The values of the coefficient K6 depending on the content of toxic salts in the soil [21].

The salt content, % 0 0.1 0.2 0.3 0.4
The value of the coefficient K 4 1,0 0.95 0.70 0.40 0.10
TABLE 10. Salinity of 0-100 cm saline soil, according to FAO Coefficient of assessment of the effect of the level on
crop yield.
Type of cultivation ECe, dS/m

2 4 6 8 12 16
Tomato 100 86 67 10 0
Bulgarian pepper 93 65 37 0 0
Klupnoy 86 58 30 1 0 0
Perfume 95 76 57 38 0 0
The lemon tree 91 55 20 0

Note: soil salinity is estimated by the conductivity of saturated soil e
K 7- coefficient taking into account the depth of the groundwater le

The values of the coefficient K 0.92 0.82 0.7

year ¢ of the calculation period;

TABLE 12. The ya g i the reaction soil pH.

5.0 5.5 6.0 7.0

0.91 0.96 1.0 1.0

K- coe taking inte punt the content of heavy metals in the soil in the year ¢ of the calculation period;

TABLE 13. K 9 values for various soils and pollution.
ductivity Pb, Productivity Zn, Productivity

mg / kg Chernoze Mg/ Sod- Chernoze mg/ Sod- Chernoze
soils kg podzolic m soils kg podzolic m soils
soils soils
2.5 1.0 .0 125 1.0 1.0 125 1.0 1.0
5 0.95 1.0 250 1.0 1.0 250 0.65 1.0
10 0.65 1.0 500 0.95 1.0 500 0.50 1.0
20 0.50 0.90 1000 0.50 1.0 1000 0 0.85
50 0.35 0.75 2000 0.10 0.85 2000 0 0.60

100 0 0.45 - - - - - -

To 10- correction factor for climatic conditions.
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TABLE 14. Value Kjo.

Climatic zones Ci C-1 C-1 C-I Yu-I Yu-II

Ko 0.83 0.92 0.96 1.0 1.04 1.08

The concept of the theoretical and methodological model of the greenhouse farming market is developed, based
on the introduction of innovative technologies, taking into account state regulation that influences the main market
parameters and includes strategic directions for increasing the effectiveness of greenhouse vegetable cultivation based
on product quality differentiation (highly competitive, medium-competitive and low etitive), aimed at increasing
the sustainable development of the market, taking into account its segmentation a nsumer preferences [34, 35].
Trends are determined and forecast scenarios for the development of the greenhou arket are developed
(basic, compromise, intensive ones), depending on the level of state support and in chanisms on the basis
of an analysis of the actual indices of its capacity, which allow determining the level ufficiency and import
substitution, taking into account the cluster-territorial approach, realization of a set ional and economic
measures that increase the performance efficiency of greenhouse vegetable farming.

CONCLUSIONS

The applied econometric approach accurately reflects the dynamics
approach can be used for preliminary forecasting of the average price

mber price. Also the
etable crops, at least
actual data and the

ponse function. Modeling
case the predictability of the demand for
and sales, producing a stable profit.

composmon of costly and other external factors for
the pricing of domestic greenhouse products will
greenhouse vegetables and to achieve certain unifo
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of Ministers dedicated omprehensive analysis of the results of the country's socio-economic development
in 2016 and the identification of the most important priority areas of the economic program for 2017 (January
19, 2017), Narodnoe slovo.

3. Decree of the President of the Republic of Uzbekistan Sh. Mirziyoyev “On the Strategy for the Further
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Abstract. The article presents the developed multilevel dynamic-stochas
and economic indicators according to adequate trends in the form of linea
extreme events using probabilistic distribution laws. According to t
distinguished in the time series of the indicator under consideration. The
trend of the indicator variability. The sequences of peaks and troughs cha
obtaining agricultural products. After determining signifie
problem is used to obtain optimal plans for different con a
the form of time. The values of the time series, whic t and above the trend of the
upper levels, are classified as extreme events, estima i 5. At the same time, the optimal solutions
obtained reflect planning taking into account prob odels of parametric programming are
applied to an agricultural enterprise and a m ability to assess various situations in the
future, taking into account risks.

well as evaluating
ee sequences are
ribes the average
favorable cases of
etric programming

roduction under the conditions of risks associated with climatic
of parametric programming based on the works [1 - 3] is
ible to obtain optimal plans for the production of agricultural

pest invasion, and epidemics of farm animals significantly affect the activities of
. In these cases, for planning agricultural production, it is necessary to use mathematical
aking into account risks, which are probabilistic estimates.

ork is to describe the developed methodology for dynamic and probabilistic optimization
der averaged, favorable and unfavorable conditions using multilevel trends, parametric
icd stochastic extremal problems. To achieve the goal, the following tasks were

programming pro
Thus, the aim o

of agricultural product

programming models and

solved:

- determination of multilevel trends in time series of production and economic indicators and identification of

abnormal levels with their probabilistic assessment;

- building parametric programming models using multilevel trends and stochastic extreme problems to optimize the

production of agricultural products in average, favorable, unfavorable conditions, as well as taking into account high

risks;

- implementation of the proposed methodology for one of the municipal districts of the Irkutsk region.
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MATERIALS AND METHODS

In preparing this article, the works of various authors on modeling various indicators characterizing agricultural
production [1, 2, 4, 8, 9] were used. In addition, the results of assessing the impact of various climatic and biological
phenomena on the activities of agricultural producers were analyzed [4- 7]. According to the proposed
methodology, the time series of the production and economic indicator can be divided into three sequences
according to the algorithm proposed in [10. 11]. The first one is the original time series. The second and third
sequences describe the upper and lower levels of the time series - peak and trough values.

Points above and below the trends of the upper and lower levels of the series represent extreme events, reflecting

highly favorable and very unfavorable conditions. This series structure can be descrj y the formula:

Y=y, Ay, £Ad,, 0]
where ), is a level of the series, ; , are trend levels of the entire series; Ay, are ifferences between the
levels of the averaged and upper (lower) trends; Ad , are modulo differences between ues and the trend
values of the upper (lower) levels.

Formula (1) is valid provided that the trends for the levels of the entirg and lower
values are accurate and significant according to the coefficient of d i [ > i test and
Student's #-statistics.

When developing a methodology for optimizing the production o i sthods of probability
theory and mathematical statistics and methods of mathematical pro i nty were used. The
methodology was tested on the basis of long-term data on agricultura emkhovo municipal
district.

An analysis of a large number of long-term tint

cries characterizit
productivity of farm animals shows tha inoreasi

g time, they a

e yield of agricultural crops and the
e to increase, and labor costs for the

phenomena.
Since time capg possible with a certain accuracy to assess the future situations of the
activity of an a [ i count risks. This result is consistent with modeling the production

yield trends for wheat, oats and potatoes according to the Cheremkhovo district,
yton. The asymptotic and logistic growth models with saturation were used as analytical
g to the coefficient of determination (R? > 0.50), Fisher's F-test and Student's t-statistics,
addition to the types of models, Table 1 shows forecast values for 2022 and 2024.

are located above and below the trends of the sequences of the upper and lower levels
es between these events and the trend values characterizing the upper and lower

functions [1, 3]. A
the trends are adequa

In some cases, the p
of the time series. The di

levels of the series (£ Ad, ) 3
To describe them, it is proposed to use the Pearson type III distribution [12, 13]:

probabilistic estimates.

y-

o (p=rY A
Ly -H\y-I ’

where ; is the mean, y and / are the distribution parameters associated with the coefficients of variation C, and

p(y)= )

skewness Ci;.
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TABLE 1. Asymptotic and logistic models and their statistical parameters for a long-term series of wheat, oat and potato
yields in the Cheremkhovo district for 1996 - 2020 and forecast values for 2022 and 2024.

Levels Regression equation R’ Fisher's F-test |S:t1;fiz?;ci |t' 202 2F0recas; 024
Wheat yield, c/ha

Whole range y=31.2/(1+e"0%%) 0.64 45.2 6.72 29.1 29.4

Lower y=23.5/(1+e"132) 0.72 15.6 3.95 23.1 23.2

Upper y=31.2/(1+e"18%) 0.86 37.0 6.08 30.9 31.0

Oat yield, c/ha

Whole range ¥=29.6-19.7¢0.0906 0.69 55.6 7. 28.2

Lower y=24.7-9.9¢70-106 0.67 14.4 3. 24.2

Upper y=29.6-12¢0113 0.77 23.1 4.81 . 29.2
Potato yield, c/ha

Whole range y=194.1/(1+e"1?%) 0.53 27.9 5.29 188.3

Lower y=166.3/(1+e"18%) 0.77 26.3 165.5

Upper y=194.1/(1+e"17) 0.51 7.35 192.9

On the basis of the given distribution law, the probabilities of ray
unfavorable conditions were obtained (Table 2).

Crop Wheat Oats Carrot
Year 2015 201 2015 2000
Low yield, c/ha 234.7 104.3
Probability 0.0205 0.0210
Year 997 2007 1997
193.0 490.5 225.3
0.030 0.0150 0.00950 0.00954

ds (Table 1) and the probability distribution law (Table 2)
can be® 0 : problems to optimize the production of agricultural products

¢l model of parametric programming with probabilistic estimates for the crop industry,
4]. The value of the objective function is determined by the maximum income:

D oclx, =D >d""x; > max. 3

iel seS iel

he problem are identified:

using the result

The following conditio
limitation of production resot

Dax + ZZbiip)xi <A (zeZ), 4)
iel ses iel

limited size of the crop industry
n, SZ(1+ai)xi <n, (reR) (5)

iel,

production of final products of a given volume
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2V Ox =Y wix 2V, (a€Q): ()

iel seS iel
a certain amount of applied fertilizers and plant protection products
!
Zumixi+ZstfP)xl.SUm (meM); (7
iel se§ iel

non-negativity of variables

x, >0,

1

®)

. . . R . .
where x; is the desired variable, the area of arable land i; ¢; is the income per
levels I; d'(») are losses per unit area as a result of the impact on production of pro eme event s on crop i

for the sequence of levels /, p is the probability, a;. is the consumption of resource z
type; A: is the presence of a z-kind resource; p») are additional production resourc

ea of crop 7 or forage

of the impact of an extreme event s on culture i for a sequence of levels /, V, is the guarantee

of the type g; n,, 1, is the maximum and minimum possible area of culf utput of g-

production of crop i as a result of the influence of an extreme event i of levels /, ! are

fluence of an extreme
event s on crop i for a sequence of levels /.

In model (3) - (8), the left side of the constrai ameter ¢, which is time. In this case, the
function qu, (t)can be described as a linear and

©)
o (10)

an

plementing the model (3) - (8), taking into account one or another expression (9) - (11),
equence of operations. First, the coefficients are determined for the unknown objective
the constraints, as well as the right parts of the conditions. Secondly, three sequences
with lower, upper and a are distinguished from the rows of marketable output, for which adequate trends are
built according to (9), (10) @ ). Other functions may be used. Thirdly, the problem of parametric programming is
solved for three levels of output of marketable products. Fourth, for values located below the trend characterizing
the sequence of lower levels, their probabilities are estimated taking into account an adequate distribution law. A
mathematical programming problem is solved, the optimal solution of which corresponds to the probabilities of
anomalous levels or events. Fifth, for values located above the trend characterizing the sequence of upper levels,
their probabilities are estimated taking into account an adequate distribution law. A mathematical programming
problem is solved, the optimal solution of which corresponds to the probabilities of anomalous levels. Table 3 shows
the simulation results according to (3) - (11).

In accordance with the optimal solutions obtained in the Cheremkhovo district, agricultural producers in the
aggregate can receive more than 2.16 billion rubles of income. At the same time, losses on average correspond to the
level of 18%. Meanwhile, in the most difficult situation in some years, the damage can reach about 47%, and in very

consists in the folle
function and the left p
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favorable conditions for the activities of agricultural producers, you can get about 5% of additional income. Some
negative production volumes of oats and carrots, obtained under very favorable conditions, relative to the average

values, are due to the fact that the largest value Adt in general case does not always correspond to the maximum of
the time series. This follows from the physical meaning of the indicator Ad . » which is considered as the difference
between the value of the time series and the trend level of the sequence of upper values.

TABLE 3. Optimal solutions of parametric programming problems for the middle and lower levels of the series and linear
programming problems with probabilistic rare events according to the Cheremkhovo district.

Wheat Barley Oats Potatoes Objective
Row levels Year function,

X, ton X, ton X3, ton X4, ton Xs, t thousand rubles
Medium 002 73471.7 40431.5  19900.0  2241.60  8986.00 d 2164145.0
Lower 58322.9 35538.8  17006.7 1981.2 6946 1778594.6
Losses 15148.8 5098.4 2681.6 260.4 2040 17.8 %
Medium 74229.1 40787.1 19900 2259.6
Lower 2024 58575.4 35988.6  17077.3 1986
Losses 15653.8 4798.5 2822.7 273.
Rare negative events 40396.8 19786.2  10213.6 1621! 1150118.6
Losses 33074.9 20850.9 9474.7 620.4 46.9 %
Rare positive events 78268.8 42140.2 4 2265535.8
Additional income 4797.1 1503 -258 4.69 %

Let us pay attention to the features of the appli orithm for optimizing the production of

dicators of the activities of agricultural
producers should have significant trend: essary that the number of values of the

original series correspond to at least

indicators, and, ma ional production volumes are not observed every year. This factor
requires furthe

levels of seque
(lower) values. A
products and obtain
difference between the

per and lower values, the difference between anomalous levels and trend levels of upper
ing to the proposed algorithm, it is possible to optimize the production of agricultural
ge values for the short, medium and long term. The average risks are estimated as the
al plans and income corresponding to the trends of the sequences of the entire series
and the lower levels. For & ous levels, a stochastic optimization problem is solved taking into account extreme
events. An algorithm for op ing the production of agricultural products based on multilevel trends, parametric
and stochastic programming models was implemented using the example of one of the municipal districts of the
Irkutsk region.
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Iture and show that
nt stage of economic
elationships between the
economic growth of domestic agriculture and the fac i it dy shows that at the present stage of the
actors of agriculture sustainability is the
tifying specific factors of sustainable

Abstract. The article aims to identify the features of the instituti
digitalization is a specific factor of sustainable econg

8 the impact of various advances in science and technology on the economic growth of
there is a significant amount of research in this area, further comprehensive research is
impact of digitalization processes on the agrarian sector's economic growth and its
ges of the agri-food market condition development.

needed to ident
sustainability at di

MATERIALS AND METHOD

Researchers of various branches of economic theory (classical political economy, neoclassical economic theory, and
institutionalism) carried out the study of economic growth factors, its sustainability, and its interrelation with the
historical and cyclical development [1, 3,4, 5, 7, 10, 14].

Despite a wide range of studies, many questions on the study of specific factors for sustainable economic growth
in agriculture, especially at the current stage of development of the agrarian sector, remain under-researched, which
has determined the search directions in the research.

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 090003-1-090003-4; https://doi.org/10.1063/5.0164565
Published by AIP Publishing. 978-0-7354-4648-9/$30.00
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RESULTS

Identifying economic growth factors in agriculture and its sustainability requires us to dwell on the specifics of the
industry, where economic growth is more than an increase in the final product. S. Kuznets, the classical scholar of
economic theory, defines economic growth as "a long-term increase in the ability to provide the population with
more and more diverse goods, based on technical progress and the necessary institutional and ideological changes"
[5]. Russian classical scholars of economic theory generally support this statement [16; 17]. It should be noted that
all definitions do not equate gross domestic product growth and economic growth. Economic growth can be defined
as such an increase of gross domestic product when qualitative improvements occur, such as:
—  increasing labor productivity;
—  increasing competitiveness of domestic products on the world market;
—  increasing share of high-tech industries in gross domestic product;
—  increasing quality and standard of living of the population, etc. [6].
Russian agricultural economists primarily understand economic growth in a
based on the development of industrial productive forces, accompanied by the form
agriculture”" [13]. At the same time, the growth of agricultural gross domestic product can b
growth when:
—  the economic sustainability of agricultural enterprises increases;
— the financial opportunities for the expanded reproductive perfo
—  development of agricultural enterprises is based on innovatio
—  there are environmental constraints of the agrarian sector dev
—  social well-being of rural areas is ensured (formulated accordit
Thus, economic growth in agriculture is a process of in
increasing and improving the economic strength quali
A set of institutions and institutional mechanisp
institutional environment that ensures the functio
certain rules. Its development is influenced by

as "economic growth
ivision of labor in
idered economic

ic product based on

al structure represent the
ludmg the agrarian sector, according to
that shape the structure and influence

If categorized, agricultural economic
1. Production factors includ

three broad groups.
and economic, technological, scientific

growth in agriculture is possible only if the degree of development of the institutional
of the agri-food market condition development are correctly taken into account. Market
ic systems are responsible for the agrarian sector’s economic growth, and the
complementary institution e regulation are in charge of its sustainability.

Market institutions in the{@grarian sector are institutions of entreprencurship, market exchange, competition,
based on the pervasive development of the private property and feedback through increased corporate profitability.
At the present stage of the agri-food market condition development, market institutions cannot ensure long-term
positive agricultural development dynamics. Such conditions require expanding and introducing new
complementary institutions of state regulation of the agrarian sector.

The complementary institutions of state regulation of the agrarian sector influence both the economic growth rate
of the sector (the institution of preferential taxation of agricultural producers and the institution of their financial and
credit support) and the sustainability of this growth:

1. Institutions of direct subsidization of economic agents in rural areas.

2. Political market institutions.

environment and th
institutions in modern
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3. Institutions for stabilizing the agri-food market condition.

4. Institutions of demand support at agri-food market.

5. Institutions of innovative development of the agrarian sector.

The latest group of institutions aims at obtaining new results of the scientific and technological search and new
agro-technologies that are the basis for innovative growth of the agrarian sector, ensuring its sustainable growth.
This group deserves special attention in the study. In Russia, the long-term effectiveness of these institutions
manifests in the transition to " high-yield and environmentally friendly agri- and aquaculture, development and
implementation of various chemical and biological protection systems, efficient storage and processing of
agricultural raw materials, and production of safe, quality, and functional foodstuff" (Decree of the RF Government
No. 708 of 04.09.1992).

The long development of new agricultural technologies and their manufactur; plication implies the active
involvement of state institutions in innovation policy, especially for developm be characterized as

growth rate and its sustainability. This happens because digital technologies horizontally among
companies, interacting to create new technologies, and the resulting products become much :
Study of the development stages of digital technologies in the domestic agro-industrial before 1966 —

dlgltahzatlon) shows that the h1st0rlcal development of technologles ) g a direct
impact on the rate of economic development of the sector. The decisive i i
In Russia, a comprehensive study showing the utilization capaci
agrarian sector based on the FAO methodology has been conducted
that the transition of Russian agriculture to digital technologies will inc
1.58 times at the same agricultural input.
Arranging quality institutions of innovative develg v d at the introduction of
digital technologies 4.0 in the domestic agrarian sectg
—  increasing sales of high-tech products;
—  increasing productivity through hybrid int
—  increasing exports of products wit
—  increasing revenues of domestic
—  increasing share of products

4.0 in the domestic
eneral conclusion is
icultural products by

automation of production;

productivity jobs;

1 products and solutions;

the revenues of Russian companies, and,

- of advanced specialists and scientists;

i proving scientific, technological, industrial, and trade cooperation with foreign

countries.
Thus, the deve

of the most importa

2nt of digital technologies at the present stage of agrarian sector development becomes one
s of sustainable economic growth of the sector in the long term.

CONCLUSION

The study shows the leading institutions that influence the agrarian sector’s economic growth and its sustainability.
The authors revealed specific factors of the domestic agrarian sector’s economic growth and its sustainability.
They emphasized that the digitalization of domestic agriculture is a specific factor for sustainable economic

growth in the long term.
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Abstract. Currently, researchers associate the positive and cost-effecti
agriculture and the entire agro-industrial complex with the digitalizatig
intellectualization of agricultural activities based on the use of nano-
technologies. The definition of the concept of "intellectualization" is i
different ways. In the Large Explanatory Dictionary of the Russia

which offers the
5 and information
ic publications in

ink, rational cogmtlon
expressions 1s defined as the mind, reason,
ivity is the core direction of the agrarian
ulture and the agro-industrial complex.
opment of "smart" agriculture based on
the implementation of the project "Digi on in Russian agriculture, the following
design solutions will be developed aj C rt" farm, "smart" greenhouse, "smart"
warehouse, smart" processing, ' ) o smart" land use, "smart" garden, "smart"
agricultural enterpa icle provides information on the use of digital
technologies in i

Russian Encyclopedic Dictionary defines intelligence a
The concept of "intelligence" in the Newest dictiona
intellectual ability of a person. Intellectualization of
economy in the conditions of the modern period of

The top
economy, If
digitalization 3
digitalization pr@
mechanism of lea

e is relevant, since new concepts and categories of digitalization for the Russian
ltural sector, are being investigated. Problems related to the study of the topic of
scientific publications of Ural scientists: B.A. Voronin, A.N. Mitin — "Management of
[1-5], B.A. Voronin, I.P. Chupina, Ya.V. Voronina — "Digitalization as a modern
ducational institutions" [6], A.N. Semin, A.N. Mitin, B.A. Voronin, Ya.V. Voronina —
"Study of prospects development of high—precision digital technologies in the management of domestic
agriculture" [7], B.A. 0O.G. Loretz, A.N. Mitin, I.P. Chupina, Ya.V. Voronina — "On the issue of
digitalization of Russian ag ure (review of information materials)" [8], B.A. Voronin, A.N. Mitin, O.A.
Pichugin — "Management of digitalization processes of agriculture in Russia" [9], B.A. Voronin, [.P. Chupina, Ya.V.
Voronina - "Digitalization in education as a necessary element of training a modern specialist” [10].

Scientific papers on the topic of digitalization are available in educational and research institutions throughout
the Russian Federation. Naturally, a lot of research on this problem is carried out abroad. Since the topic of
digitalization is new in the system of social and economic relations, and the practice is only being developed, only
approaches to the introduction of digitalization in various sectors of the economy and the public sphere of Russia are
observed in scientific publications. Taking into account these circumstances, the development of the topic of
digitalization of the agrarian economy is appropriate. The scientific novelty of the research lies in the fact that the

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 090004-1-090004-4; https://doi.org/10.1063/5.0164513
Published by AIP Publishing. 978-0-7354-4648-9/$30.00
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state and forecast of the formation and development of digitalization in agriculture and agro-industrial production
are analyzed.

The purpose of this study is to consider the process of digitalization of Russian agriculture that has begun and the
complex of relations that arise during the transition to digital, robotic and other intelligent technologies in the
agricultural economy.

The objectives of the study are to study the process of introducing digitalization technologies and projects into
agriculture and agro-industrial production and issues of organizational and legal support for this activity. The
theoretical significance of this work is characterized by the introduction into economics of new directions of
development of the agrarian economy based on digitalization and other intellectual technologies that were
previously absent in the Russian agricultural sector.

The practical significance of this work is due to the fact that the materials ca sed in the system of further
development of regulatory legal regulation in the field of digitalization of the agra

METHODS

Research methods: analysis, synthesis, generalization, forecast, economic and legal The au ive a forecast of
the further development of agriculture, taking into account the use of artificia ge gal gaps and
directions of development of legislation, analyze potential economic oppg results of
secondary research (a survey of managers of agricultural enterprise s in the
financial and economic activities of organizations due to the digitalizati ave been
identified.

objectives of the Development of the Russian Fede to 2024" [4] and Decree of the President
of the Russian Federation No. 474 of 21.07.2020 "¢ Goals of the Russian Federation for the
period up to 2030" are the legal basis for the the Russian Federation [12].

In these decrees, the President of t of transforming priority sectors of the
economy and social sphere, includin

e digital way of life have also been adopted.

Federation", approved by the Decree of the Russian Federation

Analytical Center u
responsible for the imp

g Government of the Russian Federation; the functions of the federal executive authority
ation of the federal projects "Regulatory Regulation of the Digital Environment" and
"Personnel for the Digita omy" are carried out by the Ministry of Economic Development of the Russian
Federation; The functions of{flie federal executive authority responsible for the implementation of the federal
projects "Digital Technologies", "Digital Public Administration", "Information Infrastructure", "Information
Security" are carried out by the Ministry of Digital Development, Communications and Mass Communications of
the Russian Federation.

The Strategy for the Development of the Information Society in the Russian Federation for 2017-2030, approved
by Decree of the President of the Russian Federation No. 203 of 9 May 2017, should be added to the above legal
acts [15]. And other legal documents have been developed at the level of the Russian Federation and its constituent
entities at the present time.

In particular, in 2017, the Departmental project "Digital Agriculture" was adopted by the Ministry of Agriculture
of Russia [16]. The project implementation period is 2019-2021. The goal of the project is the digital transformation
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of agriculture through the introduction of digital technologies and platform solutions to ensure a technological
breakthrough in the agro-industrial complex and achieve a 2-fold increase in labor productivity at "digital"
agricultural enterprises by 2021.

In 2019, the Ministry of Agriculture of the Russian Federation prepared an information publication reflecting the
problems of digital transformation of agriculture in Russia [17]. In this publication, it is noted that solving the
problems that hinder the digitalization of agriculture is part of the nationwide task of integrated rural development.
This task includes the need to develop (taking into account the spatial development of the country) a scheme for the
placement and specialization of agro-industrial production, which as a basis should have a multi-level integrated
information space based on modern digital technologies. Such problems include:

o Lack of financial resources for the implementation of information and com
the majority of agricultural producers. A bipolar economy has emerged in the
profitable farms with wide access to efficient technologies are concentrated on o
verge of payback using outdated technologies are concentrated on the other.

tion technologies (ICT) in
ultural sector, where highly
arms working on the

specialists working in agriculture in our country than in countries with a traditionall
industrial complex. According to experts, about 90 thousand IT specialists are needed by sian agricultural
sector.

o Insufficient development of digital infrastructure in rural areas, espe
are taking place in this area, but the digital divide persists between urban

o Imperfection of legal regulation of the development of infq
complex. The development of the system of state information suppo
article 17 of the same name of the Federal Law of 29 December
Agriculture", but the article requires revision.

Kuban State Agrarian University named after .T. T
of the region in the direction of "Digital Agriculture"
according to experts:

e The digital economy will be a new technol i s al and economic sphere of the Russian
Federation — yes (90% of experts believe);

e Digital agriculture will contribute i i al products in an end-to-end digital
environment "from field to counter" — ye ;

e Digital agriculture will create i i with the minimization of intermediaries
and trade margins — yg ;

e is regulated by the
he Development of

gricultural enterprises
c following conclusions,

e The volum th the use of digital technologies in the agro-industrial complex — yes
(50%);
pn of producti ort of commodity flows will create the possibility of systematic
accumulg ot trade lots fort , i roducts — yes (70%);

¢ Digitalizatio

¢ Digitalization v

¢ Digitalization wi

e Is it necessary to s
producers — yes (95%);

e The use of new generation technologies can increase the productivity of world agriculture by an average of
70% by 2050 — I find it difficult to answer (48%);

o Competencies for digital agriculture are currently in demand by the market — yes (73%);

o Do agricultural universities need departments for digitalization of agriculture — yes (83%);

o Currently, there are no educational technologies for training specialists for digital agriculture — yes (76%);

o There are no highly qualified teachers in agricultural universities to train specialists in this area — yes (74%).

The above information is typical today for many regions of the country, since the digitalization of agriculture is
just getting introduced in the agricultural sector of the economy.

prove the quality of life in rural areas — yes (46%);

p reduce the impact of agriculture on climate change — no (46%);

o involve workers of new professions in agricultural production — yes (95%);

¢ the introduction of digital technologies through state support of agricultural
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CONCLUSION

Intellectualization of the agricultural economy, taking into account the formation and development of digitalization
of robotization, information technologies and other projects and platforms, objectively ensures the transition of
Russian agriculture and agro-industrial production to a new technological digital way.

The results of the introduction of digitalization in agriculture are still largely based on forecasts of future
indicators of improving agricultural activity, given that the empirical base is still being formed.

As for the legal regulation of the implementation of digitalization in agriculture, the existing departmental
project "Digital Agriculture" by legal force cannot effectively provide a solution to thg problem of digitalization in a
particular sector of the economy without the participation of other ministries an ents responsible for the
implementation of the digital economy program in the country.

In this regard, it is advisable to adopt a federal law "On the digitalization
Federation", in which it is necessary to highlight a section on the assistance of s
development of digitalization of agriculture.

Since the Federal Law "On the Development of Agriculture" No. 264-FL of 29
in the system of agricultural legislation, it is obvious that it is necessary to include a sectio
agriculture as a strategic direction for organizing agricultural activities in modezageenditions.

omy of the Russian
1ve authorities in the

06 is the main law
digitalization of
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Abstract. The system of seed production and breeding in Russia is . Seed-
producing organizations provide agricultural producers with domestically crops (more than
95%). The figures are much lower for grain maize, sunflower, soybean, and very low for
sugar beet (not more than 5%). Seed breeding and production are llnks i gfficiency of the whole
system will be determined by the efficiency of functioningge e g, arti es the principles of
functioning of the seed production system that allow i i ons. These principles
include consistency, resource concentration, continui iti 2 and economic feas1b111ty
The principle of economic feasibility determines
possibility of breeding new varieties, and the ability ed organizations {8

system at various

pete in the national and foreign markets
5 and for various economic entities, it is
ted to evaluate the current state of seed
production and breeding system. Its res at the level of the country and regions,
which is confirmed by qualitative ¢ time, a fairly high efficiency of seed
production is observed_ in seed-prod izati 3 uction and sale of seeds of grain crops.

ethodological, technological, organizational and economic
et-adaptive, integr: into the global seed market and competitive, and to develop
and production complex in three key directions:

ng the technologies for the production of high-quality seeds);

ing the optimal soil and climatic zones for the placement of seed production and using

onomic (improving the structure of the seed production system and economic relations

MATERIALS AND METHODS

The object of research was represented by agricultural producers of the Central Chernozem Region engaged in
creation of berry fields and fruit production.

The study used a systematic approach, including such methods as the monographic method, methods of
comparison, program-targeted method, and dynamic analysis.

Generalization and systematization of the principles for the organization and functioning of the seed production
system from literary sources allowed formulating the principles that make the system function efficiently in modern
conditions. The following principles can be defined as fundamental:

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 090005-1-090005-8; https://doi.org/10.1063/5.0172548
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- principle of consistency (ensuring the interconnection of all elements within the system);
- principle of resource concentration (a limited amount of resources is concentrated in the priority areas of

development of the seed production system);

- principle of continuity (orientation towards ensuring the continuity of reproduction of all elements of the
system);

- principle of competitiveness (varieties and hybrids introduced into the market should be competitive compared
to the seed material already in use);

- principle of balance (maintaining the optimal proportions between the supply of seed material of parental
forms, superelite, elite and seeds of various reproductions);

- principle of adaptability (new varieties and hybrids should be adapted to the cg
climatic zones of their cultivation);

- principle of economic feasibility (the cost of creating varieties and hybrids s
in the efficiency of their use) (see Figure 1).

itions of specific natural and

provide an adequate increase

Principles
Principle ::
of consistency
Principle
of resource [ y
concentration
Princivle ptation towards ensuring
of contirI: i of reproduction of all
ty nts of the system
varieties and hybrids
Principle mto the market should
ofeempetitivencs npetitive compared to the
seed material already in use

It maintains optimal proportions between
the supply of seed material of parental
forms, superelite, elite and seeds
of various reproductions

It means that new varieties and hybrids
should be adapted to the conditions
of specific natural and climatic zones
of their cultivation

ciple of
adaptability

P It means that the cost of creating
of cco¥omic ‘:D varieties ancll hybndsl should prolvlde
foasibili an adequate increase in the efficiency
castbility of their use

FIGURE 1. Basic principles of the seed production system organization and functioning
Reference source: compiled by the authors [1].

One of the most important principles of functioning of the seed production system is the principle of economic
feasibility, which determines many others: e.g. the possibility of continuous seed production, the possibility of
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breeding new varieties adapted to the conditions of specific natural and climatic zones, and the ability of varieties
and hybrids to compete in the national and foreign markets [1].

The efficiency of the seed production system should be considered at different hierarchical levels and from the
point of view of different interests, which sometimes do not coincide. It is also necessary to take into account the
interests of the state, the creators of varieties, seed producers, and industrial consumers of seeds. To assess the
efficiency of the seed production system, it is advisable to use a system of indicators that will differ for each level
and set of economic entities. In addition, quantitative indicators are more acceptable at one level, while qualitative
indicators would be more acceptable at another level. Based on the results of the analysis performed the authors
substantiated the qualitative and quantitative indicators, which, to a certain extent, characterize the seed production
system in Russia.

In our opinion, alongside with quantitative indicators, the analysis of efficienc
the country level should take into account the qualitative indicators, which in

e seed production system at

seeds. The growth of the index of satisfaction of breeding institutions
contributes to an increase in the number of domestic varieties and hybri
Qualitative indicators allow determining the cause, while quantita;
faults in legislation, state regulation, and allocation of budgetary fund
predetermines the deterioration or, conversely, improves the quantitat
represented as
- natural (production volumes, sales volumes, numb
- cost (gross output value, net income amount, etg
- absolute (state support amount, profit amount,
- relative indicators (growth rates, increment ra
Usually, to assess qualitative indicat
specialists, conduct questionnaires, oral . ] er reviews) and other research methods.
In addition various ordinal scales are us itative indicators.
various levels and for various economic

the result of certain
ualitative indicators
e indicators can be

g are specific and reflect the efficiency of development of seed production system.

d producing centers based on state institutions are being built at the expense of budgetary

these projects can be determined using the well-known method of discounting costs and

are spent and received. When evaluating such projects, it is important to determine not

er types of efficiency, such as economic, social, and budgetary that are manifested
bs, tax revenues to the budgets of various levels, and most importantly, through the

funds. The efficie
cash flows by the ti
only commercial, but a
through the creation of ski
country’s food independence

RESULTS AND DISCUSSION

We have attempted to determine the qualitative and quantitative indicators that characterize the efficiency of the
seed production system at the level of the country, its individual regions and seed producing organizations (see
Table 2).
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TABLE 1. Indicators for assessing the efficiency of the seed production system at various levels

Indicators Characteristics of Indicators

At the level of country and regions

Qualitative Index of satisfaction with domestically grown seeds

Index of satisfaction with state support

Index of satisfaction with legal support of royalty collection

Quantitative Share of domestically grown seeds in the volume of seed fund

Share of imported seeds in sowing

Production of products per 1 ton of seeds

Share of cost of seeds in the cost of production of crop produ

rams relative to
of breeding

Volume of state support within Federal Research and Develop
the number of registered domestic varieties and hybrids in the
achievements

Rates of growth of seed breeding and growing centers bei

Share of zoned varieties and hybrids

Share of elite seeds in the sown area

At the level of seed breeding inst

Qualitative Index of satisfaction of agricultural producers
institution

Level of satisfaction of demand fo

Quantitative Number of registered varieties 1 sreceding achievements

Growth rate of royalties bei

Revenue per 1 ruble of state

Qualitative

Quantitative

ability of production activities

At the level of agricultural producers

Qualitative of satisfaction of agricultural producers with the choice of varieties and hybrids
satisfaction of agricultural producers with the provided state support
Quantitative es of crop production when using new varieties

Economic efficiency of introducing new varieties

Profitability of production activities

Source: compiled by the authors.
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TABLE 2. Assessment of efficiency of the seed production system at the level of the country and regions as of 2020

Indicators Russia Oblasts
Belgorod Voronezh Lipetsk

Share of domestically produced seeds in
the volume of seed fund, % 62.7 n/a n/a n/a
Share of imported seeds for sowing, %:

grain crops 4.5 4.8 5.6 43

sugar beet 90.0 100.0 99.0 100.0

maize 46.0 80.0

Production of spring grains and
leguminous crops per 1 ton of seeds, t 8.2 28.2

Share of cost of seeds in the cost of grain
production, % 9.2 17.6"

Cost of seeds per 1 centner, rubles 111 128"

Number of granted patents for breeding

achievements, total: 796
Russian 630
foreign 166

Number of seed breeding and producing
centers being created, % (2020-2025) 15

Share of conditioned crops in spring grain
and leguminous crops, % 97.3

100.0

Share of elite seeds in the sown area of
spring grain and leguminous crops, %

3.3

* - average for the Central Federal District; ** - 2021.
Source: generalization and calculations of the authors ba;

The conducted research shows that th i g the efficiency of the seed production
igh non-competitiveness of domestically
aterial and technical base, migration of

qualified specialists slation in terms of seeds use. Quantitative
indicators are in es, and as previously noted, the target figures for the provision of
domestlcally 0 ctrine and Federal Research and Development Programs are still

the share of cost of seeds in the cost of production is high, the
the state register of breeding achievements is much less than

seed breeding

Considering
alongside with low
and their ability to be Z
offered at a lower cost.

We have analyzed the c€
Krai.

on at the regional level.
ency of seed production for individual agricultural crops and seed-producing institutions,
posmve aspects can be noted. They are associated with the emergence of new varieties
many regions of the country, unlike the varieties of foreign breeding. Such seeds are

ic efficiency of grain maize production in agricultural enterprises of Krasnodar

TABLE 3. Economic efficiency of grain maize cultivation in agricultural organizations of Krasnodar Krai.

Indicators Average for periods, years:
2013-2015 2016-2018

Yield, c/ha 58.2 57.6
Material and monetary costs per 1 ha, rubles/ha 26,847 32,931
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Continuation of TABLE 3.

Cost of 1 ton, rubles 4,609 5,764
Selling price of 1 ton, rubles 6,800 8,169
Net income per 1 ha, rubles 12,756 14,151
Profitability level, % 48 43

Source: [12].

Seed production in the agricultural organizations of Voronezh Oblast functions differently. For instance,
Scientific and Production Commercial Firm Agrotech-Garant Berezovsky sells see grain and industrial crops,
which are purchased by this enterprise and tested in the fields of farms that are f Agrotech-Garant group of
companies. Independent experiments are carried out in the fields of the enterpri tivatign technology is being
improved, protection products are being selected, etc. The enterprise sells the seeds eproduction obtained
in its own fields from elite seeds. Scientific and Production Commercial Firm Agr arant Berezovsky sells
hybrids of seeds of sugar beet, sunflower and maize from global producers such erHave, Limagrain,
MAS Seeds, Euralis Semences and Caussade Semences.

Other enterprises (e.g. CISC Agrofirma Pavlovskaya Niva, CISC Zemlyansko
breeding and production for many grain crops. CJSC Agrofirma Pavlovs}
and a member of the National Union of Plant Breeders and Seed Prod
breeding and seed producing center and a State Variety Test Plot, w
thousand centners of winter crop seeds and up to 10 thousand cent
plant commissioned in 2012 is equipped with modern equipment by (
material is purchased from breeders. For some varieties (there are alreal
(Snigurka winter wheat, Astarna, Ataman peas, Usatiy Kormeuo

enterprise
its own

The seed producing
pe amount of source

centers, selecting from their material the sample
Chernozem Region. Joint developments are carri
Practical Center of the National Academy of Sc
Scientific Institution Vladimir Research Ingti
Region, seeds are sold to Penza Oblast,
enterprise also offers professional ag
services are provided upon prior re
As noted above i

iculture” and Federal State Budgetary
to the farms in the Central Chernozem

wheat seeds for sale in CJSC Zemlyanskoye, CJSC Agrofirma
Agrotech-Garant Berezovsky.
CJSC Agrofirma

ovskaya Niva an
SC Zemlyanskoye

SPCF Agrotech-Garant

Pavlovskaya Niva

Berezovsky

Second reproduction

Elite, first reproduction

Elite, first reproduction,
second reproduction

Elite, first reproduction

Elite, first reproduction

Elite, second
reproduction

Gubernator Dona Elite first reproduction
Inna Elite
Moskovskaya 40 Elite
Severodonetskaya Elite, first reproduction First reproduction,
Yubileynaya Second reproduction
Skipetr Elite, first reproduction Elite, first reproduction
Alekseich Elite, first reproduction Elite, first reproduction,
second reproduction
Vela Elite
Lipetskaya Zvezda Second reproduction

Tarasovskaya 70

Elite, first reproduction
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Continuation of TABLE 4.
Timiryazevskaya 150 Elite

Source: according to the data provided by specialists of agronomic service of enterprises.

TABLE 5. Efficiency of winter wheat seeds production and sales, 2016-2020.

Indicators CJSC Zemlyanskoye CJSC Agrofirma SPCF Agrotech-Garant
Pavlovskaya Niva Berezovsky
2016
Yield, c/ha 35.6 41.1 33.5
Revenue per 1 ha,

thousand rubles 2.8 8.5 9.8
Profitability, % 5.9 18.6 23.6
2017
Yield, c/ha 33.7 48.5 30.6
Revenue per 1 ha,
thousand rubles 2.9 88.2
Profitability, % 6.1 22.4
2018

Yield, c/ha 53.0 39.

Revenue per 1 ha,

thousand rubles 17.8 36.4
Profitability, % 37.5 56.2
Yield, c/ha 55.5 42.0
Revenue per 1 ha,

thousand rubles 154
Profitability, % 254
Yield, c/ha 66.3
Revenue per 1 ha,

thousand rubles .9 36.1
Profitability, % 66.3 44 .4

s of agricultural enterprises of Voronezh Oblast.

LUSION

es of Lipetsk and Belgorod Oblasts. Unfortunately, this situation is typical only for seed
while there are no examples of efficient seed production of industrial crops. The operating
painly provide seeds to agricultural producers in the region, without increasing supplies
not speaking about entering foreign markets.

varieties and hybrids at the level of agricultural producers is high, since new
0 drought, frost and lodging, which allows obtaining high results under these

seed producing enterp
to other regions of the cO

The efficiency of use O
varieties are more resistant
unfavorable conditions.

In order to increase the efficiency of the seed production and breeding system, it is necessary to strengthen the
organizational, economic and legal support for its development [13]. Many provisions are laid down in the Federal
Scientific and Technical Program for the Development of Agriculture for 2017-2025 and the Science national
project. Some of them are currently being implemented, which will increase the efficiency of seed production in
Russia.
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Abstract. The purpose of the article. Analysis of the prospects for forming e i e and nomenclature
of exports of organic agricultural products from the Ural-Siberian region s set in the article,
justification and argumentation of theoretical provisions and practical red tific and specific
research methods were used: methods of comparative, abstract loglcal fa methods of expert
evaluations, modeling and forecasting, economic and statis the analysis is the
comparative-legal method, the method of economic-legg thod of modeling and

C om Russia over the past few
uping by the main countries-importers of
key and China, and from the Ural region,
th of the share of organic products in the
s of the significant growth in the volume
of the organic market outside the tradition ¢ United States at the expense of emerging
economies in Asia (primarily China) ory and legal regulation of organic food in

years on the basis of data from the Federal Customs
agricultural products from Russia, where the top threg

and logistics technologies and directions of product
work consist in substantiating the thesis that the development of new
ill allow exporters of traditional and organic agricultural products of

INTRODUCTION

the research is determined by the fact that in the conditions of increasing foreign
economic and foreign po essure on Russia, the domestic agro-industrial complex faces such strategic tasks as
ensuring food security, sustamability of development of the country as a whole and its remote regions, as well as
increasing the export of Russian agricultural products to world markets by increasing the efficiency of production,
logistics and sales of products. And the solution of these tasks becomes fundamentally important for the stable and
progressive development of the country for many years to come.

Multibillion-dollar investments in agricultural production in the last 10 years in the Russian Federation [2], on the
one hand, and the stagnating incomes of the majority of the population [3], on the other hand, led the largest Russian
producers of agricultural products and food to the classic crisis of overproduction [1] and to the need either to reduce
the prices and profitability of their products, or to seek new markets for them. In this regard, at the state level the task
of the industry to ensure food security of the country, after its successful solution for the main food groups [1], was
replaced by the task of expanding exports of Russian agro-industrial complex products, solving both the problem of

The relevance of the

International Scientific and Practical Conference “INNOVATIVE TECHNOLOGIES IN AGRICULTURE”
AIP Conf. Proc. 2921, 090006-1-090006-11; https://doi.org/10.1063/5.0164569
Published by AIP Publishing. 978-0-7354-4648-9/$30.00
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maintaining the level of profitability of new production facilities and preserving jobs at them, and the problem of
diversifying the range of export from the Russian Federation to reduce dependence of its economy and budget income
on hydrocarbon export.

In recent years the Russian Federation has successfully achieved the food security targets set by the State Program
in almost all key areas: grain, vegetable oil, sugar, meat and meat products. As a result, the topic of international
division of labor in the world agricultural and food market and Russia's participation in it comes to the forefront of
the industry's work.

The present article will be devoted to the analysis and parsing of product niches for Russian agro-export in the
world market and the prospects of foreign economic activity of agricultural and agro-industrial companies and
enterprises of the Ural macro-region. Let us dwell in more detail on the analysis of t ation on the specific market
of organic food.

The relevance of the topic of the study is also due to the need for comprehens ent of new directions
and mechanisms to qualitatively improve the efficiency of production and mark ducts in the Russian
agriculture, aimed at the successful solution of the tasks set as to provide organically od at affordable prices
for the entire population of Russia and the food security of the country, and to achi
increase the share of Russia in world agricultural markets.

The scientific novelty of the article includes the following results.

1. The substantiation of the thesis that the development of new external e
modern logistics technologies will allow exporters of traditional and orga
macro-region to significantly increase the volume and profitability of th

2. Justification of the economic efficiency of using modern mechani
financial instruments in the settlement of export-import operations
conditions of sanctions restrictions.

3. Analysis of the growth of volumes of foreign marke
consumption in Europe and the USA, at the expense g

ports and alternative
y directions, in the

raditional area of its
arily China), and the
od in China, compared with
the European Union and the United States. Practica i roducers of the Ural-Siberian

n to use the Trans-Caspian route of the
s of Russian railroads: "agroexpresses"

the Far East.
The practica a i sults of this study consists in the development of recommendations

oted to cross-border commodity flows of agro-industrial products and the growing popularity
ducts. The information base of the research is statistical data of the Federal Customs Service,
ation, the Analytical Department of the Russian Export Center, the Institute for System
Scctor of the National Academy of Sciences of Belarus, materials of scientific and
practical conferences, period d special publications on the topics under consideration.

The United Nations (UN) 2030 Agenda and its 17 Sustainable Development Goals are designed to ensure a better
and more sustainable future for all. These goals address the global challenges facing the global community, including
the eradication of hunger and poverty and the restoration and sustainable use of natural resources. The goals bring
together all three dimensions of sustainable development--the economic, social, and environmental--with closely
interlinked objectives.

Sustainable agriculture, with the goal of increasing food production and employment in poor countries, is central
to the UN's 2030 Agenda. Its links to food security, economic growth, employment and poverty eradication,
environmental protection and natural resource management, and nutrition and health are reflected in most
development goals.

the Ural Customs Ad
Research in the Agricu
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World agricultural and food trade has changed significantly over the past 20-30 years. In real terms, it has more
than doubled between 1995 and 2018, from $680 billion in 1995 to $1.5 billion in 2018. In real terms, it more than
doubled between 1995 and 2018, from US$680 billion in 1995 to US$1.5 trillion in 2018 (in constant prices). In 2018
(at 2015 prices). Food trade averaged 7.5% of total trade over this period. This growing trend peaked with the 2007-
2008 food price crisis and was abruptly interrupted by the 2008 financial crisis and subsequent global recession.
Although trade recovered after 2-3 years and commodity prices rose again, the global economic slowdown had a
significant impact on both trade and commodity prices. Emerging economies such as India and China have been
particularly affected. Since 2014, the decline in agri-food trade in value terms has been mainly due to falling
commodity prices and exchange rate fluctuations, and from 2016 to 2018, the growth rate has partially recovered. And
in 2019-2021, growth continued amid the coronavirus pandemic.

At the same time, experts estimate that the new pandemic and its impact on obal economy is expected to
have a major impact on trade. The WTO estimates that the COVID-19 pandemic, tinggconomic activity, will
cause the volume of global trade in goods to fall by 13-32%. But at the same time of world food trade
will continue to grow [6].

RESULTS

State support for Russian producers 2

The main directions of socio-economic development of the Russian Fg
in the well-known Decrees of the President of the Russian Federation
the goals and strategic objectives of the development of the Russian

case to $45 billion. In particular,
products - 2.8 times to $8.6 billion, food
1.9 times to $8.5 billion, meat and dairy

grain exports are planned to increase 1.5 times to $
and processing industry products - 2.5 times to $8.6
products - 4.7 times to $2.8 billion [5].
It is noteworthy that, since 2016, th
agrlcultural products have steadlly €

Russian Federation from the export of
of arms. It should also be borne in mind

er of products of agro-industrial complex. Shipments abroad
on in 2020. In physical terms, shipments amounted to 71.1

The EU bee
all buyer-countri@
purchases to $4.3 b
China reduced impo

buyer of Russian agro-industrial complex's products (after customs statistics consolidated
€ EU). Export there increased by 41% to $4.7 bln. Turkey came second with 38% growth in
U share in the total supplies was 17%. Turkey was slightly behind with a share of 16.6%.
12% to $3.55 billion and came in third, the country's share in exports was 10.5%.
Kazakhstan ($2.8 billion puth Korea ($2.5 billion) were also among the biggest buyers in 2021.

A reservation is needed at since 2021 the customs statistics of Russian exports do not include Kazakhstan
(formerly the top three importers of Russian agro-industrial products) and other countries of the Eurasian Economic
Union, since the circulation of products within the common EurAsEC market is free (duty-free) and the data are taken
from other sources.

TABLE 1. Export of food from Russia.
year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

amount, 9.3 133  16.7 16.2 18.7 16.2 17 20.6 24.8 24.6 30.6 37.7
3 bin
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Commodity structure of agro-exports from Russia

The dynamics of agro-export from Russia over the past decade can be assessed according to the Federal Customs
Service. Export of foodstuffs and agricultural raw materials has increased 2.6 times since 2011, while other growing
sectors of the Russian economy have shown a maximum increase of 20% (e.g. machine-building and timber segments).
But purely raw materials exports of mining industry and fuel and energy commodities halved in 10 years, metal exports
decreased by 1.2 times, chemistry - by 20%. [7] Thus the task of reducing the dependence of federal budget revenues
on oil and gas exports is being fulfilled.

Today, exports are primarily those types of food products that Russian agrarians
domestic demand. These are grains (wheat, barley, oats, etc.), sugar, vegetable oil
pork.
At the moment the main products of Russian exports are grain, 6 percent of the w ark sh and vegetable oil,
about 3 percent each, and meat, 1 percent. In the last 1-2 years the biggest growth w the supplies of sugar
and confectionery products - nearly twofold, meat and edible meat offal - by 45%, cer y-made meat and fish
products, fruit and nuts - by one third.
Russian pork and poultry have good prospects on the world food market. In 10 years pork
grown by 326% and poultry meat - by 183,1%.
The structure of exports of agro-industrial products in 2020, remained wi A . ill account
for the largest share of shipments in value terms - 34% (in 2019 - 31%). g i
place in terms of shipments, although this category now accounts for
oil products is unchanged at 16%. Goods of food industry and agri
structure in 2020 reached 15% (in 2019 - 16%), other agro-industri
increased its share to 3% from 2%.

In the structure of shipments to foreign markets in 2021 demimate 8, milli vorth $ 11.4 billion. A
year earlier shipments were 48.9 million tons worth $ gment of fats and oils: its
export increased by 48% to $ 7.28 billion, although i gased from § million to 7.6 million
tons. Shipments of fish and seafood increased by 37 d dalry products by 31% to $1.6 billion,
food and processing products by 15% to $5.2 billio roducts by 12% to $4.9 billion. [7]
These positive results are, among other thi ment's efforts to open the borders of
Southeast Asian countries to Russian m cat exports came from countries such as
China, Saudi Arabia, and Belarus.

oduce in volumes exceeding
oes, as well as poultry and

ion in Russia has

). The share of fat and
ral raw materia pcessing in the total

oducts - 14% (1

gro-exports

According te Russian agro-industrial products were exported to 149 countries

in 2020. @& i g d products in 2020, its imports amounted to 2.2 million tons
worth § ion, i in 2019. As a result, China's share of Russia's total agro-
export 1 : i . Already since 2018. China ranks first in the world in imports of
soybeans, D ond in imports of rapeseed, rapeseed and sunflower oil, crustaceans, third in imports

of oats and po
China has increa
in the forecasts of 1
of agri-food products,
commodity items. [8]
Turkey ($1.5 billion, + is in second place among importers of Russian agricultural products, while
Kazakhstan ($974 million, +20%) is in third place. Vegetable oils and grain crops were the growth drivers, as well as
significant growth was recorded in the export of meat and sugar.
Country structure of agro-exports from Russia in 2020:

in imports of soybean oil. [18] Although the supply of Russian agro-food products to
Kedly (up to $4 billion in 2020), Russia ranks only ninth in this market. Despite the difference
experts, there is no doubt that the Chinese market is very attractive for Russian suppliers
the annual increase in demand over the next decade from 1.5% to 6% for certain

TABLE 2. Country structure of agroexport

Country Share, %

China 15
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Continuation of TABLE 2.

Turkey 10

Kazakhstan 6.8
Egypt 6.4
South Korea 5.7
Belarus 4.7
Netherlands 3.4
Ukraine 2.5
Azerbaijan 2.3
Saudi Arabia 2.3

A lot of articles have been written on the topic of supplies of the main g
the Urals region is rather a net importer of grain crops, we will not dwel
For the agro-industrial complex of the Urals region, first of all, e
including those produced according to organic standards, according to t
and it looks as follows.
Exports of meat products in 2020 showed the highest growth rate 2
For the year, the physical volume increased by 53% and a i
reached $887 million, 49% higher than in 2019.
According to the FCS, poultry meat shipments ig
31% to $429 million in value terms, mainly due to
Pork exported more than 200 thousand tons (
times more), worth $88 million (3.1 times
fever in China, when 700 million pigs haj

ons in physical terms and by
¢ (in 2 years) in sales to China.

(+91%), beef - 16 thousand tons (2.7
e result of the outbreak of African swine
against the epizootic.

meat to this country, which began in

> the shipped volume was 8.7 thousand tons worth
orts of cattle meat [8]
ing poultry meat to Saudi Arabia, Kuwait, and have increased
untries in total volume is still small. However, there are good
ucts to the markets of these countries.
s also held by China, which increased imports by 1.8 times to
accounted for more than a half of it ($565 million, 771 thousand tons), rapeseed oil
pusand tons), soybean oil - 22% ($244 million, 328 thousand tons). For all three types of
ong importers. In addition, Russia began to supply China with soybean meal and sunflower
1 thousand tons, respectively).
eld by Turkey, which increased its purchases by 26% to $553 million. During the year,
and tons of sunflower oil worth $456 million (+34%), 493 thousand tons of meal and
cake worth $97 million (-2 d 126 tons of margarine worth $102 thousand (no deliveries in 2019).

Also in the top 3 importing’countries is India, which increased imports of Russian oil and fats products by 2.2
times to $364 million. Sunflower oil accounted for more than 90% of the volume, with purchases doubling to $333
million (460,000 tons). [9]

An important factor for export development in the future, according to industry experts, will be to solve the issue
of Russian meat and dairy products supplies by rail to China, especially to its northern, northwestern and central
provinces. Russian transportation and logistics companies have already presented their proposals for new routes and
transportation technologies for export to China on the fields of the four Russian-Chinese EXPOs. These include
accelerated container trains and "AgroExpress" trains, which will deliver products in refrigerated containers and
flexitanks from Moscow Region to China in 7-10 days. [10] These trains pass through Yekaterinburg, Tyumen, Omsk,
and Novosibirsk, where it is possible to hitch additional platforms with containers to the train. In this case, if at the

- 23% ($25
oils China is the
meal (14 million d@

The second positi@
the country supplied 64

090006-5



beginning of the route expedited transportation technology requires the formation of a train - at least 10 platforms with
two 20-foot or one 40-foot containers, the subsequent stations on the route can be added and one platform, which
greatly simplifies the start of shipments for export for small and medium businesses in the Urals and Siberia. The
project "Eurasian Agroexpress" launched by JSC "Russian Railways Logistics" together with the major railway
operators in China and Central Asia provides a digital system of agro logistics, continuity of cold chain and
preservation of quality of food products during transportation in the space from Brest (Belarus) and Moscow to Beijing
and Chengdu (PRC) and to the capitals of all Central Asian countries and Iran in the near future. The digital agro-
logistics system and accompanying agreements of the EAEU and SCO countries make it possible to minimize the
time of passing border stations and customs procedures, including through the use of a single digital bill of lading and
the transfer of most of the control and inspection procedures to the initial and final st of the AgroExpress routes,
which allows the delivery of agricultural products in 10-14 days, many times faste by sea transport through the
Suez Canal or other traditional routes.

Prospects for exports of organic agricultural products

Separate attention deserves the world market for organic products, today - one of the faste
From 2000 to 2019, it grew more than sevenfold (from $18 billion to $129 billien
2018-2019 of more than 16% per year. Grand View Research predicts the a i i at a rate of
10-12% per year and reach about $212-230 billion in 2025. Experts say # k
could be 3 to 5% of the global food market. Historically, the largest n3
year), Germany - $ 12 billion and France - $ 11.3 billion.
Most experts believe that the growth of the world population (accot people will inhabit
growth of GDP per

capita - an average of 40-50% by 2030-2035 years) is inevite 1 drivers of increased

S nctional and eco-products
te of Statistical Studies and Economics
0 will be $ 305 billion with an annual
countries will not be affected by the
he unfolding against this background of

itself is highly heterogeneous. In particular, experts
(mainly in the rich countries of the West): accordin

coronavirus pandemic, the effects of eco
the economrc CI‘lSlS of the Amerrcan-

sing, labehng and sales" are considered for inclusion in the famlly of [FOAM standards
ar importance is the application of international experience in the EAEU countries to form
panic agriculture and the organization of follow-up control of compliance with such
his will greatly facilitate the access of organic products produced in the EAEU to the
primarily in Western Europe and China.

The main resource for roduction of natural products is agricultural land, uncontaminated by excessive
amounts of fertilizers and toxiC chemicals. According to the Research Institute of Organic Agriculture (Research
Institute of Organic Agriculture (FiBL) - an independent international research organization) [16], about 1% of all
agricultural land in the world received organic certification. The largest areas of such land are concentrated in Australia
(17.2 million hectares according to the latest data, while the vast majority of them - pastures for free grazing cattle
and cattle), and the largest share of organic land from all agricultural areas in the EU has Austria - 19.4% (where also
a high proportion of alpine mountain pastures for meat and dairy cattle).

70% of all organic land is used for livestock grazing, it is this type of use sets a high rate of organic certification
and it is associated with a threefold gap Australia from standing in second place in the area of organic land in
Argentina. Livestock grazing is the main type of land use after organic certification - it is growing twice as fast as the

Rules of prod
In this regard, o
the requirements
requirements by produ
premium international ma

090006-6



others. Transferring pasture to organic management is the easiest solution with minimal risk for farmers to sell "red
meat" (beef, lamb, venison, etc.) at a higher markup. The conversion of arable land and, moreover, perennial crops to
"organic" involves a much more balanced decision from the farmer, because it requires a more serious expenditure of
time and finances.

For Russia, Australia's experience in organic certification of pastures may be quite relevant, given the huge areas
of fallow land in the Non-Black Soil region, the Urals, the Far East and Siberia, and the lag from the standards of food
security, just in the production of "red meat" (beef and lamb).

In Russia, as of 2020 the area of agricultural land officially certified for organic production, is about 250 thousand
hectares, or about 0.2% of all cultivated land (mostly arable land). According to recent data, Russia ranks 3rd in the
world in terms of growth of certified organic farmland. But based on international e es of the amount of unused
agricultural land, Russia could easily take first place if it puts the certificatio gricultural land for organic
production on a regular basis.

In Russia, the Law on Organic Products was not passed until August 3, 2018 a
2020. Despite this, from 2010-2014 the Russian market showed a fairly intense growth
the crisis in 2014 and a number of indirect factors led to the fact that 2015 - 2016 th
rate to about 4% per year. From 2017-2019 the situation has recovered, now there'is a

effect on January 1,
rage 10% per year, but
reduced the growth
rowth of 8-10%

annually.

In the early 2000s the Russian market amounted to 16 million euros i rted), today
the country has reached the figure of 192 million euros (20% of which is dgmes U relative
indexes of growth, in absolute terms Russia's share in the world market iSonly 0. . i sia, given
the natural conditions, low environmental pollution, development of i ailability of pasture
lands has significant potential and prospects for the implementation o ani i ction system.

The relatively rapid growth of conversion of land in Russia for orgs i i ith'active demand, but is
st1ll far from saturation - more than 80% of organic prod i i potential for the rapid

: agricultural holdings - the
average area of land under one farm is ~7.8 thous pnic segment in Russia has a high export
potential, already now every third producer is an e
Since the domestic market for organic
it is the export of organic products, will
profitability.
Particular attention, in this rega

organic products

approach to tt
3 icter, more detalled and demanding in comparison with the regulations
of the EU ang i i e updated National Organic Standard of the PRC (GB/T 19630-

et of organic products; as a result, the National

anic Certification Management Method", imported organic
¢ and industry regulations, as well as the National Organic

y considered misleading by the authorities. The growth rate of sales of organic products on
gt in China shows the highest results in the world, with an annual increase of more than 1
The level of interstate relations between Russia and China and the current vector of their
issues of mutual recognition of national documents on the certification of organic
products can be resolved a g as possible. [20, 21] The political will for this is there, it remains to adopt the
appropriate legal documents, ineluding in terms of Russian bylaws to the law on the certification of organic production.

Scientists of the Ural State Agrarian University since 2012 have published numerous articles and scientific papers
on the introduction of organic production in Russia and its regulatory and legal support. [11, 19] Finally, there comes
a period of practical implementation of the scientific ideas and recommendations put forward by scientists.

Currently, total exports of organic products from Russia in value terms is about 1.5 billion rubles, or just over $
20 million. These figures are an expert estimate, due to the fact that there are no official statistics in this sector, as
there are no OKVED codes for organic products. [16]

Although in the period 2026-2030. Russia, according to experts, can achieve figures of 15 billion euros and more
[16]. But in the coming years, large producers of organic products will have to focus on export markets. And since, as

billion euros since 201
development suggest tli
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a result of economic sanctions announced by European countries and the U.S., their markets will be closed to Russian
suppliers, the priority areas of supply are China, India and the Middle East.

DISCUSSION AND CONCLUSION

Features of transport logistics of the Ural region

We traditionally say that the Sverdlovsk region occupies a unique transport and geographic location at the junction of
regional and global Eurasian continental transport links. Within the region there is onee@f the largest railway junctions
in Russia, the Yekaterinburg railway junction, located on the main course of th -Siberian Railway and the
International Transport Corridor "West-East".
But when we consider the main cargo flows from Russia for export, it turns out that Black Sea and Baltic
sea ports (through which in recent years the bulk of food export shipments went) the -exporters of the Urals
region are further away than most other suppliers of agricultural products from the ack Earth region, the
Russian South and the Volga region and their transportation costs will be higher. A i tion is shipments
in the container train Ekaterinburg - Helsinki (on a firm schedule via the border crossing of Bu
October railroad), if the final consignee is in the Baltics or Scandinavia.
Now consider the situation in another popular destination - China, Sq ] east Asia.
Unfortunately, the situation is much the same - for all border crossing noyarsk
(Naushki, Zabaikalsk, Leninsk) or seaports of Primorye the transport de rals region
will be 1-2 thousand km longer than for Siberian exporters of agricult Omsk, Novosibirsk,
Kemerovo Oblast), not to mention suppliers of our Far East. (In additi ind that almost all
the volumes of the announced by JSC "Russian Railways" increase in and Trans-Siberian
Railway to 182 million tons by 2024 are already ready t pm Eastern Siberia and
the Far East and suppliers of agricultural products sh i 1n traffic in the direction
of the Far Eastern ports and border crossings.

RUSSIA

[ New Eurasian Land Bridge (BRI)
|| Members of the International North-
South Transport Corridor

MONGOLIA

[] Observer of the International North-
AR South Transport Corridor
Wl Transport Corridor Europe-Caucasus-
Asia (EU)
[ China-Pakistan Economic Corridor
(BRI)
] China-Central Asia-West Asia
. Economic Corridor (BRI}
SUDAN Eﬁ.mb'.-.' N it S — . ®®® Caspian Route (INSTC)
%ot . PHILIPPINES [ Western Route and Eastern Route
; o (INSTC)
D sy ETHIOPIA
4 b gt

LIBYA

WESTERN,

r EGYPT %,
SAHARA .

i MAURITANIA

e i iALA .. B Amenian North-South Road
MALAYSIA Corridor
o e [7] China-Mongolia-Russia Economic
Ganon g" . Cortidor (BRI
DR CONGO sane []  Baku-Thilisi-Kars Railway
TANZANIA INDONESIA BRUR:  @ee Maritime Route
LT W India-iran-Afganistan Corridor
ANGOLA MALAW

FIGURE 1. Eurasia Major international transport corridors
The only possible exception for exporters of the Urals region in the eastern direction is sending products through

border crossings between China and Kazakhstan at Dostyk and Khorgos stations (these are directions from
Yekaterinburg and Tyumen through Chelyabinsk, Kurgan, Kustanai, Petropavlovsk and Astana), where modern
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transport and logistics centers have been created and China subsidizes railway tariffs through its territory to deliver
products to the central provinces of China [12]. Although here, too, exporters from South Siberia will have a distance
advantage of almost 1,000 km compared to the Urals region.

Exporters should keep in mind that there is already a lack of border capacity here as well. Kazakhstani authorities
are actively working to expand the capacity of existing terminals. Thus, the dry port Khorgos Gateway in Kazakhstan
in 2022 put into operation a new complex of tracks with a width of 1435 mm (Chinese standard). Thanks to the new
tracks, the terminal's throughput capacity has increased from 9-10 trains per day to 19-20 trains per day. Similarly,
Kazakhstan has significantly increased the throughput capacity of the Dostyk rail port since 2021. In May 2022, the
second phase of a new transshipment station at the Dostyk rail "dry port" was commissioned, and the annual
transshipment volume increased from 160,000 to 320,000 TEUs.

The conclusion is that the Urals producers of agro-industrial complex products
highly profitable food products with deep processing of agricultural raw materials
costs in the product price is not critical for the end buyer. The advantages of acce
those for bulk and liquid cargo) and "Agroexpress trains" (including refrigerated c
perishable goods), formed by RZD-Logistics, TransContainer and other federal ca

d count on profits only from
¢ thegshare of transportation
ner trains (including
s for transportation of
s in major logistics

will have one more advantage on the Agroexpress trains from Central
least 10 platforms with two 20-foot containers on each should be set up
sorting stations will have the technological possibility of adding one
entry into the export supply system for small and medium-sized produ .

Finally, a new direction of export of Russian agro-industrial comp oudly announced at
the meeting of the heads of the Caspian states as one of the.answ g€onomic sanctions of the

on winter navigation and depths in the
ed by at least two more railroad routes:
chkala - Baku stations to Astara station
ay bridge and the connecting section of
and "Eastern (or Trans-Caspian)": via

as a rule, refer to the Volga-Caspian Sea-Iran watg
Volga fairway and the port of Astrakhan), in fact,
"Western (or Caucasian)": through Samara

corridor is repré
1 - Astrakhan - M:

7 1435 mm) and with the possibility of further
Abbas or Gwadar ports or (in 2-3 years perspective) Chabahar port
echnology of replacing wheelsets under wagons from the Russian
ng been tried out at the border crossings in Belarus, Poland,
ontainers or cargo from one train to another. This variant of
ill make it possible to solve the problem of the rolling stock
¢ shortest possible time. It will also be relevant for railroad workers that the proposed
the Trans-Siberian Railway and makes it possible to bypass its bottlenecks in
and Chelyabinsk. In the future, it may be necessary to strengthen tracks and railway stations
e full-fledged transport and logistics centers at border crossings, following the example of
pstyk and Khorgos stations.

orts to Russia by country (goods from the group "Products of plant origin") in the first
place is Ecuador (11%), the ad place is Turkey (10%), the third is China (8.6%). Thus, the Iranian supplies can
form an alternative to the Turkish and Chinese imports of consumer goods and exotic fruits. In other words, there is a
counter freight base, which can form the basis for a new shorter and more profitable for the Urals and Siberian
exporters and importers "Trans-Caspian" route of ITC "North-South". Taking into account American sanctions against
Iran and Russia and the already existing trade balance of export-import of Iran and Russia with third countries, it is
possible to organize mutual settlements both in rubles and in Chinese yuan or Indian rupees.

Compared with the traditional route through the Suez Canal, the time and cost savings on the new route could be 30-
40%. According to experts the delivery time from Moscow to Mumbeai (India) will be reduced by approximately 20
days. The first test train showed the result of 30 days - 32 forty-foot containers with cargo arrived from Finland to
India along the route of the international transport corridor ITC "North-South". It took 18 days to reach the destination,
while the other 12 waited in the port for the ship. (This was reported by rzd-partner.ru in August 2021.) Experts believe

China and Kazakhsta
In the structure of fo®
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that the annual turnover of the North-South corridor will reach 20-30 million tons. In June 2021 Russia and India
reached an agreement on supplying up to 40 million tons of anthracite and coking coal a year. The shortest route from
Kuzbass to India will be transit via Kazakhstan, Turkmenistan and Iran (Novokuznetsk - Barnaul - Kulunda - Almaty
- Tashkent - Mary - Turkmenabad - Serakhs - Bender-Abbas direction). (See Figures 1, 2) That is, the "Trans-Caspian"
route of the ITC "North-South" can get a stable cargo base of the main product of railway transportation - coal.

The new railway routes of the North-South ITC give the Urals
consumer markets Iran - populatlon of 80 million people, Paklstan -

rect access to huge
y, India - 1.5 billion
ar it is also possible to
supply by sea by the shortest route to the United Arab a African countries, which
are already active buyers of Russian food products.

In recent years, along traditional sea routes (aro
from Russia of vegetable oils to Iran (2019 - 539.1
Saudi Arabia, and mineral fertilizers to
words, there is already an established ca
the Urals exporters "Trans Casplan

all of Europe and
sand tons) and I
(Indla in 2018

ugh the Suez Canal), there are shipments
200.5 thousand tons), grain and meat to
94 thousand tons, Sri Lanka). In other
or a new shorter and more profitable for
emains for the Urals transporters (working
y find each other.

ic agricultural products of the Ural-Siberian region, the authors believe
that it is also pg [ romisi to develop the markets of China, India and the Middle East, where
i only gaining momentum. [23, 24] While in Europe and the U.S.
great protectionist support from the government, foreign
measures are aimed at their own farmers and protect their

of China and
premium segme
imports into these e

ge-scale that any prOJected Volumes of Russ1an organic products today will remain in the
consumer market for many years to come and account for a fraction of a percent of food
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