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Arpaphbiit BecTHUK GeBepHoro KaBka3a

HayuHblA peLeH3MpyeMbliA XXypHan

«ArpapHblii BecTH1K CeBepHOro KaBkasa» ABNSeTcs peLeH3vpyemMbIM HayYHbIM XypPHaIoM OTKPbITOro
poctyna.

MpesmMeTHOE MOJie XXypHana OXBaTblBAaeT HaMpaB/eHWUs, CBA3aHHbIE C YCTOWYMBBLIM PAa3BUTMEM
CeNbCKOro X0351MCTBa, BKIHOYas:

pa3BeAeHUe, CeNeKLI0 N FeHETUKY XUBOTHBbIX;
BeTePUHAPHYH MEANLIVHY;

TEXHOMOTNM KOPM/IEHUS N NMPOU3BOACTBA NPOAYKLMM XNBOTHOBOACTBA;

MHHOBALOHHbIe pa3paboTky B 06ACTU arpoOXMMUIN, MOYBOBeEHWs, CA0BOACTBA U 3eMIeAeNns;
3KONIOrMYeckmne acrnekTbl MPOU3BOACTBA, XPAHEHUS 1 NMepepaboTKM CeNbCKOXO3SACTBEHHOM
NpoAYyKLMM;

CeNeKUVIo 1 FeHeTUKY arpoKynbTyp;

NPVYIMeHeHNe NHTENNEKTYaNbHbIX TEXHONOTNIA 1 LMPOBLIX PELLEHN B CeNbCKOM X035IACTBE;
3THOKY/IbTYPHbIE 1 NCTOPMYECKMEe acneKTbl arPOHOMUM U KMBOTHOBOZACTBA.

Oco6oe BHUMaHUWe yjenseTcs aganTauuMy 3TVMX HanpaBneHWlid K cneyndryeckm YyCnoBUSM
CeepHoro KaBkasa Kak pervoHa C YHWKanbHbIM arpokaMMaTUyeckMM noTeHLManom, TpebyoLmm
0C0ob6bIX MOAXOAOB K O6ecrneyeHnto yCTONYMBOCTA CeNbCKOro Xo3dicTBa. Pefakumsa nprseTcTeyeT
nccnefoBaHUs, 3aTparvBearoLLve conpegensHble Tepputopun KOxHoro Kaekasa.

Lenbto >XypHana sBnserca nybavMkaums OpUTrMHaNbHbIX WCCNeA0BaHUI U 0630PHbIX CTaTeln,
HamnpaB/ieHHbIX Ha W3y4YeHMe HOBbIX TEXHONOTMUIA M METOAOB MO PEeLUeHUHD KOMMIEKCHbIX 3ajad,
CMOCO6CTBYIOLLMX YCTONYMBOMY Pa3BUTUIO arpapHOro cekTopa.

XypHan HaueneH Ha POCCUMIACKUX U 3apy6eXKHbIX YYeHbIX, MPaKTUKOB, CNeLManncToB, acnmpaHToB
N CTYAEHTOB Ans Nybnankaumm GyHAaAMeHTaNbHbIX U NPUKAALHBLIX PerrMoHanbHbIX, HaLNOHANbHbIX
n Me)KAyHapOAHbIX VICCﬂGAOB&HI/IVI, Hal'lpaBJTEHHbIX Ha NoBbiLLUeHNe ypOBHFI 3H3HVII7I N I'IpaKTI/Il-IECKI/IX
HaBbIKOB B 06/1aCTW CeIbCKOro X035MCTBa.

VHdekcupyemca 8 6aze omkpeimozo docmyna Directory of Open Access Journals (DOA)).
Sensemcsa yneHom Accoyuayuu Hay4yHelx pedakmopos u usdameneli (AHPY)
u Agricultural Research Information System (AGRIS).
Bxodum & besnblli cnucok Hay4HeiX XypHanos Poccuu (3-ii yposeHs).

3apeaucmpuposaH e nepeyHe Beicwieli ammecmayuoHHOU KOMUCCUU peyeH3upyeMblx Hay4YHbIX U30aHUl

(Kamezopus 2).
MHdekcupyemca u apxusupyemcs e Pocculickom uHAekce Hay4yHo20 yumuposaHus (PUIHL).

MaTepuanbl XypHana AoCTyrHbI Mo AnLeH3umn Creative Commons «Attribution» («ATprByLmsi»)
4.0 BcemupHas
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CaHkT-MeTepbyprcknii rocyAapCTBEHHbIN YHUBEPCUTET BETEPUHAPHOM MeANLMHBI,
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(HAYA), dunuan, EpeBaH, Pecnybnvka ApMeHus
https://orcid.org/0000-0001-9674-9793

PhD, npodeccop, kapegpa necHOro xo3saimncrTea, AXapcknii ¢pakynbTeT CeNbCKoro
X0351ACTBa M NPUPOAHBIX pecypcoB, Tebpusckunii yHnsepcuteT, Axap, MpaH
https://orcid.org/0000-0002-6568-1025

AOKTOP 6Uo/IorMyeckx Hayk, npodeccop, CTaBponoNbCKNA roCyAapCTBEHHbIN
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yHuBepcuTeT (POCBMOTEX), MockBa, Poccust
https://orcid.org/0000-0001-7138-6463

PhD, NHamincKoe 0bLLLeCcTBO reHeTMYeCKMX pecypcoB pacTeHuia, MHams
https://orcid.org/0000-0002-3514-6806

akagemMuk PAH, JOKTOp cenbCKOX03AMCTBEHHbIX HayK, Mpodeccop,
Bcepoccuiicknii HayuHo-mccnef0BaTeNbCKNN MHCTUTYT arpoxXmmMmm
um. A. H. MpaHnwHnkosa, Mocksa, Poccusa
https://orcid.org/0000-0002-2146-5646

[OKTOP CeNbCKOX035ACTBEHHBIX HayK, Npodpeccop, CTaBpononbckunii
rocyZapcTBeHHbIN arpapHbIi yHBepcuTeT, CTaBpononb, Poccus
https://orcid.org/0000-0002-4809-3264

uneH-koppecrnoHgeHT PAH, foKTOp BeTepmHapHbIX Hayk, npodeccop,
Ypanbcknin degepanbHblii arpapHbI Hay4YHO-UCCNeA0BaTeNbCKUIA LLeHTP YPanbCkoro
oTaeneHus PAH, EkaTepuHbypr, Poccus
https://orcid.org/0000-0003-0025-3545
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ABSTRACT

INTRODUCTION. The internet has become an important tool for disseminating agricultural
information and modern technologies, contributing to the improvement of agricultural
extension services and farmers’ access to knowledge.

AIM. To determine the role of the internet in disseminating modern agricultural techno-
logies for yellow corn from the perspective of agricultural employees in Al-Alam District,
Salah al-Din Governorate. It also sought to identify variations in the perceived role of
the internet according to age, gender, years of service, participation, and attitude.

MATERIALS AND METHODS. The research population consisted of all 31 agricultural employ-
ees working in the Al-Alam Agriculture Division, Hamrin Agriculture Division, and Agri-
cultural Research Station. A questionnaire was developed comprising two parts: per-
sonal characteristics of respondents and 19 agricultural practices related to yellow corn
cultivation. A three-point scale (high, medium, low) was used to assess the role of the
internet in disseminating agricultural technologies. Data were analyzed using Microsoft
Excel and SPSS through descriptive statistics and one-way analysis of variance (ANOVA).

RESULTS. The findings revealed that the role of the internet in disseminating agricultural
technologies for yellow corn was perceived as moderate. Among the internet platforms,
YouTube ranked first in disseminating modern agricultural technologies.

CONCLUSION. The study concluded that agricultural employees in Al-Alam District require
additional training in the use of e-extension tools to enhance the dissemination of ag-
ricultural technologies for yellow corn. Encouraging agricultural staff to follow official
YouTube channels of governmental and agricultural extension institutions may further
improve access to reliable agricultural information.

KEYWORDS: Internet, Agricultural Extension, E-extension, Yellow Corn, Agricultural Tech-
nologies, YouTube, Agricultural Employees
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AHHOTALIMSA

BBEAEHUE. HTepHeT cTan BaXHbIM MHCTPYMEHTOM pacrnpocTpaHeHus MHbopmaumm
1 COBPEMEHHbIX TEXHONOMNIA B cdhepe cenbCkoro Xo3sicTea, CnocobCTBYs yayyLLEHWIO
YCNyr arpoKOHCYNbTUPOBaHNS 1 A0CTYNa GpepMepoB K 3HaHUAM.

LIEJIb UCCNEAOBAHUA - onpesennTb posib MHTEPHETa B PacrnpoCTPaHeH COBPEMEHHbIX
arpoTexHONOrni ANA XEeNTOM KyKypy3bl C TOUKW 3peHUsi PabOTHUKOB CeNbCKOro XO-
3a/cTBa B palioHe Anb-AnaM NpoBuHUMK Canax-34-AuH, a Takxe BbISBUTb Pasanymns
B BOCMPUATAN JAHHOWN POaN B 3aBUCMMOCTM OT BO3PacTa, Mona, cTaxa paboThbl, cTene-
HW y4acTUst N IMYHOTO OTHOLLIEHWS.

MATEPUAJIbI U METOABI. B nccnegoBaHum yuactsoan 31 paboTHUK CebCKOro X035ACTBa,
3aHATLI B OTZAene cenbckoro xossicrtsa Anb-Anama, OTaene cenbckoro XxossincTea
XampurHa 1 Ha CenlbCKOX03AMCTBEHHOW OMbITHOM CTaHUWKW. Bbin pa3paboTaH ONPOCHLIN
JINCT, BKKOYAKOLWNIA ABe YacTU: INYHble XapaKTePUCTUKMN PecrnoHAeHToB 1 19 arpo-
TEXHUYECKMX NPUEMOB, CBA3AHHbIX C BO3Ae/bIBaHNEM XENTOM Kykypy3bl. 15 OLLeHKN
POV NHTEePHeTa B pacrnpoCTpaHeH CeNbCKOX03ANCTBEHHbIX TEXHOMOMMNIA NCMNOJb30-
Basack Tpex6anibHas LwKkana (Bblcokas, CpeAHsisi, Hy3Kas). JaHHble aHaNn31MpoBanvcb
¢ nomoupkto Microsoft Excel n SPSS ¢ npviMeHeHMeM onucaTelbHON CTaTUCTUKL U OA-
HOMAKTOPHOro AMCnepcnoHHoro aHanmsa (ANOVA).

PE3YJIbTATbL. MonyyeHHble faHHbIE MoKasanu, YTO Pofib MHTEpPHeTa B pacrnpocTpaHe-
HUW arpoTeXHOIOTUIA ANS XXENTOW KyKypy3bl OLIeHVBaeTCs Kak cpeaHsas. Cpean nHTep-
HeT-nnatdopm YouTube 3aHAN nepBoe MeCcTO MO PacnNpPOCTPAHEHMNIO COBPEMEHHbIX
CeNbCKOXO3SMCTBEHHbIX TEXHOIOTUA.

3AKNIYEHUE. ViccnesoBaHMe nokasano, UTo PaboTHUKM CeNbCKOro X035NCTBa B paloHe
Anb-Anam HyXAatTcs B A0MOJHUTENBHOM 06yYeHMM MO NCMOIb30BaHNIO NHCTPYMEH-
TOB 3/1€KTPOHHOIO arpOKOHCYIbTUPOBAHUS AJ1A NOBbILLEeHNSA 3G HeKTUBHOCTM pacnpo-
CTPaHeHUs1 CeNbCKOXO3ANCTBEHHbIX TEXHOMOMNIA ANS XeNnTol Kykypysbl. MoolpeHure
pPaboTHNKOB CebCKOro X03AMCTBa K NoANMcke Ha odurumanbHble YouTube-kaHanbl ro-
CYAlapCTBEHHbIX YYpeXAeHWI 1 opraHm3aunii arpoKoHCYIbTUPOBAHMA MOXeT A0Mon-
HUTENbHO YNyYLLNTb AOCTYN K AOCTOBEPHOM MHbOpMaLmn.
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HVe, XenTas KykKypysa, Ce/bCKOXO3AMCTBeHHble TexHonoruu, YouTube, paboTHWKMK
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INTRODUCTION

Agriculture represents a major source for many indus-
tries associated with the national economy, including
food and textile industries. It also constitutes a vital
componentinachieving food security for the population
and serves as a broad demographic system that signifi-
cantly influences social and economic life [1]. Further-
more, the development of the agricultural sector has
become an urgent necessity for achieving sustainable
development, as this sector represents one of the fun-
damental pillars of economic and social development
processes. Its importance is even greater in develop-
ing countries, where agriculture forms the backbone
of the national economy. Achieving agricultural devel-
opment requires the availability and adoption of new
agricultural technologies and innovations [2]. Given
the importance of the agricultural sector, numerous
organizations concerned with agriculture and rural
communities have emerged, among which agricultur-
al extension is considered one of the most significant
institutions contributing to agricultural advancement
and the improvement of rural livelihoods [3]. Agricul-
tural extension is regarded as the cornerstone of the
agricultural development process, as farmers cannot
effectively benefit from modern agricultural technol-
ogies without extension support. Agricultural exten-
sion services are responsible for disseminating these
technologies, persuading farmers to adopt them, and
linking them with agricultural research centers to fa-
cilitate the transfer of modern agricultural innovations
and provide training on their practical application [4].
Modern technologies have proven to be essential tools
for addressing agricultural problems, indicating that
the availability of such technologies forms the basis
for solving agricultural challenges. Nevertheless, de-
spite the apparent simplicity of this process, practical
implementation remains difficult because some tech-
nologies may not be suitable for certain agricultural
regions or may not be easily transferable [5].

Among the strategic agricultural crops for which ag-
ricultural extension seeks to disseminate modern
technologies is maize (yellow corn), which ranks sec-
ond after wheat in importance. Maize is used in bread
production in rural areas at a rate of approximately
20% when mixed with wheat flour. It is also extensive-

1 3anpeLLleHHol Ha TeppuTopun Poccuiickoin ®egepaumn.

ly utilized in the production of livestock and poultry
feed, accounting for nearly 70% of feed components.
In addition, maize is used in the production of starch
and corn oil, while its green vegetative parts serve as
animal fodder [6]. Owing to its strategic importance for
food security, livestock production, and agro-industrial
uses, increasing yellow maize productivity has become
a priority that requires the effective dissemination of
modern agricultural technologies. Consequently, un-
derstanding the communication channels through
which these technologies can be transferred to farmers
is of considerable importance.

In this context, agricultural extension plays a crucial
role in transferring modern agricultural technologies
and encouraging farmers to adopt advanced prac-
tices that surpass the traditional methods currently
implemented in their fields [7]. Despite its substan-
tial contribution to rural development, agricultur-
al extension faces several challenges, including the
declining number of extension agents relative to the
growing number of farmers, as well as limitations
in effectively delivering technical information to ag-
ricultural producers. With the rapid advancement of
information technology, the concept of “electronic
agricultural extension” (E-Extension) has emerged
to support the work of agricultural extension agents
through internet-based communication. Social media
platforms such as Facebook *, WhatsApp *, and You-
Tube have become effective tools for disseminating
agricultural technologies and exchanging agricultural
information [8]. These platforms are increasingly con-
sidered preferred channels for receiving and sharing
agricultural knowledge and innovations [9]. Despite
the growing interest in the use of social media and
internet-based technologies in agricultural extension,
previous studies have mainly focused on farmers as
end users of these technologies. Comparatively, lim-
ited attention has been given to assessing the role
of social media platforms in disseminating agricultur-
al technologies from the perspective of agricultural
workers, who are directly responsible for planning
and implementing extension activities. Furthermore,
empirical evidence on the use of Facebook, YouTube,
and WhatsApp in agricultural extension remains limit-
ed in the Iraqi context, indicating the need for further
investigation.

Facebook n WhatsApp, ynomuHaemble B CTaTbe, MpUHaANexaT KoMAaHun Meta, Npr3HaHHOW 3KCTPEMUCTCKON opraHu3aumvei

Facebook and WhatsApp, referenced in the article, are owned by Meta, a company designated as an extremist organization and

banned in the Russian Federation.

12

AGRARIAN BULLETIN OF THE NORTH CAUCASUS | VOL. 16 No 3/2026



The role of internet in disseminating modern agricultural technologies

related to yellow corn crops from the perspective of agricultural
employees in Al-Alam District / Salahaddin Province in Iraq

Ahmed Hamad Al-Dokhi,
Khalaf Jassim Al-Harawi,
Saad Ahmed Khalaf

Facebook, for example, is widely used to establish
communication groups between farmers and exten-
sion agents for knowledge exchange and immediate
consultation, in addition to facilitating the sharing of
written, audio, and visual materials [10; 11]. YouTube
is utilized to publish educational videos demonstrat-
ing the use of agricultural machinery and technologies,
including irrigation techniques, fertilization methods,
and pest management practices, while providing de-
tailed visual explanations [12]. Similarly, WhatsApp
enables the creation of instant communication groups
between farmers and extension personnel, thereby fa-
cilitating the rapid exchange of technical recommen-
dations and practical solutions to agricultural prob-
lems [13]. Consequently, agricultural extension agents
must possess adequate knowledge and skills related
to modern communication technologies and effective-
ly employ them in transforming extension services into
educational programs that enhance farmers’ technical
awareness regarding important crops such as maize.
These technologies also contribute to transferring ag-
ricultural research findings to farmers in ways that suit
their conditions and encourage the adoption of sound
agricultural practices [14]. Agricultural workers con-
stitute a key component of the agricultural extension
system because they act as intermediaries between
agricultural research institutions and farmers. Their
perceptions of the effectiveness of social media plat-
forms can provide valuable insights into the opportuni-
ties and challenges associated with the dissemination
of agricultural technologies through digital extension
approaches. One of the most significant achievements
of the technological revolution in communication and
information systems is that geographical distance is no
longer an obstacle to the exchange of information at
local, regional, or international levels. The integration
of mobile phone technologies with satellite communi-
cation technologies has enabled the rapid transfer of
news, information, and technological updates, making
it increasingly difficult for any authority to conceal in-
formation from the public [15]. Social media platforms
have become effective means for disseminating agri-
cultural information and technologies, evolving con-
tinuously alongside technological developments and
modern innovations [16]. These platforms facilitate the
rapid delivery and dissemination of information and
technologies to large numbers of people and have be-
come dominant communication tools that penetrate
nearly all sectors of society [17].

Basically, Social media platforms are characterized by
their rapid dissemination capabilities, as a single piece

AGRARIAN BULLETIN OF THE NORTH CAUCASUS | VOL. 16 No 3/2026

of information can spread globally and be shared
among millions of users within minutes. These tech-
nologies provide substantial opportunities for agricul-
tural extension personnel to improve their professional
performance, enhance interaction with farmers, and
facilitate access to extension materials at relatively
low costs. Moreover, social media applications have
become widely accessible through mobile phone net-
works, allowing communication and information dis-
semination in almost any location while simultaneously
providing educational and extension materials directly
through mobile devices [18]. These platforms serve as
important tools for transferring and exchanging infor-
mation worldwide and have become highly influential
in the field of agricultural extension [19]. Platforms
such as WhatsApp, Facebook, and YouTube have be-
come integral parts of daily life for communication and
entertainment, and both public and private sectors
increasingly employ them in various fields, including
marketing and agricultural awareness activities [20].

In light of the widespread availability of modern com-
munication technologies, particularly the internet, and
their accessibility to all individuals regardless of spe-
cialization or orientation, the researcher was motivated
to investigate the role of these communication tech-
nologies in disseminating agricultural technologies re-
lated to maize cultivation from the perspective of agri-
cultural employees in Al-Alam District. Accordingly, this
study was designed to answer the following research
questions:

1 - What is the role of the internet in disseminating
modern agricultural technologies for yellow corn
cultivation from the perspective of agricultural em-
ployees in Al-Alam district in general?

2 - Whatisthe role of the internet in disseminating ag-
ricultural technologies for yellow corn cultivation
from the perspective of agricultural employees in
Al-Alam district, according to the platforms repre-
sented by... (Facebook, YouTube, WhatsApp)?

3 - What is the ranking of the platforms (Facebook,
YouTube, WhatsApp) in descending order for dis-
seminating agricultural technologies related to
yellow corn cultivation, from the perspective of
agricultural employees in Al-Alam District?

Is there a variation in the role of the internet in
disseminating agricultural technologies related to
yellow corn cultivation, from the perspective of ag-
ricultural employees in Al-Alam District, according
to personal factors such as (age, gender, years of
service, participation, and orientation)?

13



The role of internet in disseminating modern agricultural technologies

related to yellow corn crops from the perspective of agricultural
employees in Al-Alam District / Salahaddin Province in Iraq

Ahmed Hamad Al-Dokhi,
Khalaf Jassim Al-Harawi,
Saad Ahmed Khalaf

Al-Alam District was selected as the study area because
of its agricultural importance and the increasing need
to employ modern communication technologies to
support agricultural extension activities and facilitate
the dissemination of agricultural innovations among
farming communities.

This study contributes to the agricultural extension
literature by providing empirical evidence on the role
of Facebook, YouTube, and WhatsApp in disseminat-
ing modern agricultural technologies related to yellow
maize production from the perspective of agricultur-
al workers. The findings are expected to support the
development of more effective e-extension programs
and enhance the utilization of digital communication
platforms in agricultural technology transfer.

Research Objectives:

1 - To identify the role of the internet in disseminating
agricultural technologies related to yellow corn cul-
tivation from the perspective of agricultural em-
ployees in Al-Alam District in general.

2 - To identify the role of the internet in dissemina-
ting agricultural technologies related to yellow
corn cultivation from the perspective of agricultu-
ral employees in Al-Alam District, according to the
platforms represented by Facebook, YouTube, and
WhatsApp.

3 - To rank the platforms represented by Facebook,
YouTube, and WhatsApp in descending order ac-
cording to their role in disseminating agricultu-
ral technologies related to yellow corn cultivation
from the perspective of agricultural employees in
Al-Alam District.

4 - To determine the variation in the role of the in-
ternet in disseminating agricultural technologies
related to yellow corn cultivation from the perspec-
tive of agricultural employees in Al-Alam District,
according to personal factors represented by age,
gender, years of service, participation, and atti-
tude. Statistical Hypotheses:

The statistical hypotheses were formulated based on
the studied independent factors, as follows:

1 - There are no statistically significant differences in
the role of the internet in disseminating agricul-
tural technologies related to yellow corn cultiva-
tion, according to the age groups of agricultural
employees in Al-Alam District.

2 - There are no statistically significant differences in
the role of the internet in disseminating agricultu-
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ral technologies related to yellow corn cultivation,
according to the gender groups of agricultural em-
ployees in Al-Alam District.

3 - There are no statistically significant differences in
the role of the internet in disseminating agricultu-
ral technologies related to yellow corn cultivation,
according to the years of service of agricultural
employees in Al-Alam District.

4 - There are no statistically significant differences in
the role of the internet in disseminating agricultural
technologies related to yellow corn cultivation, ac-
cording to the participation in extension activities
related to yellow corn, according to the participation
of agricultural employees in Al-Alam District.

5 - There are no statistically significant differences in
the role of the internet in disseminating agricultu-
ral technologies related to yellow corn cultivation
from the perspective of agricultural employees
in Al-Alam District, according to their attitudes
towards using the internet to obtain information
about modern agricultural technologies.

Operational Definitions:

1 - Internet: A communication network between in-
dividuals, whether via mobile phone or computer,
for obtaining agricultural information, communi-
cating with experts and relevant authorities, and
following developments in yellow corn cultivation
through websites.

Dissemination of Modern Agricultural Techno-
logies: This refers to delivering information and
modern agricultural innovations related to yellow
corn cultivation to farmers through agricultural
employees in the agricultural division of Al-Alam
District, using social media platforms.

3 - Agricultural Employees: Employees working in ag-
ricultural departments in Al-Alam District who hold
agricultural qualifications.

Participation: The participation of agricultural em-
ployees in extension activities related to yellow
corn cultivation in Al-Alam District.

MATERIALS AND METHODS

Relevance and Subject Area

The research problem is formulated in a generally un-
derstandable manner. The study examines the role
of the internet, and particularly digital platforms like
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Facebook, YouTube, and WhatsApp, in the dissemi-
nation of modern agricultural technologies related to
yellow maize production, from the perspective of agri-
cultural workers. In this respect, the topic corresponds
to a current and relevant research area in terms of the
increasing importance of digitalization and e-extension
applications in agricultural extension.

Although previous studies have examined the use of
information and communication technologies in agri-
culture, limited attention has been given to the role
of the internet in disseminating modern agricultural
technologies among agricultural employees in Iraqg.
This study addresses this gap by focusing on Al-Alam
District, where yellow maize is an important crop re-
quiring continuous technological updates. Agricultural
employees play a central role in transferring agricul-
tural knowledge and innovations to farmers; therefore,
understanding their perceptions of the internet’s role
can provide valuable insights for strengthening digi-
tal extension services. The study contributes empirical
evidence from a local context that remains insufficient-
ly represented in the literature.

Research Population

The research population comprised all agricultural
employees in Al-Alam District, totaling (31) employees
distributed across three agricultural departments, as
shown in Table 1.

Table 1

Distribution of Agricultural Employees in the Research
Population Across Agricultural Departments in Al-Alam
District

No. Agriculture Directory Number
1 Al-Alam Division 16

2 Hamrin Agriculture Division 5

3 Agricultural Research Station 10

— SUM 31

Questionnaire Design: After reviewing previous studies,
literature, and conducting interviews with specialists, a
guestionnaire was designed consisting of two parts.
The first part included independent variables related
to agricultural employees, namely age, gender, years
of service, participation, and attitude. The second part
included 19 items, each representing a technique in
the cultivation and management of yellow corn. Three
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alternatives were provided for each item: high, medi-
um, and low.

Measurement of Independent Variables

1. Age: Measured by the number of years the respon-
dent was old at the time of data collection.

2. Gender: Measured using the alternatives (male and
female), with values of 1 and 2 assigned, respectively.

3. Years of Service: Measured by asking the respon-
dent about their years of service in agricultural
departments.

4. Position: Measured using the alternatives (employ-
ee, unit head, and division head), with values of 1,
2, and 3 assigned, respectively.

5. Participation: This was measured using two alter-
natives (participant, non-participant), which were
assigned values of 1 and 2, respectively.

6. Attitude: This was measured using six statements,
three positive and three negative. The alterna-
tives (agree, neutral, disagree) were provided for
each statement. The positive statements were as-
signed values of 1, 2, and 3, respectively, and the
negative statements were assigned values of 1, 2,
and 3, respectively. Thus, the values representing
attitude ranged from 6 to 18.

Measuring the Dependent Variable

The role of the internet in disseminating agricultur-
al technologies related to yellow corn was measured
from the perspective of agricultural employees in
Al-Alam district. This was done using nineteen items
representing modern agricultural technologies for
cultivating the crop. The alternatives (great, medium,
small) were provided for each item, and the values rep-
resenting the role of each platform ranged from 19 to
57 numerical values. The values representing the role
of the internet in general ranged from 57 to 171.

Statistical Methods and Tools

To achieve the research objectives, Microsoft Excel and
SPSS were used, along with several statistical tools, in-
cluding:

1 -Range: Used to distribute the independent variables
into categories according to the following formula [21]:

Range = Highest value — Lowest value.

Class width = (Variable range) / Number of classes (re-
sults rounded to the nearest whole number).

15



The role of internet in disseminating modern agricultural technologies

related to yellow corn crops from the perspective of agricultural
employees in Al-Alam District / Salahaddin Province in Iraq

Ahmed Hamad Al-Dokhi,
Khalaf Jassim Al-Harawi,
Saad Ahmed Khalaf

2 - Arithmetic Mean: Used to describe the research
variables and to calculate the mean of the role of the
internet in disseminating agricultural technologies re-
lated to yellow corn cultivation from the perspective
of agricultural employees, according to the following
formula [22]:
g2
h

3 - Standard Deviation: Used to describe the deviations
of values from their arithmetic means for the variables
included in the research [23] according to the following
law:

_ in2(ani) |

S.d

n—1

4 - T-test: Used to determine the significance of differ-
ences in the reasons for reluctance with the two-cate-
gory independent factors [24]

(x’l—x’2)

1 1
sp SP(H + E)

5 - One-Way Analysis of Variance (ANOVA).

T =

Used to determine the significance of differences bet-
ween the arithmetic means of variables divided into
three or more categories, according to the following
formula [25]:

RESULTS AND DISCUSSION

The results were presented and discussed according to
the following research objectives:

The first objective: To identify the role of the internet
in disseminating agricultural technologies related to
yellow corn cultivation from the perspective of agricul-
tural employees in Al-Alam district in general.

The values representing the role of the internet in dis-
seminating agricultural technologies related to yellow
corn cultivation from the respondents’ perspective in
general ranged between (107-148), with a mean of
(128.71) and a standard deviation of (9.18). The respon-
dents were divided into three groups based on range
and group length, and the results are shown in Table 2.
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Table 2
Distribution of Respondents by Level of Perceived Inter-
net Role in Disseminating Yellow Corn Technologies

Categories Number | Percentage Average
Low (107-120) 7 22.58 117.71
Average (121-134) 18 58.06 128.39
High (135-148) 6 19.36 142.51
SUM 31 100% —

Table 2 shows that more than half of the respondents
fall into the middle category, with a percentage of
(58.06) and an arithmetic mean of (128.39). This is fol-
lowed by the low category, with a percentage of (22.58)
and an arithmetic mean of (117.71). Thus, the role of
the internet in disseminating agricultural technologies
related to yellow corn is moderate. This may be due
to the lack of training courses for agricultural staff in
using the internet and how to record and send exten-
sion messages via internet platforms.

The second objective: To identify the role of the in-
ternet in disseminating agricultural technologies re-
lated to yellow corn cultivation from the perspective
of agricultural employees in Al-Alam district, using the
following platforms:

—_

Facebook: The values representing the role of
Facebook in disseminating agricultural technol-
ogies related to yellow corn, from the respon-
dents’ perspective, ranged between (27-49), with
a mean of (39.00) and a standard deviation of
(5.98). The respondents were divided into three
categories based on the range and length of the
category, as shown in Table 3.

Table 3

Levels of Facebook’s Role in Disseminating Modern
Yellow Corn Cultivation Technologies as Perceived by
Respondents

Categories Number Percentage Average
Low (27-34) 8 25.81 31.00
Average (35-42) 15 48.38 39.33
High (43-50) 8 25.81 46.37
SUM 31 100% —

AGRARIAN BULLETIN OF THE NORTH CAUCASUS | VOL. 16 No 3/2026



The role of internet in disseminating modern agricultural technologies

related to yellow corn crops from the perspective of agricultural
employees in Al-Alam District / Salahaddin Province in Iraq

Ahmed Hamad Al-Dokhi,
Khalaf Jassim Al-Harawi,
Saad Ahmed Khalaf

Table 3 shows that the highest percentage was in the
middle category, with a percentage of 48.38 and a mean
of 39.33. Therefore, the role of Facebook in disseminating
agricultural techniques related to yellow corn, from the re-
spondents’ perspective, is considered moderate. This may
be due to the use of Facebook for personal and social pur-
poses, rather than exchanging agricultural information on
the platform for dissemination among farmers.

2. YouTube: The values representing the role of
YouTube in disseminating agricultural techniques
related to yellow corn, from the respondents’
perspective, ranged between 35 and 59, with a
mean of 47.35 and a standard deviation of 5.75.
The respondents were divided into three catego-
ries based on range and category length, and the
results are shown in Table 4.

Table 4

Distribution of Respondents According to Their Perceived
Role of YouTube in Disseminating Modern Yellow Corn
Cultivation Technologies

Categories Number | Percentage | Average
Low (35-42) 6 19.36 40.16
Average (43-50) 15 48.38 45.86
High (51- over) 10 32.26 53.90
SUM 31 100% —

Table 4 shows that the highest percentage was in the
middle category, with a percentage of (48.38) and a
mean of (45.86), followed by the high category, with
a percentage of (32.26) and a mean of (53.90). Thus,
the role of YouTube in disseminating agricultural tech-
niques for yellow corn, from the respondents’ perspec-
tive, is moderate to high. This may be because YouTube
is considered an effective and essential platform for
widely disseminating modern agricultural techniques
for yellow corn due to its simplified, easy-to-under-
stand visual content.

3. WhatsApp: The values representing the role of
WhatsApp in disseminating agricultural tech-
niques for yellow corn, from the respondents’
perspective, ranged between (35-53), with a
mean of (42.36) and a standard deviation of (4.34).
The respondents were divided into three catego-
ries based on range and category length, and the
results are shown in Table 5.
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Table 5

Distribution of Respondents According to Their Perceived
Role of WhatsApp in Disseminating Modern Yellow Corn
Cultivation Technologies

Categories Number | Percentage | Average
Low (35-40) 10 32.26 37.90
Average (46-41) 16 51.61 42.81
High (47- over) 5 16.13 49.81
SUM 31 100% —

Table 5 shows that the highest percentage is in the
middle category (51.61%) with an average of 42.81%,
followed by the low category (32.26%) with an average
of 37.90%. Thus, the role of WhatsApp in disseminat-
ing agricultural techniques related to yellow corn, from
the respondents’ perspective, is average and tends to-
wards low. This may be because WhatsApp uses only
text messages for information exchange and lacks the
ability to clearly explain the guidance message and its
application.

The third objective was to rank the internet plat-
forms (Facebook, YouTube, and WhatsApp) in de-
scending order based on their role in disseminating
agricultural techniques related to yellow corn cultiva-
tion, from the perspective of agricultural employees
in Al-Alam district.

The internet platforms were ranked in descending or-
der according to the arithmetic mean, and the results
are shown in Table 6.

Table 6
Ranking of Internet Platforms by Their Role in Disseminat-
ing Modern Yellow Corn Cultivation Technologies

No. Social Media Mean Order
1 YouTube 47.35 1
2 WhatsApp 42.36 2
3 Facebook 39.00 3

Table 6 shows that YouTube ranked first among the
platforms. This may be due to its ability to effectively
disseminate and clarify guidance messages through
audio and video, and the ease with which internet us-
ers can access its educational content.
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The fourth objective: To determine the variation in
the role of the internet in disseminating agricultural
technologies related to yellow corn cultivation from
the perspective of agricultural employees in Al-Alam
District, according to the following personal factors:

1. Age:The ages of the respondents ranged from 22 to
51 years. They were divided into three age groups
according to the range law to determine their views
on the role of the internet in disseminating modern
agricultural technologies related to yellow corn cul-
tivation from the perspective of agricultural employ-
ees in Al-Alam District, Salah al-Din Governorate. The
highest percentage of employees was found to be
in the younger age group. To determine the signif-
icance of the differences between the mean scores
of the age groups, one-way ANOVA was used, and
the results are shown in Table 7.

Table 7 shows that P > 0.05, where it reached 0.000. There-
fore, we reject the statistical hypothesis stating that there
are no statistically significant differences in the role of
the internet in disseminating agricultural technologies

related to yellow corn cultivation from the perspective of
agricultural employees in Al-Alam district, according to
age groups. To determine the source of the variance, the
LSD test was used, and the results are shown in Table 8.

Table 8 shows that the difference between the (young:
elderly) and (middle: elderly) categories favors the el-
derly. This may be because older employees are more
aware of the rapid spread of modern agricultural tech-
nologies via the internet compared to the traditional
extension methods they relied on.

2. Gender: The respondents were divided into two
gender groups. Males scored lower than females.
To test the significance of the differences between
the male and female groups, a t-test was used, and
the results are shown in Table 9.

Table 9 shows that the P > 0.05 value supports the
statistical hypothesis that there are no statistically sig-
nificant differences in the role of the internet in dis-
seminating agricultural technologies related to yellow
corn cultivation, from the perspective of agricultural
employees in Al-Alam district, based on gender.

Table 7
Results of One-Way ANOVA for Differences in Respondents’ Perceptions According to Age Group
. Average Size of Level Significance
i (LELIIE LT AIIIZLES Determinants Vel 7 Probability Statistics
1 Young adults (23-33) years 11 35.48 124.91
2 Middle age (34-42) years 13 41.94 125.92
11.308 0,000 Significantly
3 Elderly people (43 and 54) 7 22.58 139.86
SUM 31 %100 128.71
Table 8
Results of the LSD Post Hoc Test for Differences According to Years of Service
Categories Mean Difference Probability Level Significance Statistical
Young: elderly 1.01 7290 Non-significant
Middle: elderly 14.95* .0000 Significant
Elderly people 13.94* 0.000 Significant
Table 9
Results of the Independent-Samples t-Test for Differences According to Gender
Gender Number Percentage Mean Value t Probability Level Slgmf-ica.nce
Statistics
Males 24 77.42 127.46
1.422 0.1860 o
Females 7 22.58 133.00 Non-significant
SUM 31 100% —

18

AGRARIAN BULLETIN OF THE NORTH CAUCASUS | VOL. 16 No 3/2026



The role of internet in disseminating modern agricultural technologies

related to yellow corn crops from the perspective of agricultural
employees in Al-Alam District / Salahaddin Province in Iraq

Ahmed Hamad Al-Dokhi,
Khalaf Jassim Al-Harawi,
Saad Ahmed Khalaf

3. Years of Service: The values representing the num-
ber of years of service for employees ranged from
1 to 21 years. These employees were distribut-
ed into three categories according to this range.
To determine the significance of the differences
in the means of these categories, one-way ANOVA
was used, and the results are shown in Table 10.

Table 10
One-Way ANOVA Results by Years of Service Category

w () > 8
g la| §|c|y|e2| ¢
T & E| 5| 3| 3| 28| £2
] 3 o = | s| 28 T8
S 2 = Da
Young
adults
1 (23-35) 16 | 51,61 [126.38
years
Middle age
2| (36-48) 6 | 19,35 |126.17
years 5.297| 0.011 [Significantly
Elderly
3 people 9 | 29,04 [136.11
(49 and over)
— SUM 31 | %100

Table 10 shows that P > 0.05, where it reached 0.011.
Therefore, we reject the statistical hypothesis stating
that there are no statistically significant differences in
the role of the internet in disseminating agricultural
technologies related to yellow corn cultivation from
the perspective of agricultural employees in Al-Alam
district, according to their years of service. To deter-
mine the source of the variance, the LSD test was used,
and the results are shown in Table 11.

Table 11
LSD Test Results by Years of Service Category
Catego- Mean Probability Significance
ries Difference Level Statistical
Short: R
Middle .0.21 .9550 Non-significant
short: 9.73* 0050 Significant
Long
Middle: 9.94% 0190 Significant
Long
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Table 11 shows that the source of the discrepancy be-
tween the (short: long) and (medium: long) service
categories favors the long service category. This may
be because employees with long service are aware of
the importance and speed of using modern methods
in disseminating agricultural technologies, in addition
to saving time and effort. This makes them appreciate
therole of the internet in spreading modern agricultural
technologies, particularly those related to yellow corn.

4. Participation: The respondents were divided into
two participation categories. It was found that
the participating category had a higher average
score than the non-participating category. To test
the significance of the differences between the
averages of the two categories, a t-test was used.
The results are shown in Table 12.

Table 12
T-Test Results by Participation Category

(]
g b % - '? L:’ 4]
5 2 o = o 30 ]
> E S g 5 | 8z| &2
) =] L E © 2 - .E [1+]
] 2 ] = g =)
(@) [- % o 7
Partic- 1 5> | 70,97 | 131.95
pant
Signif-
Non-Par- 1 o | 5903 | 12078 | 36°7 | 0001 | ot
ticipant
SUM 31 | %100

Table 12 shows that the p-value is > 0.05. Therefore,
we reject the statistical hypothesis stating that there
are no statistically significant differences in the role of
the internet in disseminating agricultural technologies
related to yellow corn cultivation, from the perspective
of agricultural employees in Al-Alam district, based on
their participation in yellow corn extension activities.
This may be because agricultural employees partici-
pating in yellow corn extension activities tend to follow
online publications about cultivation technologies and
attempt to share them with farmers.

Table 12 shows that the p-value is > 0.05. Therefore,
we reject the statistical hypothesis stating that there
are no statistically significant differences in the role of
the internet in disseminating agricultural technologies
related to yellow corn cultivation, from the perspective
of agricultural employees in Al-Alam district, based on
their participation in yellow corn extension activities.
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5. Attitude: The values expressing the respondents’
attitude towards using the internet to obtain
modern agricultural information ranged between
(8-16). They were divided into three categories to
determine their viewpoint on the role of the inter-
net in disseminating technologies related to yellow
corn crops in Al-Alam district. It was found that
the third category (positive) obtained the highest
average among the categories. To test the signifi-
cance of the differences between the averages of
the categories, one-way analysis of variance was
used, and the results were shown in Table 13.

Table 13
ANOVA Results by Attitude Category Toward Internet Use
for Agricultural Information

wn . —
(] o 0 — ©
c 9 | £ c - S0 Lov
Q2 () () a2 > h—ls1
S | E| 88 & | 2|58 55%
=] L (] o—
Negative |, | 55 58 | 123.00
(8-11) : :
Neutral
16 | 48.39 | 128.06 .
(11-13) 1450 | 0.252 | Non-sig-
nificant
Positive
(14-16) 11 | 29.03 | 131.73
SUM 31 | 100%

Table 13 shows that (P > 0.05) where it reached (0.252).
Therefore, we accept the statistical hypothesis that
states (there are no statistically significant differences
in the role of the Internet in disseminating agricultural
technologies related to the cultivation of yellow corn
from the point of view of agricultural employees in Al-
Alam district according to the categories of attitude to-
wards using the Internet to obtain information about
modern agricultural technologies).

CONCLUSIONS

In light of the research findings, we can conclude the
following:

1 - Urgent Need for Digital Training and E-Extension:
Based on the finding that the majority of respon-
dents perceive the internet’s current role as mod-
erate, it is concluded that agricultural staff in Al-
Alam District (Salah al-Din Governorate) urgently
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require specialized training programs. These pro-
grams should focus on leveraging e-extension
methods to effectively formulate and disseminate
modern agricultural technologies related to yellow
corn crops.

2 - The Superiority of Interactive Visual Content (You-
Tube): Since YouTube ranked first among the eval-
uated social media platforms, it is concluded that
agricultural extension employees strongly prefer
video-based, explanatory content. Visual demon-
strations are highly effective because they engage
multiple senses simultaneously, thereby simpli-
fying complex agricultural processes and manage-
ment practices for yellow corn cultivation.

3 - Significance of Demographic and Professional Fac-
tors: The existence of statistically significant vari-
ations in the perceived role of the internet based
on age, years of job service, and prior participation
in extension activities leads to a crucial conclusion.
Policymakers and extension administrators must
strategically consider these personal and profes-
sional factors when assigning, training, and dis-
tributing tasks to employees tasked with sprea-
ding modern agricultural technologies.

4 - Bridging the Gap from Neutrality to Active Digital
Adoption: Because nearly half of the surveyed agri-
cultural employees maintained a “neutral” attitude
toward using the internet for modern agricultural
information, it is concluded that there is a critical
need to enhance their awareness. Developing their
cognitive understanding of the internet’s value will
motivate them to fully embrace it as a vital mass
communication tool capable of effectively transfer-
ring agricultural innovations to farmers.

Recommendations:

1. To provide training courses for agricultural staff
in the study area on how to create and publish
extension messages via the internet.

2. To guide respondents to use YouTube as a platform
for disseminating extension messages and urgent
recommendations related to weather fluctuations
and the spread of certain diseases, in order to reach
the largest possible number of farmers quickly.

3. To encourage agricultural staff to follow the offi-
cial YouTube channel of the Ministry of Agriculture,
which publishes educational videos on modern ag-
ricultural technologies.
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4. To encourage agricultural staff to produce field vid-
eos and document successful local experiences in
cultivating yellow corn and other crops, and publish
them via the internet. 5. To develop the attitudes of
agricultural staff in the Al-Alam district towards using
the Internet in extension work as an interactive tool
that helps spread modern agricultural technologies
and work on creating special groups for farmers.

Contributions

A. H. Al-Dokhi: conceptualization, project administra-
tion, writing-original draft.

K. J. Al-Harawi: investigation, methodology, data cu-
ration.

S. A. Khalaf: formal analysis, data analysis, writing-re-

5. Future research should consider larger and more
geographically diverse samples, include farmers as
primary beneficiaries of extension services, utilize
actual social media usage data, and examine the
effects of digital extension and e-publishing ap-
plications on farmers’ knowledge, attitudes, and
adoption of modern agricultural technologies.
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AHHOTALIUA

BBEAEHUE. OnbinnTtenbHas AeaTenbHOCTb NYen SBAseTcs BaXHbIM GakTopom B obecrie-
UeHVM NPOAOBO/ILCTBEHHOM 6@30MacHOCTM 1 YCTOMYMBOCTI arposkocucTemM. B nocnes-
Hue TpuAauaTb neT B Poccun $ukcnpyeTca oTpuuatenbHas AUHaAMMKa YUCAEHHOCTU
nyenocemert U NX AePUUNT AN ONblLIEHUA. AKTYyaNbHOW SBASETCS HeOobXOAMMOCTb
pa3paboTKy OpraHM3aLMoHHO-3KOHOMUYECKOro MeXaH3Ma npoBegeHns 3¢pdeKTrB-
HOro NYyenoomnbIIEeHNS.

LLENDb UCCNEAOBAHUSA. HayuHoe ob6ocHOBaHMe 1 pa3paboTka opraHM3aLMOHHO-TEXHO0-
FMYEeCKUX peLleHnii Mo pPasBUTUID KOHTPAKTHOMO MYenoonblneHns SHTOMOGUNbHbIX
CeNbCKOXO3ANCTBEHHbIX Ky/IbTYP B 30HE MHAYCTPUaIbHOro arpoLieHo3a.

MATEPUAJIbI U METOJbI. C nomoLLbt0 MOHOTpadrueckoro 1 CTaTUCTUYECKOro MeTo0B Mpo-
aHaNM3MpoBaH MaccnB NybanKaunia, a Takke AMHaMMKa MOCEBHbIX NOLLaAen 1 Ync-
NEeHHOCTU MyennHblX ceMeid. MNocpeacTBOM CpaBHUTEbHO-reorpadmnyeckoro MeToAa
0606LLieHbl pernMoHanbHble 0CO6EHHOCTN pa3MeLLleHNst nacek 1 npakTMka KOHTpaKT-
Horo onblieHNs B cybbekTax KOxHoro ¢pegepanbHoro okpyra 1 Ceeepo-KaBkasckoro
desepanbHOro okpyra. SKOHOMMUKO-CTAaTUCTUYECKNI MEeTOZ, UCMOJIb30BaH AN OLLeHKM
9KOHOMUYECKOM IPPEeKTUBHOCTN KOHTPAKTHOro onbineHns. CUCTEMHBIV aHanm3 npu-
MeHeH ANS BbiABAeHNS PaKTOPOB, BAVAIOLMX HA MOMHOTY OMbIIEHWS, U ONpeAeneHns
nyTei NosbiLLeHNS 3GPeKTUBHOCTN KOHTPAKTHOIO OMblIEHNS.

PE3YJITATBL. [laHO KOMMIeKCHOe 060CHOBaHMe nepexosa OT C/IOXMBLUENCS NPaKkTUKn
CMOHTAHHOTO OMbINEHUSA K UHCTUTYLIMOHAIN3NPOBAHHOW MOAENN KOHTPAKTHOro cep-
BMCa. BbiiBNEHbI ccTeMHble Bapbepbl PasBUTKA KOHTPAKTHOrO OMbIIEHNUS 1 NpeAso-
XXeHbl MexaHU3Mbl UX ycTpaHeHWs. PaspaboTaHbl MPUHLMMbLI MHTErpaumm MobuabHbIX
NaBWAbOHHbIX KOMMAEKCOB U LMPPOBbIX NAaTGOpM B CUCTEMY yNpaBAeHUs OMblan-
Te/lbHbIM MPOLLEeCCOM; ornpezesieHbl MapaMeTpbl MacLLTabpoBaHNSA KOHTPAKTHOM Mo-
Jenn Ha MakpopernoHanbHOM YpPOBHe.

SAKJIOYEHUE. NMpeanoxeHHas Moje/ib KOHTPaKTHOMO OMblIEHMS anpobrpoBaHa B LLEeCTH
pervoHax tora Poccun. Pa3paboTaHHble MoAXOAbl MO3BOASAOT BOCMONHUTL AeduumT
onblnuTenen, obecnevynTb AOMONHUTENbHBIA C60P MPOAYKLMN U MOBLICUTb YCTONUM-
BOCTb arpo3KOCMCTeM MakpopervoHa. B pamkax pasBUTUA KOHTPAKTHOrO OMblIeHUSs
HeobxoAMMO co34aTb pervoHanbHble UndpoBble NAATGOPMbI, HANAAUTb NPOU3BOA-
CTBO MOBW/IbHbIX MYeNOKOMMNEKCOB ANSt COKPAaLLeHNs TpyAo3aTpaT U BKIUUTL nye-
NoonblieHNe B CUCTEMY rocyAapcTBeHHOM nogaepskkn AMK.

KNHYEBBIE CNIOBA: nposoBOnbCTBEHHas 6€30MacHOCTb, MYENOBOACTBO, KOHTPakKTHoe
onblieHNe, MeZJOHOCHbIE MYesibl, SHTOMOUIIbHbIE KYNbTYpPbl, MOACONHEYHUK, MOBUIb-
Hble NYeNOKOMMIEKChl, LMPPOBbIe TEXHONOMNN
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ABSTRACT

INTRODUCTION. Pollination activity by honey bees is a critical factor in ensuring food secu-
rity and the resilience of agroecosystems. Over the past thirty years, Russia has experi-
enced a negative trend in honey-bee colony numbers, resulting in a pollination deficit.
There is therefore an urgent need to develop an organizational and economic frame-
work for the effective management of bee pollination services.

AIM. To provide a scientific justification and to develop organizational and technological
solutions for the expansion of contract-based bee pollination of entomophilous crops
in areas of intensive agricultural production.

MATERIALS AND METHODS. Using monographic and statistical methods, we analyzed scienti-
fic sources and temporal trends in crop areas and honey-bee colony numbers. A com-
parative geographical approach was employed to synthesize regional patterns in apiary
placement and contract pollination practices across the constituent territories of the
Southern and North Caucasian Federal Districts. Economic and statistical techniques
were applied to assess the cost-effectiveness of contract pollination. A system analysis
was carried out to identify the factors affecting pollination efficiency and to determine
avenues for improving the performance of contracted pollination services.

RESULTS. The study offers a comprehensive rationale for the transition from the current
practice of spontaneous, non-contractual pollination towards an institutionalized ser-
vice-based model. Systemic barriers to the development of contract pollination are
identified, and mechanisms for overcoming them are proposed. In addition, principles
are elaborated for the integration of mobile pavilion-type bee colonies and digital plat-
forms into the pollination management system, and the scaling parameters for the con-
tract model at the macro-regional level are defined.

CONCLUSION. The proposed contract pollination model was validated in six regions of
southern Russia. The approaches developed allow the pollination deficit to be allevia-
ted, contribute to additional crop yields, and enhance the sustainability of agroecosys-
tems across the macro region. To further advance contract pollination, it is recommen-
ded to establish regional digital platforms, scale up the production of mobile bee units
to reduce labor inputs, and incorporate bee pollination services into the state support
system for the agricultural sector.

KEYWORDS: food security, beekeeping, contract pollination, honey bees, entomophilous
crops, sunflower, mobile bee complexes, digital technologies
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3HauyeHue KOHTPAKTHOro OMblIeHUS B 06ecreyeHnn
NpoZ0BOLCTBEHHOV 6€30MacHOCTY 1 YCTONYNBOCTHU
arposkocucTeM tora Poccum

I'.B. Komnaukuia, I'.A. TepeLLeHKo,
M.T. Komnaukas

BBEAEHUE

B cTpykType MMpPOBOro arpornpoMbILLIEHHOI0 KOM-
njekca OnblUINTENbHAs AeATeNIbHOCTb Nyen sBaseT-
C KPUTUYECKM BaxKHbIM (aKTOpPOM, OMpeAenstoLmm
NPOAOBO/IbCTBEHHYH 6€30MacHOCTb U YCTOMYMBOCTb
arpoakocucteM [1-5]. M4YeN0BOACTBO ABNSETCS CUCTe-
MoOOpasytoLLieli OTpac/ibio  CeIbCKOX035ACTBEHHOrO
NPoun3BOACTBa, MOCKOABKY Y 90 % 3HTOMOPUILHBLIX
CeNbCKOXO3ANCTBEHHbIX KYNbTYp OMbl/IeHNEe MPOUNCXO-
AWT C MOMOLLbIHO MeAOHOCHbIX nyen. OT ero pa3BuUTKA
BO MHOrMOM 3aBWCUT MOBbILIEHNE YPOBHSA Pa3BUTUS
MpaKTUYecKn BCex OTpac/eil cenbckoro xo3siicTaa [6].
DKOHOMMYeCKast LIeHHOCTb OMbUINTENbHbIX YCIYr nyen
B rNobasbHOM K3MEpPeHUN exXerofHO OLEeHMBaeTCs
B COTHW MWUANNAPAOB LONapoB, NpuyemM B CTPYKType
3TOMN CTOMMOCTM AONS COBCTBEHHO MPOAYKTOB M4eso-
BOACTBa (Meg, BOCK, MPOMOANC) COCTaBNsieT He 6onee
10-15 %, TorAa Kak OCHOBHas 4acCTb NMPUXOAUTCA Ha AO-
XO4, OT OMbIINTENIbHOM AeAaTeNbHOCTN nyen. Hn oanH
APYror arpoTexHnyeckuin NpnueM He MMeeT Takon Bbl-
COKOV OTAauM OT ero NpMeHeHust U H13Ko cebecToun-
MOCTUW. 3HaYeHMe NYeNoonbIIeHNS He OrPaHNYNBAETCH
KONMYEeCTBEHHbIM YyBennyeHvem ypoxas. OnblneHue
CMOCOBCTBYET TaKXe YNy4yLLeHWo KavecTBa NpoayKLN:
yBe/INYNBAIOTCA Macca 1 BbINOJIHEHHOCTL CEMSH, YyY-
LLIAKOTCA BKYCOBble KayecTBa M/10A0B, MOBbLILLAETCA KX
TOBapHasi LLEHHOCTb 1 IeXKOCTb M1oaos. [7; 8].

3a noc/egHue AecATUNETUSA BNACTU MHOTMUX CTPaH, CTo-
KHYBLLUNCb C HWU3KMM POCTOM CE&/1bCKOX03ANCTBEHHOMO
MPOW3BO/ACTBA 1 MPOaHaNN3MPOBAaB NMPUUMHBI 3aMezyie-
HVISt TEMMOB POCTa, MPWLLAV K BbIBOAY O CYLLEECTBEHHOIA
POV N4YenoonslieHnst B o6ecredeHri BbICOKOW Mpo-
AYKTVBHOCTU Hapsiay € APYTUMU XXM3HEHHO BaXKHbLIMM
dakTopamu (BoAa, MUHepanbHble YAO6PEHMs, KOH-
Tponb BpeauTeneli u 6onesHeit u 1. 4.) [9; 10].

B 30He MHAyCTpManbHOro arpoueHosa, Kakmm ABNs-
eTcs ror Poccun, onbinnuTenbHaa GyHKUNUS Nyen ABas-
eTcs He3aMeHVMbIM arpoTeXHOJIOrMYecknmM NpreMom
[11; 12]. OaHOI M3 rNaBHbLIX 3HTOMODUALHBLIX Ky/lb-
TYP B 3TOW 30HE, HY>XAAoLLeNca B NYenoonbineHnm,
ABNSETCA MOACONHEYHUK, KOTOPbIA OAHOBPEMEHHO
npeacraBaseT cob60i 1 OCHOBY MeAOHOCHOrO KOHBE-
epa [13]. be3 onbleHUst NUenaMm NPOLEHT Pa3BUTLIX
CceMsiH MOACOJIHeYHVIKa BapbupyeTcs oT 76 A0 78 %,
B TO BpeMs Kak npw onbiieHun - ot 87 A0 93 %.
Ha 3¢dekTMBHOCTE OMblIeHNs OKa3blBatOT HeraTus-
Hoe BANSHWE pe3kue KonebaHus OTHOCUTENbHOW
B/IXKHOCTU BO3JyXa, 3aCyXa, BbICOKas BNaXKHOCTb BO3-
AyXa B cOUeTaHuV C BbICOKOW TemnepaTypoii [14].
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Bonbluoe BAVAHME NuYesbl OKa3bIBalOT TakXKe Ha ypo-
XAMHOCTb MIOAOBO-ATOAHbIX, TAKMX KaK rpyLua, a610-
HS, BULLHS, CNVBA, U OBOLUHbIX KYNbTyp. MIcnonb3oBa-
HVe nacekn B A610HEBOM cajly CMOCOBHO obecneynTb
YpOBeHb peHTabenbHoCTU B 124,4 %.

B nocnegHue 30 net ponb nyesn B OMbIIEHWN CyLLECT-
BEHHO BO3pOC/ia B CBSI3M C MOBCEMECTHbIM UCYE3HO-
BEHMEM AUNKNX HACEKOMbIX-OMblANTENen 13-3a Macco-
BOr0 MCMO/Ib30BaHUA XUMUYECKUX CPeACTB 3allunThbl
pacTeHWii, COoKpaLLeHUs eCcTeCTBEHHbIX MeAOHOCHbIX
YroAuii, pacnaLiky 3anexern U CHUXeHUs 6rnopasHo-
o6pa3us [15-17]. BmecTe ¢ TeM HabnoaeTcs CHUxXe-
HMe YNCIEHHOCTU M4en M3-3a pacnpocTpaHeHus 6o-
Nie3Hen 1 BpeauTenen nyen, rmbenn NyYennHbix cemen
13-3a 06paboToOK arpapusiMy NoCceBOB MecTuuuiamMm
6e3 onoBseLLeHNsa NYeN0BOAOB U Ap.

CneayeT OTMETUTb, YTO B NOC/IeAHME Fofbl YacTb arpa-
pveB cTafna OCO3HaBaTb HEO6XOAMMOCTb M4Yenoomnbl-
NIeHNs1, BCNeACTBME Yero xapakTep OTHOLUEHUA Mex-
4y HAMU 1 N4YenoBogamMu n3MeHuncs. Ecnm padblue
Nn4YyesoBOAblI CrpaLUMBaN/ paspeLlleHns Ha pa3melle-
HVe naceku y LBeTyLLMX MeJOoHOCOB, TO Tenepb camu
arpapum npuraawarT n4YesoBOAOB ANA OMblieHUS.
Mpw 3TOM Yallle BCero OTHOLLEHUS MeXAy arpapusmu
1 N4YenoBoAaMn CTPOSATCS Ha HepOpManbHON OCHO-
Be, a MHOTVe Ce/ibX03Mpon3BoauTENnN cnabo nHoop-
MUpPOBaHbl O BbIrOAAxX OPraHW30BaHHOMO OMblIEHUS.
B 3Tux ycnoBumax ocobyto akTyanbHOCTb nNpurobpeTaeT
BHeApeHMe KOHTPAKTHOro OmMbleHNs Kak LBUIN30-
BaHHOV GOpPMbl B3aUMOAENCTBMA MeXAY CeNbX03Mpo-
V3BOAUTENSAMU U nuesioBogamum [18].

Llenbto HacTosiLLero ncciefoBaHNa ABUIOCb Hay4YHoe
0b60CHOBaHMe ¥ pa3paboTka opraHM3aLMOHHO-Tex-
HOMOrNYEeCKMX peLleHnA Mo PasBUTUIO KOHTPAKT-
HOro MYenoonbiIeHNS SHTOMOPU/BHBLIX CebCKo-
XO3ACTBEHHbBIX KYy/JbTyp B 30HE WHAYCTPUanbHOro
arpoLeHosa.

MATEPHAJIbI U METObI

O6beKToM MnccnefoBaHVsA BbICTYMano M4Yes0BOACTBO
Ha tore Poccum, Bktoyast FOXHbIV desepanbHbIA OKpyr
(Pecny6nuka Aabiresi, KpacHogapckuii kpaid, AcTpa-
xaHckasi, Bonrorpagckasi, PoctoBckas obnactu) u Ce-
Bepo-KaBka3ckunii pegepanbHbiii okpyr (Pecny6avikm
[JarectaH, VHrywetuns, KabapguHo-bankapusa, Kapa-
yaeBo-Yepkecus, CesepHasa OceTua - AnaHung, Yeyen-
ckast Pecny6nvika, CTaBpOMnoJibCKUIA Kpaii), B TOM UmC-
ne nuenviHble cembi (Apis mellifera L.), ncnonb3syemble
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B KauyecTBe yrnpasasieMblX onblautenei. Mpegmetom
NCCNef0BaHWIA CTana cUcTeMa OpraHM3aLOHHO-3KOo-
HOMMUYECKNX MPUEMOB OpraHm3aLun OMbIINTEeNbHO
AeATeNbHOCTU SHTOMOOUBHBIX CebCKOXO3AACTBEH-
HbIX pPacTeHW 1 NI0A0BO-ATOAHbLIX HaCaXAeHWIA.

WNccnepoBaHmsa 6b11m nposegeHsl B 2022-2025 rr. ¢ vc-
NoJsIb30BaHVeM KOMIIeKca B3auMOAOMONHAOLWNX Ha-
Y4HbIX MeTo0B. MoHOorpaduryecknin MeTo Ncnosb30-
BaH AJ1A N3yYeHVs N KPUTLNYECKOro aHam3a Hay4uHblxX
TPYLOB POCCUINCKUX N 3apyBexXHbIX aBTOPOB B 061aCTn
61010rNN OMbINEHNS, 3KOMOTMN MEJOHOCHbIX M4ers,
KOHTPaKTHOrO MYeNioBOACTBA, arpo3KOOrnn 1N yCTol-
UMBOCTW arpo3KOCNCTEM.

CTaTncTnyecknin MeTo NpyMeHeH AN aHanms3a AnHa-
MUKW MOCEBHbIX MAOLaAeN SHTOMOPUIBHbBIX KYbTyp
W YMCNEHHOCTW NYennHbIX ceMell. B kauecTee ncxoa-
HbIX noCcAyXunn oduumanbHble AaHHble Pegepanb-
HOW cnyx6bl rocysapcTBEHHON cTatucTukm (PoccTar)
3a 2010-2024 rr., oTyeTHble AaHHble MMHWCTEpPCTBA
CenbCKoro xo3arcrea Poccuiickot Pegeparmum, pervo-
HaNbHble cTaTUCTUYeckne COOPHMKK OpPraHoB ynpas-
nenusa AMNK cybbekToB KOXXHOro ¢degepanbHOro okpyra
(FO®O) n CeBepo-KaBkasckoro ¢esepanbHOro okpyra
(CK®O0), aaHHble Bcepoccniicknx cenbCckoxXo3siicTBeH-
HbIX Nepenuceit (2006, 2016, 2021 rr.). O6paboTka cTa-
TUCTUYECKUX JaHHbIX NMpoBejeHa C 1CNoJib30BaHVeM
MeTOAO0B onmcaTeNlbHOM CTaTUCTUKW, aHanmsa Bpe-
MEeHHbIX PAA0B W1 3KCTPanonsunm TpeH0B.

PacueTHO-KOHCTPYKTUBHBIA MeTOZ MCMONb30BaH A/
onpejeneHns HOpPMaTUBHON NMOTPebHOCTM B nuenu-
HbIX CeMbAX ANIA OMbl1eHNA Ha OCHOBE 30HaJ/IbHbIX
HOPMAaTVBOB Pa3MeLLeHs MYenHbIX CeMel, yTBepX-
AeHHbIX MuHcenbxo3oMm P®, TexHonornyeckux kKapt
BO3/e/blBaHNSA 3HTOMOQUABHBIX KynbTyp, 6uonoru-
YeckMX OCOBEeHHOCTe onblnsieMbiX KynbTyp (HekTa-
PONpPOAYKTUBHOCTb, MPOAO/IKUTENIbHOCTL LiBETEHUS,
KpaTHOCTb MoceLleHns LiBeTKoB). MoTpe6HOCTb B Mye-
NNHBIX cemMbax (M) Ana Kaxaol KynbTypbl paccynTbiBa-
nacb no opmyne N =S x H, rae S - nnowasb noceea
KynbTypbl, ra; H - HoOpMa pa3mMeLleHns NYeanHbIX ce-
Mei, cemeri/ra.

CpaBHUTENbHO-reorpadmyecknini MeToz no3BoanNA Bbl-
SABUTb PervoHanbHble 0CO6EeHHOCTN pa3MeLleHns na-
CeK, OpraH13auny MeJOHOCHOIO KOHBeiepa 1 NPaKkTu-
K/ KOHTPaKTHOrO OMbIIEHUSI B Pa3INYHbIX CybbeKkTax
FO®O n CK®PO. MNMposeseH aHann3 nNpupoLHO-KIMMa-
TUYECKMX YCNI0BUIA, CTPYKTYPbl MOCEBHbIX M/OLLAaAEN,
MIOTHOCTY pa3MeLLeHUs NYeNHbIX CeEMEN.
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DKOHOMMKO-CTAaTUCTUYECKNIA METOZ NCMONb30BaH A5
OLleHKN 3KOHOMMKYeCKON 3PPeKTUBHOCTU KOHTPAKT-
HOro onblneHns. PaccumtaHbl BanoBas gobaBneHHas
CTOMMOCTb OT OMbIIEHWNS MO Ky/AbTypaMm, NoTepu ypo-
XaWHOCTN BCneacTBue gedunumta onbianTenein, sKko-
HOMUYeckni 3bdekT OT BHeApeHUs KOHTPAKTHOro
onblNeHUsi. JKOHOMUYeckni 3¢dPekT oT onblieHUs
(3) paccumTaH no ¢opmyne 3 =S x AY x L, rae S -
naowaab nocesa, ra; AY - npmnbaBka ypoxarHOCTU
oT onblneHus, T/ra; Ll - cpegHsaa LeHa peannsaumm
npoaykumn, py6/T.

CnCTeMHBIN  aHanM3 MpUMeHeH AN BbIABAEHUS
bakTopoB, BAVAKOWMX Ha MOJHOTY OMblIIEHMS,
1 onpeAeneHns nyTei NoBbleHUS 3PPeKTUBHOCTY
KOHTPaKTHOro onbleHns. PaccMoTpeHa cucTema
B3aVIMOCBSI3e MeXay arpoTexHuyeckmmu, buonoru-
YeCKMMMN, OPraHM3aLMOHHLIMU Y SKOHOMUYECKNMU
dakTopamu.

npep,CTaBﬂeHHble B CTaTbeé faHHble UMEKT BbICOKYH
CTeneHb AOCTOBEPHOCTU, YTO NOATBEPXAAETCA Cneay-
HownmMmn obcTosATeNbCTBAMU:

1. OduuymanbHble NCTOYHUKA CTAaTUCTUYECKUX AaH-
HbiX. B paboTe ucnonb3oBaHbl faHHble Pefe-
panbHOM CAyX6bl roCyAapCTBEHHOM CTaTUCTUKK
(PocctaT), MuHMUCTEpCTBa CEMbCKOrO XO35ACTBA
Poccuinckoii ®epepaunm, permoHaabHbIX OpPraHoB
ynpasneHus AMNK. 3Tn gaHHble sBastoTca obnum-
aNbHO OMYy6/NKOBAHHBLIMK 1 MPOLUAV ApoLeaypy
Bepudukaumn. faHHble 3a 2010-2025 rr. aBns-
toTca dakTnyeckmmmn, 3a 2026 1. MPOrHO3HbLIMU,
NoNy4YeHHbIMWN Ha OCHOBE aHajn3a TPeHAO0B C KO-
adduymeHToM feTepmMumHaumm R? > 0,85, 4to noa-
TBepXJaeT BbICOKYHO TOYHOCTb NMPOrHo3a.

2. Mertogonoruyeckas KOppekTHoCTb. MiccnegosaHume
BbINMO/IHEHO C NCMO/1b30BaHNEM anpobMpPOBaHHbIX
Hay4HbIX MeTOAOB, YTO obecrneyrBaeT BOCMPOU3-
BOAMMOCTb pe3y/IbTaTos.

3. PenpeseHTaTBHOCTbL npuMepoB. [lpuBeseHHbIe
NprIMepbl OXBaTbIBAOT PA3/INUHbIE TUMbl XO3AACTB
(kpynHble arponpeanpusaTus, K®X), pasnnuHble
KyNbTypbl (MOACONHEUHNK, panc, 6ax4yeBble, cagbl)
N PETVIOHBI.

Taknm 06pa3oM, BblbpaHHbIe METOAbI ABAAIOTCA Hau-
60/1ee yMeCTHbIMU ANS peLLeHNst MOCTaBAeHHbIX 3a4a4
B MacwTabe MaKpOpernoHaabHOro Unccief0BaHus.
DKCTpanonsumst TPeHA0B 1 pacyeTbl SKOHOMUYECKOM
3$PEeKTMBHOCTN JatoT KOHKPEeTHble peKomeHAaumnu
[NSt arpapHOro CeKTopa, YTo COOTBETCTBYeT NpuKNaj-
HOMY XapakTepy paboThbl.
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PE3YJILTATbI U UX ObCY)XAEHUE

CoBpeMeHHoe cocTosiHME PecypcHoii basbl
onbinexus Ha wore Poccuu

Or Poccuun, obbeanHsaowmin  Tepputopun  HOPO
1 CK®PO, sBnsieTcd 30HOM MHAYCTPUAIbHOMO arpoLeHo3a
W KNHOYEBbIM arpapHbIM MakpoOpernoHoM cTpaHsl. Mpu-
POAHO-KAMMATUYECKME YCI0BUSA XapaKTepU3yroTCs Npo-
JO/DKUTENIbHBIM BereTaumMoHHbIM MeprogomM, obuimem
CONTHEYHbIX AHel 1 pa3HOo0bpasvnemM Meg0oHOCHOW pacTu-
TeNbHOCTY, YTO CO3jaeT 6aaronpusTHbIE NPEeANOChIIKA
NS Pa3BUTUSA MYEI0OBOACTBA N OPraHn3aLm Hernpepbis-
HOro MeJJOHOCHOro KOHBeliepa. 34ecb CoCpefioToUeHb!
3HauMTeNbHbIE NAOLAAN HYXAAIOLLMXCA B OMblIEHNN
3HTOMOU/IbHBIX CENbCKOXO3ANCTBEHHbIX KYNBTYP: MOA-
CO/IHEYHMKa, parica, 3cnapueTa, CaZoB MHTEHCMBHOIO
TVNa, OBOLLHbIX 1 6axyeBbIX KynbTyp (Tabnvua 1).

AHanu3 AMHaMUKN MOCEBHbIX MOLIaAel OCHOBHbIX
3HTOMOOU/BHbLIX KynbTyp 3a nepuog 2010-2026 rr.
BbIIBUA TeHAEeHUWW, OOYyC/NOBAEHHblE PbIHOYHOWM
KOHBIOHKTYPOM, M3MEHeHMeM CTPYKTypbl MOCEBHbIX
naowazein n KimMaTuyeckumm GakTopamu.

3a nepuog 2010-2026 rr. naowagn noj MnoAcon-
HeuHnKom B HOPO ysennuuancs Ha 43,2 % (c 1850
102650TkIC.Ta),BCKPO-Ha56,0% (c420 40 655ThIC.Ta).
Panc gemoHcTpupyeT Hanbonee AMHAMWYHBIA POCT:
B HO®PO nnowagn ysennumnucs B 4,1, B CKOO -
B 5,3 pa3a. MNnowaamn cagos B OPO Bbipocnn Ha 87,4 %,
UTO 06YCNOBNEHO Pa3BUTMEM CaLOBOACTBA UHTEHCUB-
Horo Tuna. CymmapHas nnowajb 3HTOMOOUIIbHbIX
KYNbTYp, HYXAAWLWNXCA B OnblUieHuUn, B 2026 r. co-
ctaBnseT B O®O okoso 3632 Tbic. ra, B CKOO - oKkoso
1104 ThIC. Ta.

BmecTe ¢ Tem B nocnegHue gecatuneTns B permoHax
tora Poccuun, Kak v B LLeNoM Mo cTpaHe, Habnwojaert-
€ ycToMuMBas TeHAEeHUMUA K COKpaLLeHUK YUnCeH-
HOCTW NMYennHbIxX cemein. Mo JaHHbIM MUHMCTepCTBa
CeNnbCKoro xo3awcTea PP, ana obecneyeHns NOAHO-
LLeHHOro onblIeHNSA BCeX IHTOMOPUABHbLIX KyabTyp
B CTpaHe TpebyeTcs CBbIle 7 MJIH NYyenocemMei, Tor-
Ja Kak pakTnyeckas MX YACIEHHOCTb He npeBblllaeT
3,5 MJIH. B OD®O 1 CKPO pedpumunT NUennHbIX cemei
pocturaet 60-67 %, YTO CO3jaeT Cepbe3Hble PUCKA
ANA CTabUNbHOrO MPOM3BOACTBA MPOAYKLMN pacTe-
HNeBOACTBaA.

Tabnuua 1
Mnowasan sSHTOMOGUNBLHBIX KyNbTyp B KOXXHOM 1 CeBepo-KaBkasckoM desepanbHbIx okpyrax (Tbic. ra)
Table 1
Areas of entomophilous crops in the Southern and North Caucasus Federal Districts (thousand hectares)
rop
KynbTypa Okpyr
2010 2015 2020 2022 2024 2026
O 1850 2100 2300 2405 2545 2650
MoaconHeYyHMK
CK®O 420 480 520 565 610 655
PO 85 90 85 77 81 85
lpeunxa
CK®O 25 28 26 24 26 28
OO 120 180 280 355 425 495
Panc
CK®O 35 55 85 115 150 185
PO 45 42 38 34 32 30
Scnapuet
CK®O 28 26 24 22 20 19
PO 95 105 120 138 158 178
Cagpl
CK®O 65 70 78 88 100 112
OBOLHbIE t0®O 155 160 168 178 186 194
KyNIbTypb CK®O 85 88 92 97 101 105

NcTouHmk: Cenbckoe xo3aicTBo B Poccumn. CraT. c6. / PepgepanbHas cnyxba rocyfapCTBeHHOM ctaTuctuku. M., 2025. 43 c.

Source: Agriculture in Russia. Statistical Collection / Federal State Statistics Service. Moscow, 2025. 43 p.

MpumeyaHme: aaHHble 3@ 2026 r. — NPOrHO3HbIE OLEHKM Ha OCHOBE aHanusa TpeHaos 2010-2024 rr.

Note: data for 2026 are forecast estimates based on trend analysis for 2010-2024.
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Ha ocHOBe aHanv3a Hay4HoW nuTepaTypbl Y HOpMa-
TUBHO-TEXHNYECKOW JOKYMEHTaLMN CUCTEMATU3NPO-
BaHbl HAYYHO 060CHOBAHHbLIE HOPMbI UCMONL30BAHMISA
CUNBHBLIX MYENUHbIX CeME ANA OMbINEHWNS SHTOMO-
dunbHbIX KynbTYp (Tabnnua 2).

CnepyeT OTMeTUTb, YTO B Hay4yHOW AunTepaTtype cy-
LLeCTBYIOT pasfidHble MOAXOAbl K OnpejesieHnto
OMTMMAaNbHOW MJOTHOCTU pPasMeLlleHns nyennHbIX
cemMeil Ha noceBax MOACOJIHEYHMKA. TPaANLIMOHHO
pekoMeHAyeMble HOpMbl BapbupytT ot 0,5 go 1,5
ceMbW Ha rektap. OgHako pesynbTaTbl MHOMONETHUX
rMoJsieBbIX 3KCMEepPMMEHTOB, NMpoBejeHHbIX B KpacHo-
Japckom kpae 1 CTaBpononbe, MokasbiBatoT HeObXo-
ANMOCTb MepecmMoTpa 3TUX HOPMAaTMBOB B CTOPOHY
yBeNnyeHus.

Bo-nepBbIX, 3TO CBA33aHO C CeNIeKUMNOHHBLIMU MN3Me-
HEHVAMN COBpPEMEHHbIX TMO6pUAOB MOACOHEYHMKA.
WccnepgosaHna A. [. boukoBoro v Ap. yoeautensHo
AEMOHCTPUPYIOT, UTO KOHAMTEpPCKMEe copTa MoACcon-
HEYHMKa XapaKTepmn3yrTCs BbICOKOW HEKTapOomnpoayK-
TUBHOCTLIO - A0 8,4+0,35 Mr HekTapa Ha OfUH LBETOK.
[nsa cpaBHEHWS, y MaCcIMYHbIX TMO6PUA0B 3TOT MoKa3a-
Tenb coctasnset 3,8+0,39 mr [19]. MNoBbIWEeHHOE He-
KTapoBblAeneHne npuenekaeT 6osblUee KOJNYeCTBO
nyesn, HO OAHOBPEMEHHO TpebyeT 60/1ee NHTEHCUBHO-
ro NMoCeLLeHNs KaXA0ro LBeTka AN1s obecneyeHns non-
HOLIEHHOro onblieHus. Mpu HopMe 1 cembsi/ra nioT-
HOCTb MYes Ha NoJie OKa3bIBAeTCA HeAOCTAaTOUHON ANst
CBOEBPEMEHHOr0 OMblIeHNA BCeX LIBETKOB B CXKaTble
CPOKM LiBETEHUS.

Bo-BTOpbIX, MPOACIKNTENBHOCTE LIBETEHUS OAHON KOp-
3VIHKVM MOZACO/IHEYHMKA cocTaBnseT 7-12 gHeri, npuyem
LBETKM PacKpbIBaAkOTCA MOCief0BaTe/IbHO OT nepudepnn
K ueHTpy. Ans dopMUpOBaHMA BbINOAHEHHON CEMSHKM
HeobX0AMMO 2-3 rocelLeHVs LBeTKa N4yeso B TeyeHve
rnepvioza ero peLenTBHOCTU. lNonesble yyeTsl, NpoBeAeH-
Hble B xo35McTBax KpacHozapckoro kpas B 2022-2024 rr.,
MoKasanw, YTo Mpv MAOTHOCTU M4YenuHbix cemen 1,0-1,2
ceMbu/ra dakTyeckass KpaTHOCTb MOCELLEHUs LiBETKOB
He npesbIwaeT 1,2-1,5 pa3a, Torga Kak npv nnotHoctn 1,8-
2,2 ceMbu/ra KpaTHOCTb Bo3pacTaeT Ao 2,5-3,0 pas, uTo co-
OTBETCTBYET O1010r1M4YeCKon NOTPEOBHOCTU KyNbTYpbl.

B-TpeTbux, Ha OCHOBaHMW pe3y/ibTaToB NPOU3BOACTBEH-
HbIX ONbITOB B 2023-2024 IT. C NJIOTHOCTBLIO pa3MeLLeHns
nuennHbIx cemeit ot 0,5 4o 3,0 cemeli/ra B LLECTU XO341i-
cTBax KpacHofapckoro kpasi yCTaHOB/IEHO, YTO yBenu-
yeHwe nioTHoctw ¢ 1,0 Ao 2,0 cemeli/ra obecneuvisaer
JLOMOJIHUTENBHYO MPUBaBKy YPOXalHOCTM B CpeAHeM
Ha 11,3 % (oT 8,7 A0 14,2 % B 3aBUCYMOCTW OT MOTOAHbIX
ycnoBuia roga). MNpu ganbHeliweM NoBbILLEHWN MAOTHO-
cTw go 2,5-3,0 cemeii/ra nprbaBka ypoXxKanHoCTu He npe-
Bbiwana 2-3 %, YTO 3KOHOMUYECKN HeLenecoobpasHo.
TakM 06pazoM, HopMa 2 ceMbi/ra SBnseTcs 61onoru-
YeCcKn 1 SKOHOMUYECKN OMTUMasbHON.

B-ueTBepThbIX, NPV MNIOTHOCTY pasMeLLeH s 2 ceMbl/ra
KONMYECTBO XOPOLLUO Pa3BUTLIX CEMSH B KOP3WHKe f10-
cturaet 931-953 13 1000, Toraa Kak npwv camoorblie-
HUW 3TOT NokKasaTesb CHMxXaeTcs Ao 574-578 ns 1000,
a Mpu onbIEHWM C MIOTHOCTLIO 1 ceMbsi/ra cocTaBnsi-
et 780-820 13 1000.

]:ggt;lzlzmcnonwosaHm nyennHbIX cemeil Ha onblneHne 1 ra SHTOMOPUIBHbBIX KYbTyp
Tahle 2
Standards for using bee colonies for pollination of 1 hectare of entomophilous crops
KynbTypa Hopma nuyenocemeii Ha 1 ra, cemen Mpun6aBKa ypoxkas, %
MoACONHEUHMK 1,5-2,5 (onTumMansHo 2,0) 40-55
Ipeynxa 2,0-2,5 40-60
Panc 1,0-2,0 25-55
Scnapuet 3,0-4,0 40-130
JlouepHa (cemeHoBOACTBO) 8,0-12,0 50-65
A6noHs, rpywa 2,0-3,0 25-50
BuwHg, cavBa 2,5-3,0 40-60
BbaxueBsble 0,3-0,5 30-160

NcToYHMK: HOpMbI MCNONb30BaHUSA CUIbHBIX MYESIMHBIX CEMEN Ha OMblIEHUN CETbCKOXO3ANCTBEHHbIX KY/bTYp : MeToan4e-

ckune pekomeHgauum / MCX Poccumn. M., 2020. 45 c.

Source: Standards for the Use of Strong Bee Colonies in Pollination of Agricultural Crops : Methodological Recommenda-

tions / Ministry of Agriculture of Russia. Moscow, 2020. 45 p.
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3HayeHne KOHTPaKTHOrO OMblIEHUS B 0becrneyeHnm
NpoZ0BOLCTBEHHOV 6€30MacHOCTY 1 YCTONYNBOCTHU
arpoakocucTem tora Poccun

I'.B. Komnaukuia, I'.A. TepeLLeHKo,
M.T. Komnaukas

Macca 1000 cemsiH Nnpyv oNTXManabHOM OMbl1eHNN yBe-
nnumsaeTtca Ha 12-18 % No cpaBHEHWMIO C HeAO0CTaTou-
HO OrbIJIEHHbLIMY MOCEBAMWN.

B-nATbIX, Npy cpeaHelil CTOMMOCTWU apeHAbl n4yenoce-
Mbu 1000 py6. 3a neprog onblneHns 3aTpaThbl Ha OMbl-
neHve 1 ra nogcosHe4vHuka coctasnstoT 2000 pyo6.
Mpw cpeaHel ypoxaiHoctu 25 u/ra n npubaske 40 %
(10 wufra) pononHWTENbHas BbIpyYka MpU LeHe
25 000 py6/T coctaBnseT 25 000 py6. Ha rekTap. Okyna-
eMOCTb 3aTpaT Ha onblieHne gocturaeT 12,5-KpaTtHoro

Tabnuua 3

YPOBHSI, UTO AeNnaeT HOpMy 2 CeMbM/ra SKOHOMUYECKN
BblCOKO3$EKTUBHOI.

Taknm obpa3om, HopMa 2 MYe/INHbIE CEMbU Ha rekTap
ANsi NOACONHEYHMKA SIBASIETC Hay4YHO 0H60CHOBAHHOWM,
NOATBEPXAEHHON MHOrONETHUMY MONEBbIMU 3KCNepu-
MEHTaMW N peKOMEHAYeTCs 419 1CMO/Ib30BaHWS B Mpak-
TVIKE KOHTPaAKTHOrO OMbIIEHNS B YCJIOBUSX tora Poccum.

CnegyeT 0co60 MoOAYEpPKHYTb, YTO Ob6ecne4vYeHHOCTb
onbINUTENAMM B Poccuiickoli ®degepaumn OCTaeTcs
HeyzoBNeTBOpUTENbLHOM (Tabnunua 3).

KonnyecTBo nuenvHbix cemein B PO, KOPO 1 CKDO (Thic. cemein)

Table 3

Number of bee colonies in the Russian Federation, the Southern Federal District, and the North Caucasian Federal

District (thousands of colonies)

PervioH 2010 2015 2020 2024 2026* | MoTpe6HocTh (2026) | AedULnT, %
Poccuninckan ®depepaums 3520 3410 3380 3410 3425 7000 51,1
&*;S;M_q;‘zﬂefga""“b'“ oKpyT 520 505 495 503 507 1280 60,4
B Tom uncne:
Pecny6nnka Aabires 18 17 16 17 17 45 62,2
AcTpaxaHckas obnactb 22 21 20 21 21 60 65,0
Bonrorpagckas obnacte 40 38 37 38 39 105 62,9
KpacHogapckuin kpari 285 278 272 277 279 665 58,0
PocToBckasi 06nactb 125 121 118 121 123 365 66,3
Pecny6nnka Kpbim* 30 30 32 29 28 40 30,0%*
g‘:s;f?&';;BOK‘)""’;C:?Z‘F?EAEF”"“b”"”7' 175 170 165 168 170 495 65,7
B Tom uucne:
Pecny6nuka [larectaH 45 43 42 43 43 135 68,1
Pecny6nnka NHrywetms 6 6 5 6 6 15 60,0
KabapanHo-bankapckas Pecrnybnvika 28 27 26 27 27 70 61,4
KapauaeBo-Yepkecckas Pecnybnvika 12 " 1N 11 11 30 63,3
Zi;:).//.inma CesepHas OceTus - 14 14 13 14 14 35 60,0
YeyeHckas Pecnybnuka 8 8 8 8 8 20 60,0
CTaBpONOALCKNIA Kpari 110 107 104 107 109 290 62,4

MNCTOYHUK: pac4yeTbl aBTOPOB Ha OCHOBE AaHHbIX PocctaTa, PErnoHabHbIX OpraHoB ynpaBJsiEHUA AlNK n MmeToamyeckunx peKo-

MeHAauun MuHcenbxosa PO.

Source: authors’ calculations based on data from Rosstat, regional agricultural management bodies, and methodological
recommendations of the Ministry of Agriculture of the Russian Federation.

MpuMeyaHus:

* — paHHble 3a 2026 r. 9BNSAKTCHA MPOrHO3HbIMU OLLlEHKaMU Ha OCHOBe aHanu3a TpeHaos 2010-2024 rr.
** — no Pecnybnuke KpbiM AedUUNT paccumTaH C y4eToM ocobeHHocTeln pernoHa (AaHHble 3a 2024-2026 rr. CKOppeKkTUpo-
BaHbl C Y4ETOM COBPEMEHHbIX TEHAEHLMN).

Notes:

* — data for 2026 are forecast estimates based on trend analysis for 2010-2024.
** — for the Republic of Crimea, the deficit was calculated taking into account the region’s specific features (data for
2024-2026 was adjusted with due regard for current trends).
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3HayeHne KOHTPAaKTHOr o onbl1eHNA B obecrneyeHUn
I'lpO,CI,OBOIlI:-CTBeHHOIZ 6e30MacHoOCTN ” yCTOI7I‘-II/IBOCTI/I
arposkocmcTem rra Poccun

I".B. Komnaukwuii, I'.A. TepeLLeHKo,
M.T. Komnauxkas

JKoHoMnYecKas 3pPeKTMBHOCTL M anpodaums
KOHTPaKTHOM MoAeNu

CokpalleHue Nonynsiumii «AVKUX» OnblLIUTe el NoBbI-
LLAEeT YA3BUMOCTb MPOAOBO/ILCTBEHHOW cucTeMsl [20].
HeraTmBHas AgnHamuka MX YNCIEHHOCTM BO MHOMOM
obycnoBneHa W3MEHeHVUSAMU B 3eMJIenosib30BaHNM
N MOBCEMECTHbIM MPUYMeHeHeM nectuumaos [21].
AKTyanbHbIM SBASIETCSH U3YYeHMe pbiHKa YCIyr nyeso-
OMblIEHNS, KOMMNEHcMpyoLLero aeduumnT AUKUX OMbl-
nuiteneit. Ans oUeHKM BAVSIHWUS HACEKOMbIX U M4yen
Ha ONbINVUTENbHbIN MPOLECC N MOAENVPOBAHNSA YCTON-
UYMBOCTWU yNpaBAseMbIX YCIyr Mo OmfbleHN0 B arpo-
akocuctemax I. JlToHcgopdom ¢ coaBTopamu 6bina pas-
paboTaHa akosiormyeckas Mogerb.

OnblneHMe Kak 3KOCUCTEMHAas yciyra HesaMeHuma
C 3KOHOMMNYECKOIN, COLUMANbHOM 1 3KONOTrMYeckom To-
yek 3peHus [22].

OgHUM 13 Hanbonee 3¢ PeKTUBHbLIX BapUaHTOB SAB-
NSIeTCs CMCTeMa KOHTPaAKTHOrO OMblleHunsl, NpeacTas-
naoowaa cobol opraHM3aLMOHHO-3KOHOMUNYECKYHO
MoZeNb B3aIMOAEeNCTBUS MeXAY CeNbCKOX03ACTBEH-
HbIM/ TOBapOMPOU3BOAUTENAMM U MYENoBOAAMMU,
NpY KOTOPOV OMblAeHNEe 3HTOMOPUAbHbBIX KyAbTyp
OCyLLLeCTBASAETCA Ha OCHOBE BO3Me3/HbIX JOrOBOPOB.
B MmpoBoOI npakTuke 3Ta UMBUIN30BaHHas ¢opma
arpapHoro cepsuca, NO3BOMAIOLLAA rapaHTUPOBAaH-
HO obecneyvBaTb MNOTPEOHOCTV pacTeHNEeBOACTBA
B OMbINVTENAX, @ MYeN0BOAaM — MOAyYaTb CTabUb-
HbIi A0X0J He3aBUCKMMO OT Mefocbopa, moay4vmna
LIMpOKOe pacrnpocTpaHeHue.

WUnTerpanbHbii 3KOHOMUYECKMIA IPPEKT OT ONbLACHNA

JKOHOMMYECKasH OLLeHKa YCIyr Mo OmnblJeHWNI, BKIIO-
Yasi YNyLLEeHHYO BbIro4y M3-3a HeZ0OMbleHs, NEeXNT
B OCHOBE CTpaTerni KOANYEeCTBEHHOW OLEHKM BAUS-
HUS1 3KOCUCTEMHOW YCyr Ha MPOU3BOACTBO MPOAYK-
TOB MUTaHUS 1 MPOAOBO/ILCTBEHHY 6€30MacHOCTb.
OueHouHas rnobanbHas CTOMMOCTb OMbIIEHWUS Ceflb-
CKOXO3ANCTBEHHbIX KyNbTYyp B MMpe BapbulpyeTcs
oT 267 fo 657 mnpa gonn. CLUA [23]. B Benuko6pu-
TaHUM YCIYr MO OMbIJIEHUIO YBEINYMBAKOT A0XOAbI
arpapveB Ha £ 630 MJIH B roj,.

KoHTpakTHasi cucteMa OkasaHus YCyr Mo onbieHnto
BO MHOMMX CTpaHax Mupa cTana K/aH4veBbiM Mexa-
HV3MOM, KOOPAMHUPYIOLLMM MMOBejeHMe yYacTHUKOB
pblHKa. 3Ta MoJenb LNPOKO ucnonbsyetca B CLUA.
B KanudopHum okono 89 % Bcex NYeNMHbIX KONOHUIA
3a/leiCTBOBaHbI Ha OrbUleHN MUHAaNA. Mpn 3akto-
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UeHUKn AoroBopa ocoboe BHUMaHMe yaensieTcs Bornpo-
cam pesticide risk management - BK1HOYEHWIO B KOH-
TpakTbl MYHKTOB, OFPaHWYMBAaKOWMX MpPUMeEHeHne
GYHIMLUMAOB U APYrX NecTuumMaoB. Mpu cTaHaapTHOM
nnate $ 200 3a yner n4enoBoAbl AeNaroT CKUAKY B 4 %
Mpw BKIFOYEHUW B KOHTPAKT NyHKTa Mo 3aLiMTe OT BO3-
AelicTBUS NecTUunaos [24]. PocT 3uMHel cMepTHOCTH
NMyennHbIX KONOHWIA B cepegurHe 2000-x rogoB npueen
K yBe/IMYeHto C60pOB 3a OMbINUTE/IbHbIE YTy,

SkoHOMUYecknin 3bdekT OT onblIeHUs B MacluTabax
FOPO 1 CKPO oueHnBaeTca B AeCATKN MUNINAPAOB
pybneii exerogHo. Mo pacyeTam aBTOpPOB, OCHOBaH-
HbIM Ha AaHHbIX O NJOLAASX U NprbaBke ypoxKanHo-
CTW, CyMMapHbI/i NoTeHunanbHbli 3¢dekT oT onblne-
HMA nogconHeyHmka B KOO0 n CKPO npu ycnosuun
100 % oxBaTa cocTaBnsieT okono 35 mapg py6. B roa.
Hepobop ypoxxas Bcieacteme fedurumta onblavTenen
COCTaB/SAET MO MOACONHEYHUKY 15-20 % noTeHumanb-
HOro ypoxasi, Yto 3KBMBaJIeHTHO notepe 1,2-1,5 MH
TOHH CeMsH B rog.

O6beKkTUBHLIMWU MpeanocbiikaMn Aas ocyLiecTBie-
HUS KOHTPAKTHOrO OMblIEHUSA ABASETCS TakXke TOT
baKT, UTo ANs KyNbTyp C HU3KOW MeAOoMnpOAYKTUBHO-
CTbto (HanpuMep, ATOAHUKM U KOCTOYKOBbIE KyNbTy-
pbl, AalolMe o4veHb Mano TOBApPHOro Meza) BbiBO3
naceku C Liesiblo NoyyYyeHns meja aBAseTcs Maaonpu-
B/iekaTeNlbHbIM. B cnyyae xe 3ak/touyeHnss KOHTpakTa
n4yesoBoOj rapaHTUPOBaAHHO Mony4vaeT onpejeneH-
HYI NpUBLINL 3a CYET onaaTthbl OMbIINTENBHOM yCny-
rn. Ecnm e kynbTypa BbICOKOMEOHOCHAs!, MYenoBos
nosy4yaeT npubbiib U OT OMbIIEHWS, U OT nocaesy-
HoLeri peanmsayum MegoBOM NpoayKummn. Takum 06-
pasom, B 3TOV CUTyauun BbIBO3 M4esn Ha OmnblieHne
ABNSIeTCS B3aVIMOBBIFOAHbLIM Kak ANs MYenoBoAa, Tak
1 AN pacTeHneBoja.

JKOHOMWNYECKNIA aHann3 NIOTUCTUYECKMX acreKkToB
pbiHKa onblUTENbHbLIX ycayr B CLUA cBuaeTenbCcTBy-
€T 0 TOM, YTO yyacTiie N4eIoBOAOB B KOOMNEPaTUBHbIX
TPAHCMOPTHbIX COMMALLEHUAX CHUXAET UX A0XO04 Npu-
MepHO Ha $ 27 3a KOIOHMIO MO CPABHEHMIO C CAMOCTO-
ATe/LHOW NepeBo3Koi naceku [25]. Ana onTuMmsaLmm
OnbIINTENbHOM AesiTeNIbHOCTX pa3paboTaHa 6103Ko-
HOMWYeCKass MoZesb, MOAENVPYHLLAs 3KOHOMUYe-
CKMe 1 3KoJIoTYecke NocNeaCcTBUS BBEAEHUSA Cy6Cu-
AVIA ANA NUenoBOACTBa W Hanora Ha nectuumasl [26].

Ha npunbbinbHOCTL MUenoBOACTBa BAVSAET KOMMAEKC
dakTopoB. B uacTHOCTW, CylLlecTBEHHO MOBbILaeT
npmbbIIb Ha OA4HY KOMOHUIO N AenaeT 6usHec yCcTon-
uMBee K KONebGaHWAM BHELIHUX (aKkTopoB (LeH,
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NoroAbl, BINSHOLLMX HAa NPOAYKTUBHOCTL M CMEPTHOCTL)
avBepcndrkauma UCTOYHMKOB Aoxoga (Hanpumep,
COBMeLLleHVe MPOM3BOACTBA Mefa C KOMMep4YeckuM
onblneHeM KynbTyp) [27]. BaXHbIM nokasaTtesem siB-
nsieTcs 350poBbe nyen [28]. Takxe Bo MHOrom addek-
TVBHOCTb OMbI/IEHWSA 3aBUCUT OT Pa3MepoB NYeNHbIX
KOMIOHWIA.

MyenoBoAbl B KOHTPAKTaX BbICTYNaOT KaK MOCTaBLLMKN
YCAyr; Ha Ux paboTy BAUSIOT MOroAHble YCI0BWS, 340-
pOBbe KOJIOHWIA, AOCTYMHOCTb M4en, TpeboBaHWsA 3a-
Ka34ymKa n pbIHOYHbIe LeHbl. Cpean OCHOBHbIX PUCKOB
MOXHO BbIAENNTL 3aBMCUMOCTbL OT 3aKasuumka (cpbiB
CPOKOB, U3MEHEeHWe YCI0BUIA), PUCKL ANS 340POBbS
KONOHWIA (pacnpocTpaHeHve 60/e3Hel, Bo3aelicTBune
nectuungos), drHaHCoBblE pUcKkK (HecTabUNbHOCTbL
JLOXOZ0B MO KOHTPakTy). CTpaTernn ynpaeneHus: gu-
BepcudumKaumsa WCTOYHUKOB AOXO0Aa, TLiaTesibHoe
naaHnpoBaHuve rpaduka rnepemeLLeHNn ynbeB, BHe-
APeHne CMCTeEM MOHUTOPWHIA COCTOSHUS N4Yen 1 ap.
YcnewHoe ynpaeneHne TakUMW puckamu TpebyeT
MEXANCLUMUMIMHAPHOIO NoAxoja — CoYeTaHUsA 3HaHNIA
B 061aCTV 6M0ON0rM MYen, SKOHOMUKW 1 yrpaBaeHus
npoekTamu.

ONTUMM3NPOBaTL YC/I0BUSE BO3MOXHO MyTem Mo-
CTPOEHMNST MaTeMaTM4Yeckolr Mogenu, YYUTbiBatoLlei
HECKOJIbKO MepeMeHHbIX: KO/IMYeCcTBO YNbeB, Heob-
xoanmoe Ans 3¢pPeKTMBHOro OnblIeHUS KOHKPETHOM
KyNbTypbl; PUCKA ANS 340POBbSA MYeNVHBIX CeMeli
(BO34€EMCTBME NECTULNAOB, HEXBATKA HEKTapa W MNbijb-
Lbl); SKOHOMMYECKMe NapameTpsbl (oniarta, KoMneHca-
Lun, yCNOBUS NpeAoniaThl); 0CO6eHHOCTM naHAwadTa
BOKPYr nonieil (Hannuve AOMNONAHUTENBHBIX MeLOHO-
COB) U T. A. IHCTPYMEHTbI, MPea/ioKeHHble Ha OCHOBe
MOZenn, MOo3BONAT cbaslaHCMpOBaTb WMHTepechl CTo-
poH: obecneunTb depmMepy AOCTAaTOYHbLIA YypOBEHb
OnblJIeHNs,, @ NYeNoBOAY - MUHUMU3NPOBATbL PUCKU
1 COXPaHUTb 340POBbe ceMeli. Takxe Og4HUM 13 NyTeli
NoBbILLIEHWS peHTabenbHOCTU AN MYeN0OBOL0B U NMpPo-
n3BOAUTENEN CeNbX03KYNbTYp ABASETCH ONTUMN3aLNS
OMbIIEHMSA Ha NPUHLMMNAX «TOYHOrO OnblieHUs» (pre-
cision pollination) [29].

Pe3ynbTatbl nUAI0THBIX NPOEKTOB KOHTPAKTHOIO ONbLAEHUA
B peruoHax wra Poceun

CywecTBytoLme GOpMbl CTaTUCTUYECKOTrO Hab Nt feHs
Pocctata He npegycmaTpuBaroT c6op vHopmauunu,
MO3BOJIAIOLLENA AOCTOBEPHO CYAUTb O KOAMYECTBEH-
HbIX M KayeCTBEHHbIX MoKasaTensix, XapakTepusyto-
LLMX MPaBOOTHOLLIEHWS MO MOBOAY KOHTPAKTHOTIO Orbl-
nenuvsa B Poccuinckon ®egepaumn. Mo gaHHeiM Coro3sa
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MPOMBbILLIEHHbIX MYenoBofoB Poccnun, B nocnefHue
rogbl HabnwogaeTca ycTtoivmBas TeHAEeHUUs pocTa
U1C1a KOHTPAKTOB, 3aK/TH04aeMbIX MeXay pacTeHneBo-
JaMU 1 NYenoBojamu, NpeiMeToM KOTOPbIX ABAAETCS
BO3Me34HOe OKa3aHue ycyr rno OonblIeHU0 CefibCKOo-
XO3ANCTBEHHbIX KynbTyp. 10 AaHHbIM Oonpoca cpeau
UNeHOB MYeN0BOAOB-MPOMbILLNEHHUKOB 3a 2022 r.,
Ha OMblJIEHUN CyMMapHO 6bI10 3a4eliCTBOBAaHO OKO-
o 5000 nuenuHbIX ceMell, MpUHaANeXalWmMx YieHam
opraHmsaumm, B 2023 r. gaHHbIN NoKa3aTesb COCTaBU
okono 11 000 cemerr.

B xope AaHHOro mccrefoBaHUs 6binv MpoaHannsu-
poOBaHbl MWIOTHbIE MPOEKTbl, peanu3yemMble XO3AM-
CTBYHOLMMN Cy6beKkTaMn pPa3HON OpraHm3aLoH-
HO-nNpaBoBoVi GOpMbl: ABa 06LLeCTBa C OrpaHNYeHHON
OTBETCTBEHHOCTbHO, OAHO KpecTbsiHCKoe (bepmepckoe)
XO35MCTBO, OAVH Ce/IbCKOXO3ACTBEHHbIA MPOU3BOA-
CTBEHHbI/ KoomnepaTuB. JoroBopbl 6611 3aKNHOYeHbI
Ha onbineHne B 2024 r. NOACONHEYHWNKE, Bax4eBblX
KyNbTyp, parnca v MnAOAOBbIX HacaxieHui. Muenu-
Hble ceMbW 6bINV AOCTaBMEHbI 3a TPU AHA 4O Hadana
MaccoBOro LBETeHUs, CTOMMOCTb YCAYrX OMblIeHNs
Bapbuposana ot 800 go 2000 py6. 3a ogHy n4yenoce-
MbHO; MNIOTHOCTL pasMelyeHuns - oT 0,4 4o 3 cemeit/ra.
MuenoBoAbl Monyyanu npejBapuTesibHOEe yBeaOoMJie-
HVe o rpaduke necTUUMAHbIX 06paboTok 3a 5 aHen.
BbisiBNeHHble nMpuMepbl MUCMOAb30BaHUS arpapusmu
KOHTPAKTHOrO OMblI€HNSA HArNSAHO CBUAETENbCTBYIOT
0 ero 3¢ $eKTUBHOCTN 1 B3aMMHOI BbIroje ANs arpa-
pvieB 1 nuenoBoZoB (Tabnuua 4).

MprnbaBka ypoxas B MUIOTHbBIX XO35MCTBaxX COCTaBWAA
oT 19 o 50 % No cpaBHEHWIO CO CPefHUMY NnoKasaTens-
MW MO paioHy. HamBbICLLIMIA NoKasaTenb 3apUKCMPOBaH
Ha 6axuyeBbIx KynbTypax — 50 %. YpoxanHoCTb MoACOoN-
HeyHVKa cocTaBuna 28,5 ufra npu cpeaHel no paioHy
22,3 ufra, npubaska - 6,2 L/ra (27,8 %). Bbixoa ToBapHbIX
nnozos Bbicero copta B KPX «CafoBos» yBennunica
€ 68 10 92 %. B OO0 «balLumakoBCKOe» B pesy/nbraTte
OMbl/IeHNs 3aBA3bIBAEMOCTb MJI0A0B yBennyuiacs ¢ 52
(B 2023 1. - 6e3 onblneHs) 40 87 %, YPOXKANHOCTL apby-
30B BO3pOC/ia € 28 40 42 T/ra. YpoxaliHocTb panca B CMK
«HvBa» coctaBuna 2,6 T/ra npu cpegHeit no pecnyéavike
1,9 1/ra (npnbaska 36,8 %). B 000 «Kpbimckast ¢pyKkTo-
Basi KOMMaHWA» BbIXOJ M/1040B TOBaPHOro copTa yBesv-
umnca ¢ 72 Ao 91 %, CHU3NANCL NoTepy NPK XpaHeHUn
Ha 18 %.

B PoctoBckoii obnactu B 2025 r. npwn nogaepxke pe-
rMOHaNbHOro M1HCebX03a bblia 3anyLleHa NUaoTHas
nnatdopma «JoH-OnbineHne», obbeanHmBLLASA 28 ar-
ponpeanpuaTUin 1 46 MYeNOBOOB.
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Tabnuua 4
S¢PdeKTBHOCTb KOHTPAKTHOrO MYeN00MbIIeHNS B MAIOTHbIX MPOeKTax No nyesioonblieHnto tora Poccuin
Table 4
Efficiency of contract bee pollination in pilot bee pollination projects in the South of Russia
ArpapHoe npeanpusatTue
MNMokasaTtenb 000 «Arpo-lOr», | KbX «Caposoa» | 000 «bawmakosckoe», | CMK «HuBa», | 000 «KpbiMmcKas
KpacHogapckuin | CTtaBponosb- Bonrorpaackas Pecny6nuka $pykTOBas
Kpawi CKWiA Kpa o6nactb AarectaH KOMMaHus»
Onblnsiemas naowagb, ra 1200 150 850 940 320
Onblnsiemas KynbTypa MoaconHeuHnK | A610HeBbLIN caj baxueBble KynbTypbl Panc Ha Mnogosble (A6510-
Mac/oceMeHa | Hsi, rpyLua, cavBa)
MNOTHOCTE pasmeLLeHuns, 2 3 0,4 1.5 3
ceMbu/ra
CToMOCTb ycnyru onblse- 1200 1800 800 1100 2000
HUs, py6/cembio
Mpu6aeka ypoxas, u/ra, /% 6,2 /27,8 16/24 140/50 7/36,8 12,5/19,0
Bblpyuka OT fononHuTeNb- 18,6 10,8 59,5 26,3 19,0
HOW NPoAyKLMY, MH py6
3aTpaTbl Ha onblneHve 2,88 0,810 0,272 1,55 1,92
(onnaTa nuenosogam),
M/IH py6
YucTas npmnbbinb, MAH py6 15,72 9,91 59,228 24,74 17,08

3a ce30H 6bI10 3aka4veHo 32 popManbHbIX JOroBo-
pa Ha onblieHne 18 TbiC. Fa SHTOMOPUBHbIX KYyNbTYP
(moaconHeuHuk - 12,5 Thic. ra, panc - 3,2 TbiC. ra, rpe-
umxa - 2,3 ThIC. ra). BHegpeHbl GPS-KOHTpPO/b pasme-
LeHNs nacek M CUCTeMa 3/1eKTPOHHOrO OroBeLLeHNs
0 XMUnYecknx o6paboTkax (yBeAomieHns 3a 5-7 gHel
yepes MecceHaxepbl 1 SMS). MoTepn nNuen oT oTpas-
NeHn coKpaTUANCb Ha 65 % No cpaBHeHWIO C npe-
AblaywnM rogoM. CpefHsa nprbaBka ypoXKanHOCTH
no KynbTypam coctaBuna 31 %. O6Liaa AononHUTeNb-
Has BbIpyYkKa y4acTHUKOB nnatdopmbl - 89 MH py6.,
CyMMapHble 3aTpaTbl Ha onblieHne - 12,4 MaH pyb.,
3KOHOMUYeCcKni 3pdekT - 76,6 MAH pyob.

MpeacTaBneHHbIE MPUMepPbl MOATBEPXKAAIOT BbICOKYHO
3KOHOMUMYeCKyt 3ddeKTUBHOCTb KOHTPAKTHOM Moje-
NN N CBUAETENLCTBYHOT O Lies1ecoobpasHoCTM ee Mac-
LWTabupoBaHus.

(hakTopbl, cAepXMBaIOLME MacWITabUpoOBaHUeE
KOHTPaKTHOTO ONbUIEHUA

B xogze nccnefoBaHuA BbISIB/IEHbI U cmcTtemMaTmUsnpoBa-
Hbl OCHOBHbIE TpYyMnribl CI)aKTOpOB, BANAKOLWWX Ha NoJi-
HOTY OMblNeHNA 3HTOMO(|)I/I)'IbeIX KYynbTyp 1 caep>XxmBa-
oLuine MaCLLITa6VIpOBaHI/Ie KOHTPAKTHOTO Onbl1IEHNA.
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bunotnyeckmne, abnotnyeckme n AHTPOMOIreHHbIE OIPAHUYEHUA

Vi3mMeHeHMe KnMmaTa cywecTBeHHO MeHseT AvHaMu-
Ky B3aVMMOJENCTBUIA MeXAy pacTeHUAMU U OnblanTe-
NAaMK, penpoiykKTUBHYH 6UOOrMI0 U NpejocTaBne-
HVe 3KOCUCTEMHBIX YCYr. DKCTPeMasibHble NMorojHble
ABneHNa (BOMHbLI >Kapbl, 3acyXW, CUbHbIE OCAAKMN)
HaNpPSAMYH CHMKAKT XKM3HECNOCOH6HOCTL N4yen, Hapy-
LIAOT UX NOBeAeHNe 1 CHUXaT 3PPeKTUBHOCTL OMbl-
nenus [30]. MN3-3a KAMMATNUECKNX CABUTOB MEHSAHTCS
reorpaduyeckmii apean n deHonorus (CPoKn akTMBHO-
CTW) HacekombIx-onbinuTenel [31; 32].

BroTnyeckne dpakTopbl BKAOYUAIOT reHOTUN KyAbTypbl
(pasnuuHble copTta 1 rM6pUAbLI 061a4ar0T HEOANHAKO-
BO HEKTapOonpoOAyKTUBHOCTBIO U MpuBAeKaTe/ibHO-
CTbIO ANA Muen), CoCTosHMe MUenvHbIX cemei (cvna
Cemby, Hanmume pacrnioja, Bo3pacT paboumx nyen)
1 370poBbe N4en (BappoaTos, BMpPYCHbIE U TPUBKOBbIe
3a601eBaHNS CHUXKAKT aKTMBHOCTb 1 MPOAOIKUTENb-
HOCTb XW3HW nyen).

AburoTturyeckne ¢$akTopbl BKAKOYAKT MOrofHble YyC/10-
BUsl (TemnepaTypa BO3AyXa, BNAXHOCTb, CO/MHEYHas!
pazvauus). JleTHas aKTUBHOCTb M4Yen Ha4yMHaeTcs
npu Temnepatype +12 °C, onTMManbHOW CYMTaeTCH
Temnepatypa 16-26 °C. 3a nocnefHue rofbl 4YMUC/IO
JIeTHbIX AHel B anpene cokpaTuaock Ha 13 % no cpas-
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HeHWo ¢ neprogom 1995-2000 rr., a ONTUManbHbIX 415
neTa jHen - B ABa pasa.

AHTpoOrnoreHHble ¢akTopbl BKAKOYAT MpPUMEHeHMne
necTUunoB (HEOHMKOTUHOWALI U ApYTUe NHCEKTUL-
Abl BbI3bIBAlOT rMbesib nyes, HapyLLarT CNOCOBHOCTb
K 06y4eHUI0 Y OpUeHTaLuUn), 31eKTPOMarHUTHoe nsny-
yeHue (coToBas CBA3b, CMYTHMKOBbIE CUCTEMbI HaBUra-
UMM CO34at0T MOMEXM HaBUFaLMOHHOW cucTeme nyen)
1N OpraHM3auuio OMbINNTENBHBLIX PaboT (cBoeBpeMeH-
HOCTb AOCTaBKM M4esl, PaBHOMEPHOCTb pasMeLleHus
YNbEB, HaNM4Me APecCUpoBKM).

UHeTHTYyUMOHANBHBIE M MHPPACTPYKTYPHBIE bapbepbi

WNHCTUTYT KOHTPaKTHOro onblieHns B KOXXHOM 1 CeBe-
po-KaBka3ckoM ¢degepanbHbIX OKpyrax, kak n B Poc-
cuiickon ®Pefepauny B Lie/IOM, B HacTosiLee Bpems
pa3BuT cnabo. Jinwb 15-20 % KpymnHbIX Cenbxo3npes-
NPUATUIA B pervoHax NccnefoBaHusa 3aknoyatoT pop-
MafibHble MUCbMEHHblE A0roBOpbl C MYen0BOAAMMU.
B 60nbLUMHCTBE CnyyaeB B3aVMOAENCTBME CTPOUTCS
Ha YCTHbIX AOrOBOPEHHOCTAX, YTO CO3JaeT BbICOKME
puckn ans obemx CTOpoH. B psage xo3siictB KpacHo-
fJapckoro kpas u CTaBponosibf MPaKTUKyrTCa 6ap-
TepHble CXeMbl; Takas Mogenb He obecrneyrBaeT Npo-
3PaYHOCTU U He CTUMYAUPYeT yBeNnYeHUss 06beMoB
ONMbIINTENbHbIX YCYT.

Pa3BuTME KOHTPAKTHOIO OMblIEHWS CAePXKMNBAET HOp-
MaTMBHO-MpaBoBasi HeornpegeneHHoCTb. OTCYTCTBY-
IOT Cheunanm3vpoBaHHble 3aKOHOAATE/IbHbIE aKTbl,
perfameHTUpyoLLMe CTaTyC OMbUIUTENBHBIX YCAYT,
NopsiioK B3aMMOPACYEeTOB, OTBETCTBEHHOCTb CTOPOH
3a rmbenb nyen, TpeboBaHVA K CPOKaM yBeAOMIEHMS
0 MNecTUUMAHbIX 0bpaboTkax. [JelicTBytoLie HOpPMbI
MpaxxaaHckoro kogekca P® He yunTbiBatoT cneunduky
61ONOrMYECKNX aKTMBOB (NUeNnHbIX ceMeit) n arpo-
TEXHOJIOTMYECKNX OCOBEHHOCTEN OMblEHMS.

PbIHOK OMbUIMTENbHBIX YCIYr He UMeeT eAVHbIX Mnpa-
BMA LIEHOO6PA30BaHMs, METOAMK OLIeHKW Ka4yecTBa
OMbl/IeHVsl, MEXaHU3MOB JOCYAe6HOro yperynmpoBa-
HUSA cnopoB. OTCYTCTBYHOT CTaHAAPTLI U TUMNoBble Gop-
Mbl JOrOBOPOB.

K uncny nH@pacTpyKTypHbIX OrpaHUYeHuii cnegyet
OTHeCTN HeAOoCTaTOK Creunann3vpoBaHHON TEXHUKMN
ANS TPAHCMOPTUMPOBKM Myen (MOBWbHbBIX MaBUIbO-
HOB, FPy30BbIX N1aTGOPM C BEHTUAALMEN), UTO 3aTPyA-
HSeT JOCTaBKy nyenocemeri K yaaneHHbIM MacCcuBam.
OTCcyTCTBME pervioHanbHbIX ANCMNETYEPCKUX LeHTPOB
KOOpAMHAaLMN KOUeBOK MPUBOAUT K HEPaBHOMEPHOMY
pacnpegeneHuio onblinTenen. loctaBka nyea Ha Me-
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[LOHOCHbI/I MaccMB comnpsiXeHa C 60AbLUMMWU TPaHC-
NMOPTHLIMK 3aTpaTaMu, KOTOpble ASi MAaOYUCIEHHbIX
rnacek CTaHOBATCA HemogbeMHbiMU. C yyeToM TOro,
UTO 6OMBLUMHCTBO MYes Ha tore CTpPaHbl COAEPXMUTCH
B X035CTBaX HaceNeHNs, BbIXOAOM B 3TOWN CUTyauuu
MOXeT CTaTb X 06beANHEHME Ha KOOMNepaTMBHbIX Ha-
yanax [33].

BakHbIM pakTOpOM B OpPraHm3aLm onbIINTENbHON je-
ATENbHOCTU ABNSETCH MeXaHn3aums Norpy3o4yHo-pas-
rPY304YHbIX paboT, KOTOPble MOKa YTO B 6ONbLUMHCTBE
C/ly4aeB BbIMOMHAOTCA BPY4HYt0. B HacTosLee Bpems
B CTpaHe Habnwogaetcs feduumnT cneumann3npoBaH-
HOM TeXHWKM ANa nepeBo3kM nyen. [na peweHus
3TOM npob6aemMbl HeobxoAMMa rocyAapcTBeHHas Nog-
AepXkKa: cybcnanpoBaHme nprnobpeTeHmns MOBUAbHbIX
NaBWUAbOHOB, pPa3BUTWE CUCTEMbl arpoan3vHra Ans
MyenoBOACTBA, BK/IIOYEHME MYEe0BOAYECKON TEXHNKM
B MepeyYHn CeNbXO3TeXHUKW, peasn3yeMoi no Abrot-
HbIM MporpamMMam.

MepcnekTVBHbLIM HamnpasieHVeM WHTeHcnpuKaLmm
NnYyes0OBOACTBA SABMSETCA WCMNO/b30BaHWe MOb6WUb-
HbIX MaBWIbOHHbLIX KOMMeKkcoB. B KybaHckom rocy-
[AapCTBEHHOM arpapHoOM yHMBepcuTeTe pa3paboTaHa
M 3anaTeHToBaHa KOHCTPYKLMA MO6WILHOro Mego-
BO-OMbI/INTE/IbHOrO MNaBW/IbOHA, YAOCTOEeHHas cepe-
6psaHoli megann Ha 111-m MexayHapogHOM canoHe
n3obpeteHunin «KoHkypc JIEMWH» B Mapwuxe. Ncnonb-
30BaHMe MOBUJIbHbBIX NaBUIbOHOB NO3BOJIAET BbICTPO
nepemeLlatb MyesiHble CeMbW K MecCTam LBeTeHUs
SHTOMOGWBLHBLIX Ky/NbTyp; obecneymBaTb OMTMMasb-
HbIA MUKPOKAMMAT A5 PasBUTUA nyen B Hebnaro-
NPUATHBIX YCNOBUAX; MOBbLICUTb NPOU3BOANTENBHOCTD
TpyAa nuenosoja B 2-3 pasa Mo CpaBHEHUIO C Tpaju-
LIMOHHbLIM KOYEBbLIM MYE€/10BOACTBOM; CHU3UTL 3aTpa-
Tbl Ha TPaAHCMOPTUPOBKY W 06CAYXMBaHMe naceku;
obecneynTb paBHOMEpPHOe pasMeLleHue onblnnTenen
Ha MaccMBax 3HTOMOUIIbHBIX KYNbTYp.

UnpopmupoBanne arpapues

MHorve cenbxo3npomsBoAUTENN  HEeAOOLEHNBaoT
peanbHYy0 3KOHOMUWYECKYH) BbIFOZy OT OnblIeHMUS,
paccMmaTpuBas ero Kak ¢akynbTaTuBHYHO, @ He 0653a-
TeNbHYH TeXHONIornyeckyro onepauumto. Mo gaHHbIM
onpoca, okoso 40 % pecrioHAeHTOB He 3HaloT Hayu-
HO OBOCHOBAaHHbIX HOPM pa3MeLlleHVs nyenocemer
1 PakTnyeckmnx NprbaBoK YPoXKaMHOCTU.

Ans Toro 4To6bI CBOEBPEMEHHO Moayyatb MHPOpP-
MaLMio O MpeAcTosALWMX obpaboTkax MocCeBOB, CO-
CTOSIHUN M@ZJ0HOCOB U A9 CBA3U C APYTVMMU N4yeso-
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3HayeHne KOHTPAaKTHOr o onbl1eHNA B obecrneyeHUn
I'lpO,CI,OBOIII:-CTBeHHOIZ 6e30MacHoOCTN ” yCTOI7I‘-II/IBOCTI/I
arposkocmcTem rra Poccun

I".B. Komnaukwuii, I'.A. TepeLLeHKo,
M.T. Komnauxkas

BOZaMV B MO/EBbLIX YC/NIOBUAX HEOBXOAMMO MMeTb
YyCTONUMBbLIN MHTepHeT. [Toka ero B psaje MecT eLye
HeT. Mo3ToMy undposBmM3aLna NUYENOBOACTBA ABAA-
eTCs BaXHbIM 1 HEOOXOANMBIM YC10BUEM TPaHCHOp-
MauuK MYeNoBOACTBA B BbICOKOMPON3BOAUTESIbHYIO
oTpacnb [33]. LndpoBble TEXHONOrMM OTKPbIBAOT
HOBble BO3MOXHOCTU ANA OpraHm3aumn KOHTPaKT-
HOro onblneHns. K nepcnekTMBHbIM HanpasBieHUAM
OTHOCATCA:

«  nnat$opMbl ANs CBA3W NPOU3BOAMTENEN W NYeno-
BoZOB (UMdpoBLIE CEPBUCHI AN MOUCKA 3aKa3oB
N NpeAnoXeHuii);

*  MOHWTOPUHT COCTOAHWUA MYeNVHbIX Cemeli C uc-
Mo/sib30BaHNEM JaTUMKOB (BeCOBbIX, TemmepaTtyp-
HbIX, aKyCTUUECKMNX);

*  GPS-TpekuHr KoueBOK A/ ONTUMK3ALNN MapLUpY-
TOB W NOTUCTUKWY;

* METEOMOHUTOPUHI 1 NPOrHO3npoBaHUeE LBeTe-
HUA ANA TOYHOrO N1IaHNPOBaHMA CPOKOB AOCTaBKN
nyen,;

*  6/10KYENH-CUCTEMbI KOHTPOAS MPUMEHEHUsa ne-
CTULMA0B AN NpesoTBpaLLeHns rnéenm nyuen;

* ancneTyepckme UeHTpbl KoopAMHauMn KO4YeBOK
Ha permoHa/sibHOM ypOBHE.

CnepyeT OTMETUTb, YTO KOHTPAKTHOE OMblNeHne OTHO-
CUTCS K chepe rpaxaaHCKmMx NpaBoOTHOLLEHNIA. LieHo-
obpasoBaHue B faHHOW chepe byaeT GopMmnpoBaThCs,
Kak 1 BO Bcex Apyrux cdepax, UCXoAst U3 COOTHOLLe-
HUSA cnpoca U npeaaoxeHus. MNpy 3TOM CO CTOPOHbI
rocyAapcTsa onbleHne JOKHO paccMaTpPMBaTLCA Kak
3N1eMeHT TexHO/orMK, KOTOpbIA obecneumBaeT pPoCT
Ce/IbCKOXO03AMCTBEHHOIrO MPOW3BOACTBa MpW COXpa-
HEHMI 3KOIOMNYECKO YMCTOThI KOHEUYHOrO NPOoAyKTa.
B cBotO ouepesb, Takol NoAxos 6yAeT cnocobcTBoBaTb
He TOJIbKO 06ecrneYeHmnto KoMYecTBEHHbIX NokasaTe-
Nneil NpoAo0BO/IbCTBEHHON 6€30MacHOCTH, HO 1 Crocob-
CTBOBaTb CHepexXeHnI0 340p0BbS NH0AeN.

MexaHW3M pa3BUTHA M MHCTUTYLMOHAU3ALUN
KOHTPaKTHOTO ONbLIEHNA

B cTpaHe cdopmMmpoBaHa onpegeneHHas 6asa, cos-
JaoLWasa npeanocbinkn ANsi PasBUTUA KOHTPAKTHO-
ro onbuieHVs. BnepBble B PegepanbHOM 3aKoHe
ot 30.12.2020 Ne 490-d3 «O nuenoBoacTBe B Poc-
cuiickoli depepaumm» Ha 3aKOHOZATENbHOM YPOB-
He 3aKkpeneHbl MOHATUSA «OMbIIUTE/IbHbIE YCAYTU»,
«MOOWNBHBIM MNaceyHbli  KOMMEKC», YyCTaHOoB/e-
Hbl TpeboBaHUA K UHPOPMUPOBAHUIO MYEIOBOAOB
0 NPUYMeHEeHUN NecTULMAOB (He MeHee YeM 3a 3 AHA
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A0 o6pa6oTky). OAHAKO MexXaHM3Mbl peanvsaumm
MHOIMX HOPM [0 HACcTOSLLEero BpeMeHu He pa3pabo-
TaHbl. NapannensHo ¢ 3akoHoM Ne 480-®3 ¢ 10 map-
Ta 2026 roga BCTYNWUAN B CUJTy N HOBble CaHUTapHble
HOPMbl A5 6eCnuMAOTHbIX eTaTeNbHbIX CPeACTB,
pacnbinaoWmx nectuumasl. Metognyeckumm peko-
MeHzaumamMm MuHcenbxo3a P® «Hopmbl 1cnonb3o-
BaHWS CUbHbIX MYEIVHbBIX CEME Ha OMblieHNe cefb-
CKOXO3ANCTBEHHbIX KynbTyp» (2020 r.) ycTaHOBMEHbI
Hay4yHO O06OCHOBaHHble HOPMAaTWBbI pPa3MeLLeHns
nyenocemei, 04HaKO OHN HOCAT peKOMeHAaTeNbHbIl
xapakTep. Kpome Toro, lNMpukazom MunHcenbxosa PO
oT 19.05.2021 Ne 340 yTBepXAeHbl NpaBuna cybcnam-
pPOBaHMA 4acTu 3aTpaT Ha NpuobpeTeHne NYenoBos-
YeCKOW TeXHWKW, BKAKOYas MOOUIbHbIE MaBUIbOHbI,
0AHaKo obbeMbl PUMHAHCMPOBAHMWSA OCTalOTCA Hejo-
CTaTOYHbIMWU. YTO KacaeTca JIbrOTHOro KpeanToBa-
H1Aa, To MCX Poccum He nnaHvpyeT BKIKYaTb YCayru
MO OMbI/IEHMIO MYeslaMU CeJIbX03KYNbTYP B CMVCOK Ha-
npasneHnii, KOTopble ByayT AOCTYMHbI A1 IBFOTHOIO
KpeAuTOBaHWA MO aHanormm C Mepamu MoAAepPXKU
MO PEMOHTY Ce/IbXO3TeXHUKMN.

OKOHOMUCTbI M1HCeNbx03a NpeAcTaBuan pacyeTsl, Co-
rNacHO KOTOPbIM 3KOHOMUYecKuin 3¢pdekT oT onblie-
HUS 0Ka3a/iCs HAaCTO/IbKO BbICOKMM, YTO rOCNOAAEPXKKa
He TpebyeTtcd. Mo MX MHeHWUIo, cdepa OMbIINTENIbHO-
ro MN4YenoOBOACTBA He ABASETCA HU3KOMPUObLINLHOM
N He HyXAaeTcd B MPUOPUTETHOW NOAAEPXKe. ITO
peLLeHne Ha cMmno3nyme «BeTeprHapHoe obecneve-
HVe NYeNoBOACTBA: NPO6aeMbl, peLleHns C UCMOo/b30-
BaHMEM COBPEMEHHbIX MHCTPYMEHTOB, MepCrneKkTVBbI»
B OkTs6pe 2025 roga 03By4Yna HaYanbHUK OoTAena Tex-
HONOTMYeCcKoro passuTnUa MMHUCTEPCTBa CeNbCKOro
xo3amcrea Poccnm B chepe xmBoTHOBOACTBA A. B. Kys-
HeuoB (MHPOpMaUMOHHBIA nopTan «BeTeprHapus
M XKU3Hb»).

Mo wux cnoBaM, peHTabeNbHOCTb TakMX XO3ANCTB
1 6e3 Toro focratoyHas, chepa onbUINTENBHOrO Nye-
NIOBO/CTBA He ABNATCA HU3KOMPUObIIBHOW, NO3TOMY
He HyXJaeTcs B MpuopuTeTHONM nogaepxke. Bmecrte
C TeM, No NMHPopMaLun NpeacTaBuTeneli BeJOMCTBa,
nyenoBojaM rno-rpexHemy JocTyrHbl gpyrue Gopmsl
NoAAepXKK, B TOM yuncie B GopMe rpaHToOB A8 Ha-
YnHawWmx depmepos. Takxe NUenoBoAbl MOryT Mo-
NyunTb cybcnanmm ot MmnHcenbxo3a Ha KOMMeHCaLuo
f0 70 % 3aTpaT Ha obopygoBaHMe MO yxoAy 3a nue-
lamu, MeporpusTAS MO MOBbLILLEHNIO UX KOJINYECTBa,
a Takxe nx nuTaHuto. B Tynbckoli n KoctpomMckoii 06-
nactax, Hanpvmep, B 2025 rogy nyenoBozbl NOAYyUYUIN
cybcnamm Ha koMmneHcaumo 50 % dakTnyeckmx 3atpat
Ha nprobpeTeHVe N4yenocemel, ynbeB 1 060pys0Ba-
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HWA ANA OTKAYKU U (l)aCOBKI/I Me/da, a TakXke Ha yyacTtune
B BbICTaBKaXx 1N ApMapkKax.

Ha pervoHanbHom ypoBHe B KpacHOAapckoMm kpae
1 CtaBponosnbe pa3paboTaHbl TUNoBble GopMbl 40rO-
BOPOB Ha OKa3aHwue OMbIANTEeNIbHbIX YCAYT, HO UX Npu-
MeHeHVe He ABNAeTCcs 0693aTeNbHbIM.

Ha ocHoBe NpoBeAeHHOro UccnesoBaHUS U IKCNepT-
HbIX OLleHOK orpejeneHbl ceAyloLine npuopmuTeT-
Hble HarnpaB/ieHWs MeXaHW3Ma KOHTPaKTHOro Orbl-
neHus:

1. CoBeplLUeHCTBOBaHME HOPMAaTMBHOW 6a3bl: pas-
paboTka W YyTBepXAeHWe TUMOBOro Jorosopa
KOHTPaKTHOrO OMblaeHUs ¢ 0b6si3aTeIbHbIMU YC10-
BUAMN (CPOKWN, HOPMbI Pa3MELLEHNS, OTBETCTBEH-
HOCTb 3a rmbenb nuesn, MOpsifOK OMOBELLEeHUSs
06 06paboTkax); BBejEHME B 3aKOHOAATENLCTBO
MOHSATUS «OMbINUTENbHBIA cepTUdMKaT» Kak Ao-
KyMeHTa, MOATBEPXKAALLEro KayecTBO OKa3aH-
HbIX YCNyr; YCTaHOB/AEHME aAMUHUCTPATUBHOMN
OTBETCTBEHHOCTY 33 HEMpPUMEHEHVEe Hay4YHO 060-
CHOBAaHHbIX HOPM OMbIJIEHUSI NMPW BO34e/bIBaHAN
SHTOMOOUBHbIX KY/IbTYP B paMKax rocyapcTBeH-
HbIX MPOrpamMm.

2. CosgaHne undpoBbix Naatdopm 1 MHPOPMaLLU-
OHHbIX CUCTEM: pernmoHanbHble 31eKTPOHHbIe
niowagkn ANns CBA3W arpapueB W MN4YenoBo-
AoB (aHanorn nnathopmbl «ArpoonbiieHne»);
BHegpeHne reoMHGOPMALMOHHbBIX CUCTEM ANS
MOHUTOPVHIa pasMeLleHns nacek 1 naaHuUpo-
BaHMA KO4YeBOK; 610K4YelH-cnctembl Gukcaumm
necTUUUAHbIX 0bpaboTok AN obecneyeHUs
npo3payHoCcTy.

3. TocypapcTBeHHas noAjepxka: cybcumanpoBaHue
3aTpaT Ha TPaHCMOPTMPOBKY NYesocemMeri K onblis-
eMbiM MaccvBaM (He MeHee 50 % dakTuyeckmx
PaCXoZ0B), NbrOTHbIA IN3VHT MOBUNLHBIX NM4Yeno-
KOMMEKCOB 1 CreLunann3vpoBaHHOro TpaHcnop-
Ta, BK/IHOUEHME OMbINNTENbHBIX YCIYT B NepeyeHb
MeponpuaTUIA, NoAAepXMBaeMbIX B paMKax peru-
OHa/bHbIX NporpamMmm passutus AlK.

4. Pa3BUTME WHCTUTYTa KOHTPAKTHOIO OmMblIeHUs:
CO3/laHNe pPEernoHasbHbIX LIEHTPOB KOMMeTeHLml
MO KOHTPAKTHOMY OMblIEHNIO Ha 6a3e arpapHbIxX
BY30B; 06yueHMe CesibX03MPon3BOAUTENEN U Nye-
NOBOZOB METOZaM MIaHNPOBaHUSA OMNbUIUTENBHbIX
paboT; BHeApPEHMe CUCTEMbI CTPAaXOBaHWS PUCKOB
rméenu nyen Npu BoIMOMHEHUN KOHTPAKTHbIX 065-
3aTenbCTB.
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SAKJIO4EHUE

Vicnonb3oBaHne nuyen Ans OMblIEHUS - C/AOXHas
1 B3aMIMOCBSI3aHHas CMCTeEMa, KOTopasi NoAAepXnBaeT
CeNlbCKoe X035MCTBO 1 BHOCUT CBOW BK1aJ B obecneve-
HVe NPOJOBONLCTBEHHON 6e30NacHOCTU CTpaHbl. Og-
HUM 13 Hanbonee 3PpPeKTUBHbLIX BapiaHTOB ABIAETCH
CUCTeMa KOHTPaKTHOrO OMblIeHUs, NpeAcTaBAAoLLas
€060/ OpraHmM3aLMoHHO-3KOHOMUNYECKYH MOeNb B3a-
VIMOZECTBUS MEXAY CeNbCKOX035ACTBEHHbLIMY TOBa-
pPOMNPON3BOANTENAMMK 1 MUYENO0BOAAMMU, NMPU KOTOPO
onblieHne 3HTOMOGUbHBIX Ky/lbTyp OCyLLecTBAseT-
CS Ha OCHOBe BO3Me3JHbIX [OroBopoB. B mMupoBom
npakTuke 3Ta Gopma arpapHoro cepsuca Mnosyyumna
LUINPOKOEe pacrnpoCcTpaHeHne N rapaHTUPOBAHHO YA0B-
neTBOpsieT MOTPe6bHOCTU arpapveB B OMbUINTENsX,
a nyenoBoJaM obecrneymBaeT CTabUNbHbINA A0X04 He-
3aBUCMO OT Megocbopa.

MpoBeAeHHOe NUCCeA0BaHe MNO3BOIAET CAeNaTh cle-
JytoLne BbIBOAbI:

1. 3a nepwog 2010-2026 rr. naowaam sHTOMOPUb-
HbIX KynbTyp B HOxHOM u Ceepo-KaBkasckom
degepanbHbIX OKpyrax yBenmunancb Ha 35-40 %,
TOrAa Kak YMCNEeHHOCTb MYennHbIX CeMeil Cokpa-
TUnacb Ha 2,5-4,2 %. Jlednunt onblnntenen B pe-
rmoHax goctur 60-67 %, 4UTO CO3JaeT CepbesHble
pUCKN AN MPOLOBOMLCTBEHHOW 6e30MmacHoOCTH
1 TpebyeT NPUHATUS HEOTIOXKHbIX Mep.

2. [na BocnonHeHua geduumTta onblivTenelri Heob-
XOAVMMO YBeNMYEHME UNCIIEHHOCTUM MYeNnHbIX ce-
meit B FOPO B 2,5 pasa (c 507 go 1280 Tbic. cemeir),
B CKPO — B 2,9 pasa (c 170 go 495 Thic. cemeit). [Jo-
CTUDKEHWE 3TUX MoKa3aTenei TpebyeT CUCTeMHO ro-
CyAapCTBEHHOM NOAAEPXKKM OTPaC/IY NYENOBOACTBA.

3. JKoHomu4eckuin 3¢deKkT OT NOAHOLEHHOro Ofbl-
JIeHNst SHTOMOGUBHBIX Ky/IbTyp B PervoHax tora
Poccun oueHvBaeTcd B AeCATKM MUANNAPAOB
pybnei exerogHo. Hegobop ypoxas BcC/eAcTBue
aedmnumTa onbiIMTeNnen coctaBnseT Mo MOACON-
HeuHuKy 15-20 %, 4TO 3KBMBAJIEHTHO noTtepe 1,2-
1,5 M/TH TOHH CeMSIH B roa.

4. [ns pasBUTUS KOHTPAKTHOrO OMblieHWs TpebyeT-
C COBepLUEeHCTBOBaHNE HOPMAaTVBHO-MPaBOBOW
6a3bl, KoomepauuMs MYeNnoBOAOB, CO3AaHME WH-
dopMaLMoHHbIX NAaTPopM AN B3aMOAENCTBUS
arpapvieB M MN4YesI0BOAOB, BHejpeHVe Mobusb-
HbIX MYeNOKOMMIEKCOB U LNPPOBbLIX TEXHO0-
r1iA, @ TaKkxke rocyfapcTBeHHas noajepxka 3atpar
Ha TPaHCMOPTMPOBKY N4yer.
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ABSTRACT

INTRODUCTION. Concerns about food quality, food safety, and sustainable agricultural
production have increased interest in organic food consumption. However, limited re-
search has examined the factors influencing repurchase intention among Gen Z in ur-
ban markets.

AIM. This study examines the effects of perceived behavioural control, subjective norms,
and health consciousness on organic food repurchase intention and their moderating
roles.

MATERIALS AND METHODS. A quantitative approach using Partial Least Squares Structural
Equation Modeling (PLS-SEM) was applied. Data were collected through a questionnaire
survey of 120 Gen Z respondents who had recently purchased or consumed organic
food and were analysed using SmartPLS.

RESULTS. Perceived behavioural control (p = 0.001), subjective norms (p < 0.001), and
health consciousness (p = 0.005) significantly affected repurchase intention. Howe-
ver, the moderating effects of subjective norms (p = 0.710) and health consciousness
(B =0.046, p = 0.384) were not significant. The model explained 69.9% of the variance in
repurchase intention (R? = 0.699).

CONCLUSION. Personal capability, social influence, and health consciousness are important

drivers of continued organic food consumption, with practical implications for organic
food supply chains, digital distribution platforms, and sustainable agricultural products.

KEYWORDS: organic food, repurchase intention, behavioral control, health consciousness,
GenZ
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AHHOTALIMA

BBEAEHUE. MoBbIlWeHHOe BHUMaHME K KayecTBYy MPOAOBONALCTBUSA, ero 6e30mnacHoCT
M YCTOAYMBOCTM arpornpouv3BOACTBa CTUMYMMPYET POCT MOTPebUTEeNbCKOro Crpoca
Ha opraHMyeckyr Npoaykuuto. BMecTe ¢ TeM 0CTaeTcs HEAOCTAaTOUHO M3yYEHHbIM BO-
npoc o ¢pakTopax, GopMMpPYOLLMX MOBTOPHbIE MOKyNaTebCKe HaMepeHus y npeacTa-
BUTENE NOKONEHWS Z B YCIOBUSIX FOPOACKUX PbIHKOB.

UENb. N3yunTb BAVAHME BOCMPUHMMAEMOro MoBefeHYeCKOro KOHTPONS, CybbekTnB-
HbIX HOPM 1 OCO3HAHHOCTX B OTHOLLEHVW 340POBbS HAa HaMepeHue NMOBTOPHO Mpu-
obpeTaTb opraHu4eckme NpPoAyKTbl MMTaHKA, a Takxke NX MogepaTopckme apdeKTol.

MATEPUANIbI U METOAbL. B paboTe NpriMeHEeH KONMYeCTBEHHbI MOAXOJ C UICMONb30BaHEM
MOAENNPOBaHNSA CTPYKTYPHBIMU YPaBHEHUSMU METOAO0M HaMMeHbLUNX YacTHbIX KBa-
apatos (PLS-SEM). SMnvpuryeckme gaHHble cobpaHbl MOCPeACTBOM aHKETHOMO onpoca
120 pecnoHAEHTOB 13 YMCNa NOKONEHUs Z, KoTopble npuobpetann nam ynotpebnsanm
opraHuyeckre NpoaykTbl. O6paboTka faHHbIX BbIMOAHEHA C NPUMEeHeHeM MporpaMm-
HOro naketa SmartPLS.

PE3YJILTATbI. YcTaHOB/IEHO, YTO BOCMPUHIMAEMbIN MOBEAEHUYECKMN KOHTPoAb (p = 0,001),
cy6bekTVBHbIe HOpMbI (p < 0,001) 1 03a6oueHHOCTb 340poBbeM (p = 0,005) okasbiBa-
HOT CTaTUCTUYECKM 3Ha4YMMOe MOJIOKUTENbHOE BAWSHME Ha MOBTOPHOE MOKynaTesb-
cKoe HamepeHuie. Mpun 3ToM MogepaTopckme 3ddekTbl Cy6bekTUBHBLIX HOpM (p = 0,710)
1 03a604eHHOCTY 340poBbeM (B = 0,046, p = 0,384) He AOCTUralOT YPOBHS 3HAUUMOCTU.
Pa3spaboTaHHaa Mogesib 06bsACHSET 69,9 % AMCNepCcuY 3aBUCUMON NepeMeHHol (ckop-
PEKTUPOBAHHBLIN KOIGPULMEHT geTepMuHaumm R2 = 0,699).

SAKNIOYEHUE. NTnyHOCTHBIE BO3MOXHOCTY, COLManbHOe BANSHME 1 3a60Ta O 340pOBbe
BbICTYNaltT B KayecTBe 3HAYMMbIX ApaiiBEpOB YCTONUMBOro MoTpebneHmss opraHu-
yeckol nmpogyKumun. MonyveHHble BbIBOAbI MMEIT MPaKTUYeckyto 3Ha4YMMOCTb ANs
pa3BUTUS LienoYeK NOCTaBOK OPraHNYecknx NpoAyKToB, LMGPOBbLIX ANCTPUBYTUBHbBIX
nnatGopm 1 NPOABUMXKEHWNS 3KONOTMYECKN YCTONUMBBLIX arponpoA0BOAbCTBEHHbIX TO-
BapoB.

KNHYEBBIE C/IOBA: opraHnyecke npoAyKTbl MUTAHWUS, MOBTOPHOE MOKyMnaTenbckoe Ha-
MepeHue, NoBeseHYecknii KOHTPOb, 3a60Ta O 340POBbLE, NOKOAeHMe Z
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INTRODUCTION

In the last few years, the concept of organic food sys-
tems has significantly changed from the traditional
paradigm of the absence of synthetic inputs due, partly
to academic evolution and partly to other reasons. Or-
ganic food systems now comprise a range of products
such asrice, fruits, vegetables, coffee, tea, cocoa, and le-
gumes, produced under ecological standards that pro-
hibit synthetic inputs and promote sustainability [1; 2].
Organic food is increasingly seen as a holistic system
of sustainable agricultural production, processing and
supply chain management, and a broader sustainabi-
lity agenda [3], which leads to the adoption of ecolog-
ical farming, regenerative agriculture and resource-ef-
ficient production for environmental sustainability.
There is also increasing adoption of technologies such
as Al and digital agriculture to enhance productivity,
food safety and operation efficiency along the supply
chain [4; 5]. These trends suggest a greater focus on
technology, quality and environmental responsibility
in organic food systems as they try to respond to the
increasing global demand to sustainable food produc-
tion and consumption [6-8].

Previous research identifies young consumers as a
promising market for organic food because many of
them show a willingness to maintain organic purchasing
over time [9; 10]. However, the reasons underlying con-
tinued organic food consumption are diverse. Health
consciousness and food safety are frequently identi-
fied as central motives because organic products are
commonly associated with healthier and safer lifestyles
[11-13]. Environmental awareness, altruistic values, and
sustainability concerns may further strengthen consu-
mers’ commitment to organic consumption. Continued
purchasing is also influenced by peer and family norms,
cultural values, product knowledge, trust in organic la-
bels, and positive brand experiences [14-17]. Organic
food loyalty among young consumers should therefore
be understood as a multidimensional outcome shaped
by both personal motivations and social influences.

Previous studies have examined organic food pur-
chasing across different generations and market
contexts. Research involving Gen Z in developing
economies has shown that health and environmen-
tal concerns, social influence, product trust, and per-
ceived value can support organic food purchase and
repurchase intention [15-17] Studies conducted in
China and Bangladesh have also identified perceived
behavioral control, health-related values, trust, and
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price consciousness as relevant factors in continued
purchase intention and actual organic food consump-
tion [16; 18-20]. Evidence from European consumers
further indicates that product knowledge, perceived
quality, availability, and sustainability-related mo-
tives contribute to organic food choices [21].

The concept and growing relevance of behavioral con-
trol suggest that consumers are more probable to
buy and eat organic food when they believe they are
able to get, afford, along with choose such products
despite potential barriers. Viewed from this perspec-
tive, perceived behavioral control (PBC) is defined as
what customers think regarding their capacity, afford,
and consistently purchase organic food. Previous stu-
dies generally show positive effect of PBC on purchase
intention and continued consumption, as consumers
who perceive fewer barriers are more probable to
maintain organic food choices over time [16; 22]. This
relationship is particularly salient for younger consum-
ers whose purchase decisions are often influenced by
financial resources, product availability and chang-
ing lifestyle patterns. However, the impact of PBC is
not always constant. Some studies have suggested it
could have a weaker influence than attitudes or price
factors and that this impact can vary by country, con-
sumer segment and market conditions [23-25]. Based
on the preceding arguments and empirical evidence,
this study proposes that perceived behavioral control
positively influences Gen Z's intention to repurchase
organic food products (H1a).

Subjective norms (SN) in the context of organic foods
are defined as social drive felt by key people, including
family, friends and peers, that encourage individuals to
perform a particular behavior, including the continued
purchase and consumption of organic food [26; 27].
These social influences are particularly relevant for
younger consumers because peer interactions, social
expectations, and shared lifestyle values often influ-
ence purchasing decisions. The earlier investigations
have showed that subjective norms have a positive
effect on the purchase intentions and continuous
eating of organic food products especially in collectivis-
tic cultures that value social approval and conformity to
group norms [14; 28]. However, the strength of this ef-
fect may be dependent on the context. Some research
has found weak or non-significant relationships, sug-
gesting that social influence may have different levels of
importance depending on cultural background, market
circumstances, or consumer characteristics [16; 29]. In-
spired by these results, subjective norms could also be
a contextual factor that affects the conversion of per-
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ceived behavioral control into a long-term organic food
consumption in the case of the younger generations,
whose purchasing behavior is very sensitive to chan-
ging social settings and consumption trends [19; 30].
Drawing on the theoretical arguments and empirical
findings discussed above, this investigation proposes
that subjective norms positively influence Gen Z's in-
tention to repurchase organic food (H1b). In addition,
it is projected that subjective norms serve as a mode-
rating factor in the interplay within perceived behavio-
ral control and organic food repurchase intention, such
that the effect of perceived behavioral control may vary
depending on the level of social influence perceived by
Gen Z (H2a).

As consumer trends continue to evolve and understand
of organic food increases, health has become a central
consideration that shapes individuals’ decisions to buy
and eat organic food products. In this context, health
consciousness (HC) refers to the understanding and
concern about maintaining and enhancing a person’s
health through lifestyle and consumption choices,
such as the choice of purchasing and consuming or-
ganic food. Regarding to organic food consumption,
health-conscious consumers tend to think of organic
products as safer, healthier, and better for long-term
well-being [9; 31]. This view is especially relevant for
younger generations, who are becoming more aware
of healthy lifestyles and food quality. Previous studies
in different countries and among different consumer
groups have consistently reported a positive effect of
health consciousness on organic food buying inten-
tions and continued consumption [16; 18]. However,
the strength of this relationship is not always consis-
tent. Some studies have found that health conscious-

ness has a relatively small effect compared to other
factors such as price, willingness to pay, or social influ-
ences, while others even report non-significant effects
in specific contexts [32; 33]. Based on these findings,
health consciousness may also influence how consu-
mers translate perceived behavioural control into
continued organic food consumption, as people with
a higher level of health consciousness are more prob-
able to be motivated to act on their perceived abili-
ty to access and purchase organic products [34; 35].
In light of the preceding discussion, health conscious-
ness is expected to be a significant positive determi-
nant of organic food repurchase intention among Gen
Z (H1c). In particular, this research assumes that the
consequences of perceived behavioral control on re-
purchase intention may differ according to consumers’
level of health consciousness. Thus, the study proposes
that health consciousness moderates the relationship
between perceived behavioral control and intention to
repurchase organic food among Gen Z (H2b).

MATERIALS AND METHODS

This investigation used a quantitative approach in
order and Partial Least Squares Structural Equation
Modeling (PLS-SEM) were applied to assess the di-
rect and moderating relationships of the proposed
constructs. The proposed model and hypothesized
paths investigated in this study are shown in Figure 1.
The data were obtained from the questionnaire survey
of 120 Gen Z individuals who were aware and have pre-
viously purchased or consumed organic food products.
For the purpose of this study, Gen Z was operationally
defined as individuals aged 20-29 years.

Perceived

Repurchase

Behavioural
Control

Intention

Figure 1
Proposed Model
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This age range was used to include adult Gen Z who
could independently make decisions concerning the
purchase and consumption of organic food. Respon-
dent eligibility was verified from their answers to the
guestionnaire. Participants were required to report that
they had previously purchased or consumed organic
food and to select a valid category describing their
usual organic food purchase frequency. Only respon-
dents who met these eligibility criteria were retained
in the final sample. Respondents were determined
using purposive sampling, and the sample numbers
met the minimum requirement recommended by
[36; 37] based on a five-to-one ratio between the num-
ber of measurement items and respondents.

Measurement items in Table 1 were adapted from [16].
Repurchase intention, subjective norms, perceived
behavioral control, and health consciousness were
each measured using three indicators. Respondents
were told about the objective of the study prior to par-
ticipating and participation was voluntary. No sensitive
personal information was collected. Outer model and
inner model assessments and hypothesis testing were
performed using SmartPLS to examine the hypothe-
sized direct and moderation effects.

RESULTS

The study comprised a total of 120 Gen Z respondents
(Table 2). The sample was mostly female (75.0%) and the
majority of the respondents were between the ages of
20 and 23 years (88.33%). The majority of the subjects

Table 1
Construct Measurement

were students (84.17%), followed by private sector em-
ployees (14.17%) and housewives (1.67%). In terms of
purchase behavior of organic foods, vegetables emerged
as the most purchased organic food category (43.33%)
followed by processed organic products such as milk and
packaged foods (29.17%) and fruits (27.50%). In terms
of purchase frequency, over half of the respondents
(56.67%) purchased organic food two to three times per
month, while 35.83% purchased organic products once a
month and only 7.50% reported purchasing them more
than three times a month. These characteristics indicate
that the sample largely consists of young consumers with
regular exposure to organic food products.

Outer Model Measurement

The measurement of the outer model (Table 3) was
found to be reliable and valid. All outer loading (OL)
values spanned between 0.802 and 0.913, reaching the
suggested cutoff of 0.70 and verifying indicator reliabi-
lity. Cronbach’s alpha (CA) levels were between 0.797
and 0.869, while composite reliability (CR) values were
from 0.880 and 0.920, both exceeding the minimum cri-
teria of 0.70. The average variance extracted (AVE) was
in excess of the proposed cut-off of 0.50, with values
spanning 0.710 to 0.792, demonstrating the measure’s
convergent validity. The HTMT values were all less than
0.90, with a range of 0.687 to 0.893, showing adequate
discriminant validity. Finally, VIF values spanned from
1.604 to 2.840, significantly shown below the 5.00 crite-
rion, implying that collinearity was not an issue in the
measurement framework.

Construct

Item

Planning to buy organic foods in near future

Repurchase Intention [16] | Purchase organic food regularly

Maintain repeated purchases of organic products

Perceptions of increasing organic food trends

Subjective Norms [16]

Beliefs held by people in the surrounding environment regarding the health benefits of organic food

Approval from family and close friends

Ease of buying organic food as perceived by consumers

Perceived Behavioral

Availability of resources such as time and money

Control [16]

Perceived control over purchasing decisions

Concerns about daily nutritional intake

Health Consciousness [16]

Beliefs regarding the health benefits of organic food

Awareness of healthy eating practices
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Table 2
Participants Characteristics
Characteristics Freq %
Female 90 75.00
Gender
Male 30 25.00
20-23 106 88.33
Age 24-26 9 7.50
27-29 5 4.17
Students 101 84.17
Occupation Private employee 17 14.17
Housewives 2 1.67
Vegetables 52 43.33
Which type of organic food do you buy Fruits 33 2750
most often?
Processed organic products (milk, eggs, etc.) 35 29.17
Once a month 43 35.83
How frequently do you buy organic food Two to three times a month 68 56.67
products?
More than 3 times a month 9 7.50
Table 3
Outer Model Measurement
HTMT
Construct - Item oL CA CR AVE VIF
HEA PBC RPI SUB
Health Consciousness — — — — — — — — 2.221
HEA1 0.859 1.719
HEA2 0.836 0.810 0.887 0.724 — — — — 1.748
HEA3 0.858 1.865
Perceived Behavioural Control — — — — — — — — 2.840
PBC1 0.913 2.699
PBC2 0.880 0.869 0.920 0.792 0.813 — — — 2.175
PBC3 0.877 2.188
Repurchase Intention — — — — — — — — —
RPI1 0.862 1.791
RPI2 0.802 0.797 0.880 0.710 0.797 0.889 — — 1.62
RPI3 0.862 1.703
Subjective Norms — — — — — — — — 1.910
SUB1 0.858 1.853
SUB2 0.827 0.802 0.884 0.717 0.687 0.797 0.893 — 1.604
SUB3 0.854 1.776
*0OL = Outer loading (>0.7), CA = Cronbach’s alpha (>0.7), CR = Composite reliability (>0.7), AVE = Average variance extracted (>0.5),
HTMT = Heterotrait-monotrait ratio (<0.9), VIF = Variance inflation factor (<5); HEA = Health Consciousness, PBC = Perceived Behavioural
Control, RPI = Repurchase Intention, SUB = Subjective Norms

Inner Model Measurement

The inner model measurement (Table 4) indicates satis-
factory predictive capability. The endogenous construct,
Repurchase Intention, achieved an R? value of 0.699,
suggesting that Health Consciousness, Perceived Be-
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havioural Control, Subjective Norms, and the interaction
effects explain 69.9% of its variance. According to the
generally accepted guidelines R2 values higher than 0.50
can be considered as a moderate explanatory power
and those higher than 0.75 as a substantial explanatory
power, so the obtained value shows a moderate to high
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explanatory accuracy. All the Q? values were positive and
spanned from 0.371 to 0.609, thus over the suggested
of 0.00 recommended, suggesting that the model has
sufficient predictive relevance and is able to predict the
observed data with satisfactory accuracy.

Tahle 4
Inner Model Measurement

fit. The SRMR values for both saturated and estimated
models were 0.075, which is less than the recommended
value of 0.08. The NFI score of 0.782 and 0.780 suggest a
moderate level of fit; though they do not reach the higher
threshold of 0.90, NFI is generally considered a supple-
mentary index in PLS-SEM. The d_ULS and d_G values
(0.437-0.444 and 0.284-0.285) are reported as discrepan-
cy measures and are generally interpreted by comparing
them with bootstrap confidence intervals. In general, the

Construct — Item Q2 R2 model shows an adequate level of fit and is suitable for an
extended examination of the structural equation model.
Health Consciousness 0.434 —
HEA1 A1 —
0419 Table 5
HEA2 0.424 _ Model Fit Assessment
HEA3 0.459 — Description Saturated Model | Estimated Model
Perceived Behavioural Control 0.553 — SRMR 0.075 0.075
PBC1 0.609 — d_uLs 0.437 0.444
PBC2 0523 _ d_G 0.284 0.285
PBC3 0.526 _ Chi-Square 195.366 197.228
NFI 0.782 0.780
Repurchase Intention 0.408 0.699
The path coefficient analysis presented in Table 6 showed
RPI1 0.436 — . . L
that perceived behavioral control, subjective norms, and
RPI2 0.371 — health consciousness had positive and significant effects
on organic food repurchase intention. Perceived beha-
RPI3 0.419 — . . . ) .
vioral control positively predicted repurchase intention
Subjective Norms 0.424 — (B = 0.385, t = 3.283, p = 0.001), supporting H1a. Sub-
jective norms also had a positive effect on repurchase
SUBI 0.460 — intention (B =0.390, t =4.566, p <0.001), supporting H1b.
SUB2 0.377 _ Health consciousness positively influenced repurchase
intention (B =0.214, t = 2.803, p = 0.005), supporting H1c.
SUB3 0.434 - In contrast, the moderating effects of subjective norms

The model fit assessment is shown in Table 5, which re-
veals that the suggested model has an adequate general

(B=0.030, t=0.372, p = 0.710) and health consciousness
(B =0.046, t = 0.871, p = 0.384) were not statistically sig-
nificant. Therefore, H2a and H2b were not supported.

Table 6
Path Coefficients
Path — Hypothesis 0os SM STD T P Remark
percelved Behavioural Control = Repurchase | 7 | 0385 | 0373 | 017 | 3283 | 0.001 Supported
Subjective Norms — Repurchase Intention H2 0.390 0.398 0.085 4.566 0.000 Supported
Moderating Effect 1 — Repurchase Intention H3 0.030 0.032 0.081 0.372 0.710 Not supported
Health Consciousness — Repurchase Intention | H4 0.214 0.221 0.077 2.803 0.005 Supported
Moderating Effect 2 - Repurchase Intention H5 0.046 0.043 0.053 0.871 0.384 Not supported
*0S = Original sample; M = Sample mean; STD = Standard deviation; p = p-value.
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DISCUSSION

Perceived Behavioural Control as a Key Driver
of Organic Food Repurchase Intention

Results support H1 Perceived behavioral control posi-
tively and significantly influences repurchase inten-
tion. This means that Gen Z is more probable to buy
more organic food if they feel it is easy to do and in
their control. In the setting of this investigation, re-
spondents who felt that organic food was easy to ob-
tain, believed they had sufficient time and financial re-
sources to purchase it, and considered the purchasing
decision to be entirely under their own control were
more probable to repurchase organic food products in
the future. This finding is aligns with earlier research,
reporting that perceived behavioural control is a ma-
jor predictor of organic food buying and continuance
intentions because it reduces practical barriers and
strengthens consumers’ confidence in maintaining
organic consumption habits [16; 29]. The result also
supports evidence from Gen Z, where more power
over materials, knowledge, and purchasing opportuni-
ties encourages more consistent green purchasing be-
haviour [38]. Furthermore, the predominance of young
consumers in this study may explain the strength of
this relationship, as Gen Z is highly familiar with digital
platforms that make organic products easier to search,
compare, and purchase. Previous research has shown
that e-commerce platforms, mobile applications, and
digital food delivery services improve convenience,
accessibility, and purchasing efficiency, thereby re-
inforcing consumers’ perceptions of control and en-
couraging repeated purchases [39-41]. Therefore, the
present finding strengthens the argument that per-
ceived behavioural control remains a key behavioural
mechanism underlying organic food repurchase inten-
tion among contemporary Gen Z.

Social Influence as a Catalyst for Organic Food
Repurchase among Young Generation

The result shows that subjective norm has a favorable
and significant impact on consumers’ repurchase in-
tention of organic food in Gen Z and thus supports H2
(B =0.390, p <0.001). This implies that youth people are
more probable to repurchase organic food if they be-
lieve others expect them to do so. Subjective norm was
measured in this study driven by the perception of in-
creasing organic food trends, the belief of surrounding
people about the health advantage of organic food, and

438

the approval of family and close friends, which seems
to reinforce stronger intentions to repurchase orga-
nic products. The outcomes are line up with previous
investigation that has demonstrated the crucial role
of social influence to predict organic food intentions
and behaviors, especially among younger consumers
and in a collectivistic setting where group approval
and conformity are still vital [9; 14; 26]. This also sup-
ports the evidence that Gen Z is heavily connected to
social media, online communities and word-of-mouth
networks that make social cues more relevant in their
consumption decisions [15; 42]. Furthermore, the re-
latively strong coefficient found in this study supports
the arguments that subjective norms affect attitudes
toward organic food, but they may also directly stimu-
late repurchase intention when organic consumption
becomes a socially desirable and widely accepted be-
havior [12; 43]. The exposure to organic food discus-
sion, recommendation, and positive feedback from
peers and family members among digitally-connected
Gen Z in Jakarta may reinforce positive perception and
encourage continued purchasing behavior. Therefore,
the present study strengthens the growing evidence
that social influence remains a significant behavior
mechanism behind organic food repurchase intention
among contemporary young consumers.

Personal Control Matters More Than Social
Pressure in Organic Food Repurchase

Hypothesis testing does not support H3, indicating
that subjective norms do not significantly affect the
link between perceived behavioral control and orga-
nic food repurchase intention among Gen Z customers
(B=0.030, p =0.710). This finding implies that although
social influence directly encourages organic food re-
purchase, it has no effect on customers’ perceived
capacity to access and purchase organic food. In this
investigation, perceived behavioural control was re-
flected by ease of purchasing organic food, the avai-
lability of time and financial resources, and personal
control over purchasing decisions, whereas subjective
norms captured increasing organic food trends, beliefs
of surrounding people regarding health benefits, and
approval from family and close friends. This result is
consistent with studies reporting that subjective norms
often become weak or insignificant once consumers
rely more on internal motivations and perceived capa-
bilities, particularly among younger and digitally con-
nected consumers [44; 45]. The slope analysis (Figure 2)
further supports this conclusion; the three lines for low
(-1 SD), mean, and high (+1 SD) levels of subjective
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Figure 2
Slope Analysis: Moderating Effect 1

norms all show the similar positive slopes. Consumers
with higher subjective norms always report slightly
higher levels of repurchase intention, but the parallel
pattern means that the power of the perceived be-
havioural control-repurchase intention relationship is
not significantly different across levels of social influ-
ence. In other words, subjective norms are influential
in determining the overall level of repurchase inten-
tion, but not the effect of perceived behavioural con-
trol itself. This trend lines up with earlier research that
perceived behavioural control and subjective norms
generally are parallel predictors rather than interac-
tive factors [27; 46]. Moreover, digital marketplaces,
traceability systems and increased supply chain trans-
parency mainly enhance consumers’ perceived level of
control and access to information rather than social
pressure [34; 47; 48]. Therefore, Gen Z in Jakarta ap-
pear to make repeat organic food purchases largely
based on their own capabilities and access to informa-
tion, regardless of whether social influence is relatively
high or low.

Health-Oriented Consumption and the Growing
Appeal of Organic Food Among Urban Generation Z

Health consciousness had a positive and significant
effect on organic food repurchase intention among
Gen Z, supporting H1c (B = 0.214, p = 0.005). Respon-
dents who paid closer attention to their daily nutri-
tional intake, believed in the health benefits of organic
food, and considered healthy eating practices import-
ant were more likely to intend to purchase organic food
again. This finding is consistent with previous studies
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identifying health consciousness as an important de-
terminant of organic food purchase and repurchase
intention because consumers commonly associate
organic products with food safety, long-term health
protection, and overall well-being [18; 49; 50]. This
relationship may be particularly relevant in an urban
setting such as Jakarta, where concerns about diet
quality, environmental pollution, pesticide residues,
and artificial additives may increase consumer inte-
rest in organic products [9; 51]. Organic food is also
valued for production practices that restrict synthetic
pesticides and artificial additives and exclude geneti-
cally modified organisms [21; 49; 52]. Greater access
to organic certification information, digital traceability
systems, and online product information may further
strengthen consumers’ confidence in product safety,
origin, and production practices [40; 42; 53]. Overall,
the findings indicate that health consciousness re-
mains an important direct predictor of organic food
repurchase intention among Gen Z.

Health Awareness and Perceived Control as
Parallel Drivers of Organic Food Repurchase

The results show that health consciousness has no
significant effect on the link between perceived be-
havioural control and repurchase intention and there-
fore H5 is not supported (B = 0.046, p= 0.384). This
points out that Gen Z who are health-conscious, con-
cerned about their daily nutritional intake, are con-
vinced of the health advantages of organic food, and
practice healthy eating habits are more probable to
show stronger repurchase intentions, but health con-
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sciousness does not significantly influence the effect of
perceived behavioural control on their purchase deci-
sion. In this investigation, perceived behavioural con-
trol was reflected through ease of purchasing organic
food, availability of time and financial resources, and
personal control over purchasing decisions, whereas
health consciousness captured nutritional concerns,
beliefs regarding health benefits, and awareness of
healthy eating practices. The outcome lines up with
previous studies showing that health consciousness
and perceived behavioural control generally function
as independent predictors of organic food purchase
and repurchase intentions rather than as interacting
factors [16; 29; 49]. The slope analysis (Figure 3) fur-
ther supports this conclusion. Although respondents
with higher health consciousness (+1 SD) consistently
reported higher levels of repurchase intention than
those with average or lower health consciousness,
the three slope lines remain nearly parallel across all
levels of perceived behavioural control. This pattern
indicates that health consciousness increases the
overall tendency to repurchase organic food, it does
not significantly strengthen or reduce the favorable
effect of perceived behavioral control. In other words,
consumers with low, moderate, and high health con-
sciousness respond similarly to improvements in their
capacity to find and buy organic food. Furthermore, the
proliferation of e-commerce platforms, mobile organic
food delivery applications, and information-rich digital
supply chains primarily enhances consumers’ conve-
nience, accessibility, and purchasing capability, there-
by reinforcing perceived behavioural control directly
rather than through health-related motivations [39;

40; 54]. Therefore, among Gen Z in Jakarta, health con-
sciousness and perceived behavioural control appear
to encourage organic food repurchase through parallel
rather than interactive mechanisms.

CONCLUSION

The objective of this study is to look at the factors af-
fecting the repurchase intention of organic food for
Gen Z, especially the impact of perceived behavioral
control, subjective norms, and health consciousness.
The influence of subjective norms and health conscious-
ness on the connection between perceived behavio-
ral control and repurchase intention is also explored.
The outcomes show that perceived behavioral control,
subjective norms and health consciousness are posi-
tive and substantial predictors of intention to repur-
chase organic food. These findings suggest that Gen Z
is more probable to continue buying organic food when
they view the behavior as easy and feasible, when they
receive positive social support from surrounding envi-
ronment, and when they are highly aware of healthy
lifestyles and the health advantages of food. In con-
trast, subjective norms or health consciousness did
not substantially moderate the perceived behavioral
control-repurchase intention relationship, suggesting
that these variables act as independent drivers rather
than boundary conditions that intensify or dampen the
effect of perceived behavioral control.

This investigation adds to the current literature by
closing the continuous gap in organic food purchase
intention and repurchase behaviour among the young-
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er consumers. While prior investigations have prima-
rily focused on initial purchase intention, the present
findings provide evidence regarding the drivers of
continued purchasing behaviour among Gen Z, a con-
sumer segment that is increasingly important for the
long-term development of the organic food market.
The novelty of this investigation lies in demonstrating
that social influence and health awareness remain im-
portant direct antecedents of repurchase intention,
yet their moderating roles are not supported, sugges-
ting that personal capability, access, and convenience
remain the dominant mechanisms underlying repeat
organic food purchases among digitally connected
young consumers.

From a practical perspective, organic food produ-
cers, retailers, and digital platform providers should
improve product availability, price transparency, ac-
cessibility, and purchasing convenience. Retailers and
online platforms may support perceived behavioral
control by making certified organic products easier
to identify, compare, order, and receive. Marketing
communication should provide credible and verifiable
information about product origin, certification, pro-
duction practices, and health-related attributes. Posi-

Data Availability

The data are available at the following link.
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tive recommendations from family members, peers,
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be used to strengthen repurchase intention, although
such social communication should complement rather
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fordability.
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In addition, the cross-sectional design and self-repor-
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ABSTRACT

INTRODUCTION. Iraq is suffering from severe drought, exacerbated by climate change. Ge-
netic patterns and timing of planting are of critical importance to improve water use
efficiency and sustainability of agricultural production.

MATERIALS AND METHODS. A field experiment was conducted at the Al-Jadriya field, Bagh-
dad University, College of Agricultural Engineering Sciences. Six maize genotypes
(G1-Agr183, G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880, and G6-IK58) were planted on
three dates (1 August, 7 August, and 15 August) during the fall season of 2023-2024.
The experiment was arranged in a randomized complete block design (RCBD) with
three replications. Leaf samples were analyzed in the laboratories of the Department
of Field Crops, College of Agricultural Engineering Sciences. The least significant dif-
ference (LSD) test at the 0.05% probability level was used for mean comparisons, and
statistical analysis was performed using the GenStat statistical software.

RESULTS. The results indicated that genotype G6 exhibited higher catalase (CAT) activity
across all three planting dates, while genotype G2 showed higher peroxidase (POD)
activity during the same period, suggesting superior adaptive efficiency of these two
genotypes. Superoxide dismutase (SOD) activity also varied among genotypes, with the
highest levels observed on D3 (third planting date) and D1 (first planting date) for G6,
and on D2 (second planting date) for G5, indicating a response due to genotype x plant-
ing date (G x D) interaction. Regarding planting date, CAT activity was highest on D3,
whereas POD and SOD activities peaked on D1, reflecting the influence of planting date
on the regulation of the antioxidant defense system.

CONCLUSION. The results demonstrate that enzyme activity and maize response to plan-
ting dates vary significantly depending on genotype. Therefore, selecting an appropri-
ate planting date is essential for optimizing crop growth under specific light, humidity,
and temperature conditions.

KEYWORDS: Zea mays L., antioxidant enzymes, planting dates, genotype, enzyme activity,
high temperature
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YHuBepcuTeT bargasa, Konnegx nHxeHepHbIX HayK B CE/IbCKOM XO35ANCTBE,
bargaga, Vipak

AHHOTALIMA

BBEAEHUE. Mpak ncnbiTbiBaeT cepbesHblil 4edULNT BAaru, ycyrybasemMblil usMeHeHnem
KnvmaTta. FreHeTn4eckme 0CO6eHHOCTN 1 CPOKM NOCeBa UMEOT peLlatollee 3HayeHne
AN NoBblleHNs 3GPeKTUBHOCTM NCMO0/b30BaHMSA BOAbl U YCTOMUYMBOCTU Ce/bCKOXO-
35ICTBEHHOIO MPON3BOACTBA.

MATEPUAJIbI U METOJbI. MoneBoii onbIT 6611 NPOBeAEH Ha OMbITHOM none Anb-xaapus
npw bargagckom yHusepcuTeTe, Konnesx MHXeHepHbIX HayK B Ce/IbCKOM XO3ANCTBe.
LWecTb reHoTMnoB Kykypysbl (G1-Agr183, G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880
n G6-IK58) BbiceBanu B Tpu cpoka (1 aBrycra, 7 aBrycta u 15 aBrycra) B 0CEHHWIA ce-
30H 2023-2024 rr. OnbIT 3akNabliBann No cxeme paHAOMU3MPOBAHHbIX MOJHbLIX 6/10-
KOB B TPEXKpPaTHOWM NoBTOpHOCTN. O6pasLbl INCTbEB aHaNM31poBann B nabopaTopu-
Ax kadespbl noneBbix KynbTyp Konneaxa MHXeHepHbIX HayK B CeIbCKOM XO35IACTBe.
Jnsi cpaBHEHWSI CpeaHVX 3HaYeHWIA NCNONb30BaNV TeCT HaVIMeHbLLeR CyLLLecTBEHHOM
pa3HoOCTM Npu ypoBHe BeposATHOCTK 0,05 %, cTaTuCTUYecKkyto 06paboTKy AaHHbIX Bbl-
MOJIHAMN C MOMOLLbIO NporpaMmel GensStat.

PE3YJIbTATbI. Pe3ynbTaThl nokasanu, Y4to reHoTun G6 xapakTepu3oBascs 60siee BbICOKOM
aKTMBHOCTBIO KaTanasbl BO BCe TPW CPOKa Mocesa, Torga kak reHotun G2 npossns
NOBbILLEHHYIO aKTUBHOCTb NepPOKCUAA3kI B Te XXe Neprosbl, YTO CBUAETENLCTBYET O Bbl-
COKOVi afanTUBHOM 3PPeKTUBHOCTU 3TUX ABYX FeHOTUMOB. AKTUBHOCTb CyrnepoKCUA-
ancmyTasbl (CO/J) Takxke pasnMyanace MexXzy reHoTunamu: Hanbosblune 3HaYeHns
oTMeueHbl y reHoTuna G6 B TpeTuii (D3) 1 nepsblii (D1) cpoku nocesa, a y reHoTvna
G5 — BO BTOpOI1 cpok (D2), uTo ykasbiBaeT Ha 3aBUCUMOCTL GepMEHTATMBHOMO OTBETA
OT B3aMMOJENCTBUS «reHOTUM X CPOK MoceBa». YTO KacaeTcs CPOKOB MoceBa, akTUB-
HOCTb KaTasiasbl 6blna MakcMmanbHo B D3, TorAa Kak akTUBHOCTU Nepokcnaasbl v COJ,
Jocturanu nuka B D1, uTo oTpaxkaeT BIVSIHME CpOKa NoceBa Ha perynauunto addekTus-
HOCTU aHTUOKCUAAHTHOM CUCTEMbI 3aLUThI.

3AKNIYEHUE. MonyyeHHble pe3ynbTaThbl AEMOHCTPUPYHOT, YTO aKTUBHOCTL GepMeHTOB
1 peakumsi KyKypy3bl Ha CPOKM MOCeBa CyLLEeCTBEHHO BapbUPYHOT B 3aBMCUMOCTU OT re-
HoTuna. TaknMm 06pasoMm, BbI6OP OMTUMANLHOrO CPOKa MoceBa MMeeT BaxHOe 3Ha-
YeHMe ANS ONTUMM3ALMM POCTa KyJbTypbl B KOHKPETHBIX YC/IOBUSIX OCBELLLEHHOCTH,
BNAXHOCTW W TeMnepaTypsbl.

KNHYEBBIE CNIOBA: kykypy3a Zea mays L., aHTUOKCUZAAHTHbIE GepMeHTbI, CPOKMN MOCEB],
reHoTun, pepMeHTaTVBHAs aKTMBHOCTb, BbiCOKasi TemrepaTtypa

ATPAPHBIA BECTHUK CEBEPHOIO KABKA3A | TOM 16 Ne 3/2026 51


https://orcid.org/0000-0001-8991-3305
https://doi.org/10.31279/ABNC-2026-16-3-138
https://doi.org/10.31279/ABNC-2026-16-3-138
https://doi.org/10.31279/ABNC-2026-16-3-138

Study of activity antioxidant enzymes in several of maize genotypes

Nagham Majeed Al-Azawi

INTRODUCTION

Zea mays L. is the third most important cereal crop in the
world after wheat and rice, due to its wide nutritional and
economic importance [1]. Despite their high production
capacity, they are classified as crops that are relatively sen-
sitive to water stress, especially drought, which may neg-
atively affect plant growth, development, and productive
components [2]. Therefore, determining the appropriate
planting date is an important agricultural procedure that
should be taken into consideration, ensuring that the sen-
sitive stages of plant growth are compatible with the appro-
priate environmental and climatic conditions, and reducing
the crop’s exposure to environmental stresses [3]. Early de-
tection of the genetic behavior of varieties under different
environmental conditions is of importance in determining
the extent of response of varieties and selecting the best [4].

Global warming and increased temperatures and
droughts, especially in Iraq, are taken as a serious risk to
the growth of plants and productivity. Determining the
appropriate planting date is at the forefront of the fac-
tors affecting the success of the production process, as it
is directly linked to the different stages of plant growth,
which are affected by the availability of appropriate envi-
ronmental conditions, especially temperature, humidity,
lighting intensity, and length of the light period.

Antioxidant enzymes are one of the most important
components of the physiological defense system in
Zea mays L. plants, as they play a pivotal role in maintain-
ing oxidative balance and protecting cells from damage
resulting from the accumulation of reactive oxygen spe-
cies under conditions of environmental stress, especial-
ly drought and high temperatures. The variation in the
efficacy and activity of SOD, CAT, and POD among Zea
mays L. cultivars may reflect their different ability to cope
with oxidative stress and adapt to adverse environmental
conditions, making these enzymes important physiologi-
cal indicators in assessing cultivar tolerance and selecting
the most efficient cultivar under stress conditions.

The antioxidant activity is one of the first lines of defense
against oxidation and it is important to maintain an opti-
mal redox environment for oxidation and reduction [5].
It revealed that the efficiency of the antioxidant enzyme
system differed significantly among the genotypes and the
early planting date had a significant effect on peroxidase
activity, whereas the late planting date had the highest
activity in both superoxide dismutase and catalase. This
is a pattern of very effective complementary gene-envi-
ronmental interaction [6]. Under normal physiological
conditions, NADPH oxides NOXES are one of the major
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producers of cellular ROS and are a current research in-
terest, as they have a specific ROS-producing role [7]. CAT
is a quaternary enzyme which plays an important role in
the breakdown of hydrogen peroxide (H,0,) to water and
oxygen in a highly efficient and effective manner.

The activity of the Catalase enzyme decreased significant-
ly at high temperatures [8] and increased in Catalase en-
zyme activity during heat stress [9]. Oxidizing enzymes
play an important role in plants’ response to biotic and
abiotic stress [10, 11]. Heat stress resulted in a reduc-
tion in the percentage of the enzymatic antioxidants in-
cluding Catalase CAT, Peroxidase POD and Superoxidase
dismutase SOD [12]. It has recently been demonstrated
that O, accumulation contributes to activation of the su-
peroxidase dismutase enzyme SOD, which neutralizes
O, to H,0, and is thus one of the antioxidant enzymes
that are able to protect corn from oxidative damage, as
well as roots [13, 14]. Under high temperature condi-
tions, ROS formation is increased and enzymes like cat-
alase are activated as a defense mechanism but in se-
vere stress conditions enzymes’ activity is disrupted [15].
The antioxidant enzymes are the first defense line against
oxidative harm and it is essential to maintain the oxidation
and reduction environment at the optimum level [16].

The enzyme superoxidase is less active at higher tem-
peratures [11]. When no stress, contents of antioxidant
enzymes are increased and must select a proper plan-
ting date [5]. Optimal condition for catalase enzyme
activity was confirmed which is 37°C [17]. Heat stress
can affect the response of oxidative stress enzymes to
changes in planting dates [18]. This work focused on the
importance of antioxidant enzymes to reduce the stress
of plants with heavy metals [19]. The stress can affect
the plants negatively impacting growth and yield [20].

This study aims to evaluate the response of several
Zea mays L. varieties to different planting dates, and to
determine the effect of different planting dates on the
activity and effectiveness of some oxidative enzymes
associated with the plant’s response to environmental
stresses. It also aims to detect variation between varie-
ties in their ability to adapt to prevailing environmental
conditions, and to identify varieties that are most effi-
cientinresponding to heat stress and drought, thus con-
tributing to the selection of the best and most suitable
varieties for cultivation under Iraq’s environmental con-
ditions, and promoting their use in breeding programs,
genetic improvement, and sustainable crop production.

Average thermal degrees throughout the growing pe-
riod (Figure 1) were obtained from the Iraqgi weather
monitoring agency (2023-2024).
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Figure 1

Average maximum (Max) and minimum (Min) temperatures in autumn 2023-2024

MATERIALS AND METHODS

A field experiment was performed in the autumn sea-
son (2023-2024) at the fields of Baghdad University
College of Agricultural Engineering Sciences for six
genotypes of maize (G1-Agr183, G2-PAN466, G3-Ly55,
G4-OH40, G5-Xq880 and G6-1K58) on the following
planting dates: 1 August, 7 August, and 15 August.
A randomized complete block design (RCBD) was
employed for the experiment with three replications.
The mean squares were calculated using the least sig-
nificant difference (LSD) 0.05% test was used to com-

- Determination catalase enzyme activity (CAT)

pare the GenStat statistical program used for data
analysis. Average thermal degrees throughout the
growing period were obtained from the Iraqgi weather
monitoring agency (2023-2024).

Determination of enzyme activity

At the flowering stage, 10 mL of phosphate buffer
(KH,PO,, pH 7.8) was added to each frozen leaf
sample (stored at -25 °C). To estimate enzyme activity,
the following enzymes were assayed using a spectro-
photometer:

Enzyme activity was determined in accordance with the experimental method [21].

Enzym activity CAT (U\mg protein)

where A reading - change in absorbance/reading;
At - time interval (usually in minutes);

0.1 - volume of enzyme/sample used;

3 A reading \A t
0.1 x0.01 x protein concentation

0.01 - path length/correction factor as specified by the assay;

protein concentration - protein concentration of the sample (usually mg/mL).

- Determination of peroxidase enzyme activity (POD)

Peroxidase enzyme activity was estimated according to the method of [22].

Enzyme activity POD ( U\mg protein) =
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- Determination of superoxidase dismutase enzyme activity (SOD)

Enzyme activity was determined in accordance with the experimental method [23].

(A2B — A1B) — (A2S — A1S)

SOD (inhibition) =

where  A1B - blank absorbance before lighting;

A2B - blank absorbance after lighting;
A1S - absorbance of the sample before lighting;
A2S - absorbance of the sample after lighting.

Enzyme activity SOD =

where  df - dilution factor;

U - unit;
Vs - sample size.

RESULTS
Catalase enzyme (CAT)

The plant has a complicated redox defense system
that responds to the excessive productivity of ROS and
shields the plants from the injury caused by ROS, when
their production surpasses the activity of antioxidant
enzymes like catalase, which causes damage to es-
sential components of the plant. As is observed from

(A2B - A1B)

sample inhibition
highest inhibition

x 100,

df . .
X %(Ll\mL)Measrmng unit,

results in Figure 2, the highest average protein con-
tent across the three planting dates were obtained in
G5 with protein content of 2.74, 2.51 and 2.18 unit.mg""’
protein for D3, D2, and D1 respectively. The genotype G4
recorded the maximum 2.27 average protein content in
D3, G2 genotype recorded the minimum 1.12 average
protein in D2 and G1 recorded the minimum 1.19 aver-
age protein in D3 while G2 recorded the minimum 1.12
average protein in D2. The genotype G1 in planting date
1 August D1 had average 1.34 unit.mg™" protein.

w

2.5 @ D1 — First planting date T i D2 - Second planting date
. 2.18 z L. 2.51
£ 5 2
[ 18 19 17 i 2.04
a 1.45 5o 1.69
= 15 1.34 g
&0 5 15 122 112 127
E = .

1 z 1
2 5
£ 05 T o5
2 =
2 0 S o
m
b=l G1 G2 G3 Ga G5 G6 G1 G2 G3 Ga G5 G6
B3]
Maize genotypes
LSD0.5%. 0.34 Maize genotypes LSD0.5%. 0.63
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o
§ 2.5 2.27
5 2
'g'n 1.66
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|
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S
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-
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Figure 2

Effect of planting date on Catalase CAT enzyme activity unit.mg™" protein for six genotypes of maize (G1-Agr183,
G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880, and G6-IK58) in autumn season 2023-2024
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Figure 3 shows that the results differ significantly with
regard to planting date: D3 (15 August) gives the highest
average activity (1.8 unit mg™ protein), followed by
D1 (1 August) with 1.7 unit mg™" protein, while D2
(7 August) gives the lowest average (1.6 unit mg™" pro-
tein). The activity of Catalase enzyme decreased (inhibit-
ed) which contradicts the results of [26] that concluded
with an increasing in Catalase activity with increasing
temperature.

Peroxidase enzyme (POD)

The storage of reactive oxygen species ROS and the de-
gree of membrane harm in the atom promotion in re-

sponse conditions to high-temperature conditions [24].
According to [27] the variation in the enzymatic activity
between genotypes is attributed to their genetic speci-
ficity. The data presented in Figure 4 reveal large geno-
type differences at all planting dates. G2 genotype had
the highest average protein content in D3, D1, and D2
as 0.75, 0.74, and 0.72 unit.mg™" protein, respectively.
The G5 genotype had the highest average protein con-
tent on D1 0.63 unit.mg™" protein, followed by G5 geno-
type on D2 0.58 unit.mg™" protein and G3 genotype on
D3 0.55 unit.mg™' protein, while the genotype G4 had
the lowest average protein content on D3, D2, and D1
0.35,0.36 and 0.45 unit.mg™" protein respectively.

CAT;D3; 1,8
=@=CAT; D1; 1,7
\=¢=m1';‘bz; 16
D1 D2 D3

Figure 3

Means of Catalase CAT enzyme activity unit. g™ protein in three planting dates (1 August D1 first planting date, 7 August
D2 second planting date, 15 August D3 third planting date) for six maize genotypes in the autumn season 2023-2024
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Effect of planting date on Peroxidase POD enzyme activity unit.mg™" protein for six genotypes of maize (G1-Agr183,
G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880, and G6-IK58) in autumn season 2023-2024
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As shown in Figure 5, high temperatures enhanced the ac-
tivity of peroxidase enzyme as compared to heat stress with
high average on 1 August in D1 with 0.6 unit.mg™ protein,
followed by 15 August D3 with an average of 0.52 unit.mg™
protein, while the least average was observed on 7 August
in D2 with 0.5 unitmg™ protein. The results illustrated in
Figure 5 revealed that the highest average of enzyme acti-
vity was observed on 1 August in D1 with 0.6 unitmg™ pro-
tein, followed by 15 August in D3 with 0.52 unit.mg™" protein,
whereas the lowest average was seen on 7 August in D2
with 0.5 unit.mg" protein. According to [26], enzyme activity
goes up as temperature goes up. The results of [11] showed
that the values decreased when the temperature increased.

Superoxidase enzyme (S0D)

One of the first defense mechanisms against the su-
peroxide ions O2 in the hydrogen peroxide form

=@= POD; D1; 0,6

=== POD; D2; 0,5

H,O, and oxygen O, is the action of the superoxide
dismutase enzyme [29]. This is because there can be
natural resistance to heat stress which could have con-
tributed to the lesser production of ROS mediated by
heat stress [30]. Under heat stress situations, levels of
ROS and membrane damage in the atom build up [24].
The difference in enzyme activity among genotypes is
due to their genetic nature according to [27].

A significant difference between genotypes at each
planting date is shown in Figure 6. G5 genotype got
the highest average protein content of 64.25 and
55.68 unit.mg™' respectively at D3 and D1. Genotype
G5 showed the highest enzyme activity on D2 (51.8
unit.mg™' protein), while genotype G1 had the lowest
average enzyme activity across all planting dates, with
values of 35.91, 36.12, and 45.91 unit.mg™" protein for
D3, D2, and D1, respectively.

POD; D3;0,52

D1

Figure 5

D3

Means of Peroxidase POD enzyme activity unit.mg protein in three planting dates (1 August D1 first planting date,
7 August D2 second planting date, 15 August D3 third planting date) for six maize genotypes in the autumn season 2023-2024
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Figure 7

Means of superoxide dismutase SOD enzyme activity (unit.mg™' protein) across three planting dates: D1 (1 August
first planting date), D2 (7 August second planting date), and D3 (15 August third planting date) for six maize geno-

types in the autumn season of 2023-2024

A variation was found within planting dates (Figure 7).
When stressed, plants exhibit stimulation of their re-
dox defense system which looks for Reactive Oxygen
Species (ROS). The second date on 7 August showed
the lowest average of 44.2 unit.mg™"in D2. Redox de-
fense system contributes to supporting plants to toler-
ate heat stress [31]. The enzyme activity was increased
at lower temperatures, as shown in Figure 1. At high
temperatures, the activity of SOD enzyme decreases
which is confirmed by [6, 11].

DISCUSSION

The results obtained indicate that the antioxidant sys-
tem enzyme activities such as CAT, POD and SOD en-
zyme significantly varied between the different geno-
types due to the date of planting, which marked a
difference during plant response to heat stress. This
difference lies in the genetic efficiency in controlling
ROS homeostasis and reducing the toxic effects of ROS
on cellular components.

The G5 genotype demonstrated higher activities of CAT
and SOD, indicating it is more capable of scavenging
ROS and thus better able to withstand heat stress. Some
genotypes, like G1 and G2, had lower enzyme activities,
suggesting restricted adaptation to high temperatures
and leading to high sensitivity to oxidative stress.
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T MIHCTUTYT CenbCKoro xo3siicTBa — ¢unvan degepanbHblii HayUHbIA LEHTP
«KabapanHo-bankapckuii Hay4HbI LeHTp Poccuniickoli akageMmm Hayk», Hanb-
uunk, Poccumsa

2 KabapavHo-bankapckasi rocyfapCTBeHHasi CebCKOX03ANCTBEHHAs akajemus
nm. B. M. KokoBa, Hanbuunk, Poccusa

3 WHrywckmii HayyHo-mccnesoBaTeNlbCkmii MHCTUTYT CenbCKoro xo3siictea, CyH-
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AHHOTALIUA

BBEAEHUE. B ycnoBumax ycnnmBaroLLLencs KAnMMaT4ecko HectabuibHOCTY tora Poccuy,
XapakTepu3yroLLencs pocToOM 3acyLUANBOCTM Y TeMMNepaTypHbIX aHOManuni, BOSHUKaeT
HEe06X0ANMOCTb BO3/e/bIBaHMSA COPTOB 03UMOr0 SSUMEHsI C BbICOKOI aZlanTUBHOCTLIO.
[nsa ctenHol 30Hbl KabapanHo-bankapckoli Pecnybnuvkn, rae ata KynbTypa 3aHMMaeT
3HauUTeNbHble MJIOWAAN, akTyallbHa Cenekuns U MHTPOAYKLUMS COPTOB, XapakTepu-
3YHOLLMXCS BbICOKOW afanTUBHOCTBIO K abLUOTUYECKUM CTPeccoBbiM $hakTopam cpeabl.

LUEb. N3yunTb afanTMBHOCTL COPTOB 03MIMOr0 STUMEHSI B YCI0BUSIX CTEMHOM 30HbI Ka-
6apanHo-bankapuun Ans onpejeneHns noteHLmana coptToB 1 GopMMPOBaHUA HayUYHO
060CHOBAHHbIX PpeKOMeHAaLMA Mo BbipalMBaHNIO B pervoHe.

MATEPWAJIbI U METOADI. MoneBblie onbITbl NpoBoAuaM B 2023-2025 rr. Matepuanom mc-
cneAoBaHNM b6bIIV CéMb COPTOB O3MMOr0 SUMeHs ceflekunm HaumoHanbHOro LeHTpa
3epHa numenu . M. JlyKbSAHEHKO COBMeCTHO € VIHCTUTYTOM cenbckoro xo3sancrea Ka-
6apanHO-bankapckoro HayyHoro LeHTpa Poccuiickoit akageMumm Hayk. MaacTuyHocTb
N CTabUNbHOCTb COPTOB OMNpeAensnn no Metody d6epxapTa - Paccena, CTpeccoycToi-
UMBOCTb N FreHeTUYECKYH rMbKOCTb - MO MeToAMKe FoHUYapeHKo.

PE3Y/ILTATI. B 2025 rogy npu onTuManbHbix ycnosusx (7, = +0,72) ypoxaiitHoOCTL copToB
031MOro siUMeHs BapbrpoBana ot 6,3 0 8,1 T/ra. KoadpduumeHT nuHeiHo perpeccum
b, > 1 oTMeueH y copToB KnageHe, (1,47), Mup (1,52) n UHcap (1,21) — oHu nnactny-
Hbl 1 MONOXUTENBHO OT3bIBAOTCS Ha yyulleHve arpodoHa. CTabunbHbIMU NPU3HaHBI
Magap (o*d = 0,002) 1 Bacs (0,088). Mo cTpeccoycToiiumBocTy Bulgennuce Mocnd, Bacs
n CaTypH, a Nno reHeTn4eckol rnékoctn - Knagewe, (6,65) n NHcap (6,55).

SAKNIOYEHUE. MpoBeseHHbIe NccneA0BaHNS NO3BONNAN UAEHTUOULMPOBATL COpTa 03U-
MOro siuMeHs, obnagatoLie NOTeHLMaNoM ANs BbipallMBaHWs B ycnoBusix geduumta
N HecTabunbHOW BnaroobecneyeHHoOCTY, AEMOHCTPUpYHLLME CTabubHO BbICOKYHO
YPOXaHOCTb HE3aBMCUMO OT KIMMAaTUYECKNX 0COBeHHOCTe.

KNHYEBDIE C/IOBA: 031MbI/i SUMEHb, 3KON0rMYeckas naacTUu4HoCTb, CTabUabHOCTb Ypo-
XaMHOCTK, CTPECCOYyCTOMUMBOCTL COPTOB, afanTUBHbIV NOTeHLMan
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ABSTRACT

INTRODUCTION. Against the background of increasing climatic instability in southern Rus-
sia, characterized by growing aridity and temperature anomalies, there is a need to
cultivate winter barley varieties with high adaptability. For the steppe zone of the Kabar-
dino-Balkarian Republic, where this crop occupies significant areas, the breeding and
introduction of varieties characterized by high adaptability to abiotic stress factors of
the environment are relevant.

AIM. To study the adaptability of winter barley varieties under the steppe conditions of
Kabardino-Balkaria in order to determine their potential and to formulate scientifically
based recommendations for cultivation in the region.

MATERIALS AND METHODS. Field experiments were conducted during 2023-2025. The re-
search material comprised seven winter barley varieties bred by the P. P. Lukyanenko
National Grain Center in collaboration with the Institute of Agriculture of the Kabardino-
Balkarian Scientific Center of the Russian Academy of Sciences. Plasticity and stability
of the varieties were determined using the Eberhart-Russell method, while stress to-
lerance and genetic flexibility were assessed according to the Goncharenko procedure.

RESULTS. In 2025, under optimal conditions (7, = +0.72), the yield of winter barley variet-
ies ranged from 6.3 to 8.1 t/ha. A linear regression coefficient b, > 1 was recorded for
Kladenets (1.47), Mir (1.52), and Insar (1.21 indicating high plasticity and a positive re-
sponse to improved agronomic background. Madar (¢°d = 0.002) and Vasya (0.088) were
recognized as stable. Iosif, Vasya, and Saturn stood out in terms of stress tolerance,
while Kladenets (6.65) and Insar (6.55) — in terms of genetic flexibility.

CONCLUSION. The conducted studies made it possible to identify winter barley varieties
with potential for cultivation under conditions of deficient and unstable moisture sup-
ply, demonstrating consistently high yields regardless of climatic features.

KEYWORDS: winter barley, ecological plasticity, yield stability, stress tolerance of varieties,
adaptive potentialto reduce labor inputs, and incorporate bee pollination services into
the state support system for the agricultural sector
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OueHKa NNacTUYHOCTW 1 CTabUNBHOCTM COPTOB 03MMOrO SUMeEHs!
B arpobuoueHose KabapanHo-bankapuu

AX. MankaHayesa, X.A. MankaHgyes, P./. LLlamyp3aes,
M.B. Kawykoes, M.A.ba3rues, K.LLU. Bagyprosa

BBEAEHUE

B cBf3M C pacTywein HecTabuibHOCTBIO KAMMa-
Ta, yrpoxatwLler rnobanbHOM MpPOAO0BONALCTBEHHOM
6e30MacHOCTK, CyLlecTByeT oOCTpas HeobXoAMMOCTb
B BbIBEJEHUN KyNbTyp, YCTOAUMBBLIX K €ro M3MeHe-
HUto. COBpeMeHHbIe Hay4YHble UCCNef0BaHNS Harnpas-
NeHbl Ha M3y4YeHMe CI0XHbIX MeXaHW3MOB, Jiexallmx
B OCHOBe AeduumTa Bfarm y CenbCKoX03AMCTBEHHbIX
pacteHunin [1; 2]. MporHosvpyemble KanMmaTU4eckme
N3MEHEHUs1 CNOCOBHbI He TOJIbKO MPUOCTAHOBUTL MO-
NOXUTENbHYH AMHAMUKY BanoBbIX C6OPOB, HO U Bbl-
3BaTb NajeHre ypoxanHocTn. B cBsi3n ¢ 3Tum npegno-
naraetcs, 4Uto 79 % oT obuiero cbopa npoaykumn byaet
obecneyeHo 3a CYeT MOBLILEHWS ypoxalHocTh [3]
Ce/IbCKOXO035ICTBEHHbIX KYNbTYp MyTeM CO34aHUsA U
0T6Opa af,anTUBHbIX FEHOTUMOB. B TeueHne MHOrMX neT
necTyUnabl U MUHepasbHble YA06peHns CrnocobcTBo-
BaNX CTabUIBHOMY YpPOXat CeNbCKOXO3ANCTBEHHbIX
Ky/bTyp, OAHAKO OXMWAAeTCs, UYTO UX UCMO/b30BaHMe
byeT OrpaHM4YeHO M3-3a HeraTVBHOrO BO34elCTBUS
Ha OKpY>KatoLLyto cpesy. AHaNM3 NCCef0BaHN, NpoBe-
AeHHbIX 3@ nocnegHue 50 net B Kntae, cBuAeTeNbCTBYET
0 TOM, YTO YCTONYMBOCTb CENbCKOro X03AMCTBa 1 Npo-
AOBONBLCTBEHHast 6€30MacHOCTb CTPaHbI CTa/IKMBaKTCA
C becnpeuefeHTHBIMY BbI30BaMU 13-3a YYaCTMBLLMXCS
3KCTPEMAsIbHbIX KAUMATUYECKNX SBAEHWUM, BKIHOYas,
B YaCTHOCTW, 3KCTPeMasbHble 3acyXu MoCAeAHUX neT
B CTpaHe [4], uTo B AanbHelillem NoBAeYeT CHUXEHKE
YPOXKANHOCTU Y CENbCKOXO3ANCTBEHHBIX KY/bTYP.

SluMeHb, Kak OZHa W3 APEBHENLLNX 3€PHOBbLIX KyJlb-
Typ, LUMPOKO pacrnpocTpaHeH rno BceMy Mupy 6naro-
Aapsi CBOVIM LieHHbIM Ka4yecTBaM, OCTaeTcs YeTBepToi
Mo pacnpoCTpaHEeHHOCTU Ky/lbTypoii B MuUpe U Le-
HWTCS 3@ CBOK YHVBEPCanbHOCTb B CONOAOBEHHOM
I NVBOBApPEHHOM MPOU3BOACTBE, KOPMaXx A/s XUBOT-
HbIX, MUTAHUW YenoBeka, MKLLEeBbIX AobaBkax. B no-
Ny3aCyLUAMBBIX U 3aCyLUVBBIX PErMOHAX AOCTUXeHME
CTabUIbHOCTN ypOXasi OCTaeTCs TPYAHOAOCTMXMUMOA
Lenbto. Yacto copTa siUMeHst C XOpoLwnM MoTeHuua-
JIOM YPOXaMHOCTN 1 KauyecTBa He MPOsIBASOT YCTOM-
YMBOCTN K AedULMTY BOAbI, MO3TOMY KpaiiHe BaxKHO
AOBUTLCS TEHETUYECKUX YNyULleHWid s co3haHus
COPTOB, YCTONYMBBIX K MU3MEHEHWI0 knnmarta [5]. MoHu-
MaHVie POy U3MEHEHWNIA OKpYXKatoLLeid cpesbl B pocTe
3epHOBbLIX KyNbTyp KpaiiHe BaxHO ANl oT6opa reHo-
TVUMOB C MOBLILIEHHOM aAanTUBHOCTLI. [0 MHeHNo
psiAa vccnesoBaTenield, yCIoBUS OKpYXatoLLeid cpeabl
OKa3blBalOT CWIbHOE BAUSIHWE Ha ¢$eHonornyeckoe
pa3BUTUE N YPOXANHOCTb 3epHa AYMEHS, B TO BpeMst
Kak MPY3HaKM KayecTBa MOKa3biBalOT OTHOCKTENbHO
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60nbLUY0 CTabUNbHOCTb, YTO YyKa3blBaeT Ha bonee
CUNBHBIA reHeTuYecknii matepuan [6; 7].

AbrnoTmyeckme CTpeccopsbl, CBsA3aHHbIE C U3MEHEHMEM
KAMMaTa, Takme Kak 3acyxa, Xapa, 3acofieHve 1 gedpu-
LMT NUTaTe/IbHbIX BELLECTB, NPeACTaBASOT CePbe3HYH
Yyrposy A/ MMPOBOIO Ce/IbCKOro X0351ACTBa, HapyLUas
pOCT, pa3BuUTUE VN Pa3MHOXEHMEe pacTeHUA. ITL cTpec-
Cbl BHOCAT CyLLeCTBEHHbI BK/1aA B CH/XKEHWE ypoXali-
HOCTM KakK Ha PernmoHasbHOM, TakK U Ha rn106asbHOM
YPOBHSX, TEM CaMbIM NOApPbIBasi NPOAOBONbCTBEHHYHO
6e3onacHOCTb. [loaToMy pa3paboTka CTpeccoycTol-
UMBBIX KYNbTYp SBASIETCA BaXHelLlel 3agadveit, fo-
CTUXXKVUMOW  Bnarofaps nepefoBbIM  CenekKLUMOHHbBIM
cTpatervsiM M MHTerpaumMm HOBbIX TeXHOAornm. d¢-
bekTnBHOe ynpaBieHVe abnoTUYecKUMUK CTpeccamu
TpebyeT BCECTOPOHHEro MOHVMAaHWA NeXallnx B KX
0CHOBe PU3N0NOTNYECKMX, BUOXNMNYECKNX U IKOJIO-
rmyeckmx npoueccoe [8]. Mo Mepe yBenuueHusa da-
CTOTbl 3acCyX BbIBeAEHME HOBbIX 3aCyXOYCTONYMBbIX
COPTOB 3ePHOBbIX Ky/bTYp MOXET npuobpetatb Bce
6onbluee 3HayveHne. O4HAKO CIOXKHO TOYHO U3YYUTb
KOMT/IeKCHOE BO3JEeNCTBME 3aCyXm Ha NPU3HaKK, CBS-
3aHHble C YPOXAHOCTbIO 3epHa, yUNTbIBas HeaoCTa-
TOYHYHO UHPOPMALMIO O BAUSHUW AeduumTa Bharu
Ha POCT 1 pa3BUTKE 03UMOro sumeHs [9].

B 3TOM KOHTEKCTe MepBOCTENEHHOe 3HaudeHve LMmeeT
0T60P reHOTMMOB CO CTabUIbHBLIM U BbICOKUM MOTEHLU-
aNoOM YPOXaMHOCTX B Pas/INYHBIX YCOBUSIX, MOCKO/Ib-
Ky 3TO MOXET HanpsiMyto MOBbICUTb MPOAYKTUBHOCTb
B pernoHax, NoABep)XeHHbIX KAUMATUYECKUM M3MeHe-
Huam [10]. Kak cumTatoT T. OnmBoTo 1 ap. [11], a Takxe
C. Paxmatu 1 ap. [12], aHanun3 B3amMoeincTBus reHoTu-
na n okpyxatowein cpeabl (GEI) nrpaet kaoueByro posib
B 1060 CenekuVoHHOM MporpamMme, BK/HOYaoLLeln
pa3paboTky HOBbIX COPTOB A/ BblpalLBaHUA B pas-
JINYHBIX YCIOBUAX W B KOHKPETHOM permoHe. B cBoux
nccnegoBaHusx b, ®@aHTaxyH [13] v3ydyan B3anmoaeii-
CTBME reHOTUMA 1 OKPYXKatoLLel cpesbl v onpeaenin nx
pO/ib B MOHMMAHWKN CTabUILHOCTU C MOMOLLILIO COBpe-
MEHHbIX CTaTUCTUYECKUX METOAOB, KOTOPbIe MOMOI/N
BbISIBUTb FeHOTUMbI AUMEHS, coueTaroLme Xenaemble
1 CTabU/bHble arpoOHOMMYECKMEe MPU3HAKMN.

Mo paHHbIM 13 [oknaga PocrngpomeTa, Ha Teppu-
Topun Poccum npojosKaeTca noTernaeHmne, Temnbl
KOTOPOro HaMHOro MpPeBbILLAOT cpesfHernobanbHble.
B pervoHax ¢ nepemMeH4YMBbIMWU MPUPOAHBLIMU YCNO-
BUSIMU, TaKUMU Kak tor Poccuu (c ero TenibiMuy 31mMa-
MW, PasfINYHbIMU TUNAMU 3acyx, nepeysBaxXHeHNeMm
N BapuaTMBHBLIM MAOAOPOAMEM MOYB), CMOCOBHOCTL
COPTOB aZanTUpOBaThbCs K 3TUM dakTopamM CTaHOBUT-
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CA KPUTMYECKN BaXKHOW. DTO M03BosieT 60/iee TOUHO
OLeHMBaTb MX JKOJIOTMYECKYH MAACTUYHOCTb U Bbl-
SBNSTb Hambonee yctoiiumBble copTta [14]. YyeHbIMU
13 Kutas L. UzsH v ap. [15] npeactasneH npegsapu-
TeNbHbIA pe3ynbTaT CenekuMoHHOM paboTkl Mo aume-
HI0 Ha nepuog fo 2035 roga. B matepunax npoaHanum-
31pOBaHbl aganTaynsa CoOpToB AUMEHS K U3MEHEHUIO
KA1MaTa, NOoBbILLEHVE YPOXKANHOCTU 1N KavecTBa 3ep-
Ha, 0603HayeHbl KArOYeBble 061acTN AN NPOPbLIBOB!
reHOMHble nccnefoBaHus, bronHopmaTtmka, Co3aa-
H/e HOBbIX COPTOB, M3yyeHWe CTPeccoyCcTonYmnBO-
CTU N ynydlleHne arpoHOMUYECKUX XapaKTePUCTUK.
Mo yTBepXAEHUIO aBTOPOB, NOJlyYeHHble AaHHbIE MO-
ryT 6bITb NCMO/Ib30BaHbl CeNeKUIOHepamMm Mpu Co34a-
HUW HOBbIX aanTMBHbIX COPTOB 03MIMOTr0 AUMEHS ANA
KOHKPETHbIX KinMaTuyeckmx ycnosuii. X. . M. J. Ax-
MeA 1 ap. [16] Aann KOMMAEKCHYO OLEHKY reHoTMMnam
AYMEHS C TOUKM 3peHns Ux Mopponormum, prsnonormu
N FeHeTUKN A5 MOHVMaHNSA MeXaHW3Ma NposiBNeHns
KAMMaTUYeCKON YCTOM4YMBOCTU B YC/IOBUAX BOLHOIO
Aedurumnta (3acyxu). Takoih NOAXOA MO3BONUA Ty6xe
pa3obpaTbCsa B CTPYKTYpe, bnarofaps KOTOpPOW pacTte-
HVA CNPaBAAOTCA CO CTPECCOM, U BbIABUTL Mepcrek-
TUBHble 06pa3sLbl AN AanbHeNLen cenekymmn.

YueHble 13 VIHCTUTYTa cenbckoro xossiictea (KapHo-
6at, Bonrapus, 2024 r.) B CBOUX MCCIeA0BaHVISIX OLEHU-
NN B3aMMOJencTBMe reHoTuna v roga Ans 20 obpasuos
03MIMOr0 AYMEHs B YC/I0BUAX HOro-BOCTOMHOW bonrapuu.
Ncnonb3ya pasnvyHble MeTofbl UCCIeA0BaHWUA, UMW
BbIsiB/IeHbl Hanbosiee ypoxariHble 1 cTabuibHble MO ro-
[,aM reHoTUIMbI, 4EMOHCTPUpPYHOLLE CTabnIbHO BbICOKYHO
YPOXAMHOCTb N FreHeTUYeCKU pecypc AN1s MOBbILLEeHNS
ypoxaiHocTV 3epHa [17]. ArpoMeTeoposiornyeckunii no-
NeBOV 3KCMepUMEHT, NpoBeAeHHbIV B bepnnHe-Laneme
(FepmaHms, 2019-2022 rr.) A. Wnrut n ap. [18], ¢ npume-
HeHMeM Pas/INYHbIX CTaTUCTYECKX NPOrpamMm nokasarn,
KaK M3MeHUMBOCTb OKPY>KatoLLIe cpeabl BANSIET Ha Gpop-
MUPOBaHVe YPOXKarHOCT/ O3MMOro N SPOBOro AYMEHS.
lNo pe3synbTaTam onbITa VMKW NOyYeHbl AaHHbIE O C1aboiA
CBSI3M MOrOAbl U YPOXANHOCTY, YTO FOBOPUT O 6ONbLLIOW
CTabubHOCTM 031MOT0 AYMeHs. [11 OLeHKN BANSTHWA re-
HOTWMa O3VIMOrO SYMEHS 1 OKPY>XKatoLLel cpefpl Ha Mo-
KasaTenu aganTuBHOCTY, CTabUNbHOCTU U YPOXANHOCT
B Lensx JanbHenllero aHanmsa nokasaresieil B yUi0BU-
Ax tora dduronum L. epbey n ap. [19] B cBoMx paboTax
MCMOb30BaNnN perpeccroHHble mogenu C. A. D6epxapT
1 gp. [20]. MonyyeHHbIe AaHHbIE CBUAETENLCTBYHOT O BAU-
SH OKPY>KaIOLLIe cpesbl Ha MoKa3aTenv afganTyUBHOCTY
1 YPOXKaMHOCTV COPTOB 03MMOr0 SUMEHS.

YCTOMYMBOCTb COpTa K CTpeccy — eLle OAuMH Mokasa-
Teb aAanTUBHOCTY, OH XapaKTepu3syeT ero Npucrnoco-
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6N1eHHOCTb K KOHTPACTHOMY MO MeTeopO0rmyeckmnm
yC/I0BUSAM rogy. Yem MeHblUe nepenajg mexay rnoka-
3aTens My MakCUManbHOM M MUHUMAaNbHOM ypoXaii-
HOCTW, TeM BbilLe CTPeccoyCcToM4YMBOCTb COpTa, T. €.
OH 60/1ee Npu1cnocobsieH K IKcTpemMasbHbIM GakTopam
[21]. FeHeTnYeckas rM6KOCTb COpPTa UM KOMMEHcaTop-
Has CNOCOBHOCTb OTpaXkaeT CPefHIoK YPOXKAMHOCTb
B KOHTPACTHLIX YC/I0BUSX (CTPECCOBLIX 1 HE CTPecco-
BbIX), @ BbICOKME 3HAUEHUsi 3TOro MokasaTens ykasbl-
BaloT Ha 60JbLUYI CTeneHb COOTBETCTBUS MexJay re-
HOTUMOM copTa 1 GakTopamu cpeasbl.

Knnmatnueckmne ycnoBus cTenHon 3oHbl Kabapaw-
Ho-bankapun xapakTepusyroTcsi SApKO BblpaXKeHHOM
M3MEHYMBOCTbIO MOTrOAHbIX YC/IOBUIA B TeYeHue roga.
B nepuog c 1961 no 2024 r. nponcxogunn pocT cpesHe-
roZloBbIX TemnepaTtyp co ckopoctbto 0,37 °C /10 ner,
M3 HUX B NIETHWIA ce30H Ha 0,48 °C/10 fieT, OCeHHWIA
Ha 0,53 °C/10 nert, B 3uMHW Ha 0,44 °C/10 neT u B Be-
CeHHUI Ha 0,31 °C/10 neT. VI3 onmncaHns kammaTtmye-
CKWX YCNIOBWUIA cTenHon 30Hbl KabapanHo-Bankapuum
cnefyet, UTo Hapsgy ¢ 61aronpuUsTHbBIMU YCIOBUAMUA
31IMOBKW BO3HMKAKOT ApYriie pUCKW, CBA3aHHbIe C rnoTe-
nNAeHneM, a UMeHHO — 3aCyXU U CHUKeHUE yBNaXHEeH-
HocTu nouBsbl [3]. ExerogHo B KabapanHo-bankapum
BO3/e/1biBaeTca 0Kono 20 COpTOB O3MMOro fAYMeHs,
606/blUas YacTb KOTOPOro pasmeLlaeTcs B CTenHOoM
30He 1 3aHMMaeT oT 15 A0 25 % 031MOro KAnHa pecny-
611KM, NO3TOMY aKUEHT Ha BHejpeHVe afanTUBHbIX
K CTpeccoBbIM pakTopam cpesbl reHOTUMOB NMpeAcTaBs-
nsieT onpegeneHHbI nHTepec.

Llenbto nccnefoBaHn ABNSIETCS BbISIB/IEHME COPTOB,
afanTUBHBIX K yC1oBUsSM geduLnTa Bnaru, xapakrep-
HOro A/l cTenHol 30Hbl KabapanHo-bankapuu, Ha oc-
HOBe nokasareneli 3KoIOrMYecko NNacTUYHOCTK, CTa-
6UNBHOCTK, CTPECCOYCTOMYMBOCTU U FeHeTUYecKol
rmékKocTn. B pamkax mccnesoBaHUs 6yaeT packpbIT
NoTeHLMaN COPTOB ANst Aa/ibHENLLIEro 1Cnosib30BaHus
npy BbipalLMBaHN N B CEIEKLMOHHbIX MPOrpamMMax.

MATEPUAJIBI U METO/Z1bI

Marepuansi

WNccnepoBaHma npoBogunm B cTenHon 3oHe Kabapaum-
Ho-Bankapckoii Pecny6avku (Tepckuii paiioH, c. OnbIT-
HO€) Ha 3KCnepuMeHTanbHOM 6a3e MHCTUTYTa cenbeko-
ro xosanctBa — o¢wunmana degepanbHOro Hay4Ho-
ro ueHtpa «KabapanHo-bankapckmii Hay4YHbI LIEHTP
Poccuiickoii akagemun Hayk PAH» (MCX KBHL, PAH)
B 2022-2025 rr. CTenHas 30Ha — 30Ha HeyCcToM4YmMBOro
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OueHKa NNacTUYHOCTW 1 CTabUNBHOCTM COPTOB 03MMOrO SUMeEHs!
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AX. MankaHayesa, X.A. MankaHgyes, P./. LLlamyp3aes,
M.B. Kawykoes, M.A.ba3rues, K.LLU. Bagyprosa

M HeAO0CTaTOYHOro yBnaxHeHus. CpesHerofoBoe Konu-
UeCcTBO 0CaZKOB B 30He cocTaBnsieT 360-480 MM, 13 HUX
289-300 MM NPUXOANTCH Ha BereTaLiOHHbI Mepuoa,.

OnbITbl 3aKNajblBany C COpTaMm 031MOro sumMeHs Mup,
Knageneu, CatypH, Baca n Nocnd, cosgaHHbIMM B Ha-
LMoHanbLHOM LeHTpe 3epHa uMm. 1. . JlyKbAHeHKO 1 co-
BMecTHo ¢ CX KEHL, PAH - Magap v NHcap.

Metoabi

MpV MpoBeAeHUN WUCCNeAOBaHWA  MCMOb30BaNu
MeToAnKy MofieBoro onbiTa: (C OCHOBaMu CTaTUCTU-
yeckoli 06paboTky pesynbTaToB UCCIef0BaHNn)
MeToANKY roCyAapCTBEHHOrO COPTOMCMLITAHUS Celb-
CKOXO3SIACTBEHHBIX KyNbTyp ™. OLEeHKY MOYBEHHbIX
o6pasuoe npoeogunn no FOCT 26205-91 **; FOCT
26213-91 ™***; TOCT 26483-85 *****. [lna onpeaenexHus
3KONOrMYecKoli yCTONUMBOCTY COPTOB NPUMEHEHA Me-
ToAVKa, pa3paboTaHHasa C. A. O6epxapT un b. A. Paccen
(1966 r.). JaHHbIV NoAxo4 6a31pyeTcs Ha BblUNCIEHUN
Ko3pdurLMeHTa NMHENHON perpeccun b, (3konormye-
CKO MAACTUYHOCTU) U Ancnepcnn o%d (3konormyeckom
cTabunbHocTK). MapaMeTp 3KOMOrMYecKkol nnacTny-
HOCTV MOKAa3bIBaeT peakLuio CopTa Ha yaydlleHune yc-
NOBUIA BO3enbiBaHUS. OH MOXET NPUHUMATL 3Haye-
HMe 6onbliue NN MeHbLue 1 Nnbo paBHATLCA e, Ans
pacueTa 3KOMOrMYecko MAACTUYHOCTU BbIYNCASAN
CPeAHIo ypoXaiiHOCTb no copTaM (Y) v no onbiTy
(). CpeaHtoto ypoxaiHOCTL MO OMbITY OMNpeAensnu
no ¢opmyne

(1)
vxn
Ans BbluncneHna kosdouLmeHTa MHENHON perpec-
cMmn b, (3KONOTMYECKOW MAACTUYHOCTM) OMpeAensnun
VIHAEKCbI YCII0BWIA cpegbl 1, o dopmysie
[ =2 2 @
J v vxn
2Y; - CymMMa ypoxaiiHOCTM BCeX COPTOB 3a onpe-
AeneHHbI rog;
2 2.Y;-cymma YPOXanHOCTN BCeX COPTOB 3a BeCb
nepuvog;
v = KONMYeCcTBO COPTOB;
n = KOJINYeCTBo JleT.

rae

cTep., Nepeneuy. ¢ 5-ro n3g. 1985 r. M., 2011. 350 c.

HAO. M., 1992. 10 c.

dkkk

Kkaumm UMHAO. M., 1992. 8 c.

dkkkk

10

NHaeKc ycnoBuii cpesbl oTpaxaeT ONTUManbHOCTb

YCN0BUI BO34eNblBaHUS AN KyNbTypbl B onpeje-
NleHHbI nepunog. PaccunTtaH koadduumeHT perpec-
cun (b,) ANSt KAXKAOTO COPTa, KOTOPbIN OTpaXxaeT ero
3KONOrM4Yeckyr naacTUYHoOCTb no ¢opmyne

b= SYi/SI, 3)

Y[, - cyMMa mpov3BeseHUst ypOXanHoCTn co-
pTa 3a roj Ha COOTBETCTBYIOLLYIO BEANUYNHY UH-
JeKca ycnoBuin cpeabl;

YI? - CyMMa KBaZpAaTOB VHAEKCOB YC/IOBNIA Cpepl.

rae

Ans onpegeneHns cTabunbHOCTU YPOXAMHOCTU Bbl-
UNCISeM TeOpeTUYeCKyr YPOXalHOCTb KaXAoro co-
pTa no popmyne

(4)

X, - CPeAHSASA YPOXKANHOCTbL COPTa 3a rojpl nccie-
JOBaHWU;

b, x I, - npon3BejeHne Ko3pduLmMeHTa perpec-
CUKM CopTa Ha NHAEKC YCNOBUIA cpeabl.

Yy =x,+bx 1,

rae

OTk/IoOHeHMe $aKTNYeCcKo YPOoXaHOCTN OT TeopeTu-
yecKon BbluMCAsaAN No popmyne
Y

g, i

. 5)
Y; - dakTnueckas ypoxaiiHoCTb copTa 3a onpe-
JeNeHHbI Neprog;

x, - TeopeTnyeckas ypoxaHoCTb copTa 3a onpe-

[LeneHHbIN roj,.

— xi’

rae

KoaddunumeHT aucnepcun (akonoruvveckas cTabusib-

HOCTL) onpeaenany no Gpopmyne
od? = Zal.jz/(n -2), (6)

Yo,” - CyMMa KBajpaTOB OTKJIOHEHUN dakTuye-
CKOV YPOXXaMHOCTW OT TeopeTUYEeCKO.

rae

YpoBeHb yCTOMYMBOCTY copTa K cTpeccy (Y. + V. )

min max

N reHeTu4ecky rmbkocTb (KoMmeHcaTopHas cro-
cobHocTb) reHoTtunos ((Y,,, + Y,.)/2) Bbluucns-
nn no dopmynam B msnoxeHumn A. A. ToHUYapeHKO
(2005 r.) [22].

Jocnexos, b. A. MeToz1Ka NoieBoro oneiTa: (C 0CHOBaMU CTaTUCTUYECKO 06paboTKM pe3ybTaToB UCCIef0BaHNiA). U3g. 6-g,

MeTogmKa rocy,apCTBEHHOr0 COPTOUCMbITAHNSA CeNbCKOXO3ANCTBEHHbIX KyAbTyp. Bbin. 1. 06. 4. M., 2019. 329 c.

IFOCT 26205-91 MouBbl. ONpeaeneHme NOABMXKHbBIX COeAnHeHMI docdopa 1 Kanus no meTody MaumrnHa B mogndukaumm LIN-
FOCT 26213-91 MNousbl. MeToAbl ONpejeneHNs opraHnyeckoro selectsa. OnpegeneHuve rymyca no metogy TtopviHa B MOANGU-

IFOCT 26483-85 MNouBebl. [pUroToBieHNe CONEBOV BbITAXKN 1 onpeseneHue ee pH no metogy LUMHAO. M., 1992. 6 c.
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OueHka NNacTUYHOCTU 1 CTabUNBLHOCTY COPTOB 03MIMOTO SUMEHs!
B arpobuoueHose KabapgnHo-bankapum

AX. MankaHayeBa, X.A. MankaHgyes, P.W. LLlamyp3aes,
M.B. Kawykoes, M.A.basrues, K.LLU. Bagyprosa

Mpoueaypa uceneoBanus

CxeMa onbITa BKJIOYaNa AefIIHKA riowaaso 21 M2,
pacrnonoxeHHble B 4-KPaTHOW MOBTOPHOCTU C CUCTe-
MaTu4ecknM pasmelleHnem. MoceB psAOBbIM CMOCO-
6oMm, cesnkon KneH - 1,5, no npeaLecTBeHHNKY ropox
Ha 3epHO; HopMa BbiceBa 3,5-4,0 M/IH BCXOXUX CEMAH
Ha 1 ra, Cpoku nocesa oNTUMasibHble A/1A 30HbI, y6op-
Ka kombainHoMm Terrion-2010.

AHanu3 JaHHbIX

NHTeprnpeTauuio CTaTUCTUYECKMX AaHHbIX B UCCIes0-
BaHMSAX NPOBOAVAN C UCMOJIb30BaHWEM NakeTa Npuo-
XeHun Microsoft Excel 2010 r.

MouBeHHo-KNMMaTHYECKME YCNOBUS

MNMouyBa OMbITHbLIX Y4acCTKOB MpejcTaBleHa 4YepHo3e-
MOM OOblIKHOBEHHbIM KapboHaTHbIM. CogepxaHue
rymyca ot 3,0 go 3,5 %, noasmxHoro ¢ocdopa - 1,5-
2,8 Mr/100 r n o6MeHHOro kanusa - 36-43 mr/100 r.
Peakuusa noussl cnabouienoyHas (pH - 7,6-8,0). Knu-
MaTUYECKN PexnM B Mepuoj ncciefoBaHni xapak-
Tepu30Bancsi N3MEeHYMBOCTbIO, YTO MO3BOIUAO MOJ-
Hee OLleHWTb COPTa 03MMOro AYMeHSs MO NokKasaTensam
aflanTUBHOCTM K YC/IOBUSIM BO3eNbiBaHUSA U Bblge-
NNTb nydline U3 HUX (pucyHkm 1, 2).

(6]

CpeaHecyTouHaAa TemnepaTtypa
BO3AYXa, °C
w o o

CeHTabpb OKTAbpb HoAbpb [ekabpb AHBapb Ddespanb

BN 2024/2025 r. EEER2022/2023 .

PucyHox 1

N 2023/2024 .

B nepwviog 2022/2023 cenbCKOXO3AACTBEHHOMO roga Mo-
rofiHble yc/10BUsi 6bI B LIe/IOM 6/1aronpusTHbIMMK, € Of-
TVManbHbIMK TEMMepPaTyPHbIMX MoKa3aTensiM/ Ha Mpo-
TSKEHVN BCEro ncciesyemoro neproa. 3uMHue Mecsupl
0O3HaMeHOBanucb AePUUNTOM OCaAKOB, COCTaBMBLLUM
50 % oT ycTaHOBNeHHOM HOpMbI. MapT 1 anpenb Xapak-
Tepu30BannCb JOCTAaTOYHbIM YPOBHEM BAary v Temmne-
paTypamMy, MpeBbILAIOWNMN  CPeAHerofoBble 3Hade-
HUst Ha +4...+6 °C. B Mae Habnogancs HesHaunTebHbI
AedULMT 0CaZKoB, @ 06UNbHbIe NMBHY B UtoHe (177 %
OT HOPMbI) OTPULATENBHO CKa3alNCh Ha YPOXKAMHOCTL.
2023/2024 cenbcKoXo3aMCTBEHHBbIN rOZ OTMYAsCA XOPo-
LUNM YBNaXHEHNeM B OCeHHe-3UMHWI nepuog. B anpene
1 Mae HeZl0bop 0CafiKoB COCTaBWA 22,5 %, HO NpoLueaLLve
JOXAN B ntoHe (146 % OT HOPMbI) NMOKPLLIV AePULNAT BNa-
rv, @ ONTMMaJibHbIV TeMMepaTypHbIA PEeXUM MO3BOAN
MOJIy4YUTb XOPOLLVK ypoxaii. B 2024/2025 cenbCcKoxo3sii-
CTBEHHOM roy OTMeYanncb 0bMIbHbIE OCafKM B OKTSIOpe
1 HOs16pe, 123 % OT HOPMbI, YTO CNOCOBCTBOBAsIO NosB/e-
HUIO APY>KHBIX BCXOA0B O3MMOro guMeHs. MNonoxuntens-
Has TemnepaTypa BmecTe C AOCTaTOYHOM Bnaroobecrie-
UYEHHOCTBIO MO3BONAN PACTEHUAM 61aronNpUATHO YT
B 3VIMY, NMPOWTN Nepunoj BeCeHHero KylleHusi, ¢asy Bbl-
X0Aa B TPYOKY M KOMOLLEHWSI C OMTUMA/bHBIM PEXMMOM,
HEe3HaUNTENIbHO MPEBOCXOAALLMM KIMMATUYECKY0 HOp-
MY, W, HECMOTPS Ha AednunT BAarn B Mae 1 UHe, 3TOT
nepuos, NccneoBaHNIN XapakTepusyeTcs MakCUManbHOM
YPOXKANHOCTBIO 031MOr0 SUMEHS.

Mait

MapTt Anpenb MNioHb

e CpeHNe MHOTONeTHME AaHHble

CpegHecyTouHas TemnepaTypa Bo3zyxa, °C (no gaHHbIM MeTeocTaHummn UCX KBHL, PAH, 2022-2025 rr.)

Figure 1

Average daily air temperature, °C (according to the meteorological station of the Institute of Agriculture Kab-
ardino-Balkarian Scientific Center of the Russian Academy of Sciences, 2022-2025)
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CeHTAbpb

OKTA6pb
Hoabpb
[ekabpb

AHBapb

despanb

Mapt

Anpenb

| Cpe,u,HMe MHOroneTHune gaHHble

2024/2025 .

80 100 120 140 160

m2023/2024r. m2022/2023r.

PucyHok 2

Cymma ocaskoB, MM (Mo gaHHbIM MeTeocTaHummn MCX KEHL, PAH, 2022-2025 rr.)

Figure 2

Total precipitation, mm (according to data from the meteorological station of the Institute of Agriculture Kabardino-
Balkarian Scientific Center of the Russian Academy of Sciences, 2022-2025)

OAHOBpPEMEHHO C3TUM 3KCTPeMasibHas BaprabebHOCTb
KIMIMaTUYeCKMX YC/IOBUIA, 3HAUMTE/IbHO MPeBbILLIAOLLAs
CpeAHeMHOroneTHVe MokasaTenu, co3jana ugeansHole
YCI0BUS /151 KOMIIEKCHOW OLeHKI NoTeHumana copToB
B OTHOLLUEHUW MX CTabUIbHOCTW, MAaCTUYHOCTM, CTpec-
COYCTONYMBOCTU N FrEHETUYECKOM TMBKOCTL.

PE3YJILTATbI U UX ObCY)XAEHUE

OueHKka ajanTMBHOMO MOTeHLMana HOBbIX COPTOB TMO-
3BONSIET C  BbICOKOW  TOYHOCTBIO — MPOrHO3MpPOBaThb
NPOAYKTMBHOCTb PacTeEHUIA B  CTPECCOBbIX YCI0BUSIX,
YTO CMOCOBCTBYET ONTUMM3ALMM MPON3BOACTBEHHbBIX 3a-
TpaT. B yacTHOCTW, cenekums 03MMOro SUMEHsT CerofHs
cdOKyCrpOBaHa Ha CO34aHNMN 3KONOTNYECK NAACTUUHBIX
reHOTMMNOB, COYETAOLLIX CTAabU/IBbHYHO YPOXKANHOCTL C Mo-
BbILLIEHHO YCTOMUMBOCTBLIO K abrodakTopam cpespl. B Ha-
LUMX NCCNe0BaHMAX OLEHMBANCA BKIaJ, reHoTMNa 1 cpe-
Zbl B GOpMVPOBaHMe YpoXXaHOCTN. AHAIN3 MHOMO/IETHNX
JaHHbIX Mokasan, YTo KaMMaTuyeckrie pakTopbl OKasbiBa-
toT anddepeHLpoBaHHOe BAVSAHME HA NMPOAYKTUBHOCTb
nccnesyemblx coptoB. OnpegeneHvie BkIaja reHoTvna
1 cpepl B YPOXaHOCTb NpeACcTaBneHbl B Tabnuue 1.

OnTnMasnbHble YyCIoBUs 41 03MMOr0 AYMEHS CIOXMUINCH
B 2025 roay, Npvi NONOXKUTENIEHOM 3HaYeHU NHAeKca Yyc-

12

JIOBWI cpegpl (Ij =+0,72) He6naronpuATHLIM okaszancs 2023
rog, Mpy OTPMLIATEIbHOM 3HajeHnn nHaekca (7, = -0,83).

KoapdpurumeHT nrHeliHoi perpeccumn (b) oTpaxkaeT oT-
K/IVK COpTa Ha M3MEHeHMe arpoTexHWKW, a Auncnepcus
XapakTepu3yeT CTabubHOCTb B Pas/INYHbIX YC/TOBUSX.
[lnsa kaxgoro copTa ycTaHOBUAN KOIPPULIMEHT INHENHOM
perpeccun (b,), FAe BapbMPOBaHLEe MO COPTaM COCTaBW/IO
0,34-1,52. 310 NO3BONVNO pa3fennTb M3yyaeMble copTa
Ha bosiee OT3bIBUMBbIE HA V3MeEHeHWe YCNOBUIA cpespl
1 cnabo ot3biBUMBbIe. CopTa € KO3dPULMEHTOM MeHee
1 (b, < 1) oTnyatoTCs cnaboii peakuvein Ha N3MeHeHMs
YCI0BUIA OKpY>KatoLLiel cpedbl. OHW CMoCcobHbI GopMUpo-
BaTb BbICOK/E YpOXan B NIH0ObIX YCIOBUSIX, B TOM Yncie
1 NPV HM3KOM arpodoHe. Mo pe3ynbTatam HalumMx nccne-
[OBaHW K HUM OTHeceHbl Vlocnd, CatypH, Baca. Koad-
bVLMEHT nHeliHo perpeccun 6onee 1 (b, > 1) nonyyeH
y copTtoB KnageHeu, Mup, ViHcap, T. e. oHn 6onee niactny-
Hbl 1 MONOXUTENIbHO OTK/MKAKTCA Ha yay4LleHne yco-
BN BO34eNblBaHUSA. KpuTuyeckme MorogHble yCioBUs
rofa, a TaKke HeAOCTaTOYHbIV arpoPoH Yy 3TUX COPTOB
CHM>KaeT 3epHOBYIO NMPOAYKTVMBHOCTb. Bbicokas 0T3bIBUM-
BOCTb Ha y/ly4LLeHWe YyCI0BUYA BblpallyBaHVs OTMeYeHa
B 2025 roay y copToB KnageHel, (7,8 T/ra), UHcap (8,1 T/ra),
Mwup (7,3 T/ra), KoTopasi NokasblBaeT AVHAMUYECKoe 13-
MEHEeHVe YPOXXalnHOCTN C y4eTOM BAUSIHUS MPUPOAHON
cpefpl Ha ee popMm1poBaHMe. B aHanornyHbIx nccnegosa-
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HUAX T. OnrBoTO 1 Ap. [11] nonyyeHbl AaHHbIe 06 ypoxkali-
HOCTW 1 CTabUBHOCTN reHOTMMOB OBCa B 3aCyLL/IMBbIX
YCNIOBUSIX XapKOro CybTpOnmMYeckoro KammaTa, C paBHO-
MepHbIM pacripegeneHviem ocagkos or 100 go 170 mm
B Mecal, CornacHo MoslydeHHbIM UMW pe3ynbTaTtam 06-
Hapy>xeHa BapvabenbHOCTb MokasaTesnei ypoXKanHOCTU
B 3aBMCVMOCTM OT roja 1 YCI0BUIA OKPY>KatoLLIen cpeabl.
Pe3ynbTaTbl HaLUMX OMbITOB MOATBEPXKAAIOTCA LCCIe0-
BaHVsIMU H. B. TetaHHukoBa v H. A. Bome [14], B uccneso-

BaHWAX KOTOPbIX YCTaHOBNAEHbI aAanTUBHOCTb, MAaCTAY-
HOCTb, CTabUSIbHOCTb 1 FOMEOCTAaTUYHOCTb YPOXKANHOCTI
ABYX MO/ABWNA0B SSUMEHS, UTO MO3BO/SET PEKOMEH/0BaTb
3TV nokasaTenu kak Hanbonee nHGopmaTBHbIE MpK OT-
60pe LieHHbIX GOpM ANa cenekLMOHHBIX MPOorpamm.

[ns  BblUMCNEHUS  3KOJIOTMYECKOW  CTabuabHOCTU
Mo ypoXanHOCTU Cpean n3ydaeMblX reHOTUMOB bbina
nocumTaHa Mx TeopeTnyeckas ypoxalHocTb (Tabnu-
La 2, pUCyHoK 3).

Tabnuua 1
Ou,eHuKa NHAEKCa YCNoBUIA cpeabl U Ko3bduLeHTa IMHEHOW perpecc COPTOB 03UMOro siuMeHs (2023-2025 rr.)
Table 1
Assessment of the environmental conditions index and the linear regression coefficient of winter barley varieties (2023-2025)
Copr Ypo>kaliHOCTb, T/ra Sy ¥ b
2023 r. 2024 r. 2025 r.
Magap 4,73 5,71 6,25 16,69 5,56 0,99
KnageHey 5,46 6,32 7,83 19,61 6,54 1,47
Mwnp 5,13 7,63 7,32 20,08 6,69 1,52
CaTypH 5,38 6,66 6,32 18,36 6,12 0,67
WNHcap 5,87 5,04 8,05 18,96 6,32 1,21
Bacsa 5,24 6,31 6,45 18,00 6,00 0,81
Nocnd 5,84 6,57 6,31 18,72 6,24 0,34
xrr 37,65 44,24 48,53 130,42 4,47 —
v 5,38 6,32 6,93 18,63 6,21 —
I* -0,83 0,11 0,72 — — —
HCP,, 0,19 0,23 0,17 — — —

MprMeyaHue: Y Y* - cyMMa ypoXKaliHOCTW MO COpTy; Y* - CpefHas ypoXKaHOCTb MO COPTY; b;* = KO3GPULMEHT NMHEHON perpeccuu;
* v e ~ T o
YY* - cymma ypoXaliHOCTU MO OMbITy; Y* - CpejHsAsA ypoXKalHOCTb MO OnbITy; /* - MHAEKC YCNI0BUIA Cpejbl.

Note: Y ¥* is the sum of yields by variety; ¥* is the average yield by variety; b* is the coefficient of linear regression; Y* is the sum
of yields by experience; Y* is the average yield by experience; /* is the index of environmental conditions.

Tabnuua 2
TeopeTunyeckas ypoxainHOCTb COPTOB 03UMOro aumMeHs (2023-2025 rr.), T/ra
Table 2
Theoretical yield of winter barley varieties (2023-2025), t/ha
TeopeTuyeckas ypoXKaiiHOCTb, T/ra
CopTt Y* (cp.)
2023 r. 2024 r. 2025 .
Magap 4,74 5,67 6,27 5,56
KnageHel, 5,32 6,70 7,60 6,54
Mwp 5,43 6,86 7,78 6,69
CatypH 6,68 6,19 6,60 6,49
WHcap 5,32 6,45 7,19 6,32
Bacs 5,33 6,09 6,58 6,00
Nocnd 5,96 6,28 6,48 6,24
HCP, 0,16 022 0,25 —

MpriMeyaHme: Y, (cp.) * - cpesHsist TeopeTnyeckas ypoxahHOCTb Mo CopTy.

Note: ¥, (avg.) * - average theoretical yield by variety.
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N3 npeactaBneHHbIX B Tabauue 2 [aHHbIX BUAHO,
yTto B 2025 rogy, € MakCMManbHO-MONOXNTENbHBIM WH-
[leKcom yCnoBuiA cpejbl, 6onee BbICOKas TeopeTryeckas
YPOXaHOCTb noy4eHa y coptoB KnageHewn, Mvip v VK-
cap (7,60; 7,78; 7,19 7/ra).

[laHHble TeopeTnUecKor ypoxamHOCTM COPTOB NO3BO-
JININ BbIYNCINTL 3KONOMMYECKY CTabuIbHOCTb FreHo-
TUMOB O3MMOrO AUYMEHS B YC/IOBUSIX HEAOCTAaTOYHOro
N HeycToMuMBOoro yenaxHeHus (taénuua 3).

KnageHey,

=—¢—=2023r.
== 2024r.
=e=2025T.
=f=Yi (cp.)

Pucynok 3

TeopeTuyeckas ypoxanHoCTb COPTOB 03UMOro aumMeHs (2023-2025 rr.), T/ra

Figure 3
Theoretical yield of winter barley varieties (2023-2025), t/ha

Tabnuua 3
CTabUNbLHOCTL YPOXKAMHOCTM COPTOB 03UMOro ssumeHs (2023-2025 rr.), T/ra
Table 3
Yield stability of winter barley varieties (2023-2025), t/ha
OTK/IOHEHME paKTUUECKOW YPOXKAAHOCTM OT TeOPEeTUUECKOM, T/ra
CopTt Yo* a’d*
2023 r. 2024 r. 2025 r.
Magap -0,01 0,04 -0,02 0,002 0,002
KnageHey, 0,14 -0,38 0,23 0,220 0,220
Mwnp -0,30 0,77 -0,46 0,890 0,890
CatypH -1,30 0,47 -0,28 1,990 1,990
WHcap 0,55 -1,41 0,86 3,030 3,030
Bacs -0,09 0,25 -0,13 0,088 0,088
WNocnd -0,12 0,29 -0,17 0,127 0,127

MprMevaHue: Yo,** - cymMMa KBAAPaToOB OTKNOHEHW ($akTUUECKOA YPOXaNHOCTM OT TEOpeTnHeckom; o’d* - KoadpouumeHT

CTabUNbHOCTW.

Note: Yg,°* is the sum of deviation squares of the actual yield from the theoretical one; ¢°¢* is the stability coefficient.
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OueHka NNacTUYHOCTU 1 CTabUNBLHOCTY COPTOB 03MIMOTO SUMEHs!
B arpobuoLieHo3e KabapanHo-bankapuu

AX. MankaHayeBa, X.A. MankaHgyes, P.W. LLlamyp3aes,
M.B. Kawykoes, M.A.basrues, K.LLU. Bagyprosa

Pa3HoCTb Mexay dakTu4veckor 1 TeopeTnyeckon ypo-
XKaMHOCTbIO MpeACTaBaseT cO60i Moka3aTeslb OTK/IOHe-
HVS YPOXKAMHOCTW. PacyeT 3Konorm4eckom ctabuibHo-
ct (6%d) cpe A N3yyaeMbliX FeHOTMMNOB 03VIMOTO SUMEHS
nokasan cnegywowe pesynsTatbl. PaHXuposaHue
no cpefHeKBaApPaTUYHOMY OTK/IOHEHUIO Y COPTOB Mo-
3BOJINNO BblAennTb 6onee ctabusibHble U3 HUX MO Ypo-
XKaMHOCTY B Pa3INYHbIe MO KANMaTUYECKUM YCI0BMAM
nepuogbl — Magap (o%d = 0,002) 1 Bacs (o°d = 0,088).
CamMbIMV HeCcTabuNbHBLIMW COpTaMu C/ledyeT CcuYuTaTb
WNHcap (o%d = 3,03) n CaTypH (c°d = 1,99). AHanornyHble
nccnefoBaHMsA Mo N3yYeHUo BANSHUA YCI0BUIA cpejbl
M reHoTMNa Ha CTabuAbHOCTb N YPOXAMHOCTb COPTOB
031IMOro SYMeHs bbln NpoBeseHbl y4eHbIMK b. ronb-
repoBoit 1 ap. [17] 13 VIHCTUTYTa CenbCKoro xo3saiicTea
(KapHo6aT, bonrapus, 2024 r.). B cBovx onbITax OHW
OoLeHMV B3aMMOAeliCTBIe reHoTuna 1 roga ans 20 ob-
pa3LoB 031MOro SSUMeHsl B YCJIOBUSAX HOrO-BOCTOYHOM
Bonrapuun. PasnuuHble MeToabl UCcCneoBaHWM NO3BO-
VI UM BbISIBUTb Hambosiee ypoxaliHble U CTabuib-
Hble MO roAamM reHoTUMbl, AEMOHCTPUpPYoLLMe CTabub-
HO BbICOKYH YPOXaMNHOCTb 1 reHeTUYeCcknin pecypc Ans
MOBbILLEHNS YPOXXaNHOCTL 3epHa.

OAHVM M3 rNaBHbIX MoKasaTenel aganTUBHOCTY U 3KO-
NOrNYeCcKol MAaCTUUYHOCTL CopTa ABASETCS YCTOuM-
BOCTb cCopTa K cTpeccopy. CTeneHb YCTONUMBOCTU
copTa K HebnaronpusaTHeIM GakTopam ornpegensercs
Mo pasHuLEe MeXAY MAHUMaNbHBIMU U MakCMManbHbI-
MU nokasaTensimu ypoxariHoctu (Y, — Y, . ). Yem Huxe
NHTEpBan Mexay NokasatensiMm MUHUMaNbLHOM 1 Mak-
CUManbHOM YPOXaMHOCTW, TeM Bblle CTPEeCcoycTol-
UMBOCTb U BbIHOCIMBOCTbL COPTa B HEG1AroNpUsITHbIX
ycnoBusix. leHeTU4eckasi rM6KoCTb, NN KOMMeHcaTop-
Hasi cnocobHocTb (Y, + Y . )/2 oTpaxaeT cpeaHIo

max min

YPOXaMHOCTb COPTa B KOHTPACTHbIX ycnoBusix. Mpu

onpeAeneHNn afanTyMBHOMO NOTeHLUMaNna CopTos 03u-
MO0 SUMEHSI HAMM laHa OLeHKa WX CTPeccoyCcTonium-
BOCTW U reHeTunyeckol rmbkoctu (tabnuua 4).

NccnegoBaTensaMm 13 pasiMuUHbIX  HayyHO-MCCIIe-
AOBaTeNbCkUX  yupexaeHuii douonun (Jep6bé L.,
n ap.) [19] aaHa oueHka BAVAHUA B3aUMOAENCTBUSA
reHoTUna W OKpyXaloLlel cpefbl Ha YpOXaMHOCTb
AYmeHs Ha tore d¢umonun. Mo aHanormm € HawrmMm
nccnefoBaHAMM B CBOe paboTe OHW MCMOAb30BaNU
perpeccroHHble MoZenu, NpeAnoXeHHble D6epxapTom
n Paccenom [20], koTopble, MO UX MHEHWIO, MOTYT 6bITb
MCMONb30BaHbl A/151 MOMCKa afanTUBHbIX, BbICOKOMPO-
OYKTUBHBIX U CTabUAbHbBIX FEHOTUMOB siUMeHs. VMMun
AaHbl pekomeHzaumn no 18 nepcnekTMBHbLIM COpTaMm
03MIMOro fYMeHs AN LUMPOKOro pacnpocTpaHeHns
B yC/10BUsAX tora Suonun.

Ansa n3yyeHns skonormnyeckom agantaumm, GopMmmposa-
HUS1 ypOXKast 1 YCTONUMBOCTI K aBNOTNYECKMM CTPeccam
B LleHTpe cenbckoxo3saiicTBeHHbIX nccnegosaHmii (HUN-
REN ATK, MapToHBaLuap, BeHrpusi) 6b110 ncciefoBaHo
okosio 30 copToB 03MMOro A4meHs. lonyyeHHble pe-
3yNbTaThl NCCNEA0BAHNIA CBUAETENLCTBYHOT O CHYKEHUN
YPOXaNHOCTW 031MOro AYMeHs Ha 44 % 13-3a BIVIAHUA
3acyxu. Pe3ynbTaTbl HalLlero skcnepriMeHTa coriacyroT-
CH € BbiIBOZaMU Kosisier U3 BeHrpun. [1pri 3ToM oTMETUM,
UTO YPOXKaMHOCTb MO MPUYMHE BANAHWUS CTpecca B Ha-
LLKX OMblTaxX yMeHbLUWAacb Ha 12-37 %.

PaHXmpys reHoTUMbI MO CTPECCOYCTONUMBOCTY MOXKHO
OTMeTUTb, UTo Y copToB Nocnd, Bacs v CaTypH 6b1un
3apUKCMPOBaHbI MUHVMAbHbIE OTPULATENIbHbIE 3HA-
YeHVs PasHOCTU MeXAy MUHMMabHOW N MakcUMasb-
HOW YpOXaWHOCTbIO, BapbupylollMe B AvanasoHe
ot -0,73 po -1,28, T. e. OHU ABAAKOTCA bosiee cTpecco-
YCTONUMNBBLIMMU.

Tabnuua 4
Ou,eH“Ka CTPECCOYCTOMUMBOCTM U FTeHETNYECKOM TMBKOCTN COPTOB 03MMOro AuMeHs (2023-2025 rr.)
Table 4
Assessment of stress tolerance and genetic flexibility of winter barley varieties (2023-2025)
Ypo>kaliHOCTb, CTpeccoycToiiumBOCTb, FeHeTUYeckas rM6KOCTb
Copt T/ra (Y i = Yird) copTa, (¥, +Y..)/2
min max
Magap 4,73 6,25 -1,52 5,49
KnageHew, 5,46 7,83 -2,37 6,65
Mwp 5,13 7,63 -2,50 6,38
CaTypH 5,38 6,66 -1,28 6,02
WHcap 5,04 8,05 -3,01 6,55
Bacsa 5,24 6,45 -1,21 5,85
Mocnd 5,84 6,57 -0,73 6,21
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Kpome Toro, cyLlecrBsyeT BO3MOXHOCTb OLIEHKW reHe-
TLUYECKOWM rMBKOCTM COPTOB, KOTOPasi XapakTepunsyeT nx
CPpeAHIo MPOAYKTUBHOCTb B YC/IOBMAX BblpaXXeHHbIX
KOHTPAcCTOB. YBenn4yeHve JaHHOro napamMerpa Koppe-
NpyeT C MoBbILLEeHVeM Moka3aTens B3anMOAENCTBUSA
Mexzay $GakTopoM cpeabl M KOHKPeTHbIM copToM. [o-
BblLUEHHbIe 3HaYeHUs reHeTUYecKoM rMBKOCTU 6blnn
nAaeHTMGMLUMPOBaHbI Y COPTOB 03MMOro sumMmeHs Knage-
Hey, (6,65) 1 WHcap (6,55). B cooTBETCTBUM C 33ja4amMu
NccnefoBaHNA BbiIBAEH MOTeHUMan 7 COPTOB 03MMOro
SAUMEHS, N3 KOTOPbIX BblAe/ieHbl CNoCcobHble GopMumpo-
BaTb OMTVIMaJIbHYI YPOXANHOCTb B Pas3NyUHbIE MO KAn-
MaTUYecKUM YCcnoBmsaM rofbl. B xoge mccnegosaHwnii
[laHa OLleHKa NX CTPeCcCcoyCTONUYMBOCTU 1N FeHeTUYeCKO
rné6kocTn. CornacHo MojsyYeHHbIM pesynbTaTtaM Hau-
6onee CTPeccoycToUMBbLIM COPTOM MpusHaH Wocnd
(-0,73), TaK KaK MMeeT HauMeHbLUUIA oTpULATENbHbIN
nokasarteflb Mexgy MWHUMaNbHOM U MaKCUMasibHOM
YPOXaMHOCTbIO, a reHeTnyeckn rmbkmum — KnageHey,
(6,65), cpeaHss YpoXKaHOCTb KOTOPOro SABSETCA Mak-
CMaNbHOWM B KOHTPACTHbIX YC/10BUAX.

SAKJIHO4EHUE

MN3yyeHre peakuun COPTOB 03MMOr0 SAYMeEHS Ha yc-
NIOBUS OKpYXXaroLLer cpebl nokasano, Uto B popmu-
POBaHUN YPOXAMHOCTN MMET 3HaYeHMe reHOTUMbI
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AHHOTALIUA

BBEAEHUE. Mnoabl kn3vna o6bikHOBeHHOro (Cornus mas L.) ABNAIOTCA LLEHHBLIM MULLIEBLIM
N NeKapCcTBEHHbIM CbipbeM. OfIHAKO NX BMOXUMMYECKMNIA COCTaB B 3aBMCUMOCTU OT KOH-
TPACTHbIX YC/I0BUIA NPOM3PACTaHNA OCTaeTCA HeAOCTaTOUYHO M3yYeHHbIM. Pecnybivka
[JarectaH, 06nagas BblpaXXeHHOM BbICOTHOM MOSICHOCTBIO M pa3HoobpasveM KavMma-
TUYECKUX 30H, NpeACTaBAseT 0cobbli MHTepeC ANS OLEHKN BAUSHUS 3KONOTMYECKUX
$aKkTopoB Ha HakomnaeHe BMONOrMYecKM aKTVBHbIX BELLLECTB B Maoax ANKOPaCTYLLMX
nonynsLnii.

LENb. OnpesennTb cofepXkaHre OCHOBHbIX FPynn 61onornyeck akTUBHbIX BeLLecTB
B M10AaX KN3Wa 13 NSTU NPUPOAHbBIX NoNynsaumii [larectaHa v BbISBUTb €ro 3aByCU-
MOCTb OT 3KOI0rn4yeckx ¢akTopoB Ha BbICOTHOM rpagueHTe oT -2 fo 1030 M Hag ypoB-
HeM mopsi.

MATEPUAN U METOADI. C60p nnozos nposoaunn B 2024-2025 rr. B NpeAropHbIX paioHax
JarectaHa. CogepaHuve Bnaru, 30/bl, 3KCTPAKTUBHbIX BELLLECTB, AyOUbHbIX BELLEeCTB,
$naBoOHONAOB, aHTOLIMAHOB, OPraHNYecknX KNUCNoT, ackopbrHOBOM KMCAOTbI 1 yrie-
BOZOB OMnpeAensniv No MeToAnKam, NpuBejeHHbIM B [oCyaapcTBeHHOW dapmakonee
Poccuiickon depepaunn.

PE3YJILTATBL. YcTaHOBREHO, UTO CoAepXKaHMe 6LNOOrMYeCcKN aKTUBHbIX BeLLeCcTB Bapby-
pyeT B LUMPOKMX Npejenax: opraHnyeckmne Kucnotsl - 2,1-3,1 %, ButamuiH C - 5-12 mr/r,
yrnesogbl - 13,6-19,1 %, AybunbHble BewecTBa - 1,7-4,6 %, dnasoHonapbl - 4-10 mr/r,
aHToumaHbl - 1-5 mr/r. CogepxaHue $GaBoHOMAOB 1 acKOPBUHOBOW KUCNOThI M3Me-
HSA10Cb MOYTK B 2 pasa B 3aBUCLMMOCTU OT YCI0BUA MecT npou3pactaHus. Koppens-
LIMOHHBIA aHann3 BbISIBU/ MONOXMTE/IbHbIE CBA3M KOHLIEHTpauuy aHToumaHos (0,57)
1 opraHuyeckmx kucnot (0,69) ¢ TemnepaTypHbIMY NoKa3aTenssMn U oTpULaTenbHbIe
Koppensummn fy6ubHbIX BELLECTB C aCKOpBUMHOBOW K1cnoToi (-0,56) 1 opraHuyecku-
Mu kucnotamm (-0,60).

SAKJIHOYEHUE. Mpu yBennueHMn TemnepaTypHbIX MoKa3aTesnel cogepxXaHue ¢praBoHO-
MAOB 1 aHTOLMAHOB BO3pacTaeT, yCUINBas 3alMTHbIE MeXaHM3Mbl KneTok. MonyyeH-
Hble JaHHble CBUAETENIbCTBYIOT O BbICOKOM CeNeKLMOHHOM MoTeHLUMane npupoaHbIx
nonynauui kmsuna B flarectaHe M MoOryT 6biTb MCNOAL30BaHbl NPy OTH6Ope X035M-
CTBEHHO-LieHHbIX $OPM 19 MHTPOAYKLMN B NpeAropHelx 30Hax CeepHoro Kaskasa.

KNOYEBLIE CJIOBA: nnogbl kKn3mna 06bIKHOBEHHOrO, criekTpodoToMeTpusi, GaBoHOUABI,
aHToLMaHbIl, JybubHble BeLecTBa, yriesodbl, Ko3adduLmeHT Koppensauymum
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ABSTRACT

INTRODUCTION. Cornelian cherry (Cornus mas L.) fruits are valuable food and medicinal raw
materials. However, their biochemical composition in relation to contrasting growing
conditions remains insufficiently studied. The Republic of Dagestan, characterized by
pronounced altitudinal zonation and diverse climatic zones, is of particular interest for
assessing the influence of environmental factors on the accumulation of biologically
active compounds in the fruits of wild populations.

AIM. To determine the content of the main groups of biologically active substances in
the cornelian cherry fruits from five natural populations in Dagestan and to identify its
dependence on environmental factors along an elevational gradient from -2 to 1030 m
above sea level.

MATERIAL AND METHODS. Fruit sampling was carried out in 2024-2025 in the piedmont areas
of Dagestan. The content of moisture, total ash, extractive substances, tannins, flavo-
noids, anthocyanins, organic acids, ascorbic acid, and carbohydrates was determined
according to the methods specified in the State Pharmacopoeia of the Russian Feder-
ation.

RESULTS. The content of biologically active substances was found to vary within wide
ranges: organic acids - 2.1-3.1%, vitamin C - 5-12 mg/g, carbohydrates - 13.6-19.1%,
tannins - 1.7-4.6%, flavonoids - 4-10 mg/g, anthocyanins - 1-5 mg/g. The content of
flavonoids and ascorbic acid varied almost twofold depending on the growing site con-
ditions. Correlation analysis revealed positive relationships between the concentration
of anthocyanins (0.57) and organic acids (0.69) with temperature indicators, as well
as negative correlations between tannins and ascorbic acid (-0.56) and organic acids
(-0.60).

CONCLUSION. An increase in temperature parameters is accompanied by a rise in the con-
tent of flavonoids and anthocyanins, thereby enhancing the protective mechanisms of
cells. The obtained data indicate the high breeding potential of natural cornelian cherry
populations in Dagestan and can be utilized for the selection of economically valuable
forms for introduction in the piedmont zones of the North Caucasus.

KEYWORDS: cornelian cherry fruits, spectrophotometry, flavonoids, anthocyanin, tannins,
carbohydrates, correlation coefficient
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BroxmmMunyeckunin coctas nnoa0B Kn3nna 06bIKHOBEHHOIO
B MPUPOAHbIX Nonynaumax [arectaHa

N.A. Tabnbynnaesa, LL.A. BanaeBa

BBEAEHUE

B nocnegHme rofbl NnepcnekTUBHBIM HanpaBaeHNeM
COBpeMeHHO MeauUUHbl 1 GapMaunm CTaHOBUT-
CA M3ydyeHne NULLeBblIX pacTeHui. Mo AaHHbIM co-
BPEMEHHOWN HYTPULMOIOrMKN, 3HaYUTENbHOE MecTo
cpeaV MOANBUTAMUHHBIX HaTypajibHbIX MPOAYKTOB
PacTUTENIbHOIO MPOUCXOXAEHUA MPUHAANEXUT MN10-
fA0BO-ArOHbIM KYNbTypaM. XMMUYECKNi cocTas Nnno-
L[OBO-ArOAHOr0 Cbipbs BapbvpyeT B 3aBUCUMOCTU
OT MPUPOAHO-KANMATUYECKMX YCNOBUIN N $aKTOPOB
npouspacTaHunsa, KOTopble N3MEHSAIOTCS rog OT roja
N He SBAAIOTCA MOCTOSAHHbIMW. B CBA3M € yBennuye-
HVYeM TeMMOB 3KOHOMMYECKMX 3aTpaTt Ha pa3paboT-
KY 3G PeKTUBHbLIX SIeKapCTBEHHbIX CPeACTB BO BCeM
MUpe MPOBOAUTCA MNOUCK W TMOJlydYeHMe HOBbIX
nepcrneKTUBHbIX MNPUPOAHBIX COeANHEHW, MeHee
NnoABepXeHHbIX BO3JAENCTBMIO KAMMaTa, a Takxe
n3yyeHme TPaAAULMOHHO W JaBHO WCMOAb3yeMblX
NPUPOAHbBIX BMONOrNYEeCKN aKTUBHbBIX COeANHEHWNN
(BAC) c uenbto paclwimpeHns 061acTn Ux TepanesTu-
yeckor 3HaummocTu [1-4].

OZHUM M3 NCNONb3YyeMbIX MULLLEBbIX PacTeHWUI, KOTO-
pble bnarogaps CBOEMy XMMUYECKOMY COCTaBy U 61o-
NIoryeckmMM CBOMCTBAM MOryT 6bITb MPYMeHeHbl B Me-
ANLMHCKOW NpakTurike, ABnsietca kusumn (Cornus mas L.)
[5-10]. Kncno-cnagkue nnogbl Co CBoeo6pasHbIM apo-
MaTOM Ha MPOTSHXXEHUW CTONeTUA WCMOoNb30BanncCh
B TPaANLMVIOHHOM KyXHe 1 HapoAHOM MeANnLMHe B pas-
HbIX cTpaHax EBponbl v A3nun. B kope kn3una, ero nm-
CTbSIX N Arofax CoAepXaTcs opraHunyeckme KuUcaoThl,
TaHWHBbI, NEKTUHBI, caxapa, BuTamuH C [11-14].

XNMUYEeCKNI A COCTaB MJIOAOB KM3WNA HeNb3a Cuu-
TaTb MONHOCTbK WU3Yy4YeHHbIM, OCOBEHHO C yyeToM
TOro 4YTO MccnegoBaHNss GUTOXMMNYECKOro CoCTaBa
NAOLOB KM3MAa B KOHTPACTHBIX YC/JIOBUAX MPOU3-
pacTaHVs paHee He MpoBOAUANCL. Pecnybavka
[JarectaH, obnajas BblpaXX€HHOM BbICOTHOM MOSAC-
HOCTbIO W pasHoobpasnemM MUKPOKAMMATUYECKNX
30H B NpeAropbsAx, NpeacTaBnsieT cobor yaobHyto
NPUPOAHYIO MOAEeNb ANSt OLEeHKN BAUSHUS 3KONOTN-
yeckmx $aKTOpOB Ha KOJIMYeCTBEHHOE cofepXaHue
610N0rMYeckn akTUBHbIX COEANHEHWIA 1 BbISIBIEHUS
3aBNCKIMOCTM X HAaKOMAEHMA OT YC/I0BUIA Npom3pac-
TaHWA. DTO onpegensieT akTyalbHOCTb U HOBUW3HY
BbIMOJIHAEMOro HaMu WCCNef0BaHWA, LeNbio KOTO-
poro 6bina oueHKa cogepXaHus buonormyeckn ak-
TUBHbIX BeLLeCcTB B MJ10AaxX K1N3mnaa 0ObIKHOBEHHOIO
13 NATY NPUPOLHBIX NONYAALNIA NMPeropHbIX paiio-
HoB Pecny6nukun JarecTaH.

82

MATEPHAJIbI U METOAbI

00LEKT 1 YCNOBUSA NPOBEACHUA UCCIIe0BAHUIA

Pecnybnvka [larectaH — camblii LOXXHbIA pervoH Poc-
cun B coctaBe CeBepo-KaBkasckoro ¢egepanbHOro
OKpYyra, pacnosoXeHHbIn Ha Nobepexbe Kacnuniicko-
ro mops. Teppntopus oTanYaeTcs UCKIYNTENbHbLIM
pa3HoobpasmemM MPUPOAHbLIX 30H — OT NPUKaCNUA-
CKMX HU3MEHHOCTel A0 BbiCOKOropuin bonblioro
KaBkasa, 4TO co3gaeT YHMKa/lbHble YCNOBUSA ANS
dbopmMmpoBaHUSA AMKOPACTyLWMX AONYAAUUIA NA0L0-
BbIX KynbTyp. [paHuLa npeAropHoOi 30HbI [larectaHa
C MPUMOPCKOM HU3MEHHOCTbIO U CeBEepPHON paBHU-
HOW BblpaXkeHa o4YeHb 3aMeTHO. XpebTbl Npearopuii
6onblUel 4acTblo pe3Ko MOoAbIMATCA TYT KpyTbl-
MW CKJIOHaMW f0 BbicoTbl 500-600 n 6onee meTpoB
HajA MopeM. Beck MpegropHelin larectaH npoTtarvea-
eTcst AyroobpasHo NOa0COM OT 3anagHOoM A0 FOXXHOMN
rpaHuybl ANMHOM 260 KM 1 WnpuHO oT 20 go 40 KMm.
MpearopHbIA NOSIC NpeAcTaBnseT coboli MHOXeCTBO
OTAEeNbHbIX CBOJOBbIX XPebToB, WMAYLLUX PAjaMu
napannenbHO W Apyr 3a Apyrom. Mexay CBOZJOBbI-
MW MOAHATUAMU PACMONIOXEHbI LLMPOKNE AONUHbI,
HU3VHbI U KOTNOBUHbI. C yaaneHneM OoT MOpS Bbl-
CcOoTa xpebToB nocTeneHHo yBeanymeaetcs go 1000-
1200 meTpoB (Hag mopem) [15]. Knsmn o6bikHOBEH-
Hbli M3JaBHa MNpom3pacTaeT 3jeCb B MNPearopbsx
M Ha paBHUHAX, ABASASCb LEeHHbIM CbipbeBbIM pe-
CypCOM, M3yyeHne KOTOPOro npeAcTaBaseT nHTepec
AN arpapHO HaykKu 1 MULLEBOV NPOMbILLIEHHOCTU
CeBepHoro KaBkasa (pucyHok 1).

O6beKkToM MccaefoBaHNA CAYXUAN AUKOpacTyLme
pacTeHus K13nna obblikHoBeHHOro (Cornus mas L.),
npomuspacTtarmolwime B NATU MPEAroOpHbIX panioHax
Ha TeppuTopuun Pecny6bnvkun JarectaH (Taénuua 1).
B kauecTBe CbipbsA MCNO/B30BaNAM NAOAbI KN3UNA,
KoTopble 6611V co6paHbl B ¢pase cospeBaHus (cepe-
AVHA ceHTA6pa 2024 v 2025 rr.). Ans Kaxzoro 06-
pa3ua 6bi10 cobpaHo no 10 nnogos ¢ 30 y4eTHbIX
ocoberi.

Broxummnyeckmnii coctas NioAoB KMU3nAa, Kak v Apyrux
NNOAOBO-ArOAHbBIX KYNbTYp, B 3HAYMNTENIbHOM CTeneHu
3aBUCUT OT MOrOAHbIX YCN0BWIA Neproja nx GopMuUpo-
BaHUA 1 CO3PEBaHUS, NMPUXOAALLErocs Ha UHOHb — CeH-
T6pb [16].
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Tabnvua 1
XapaKkTepucTrka MecT npomspacTtaHums

Table 1
Characteristics of the growing places

MecTo npouspacTaHus MecTo c6opa KoopaviHaThl
.. C. Ww. 43.26666
O6paseL, Ne 1 KnsnnopToBCKnNIA paioH, oKpecTHoCTM €. MaLieeBka, -2 M Haj, YpOBHEM Mops
B. 4. 46.98333
oo C. w. 41.83538
O6pasey, Ne 2 MarapaMKeHTCKUI painloH, oKpecTHOCTK CaMypcKoro sieca, 8 M Haj ypoBHEM MOpS
B. 4. 48.56560
06 Ne 3 Kas6 .. Xv6ap. 866 C. w. 43.06157
aseL} Ne a36eK0BCKMI PaloH, OKPEeCTHOCTH C. ap, M Ha OBHEM Mops
paseu P P ybap AP P B. A. 46.75121
. .. C. Ww. 41.58497
O6pasel Ne 4 CyneiimaH-CTanbCKnin panoH, okpectHocTu . Kaxuyr, 920 M Haj ypoBHEM Mopsi
B. 4. 48.05808
- C. w. 41.75218
Obpasey, Ne 5 XNBCKUI parioH, okpecTHocTK ¢. XuB, 1030 M Haz ypoBHeM Mops
B. 4. 47.95074

.
s Data SIOENO.
S Almage

Google Earth

PucyHox 1
Toukn cbopa maTepuana

Figure 1
Collection points
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BroxmmMunyeckunin coctas nnoa0B Kn3nna 06bIKHOBEHHOIO
B MPUPOAHbIX Nonynaumax [arectaHa

N.A. Tabnbynnaesa, LL.A. BanaeBa

KnumaTtmueckme nokasatens MecT npoun3pacTtaHus Kiu-
311a 06bIKHOBEHHOIO 6bINV 3arpy>keHbl ¢ Be6-CTpaHu-
ubl CHELSA v.1.1. B okpectHocTax CaMypCKOro sieca OHu
XapaKkTepur3oBaanNCb CPABHUTENBLHO BbICOKVMU MoKasa-
TensMu cpegHerogoBoii Temnepatypsl (13,25 °C). Cpea-
HSAA TeMnepaTypa Hanbonee Tenaoro Mecsaua JocTurana
28,05 °C. CpaBHUTE/IbHO BbICOKVMY OKa3a/inCb napame-
TPbl CpeAHer TemnepaTypbl Hanbosee Cyxoro neproja
(23,85 °C). CpegHss TeMnepaTypa Hanbosnee TeNIoro ne-
pvioga (bio10) coctaBnsina 23,85 °C. TemnepaTypa Hav6o-
nee xonogHoro nepuoaa (bio 11) He npeBbiwana 3,65 °C.

B okpecTHOoCTAX c. MaueeBka cpejAHerofoBasi TeMm-
nepaTtypa 6blna CpaBHUTENbLHO HMXE W COCTaBAsna
12,75 °C. OgHaKo oTMeueHbl 6onee BbICOKME MOKasa-
TeNI MaKCMManbHOW TemnepaTtypbl Hanbonee Tenoro
Mecsaua - 29,95 °C. CpeaHss TeMnepaTtypa Hauvbonee
B/IaXKHOro nepuoga coctasnsana 21,65 °C. Makcumarnb-
HbIMW OKa3a/InCb TakXe MokasaTenu cpegHen Temmne-
paTypbl Hanbonee Tennoro nepuoga (bio 10), goctu-
rarowme 24,15 °C. CpegHsasi TemnepaTtypa Haubosnee
xonogHoro nepuoga (bio 11) coctaensina 1,65 °C.

CpesHerogoBas TemrnepaTypa B OKpecTHoCTax C. Kax-
Llyr 3a 3TOT nepuog coctasnsana 8,65 °C. MakcrmansHas
Temnepatypa Hawbosnee Tenjaoro Mecsua AocTurana
24,25 °C. CpegHAa TeMnepaTypa Hambonee Tensoro ne-
pvioga (bio10) goctmrana 19,15 °C. TemnepaTtypa Han6o-
nee xonoaHoro nepvoga (bio 11) coctasnsina -2,05 °C.

CpegHerogoBasi TemrnepaTtypa B OKPecTHOCTAX C. Xybap
coctassniana 8,25 °C. MakcmManbHas Temrepartypa Hau-
6onee Tennoro Mecsua gocturana 23,95 °C. Temnepa-
Typa Han6onee Tennoro nepuoga (bio 10) coctansna
18,85 °C. TemnepaTypa Hanbonee X0N04HOr0O Neprosa
(bio 11) gocturana -2,35 °C.

Knnmatryeckre nokasaTteny B OKPeCTHOCTAX C. XVB OTAN-
YaNnCb CPaBHUTENbHO H3KOV CpeAHErof0Bol TeMnepa-
Typoit 6,95 °C. CpeaHssi TemnepaTypa Hanbonee Ternaoro
nepwvioga (bio10) gocturana 17,25 °C. TemnepaTtypa Hau-
6onee xonogHoro nepuoga (bio 11) cocraensina -3,65°C.

Metobl

Yuncnosble nokasaTenu (06Las 301a, BAAXKHOCTb U 3KC-
TPaKTVBHbIE BellecTBa) MJ0AOB KU3Maa onpesensnm
no MeTojukaMm, npuBefeHHbIM B [oCcyfapCTBEHHOM
dapmakonee (FP) PO XIV nsgaHus. BnaxHocTb onpe-
Aensann MeToAoM BbICYLUVNBAHUSA A0 MOCTOSAHHOM Mac-
Cbl MO METOAMKE, ONMMCAaHHONM B 0bLel cTaTbe IO XI.

Onpe,qeneHme cojep kaHua ,Cl,y6I/I}'II:>HbIX BeLlecTB B rne-
pecyeTe Ha TaHVH OCYyLLeCTBAANN TUTPUMETPUYECKUM
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MeTOZO0M, B KayecTBe NHAMKATOPa UCMO/b30Banu pac-
TBOP WHAMTOCY/IbGOKNCIOTHI A0 MOABAEHUS 30/10TU-
CTOro okpawvsaHusa. KonnyectBeHHOe ornpegeneHuve
LyOUIbHBIX BeLLEeCTB OCYLLEeCTBAAIN B COOTBETCTBUU
c P PO XIV «OnpegeneHve cogepxaHus aybunb-
HbIX BeLLecTB B JIeKapPCTBEHHOM pPacTUTE/IbHOM Cbl-
pbe 1 NleKapCTBEHHbIX PacTUTENbHbIX MpernapaTtax».
CogepxaHue ¢raBoOHOMAOB OMpejensan CnekTpo-
dboTomMeTpuyeckuM MeTOoAOM Mpu Avana3oHe ASVH
BO/IH 350-550 HM, OCHOBAHHbIM Ha B3aMMOJENCTBUM
C XJI0PUAOM aNKOMUHNSA 1 06Pa30BaHNM OKPALLEHHOro
Komnnekca. B kauecTBe cTaHgapTHoro o6pasua (CO)
Mcnonb3oBaHbl pyTuH, nMn. CAS Ne207671-50-9. Mak-
CMIMYM MOT/I0LeHNs HabntgaeTcs Npu AJIMHE BOJHbI
400 HM, UTO COOTBETCTBYET pekoMeHAauuam P ang
rocyAapCTBeHHOro CTaHAapTHOro obpasua pyTuHa.
Mpu onpeAeneHnn cofepXaHWs aHTOLMAHOB B M0-
JaX KM3MNa WCNONAb30Baan CrMPTOBbIE 3KCTPaKTh,
repecyeT NPOBOAUNN ANS UMaHUANH-3-0O-rnoko3nja.
B xoge onpegeneHns MakCcMyma MOMOLEHUS Criek-
Tpbl CHUManu B AmanasoHe 550-750 HM. [Mony4yen-
HbIli CMEeKTP COOTBETCTBYET AaHHbIM D 1 NPUXOAUNTCS
Ha 610 HM. Mpw onpegeneHN cyMMbl CBOBOAHbLIX Op-
FraHWYeCcKMX KUCIOT MPUMEHANN TUTPUMETPUYECKN
MeTOZ C WCMOoAb30BaHMEM B KayecTBe WHAMKATOpa
cMecn peHondTanemHa n MeTUIeHOBOrO CYUHEro B ne-
pecyeTe Ha A6/104HYH KMCAOTY. ACKOPOMHOBYHO KNCITO-
Ty onpeAensnn TUTPUMeTpUYeckmM MeToaoM (kpacka
TunbMaHca). OnpegeneHrie CyMMapHOro CoAepXKaHus
yrneBoAOB B Mi0Aax Kumsmna ob6blIKHOBEHHOro Mpo-
BOAWIN C WCMONb30BaHMEM MUKPUHOBOIO MeTOoA3,
MOCKOJ/IbKY BO3MOXHO oOrnpejefieHne Kak CBO6OAHbIX
MOHOCaxapuioB, Tak W MoJncaxapuios rnocne Kuc-
NOTHOrO rnaponunsa. Ans onpegeneHns Ncnonb3oBasm
CNeKkTpopoTOMEeTPUYECKNIA METOA 1 B KayecTBe CTaH-
JapTa rnokosy. OnTuyeckme MJOTHOCTM PacTBOPOB
cHUManu Ha cnektpodotomeTpe «SPECORD 210 Plus
BU» (Analytik Jena).

Mony4yeHHble pe3ynbTaTbl NOABEPraancey CTaTucTnye-
cKo 0bpaboTke cornacHo I'd XI. MexnonynsumoHHble
pasnnunsa oueHMBaaN MNpU CPaBHEHUN CPeHUX pe-
3y/bTaToB Tpex onpeAeneHuii. CTaTmcTnyeckyro obpa-
60TKY MONYYEHHbIX JaHHbIX MPOBOAVAN C UCMOJIb30Ba-
HMeM cucTeMbl 06paboTKkM AaHHbIX Statistica v. 13.3.

PE3YJIbTATbI U ObCY)XAEHUE

Ba>kHOW XxapaKTepUCTMKOM NULLEBOro Cbipbs ABASHOT-
CS1 UMC/IOBbIe NMoKa3aTesnn, onpejensitoLLe ero TexHo-
Jiormyeckme CBOMCTBA U CTabubHOCTb NPY XPaHEHWN.
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B Tabnuue 2 npuBeseHbl AaHHbIE MO BAAXHOCTU, CO-
Jep>XXaHVo 06LLell 30/1bl U 3KCTPaKTUBHbIX BeLLEeCTB
B M3Yy4YeHHbIX obpa3suax. Ocobblil MHTepec NpeAcTaB-
nsieT BapuabenbHOCTb 3KCTPAKTUBHBIX BeELLEeCTB, OT-
paxarollas CyMMapHOe HakornjeHne pacTBOPUMBbIX
CyXX KOMMOHEHTOB.

MonyyeHHble 3HaYeHNA BNAXHOCTN (78,4-82,1 %) co-
rNacyroTecs C TUMUYHBIMU ANA COYHBIX MI0L0B KN3WNa
nokasatensmu [17], ogHako pas6poc B 3,7 % Mexay
obpa3suamu ykasbiBaeT Ha gnddepeHumaLo nonyns-
LA MO BOAOYAEPXMBAOLLEN CMOCOBHOCTH, UTO MOXET
6bITb CBAA3aHO C Pa3INYNAMUN B OCMOTUYECKOM AaBie-
HUWN KJIETOYHOrO COKa B YC/IOBUSIX Pa3HOM apugHo-
TN knnmata. Cofep>KaHne 3KCTPaKTUBHbLIX BeLLecTs,
BapbupytoLlee oT 66 40 98 % B 3aBUCKMMOCTU OT Me-
CTa cbopa, OTpaXKaeT CTerneHb HaKOMAeHna pacTBoOpU-
MbIX CyXMX BeLLecTB (caxapoB, OpraHn4ecknx KuUcIoT,
GEeHONBHBIX COeAVHEHUIA) N MOXET CAYXUTb WHTe-
rpanbHbIM MOKasaTeseM MULLEBOM LIeHHOCTU ChipbS.
MakcManbHoe 3HayeHue 3KCTPaKTMBHbLIX BeLLeCcTB
y o6pasua Ne 4 (98,3 %) Nno3BoNseT NPeanooXnTb ero

MOBbILLEHHY 6LOOrMYECcKyt0 LLEHHOCTb MO CpaBHe-
HUIO C APYTUMU U3YUYeHHBIMU NONyAsLUsiMu.

Mpeobnagatowmy  GeHONbHLIMY  COeANHEHUAMMU
B N/104aX ABNSAOTCA AyOubHble BeLLecTBa, rae nx co-
AepxaHune konebnetcs ot 1,7 fo 4,6 %. CpaBHUTENBbHO
BbICOKME MoKa3aTenn B nepecyeTe Ha TaHWH, NOYTU B
3 pasa npesblWwatoLme Takosble anst CyneimaH-CTanb-
CKOro paioHa, XxapakTepHbl AN 06pa3LoB N10A40B, CO-
6paHHbIX B X1BCKOM palioHe (Tabnuua 3). MonyyeHHble
3HayeHNs ABASIOTCA CPaBHUTENIbHO 60nee BbICOKMMMU,
yem NMpUBOAMMBIE B nTepaType JaHHbIe, MosyYeHHble
npuy onpeaeneHUn cofepXaHus B Maogax cepbckoro
npouncxoxaeHua (0,65-1,31 %) [18] 1 B NpupoaHbIX
nonynaumax kusmna B Typumm (0,19-0,45 %) [19].

PeHo/bHble COeAVHEHVS OnpejenstoT aHTUOKCUAAHT-
Hble CBOMCTBa NN0A0B kM13una. B Tabnuue 3 npeacrasne-
HO coziepykaHne 0CHOBHbIX rpynn ¢peHoN0B (Ay6unibHbIX
BeLLecTB, $1aBOHOMNAOB 1 aHTOLIMAHOB) B 3aBMCMOCTU
oT MecTa cbopa. 119 cpaBHUTENBLHON OLeHKM NpuBese-
Hbl INTepaTypHble AaHHbIE MO 3TUM Xe rnokasaTesnsm.

Tabnuua 2
YncnoBble NokasaTenu BAaxHbIX MNA040B KM3na 06bIKHOBEHHOrO, % (2024-2025 rr.)
Table 2
Numerical indicators of C. mas fruits, % (2024-2025)
YuncnoBble nokasartenu
MecTo
Bna>kHoCcTb 3ona o6uas JKCTpPaKTMBHbIE BeLlecTBa
npomnspactaHusa
3aMopoXKeHHblIe Cyxue 3aMoOpO>KEeHHbIe Cyxue 3aMoOpO>KEHHbIe Cyxue
O6paser Ne 1 80,3+0,3 16,3+0,2 1,02+0,1 1,9+0,3 80,3+0,2 58,1+0,3
O6paseL, Ne 2 81,4+0,1 16,6+0,1 1,01£0,1 1,9+0,1 66,1+0,3 69,0£0,3
O6pasew, Ne 3 78,4£0,2 18,6+0,3 0,96+0,3 1,5+0,1 69,0+0,1 66,1+0,1
O6pasew, Ne 4 82,1+0,2 16,3+0,2 0,75+0,1 1,9+0,2 98,3+0,3 74,3+0,2
O6pasew, Ne 5 80,3+0,3 18,7+0,2 0,81+0,1 2,2+0,1 67,00,2 79,0£0,2

?ﬂ:&ime $EeHOMbHbIX COAVHEHNIA B NMIOAAX KM3UNA 06bIKHOBEHHOTO, % (2024-2025 rr.)
Table 3
Content of phenolic compounds in C. mas fruits (2024-2025), %
MecTo npouspacTtaHus Ay6unbHble BellecTBa, % dnasoHoUAbl, Mr/r AHTOLMaHbI, Mr/r
O6pasel, Ne 1 3,9+0,04 6+0,1 1+0,1
O6paseL, Ne 2 2,7+0,02 10+0,1 5+0,2
O6pasel, Ne 3 3,4+0,01 4+0,4 1+0,2
O6pasel, Ne 4 1,7+0,01 60,1 1+0,1
O6pasel, Ne 5 4,6+0,03 9+0,1 2+0,2
JlnTepaTtypHble faHHble 0,6-1,3 6,67-20,67 1-8
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N3 aaHHbIX Tabnuubl 3 criefyeT, UTo AybunbHbIe Belle-
ctBa (1,7-4,6 %) NpeBbILLAOT AMANA30H, NOAYYEHHbIR
npv U3y4yeHUN COoCTaBa MJoAOB MPUPOAHLIX MOMys-
umm 13 Cepbum 1 n3 Typumm [18; 19]. MonyyeHHble
pe3ynbTaTbl MOrYT ABAATHCA 3alMTHOW peakumen
Ha HV3KMe Temrnepartypbl MPeAropbs.

N3BneueHve ¢naBoHoOMAOB BapbupoBano oT 4
Ao 10 Mr/r B 3aBUCMMOCTW OT MOYBEHHO-KAUMaTUYe-
CKUMX YCNOBUI Npoun3pacTaHms. Beicokmne cpegHue 3Ha-
YeHWs Mo JaHHOMY MokasaTesto OTMeuYeHbl Y 06pasua
Ne 2 (10 Mr/r) n cBsi3aHbl C OCOBEHHOCTAMMU CHHTE3a
dbnaBoHOMAOB. 3TV MoOKasaTenn MpeBbILAOT paHee
NPUBOAMMbIE 3HAYeHUs A1a JaHHoro Buaa (6,67-
20,67 wmr/xr) [20], 0,81 mr/r [21]. CoaepxaHue aHTO-
LUMaHOB M3MeHsANock oT 1 go 5 mr/r. CpaBHUTENBHO
BbICOKME 3HAYeHUst MexXay MOonynsauUsMN BblsiBAEHbI
y o6pa3ya Ne 2 (5 mr/r). KOHLeHTpaums aHToLMaHOB
B MJIofax KM3ua AarectaHCkoro MpounCcXoXAeHns co-
OTBETCTBYET MMELLMMCS B InTepaType nokasartesnsam,
rae cojepXaHve aHTOUMaHOB B MJjogax JOCTUrano
549 mr [kr [20], 146-328 mr/100 r [22].

KntoueBbIMM KOMMOHEHTaMW, onpesensoLLMMm BKYCO-
Bble 1 MNYLLeBble KayecTBa MI0A0B, ABAITCA OpraHu-
yeckme KUCNoThl, ackopbrHoBas kucnota (ButamuH C)
1 yrneBogbl. B Tabnnue 4 npyBeseHbl UX KONNYeCcTBeH-
Hble 3HayYeHNs ANS NSTU U3yYeHHbIX nonynsumin. Cym-
MapHOe coZiep>XXaHusi IKO3bl B N104aX KM3Mia cocTas-
nano 13,6-19,1 %. CpaBHUTENIbHO BbICOKME 3HAYEHUSA
ycTaHoBNeHbl A obpasua Ne 3 (19,1 %). MonyyeHHble
JaHHble ABNSIOTCA TUNUYHBIMU 1 COMOCTaBUMbI C paHee
npoBeAeHHbIMU UCCef0BaHNAMN AN AaHHOro BUAa.
Tak, paHee N5 AAaHHOrO BUAA COAepKaHWe TIHKO3bI
B niogax coctasnano 10 % [23].

Cofep>xaHvie opraHMyecknx KNCIOoT B MIOAAX K13UNa,
npowu3pacTatoLlero Ha Tepputopumn Pecnybnunkm [Jare-
CTaH, BapbupyeT oT 2,1 (B okpecTHOCTAX C. X1B) 40 3,1 %

(Camypckuii nec). Hanbonee BbICOKME 3HAUEHNS BbISB-
NeHbl y 06pasua Ne 2 (3,1 %), UTo 06 BACHAETCS TEM/IbIM
1 BAAXHbIM KIMMaToMm. [onyyeHHble faHHble NpeBoC-
XOAAT KakK aHaNormyHble 3Ha4YeHns A1 apyrux obpas-
LoB, TaK W nnTepaTypHble nokasatenn. Mo AaHHbIM
E. B. KpnBopyuko [24], cogepxaHvie a6104HON KUCNOTbI
B M10A4ax Kun3unna obbIKHOBEHHOMO, NPOM3pacTaroLLero
Ha YKpavHe, COCTaB/sA0 OKONo 2,5 Mr/r.

KoHueHTpauma ackopbuHOBOW KUCNOTbl  (BUTaMu-
Ha C) konebnetcs oT 5 o 12 Mr/r. Bbicokue 3HayYeHns
XapakTepHbl 415 niogoB obpasua Ne 2 (12 mr/r). Mo
NNTepPaTypHbIM AAHHbLIM, COAepXaHVe ackopbUHOBO
KNCNOTbI B M104aX NPUPOAHbIX MONYASLMIA Kn3nna rpe-
YeCKoro NPOUCXoXAeHWs coctaensno 14-103 mr/100 r
[25], 165-299 mr/100 r [26].

CoaepskaHue 61010rMUYeck akTUBHbIX BELLEeCTB 6bI110
HEO/AMHAKOBbLIM B Pas/IvuHbIX YCI0BUAX Npouspacta-
HUA. AN Ay6uNbHbIX BeLects U GpAaBoOHOWAOB Bbl-
SBNEHbl MakKCMMasibHble MokasaTtenn. CpaBHUTENb-
HO BbICOKME 3HauyeHWs GpNaBOHOUZAOB, AHTOLMAHOB,
aCKOPBUHOBOI KUCNOTbI, OPraHMUecknx KUCIoT Xapak-
TepHbI M104am, co6paHHLIM B OKpecTHocTAx Camyp-
CKOro fieca. Bbicokve 3HaYeHusa cogepxaHna Ay6uib-
HbIX BelllecTBa Hab/OAANNCL B OKPECTHOCTAX C. XVB
(4,6 %). Hanuume BbICOKMX 3HAUYEHWIA KOHLEHTpaLUn
rNOKO3bl BbISIBNIEHO B nogax o6pasua Ne 3 (19,1 %).
MuHMUManbHoe coaepxaHve BuTamuHa C (5 wmr/r)
n yrneeozoB (13,6 %) o6HapyxeHo B njoAax, npows-
pacTatoLLux B cene MaueeBka.

Pe3synbTaTbl CTAaTUCTUYECKOTO aHanu3a Mo3BOAUAN
OLIEHVTb B3aVIMOCBSA3M MeXAy aHann3mpyeMbiMn Mo-
KasaTeNssMun 1 KIMMaTUYecKUMmM AaHHbIMU. O6paTHble
KOPPenAauuy YCTaHOBNEHblI MeXJy OTHOCUTEbHbIM
coziepXXaHneMm rKo3bl U CPeaHMI TemmepaTypamMm
Hanb6onee Tennoro (bio 10) 1 xonogHOro NepuoaoB
(bio 11) (pucyHok 2).

Tabnuua 4
CogepxxaHvie BAB B niogax ku3una o6bikHoBeHHoro (2024-2025 rr.)
Table 4
Content of bioactive substances in C. mas fruits (2024-2025 rr.)
MecTo npouspactaHus OpraHuyeckue KNcioThl, % | Ackop6uHoBas Kucnota, mr/r | Yrneeogbl, %
O6paszew, Ne 1 2,2+0,01 5+0,1 13,6+0,03
O6paseL, Ne 2 3,1+0,02 12+0,2 16,9+0,02
O6pasel; Ne 3 2,310,01 60,1 19,1+0,02
O6pasel Ne 4 2,510,02 9+0,2 16,3+0,03
O6pasel, Ne 5 2,1£0,01 7£0,1 17,8+0,01
JinTepatypHble JaHHble 1-3 5-15 9-20
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Correlation: r = -0,6855
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bio10 - cpegHsa TemnepaTtypa Havbonee Tennaoro nepunoga, °C;
bio11 - cpegHsAs TemnepaTtypa Hanbonee xonoaHoOro neproaa, °C
bio10 is the mean temperature of the warmest period, °C;

bio11 is the mean temperature of the coldest period, °C

PucyHok 2

3aBUCUMOCTb cojep>KaHua yrneBoAoB B N1o4aX C TeMnepaTypHbIMW MOKa3aTenamMmm

Figure 2

Dependence of carbohydrate content in fruits on temperature indicators
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bio 11 - cpeaHsas TemnepaTtypa Hanbonee xonoAHoro nepuoga, °C
bio11 is the mean temperature of the coldest period, °C

3aBUCMMOCTb coepikaHma aHTOUMaHOB U OpraHn4YeCcknxX KMUCI0T B nN1o4ax C TeMnepaTypHbIMK NMoKa3aTenamm

Figure 3

Dependence of anthocyanin and organic acid content in fruits on temperature

B TO Xe Bpems BblsiB/IeHbl 40CTOBEPHbIE MONOXUTE b-
Hble CBSA3U MexAy CpeAHel TemnepaTypoi Hambonee
XONIOAHOrO Mepuoja U COAepXKaHMeM aHTOLMAaHOB
(0,57), a Takxe opraHuyeckmx kmucnot (0,69) (prcyHok 3).
YCTaHOB/IEHO, 4TO O6bLlee CoAepXKaHVie aHTOLMaHOB
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W OpraHnYeckmx KUCNoT B MA0AAX KN3MNA JOCTOBEPHO
CHWXXANOCb MNPV MOBbLILEHUN TEMMePaTypbl B XOJI0A-
HbIl Nepuog. BbisiBieHbl TakKe 40CTOBEPHbIE MOJIOXM-
Te/bHble 3aBUCUMOCTY MeXAYy CoAepXKaHMeM FHKO3bI
1 KOIYECTBOM OCaZAKOB B HanboJsiee BAaXHbI Nepurog,
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BbIsiBNEHbI JOCTOBEPHbIE MOJIOXMUTE/IbHbIE KOppens-
LVOHHbIE CBSI3U MeXAy CoAepaHnem ¢$piaBoHOMAOB,
aHTOLMAHOB, acKOPBGUHOBLIX KUCIOT, OpPraHMyecKkmnx
KNCNOT. Hapsay € 3TUM A0CTOBEPHbLIMY OKa3aanch Tak-
Xe oTpuLaTe/ibHble KOPPEeNsLMOHHbIE CBS3N MeXAy
Ay6UIbHBIMY BeLLIeCTBAMU U OPraHnYeckKUMn KUCIo-
Tamu (-0,60), a TakxKe ackopbUHOBOIA KncnoToii (-0,56)
(Tabnuua 5). [locTOBEpHbIX 3aBUCMMOCTEl CoAepxa-
HWUS FHOKO3bI OT MCCesyeMblX NMapameTpoB He 6bi1o
BbISIB/IEHO.

SAKJIHO4EHUE

B faHHOM uccnefoBaHUU NpoBefeH KOMMAEKCHbIN
aHanM3 B6MOXMMUNYECKOro COoCTaBa MJIOAOB Ku3W/a
06blkHoBeHHOro (Cornus mas L.) U3 NATU NPUPOAHbLIX
NonynALMii, NPOM3pacTaroLLMX B KOHTPACTHbIX KNMa-
Tnyeckux ycnosusax Pecnybnmkun [arectaH. Onpege-
JIeHO KONMYeCTBEHHOE cozepXXaHue: opraHn4eckmnx
KWCNOT - A0 3 %, aCKOPBUHOBOW KUCOTbI - 40 12 Mr/T,
rnoKosbl - 40 19 %, AyBUNbHBLIX BewecTB - 40 5 %,
dnaBoHoMg0B - A0 10 Mr/r, aHTOLMAHOB - A0 5 Mr/T.
OueHKa cTeneHn M3MeHeHUs cogepXaHusa aHTouma-
HOB 1 OpraHn4yeckmnx KUCA0T B MJiogax Mo pesy/bTra-
TaM KOPPensiuMOHHOro aHanaMs3a BbIABUIA Haanuune
AOCTOBEPHbIX MONOXUTENbHbIX 3aBUCUMOCTEN C TeM-
nepaTypHbIMK Mnoka3saTensamu. ConpsixxeHHas CBHA3b
yCTaHOBNEHa TakXke Mo COAEePXaHUK FIHKO3bl U KO-
INYecTBy 0CafKOB B Hanbonee BnaxkHbln nepunog. Co-
AepxXaHuve $raBoHOMAOB U acKOPOMHOBOW KMUCAOTHI

Tabnuua 5

M3MEHSIOCh MOYTK B 2 pasa B 3aBMCUMMOCTU OT KW-
MaTUYeCKNX YCNOBUIA MecT nponspactaHums. Mpu yse-
NINYeHNN nokasaTeneil TeMnepaTypHbIX NapamMeTpoB
cosepxaHve ¢bnaBoOHOMAOB N aHTOLIMAHOB B MJI0Aax
BO3pacTaeT. YCTaHOB/EHO, YTO CPaBHUTENbLHO 60/b-
we $GNaBOHOMAOB M aHTOLMAHOB HakanJMBaroT Mao-
Abl K31Na, cobpaHHble B okpecTHOCTAX CamMypcKoro
neca. OTHOCUTENbHO HUW3KOEe CoAepXaHue uncciegy-
eMbIX MoKa3aTesieli xapakTepHO njoZamM B OKpecT-
HocTax ¢. Xybap, Kasbekosckoro parioHa. MNogobHoe
pacnpegeneHnie MOXeT 6bITb CBSI3aHO C Pa3/IMYHOM
CTeneHb OBOAHEHHOCTM MNOAO0B, KOTOpble TakXe
OTINYaNUCbL MO COAEPXAHUK Brarn. MoayyeHHble
pe3ynbTaTbl KOPPENSAUNOHHOIO aHanmMsa no3BOAUAN
YCTAHOBUTb Ha/MumMe AOCTOBEPHbLIX MOMOXNTENbHbIX
3aBUCUMOCTE MeXAay coZepKaHMeM ackopbUHOBOW
KNCNOTbl N OPraHNYeckKMm KMCnoTamm (rx = 0,89),
cofep>kaHMeM OpraHnYecknx KUCIOoT U aHToLaHamMum
(r,, = 0,75) n mexay dnasoHOMAaMU 1 aHTOLMAHAMM
(r,,=0,70). B T0 >xe Bpems BbisiBNIeHbl AOCTOBEPHbIE OT-
puLaTenbHble 3aBUCUMOCTU MeXAY CoAepKaHneMm ay-
6UbHbBIX BELLECTB 1 ackopbrHOBOI KncnoToit (-0,56)
1N opraHunyeckummn kucnotamm (-0,60). MockonbKy
Nnosy4YyeHHble AaHHble ABAAKTCA BugocneundunyHbl-
MU W COOTBETCTBYHT KJIMMaTUYeCKMM MoKasaTensam
B KOHKPETHbIA Ce30H, TO AN MPOrHO3MPOBaHUS 13-
MeHeHWl cogepxaHus BAB kmsuna cnepyeTt aHanu-
31pOBaTh COAepXaHue JaHHbIX MoKa3aTenel B bonee
KOHTPACTHbIX YCNOBUAX U C y4eTOM 60/bLIero Koau-
yecTBa MeCT NMpom3spacTaHus.

KO3¢¢I/ILI,I/IEHT Koppenaunnm mexay aHaansanpyemMmbiMn NnokKkasaTenamMmm

Table 5
Correlation coefficient between the analyzed indicators

Ay6unbHbie

Mokasatenu
BelyecTBa

dnaBoHONAbI

AHTOLIMAHbI

OpraHuyeckue
KNCNOTbI

Ackop6uHoBas
Kucnora

Fnrokosa

JybunbHble BellecTBa

dnaBoHoOUAbI

AHTOLMAHBI

OpraH. KncnoTbl

AckopbuHoBas kucnota

Intoko3sa

1,00

0,89***

MpuMeyaHue. YpoBHU gocToBepHoCTH * - P < 0,05; ™ - P < 0,01; ™ - P < 0,001. Mpouepk 03HayaeT OTCyTCTBME JOCTO-

BEPHOU CBA3N.

Note. Significance levels: * P < 0.05; ** P < 0.01; *** P < 0.001. A dash indicates that the relationship is not statistically

significant.
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HaunoHanbHbIV nccnesoBaTenbCkni LeHTP «KypyaToBCKUM MHCTUTYT», MOCKBa,
Poccus

., H.B. bapaHoBa (2, A.C. EpxoBa

AHHOTALIUA

BBEAEHUE. MoBbilweHve 3pdeKTMBHOCTN BUHOrPajapcTBa MPOAO/KAET OCTaBaTbCs
NPUOPUTETHO 3aja4yeit oTpacaun. [JoCTUXeHMe BbICOKOro KayecTsa BUHOrpaja 1, kak
cneAcTsue, NPOAYKLMN BUHOAENNS BO3MOXHO MLLb MPU CO34aHNN ONTUManbHbIX yc-
NOBWIA BbIpaLLMBaHNA A1 KOHKPETHbIX COPTOB BMHOrpaja C y4eToM arposkonormnye-
ckmnx pakTopos. OnpeseneHne NHTEHCMBHOCTN BO3AENCTBUA OTAENbHbIX 3Konornye-
ckmx $aKTOpOB 1 xapakTepa WX B3aMMOBAVSAHWA MeeT pyHAaMmeHTanbHOe 3HaveHne
Kak C TeOpeTUYeCKOn, Tak 1 C MPUKAaAHON TOUKM 3peHNs.

LE/b. Monyunte aHanuTMyeckne faHHble O CTereHW BAWSHUS arpokiMMaTU4eckmx
¢bakTopoB Ha GOPMUPOBaHME KaueCTBEHHbIX MoKa3saTesiell BUHOrpaga B npoLiecce ero
co3peBaHusi.

MATEPUANIbI U METOAblL. O6bekTamMn nccnesoBaHUSa ABASINCE KAKMMATUYECKMEe AaHHble
no MeTeocTaHuMK «Anta» (2022-2024 rr.) 1 NapameTpbl KayecTBa BUHOIPaga pasnmnu-
HbIX COPTOB, MOJly4YEHHOro C BUHOrPaAHNKOB TECTOBOrO MOJIMFOHA HXXHOBEPeXHO
30Hbl KpbiMa. MccnegoBaHns nposegeHbl Ha 6ase cektopa arpoakonornn HALL «Kyp-
YaTOBCKUIA MHCTUTYT». B paboTe 1cnonb30oBaHbl MHAEKCHI, pekoMeHAoBaHHble MOBB
(RESOLUTION OIV-VITI 423-2012 REV1) a1 TeppyapHOiA cneLpanmnsauim BUHorpagap-
CKO-BMHO/AE/IbYECKON oTpacu.

PE3YJILTATBL. Mo pe3ynbTaTaM NpPOBeAEHHbIX UcCef0BaHUA Ha TeppuTopun KOxHobe-
PeXHOI 30HbI BblAe/eHbl arpok/MaTyeckme nokasaTenu, okasbiBatowme Hanbonee
3HauMMOe BANSIHME Ha MAacCOBYHO KOHLIEHTPALMIO CaxapoB 1 TUTPYEMbIX KMCIOT B BU-
Horpage.

SAKNIYEHUE. MonyyeHHble aHanUTUYecKne AaHHble MO3BOJIAT ONTVMU3NPOBaTbL pasmMe-
LLeHVe MPOMbILLIEHHbIX BUHOTPAZHWKOB 1 MOBLICUTL 3G$eKTVBHOCTL MPOM3BOACTBA
NPOAYKLMM 3a cHeT Hanbonee paLMoHabHOro MCMOIb30BaHMSA MPUPOAHbIX PECYpPCOB.

KNHYEBBIE CJI0BA: BHOrpaj, COpT, arpoknMaTuyeckmne rnokasatenu, nokasaTtenn Kkade-
CTBa BMHOrpaja, MaccoBasi KOHLLEHTPALMs CaxapoB, MacCcoBasi KOHLEHTpaLus TUTpye-
MbIX KWUCNOT, KO3PPULIMEHTLI NapHOW Koppenaumnm
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ABSTRACT

INTRODUCTION. Improving the efficiency of viticulture remains a priority for the industry.
Achieving high grape quality, and consequently high-quality wine products, is possible
only when optimal growing conditions are provided for specific cultivars, taking into
account agroecological factors. Determining the intensity of impact of individual en-
vironmental factors and the nature of their interactions is of fundamental importance
from both theoretical and applied perspectives.

AIM. To obtain analytical data on the degree to which agroclimatic factors affect the for-
mation of grape quality parameters during ripening.

MATERIALS AND METHODS. The work studied climatic data from the Yalta weather station
(2022-2024) and quality parameters of grapes from various varieties grown in the vine-
yards of the test site located in the southern coastal zone of Crimea. The research was
carried out at the Department of Agroecology of the National Research Centre “Kurcha-
tov Institute”. The study employed the indices recommended by the MOBB (RESOLU-
TION OIV-VITI 423-2012 Rev1) for the terroir-based specialization of the viticulture and
winemaking sector.

RESULTS. The agroclimatic indicators that exert the most significant influence on the
mass concentration of sugars and titratable acids in grapes were identified within the
southern coastal zone.

CONCLUSION. The analytical data obtained will enable the optimization of the placement
of commercial vineyards and enhance production efficiency through the most rational
utilization of natural resources.

KEYWORDS: grapes, variety, agro-climatic indicators, grape quality indicators, mass con-
centration of sugars, mass concentration of titrated acids, pair correlation coefficients
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BnusiHve arpokimmaTnyecknx pakTopos Ha GpopMmrpoBaHme

KayeCTBEHHbIX MoKa3aTenei BUHOrpaja B npouecce ero cospesaHusa

E.A. Peibanko, H.B. bapaHoBa,
A.C. EpxoBa

BBEAEHUE

MoBblleHVe 3PpPeKTMBHOCTM BMHOrPagapcTea npo-
[lONKaeT oCTaBaTbCA MPUOPUTETHOW 3ajavert oTpac-
nn. locTuxxeHme BbICOKOro KavecTBa BUHOrpaga 1, kak
CneAcTBre, NPOAYKUMM BUHOAENNS BO3MOXHO NMLb
npu CO34aHNK ONTUMAaJbHbIX YCI0BUI BblpalLBaHNS
419 KOHKPEeTHbIX COPTOB BUHOrpaga C y4eToM arpos-
Konornyecknx ¢akTopos. MNpuy 3TOM BaXHO BblAENNTb
dbaKkTopbl, 0Ka3biBatoLMe Hanbo bLlee BAVSHME Ha Ka-
YeCTBEHHble NoKasaTenn BMHOrpaja, U yCTaHOBUTb UX
onTUManbHble 3HaveHus [1-4].

TemnepaTtypa 1 BAAXHOCTb UrPatoT PELLAOLLYH0 PO/b
B OnpeAenieHn BO3MOXHOCTU BbIpalLBaHUA BUHO-
rpaZa BbICOKOrO KauyecTBa B KOHKPETHOW reorpadu-
4eckoi 30He. OCHOBHbIE U3MEHEHUNsI B COCTaBe Arof
BMHOrpaza NponcxoasT B MpoL,ecce CO3peBaHus.

TexHonornyeckne napameTpbl, Takme kak obliee co-
AepKaHue caxapoB 1 KUCIOT, CIY>aT BaXHbIMU MoKa-
3aTenamMu ANs OLEeHKM 3penocTu BUHorpaga. Co3peBa-
HVe Aroj XapaktepusyeTtcs 6bICTPbIM HaKoMaeHnem
CaxapoB U CHMXXEHMEM YPOBHSA KMUCNOTLI [5], npy 3ToM
BPeMs 1 CTereHb 3TUX U3MEHEHWUIA 3HAaYNTENbHO Ba-
PbUPYIOTCSA B 3aBUCUMOCTM OT COPTA, KAMMATa, NouUBbI
N MeTOAOB BUHOrpajapcTea [6].

CoOoTHOLLUEHMe caxapa 1 06LLeln KNCTIOTHOCTU INHENHO
MeHSeTCs B 3aBUCMMOCTU OT CyMMbl aKTUBHbIX TeMre-
paTyp B TeueHVe MnepBbIX YeTbipex HejesNlb Nocne Ha-
Yana cospeBaHus. CKOPOCTb CO3peBaHUs BMHOrpaja
CHVXAeTCA C yBe/IMYeHeM Beca Arog, a Takxke 3aBUCUT
OT BOZAHOro 6anaHca pacteHus. Vicnonb3ys 3T0T noa-
X0J, BUHOTpajapy MOryT yepes yeTbipe Hegenu rnocse
Hayana cospeBaHUsa ONpeAennTb, C Kakol CKOPOCTbHO
CO3peBaeT BMHOMPaj Ha KaXAoM OTAeNbHOM y4yacTke
BMHOrpagHuka [5]. Mo Mepe co3peBaHust pa3mep Aroj
N cofepaHne Cyxoro BellecTBa B HUX MOCTEMNeHHO
yBeNM4YMBaeTCs, a cojepXaHue BAarn n MAOTHOCTb
yMeHbluaetcs [6]. BbisiBneHa Koppensauvs Mexay
KOHLleHTpauuel caxapoB, TUTPYEMOM KUCIOTHOCTbHO,
COOTHOLLIEHVEM Caxap/KNCIOTa N YPOXaAHOCTbIO BU-
Horpaja c HakornieHveMm Tenna (M3MepeHHbIM B rpagy-
CO-AHSAX) B pa3/vyHble NePUOAbl BeretTauum BUHOrpa-
4a [7]. OnTManbHbBIM TemMnepaTypHLIM PEXUMOM ANS
CO3peBaHUsl BUHOTPaAHbIX Arof CYMTaeTCs AManasoH
oT 28 0 32 °C. lNpun TemnepaTypax, He NpeBbILLAoLLINX
14 °C, npoLiecc co3peBaHNA Aroj CyLLLeCTBEHHO 3aMes-
nsetcs. O6bACHAETCS 3TO 60NbLUON POJbIO, KOTOPYH
nrpaeT TemnepaTypa B MHTEHCUBHOCTU acCUMUNALAN
1 AbixaHusa [8]. CHUXeHME TAPOTEPMMYECKOrO KO3¢-
ounumenTa (I'TK) cnoco6cTByeT poCTy CaxapucTocTu
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M CHWKEHWUIO KWUCIOTHOCTU. AHaNM3 Ce30HHON AuHa-
MUKM Ha Tepputopumn HuxHero MpugoHbs BbISBA,
yTO B CpejHeM CKOPOCTb POCTa CaxapucTocTh CocTa-
Buna 0,080 (r/100 cm3)/cyT, CHUXEHWS KUCNOTHOCTU —
0,043 (r/am3)/cyT. CkopocTb pocTa caxapucTocTu yBe-
NnumMBanack B roApl C 60/ee KOPOTKMM MepuroLoM
OT Hayasa co3peBaHuNs A0 NoNHO 3penocTu arog [9].

Knnmatnueckne ¢aktopbl UrpatoT peLuaroLLyo posib
B dopmMmpoBaHuM Teppyapa. B uensx uccneposa-
HUS 3aBUCUMOCTU PasBUTUS BUHOrPajZHOro pacte-
HUSA OT TerJio- 1 BAaroobecneyeHHOCTN TeppuUTOpPUN
npouspactaHunsa 6bi1n co3gaHbl pasHoobpasHble 6110-
KAMMaTUYeckme MHAEKChI: NpoxaagHocTy Houeit (CI),
cyxoctn (DI) n XyravHa (HI). MHAekcbl onpegensitoT
B/INSIHNE CE30HHbIX U3MEHEHWIA MOroAbl Ha ypoxaii-
HOCTb N Ka4yeCTBeHHble XapakTePUCTUKM COPTOB BU-
Horpaza v nony4aemoro BvHa. C MOMOLLbI 3TUX UH-
[EKCOB MOXHO CMPOrHO3MPOBaTh, byAeT N BUHOTPas
pacTy B TOM WAN WHOM pervoHe, a TakXe OLEHUTb
KauecTBo BUHoOrpaga [10]. Takxe Ana oLeHKU Kanma-
TUYECKMX XapaKTepUCTUK BUHOTpagHMKa 3¢ deKTBeH
pacyeT 6MOKANMATUYECKNX WHAEKCOB, OCHOBAHHbIX
Ha KOMBUHAaUUSAX TepMUYECKUX U TUAPONOrNYecKmX
VHAEKCOB, TakMX KakK 3HOKIMMaTuyeckass Mpuroj-
HOCTb, MHAeKC (IAOe) nnm BUoKNMMaTNUYECKUIA NHAEKC
BUHOrpagHoii nossl (Ibcv) [11].

MNMokasaTenb MPOXAaAHOCTU HOYE CyLLLeCTBEHHO BAMUS-
eT Ha GeHONbHbIN COCTaB BUHOrpaja, ero apomaTtunye-
CKUii npodunb 1 obLee KavecTBO BUHa. lennoTepmu-
YeCcKN MHAeKC XyriMHa foKasan ceoto 3¢ $eKTUBHOCTb
B CpefV3eMHOMOPCKOM K/uMarTe, rfae BbICOKas COJl-
HeyHasa pajuaums cosnagaet C ONTUMalibHbIMU TeM-
nepatypamu Ans cospeBaHus BuHorpaga [12; 13].

MNpoBeseHVe pacyeToB BUOKINMATUYECKUX NHAEKCOB
Ha 3afJaHHbIX TeppuUTOpMUSaX Mo3BonseT chopmynu-
poBaTb peKkoMeHAauun OTHOCUTENbHO MPUIOAHOCTU
KANMaTUYeCKNX YCNOBUA AN ONTUMAanbHOMO Bbipa-
LMBaHMA BUHOMpaja, NpejHasHauYeHHoro A1 pasHo-
06pa3HbIX HanpaBAeHWin NCNONb30BaHUS.

C nomoLLbl pacyeTa Tpex UHAEKCOB (MHAekca Xyrau-
Ha, MHAEKCA NMPOXNafHOCTU HOYel 1 MHAEKCa CyXOoCTu)
66 onpeAeneHbl LIECTb KANMATUYECKMX K/1ACCoB
AN BYHOTPaZapcTBa U MOATBEPXAEHA MPUroAHOCTL
KNMMaTUYECKMX YCNOBUI YpyrBasi ANs BblpalyyBaHus
BUHOrpaga [14]. B pervioHax Ha ceBepo-3anage Kutas
onpezesieHa B3aVMOCBSI3b MeEXJy KauecTBOM BMHOrpa-
na (Vitis vinifera L.) n dakTopammn okpyxatoLlein cpeabl
(knMMaToM 1 MouYBOW), a Takxke K3y4yeHbl TeopeTuuve-
CKMie OCHOBbI U pa3paboTaHbl TeXHUYECKNe pekoMeH-
Jaunn AN pauvoHaNbHOro MAaHNMPOBaHNUA MioLajel
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noJ, BblpallBaHVe BUHOrPaja 1 TOYHOMO peryanpoBa-
HUS pexuma BblpalLmBaHus B 6yayiem [15]. Ha ocHose
pacyeTa 61oKANMaTUYECKNX NHAEKCOB NPUMEHNTENBHO
K BblpalLBaHWIO BUHOrpaja NpoBeAeH aHaan3 BUMHO-
AeNbYeckmx TeppuTopuin BepxHero JoHa (PocTtoBckast
o6nactb) 1 CeBacToNo/bCKOM 30HbI (KpbIMCKUiA nony-
ocTpoB) 3a nepuog 2003-2023 rogpl [16]. OueHka Kau-
MaTMYeCKMX WHAEKCOB MPUYMEHEeHa At orpeAeneHus
NPUrOAHOCTM OCHOBHbLIX MUPOBbIX LLEHTPOB MPONCXOXK-
AeHus BuHorpaga V. vinifera gns ero BblpallmBaHus
[17]. B pasnnuHbIX CTpaHax MPOBOAUTCA MOHUTOPUHI
B/AUSIHWSI CE30HHbLIX U3MEHEHWA MoroAbl PasnnNuHbIX
JIET Ha YPOXKANHOCTb N KaUeCTBEHHbIE XapaKTePUCTUKN
Pa3/INYHbIX COPTOB BUHOrpaZa C MOMOLLbI BMOKIN-
MaTudeckux mHgekcos [18; 19]. OueHka noTeHuMana
BMHOrpaZapcTBa MyTemM pacyeta resmoTepMm4eckoro
VHAEKCa 1 aHanmnsa ero AMHaMuKn 3a nocnegHue 20 net
npovseeseHa B DCTOHUW. MccneaoBaHve NoATBEPANIO
MPUroAHOCTbL MPOTECTUPOBAHHLIX COPTOB A/ MPOM3-
BOZCTBA CyXOro BMHa B cToHU [20].

Pa3paboTaH noaxos Ans xapakTepuctTukn cneumdunye-
CKMX N5 COPTOB peakuunii Ha KIMaTUYecKyto 3acyxy
B BMHOZENIbYECKOM pervoHe LleHTpanbHO EBponbl
(3repcknii BUHOAENBYECK I PETVIOH Ha CeBEPO-BOCTO-
Ke BeHrpuu). YctaHoBNEHa yCTOMUMBas B3aMMOCBSA3b
MeXAy MHAEKCOM CyXOCTW KaK nokasaTesiem 4yBCTBU-
TENIbHOCTU K 3acyxe 1 cbanaHCMpOBaHHOM KNCIOTHO-
CTblo, 0becneyrBatoLLEeli OCHOBY AN NMPOrHO3MPOBa-
HUA 6yayllell KMCIOTHOCTU BUHOrpaja B YC/I0BUSX
MeHsoLerocs kammara [21].

OnpegeneHne WHTEHCUBHOCTM BO3AENCTBUS OTAeNb-
HbIX 3KOMOrMYyeckx GpakTopoB M XapakTepa UX B3au-
MOB/IMAHUA VMeeT dyHAaMeHTaslbHOe 3HayeHune Kak
C TeopeTnYecKkon, Tak 1 C MPUKIALAHON TOUKM 3peHKs.
JaHHbIV aHann3 HeobxoAMM A8 OCYLLLeCTBEHNS ajeK-
BaTHO OLIeHKW 3eMeJIbHbIX y4acTKOB, OT6opa COOTBeT-
CTBYIOLLMX COPTOB BMHOrpaja 1 obecrieveHuss ycTom-
UYMBOrO MOJIyYEeHNS BbICOKOKAYECTBEHHbIX YPOXKaeB.
Fny6okoe nsyveHvie ANHAMNKA N3MEHEHWIA KaYeCTBeH-
HbIX XapakTePUCTUK BMHOTPaja B XOAe CO3peBaHus,
C y4yeToM cneumdukm arpoaKONOrMUYEeCcKnX YCIoBUi
pervioHa fBNSEeTCA aKTyanbHOW 3ajadyer Ans oTpaciu.
MosToMy MccnefoBaHWUs, HampaB/ieHHble Ha BblisiB/e-
HVe BAVSHUSA KAMMaTUYeckmx GakTopoB Ha KayecTBO
BMHOMpaza 1 BO3MOXHOCTY ero JajabHenLero NcnoJib-
30BaHVs, MEerT 0CObYH 3HAaUMMOCTb. B €BA3M € 3TUM
Lenblo NCCefoBaHNS ABASETCA MOoAyyYeHne aHanuTu-
YeCcKMX AaHHbIX O CTeneHW BAUSHUA arpokaMMaTmye-
cknx GpakTopoB Ha GOpPMUpPOBaHME KayeCTBEHHbIX MO-
KasaTesieil BMHOrpaza B NpoLiecce ero Co3peBaHus.

ATPAPHBIA BECTHUK CEBEPHOIO KABKA3A | TOM 16 Ne 3/2026

MATEPUAJIbI U METOZbI

O6bekTamu 1ccief0BaHNsA ABAANANCE KAMMaTUYeckmne
JaHHble Mo meTeocTaHUmm «AnTa» (2022-2024 rr.) v na-
pameTpbl KayecTBa BMHOrpaga BocbMu copToB (Ane-
atuko, bactapgo marapauckuia, Bepgenbo, KabepHe
CoBuMHBOH, MyckaT 6enbiii, Canepasu, Cepcmnans, Tpa-
MWHep PO30BkIit), monyyeHHoro B 2022-2024 rr. ¢ BU-
HOrpazHVKoB B NrT. J/InBagusa KOxHoro 6epera Kpbima.
NcenepoBaHusa nposeseHbl Ha 6a3e cekTopa arposko-
norum HUL, «KypyaToBckmnii MHCTUTYT» — «Marapau».
O6pa3ubl Arog pasfN4YHbIX COPTOB BUHOrpaga Ans
nccnegoBaHns 6bI1M CObpaHbl Ha TEPPUTOPUN BbIb-
paHHOro TeCTOBOro MOANIOHA, BKIKOYAIOLLIEro B Cebs
BOCEMb Y4aCTKOB, KOMMAKTHO Pacro/ioXXeHHbIX B BUAE
eANHOro MaccmBa, CyMMapHomn nnowaabto 10,37 ra.

B pab6oTe MCMO/b30BaHbl MHAEKCH, PeKOMeH/0BaH-
Hble MOBB (RESOLUTION OIV-VITI 423-2012 REV1)
AN1S TepPyapHOIA cneLyannsaumm BUHOrpaAapcko-Bu-
HoZenb4yeckoi oTpacau [22].

Ana Bu3yanmsaumm MNpPOCTPaHCTBEHHOro pacrpeje-
NeHns arposKoNorMyecknx pecypcos, aHanmsa BAW-
AHUA MOpPdOMETPUYECKMX OCOBEHHOCTE MEeCTHOCTHU
Ha arpokanMaTmnyeckmne ycaoBms, a Takxe Lienen arpo-
3KOJIOrMYeCKOro MoZeNpoBaHNs NCMoib30BaHbI reo-
rpapuryeckme MHGOPMaLMOHHbIE CUCTEMBI.

N3mepeHVie MaccoBOV KOHLEHTPALMKN CaxapoB U KNC-
NOT B BMHOrpaje npoBejeHO C MOMOLLb npubopa
Atago PAL-BX/ACID 2, NpuHLMN M3MepeHnss caxapu-
CTOCTU — pedpaKTOMETPUYECKNA, KNCIOTHOCTU — U3-
MepeHue 31eKTPONpPOBOAHOCTN.

PE3YJIbTATBI U OBCY)XXAEHUE

Knumat BivsieT Ha KayecTBO BUHOTPaZa, M3MeHss
KOHLIEHTPALMIO CaxapoB, OPraHMYeckx KUCIoT 1 BTO-
PUYHbIX coegnHeHnii [23].

[nsi BbIsBNEHWSA arpoKIMMaTYeCcKX GakTOPOB U MHAEK-
COB, OKa3blBaKOLLMX HanboNbLUEee BANSAHKE Ha HaKomle-
HVe caxapoB N TUTPYeMbIX KNCIOT B AroAax BUHOrpasa
He3aBW1CKMO OT COPTa, N0 MeTeoAaHHbIM (2022-2024 rr.)
6bLIN paccUnTaHbl cpefHme 3HaueHns KoaboburLmeHToB
NapHOM KOPPensaumm mMexay KaxzabliM 13 npoaHanmsu-
poBaHHbIX GaKTOPOB ¥ MOKa3aTeNsaMn KavecTBa BUHO-
rpasa. MaccoBasi KOHLIEHTpaLMa caxapoB 1 MaccoBast
KOHLIEHTpaLMa TUTPYeMbIX KUCAOT CAYXWUAW MnokasaTe-
NAMY KayecTBa BWHOrpaja, noslyyeHHOro Ha TeppuTo-
pyK TeCTOBOro nosiuroHa (Nrr. /insaaus, FOxHbI 6eper
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KpbiMa) B 2022-2024 rr. Pe3ynbTaThl 3Ha4eHWi Koadpdu-
LMEeHTOB MapHOWN KOPPENsSLMM MeXZy KaxzabIM 13 Npoa-
HaNN3MPOBaHHbIX GaKTOPOB M MoKa3aTensIMn KayecTBa
BMHOrpaja npeAacraeneHbl B Tabavuax 1, 2.

Mo gaHHbIM Tabnauupl 1, MaccoBas KOHLlEHTpauus ca-
XapoB B BMHOrpaje MeeT BbICOKYH MONOXUTENIbHYHO
CUAy CBA3M C CyMMaMuM TeMnepaTtyp Bo34yxa Bbille 10
n 20 °C n nHgekcamun XyrnamHa v YuHknepa. Ycpeg-
HEeHHble MO BOCbMM MPOaHaIN3NPOBAHHbLIM COpTaM
BUHOrpaga koabodunumeHTbl NapHON Koppenaumn npe-
BblwatoT 0,77. COOTBETCTBEHHO yBeNMYeHVe caxapoB
B Arojax BWHOrpaja B 6oOnblUell cTeneHn 3aBUCUT
OT BbILUENpPUBEAEHHbIX MokasaTenen. Bce gaHHble
nokasaTeny XapakTepusylrT Tensoobecne4yeHHOCTb
TeppuTOpUK. NMOoNyYeHHbIe AaHHbIe COrNacyroTcs C Bbl-
BOZAMM y4YeHblX, OTMeYaroLLMX BbICOKYI0 KOppensauu-
OHHYIO CBA3b MeXAy UHAeKcamu XyrianHa n YnHkiepa
N cofep>aHveM caxapa B BUHorpage [24].

KoadppuumeHT Koppenaumm mMaccoBo KOHLEHTpaLmn
CaxapoB CO cpejHel TeMnepaTypoi BO3jyxa 3a Bere-

Tabnvua 1

TaUMOHHBbIN Nepunoj NMeeT CPeLHIOK MNONOXNTENBHYHO
cBsi3b (0,68). Hawm gaHHble coyeTatoTcs C pesy/bTa-
TamMUV y4YeHbIX, YCTAHOBUBLLMX MONOXUTEIbHYH KOp-
PenALMOHHYIO CBA3b MeXAy CpefHell TemnepaTypol
BereTaluoHHoro neproaa (0,8891-0,9856) 1 cogepka-
HWNS caxapa B BUHOrpaje Bcex NpoaHanms3npoBaHHbIX
copToB B. BuHudepa [24].

MNMokasaTenu, xapakTepusywlime BnaroobecrneyeH-
HOCTb MECTHOCTYW, UMeNu 3HauyuTeNbHO MeHee Tec-
Hyt0 CBsI3b (Cnabyo U yMepeHHyt) C HakorjaeHnem
caxapoB B firogax BuHorpaga. Haméonbluas oTpuua-
TeNbHaa CBA3b Habnwjanacb € WHAEKCOM CyXOCTU.
KoadpdurumeHT Koppensumm MaccoBO KOHLEHTPaLmK
CaxapoB B BMHOrpaje C MHAEKCOM CyXOCTV B CpeAHeM
no coptam coctasnsieT -0,68, UTO COOTBETCTBYET Cue
CBSI3M, OYeHb 6M3KOM K BbICOKOW. CHMXeHne Konu-
YyecTBa CaxapoB B AroAax 3aBMCUT OT 3HAUYEHWIA 3TOro
VHAeKca. Ha Hanuuve oTpuLaTenbHONM CBA3M Mexay
KONIMYEeCTBOM 0CaJKOB B TeYeHMe BeretaLioHHOro ne-
puoja 1 cojepXaHneM CaxapoB yKasblBalOT AaHHble
vccnegosaTenein [24].

KoadpdpunumeHTbl napHOM KoppensLmm MacCoBO KOHLLEHTPaLUKM CaxapoB B BUHOrpaje C arpok/iMMaTuyeckuMm rnoka-
3aTeNAMU, XapakTepUsyOLLMMM YCII0BUS TEM/I0- U BaroobecneveHHocTy (NrT. inBagus, 2022-2024 rr.)

Table 1

Coefficients of pair correlation of mass concentration of sugars in grapes with agroclimatic indicators characterizing
conditions of heat and moisture supply ( Livadia, 2022-2024)

Arpok/iMaTuyecKue nokasatenu
Ol
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- e EgE|2E
(0] —_ (] ~
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353533 55 | z| §| §| 28| 25552 | g < @3 =5
af|af|agolB| | 5| %| | RE| AR |SLR|SF R | "2 RA
Aneatnko 0,87 | 0,63 | 0,20 0,02 0,8210820,12|-0,69| 0,30 0,11 -0,177 |-0,02|-0,23| 0,20 |-0,27
Bacrappgo marapauckumii | 0,75 | 0,58 | 0,69 0,10 0,7710,78 | 0,60 |-0,82| 0,85 0,63 -0,76 |-0,69|-0,44-0,52 |-0,57
Bepgenbo 0,87 | 0,86 | 0,29 0,47 0,88 0,88|0,21-0,50| 0,51 0,18 -0,32 |-0,09| 0,14 | 0,13 | 0,01
KabepHe COBMHBLOH 0,73 | 0,75 | 0,65 0,45 0,7910,80|0,62|-0,56| 0,90 0,59 -0,37 |-0,58| 0,00 |-0,41|-0,17
MyckaT 6enblii 0,94 | 0,79 | 0,40 0,25 0,93/093(0,32(-0,74| 0,61 0,31 -0,24 |-0,28|-0,16 | -0,05 |-0,28
Canepasu 0,95 | 0,93 | 0,36 0,51 0,97(097|0,31|-0,64| 0,67 0,27 -0,34 |-0,28| 0,05 |-0,05|-0,12
Cepcuranb 0,94 | 0,81 | 0,56 0,26 0,95(096|049|-0,79| 0,77 0,48 -0,31 |-0,44|-0,20|-0,21|-0,33
TpaMunHep po30BbIi 0,87 | 0,79 | 0,66 0,33 0,8910,90 0,62 |-0,68| 0,79 0,58 -0,49 |-0,44|-0,08|-0,22 (-0,24
CpeaHee 0,87 | 0,77 | 0,48 0,30 0,88(0,88|0,41|-0,68| 0,68 0,39 -0,30 |-0,35|-0,12|-0,14|-0,25
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Tabnuua 2

Ko dpuumeHTsI NapHOM Koppensumm MacCoBO KOHLLEHTPaLUM TUTPYEMbIX KMCIOT B BUHOrpaje ¢ arpokanmMaTmnye-
CKVIMW MOKa3aTeNsiMu, XapakTepu3yoLLMK YCI0BUS TeM10- U BnaroobecnedeHHocTy (NrT. JinBagus, 2022-2024 rr.)

Table 2

Coefficients of pair correlation of the mass concentration of titrated acids in grapes with agroclimatic indicators
characterizing the conditions of heat and moisture supply (Livadia, 2022-2024)

ArpoknuMaTuyeckme nokasartenm
o
v,
Cymma >0 CpepHss o % | S Cymma ocagKos,
Temnepatyp s 3 NHaekc Temnepatypa | £ 4| & .
Bo3ayXxa, °C Q3 Bosayxa,°C | £ o| ®¢
s~ — es=s| SE
0 0 = (TS Tt s § (] s ~
o3 ed 3 = L s _ s | S w s _
Copt oS/l os| 9| E8] = 3 I x93|sQ = 3
wmalaal 29| 5,y ® I = = I =
g2/ g2/ 8e| %3 | | §| 3 5 | T |23%|:§ 3 | ¢
Sslos|cEled |E| S| 2| 5| s |e |28s3E |: |s
$3lcIlem 2 ~ < = A g a3 T
oIl oeIlo=|3w © o 3 = To | T T| o = Tm
-~ I NIl 2 1 T [ = S o 50| g 25| K ol 5o
$8/ e8¢k 355 S| 3| F| 5| sQ| eg|fLe| g T8 s
231333l E82| 5| 5| 5| E| nd| 52|285| 58 5 =52
sl ol oxoml| X > % S| ReE| AR |CRR (ST K| KE|SmM
Aneatnko -0,76 (-0,90|-0,39| -0,71 |-0,81|-0,81(-0,36| 0,33 | -0,61 | -0,31 0,43 0,17 |-0,36|-0,02 [ -0,19
bacrapgo mara-
payckumin -0,77|-0,89|-048| -0,67 |-0,83(-0,83|-047| 0,38 | -0,69 | -0,41 0,55 0,25 (-0,31| 0,05 |-0,14
Bepgenbo -0,78(-0,84|-0,30| -0,54 |-0,81|-0,81(-0,28| 0,35 | -0,52 | -0,21 0,52 0,06 |-0,30|-0,15|-0,16
KabepHe CoBuHbOH |-0,81 (-0,86 (-0,48| -0,57 |-0,85|-0,85|-0,48| 0,39 | -0,65 | -0,41 0,60 0,19 | -0,27 |-0,02 | -0,14
MyckaT 6enblii -048|-0,70|-0,53| -0,72 |-0,57(-0,57|-0,59| 0,12 | -0,67 | -0,51 0,65 0,30 (-0,43| 0,17 |-0,23
Canepasu -0,85(-0,94|-0,28| -0,68 |-0,88|-0,88|-0,24| 0,39 | -0,53 | -0,18 0,44 0,08 |-0,31|-0,13|-0,14
Cepcranb -0,83|-0,78|-046| -0,36 |-0,84|-0,85|-0,47| 0,49 | -0,61 | -0,41 0,62 0,18 {-0,12 | -0,05| 0,01
TpamuHep pososeiii | -0,73 | -0,67 | -0,50| -0,29 |-0,74|-0,75|-0,51| 0,43 | -0,59 | -0,45 0,61 0,20 |-0,09| 0,00 | 0,02
CpesHee -0,75(-0,82|-043| -0,57 |-0,79|-0,79|-0,43| 0,36 | -0,61 | -0,36 0,55 0,18 | -0,27 | -0,02 | -0,12

Mo AaHHbIM TabnuLbl 2, MaccoBasi KOHLEHTpauus Tu-
TPyeMbIX KUCIOT B AroAax BUHOTPaja MMeeT BblCOKYHO
oTpULIATENbHYIO KOppensauuto ¢ cymmamu Temrnepa-
Typ Bo3gyxa Bbiwe 10 n 20 °C n nHaekcamu XyramHa
n YuHknepa. KoapduumeHT koppensumm HaxoauTcs
Ha ypoBHe ot -0,75 go -0,82. CpefHAsA KOpPensLNOH-
Has CBA3b yCTaHOB/EHA MeXAy CpejHei Temneparty-
poil BO3Ayxa 3a BereTalMOHHbIA Mepunoj 1 MaccoBOWA
KOHLeHTpauneri Tutpyembix kucioT (-0,61). Moa-
TBEpPXZAeHMe NoJlyYeHHOro HaMu pesynbTaTa MeeTcs
B paboTax aBTOPOB: CHWXeHMe 06Lleil KUCIOTHOCTY
BMHOrpaja obpaTHO KOpPPenMpoBano C NOBbILLIEHVEM
rofoBoii 1 BereTaumoHHoi Temnepatypbl (-0,8966...
-0,9854) [15; 24].

MokasaTenu, xapakTepmsyroliMe BnaroobecrneyeH-
HOCTb MECTHOCTW, VMelT cnabyr oTpuLaTesibHyH
koppenauuo (-0,02...-0,27) ¢ MaccoBoli KOHUEHTpa-
umen TMTpyemMbix KucnoT. Mokasatenn MK n nHaex-
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Ca CyxoCTV UMEKT MONOXUTENbHYIO CBSI3b OT C1aboii
40 ymepeHHolii (0,18-0,36).

CO/IHEUHBI CBET ABMSETCH OAHUM U3 FNaBHbIX GaKTo-
pOB, OMpeAenstoLMX KauecTBo BMHOrpaga. OH BAus-
eT Ha pa3BuTMe GOTOCUHTE3a, HaKOMIeHNe Caxapos.,
CMHTe3 (EeHONbHbIX COeAVHEHWA U MHOrve apyrue
MpoLiecchl, MPOMCXOASILLME NPU POCTE U Pa3BUTUMN BU-
HOrpaZHoOro pacTeHus.

Mpw BbINOMHEHUN AanbHENLWNX NCCNeA0BaHUA Npo-
n3BeAeH pacyeT KO3QbULMEHTOB MapHON Koppens-
UMM MaCCOBOW KOHLEHTPaLWUX CaxapoB U TUTPYyeMbIX
KUCNOT B BUHOTPaje TEXHNYECKNX COPTOB C arpokau-
MaTUYeCKMMM MoKa3aTeNsaMn, XapaKTepusyroLwmnMm
pajvaunoHHbIe pecypcbl TEPPUTOPUN, @ TakxKe C KOM-
NAEKCHBbIMWU arpokKANMaTUYecKUMM UHAEKCaMU Ha Te-
cToBOM nosvroHe (nr. SinBaaus, KOxHbI 6eper Kpbl-
ma) B 2022-2024 rr. (Tabnviupl 3, 4).
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Tabnuua 3

KoapdpuLMeHTbI NapHO KOppensumm MacCoBO KOHLIEHTPALMKN CaxapoB B BUHOrPage C arpokKanmMaTU4eckimMm
rokasaTesIiMy, XapakTepUsyHLLMIN PAAVALMOHHbIE PECYPChbl TEPPUTOPUN, @ TaKKe C KOMMIEKCHBIMU arpokanMaTi-
yecknmu nHgekcamu (nrr. insagms, 2022-2024 rr.)

Table 3
Correlation coefficients of the mass concentration of sugars in grapes with agro-climatic indicators characterizing the
radiation resources of the territory, as well as with complex agro-climatic indices (Livadia, 2022-2024)

ArpoknmmaTmnyeckme nokasartenu
Konnuectso yacos KonuyectBo AHeld ¢ Temnepaty-
CopT COJIHEYHOrOo CUSIHUS poii Bo3gyxa 25-30 °C
IAOe' | BUK? Tno3
3a BeretaLuoH- 3a mecsy, 4o 3a BereTaLoH- 3a mecsy 40

HbIA Nneproj AaTbl 3amMepoB HbliA nepuoj AaTbl 3aMepoB
AneaTtuko 0,67 -0,41 0,84 -0,08 0,72 -0,82 0,87
Bactapgo marapavckunii 0,56 -0,45 0,74 0,64 0,34 -0,58 0,55
Bepaenso 0,87 -0,62 0,88 0,17 0,82 -0,10 0,85
KabepHe COBUHBOH 0,72 -0,71 0,74 0,70 0,48 -0,29 0,57
Myckat 6enbiii 0,80 -0,59 0,93 0,26 0,75 -0,32 0,87
Canepasu 0,93 -0,71 0,96 0,35 0,82 -0,22 0,89
Cepcnanb 0,80 -0,66 0,93 0,44 0,69 -0,38 0,83
TpamuHep po30BbIi 0,77 -0,74 0,86 0,46 0,63 -0,42 0,75
CpeaHee 0,77 -0,61 0,86 0,37 0,66 -0,39 0,77

MpyMeyaHme: ' HAEKC SHOKNMMATUYECKOM NPUroAHOCTI [25]; 2 6rokIMMaTnUeckiii HAeKC [26]; 3 nHTerpanbHbIii NokasaTenb Tem-
nepaTypHoro noteHumana otocuHresa [27].

Note: ' Enoclimatic suitability index [25]; 2 Bioclimatic index [26]; Integral indicator of the temperature potential of photosynthesis [27].

Tabnuua 4

KoaddunumeHTbl NapHO KOppensumm MacCoBOM KOHLEHTPaLUnM TUTPYEMbIX KUCI0T B BUHOTPaze C arpokanmMaTtumye-
CKMMW MOKasaTensMum, XapakTepusyoLwmMmn pagnaLmoHHble pecypcbl TEPPUTOPUK, a TakXe C KOMIMJIEKCHBIMW arpo-
KAUMaTUJeckKumMm nHaexkcamu (nrr. insaausa, 2022-2024 rr.)

Tahle 4

Coefficients of pair correlation of the mass concentration of titrated acids in grapes with agroclimatic indicators char-
acterizing the radiation resources of the territory, as well as with complex agroclimatic indices (Livadia, 2022-2024)

ArpokninmMmaTu4yeckme nokasatenu
KonuyectBo 4acoB CO/IHEYHOrO KonunuecTBo AHeli ¢ Temnepary-
Copt CUSAHUA poii Bo3gyxa 25-30 °C
IAO¢’ BUK? no3
3a BereTaLuoH- 3a mecsy Ao 3a BereTaluoH- 3a mecsy Ao
HbIV nepuog AaTbl 3amMepoB HbI nepuog AaTbl 3amMepoB
Aneatuko -0,89 0,73 -0,79 -0,33 -0,75 0,05 -0,72
Bactapgo mara- -0,87 0,82 -0,81 -0,38 -0,70 0,24 -0,72
pauycknin
Bepaenso -0,84 0,76 -0,80 -0,18 -0,79 0,02 -0,78
KabepHe COBMHBOH -0,85 0,83 -0,82 -0,30 -0,73 0,23 -0,76
MyckaT 6enbiii -0,67 0,74 -0,52 -0,47 -0,42 0,25 -0,39
Canepaswu -0,95 0,72 -0,88 -0,20 -0,85 0,11 -0,84
Cepcmanb -0,78 0,77 -0,83 -0,22 -0,71 0,30 -0,78
TpamuHep po30BbI -0,67 0,70 -0,72 -0,24 -0,59 0,27 -0,66
CpegHee -0,82 0,76 -0,77 -0,29 -0,69 0,18 -0,71

MpuMeyaHme: ' MHAEKC SHOKNINMATUYECKON NPUrOAHOCTM [25]; 2 6UOKAMMATUECKNIA NHAEKC [26]; 3 HTerpasbHbIi nokasartesb TeM-
nepaTypHoro noteHumana ¢ortocuHresa [27].

Note: ' Enoclimatic suitability index [25]; 2 Bioclimatic index [26]; *Integral indicator of the temperature potential of photosynthesis [27].
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Mo faHHbIM Tabauupbl 3, MaccoBas KOHLIEHTpauus ca-
XapoB VIMeeT BbICOKYO MOMIOXUTENbHYI KOPPEeNaLmio
C KOJINYeCTBOM 4acoB CO/IHEYHOro CUSHUA 3a Bere-
TaUWOHHBIA MNepunos, WHAEKCOM 3HOKINMAaTLN4YeCcKown
NPUrOAHOCTU U MHTerpasjbHbIM MokasartesieM Temre-
patypHoro noteHuyuana ¢otocnHTesa. KosppuumeHTsl
napHoOWN Koppensaunn HaxoaaTcs B npegenax ot 0,77
£,0 0,86. MNonoxuTtenbHas cpefHasa cuna CBsa3u npocne-
XKMBAETCS MeXJAy KOJIMYeCTBOM AHeln C TeMmnepaTypoi
Bo3gyxa 25-30 °C 3a BereTaLMOHHbIN Mepuoj 1 Mac-
COBOVi KOHLIEHTpaLMeil caxapoB B Arogax BUHOrpaja
(0,66). BUOKAMMATUYECKUIA NHAEKC UMEET YMEPEHHYH0
CBsA3b C KoamyecTBoM caxapos (0,37). OTpuuatens-
Hasi yMepeHHas 1 CpeAHss KoppesnsuMOHHas CBSA3b
npocaexmnBanacb Mexzay MacCoBOW KOHLeHTpauuer
caxapoB M KONNYECTBOM YacOB CONMHEYHOro CUAHUS,
a TaKxe KOIMYeCcTBOM AHel C TeMrnepaTypon BO3ayXa
25-30 °C 3a mecay, go c6opa ypoxas (-0,61...-0,39).

JaHHble Tabnuvubl 4 yka3biBatoT Ha BbICOKYH MOOXN-
TeJIbHYI0 CBA3b MACCOBOW KOHLEHTPaLUK TUTPYEMbIX
KUCNOT C KOJINYECTBOM YacCoB CO/IHEYHOIO CUSHUS
3a Mecsl, 40 AaTbl 3amepoB (c6opa ypoxas). Beicokas
N CpefHss oTpuuaTenbHas Koppensums npocaexu-
BaeTCA MeXJy MacCoBOW KOHLEeHTpauunen TUTpyemMbix
KMCNOT C TaKMMK MokKasatensamMu, Kak Koam4yecTBo 4a-
COB COJIHEYHOrO CUSAAHWA 3a BereTauVOoHHbIN nepu-
o4 (-0,82), NHAEKC 3HOKNMMATLNYECKOWN MPUroAHOCTM
(-0,77), vHTerpanbHbIA Nokasatenb TeMnepaTypHOro
noTteHumana GoToCMHTE3a U KONNYECTBO AHEN C Tem-
nepaTtypoli Bo3gyxa 25-30 °C 3a BereTauUMOHHbIV Me-
pvioa (-0,69). OueHb cnabas CBsi3b TUTPYEMbIX KUCIOT
B AroAax BMHOrpaja BbisiBAeHa C 6UOKANMATUYECKAM
nHaekcom —0,29. 13 Bcex NpoaHanmn3npoBaHHbIX arpo-
KAMMaTU4Yeckux rokasaTenen, XapakTepusyrLmx
pafVauMOHHble pecypcbl TEPPUTOPUN, @ Takxke KOM-
MAeKCHbIX arpoKiMMaTUYecknx WHAEKCOB Haubosee

Bknap aBTopoB

E. A. Pbi6anko: HayuHoe pyKOBOACTBO, HanmcaHme py-
KOMUCK - peLieH3npoBaHme N pejakTpoBaHMe.

H. B. bapaHoBa: nposejeHVe nccnesoBaHns, Hanmea-
HVe YepHOBKKa PyKonmncu.

A. C. EpxoBa: npoBe/ieHVie NcciefoBaHus, KyprpoBsa-
He AaHHbIX.
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TEeCHYI CBSI3b C MacCCOBOW KOHLeHTpauuer caxapos
B BUHOrpaze MMeeT NHAEKC SHOKIMMATNYeCcKor npu-
roAHOCTV C MaCCOBOW KOHUEHTpauuen TUTpyeMblx
KUCNOT — KOJINYECTBO YacoB COJIHEYHOIrO CUSHUSA
3a BereTauMOHHbIN Nepuog,.

SAKJIO4EHUE

Mo pe3ynbTaTam NPoBeAeHHbIX NCCeA0BaHWIA Ha Tep-
PUTOPUN HOXXHOBEPEXHOV 30HblI BbleneHbl Mokasa-
Tenn, okasbiBawllve Hanbonee 3Ha4YMMOe BAVSIHME
Ha MacCoBYH KOHLEHTPaUMIO caxapoB W TUTPYEMbIX
KNCNOT B BUHOrpaje: CyMMbl TemriepaTyp BO3zyxa
Bbilwe 10 n 20 °C, nHaekcsl XyramHa v YnHknepa, Koam-
YeCTBO YacCoB CO/IHEYHOrO CUAHWA 3a BereTauMOHHbIN
nepvoj, WHAEKC 3SHOKANMATUYeCKON MNPUroAHOCTU
W VHTErpasbHbI/ Mokas3aTte/ib TeMnepaTypHOro noTeH-
umana ¢oTocmHTesa. Bce 3T nokasatenn oTpaxarot
TemMnepaTtypHble U pajuaunoHHbIe pecypcbl TEpPUTO-
pUN 1 OKa3blBalOT NPSAMOe B/IVSHUE Ha HaKornieHue
CaxapoB U1 obLee CHMKEHWe KUCIOTHOCTY B BUHOrpa-
Jile BCexX aHamn3npyembIx COpPTOB.

®dakTopbl, XapakTepusyLine BnaroobecrneyeHHoOCTb
MECTHOCTW, Kak MpaBWIo, He OKasblBaau 3HaunMo-
ro BAVSIHWS Ha MAaCCOBYH KOHLEHTPALUMIO CaxapoB
N TUTPYEMBbIX KUCAOT B BMHOrpage. OfHaKo MOXHO
BbIAE/INTb VHAEKC CyXOCTW, KOTOPbI/ MO CpaBHEHUO
C ApyrvMK MokasaTensMu BraroobecrnevyeHHoCTU
nmen 6o/ee BbICOKYH KOPPENsLMIO C KaUecTBEHHbIMU
XapaKTepPUCTUKAMU YPOXKas.

MonyyeHHble aHanUTU4YecKne JaHHble MO3BOAST On-
TVIMU3NPOBAaTb pa3MeLLeHNe MPOMbILLIEHHbIX BMHO-
rpagHNKOB M MOBbICUTE 3PdEKTMBHOCTb MPOU3BOA-
CTBa MPOAYKLMM 3a cyeT Hambonee paLMOHaNbHOro
MCMONb30BaHNS MPUPOAHbBIX PECYPCOB.

Contributions

E. A. Rybalko: supervision, writing - review and edi-
ting.

N. V. Baranova: investigation, writing - original draft.

A. S. Yerkova: investigation, data curation.
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T MIHCTUTYT cenbckoro xo3ancTea — dpunmnan KabaparHo-bankapckoro Hay4Horo
LeHTpa Poccuiickol akageMmm Hayk, Hanbuumk, Poccusa

X.LW. TapuokoB 2, M.X. XXekamyxos (21

2 YeueHCKMIA Hay4YHO-MCCNeL0BaTeNbCKU MHCTUTYT CEIbCKOro XO35ACTBa,
lpo3HbIl, Poccns

AHHOTALIMA

BBEAEHUE. B Poccuiickoi ®egepaumn, n npexae scero B CeBepo-KaBkasckoM pesepans-
HOM OKpyre, B MONEBOM 3eM/iefeN 0coboe MeCTo 3aHNMaeT KynbTypa KyKypy3a pas-
NINYHBIX HaMpaB/ieHWA ee 1CNoab30BaHMA. CyLlecTBeHHbIMN paKkTopaMu MOBbILLEHNS
YPOXaMHOCTN 3epHa KyKypy3bl ABASIOTCA YMCTOTa ee MOCeBOB OT COPHAKOB 1 pecypco-
3HEpProsKOHOMHbIe CNocobbl 06PaboTKM NOYBLI.

LENb. V3yunTb BAMSIHME CNOCOB0OB OCHOBHOW 06PaboTKM MOYBLI U CUCTEMbI repbuLin-
[l0B Ha 3epHOBYIO MPOAYKTMBHOCTb HOBOrO rMbpuAa Kykypysbl 1 OLEHUTb BAVSHUE
MOrofHO-KNMMaTUYECKMX PaKTOPOB Ha UMCIEHHOCTb U BPeJOHOCHOCTL COpPHO-Mose-
BOro coobLyecTBa NoceBam Ky/lbTypbl Ha 3epHO B YCI0BUSAX CTEMHOM 30HbI Kabapaun-
Ho-Bankapckoin Pecnybnuvku.

MATEPUANIbI U METOABI. ViccnesoBaHMs NpPoOBOAMANCL Ha KyKypy3e rubpuaa AtnaHt CB.
deHonornyeckne HabtAeHNs OCyLLLECTBAANM MO O6LLENPUHSITEIM METOANKAM. YUeTbl
UNCNIEHHOCTN COPHAKOB MPOBOAMIN KOJMYECTBEHHBIM METOLOM TPEXKPaTHO (3K3/M?)
B ¢pase 3-5 nncTbes KyKypy3bl, cnycts 28-30 gHeil Noc/ie NepBOro yyeTa, KoM4ecTBeH-
HO-BeCOBbIM METOZOM Mepes yOopKol ypoxas 3epHa.

PE3YJILTATBL. B noceBax Kykypy3bl 6bl1 YCTAHOBNEH COXHbIA TUM 3aCOPEHHOCTN C Ma-
NONETHUMY 3/1aKOBbIMU (NcoXBOCT nonesoli — Alopecurus agrestus L., npoco Kypu-
Hoe — Echinochloa crus-galli L., BuApI LWEeTUHHNKOB — C13blili — Setaria glauca L. v 3ene-
HbIi — Setaria virioles P.B.) 1 AByA0AbHLIMY (aMBpO3UsA MONLIHHOAUCTHAsE — Ambrosia
artemisiaflia L., abiMsaHKa nekapcTBeHHass — Fumaria officinalis L., mapb 6enas —
Chenopodium album L.) rpynnamun. B meHblueli cTerneHu 6bl1a MHOTONETHSIS 3/1aKo-
BO-ABYZAO/bHas rpynna: ryman — Sérghum halepénse L., Buapl 0cOTOB — p030Bblii Cirsium
arvense L. vi xenTblii — Sonchus arvensis L., BetoHOK noneBoit — Convolvulus arvensis L.).
MorogHble yCNoBMS OKasblBa/iv 3HaUMTENIbHOE BAVSHME Ha BeIMYVHY YPOXaNHOCTH
3epHa Kykypy3bl. B 2023 rogy, xapakTtepr30oBaBLUEMCS 3HaUNTeIbHbIM BbiNaAeHVeM caj-
koB (509,6 MM), NPeBOCXOAMBLLEM CPEAHEMHOrONIETHME AaHHble (HopMa) Ha 39,6 MM,
3epHOBast MPOAYKTVMBHOCTL KYKypYy3bl M0 BapraHTaM onbiTa 6bi1a HavBbicLwei (6,9 T/ra).
B 2022 n 2024 rr., rae KOMYECTBO BbIMaBLUMX OCaAKOB COCTaBWUIO B cpesHeM 348,8
1 360,2 MM, YPOXaHOCTb 3epHa He npesbiliana 6,53 1 6,70 T/ra COOTBETCTBEHHO.

3AKNIOYEHUE. MonyyeHHble pe3ynbTaTbl CBUAETENLCTBYHOT O HEO6X0AMMOCTHY paspaboT-
KW Y NPUMEHEHUS CUCTEMbI UCMO/b30BaHNSA repbuLMA0B PasivyHOro CcriekTpa cenek-
TUBHOCTW B 6opbbe C COpPHAKaMM Ha noceBax HOBOro rmbpuga Kykypyssl AtnaHt CB
Ha PoHe pecypcocbeperatoLLmx CNOCO60B OCHOBHOW 06paboTKM MOYBbLI B YCI0BUAX
cTenHov 30Hbl KabapanHo-bankapuu.

KNHYEBBIE CJIOBA: kykypy3a, 06paboTka MouBbl, repbuLmibl, 3aCOPEHHOCTb MOCEBOB,
YPOXalrHOCTb 3epHa, cTenHas 3oHa KabapanHo-bankapum

ATPAPHBIA BECTHUK CEBEPHOIO KABKA3A | TOM 16 Ne 3/2026 103


https://orcid.org/0000-0002-6187-7354
https://orcid.org/0000-0001-6638-6397
https://orcid.org/0000-0002-8762-0864
https://doi.org/10.31279/ABNC-2026-16-3-118
https://doi.org/10.31279/ABNC-2026-16-3-118
https://doi.org/10.31279/ABNC-2026-16-3-118
https://doi.org/10.31279/ABNC-2026-16-3-118

Research article

https://doi.org/10.31279/ABNC-2026-16-3-118

Improving cultivation technology for a new maize hybrid
in the steppe zone of Kabardino-Balkaria

CORRESPONDENCE:
Hasan Sh. Tarchokov
E-mail: ishkbntsran@yandex.ru

FOR CITATION:

Tarchokov H.Sh., Gaplaev M.Sh.,
Zhekamukhov M.Kh. Improving cul-
tivation technology for a new maize
hybrid in the steppe zone of Kabar-
dino-Balkaria. Agrarian Bulletin

of the North Caucasus. 2026;16(3):
103-114. (In Russ.) https://doi.
0rg/10.31279/ABNC-2026-16-3-118

RECEIVED: 08.05.2026

REVISED: 14.07.2026

ACCEPTED: 14.08.2026

PUBLISHED ONLINE: 30.09.2026
DECLARATION OF COMPETING INTEREST:

none declared.

COPYRIGHT: © 2026 Tarchokov H.Sh.,

Gaplaev M.Sh.,
BY

Zhekamukhov M.Kh.

104

Hasan Sh. Tarchokov (2", Magomed Sh. Gaplaev (22,
Magomed Kh. Zhekamukhov ('

! Institute of Agriculture — Branch of the Kabardino-Balkarian Scientific Research
Center of the Russian Academy of Sciences, Nalchik, Russia

2 Chechen Scientific Research Institute of Agriculture, Grozny, Russia

ABSTRACT

INTRODUCTION. In the Russian Federation, and particularly in the North Caucasus, maize
(Zea mays L.) occupies a special place in field cropping systems due to its diverse appli-
cation. The main factors enhancing maize grain yield are weed-free crop stands and
resource- and energy-saving tillage practices.

AIM. To evaluate the effects of primary tillage methods and herbicide regimes on the
grain productivity of a new maize hybrid, and to assess the influence of weather and
climatic factors on the abundance and harmfulness of the weed community in grain
maize crops under the conditions of the steppe zone of the Kabardino-Balkarian Re-
public.

MATERIALS AND METHODS. The study was conducted on the Atlant SV maize hybrid. Pheno-
logical observations were carried out according to standard procedures. Weed counts
were performed three times using the quantitative method (individuals per m2?) at the
3- to 5-leaf stage of maize, repeated 28-30 days after the first count, and finally by the
quantitative-weight method just prior to grain harvest.

RESULTS. A complex pattern of weed infestation was recorded in the maize stands.
The weed community included annual grasses: Alopecurus agrestis L., Echinochloa
crus-galli L., and two bristlegrass species: Setaria glauca L. and Setaria viridis P.B., as well
as dicotyledonous weeds: Ambrosia artemisiifolia L., Fumaria officinalis L., and Chenopo-
dium album L.. To a lesser extent, perennial grass-dicotyledonous weeds were present,
namely Sorghum halepense L., Cirsium arvense L., Sonchus arvensis L., and Convolvulus
arvensis L. Weather conditions had a significant impact on maize grain yield. In 2023,
which was characterized by abundant precipitation (509.6 mm, exceeding the long-term
average by 39.6 mm), grain productivity was the highest across all experimental treat-
ments, reaching 6.9 t ha™. In 2022 and 2024, with total rainfall of 348.8 and 360.2 mm,
respectively, grain yields did not exceed 6.53 and 6.70 t ha™.

CONCLUSION. The obtained results indicate the necessity of developing and applying a sys-
tem of herbicides with different selectivity spectra for weed control in crops of the new
Atlant SV maize hybrid, combined with resource-saving primary tillage methods, under
the steppe zone conditions of Kabardino-Balkaria.

KEYWORDS: maize, primary tillage, herbicides, weed infestation, grain yield, Kabar-
dino-Balkarian steppe zone
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COBepLLIEHCTBOBaHI/Ie TeXHO/I0TKn BO34€e/1biIBaHA HOBOIo rV|6p|/|,qa

KYKYpYy3bl B YC/I0BUMSIX CTEMHO 30HbI KabapanHo-bankapum

X.LW. Tapuokos, M.LLU. Tannaes,
M.X. XXekamyxos

BBEAEHUE

B Mporpamme ¢yHAaMeEHTaNIbHbIX Hay4YHbIX UcCeso-
BaHWI B Poccuiickoli degepauyni Ha LONTOCPOYUHbIN
nepuvog (2021-2030 rr.), yTBEPXAEHHO pacnopsikeHN-
em MNpeacepatens MpaBuTtenbcTBa Poccuiickon dege-
pauun ot 31 gexkabps 2020 r. Ne 3684-p, yka3sbiBaeTcs,
4YTO B OTPaC/NV 3emJyIe[eINsA OCHOBHLIM HarnpasBneHn-
eM ¢yHAAMeHTa/IbHbIX W MOUCKOBbLIX WCCNef0BaHWN
JOMKHO BbITh: «ONTUMM3ALNSA Ce/TbCKOX03SMCTBEHHO-
ro NPUpPOAOMN0AbL30BaHNS, arpo3Koornyeckas oLeHka
3eme/lb, CO3JaHne HayyHO O06OCHOBaHHbIX aAanTue-
HbIX CUCTeM 3eMnefenns U arpoTexHONOornin HOBOro
MoKosieHnsl, obecneynBaroLLMX MPON3BOACTBO pac-
TeHNeBOAYECKOM MPOoAyKUMM 3aJaHHOro KoanmyecTsa
1 KadecTBa» *. [Ins TOro 4To6bl CENLXO3TOBAPOMNPOU3-
BoAMTeNnsaM Bcex GpopM COHBCTBEHHOCTW yCMeLlHOo pea-
Nn30BaTb 3a4auyu, BbljBUraemMble B JAHHOV nNporpam-
Me, He06XOAMMO MOAyYaThb BbICOKME BasnoBble CHOpbI
3epHa B COOTBETCTBYHOLLMX arponaHiadrax cTpaHsbl,
B TOM uucnie u pecnybnvkax LleHTpanbHol yactu Ce-
Bepo-KaBka3sckoro ¢egepanbHoro okpyra (Heuns, H-
rywetms, CtaBpononbckuii kpain, PCO-AnaHus, Kabap-
AvHo-Bankapwisi 1 ap.). B 3Toii cBsi3n ocoboe 3HaveHne
nprobpeTaeT Kykypysa — BeAyLlas KynbTypa B ce-
BOO6OpPOTax Pas/MYHOrO HanpaeneHus (KOPMOBOM,
3epHoMponawHoM, MOHOKY/bTYpe 1 Ap.). Kykypy3Hoe
3epHO OTHOCUTCH K Hanbonee LieHHbIM B KOPMOBOM
6anaHce XMBOTHbIX W ATULbI MO NUTAaTENbLHOCTY, YCBO-
SemMoCTu 1 3HeproemkocTn [1-3].

B HacTosiLLee BpeMsi 3HauuTeNbHas A0/s 3epHOBOro
6anaHca B Poccuiickoin ®egepaumm HaxoAUTCA B npe-
fdenax 5,0-7,0, a B kopmoBoM — 32,0-35,0 %. O BblI-
COKOW CTemneHW LIeHHOCTU KyKypy3bl B pecrnybamkax
CeBepo-KaBka3sckoro pernmoHa cBujetensCTByeT TO Mo-
noxeHwe, korga ee nocesbl B 2020 r. coctaBunm 21,0 %
ee MNoLaan NpoT1B AaHHbIX 17,9 % B 2019 1. [4]. OgHa-
KO BafioBble cO6OpbI 3epHa KyKypy3bl B 0603Ha4eHHOM
pervoHe AO/MKHbI MPOVCXOANTE He 3a CHeT yBeIMYeHNs
njoLlazer nocesa Ky/nbTypbl, a Yepe3 MeTOo/Abl MOBbI-
LeHVsa KynbTypbl 3emnegenns B Lenom. Cioga BXoAaT
CNocobbl yCcoBepLUEHCTBOBaHUS 06paboTKM  MOuBbl,
CHWXEeHVe Bpefa, HaHOCMMOrO COPHO-MOJIEBLIM CO-
06LLEeCTBOM pacTeHUs M KYKYpy3bl arpoTexHUYecKumMm
N XUMMYeckuMmn Metogamu. COpHble pacTeHus OTHW-
MatoT Yy KyNbTypbl BNary, CBeT, MUTaTe/lbHble BELLEeCTBa,

YrHeTalT ee, N B 3HAUUTE/IbHOM CTENeHN CHUXKAEeTCs
YPOXaNHOCTb 3aLUmLLaeMblxX KynbTyp [5; 6]. B pesynbTa-
TE 3TOro NPOAYKTUBHOCTb MOJIEBLIX CEBOO6OPOTOB C MO-
ceBaMU KyKypy3bl BO MHOrOM 3aBUCUT Takxe W1 OT Cro-
co60B 06paboTkM NouBkl [7-9]. B nogTBEpXAeHME 3TOro
ABEHMSI MOXHO YKa3aTb Ha TO, YTO MNJoLWajb 3POANPO-
BaHHbIX N 3PO3NOHHO- 1 AedAALMOHHO-0MACHbLIX MOYB
Ha nawHe B Poccminckon dPegepaum COCTaBAET OKO-
no 85,0 MAH/ra n oHa exerogHo ysenudmeaetcs [10].
OcHOBHasi MpUYMHa YKa3aHHOTO SBNeHUs — Mpecsio-
BYTbI WabaoH, obpaboTka NoyBbl C 060POTOM MJiacTa
Ha OAHY U Ty Xe ry6uHy Tam, r4e 3Toro Aenatb Hefb3s,
HapyLleHVe NPUHATLIX CEBOOBOPOTOB.

CneayeT OTMeTUTb, YTO B Moc/ejHee BpeMs MpPOBO-
AATCS UCCNefoBaHMA MO BBEAEHMIO B MPOM3BOACTBO
HOBbIX CUCTEM 3eM/eAeNns: ToUHoe, bronornyeckoe
1 opraHudeckoe. OgHaKo B MpakTUYeckoM 3emsese-
MM cnocobbl 06paboTKK MOYUBbI MO NMOCEBbI MOAEBbIX
KynbTyp NMpoBOAATCA 6e3 yyeTa ocobeHHoCTel 60Ta-
HMYEeCKOro CoCTaBa COPHbIX pacTeHWid. Tak, Hanpumep,
KyNbTypHasi BCMallka Ha yyacTkax ¢ npeobnagaHvem
MHOrMO/IETHUX (KOPHEBULLHbBIX Y KOPHEOTMPbLICKOBbIX)
COPHSIKOB MPOBOAUTCS 6e3 NnpeABapUTENbHOrO NyLle-
HUSA CTEPHU ANCKOBBLIMU OPYANSIMU. 3a4acTyto He npu-
MEHSIIOT MPOCTble, HO B TO e BPemMsi 3KOHOMUUYHble
cnocobbl (MprkaTbiBaHKe NOCeBOB + 6OPOHOBAHNS A40-
1 Noc/ie MOCEBOB U MO BCXOAAM Ky/bTypbl) B 60pb6e
C MaJIONETHVUMU COPHAKaMW CEMEHHOro npouspacTa-
Hus [11-13]. U 370 BCce genaeTcs nog «pnaroms» 3Ko-
HOMUW CPeACTB, 3aTpavmMBaeMblX Ha TOMIUBO, OMniaTy
paboTbl U T. 4.

OfHOM M3 CyLLeCTBEeHHbIX Mpob6aeM Ha KyKypy3HOM
nosie pervioHa BCe eLle 0CTaeTcs oTpuLaTesbHOe BAN-
SIHEe COPHO-MO/IEBOr0 KOMMOHEHTa B TeXHOMOrMsAX
BO3Je/biBaHuA KynbTypbl [14; 15]. Ocoboe 3HaudeHne
npy 3TOM NPUOBPETAINT AeNCTByOLLME BeLlecTBa 1C-
nosib3yeMblix repbunLnA0B, OTHOCALLMECS K Pa3INYHbIM
XVIMUYECKUM Knaccam [16]. B nccnegoBaHusx psaa
aBTOPOB BbISIBIEHA TakXe [0303aBUCMMOCTb repbu-
LMAOB Ha pa3nyHbix ¢oHax 06paboTky nouskl. Tak,
HanpumMep, Npu BCnallke No4ysbl 6oee 3PPeKTUBHBI
MX MOBbILIEHHblE A03bl, CNOCO6CTBYOLLME yBeNnYe-
HUIO ypoXKaliHOCTU KynbTypbl [17]. U3 o6weit nnowa-
AV nawHu B KabapanHo-bankapun (HemHorum 6onee
280,0 ThiC. ra) 220 TbIC. Fa UMEHT HN3KOE COAep KaHue
rymyca — B cpesHeM 3,6 %.

PacnopsxeHue Mpasutensctea Poccuiickon Pegepaumm ot 31 gekabps 2020 r. Ne 3684-p «O6 yTBepXAeHUN [porpaMmbl GyH-

AAMEHTaNbHbIX HAYUHbIX NCCIef0BaHWI B Poccuiickoin degepaunn Ha AOATOCPOUHBIA nepurog (2021-2030 roabl)». TekcT: snek-
TPOHHbIV /[ FapaHT: nHdopmaLmoHHo-NpaBoBoli nopTan. URL: htpps:www.garant.ru/products/ipo/prime/doc/400070256/ (aaTa

o6palueHus: 11.04.2026).
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X.LU. Tapuokos, M.LL. Fannaes,
M.X. XXekamyxoBs

[Jns BOCCTaHOB/IEHWS MOJIOXKNTENIbHOIO 6anaHca rymy-
Ca Ha 3TUX 3eMNsAX HeobxoAMMO BHOCUTb Ha KaxAapbli
ra He meHee 8-10 T opraHnyecknx ygobpeHuia. B 1o xe
BpemMs ycrelwHoe $GyHKLMNOHNPOBaHe pe3epBOB 3eM-
nefenvs cnegyet NckaTb B 0COOEHHOCTAX afeKBaTHOCTA
cMcTeM pasnnyHbiM pakTopam — KAMMaTLNYeCKo-aHs-
WadTHLIM 1 NOYBEHHBIM ycoBMsaM [18-20].

Mo AaHHbIM akagemuka B. W. KuptowmnHa [21], kK meTo-
[aM paLMOHaNbLHOro WCMo/ib30BaHUSA MOYB OTHOCAT-
CA KpuUTepuun Bblibopa ee 06paboTkym — TpeboBaHVe
KyNbTypbl K MJOTHOCTM MOYB W YC/IOBMS 3aCOPEHHO-
CTn obpabaTbiBaeMbix nonei. B 3aBncrmMocT OT CTe-
MeHV 1 XapakTepa 3aCOPeHHOCTV MoJjiell CoOpHAKaMU
pasnnyHble MexaHuyeckne o6paboTkm KOMOUHUPYHT
C BHeCeHVeM repbuumioB C Lenblo CHUXKEHUs, BO3-
MOXHO, N MOHOIO UCKIKYEHNS UX BPEAOHOCHOCTU.

YunTblBas M3N0XeHHOe, Le/b HalmxX UCcnejoBaHni
3aKatovanacb B YCOBEPLUEHCTBOBAaHUM HEKOTOPbIX
371eMeHTOB (Cnocobbl OCHOBHOUM 06paboTKM MOUBHI,
npriemsl yxoZa B 6opbbe C copHskamu) ¢ onpegene-
Hvem Hanbonee 3¢pdeKTUBHbIX JO3MPOBOK B bopbbe
C COPHSIKaMM Ha MoceBax HOBOro rMbpuaa Kykypysbl
AtnaHt CB.

MATEPUAJIbI U METOAbI

Martepuans! u 0bopy0Batue

B KkauectBe 06bekTa WUCCNELOBAHUA B OMbITax 6bla
HOBbI rMBpuA Kykypysbl ATnaHT CB coBmecTHOI ce-
nekumm NCX KBHLL PAH n BHUW kykypysbl. JonyLueH
K ncnonb3oBaHuto B CeBepo-KaBkasckom (6) pervioHe
Poccuiickon ®esepaumnn, parioHmpoBaH B 2025 rogay.
TpexnuHeiHblli cpeaHenosgHuii rmépug (PAO-400)
YHVBEPCaNbHOro HasHauyeHus (3epHo v cunoc). Anu-
Ha BeretaynoHHoro nepuoga 117-125 cyTtok, BbICOTa
pacteHnii — 310-330 cm, popma noyatka cnabo KOHW-
YeCKoro TMna 1 KPacHOM OKPAaCKOW CTEPXHS novaTka.
KonnuecTtBo pagoB Ha novaTke 16-18. 3epHo 3y6oBUA-
HOe, XXeNTOol 1 XeNTo-0paHXeBoi okpacku. Beixog 3ep-
Ha 84-86 %, BbINONHEHHOCTb rnoyvaTtka 96 %. Ha Bbico-
KOM arpodoHe 1 OpOoLLUEeHUN CKTIOHEH K 06pa3oBaHNIo
BTOpbIX NoyaTkoB. Macca 1000 3epeH 340-350 r. Y60-
pouyHasi BNaXHOCTb 3epHa He 6onee 14-16 %. MeTen-
Ka CpeAHss C BbICOKOM MblNbLEBOM NPOAYKTUBHOCTLIO
N YCTOMUMBOCTLIO K JIOMKOCTW. YCTOMUMB K Mbl/1bHOW
M MNy3blpyaToi rosoBHe, CTebneBbIM THUASAM, ¢y3a-
pYo3y 1 re/IbMUHTOCMOPMO3Y. YCTONYMBOCTL K Nopa-
XEHN CcTebneBbIM MOTbIIbKOM — BblLLle CpejHero,
YCTONUMB K noneraHuto. Mpu BHeceHUN yaobpeHui
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1 opoLUeHnn rnbpug cnocobeH opmMmpoBaTh ypoxkai-
HOoCTb 11,5-12,5 T/ra cyxoro 3epHa v CUOCHOI Macchbl
f0 65,0 T/ra. PekoMmeHayemas ryctota crebnectos —
50-55 ThIC. pacT/ra Ha 6orape 1 60-65 ThiC. pacT/ra
Ha opolleHnn K ybopke ypoxas. PekomeHAOBaH Ans
BO3/e/bIBaHNS Ha 3epHO 1 cunoc B KabapanHo-Banka-
pvn, CeBepHoin OceTun-AnaHuu, Yeune, VHrywetnu,
[JarectaHe, KpacHogapckoM, CTaBpOnosbCKOM Kpasx,
PocTosckoi obnactun. Ha cnnoc — B benropogckoii, Bo-
poHexckol, Kypckoi, Tambosckoli, OpioBckon v Jlu-
neukor obnactax. Ha 3epHo 1 cunoc — B bpsiHckow,
Bnagnmunpckoin, KVBaHoBckoln, Kanyxckoli, Mockos-
CKOVi, Pa3aHcKkol, CMosieHCKOoM obnacTax.

Ha ¢oHe pas3nnyHbIX cnocoboB OCHOBHOW 06paboTKM
NnoyBbl B OMbITe M3y4anacb cucTeMa repbmnunaos pas-
JINYHOTO CMeKTpa AerCTBMA Ha COPHSAKM 1 3alyuLiae-
MYy KynbTypy. 3T0 PynTaiiM, M/l TpPeXKOMMOHEHTHbIM
npenapart (745+37,5+17,5 r/n) AO ¢prpmMbl «ABryCT» C pe-
KOMEeHAYeMOW 030/ MpumeHeHus 1-2 nfra npoTve
OAHOMETHUX N MHOTONETHUX ABYAOJIbHBLIX N 3/1aKOBbIX
COPHSIKOB METOZOM OrpPbICKMBAHWA pacTeHnr B ¢dase
3-6 MncTbeB KyNbTypbl. Famé6uT, CK (500 r/n) AO drpmbl
«ABryCT», f03a MCMonb3oBaHua 2,0-3,5 nfra metogom
OMpPbICKMBaHMSA MO4YBbI O BCXOAOB KynbTypbl C pacxo-
oM pabouero pacteopa 100-300 n/ra npoTvB Mano-
NIETHNX ABYAOJIbHBIX I HEKOTOPbIX 3/1aKOBbIX COPHAKOB
[22]. MogaBnAeT COpPHSKM B MOMEHT UX NPOM3pacTaHus
WM B TeyeHne 5-7 aHeil Npv NpUMeHeHun nocne no-
ABNEHNSA MX BCXOAOB, MEpUOJ 3alMTHOro AenCTBUS
cocTtasnsiet 10-12 HeAenb B 3aBUCMMOCTU OT MOrOAHbIX
YCNOBUI, OTCYTCTBME MNOCNeAENCTBUS Ha Mocnenyro-
Wwme KynbTypbl B ceBoo6opoTax («ocydapcmeeHHsili
Kamasaoz necmuyudos U azpoxumMukamos, paspeweHHsix
K npumeHeHUro Ha meppumopuu Pocculickol ®edepayuul.
2022 200» (yme. MuHcenbxo3om Poccuu).

B noneBbIx ycnoBuax aaa 06paboTkm NouBbl MPUMeHs-
nlacb CegytoLlasi TeXHUKA:

— [M/1H04-35 — HaBecHOW 4-KOpMNyCHbIA NAYr C Wnpu-
HOV 3axBaTa koprnyca — 35 cMm, rnybrHa naxoTbl —
30 cm, paboyasi ckopocTb — A0 12 KM/4, Macca —
660 Kr, arperatupyemble Tpaktopbl — AT-75, T-150;

— KMr-2,2 — kyneTnsBatop-raybokopbIxanTenb-y06-
puUTeNb, NPUMEHSAIOT A1 OCHOBHOI 6e30TBanbHOM
06paboTKN WM pbIXIEHUS MOYBbl Ha TNy6uUHY 25-
30 cM, CHabxeH AByMsi flanamMuy LUMPUHOKM 3axBaTta
11 cm, 6yHKep BMecTUMOCTbIO 450 n1. LLnpurHa kynb-
TneBaTopa — 2,15 M, paboyasi ckopocTb A0 10,0 KM/u,
Npou3BoAMTENBHOCTL — 1,4 ra/u. ArperaTvpytoT
¢ TpakTopamu AT-75 v T-4A, cuenky v3 ABYyX KyNbTU-
BaTOPOB arperaTmpyroT ¢ TpakTopamm K-701;
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— T[1/1H-4-35-kopnyc ¢ noyBoyrnybutenemM — UCNob-
3yeTca AN OTBaJbHOW BCMALWKK MasOMOLLHbIX
YepHO3eMOB C OAHOBPEMEeHHbIM yrnybneHvem na-
XOTHOro €nosl Ha 6-15 cM. CTpenbyaTas NoyBoyriy-
6uTenbHasa nana, ycTaHOBNEHHas Mo3aju Kopnyca
W HUXXe fieMexa, paspyLlaeT May>XHYH «MNoAOLLBY»,
PbIXUT AHO BCKPLITOM KOPMYCcOM 60p03/bl, YTO UC-
K/t0YaeT nepemMeLleHrie NaxoTHOro cnos ¢ nogna-
XOTHbIM. Kopryca ¢ nouBoyrnybmutensimm ycraHaB-
NIVBAIOT Ha Mnyrax o6LLero HasHayeHus.

B mepuroabl npoBeAeHVsA nccne0BaHNM NOJib30BaNnCh
coBpeMeHHbIMW nabopaTtopHbIMK Npubopamn 1 06o-
pyfoBaHVeM. OTO 3epHoBas JabopaTopHas MefbHMLA
«Bbtora», Becbl aHanutnyeckme «OHAWS», nypka nn-
TpoBasa [X-3, cnektpodoTtomeTp B-1100, nnameHHbIV
dotomeTp ®PrA-2-01, Bnaromep-macinomep BMLT —
12M, TepMoCTaT CyxoBO3ayLUHbIA TCO-1/80 CMY, pH-
meTp-150Mm, wkad cywmnbHbin C3LLU-3M-02, BoAsHas
6aHa-TepMoCTaT ¢ nepemewiBaHnem WB-4MS, menb-
HVLa 3epHoBas nabopatopHas J1I3M-M, TepmocTaT gnsi
npopawmeaHmna cemaH TCO-1M, BnaroHaTypomMep 3ep-
Ha WILE-200, MykpoCKor.

Metoauka npoBeAeHUA UCCIEe A0BAHUM

WccnepgosaHna nposoaunn B 2022-2024 rr. B cTaum-
OHapHOM MOJIEBOM CEBOO60OPOTE KOPOTKOWN poTauumu,
PacrnofioXKeHHOM Ha 3KCMepuMeHTanbLHOM rfoje na-
6opaTopun TEXHOMOTMM BO3Ae/blIBaHNS OCHOBHBIX
nonesbix KynsTyp B ICX KBHLL, PAH. MouBa onbITHOro
yyacTka — 06bIKHOBEHHbI (Kap60oHaTHBbI) YepHO3eM
TAXENOCYTIMHUCTOrO rPaHyI0MEeTPUYECKOro COCTaBa.
B maxoTHom cnoe (0-20 cM) cogepxanock: rymyca —
3,0-3,5 %, P,O; (mo MauuruHy) — 0,14-0,27 %, K,0
(mo Mauuruny) — 2,0-2,6 %, pH 6,8-7,0. CpeaHerozo-
BO€ KO/MYeCTBO 0CagkoB — 360-400 mm.™

OnbITbl 3a710XeHb! B 4-KpaTHOW MOBTOPHOCTY C Pacrosio-
KEHVEM BapuaHTOB CUCTEMAaTUYeCKM METOJOM B /Ba
apyca. Mnowaan AensHOK coCTaBasnn: obuwas — 62,
yueTHas — 31 M2 Ypoxkali 3epHa KyKypy3bl OMpeaensim
MEeTOAO0M PyYHOM TIOMKW yHETHOI MA0OLWAAN feNsHOK B K-
NIorpamMMax ¢ NMocieaytoLLVIM NepeBoaoM AaHHbIX B T/ra
CTaHAAPTHbIX KOHANLMIA. DPPEeKTUBHOCTL CUCTEMbI repbu-
LmAoB B 6opbbe € COpHAKaMM CpaBHMBaNach C AaHHbIMU
XO3ANCTBEHHOrO KOHTPO/S, COCTOALLIEro 13 AByX pbix/ie-
HUIA Mexaypaanii (YCMK-5,6) noceBoB KyKypy3bl “**

*k

B roAbl UCCef0BaHNA MNOroAHbIe YCIOBUA HECKOBKO
OTANYANNCL OT HOPMbI CPEAHEMHOrONETHUX MOKasa-
Tenein (tabnnua 1).

Tabnuua 1

MeTeoponornyeckme rokasartesnv 3a rofbl NposeeHns
nccnegoBaHuii (Mo AaHHBIM arpOMEeTEOPO/IOrMYECKOro
nocta «KysiH», noc. OnbITHLIN Tepckoro palioHa KEP)

Table 1

Meteorological indicators over the research years
(according to the Kuyan agrometeorological post,
Opytniy settlement, Tersk district, Kabardino-Balkaria)

Ocaaku. | Temnepatypa OTHoCUTe/IbHasA
Fop AKn, P )ip BJIaXKHOCTb
MM Bo3ayxa, °C BO34YyXa, %
2022 348,8 12,7 78,0
2023 509,6 12,5 78,0
2024 360,2 12,8 76,0
CpesHeMHoO-
roneTHve fgaH- 470,0 10,1 77,0
Hble (Hopma)

Konnuectso BbiNaBLvx ocagkoB B 2023 r. npesblLla-
/10 CpeAiHEMHOroNIeTHNE JaHHble (HopMa) Ha 39,6 MM,
cpefHssa TeMnepaTypa BO34yxa 3a rofbl NnpoBejeHuns
nccnefoBaHUiA 6biia Bbille HOPMbI Ha 2,4-2,7 °C. OT-
HOCUTENbHAsA BNAXHOCTL Bo3ayxa (76,0-78,0 %) 6bina
Ha ypoBHe cpeaHeMHoroneTHux (77,0 %). CpegHue
JlaHHble Mo BbiNaBLUVM ocagkam B 2022 1 2024 rr. 6b1nn
HV>XXe HOpMabHbIX pe3ynbTatoB Ha 109,8 1 121,2 Mm
COOTBETCTBEHHO.

3a nepuog Beretaumm noceBbl KyKypy3bl MoaMBanu
TpW pasa HamyckoM no 60po3zaM OpoCUTeIbHON 06-
weit Hopmoli 1540 m3/ra. PaznunuHble cnocobbl (dak-
TOp A) OCHOBHOW 06paboTKM MOYBbLI BK/IOUANN:

1) oTBanbHyto BCnalky nayrom MJH-4-35 Ha rny6uHy
28-30 cwm;

2) 6e30TBaNbHYIO NaockopesHyto KMI-2,2 Ha ry6uHy
28-30 cm 6e3 obopoTa nnacTa;

3) oTBanbHyto Bcrawky M/H-4-35 ¢ no4soyriy6u-
TeNbHbIMW flanamu Ha rybuHy 28-30 + no4soy-
rnybneHve, pbixaeHne [Ha BCKPbITON 60po3jbl
Ha 6-10 c™m.

[Jocnexos b. A. MeToavka nonesoro onbita. M. : Arponpomusgat, 1985. 351 ¢.; BoesoguH A. B., Kacnnesa T. A, lMeTyHoBa A. A.

n ap. MeToamnyeckne ykasaHUs No nosieBOMy UCMNbITaHUIO repbuunAos B pacTeHnesocTse. M., 1981. 46 c.

Tk

repbuumaos. CaHkT-MeTepbypr : PreHY BN3P, 2020. 80.
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M.X. XXekamyxoBs

FepbuumaHbli daktop (pakTop B) BKAOYan uyeTbipe
BapuvaHTa:

1) KoHTponb (6e3 rep6uunios);
2) Taméut - 2,0 nfra, BHeCEHHbI HAa MOBEPXHOCTb

MouYBbl MOJA «c/iernoe» 60pOHOBaHMe 3a 2-3 AHA
[0 NOSAB/IEHNSA BCXOA0B KYNbTypbl;

3) ®ynTaiim - 2,0 fi/ra METOAOM OMPbICKMBAHUS pac-
TeHU B paze 3-5 nncTbeB KyKypy3bl;

4) Taméut - 1,0 n/ra, BHECEHHbIN Nog «ciernoe» 60-
poHoBaHue + dynTtaiim - 1,0 n/ra MeToZ0M onpbIc-
KMBaHWNSA pacTeHn B ¢pase 3-5 nncTbeB KyKypy3bl.
3acopeHHOCTL MoceBoB (KOM-BO U % WX rmbenu)
yunTbiBann 3 pasa: nepej BHeceHVeM repbuuu-
0B (dasa 3-5 nucTbeB Kykypysbl, cnycts 28-30
JAHel nocsie UX BHeceHUs 1 nepes ybopkon ypo-
Xasi 3epHa Ky/bTypbl).

PE3YJIbTATbI U ObCY)XAEHUE

TexHonorva Bo3aenbiBaHNSA OpOLLaeMOo KyKypy3bl - 06-
LenpuHATas AN AaHHOW 30HbI pecny6ankn. bonbLuyto
4acTb MUHepPanbHbIX YA06peHUi (N3 PyKy,) BHOCUAN
OCeHbI0 COrNIAacHO CXeMe OMbiTa. AMMUAYHYH CenunTpy
(30,0 kr/ra) B KauyecTBe NOAKOPMKM BHOCUAN B dase 3-5
JINCTBEB KyKYpYy3bl NMOZA 06paboTKO MeXAypsANIA.

Tabnuua 2

MpoBeAeHHble HABMAEHWA 1 YyUeTbl Ha MNOoCeBe KyKy-
py3bl BbiBUAN 60nee 20 BUAOB COPHSAKOB Pa3NUHBIX
60TaHNYECKNX CEMEeNCTB. MHorga 6binn rogbl, Kor-
A3 AOMVHMPOBANM MHOTONETHUKU — rymaii (Sorhum
halepense (L.) Pers), BUAbl 0COTOB — p0o30Bbiii (Wirsiium
arvense L.) v xentbiii (Sonchus arvensis L.), BblOHOK Mo-
nesoit (Convolvulus arvensis L.), CBUHOPOW NanbyaTbiii
(Cynodon dacylon L.). B ycnoBusax opolueHunsi pecny6-
nnk CeBepo-KaBKa3Cckoro pervioHa fAaHHas rpynna
COpHbIX PacTeHWI OTHOCUTCS K Hanbonee BpesoHOC-
HOW, CHMXasi YPOXaMHOCTb KyKypy3bl U APYrix npo-
nawHbIX KynbTyp 6onee yem Ha 70,0-78,0 %. 'pynna
ManoneTHVX (4BYA0NbHO-3/1aK0Bas) COCTOSANa B OCHOB-
HOM 13 TaK1X BUZAOB, KAk aMBPO3Ks MObIHHOMMCTHAS
(Ambrosia artemisiaflia L.), AbIMAHKa NeKapcTBEHHAs
(Fumaria officinalis L.), nucoxsocT nonesoit (Alopecurus
agrestus L.), npoco kypuHoe (Echinochloa crus galli L.),
mapb 6enas (Chenopodium album L.), BUAbl LLETUHHW-
KoB — cu3blii (Setaria glauca L.) n 3eneHblin (Setaria
virioles P.B.).

MNpvBeseHHbIe JaHHble CBUAETENLCTBYHT O TOM, UTO
Ha BapuaHTe C KyNbTYpPHOM BCMALLKOV Ha $OHe KOH-
Tponsi (6€3 MpUMeHeHWs XMMMPOMO/KK) K mepuoay
ybopKkuM ypoxasi 3epHa KyKypy3bl KOINYECTBO COPHS-
KoB 6b1710 180,0 3k3/M?, @ cyxas Haj3emHas Ux Macca
6blna Ha yposHe 95,0 r/m? (Tabanua 2).

O¢PeKTMBHOCTL CNOCOBOB OCHOBHOW 06pPaboTKM MOYBbI U CUCTEMBI repbunL 0B B 60pbbe ¢ COPHSAKaMM B moceBax

KyKypy3bl (B cpegHeMm 3a 2022-2024 rr.)
Table 2

Effectiveness of basic tillage methods and herbicide systems in weed control in maize crops (average for 2022-2024)

Cnoco6 ocCHOBHOM

KonuuecTBo COpHSAKOB Ha 1 M? nepea y60pKoii ypoxkas:

06paboTKM NOYBbLI LA D L 0 Cyxas Haa3eMHast
(dbaxTop A) n/ra (pakrtop B) Bcero, 3K3. % ruéenu y Mac::qa, -

KOHTPO/b (X035MCTBEHHbII) 180 - 95
OTBaNbHAS BCRALLKA Faméut - 2,0 n/ra 70 61,1 60
M/1H-4-35 (koHTpOb) PynTaiim - 2,0 n/ra 40 77,8 32
raméut + ®dyntaiim - 1,0:1,0 n/ra 13 92,0 15
KOHTPO/b (X035MCTBEHHDI) 190 - 98
BesoTsa/ibHas naockopes- raméwr - 2,0 n/ra 68 64,2 53
Has KMr-2,2 ®dynTaiim - 2,0 nfra 35 81,6 30
raméut + ®yntaiim - 1,0:1,0 n/ra 10 94,7 (N
KOHTpO/b (X035MCTBEHHbI) 170 - 93
M/1H-4-35 co cTpenbyaToli raméwr - 2,0 n/ra 70 58,8 59
nanon - noysoyrnyoutenem ®dynTaiim - 2,0 nfra 32 81,2 30
raméut + ®yntaiim - 1,0:1,0 n/ra 11 93,5 12
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MNpw BHeceHMWM B nouyBy repbuynga Fambébut B A03e
2,0 n/ra nepeg BCcxogamu KynsTypbl U dyntaiiMa B Ta-
KOW >Xe A03MPOBKe, HO MO Bcxogam B ¢dase 3-5 nu-
CTbEeB KOJINYECTBO COPHAKOB CYLLIeCTBEHHO CHUXaeTCcs
40 40,0-70,0 3k3/M? Npy HE3HAUNTENIbHOWN Cyxoli Mac-
ce, He npesblwatoweii 30,0-60,0 r/m2.

OZHaKo MpuUMeHeHVe 3TUX MpenapaTtoB Ha OfHOM
1 TOM Xe yyacTke (Faméut — 1,0 n/ra B nouBy nepes
BCXOA4aMU KyKypy3bl 1 ®yntaiim — 1,0 i/ra no Bcxogam
B dase 3-5 MNCTbEB KyNbTYpbl) o6ecneunsaeT rméesb
COpHAKOB Ha 92,0-94,7 % He3aBUCMMO OT crocoba
OCHOBHOW 06paboTkyM Mo4BbIl. Bbicokasi TexHuYeckas
30 deKTMBHOCTL repbULNAOB NOATBEPXKAAETCA He3Ha-
unTeNbHbIM KonndectsoM (11,0-15,0 r/m?) Hag3eMHO
CyXOli Maccbl COPHbIX pacTeHuin K ybopke ypoxas 3ep-

Ha KyKypy3bl.

NccnepoBaHma nokasanun, YTO UCMbITaHHblE CMOCOObI
OCHOBHOI 06paboTku nousbl (bakTop A) 6e3 npume-
HEHMVA XMMMPOMOJKN He OKa3biBaau CyLLECTBEHHOro
B/INSHNSI Ha YPOBEHb 3aCOPEHHOCTU MOCEBOB KY/bTy-
pbl. B cpegHem 3a rogbl npoBeAeHns paboT 3Tn pe-
3ynbTaThl 3aHManu npegenst 170,0-190,0 3k3. npu nx

Tabnuua 3

HaA3eMHOW cyxoii Macce 93,0-98,0 r/m? Kk nepuoay 3a-
BEPLUEHMNS BEretauunu Kykypysbl. MogobHoe sBneHune
COMpPOBOXAAN0CL GOPMUMPOBAHNEM PA3INYHOW Benu-
UMHbI YPOXKAMHOCTY 3epHa KyKypysbl (Tabnvua 3).

Tak, U3 npmBeAeHHbIX AaHHbIX BUAHO, YTO MNpuMme-
HsemMasi B OnbiTe cucTema repéuungos (paktop B),
C BbICOKUM 3PPeKTOM MOoAaBAAS COPHSKM, CNocob-
CTBYeT MOBbILWEHND YPOXAaMHOCTM 3epHa oOT 6,03-
6,30 Ha KOHTpose fo 6,6-7,4 T/ra. CoxpaHeHHoe
0T NoTepb KOAMYECTBO 3epHa coctasnset 0,3-1,1 7/ra.
OfHaKko cylLlecTBEHHOe BAUSHWE Ha YPOXaMHOCTb
3epHa KyKypy3bl Ha GOHe pa3INYHbIX MPMEMOB YX0Aa
1 cnocoboB OCHOBHOV 06paboTKy MOYBbLI OKa3biBaau
M MNOrofiHble yc/N0BUSA MPOBEAEHUA WNCCIefoBaHUA.
Tak, B 2023 rody KO/NMYeCTBO BbINaBLUMX OCAAKOB
(509,6 MM) 6bI110 BbllLIe CPEAHEMHOMONETHUX AaHHbIX
Ha 39,6 mm. Ha gaHHOM ¢dOHe 1 KONM4ecTBO 3epHOo-
npoAyKkunmn coctaBuno npegensi 6,5-7,5 t/ra. Mo pe-
3ynbtatam 2022 1 2024 rr. BbiNasLUKe ocajKku He rnpe-
Bblwann 348,8 n 360,2 MM COOTBETCTBEHHO MPOTUB
cpepHemHoronetHux — 470,0 mm. CpegHsasa ypoxai-
HOCTb 3epHa B yKa3aHHble rofbl CoCTaBnsNa Bcero 6,3
n74rT/ra.

3$deKTUBHOCTb C1UCTEMBI FepbununAoB Ha GoHe CNocoboB OCHOBHOM 06pPaboTKM MOYBLI MOA MNOCEBbI KYKYpPY3bl

Tahle 3

The effectiveness of the herbicide system against the background of basic tillage methods for maize crops

Ypo>kaliHocTb, T/ra
Cnoco6 oCHOBHOWM no rogam K KOHTP. OT Okynaemocre
Cucrema rep6uunpaos, CpegaH. rep6uumaoB
06paboTKM NoYBHI, -
[@aconla) n/ra (paktop B) 3a3ropa | o6pa6or. | rep6uum- | NPrGaBKoii
2022 | 2023 | 2024 nouyBsbl [0B ypoxas, u/n
KOHTpOo/b (X035ACTBEHHbI) 6,1 6,3 6,0 6,13 0,0 0,0 0,0
OTBankbHas FaméwT - 2,0 nfra 64 | 68 | 67 6,63 0,0 +0,50 2,5
Bcnawka M/H-4-35 .
(koHTpONB) Pynraiim - 2,0 n/ra 66 | 70 | 68 6,80 0,0 +0,67 34
raméut + ®yntaiim - 1,0:1,0 n/ra 6,8 7.3 7.0 7,03 0,0 +0,90 45
KOHTpO/b (X03AMCTBEHHbI) 6,0 6,1 6,0 6,03 -0,10 0,0 0,0
besoTBankHas raméut - 2,0 n/ra 6,3 6,5 6,6 6,47 -0,16 +0,44 2,2
njockopesHasi -
KMr-2,2 ®ynraiim - 2,0 nfra 67 | 69 | 67 6,77 -0,03 +0,74 3,7
raméuT + dyntaiim - 1,0:1,0 nfra | 6,8 7,4 7.1 7,10 +0,07 +1,07 5,4
KOHTpO/Ib (X03AMCTBEHHbI) 6,2 6,4 6,3 6,30 +0,17 0,0 0,0
MNH-4-35 FamBT - 2,0 1/
€O CTpenbuaToit améut - 2,0 nfra 6,6 7,0 6,9 6,83 +0,20 +0,53 2,6
nanow-noYsoyrny- | pynraiim - 2,0 n/ra 68 | 72 | 69 6,97 +0,17 +0,14 0,7
buTenem
raméut + dyntaiim - 1,0:1,0 nfra | 7,0 7,5 7,4 7,30 +0,27 +1,00 5,0
A 0,20 | 0,18 | 0,22 - - - _
HCP no ¢akTopam:
B 0,23 | 0,20 | 0,23 - - - -
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BennumHa ypoxaliHOCTW 3epHa KynbTypbl B CPeAHEM
3a Tpu roga 6bina HanbonbLueid (7,30 T/ra) Ha doHe
cucTeMbl repbnumngoBs, cocToswein 3 Faméuta n Pyn-
Taiima, B gose no 1,0 n/ra (BapuaHT Ne 4) Ha ¢doHe
OCHOBHOI 06paboTku noussbl MJ/1H-4-35 co cTpenbua-
TOW nanoii-nouBoyrnybutenem. Ha gaHHOM BapuaH-
Te CTpenbyaTtas Jflana-no4yBoyrybuTenb paspyluaeTt
«TIYXXHYH MOZOLUBY», VIMEIOLLYH MEeCTO Ha npejkas-
Ka3ckunx (KapboHaTHLIX) UepHO3EMAX THXKENOro rpaHy-
IoMeTpuYecKoro coctaBa, popmupyeTcs bnaronpuaT-
HbIli AONONIHUTENbHbIV UCTOYHVK 3/IEMEHTOB NNTAaHNS
W BRarv Ans pacteHuii Kykypysbl.

YpoxaliHble — AaHHble, MOJlyYeHHble Ha  ¢GoHe
¢ 6e30TBa/ibHOM Naockope3Hon obpaboTkon KMIr-2,2
B CcpeaHeM 3a rogbl uccnegosaHuii (6,03-7,10 1/ra)
He ycTynanu nokasaTefsM BapumaHTa C OTBa/bHOM
Bcrawukon (6,13-7,03 T/ra). HesHaumTesibHbIE OTK/IO-
HeHus ypoxaiHocTy (0,07 T/ra) No cpaBHEHMIO C KOH-
TPONEM He CyLIeCTBEHHbI U HE BbIXOAAT 3a Mnpeaessi
OLIVBKM onbiTa.

Mo3TOMY B YCNOBMSIX CNOXHOIO TUMA 3aCOPEHHOCTU
MOCEBOB B arpOTEXHOJIOTMSX BblpalLBaHNS KyKypy3bl
Ha 3epHO OCHOBHAsA POJib OTBOAUTCSA MPUMEHEHUIO CU-
CTeMbl repbULNAOB Pa3fINUHbIX CNEeKTPOB AENCTBUIA.
Hanbonee BblCOKass OKyNmaeMocCTb (4OMOAHUTESNb-
Hasi MpubaBka ypoxas 3epHa, koTopasi MPUXOAUTCS
Ha KaXAblli TP N3PacXoA0BaHHbLIX NpenapaTos) 3a-
¢dukcmposaHa y FfambuTa u ®yntaiima no 1,0 /ra, BHe-
CEeHHbIX B MOYBY Nnepes BCXoAamu 1 Mo Bcxogam B dpase
3-5 nncTbeB KynbTypsl (5,0-5,4 L/n), COOTBETCTBEHHO.

Tabnuua 4

Vcnonb3oBaHme nofo6HOro coyeTtaHuUs repobuLMaoB
Hapsdy C COpHAKaMy 0coboi BPeAOHOCHOCTU - MHO-
roneTHvKamu (rymaii, Bugpl 0COTOB, CBUHOPOW Masb-
yaTbliA, Mbipei NoN3yunii) ¢ BbICOKMM 3bPekToM nosa-
BASIeT B MoceBax HOBOro rmbpuaa Kykypyssl ATnaHT CB
N MHOrMe BUAbI U3 TPYMnbl 31aKOBO-ABYAO/bHbLIX Ma-
NIONIETHNKOB (LLETUHHWKM — CU3bIA 1 3e/eHblii, MPoco
KypuHOe, aMbpo3us MoAbIHHOAWCTHasA, Mapb 6enas,
JINCOXBOCT MONEBOWA 1 4p.).

MprHMMasa BO BHUMaHMe pe3ynbTaTbl HALLMX UCCNeso-
BaHWI Lies1ecoobpasHo pekoMeHA0BaThb Ha MpejKaBKas-
CKMX (kapBOoHaTHbLIX) YepHO3eMax Ha NMoceBax KyKypy3bl
Ha 3epHO KyNbTYypHYH Bcnaiwky nayramn [1/1H-4-35,
CHabXeHHbIMY CTpenbYaTbiMKL SanaMm-noYBoyriyou-
Tensmu. Ha 3ToM $poHe nprMeHeHne cucTembl repbu-
ungos (Fambuta n dyntaima no 1,0 n/ra) coxpaHuT
oT notepb Ao 1,0 T/ra 3epHa No CPaBHEHUIO C KOHTPO-
nem 6e3 xMMnponosky, byaeT obecrneveHa BbiCOKas
YNCTOTA MOCEBOB, YTO SKOHOMUYECKMN BbIFOAHO U 3KO-
niornyecku 6esonacHo (tabnvua 4).

PbIHOUHas CTOMMOCTL 3epHa KyKypy3bl B 2024-2025 rr. B pe-
cny6nukax CeBepo-Kaekasckoro pervioHa — 9,50 py6/kr.

Kak BUAHO VX NpuBeAeHHbIX AAHHBIX, CTOMMOCTb Baso-
BOW MPOAYKUMM Ha BapuaHTe C NpUMeHeHVEeM repbuLm-
A0B noyseHHoro (FfaméuT, CK) 1 noecxogoBoro (PynTaiim,
MZ) aeiicTBuiA Ha $oHe OCHOBHOW 06pPaboTKYM MOYBSI
(otBanbHaa Bcnawka (M1H-4-35) A0060pYAOBAHHBLIMI
CTpenbYaThiMK anammn-noYBoyrnybuTensiMm coctaBuia
69,350 py6/ra. YncTbIli LOXOA Ha JAaHHOM BapyiaHTe cocTa-
BUN 67 830 py6/ra npu ypoBHe peHTabensHocTv 186,0 %.

3KoHoMUYeckast 3G HeKTUBHOCTbL NMPUEMOB yxoa B 60pbbe ¢ COPHAKaMU Ha NoceBax KyKypy3bl B YC/IOBUSX CTEMHOW

30HbI KabapavHo-Bankapun (cpegHee 3a 2022-2024 r.)
Table 4

Economic efficiency of weed control techniques in maize crops in the steppe zone of Kabardino-Balkaria (average for

2022-2024)
Cnoco6 oCHOBHOW o CtoumocTb MpousB. |YucTbiii
Mpuem yxopa YpOo>KanHoOCTb, o PeHTa6enb-
06pa6oTKM NOYBbI BasoBoi 3aTpaTbl poxoga,
(pakTop B) T/ra HOCTb, %
(paxTop A) npogykumun |Ha 1ra, py6. | py6/ra
KOHTpo/b (X035ACTBEHHbI) 6,13 58 235 15170 16 587 109,0
OtBasnbHas raméut - 2,0 nfra 6,63 62 985 36 780 44 205 120,0
Bcnawka MJiH-4-35
(KOHTpOI'Ib) chﬂTaVIM - 2,0 n/ra 6,80 64 600 36 580 46 020 126,0
raméut+ ®dyntaiim - 1,0:1,0 nfra 7,03 66 785 36 520 48 265 132,0
KOHTpO/Ib (X03AMCTBEHHbIN) 6,30 59 850 15170 42 680 281,0
OTBanbHas BCnawka | raméut - 2,0 nfra 6,83 64 885 36800 46 085 125,0
MJ1H-4-35 ¢ nouBo-
yrny6|/|'re[|e|v| chflTaVlM - 2,0 n/ra 6,97 66 215 36 680 47 535 130,0
raméut + dyntaiim - 1,0:1,0 n/ra 7,30 69 350 36 520 67 830 186,0
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SAKJIHO4EHUE

B faHHOI cTaTbe 6bina nlyyeHa 3PpPeKTUBHOCTL CU-
cTeMbl repbuumaoB Ha ¢oHe pas3NnYHbLIX CNocoboB
OCHOBHOUI 06paboTKM MOYBbI MO NOCEBbI HOBOTO M-
6puraa Kykypy3bl ATnaHT CB B yC/10BUSIX CTEMHOM 30HbI
KabapawnHo-bankapckoin Pecnybnvkn. [NonyyeHHble
pe3synbTaTbl MCCIeAOBaHWUA MOKas3aan, YTO YypoXai-
HOCTb 3epHa KyKypy3bl 6bli1a Hanboee CyLLeCTBEHHOW
(7,3071/ra), rae npumMeHsinn Faméut n dyntaimno 1 n/ra

Bknap aBTopoB:

X. WW. Tap4yokoB: npoBejeHVe NcciefoBaHns, paspa-
60TKa NporpamMmMHOro obecrneyeHus, HanncaHme pyKko-
nucn - peLeHsrpoBaHmne 1 pejakTMpoBaHue.

M. L. Fannaes.: KyprpoBaHue AaHHbIX, GOpMasbHbIi
aHanus.

M. X. )KekamyxoB: Hay4yHOe pyKOBO/CTBO, NpesoCcTas-
JleHne pecypcoB, peLeH3VpoBaHVe U pejakTnpoBsa-
Hune.
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CybTponunyecknin Hay4HbIl LeHTp Poccmnincko akagemum Hayk, Couu, Poccns

B.M. lNopuwikos, A.C. KyneLuos

AHHOTALIUA

BBEAEHUE. B ycnoBusax CHUXKEHVS MA0AOPOANS MOYUB N YCUNEHUS abMOTUYeCKX CTpec-
COpPOB aKTyasbHbIM Hanpas/leHVEeM SIBSETCS MpYIMeHeHue 3Konornyeckn besonac-
HbIX 61MOCTUMYNIATOPOB, B TOM YMC/1e TYMWUHOBbLIX MPenapaToBs, CNOCO6HbIX MOBbILATH
NPOAYKTUBHOCTb N YCTOMYMBOCTb CENbCKOXO3ANCTBEHHbIX KyNbTyp. OCobbIli MHTepec
npeAcTaBaAsSeT MX UCMOAb30BaHWE MpU BO3AeNbIBAHUW LUTPYCOBbIX, OTANYAOLLINXCS
BbICOKOW YyBCTBUTENBHOCTBIO K YC/IOBUSIM BHELUHEW cpefbl. BnaxHble cy6Tponukm
Poccun xapakTepusyroTcsi 3HaUUTENbHOW M3MEHUMBOCTLIO TeMMepaTypHOro pexu-
Ma 1 BnaroobecneyeHus, YTO OKa3blBaeT CyLLeCTBEHHOE BANSHME Ha POCT, pa3BuTme
1 NI0JOHOLLEHVEe MaHAAPUHa. B CBA3M C 3TUM akTyanbHbIM SIBASETCS MOUCK arponpu-
€MOB, HamnpaB/leHHbIX Ha NOBbILLEHVEe aAanTUBHOrO NMoTeHUana pacTeHnin n ctabu-
JIN3aLnI0 YPOXAMHOCTH.

LUENb. OueHka BAVAHUS NATUKPATHOW BHEKOPHEBOV 06paboTkm npenapaTom JSinrHory-
mMaT AM Ha NpoAYyKTMBHOCTb 1 TOBapHOE KauyecTBo NaogoB MaHgapuHa (Citrus reticulata
var. unshiu ‘Kowano Wase') B ycnoBusix BfaxHbIx cy6Tponukos Poccun.

MATEPWAJIbI U METOJbL. MoneBble onbiTel NpoBOAMANCL B 2023-2025 rr. Ha 6a3e Cy6Tponu-
Yeckoro Hay4yHoro ueHTpa PAH (r. Coun). O6beKTOM UCCNef0BaHS CYXXUAN pacTeHNUs
MaHzapuHa Ha noggoe Citrus trifoliata, cxema nocagkm 4x1,5 m. O6paboTKM BbIMOHS-
JINCb B KtoYeBble peHonornyeckme $pasbl pa3sBUTHA PacTeHWU.

PE3YJIbTATbL. YcTaHOBNEHO, YTO NpuMeHeHue JlIurHorymata AM obecrneumBano ycToi-
UMBOE MOBbILLEHNE YPOXAMHOCTY BO BCe rofbl nccnegoBaHuii. Hanbonbwnin apdekT
oTMeueH B 2025 I., KOrAa CpeAHsis ypoxaHoCTb gocTurana 12,8 kr/gepeso (212,1 u/ra),
yto Ha 20-25 % MpeBbIWaN0 KOHTPOJIb. B CTPECCOoBbIX MOroAHbLIX YCI0BUAX (Kapkoe
1 3acyLUNnBOE f1eTo) MpenapaT Cnoco6CTBOBaN CHUKEHMIO MOTepb ypoXasi, YTo CBU-
JleTeNnbCTByeT O MOBbILLEHUN afanTMBHOIO NOTeHUMana pacTeHuin. BbisBneHo ynyu-
LLeHVe TOBapPHOro kayecTBa NPOAyKUMN 3a CYeT yBeAnYeHUst 40N NI0A0B KPYMHOW
dpakumm (60 MM) 1 CHUXKEHWNSI KONNYECTBA MeNIKX NA0AOB.

3AKNIYEHUE. Taknm 06pa3om, NATUKPATHOE MpuMeHeHne JlIurHorymata AM siBasieTcst
3¢ deKTMBHbIM arpoTeXHNYECKM NprYieMOoM, 06ecneymBaoLLIM NOBbILLEHVE ypoXKali-
HOCTW, CTabUNBHOCTb MNOAOHOLLEHUA WU yny4lleHue KayecTBa MoAOB MaHAapuHa
B YC/IOBUSIX CyBTPOMMKOB.

KNHOYEBBIE CNIOBA: JlvrHorymat AM, ypoXalHOCTb MaHAapuvHa, KayecTBO MJI0AOB,
af,anTVBHOCTb pacTeHWi
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ABSTRACT

INTRODUCTION. Against the background of declining soil fertility and increasing abiotic
stressors, the use of environmentally safe biostimulants, including humic preparations,
represents a promising approach to enhance crop productivity and stress tolerance.
Of particular interest is their application in citrus cultivation, given the high sensitivity
of these crops to environmental conditions. The humid subtropics of Russia are cha-
racterized by considerable variability in temperature and moisture regimes, which sig-
nificantly affects the growth, development, and fruiting of mandarins. Therefore, the
search for agronomic practices aimed at increasing the adaptive potential of plants and
stabilizing yields is of high relevance.

AIM. To evaluate the effect of fivefold foliar treatment with the preparation Lignohu-
mate AM on the productivity and commercial fruit quality of mandarin (Citrus reticula-
ta var. unshiu ‘Kowano Wase') under the humid subtropical conditions of Russia.

MATERIALS AND METHODS. Field experiments were conducted in 2023-2025 at the Subtropi-
cal Scientific Centre of the Russian Academy of Sciences (Sochi). The work studied man-
darin plants grafted onto Citrus trifoliata rootstock, planted at a spacing of 4 x 1.5 m.
Treatments were applied during key phenological stages of plant development.

RESULTS. It was established that the application of Lignohumate AM consistently in-
creased yield throughout all study years. The greatest effect was observed in 2025,
when the average yield reached 12.8 kg per tree (212.1 dt/ha), which was 20-25% higher
than the control. Under stressful weather conditions (hot and dry summer), the prepa-
ration contributed to reducing yield losses, indicating enhanced adaptive potential of
the plants. An improvement in commercial fruit quality was also recorded, manifes-
ted as an increased proportion of large-sized fruit (>60 mm) and a decreased share of
small-sized fruit.

CONCLUSION. Thus, fivefold application of Lignohumate AM is an effective agronomic
practice that ensures increased yield, greater fruiting stability, and improved fruit qua-
lity of mandarin under subtropical conditions.

KEYWORDS: Lignohumate AM, mandarin yield, fruit quality, plant adaptability
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BnusHme inrHorymata AM Ha Mop$0n0rnto, ypoxaiHoCTb
1 ToBapHoe KayvecTBo nnogos Citrus reticulata var. unshiu
‘Kowano Wase' B ycnoBusix cy6Tponukos Poccun

B.M. lopuukos, A.C. KyneLuos,
P.B. Kynan

BBEAEHUE

T'YMWUHOBbIE KMCNOTbI SBAAKTCA CMOXHbBIMU BblCOKO-
MONEKYNAPHbIMY  OPraHNYeckMn COeANHEHUSIMU,
dopmupyowMMmca B npouecce rymmneukaymm pactm-
TeNbHbIX U XNBOTHbIX OCTaTKOB. OHU SABAAIOTCA OAHOM
N3 OCHOBHbIX PPaKLMiA MOYBEHHOrO rymyca v MoryTt
6bITb pa3geneHbl Ha r'yMUHoBble KucnoTsl (MK), rymmH
n oynbBOKMCNOThI [1]. OHM WUrpatoT KAYEBYHO posb
B GOpMMpPOBaHN NIOAOPOAMSA MOYB, yHaCTBYHOT B pe-
rynaumMm 61oreoxXMMmmnyeckmx LMKIOB U OKa3lbiBatoT
KOMM1eKCHOe BANSHME Ha POCT 1 pa3BuUTne pacTeHWi.
B cootBeTcTBUM C Knaccudukaumern, npeasioxXeHHON
International Humic Substances Society, rymnHoBble
KWNCNOTbI OTHOCATCA K L€/ 104epacTBoOprMOi dpakumm
rymMyCoBbIX BellecTB, 0651ajatoLlein BbICOKOW XUMU-
YeCKOM peakLMOHHOM CMOCOBHOCTBIO N BblPaXKEHHO
dm3nonormyeckoli akTMBHOCTLHO [2].

B ycnoBusix rno6anbHOro CHUXEHUS cogepXKaHus
OpraHMyYyeckoro BeLLecTBa B MO4YBax U yCUieHus Ae-
rpafaUMOoHHbIX MPOLLeCCOB 0COBYH aKTyanbHOCTb
npuobpeTaeT MOUCK 3KOM0rMYecky 6e3omnacHbIX Cro-
Cco60B MOBbILLEHNA MPOAYKTUBHOCTU CelbCKOXO03AM-
CTBEHHbIX KynbTyp. Mo gaHHbIM Food and Agriculture
Organization [3], Aerpagauva NoYBEHHOro MOKPOBA
ABNSETCA OAHUM U3 KO4YeBbIX GaKTOPOB, OrpaHuNYm-
BaOLLMX YCTONYMBOE Pa3BUTME MUPOBOr0O pacTeHune-
BOACTBa. B cBA3WM C 3TVMM rymMUHOBbIE BeLlecTBa pac-
CMaTPMBAOTCA Kak MepcnekTVBHbIe BUOCTUMYNATOPBI,
CNOCO6HbIE OAHOBPEMEHHO yyyllaTb GU3NKO-XUMU-
yeckve CBOWCTBA MOYBbI U aKTUBU3MPOBaTb GU3nono-
rmyeckure npoLeccsl pacTeHuii [4].

dusmonormyeckoe AencTeme ryMMHOBBIX KACIOT HOCUT
MHOrOYpOBHeBbIA XapakTep. MoKasaHo, YTO OHW MOBbI-
LLIAIOT MPOHMNLLAEMOCTb K/IETOUHbIX MEMOPaH, akTUBUPY-
0T depMEeHTHbIE CUCTEMbI, YCUIMBAKOT AbiXxaHue 1 ¢o-
TOCMHTETNYECKYH aKTUBHOCTb, @ Takke CrMocobCTBYHOT
6onee 3ddEKTMBHOMY MOI/OLLEHNIO MaKpo- U MUKPO-
sneMeHTOoB [5; 6]. Oco6oe 3HaUeHne NPUAAETCA UX BAU-
SAHUIO Ha pa3BUTME KOPHEBOWM CUCTEMbl: TYMWHOBbIE
KWUCNOTbl CTUMYNNPYIOT 06pa3oBaHMe 6OKOBbIX KOPHer
1 KOPHEBbIX BO/IOCKOB, YTO yBe/IMYMBAET MaoLWajb Mo-
rNOLLEHNS 1 NoBbILLAET 3$PeKTVBHOCTL MUHEPANIbHOrO
nuTaHna. MexaHn3Mbl AaHHOro AelicTBMA CBA3bIBAOT
C ayKCMHOMOAO06HO akTMBHOCTLIO [7]. Takxke nokasaHo,
YTO N'YMVIHOBbIE KUC/IOTbI CMOCOBCTBYHOT CHVIXKEHWIO TOK-
CYYHOCTY Meau ANst CaXKeHLIEB LMTPYCoBbIX [8].

Ha MonekynspHOM ypoBHe r'yMUHOBbIE KUCAOTbI Cro-
CO6HbI perynmpoBaTb 3KCMPecCUo reHOB, y4acTByHo-
LLIMX B POCTE 1 CTPECC-OTBETE PACTEHWI, @ TAKKE MOAU-
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dnLMpPOBaTh CUIHaJbHbIE MYTY, CBA3aHHbIE C a30THBIM
N yrnepogHbiM o6meHom [9; 10]. Kpome Toro, oHu
NMPOSABAAT aHTUOKCUAAHTHbIE CBOWCTBA, CHWXXas
YPOBEHb OKUCANTENBHOMO CTPecca 1 NoBbILLAsA YCTOM-
UMBOCTb PacTeHUn K HebNaronpuATHbLIM YCIOBUAM
cpeabl, BKItoYast 3acyxy U 3aconieHne [11]. Komnnekc
3TUX 3PdeKToB NPUBOAUT K yBEIMUYEHUNIO B1OMACChI,
YCKOPEHMIO Ha4asibHOro POCTa W MOBbILLEHNIO KO3¢-
dryMeHTa NCNoab30BaHVS YA06peHN.

Ocobblii HTepeC NpeACTaBAseT U3ydeHne BAUSHUSA Ty-
MUHOBBIX KNC/IOT Ha MHOTOJIETHIE M00Bble KyNbTYpbl,
B TOM UMC/Ie LUTPYCOBbIE, XapakKTepu3ytoLLieCs BbICOKOM
UYBCTBUTENbHOCTBIO K YC/I0BUSM NMUTAHWSA 1 BOAHOTO pe-
X1Ma. Mo JaHHbIM COBPEMEHHbIX MCCef0BaHNM, Npu-
MeHeHVe ryYMWHOBBIX MpenapaToB Mpuv BblpallMBaHUN
LIMTPYCOBbIX KyNbTyp CrOCO6CTBYET YCUAEHUH pocTa
KOPHEBOW CUCTEMbI, YBE/IMYEHNIO COAEPXaHUS XN0po-
dwnnna, ynyyLlleHno NorioLWeHNst 3/IEMEHTOB NUTaHKS,
a Takke MOBbILLEHNIO YPOXaNHOCTL 1 KavecTBa M1040B
[12; 13]. OT™MeueHo yBennyeHve Maccbl 1 guameTpa nio-
[l0B, NOBbILLEH/E COAEPXAaHWSA CaxapoB N ackopbUHO-
BOW KNC/IOThI, @ TAKXKe CHUXXEHWE HEraTUBHOIO B/INAHUS
coneBoro ctpecca [14-16]. BaxHbIM MeXaHV3MOM Aei-
CTBUSI IBAISIETCS TakKe akTUBM3aumst MUKpobronormye-
CKWX MPOLLECCOB B MOYBE, YTO CMOCO6CTBYET Y/yULLEHNHO
JOCTYMHOCTU NUTaTeNbHbIX 3/1€MEHTOB U MOBbILLEHWIO
YCTOUMBOCTM pacTeHuii K naTtoreHam [17]. Takke oT-
MeUaeTCs, UTO NYMUHOBbIE KUC/IOTbI Yy4yLLaoT BOAHbIN
pexXuM pacTeHn 1 NOBbLILLAT UX YCTOMYMBOCTbL K abro-
TUYeckUM cTpeccam [18].

Poccuinckme cybTponmnKM — yHUKaNbHbIN 1 caMbli ce-
BEpPHbI PervioH, rae BO3MOXHO YCrMeLllHoe Bbipalu-
BaHVe LMTPYCOBLIX Ky/NbTyp B OTKPLITOM rpyHTe [19].
OTOT pervoH — cBoeobpasHas rnepexoAHas rpaHumLa
eCTeCTBEHHOro MNpou3pacTaHns TenaontbuBbIX LM-
TPYCOBbIX KyNbTyp, BK/OYas U CaMblli MOPO30YCTOM-
uMBbIli BUA — MaHgapud (Citrus reticulata Blan. var.
unshiu). V3 Bcex abnotmyecknx GakTopoB OKpyaro-
e cpedbl ANS BbDKMBaHUA LMTPYCOBLIX Hambonee
3HauYMMbl TeMMepaTypa 1 0cagky (BNaHOCTb MOYBbI).
31K dakTopbl ONpeAenstoT poCTOBble, reHepaTUBHbIe
rnpoueccbl 1N 06N MeTabonnsmM pacTeHuin, Heobxo-
AVIMBIT AN X BblpallMBaHUs.

B HecTabunbHbIX MOroAHbIX YC/OBMSAX OCOBYHO aKTy-
anbHOCTb MpuobpeTaeT MOWCK arpornpuemMos, Cro-
COBCTBYIOLLMX MOBbILLEHNIO YCTOMYMBOCTU PacTeHui
K CTpeccoBbIM GpakTopam cpedbl 1 onTUMmUsaLmm nx eu-
3110/10rNYeCcKoro cocTosHUA. Of4HUM 13 NepcreKTUBHbIX
HanpasBAeHWUN cUMTaeTCs NpUMeHeHme ryMUHOBBIX KMC-
NIOT KaK MPUPOAHbLIX PeryasaTopoB pocTa U aganTtaum-
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OHHbIX peakuuii pacteHuin. OfHaKo, HECMOTPSA Ha 3Ha-
UNTENbHbI 06EM HAKOMIEHHbIX AaHHbLIX, MeXaHU3MbI
B3aMMOAENCTBUS TYMUHOBBIX KUCIOT C PaCTUTENbHbIM
OpPraHn3mMoM, OCOBEeHHO B OTHOLUEHWUV MHOTONeTHUX
NAOAOBbLIX KyNbTyp, OCTAlOTCA MPEeAMETOM Hay4HOM
AMcKyccun. B aToi CBSI3W AanbHeliliee ncciegoBaHve
BANSHUA TYMUHOBbLIX KWCIOT Ha ¢usmonornyeckmne
npoLeccbl 1 MPOAYKTUBHOCTb LIMTPYCOBbIX PaCcTeHWI
ABNSETCA aKTyalbHbIM HanpaB/ieHVEM, VIMERLLMM Kak
byHAaMeHTanbHoe, Tak 1 MpUKIagHOe 3HaYeHMe.

MATEPUANIBI U METOAbI

B paboTe npuMeHANCS MHOroQYyHKLUMOHANbHbIM ry-
MWHOBBLIA CTUMynaTop pocta JlurHorymat AM, co-
CTOALMIA N3 MUKPO3IEMEHTOB U MOBbILLIEHHOIO CO-
AepxaHua GynbBoKMcaoT. CTuMynaTop 6bin nonyyeH
oT KoMnaHum 000 «JlurHorymat» (Poccusi). Mpou3seo-
AAT npenapat ¢ 1992 roga. OH MMeeT B CBOEM COoCTaBe
NoNyCUHTETUYECKME BELLeCTBa, NoJlyYeHHble Ha OCHO-
Be cosieil TyMUHOBBIX U $Y/bBOBbIX KMUCIOT, 06pa3o-
BaHHbIX B pe3ynbTaTe rymMUCUMKaumm pacTuTenbHOro
cbipbsi (ApeBecrHbl). MpuMeHsieTca AN KOMMIEKCHOW
06paboTkM pacTeHU Ha BCex CTagusax pocta AN ak-
TVIBHOFO TPaHCMOPTUPOBAHNSA NUTaTeNbHbIX BeLLecTB
N MUKPO3/IEMEHTOB B PacTeHWs, YTO MOXeT Crocob-
CTBOBaTb Nnpubaske ypoxas Ao 40 %.

MNMoBTopHasa ¢donmapHasa obpaboTka JSinrHorymatom AM
nposegeHa B 2023-2025 rr. Ha LNTPYCOBOW NAaHTauum
®OUL, «CybTponnUYeckoro Hay4Horo LeHTpa Poccurinckom
akagemMumn Hayk» r. Coun. O6bekToM bblIn pacTeHus
MaHJapvHa HU3Kopocnoi ¢opmbl TMna Bace 2013 r.
nocagkwu, noasoii Citrus trifolifta Raf. Mnowagb nuTaHns
4 x 1,5 m, pa3melleHne Ha 1 ra 1660 pacteHwii. MosTop-

. #

HOCTb OMbiTa TPEXKpaTHasi Mo TP AepeBa B Kax ol je-
NSIHKe, pasMelleHne — peHZOoMMU3VpoBaHHoe. MouyBbl
6ypble flecHble C1aboHEeHaCbILLEeHHbIe, TSXXeN0CyTINHW-
CTble Ha KapbOHATHbIX apruanTax U NecyaHHMKax.

CopT MaHAapvHa ‘KoBaHo Bace' — Huskopocbie ge-
peBbs, C PaCKUAMUCTON, NyCTO O6ANCTBEHHOM KPOHOIA,
6e3 Kontuvek, BeTBY CpejHue, nobern KopoTkme u cpes-
Hue, okpyrable. Jlucmes cpegHune (9-10 x 3,0-3,5 cm),
LLIVPOKOJIAHLLeTOBUAHbIE, YepeLLKW Y3KOOKaMAEHHbIe,
KopoTkue. 11006l WaposuaHble (58 x 4,7 cm), macca
Zo 80 r, ocHoBaHVe cferka BaasneHo. BepluvHa nnoga
BZaB/eHa UV noyTu naockas. Koxypa rnagkas, 6necrs-
Las, ApKO opaHxeBas, TOALWMHONM 2,5-3,0 MM, pbix/ias,
OTAEeNsAeMOCTb XOopollas, CepAueBUHa BbIMOAHEHHas,
Jonek 9-11, ¢ TOHKUMU, HEXHbIMU MeHKamMun. Makome
HEXHasl, COYHas CBEeTN0-OpaHXeBasi, COK OOUAbHbIN,
KNCNO-CNagkunia, cemsiH HeT [20] (pucyHok 1). MorogHble
ycnoBusa oueHmBanncbe no metogmke EFMC, onpege-
nanacb TeMnepaTypa BO3fyxa W KOMNYeCTBO OCa/KOoB
rno Mecsuam 1 3a BeCb Nepuroj UCnblTaHUA npenapaTa.

BapuvaHTbl onbiTa: I — onpbickvBaHWe JIMrHOrymMaTtomM
13 pacyeta 10 r Ha 10 auTpos BoAbl (1 n/aepeso); 11 —
onpbICK/BaHMe BOAOV (KOHTposb). MOBTOPHOCTL Tpex-
KpaTHasi, B MOBTOPHOCTU TPU pacTeHus. YueT ypoxas
(wt/kr) c pepesa, nepecyet ypoxaliHocTtu (u/ra). Cpo-
K1 06paboTkuM ¢ yyeToM dpeHonornyecknx das passu-
TWSI pacTeHuiA NnpoBoananchk: 1 — ugeteHue (111 gekaga
Masi), 2 — uepes Tpu Hegenn noce useteHus (II geka-
4@ VItoHS), 3 — yepes Tpu Heaenv nocie npeabiayLiei
(I mekaga wions), 4 — BTOpOI pocT noberoe (5-7 cM
anviHbl) — II gekaja aerycra, U 5 — He meHee 30 aHeit
Jo cospeBaHus nnogos (I gekaga ceHTabps). Mpu 06-
paboTke MaTepuana 1 oLeHKe pe3ynbLTaToB 1CC/Ief0Ba-
HUI NpUMeHsAM nakeT nporpammbl Excel XP.

PucyHox 1
PacteHve maHaapviHa copTa ‘KoBaHo Bace’

Figure 1
Mandarin plant of the ‘Kowano Wase’ variety
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PE3YJILTATbI U UX ObCY)XAEHUE

LnTpycoBble — BaxHelLlIMe MN0AOBble KynbTypbl
6e3MOpPO3HbIX Cy6TPONNYECKNX U TPONNYECKNX peru-
OHOB. OCHOBHbLIMU TMMUTUPYIOLLNMUY GaKTOPaMun BO3-
JenblBaHVA MaHAapuHa v apyrux sugos poga Citrus
ABNSAKOTCA 3KOJ0rMYeckme, cpean KOTOopbIX 1aBHbIM
ocTaeTca noroga. OT Hee 3aBUCAT POCTOBbIE, FreHepa-
TVBHble, $1310N0ro-6MOXMMUYECcKMe MPOoLecChl pac-
TEeHW, a TaKke pasBuUTUe bonesHelr M BpeauTenein.
TemnepaTypHbIli GakTop MMeeT 3HaYeHne He TOIbKO
3MMOI, HO 1 neTom. Hapsay € TeMnepaTypoi Bax-
HOe 3HayeHVe MMeeT TakXe KOAMNYeCTBO BblMaBLUMX
aTMOCPepHbIX 0CaAKOB, N OCOBEHHO B KpUTUYecKune
dasbl pa3BuTMA pacTeHWid. Ha pucyHke 2 npepacras-

30
25
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15
10

Temmeparypa, t°C

S
.

NeHbl pe3ynbTaTel CPaBHUTENBHOIO aHann3a cpejHe-
MeCSYHOWM TemnepaTypbl BO3jyXa M CyMMbl OCafKOB
3a 2023-2025 rr. oTHOCUTENBHO KAMMAaTUYeCcKon Hop-
Mbl (SHBapb - OKTA6pPb).

MorogHble ycnoBus B Nepuoj Beretauum MaHzapuiHa
3a 2023-2025 rogpl xapakTepur30BananCb BblpaXeHHOM
Ce30HHOM N3MEHUYMBOCTLIO TeMMepaTypbl 1 YBAaXHEH-
HocTn. B 2023 roay cpefHsa TemriepaTypa Bo3yxa C Mast
no okTsabpb coctaBmna 21,3 °C, UTO COOTBETCTBOBAO
ONTUMaNbHbIM YCNOBUSM AJIA pOCTa pacTeHWUr, oAHa-
KO OTAeNbHble AHV cO3jaBann CTpPeccoBble CUTyaLMn:
27 virona TemnepaTypa gocturana 33,5 °C, 6 aBrycta —
35,9 °C n 1 ceHTAb6pa — 33,3 °C. B a10T nepunog Habto-
Janncb MArkast 3MmMa ¢ MUH1ManbHbIM MOpPo30oMm 2,6 °C
(17 deBpans), foxanvBas BeCHa 1 XapKoe, Cyxoe NieTo.
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MoroaHble ycioBMs B Nepuoj BereTaumn: a - TemnepaTtypa; 6 - cymma 0Caikos

Figure 2

Weather conditions during the growing season: a - temperature; b - amount of precipitation
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CpeaHsist TemnepaTtypa 3a nepuog nucnbitaHnii (mai -
CeHTA6pb) npeBbilWwana HopMmy Ha 0,6 °C. Hanbonee
061/bHbIE 0CaZKM NPULLAKCE Ha Mai (113 % HopMbl),
B TO BpeMms Kak C MIOHSA MO OKTAOpb BbiNaso BCero
432 MM ocagkos (58 % HOpMbI), UTO yKa3blBaeT Ha Bbl-
paXKeHHbIA NeTHUIA fedbnunT BRaru.

B 2024 roay norojHble yc10BUS OTANYAINCL OT Npesbl-
JAyliero roga rno temrepaTypHOMY pexumMy 1 pacripe-
AeneHnto ocagkos. CpeHaa TemnepaTypa ¢ Mas no ok-
TA6pb coctaBmna 20,3 °C, 6nmskas K 2023 rosy, Npyi 3ToM
OTMeYanChb LLEeCTb AHEeN C 3KCTpeMasbHbIMY Temnepa-
Typamu, ot 32,2 °C (25 anpens) 4o 34,3 °C (11 ceHTA6ps),
CMOCOOHBIMY CO3AaBaTb CTPecc AN pacTeHuii. 3uma
6bl1a Markoli ¢ MmoposoM 3,3 °C (13 sAHBaps), BecHa
yMepeHHo AoXAnrBoi (okono 70 % HOPMbI OCaZKOB),
a NeTo XapKoe C 3acyxoii B ntoHe (2 % oT HopMbl). Cpea-
HAA TemnepaTypa 3a Nepuoj UCMbITaHWY npesbillana
HopMmy Ha 0,6 °C. Hanbonee obuibHble OCaAKM Bbinanu
B Mae (113 % HopMbI), B OCTaNlbHbIE NMEepProAbl, C UHOHS
no okTA6pb, BbiNano 432 MM (58 % HOPMbI), UTO TakxKe
YKa3bIBaeT Ha BbIPaXeHHbIN AeduLnT BNaru IeToM.

MorogHble ycnosus 2025 roga oTAMYanycb NOBbILLEHHOW
BNAXHOCTLIO N Ter/biM neToM. CpefHsAa TeMnepaTtypa
BO3J4yxa C Masi No okTabpb coctasuna 20,2 °C, 6an3kas
K HOpMe, a CpeaHsst TeMnepaTypa nepuoga UCnbliTaHui
(Mai1 - ceHTA6pb) 6bina Ha 0,1 °C HMKe HOPMbI. DKCTpe-
MaJibHble TemnepaTypbl gocturann 31,6 °C B mae, 35,6 °C
B ntone 1 34,0 °C B ceHTsA6pe. 31Ma 6bina MArkoi (MUHN-
myM 1,3 °C, 24 deBpans), BeCHa YMEPEHHO A0XA/NBOI
(301 MM Npu HopMe 353 MM). J1eTo 6b110 TEM/IbIM CO CPea-
HeroAoBol TemnepaTtypoli 23,1 °C, HO € T0KanbHOM 3acy-
X0 B ntone (BbiNano nvb 39 % HOpMbl 0CaaKoB). Mpu

Tabnuua 1

3TOM OCaKM B Mae 1 CeHTAbpe npesbILlanv HoOpMy Ha 18
1 38 % COOTBETCTBEHHO, a B CeHTAbOpe 1 oKTA6pe Habto-
Aanocb 3HauMTeNbHOE MPEeBbILIEHNE HOPMbI (4BOViHas
1 nonyTopHas). Takim 06pa3om, aHanmn3 Tpex NeT noka-
3a/1, UTO BECEHHWIA NePUOA XapaKTepusyeTcs yMepeHHOM
TeMnepaTypon € OTAebHbIMU 3KCTPeMasibHbIMU AHAMMN
1 BbICOKOW M3MEHUNBOCTLIO OCaAKOB, JIETO MPOABASANIOCH
XKapoW 1 3aCyXOl C eANHNYHBIMW SKCTPEMabHbIMU Mak-
CIMyMaMu TemnepaTypbl, @ OCEHb BapbMpPOBasa oT CyXol
[0 KpaliHe BnaxxHoW. O6LLas KapTVHa CBUAETENbCTBYET
O 3HAaUNTENbHOW Ce30HHOW KOHTPACTHOCTU MOrOAHbIX
yC/I0BUIA, KOTOpas BAVSIET Ha CTPeCccoBoe COCTOsiHUE
pacTeHVIn MaHZapuHa 1 TpebyeT yuyeTa Npu nposese-
HUW arpoTexHYecknx MeponpusaT1ii. HecmoTps Ha 370,
06 onbiTax ¢ J/lIurHorymatom AM He OTMeYeHO oTpuLa-
Te/IbHbIX peaKkLi Ha pOCTOBble UM reHepaTMBHbIe Mpo-
Leccbl. PacTeHMst MaHAapuvHa HOPMaibHO MepeHeuiv
CTpeccoBble CUTYaLMN.

[ns UMTPYyCOBbIX pacTeHuin Bce Gpasbl OHTOreHe3a oAu-
HaKoBO BaXHbl. OfHAaKO YacTo CYUTAETCH, YTO HOBOO-
6pasoBaHVe Noberos 1 Noc/ieAyrOLNX NCTEEB MeHee
3HaYMMBbIA POCTOBOWM npouecc, YeM GopMMpPOBaHME
reHepaTUBHbIX OPraHoB (mouyek, LBETKOB, MI0AOB),
KOTOpOe paccMaTpmBaeTcs Kak 6onee BaXHbI 3Tan
pasBuTMS. B NMpoBOANMBIX WMCCIEAOBaHMAX Ha pas-
BUTME OCHOBHbIX deHonornyeckmnx a3 MaHAapuHa,
06yCnoBNeHHbIX MpuMeHeHneM JlurHorymaTta AM,
obpallanocb 0coboe BHMMaHMe. AHanNV3 NpoBejeH-
HbIX HabNAEHWA NOKa3blBAeT, UTO B roAbl nUccneno-
BaHuA npumeHeHue JinrHorymata AM He okasbiBaeT
B/INSIHNS Ha CPOKW MPOXOXAEHNSA NHTEepPeCyrLLMX Hac
deHodpaz — «BTOPOI POCT NO6eroB» N «Co3peBaHue
nnogos» (Tabnuua 1).

OcHoBHble $peHonornyeckmne gasbl passmUTUA MaHgaprHa copta ‘Kawano Wase’ npu npyMeHeHun JiurHorymata AM

B 2023-2025 rr.

Table 1
Main phenological phases of development of the mandarin variety ‘Kawano Wase’ when using Lignohumate AM in 2023-2025
2023 ropg, 2024 rop, 2025 ropg,
deHopasza
n K n K n K
ByToHM3aums 28.04 28.04 26.04 26.04 25.04 25.04
Hauano 06.05 06.05 08.05 08.05 07.05 07.05
LiBeTeHune
KoHey, 06.06 06.06 07.06 07.06 06.06 07.06
BTopoii poct noberos 04.08 04.08 16.08 16.08 15.08 15.08
CospeBaHue M008B 17.10 17.10 20.10 20.10 22.10 22.10
Hauano c6opa ypoxas 20-23.10 20-23.10 25-28.10 25-28.10 25-28.10 25-28.10

lMpumeyaHmne: N — NurHorymat AM; K — koHTponb (Boaa)
Note: L (J1) — Lignohumate AM; C (K) — control (water)
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donnapHas BHeKOpHeBasi MOAKOPMKa pacTeHWiA, 0co-
6eHHO B Ppa3bl pocTa, MMeeT CyLleCTBEHHOE 3HayeHe
Ansa 3¢PeKTMBHOCTM N BANSHUS Ha ypoxai. Kaue-
CTBEHHOMY pacnpejeneHNto npenapata Ha AUCTbAX
CNocobCTByeT MeNKoAMCrepCcHoe omnpbiCKMBaHWe Nn-
CTbeB KPOHbI C ABYX CTOPOH.

MpumeHeHne JinrHorymata AM € N3BECTHOWM KOHLeH-
Tpauuen N KPaTHOCTbIO MPUMEHEHUA Ha pacTeHUAX
MaHAapuHa B yC10BUSX cybTponunkos Poccum npose-
JeHO BrepBble. B yCn0BMUSAX 3KONOTMYECKMX CTPEeCCoB,
06YyC/NIOBNEHHbLIX He6NaronpuATHBIMW  MOTrOA4HbLIMU
ycnosusamm 2023 roga, nprvMeHeHve npenaparta cro-
COBCTBOBAIO CHUXXEHWIO HEraTMBHOIO BAVSIHNS CTpec-
COBbIX $aKTOPOB Ha pacTeHus 1 obecneyrno NosblLLe-
Hve ypoxasi niogoB Ha 38,3 i /ra (9 %) (Tabnuua 2).
Mpexzae Bcero, Ha 06paboTaHHbIX NATUKPATHO JIUTHO-
rymatom AM pacteHusiX pasmep MjoZ0B MO rpyrnnam
rOCTa (tabnuua 4). Mpu 3TOM MeNnkux NaoAoB 3-i
rpynnbl yMeHbLUWIOCh, @ NA10A0B 1-i 1 2-1 rpynn yBe-
JINYNNOCE 33 CYET YMeHbLUeHUsA M008B 3-i rpynnebl.
Takum obpaszom, ponnapHoe BHeceHme JIUrHorymara,
Jaxe B MNepBbli rof nMpuMeHeHWsl, CrnocobCcTBOBasIO
MOBbILLEHWIO YPOXas MNA0AO0B 1 TOBAPHOro KayecTsa.

B TabnuiLie 2 0TpaxeHo BANSIHNE 06paboTKM NpenapaTom
«JlurHorymat AM» Ha ypoXaliHOCTb MaHAapViHa B CPaB-
HeHUM C KOHTposieM (BoAa) 3a rofbl UCCef0BaHMS.

B nepsyto ouepesb BMAHO, YTOo B 2023 rogy pasninuyus
MeXJy BapuvaHTamMy yXe MNposBAANCh. Tak, CpeaHss
ypoXaliHocTb B KOHTpone coctaBuna 14,8 kr/aepeso
(245,1 ufra), Toraa Kak nNpu NpPUMeHeHUK JSIurHoryMmara

AM — 16,3 kr/aepeBo (270,8 u/ra). OTo ykasbiBaeT Ha no-
noxunTenbHbIn 3bdeKT npenapaTa yxe B NepBbIi ro.

B 2024 rony Habnoganocb obLiee CHUXeEHWe ypoxKai-
HOCTM B 0boumx BapuaHTax. BepoATHO, 3TO cBA3aHO
C 3aCyLUIMBOW 1 XapKOW MOroAon B Nepuog 3aBs3bl-
BaHVSA MJ0A0B, KOTOpas CrocobcTBOBana OnafgeHuto
3aBsA3el 1, Kak CNejCcTBure, CHUXKeHMIo ypoxast. OgHako
Jaxke B TakMX yCnoBUSAX BapuaHT ¢ JlurHorymatom AM
COXPaHWA NPenMyLLEeCcTBO B CPAaBHEHUN C KOHTPOJIEM.
OTO roBOPUT O €ro NMoOXKNTENbHOM BANAHUM Ha pac-
TEHVS 33 CHET CHUXXEHUS BO3AeCTBUSA CTPECCOPOB.

Hanbonee BblpaxeHHbI 3ddekT npossnsancs B 2025
rogy. CpefHss ypoXaiHOCTb B BapvaHTe ¢ JlIurHoryma-
TOoM AM gocturana 12,8 kr/gepeBo (212,1 u/ra), Toraa kak
B KOHTpOJie OHa cocTasnsna avwb 10,5 kr/aepeso. Cne-
JoBaTe/lbHO, NPpMMeHeHVe npenapata JinrHorymara AM
CrMoCo6CTBOBA/O YBENNYEHNIO YPOXKANHOCTY COpTa MaH-
JapviHa ‘KoBaHo Bace’ Ha 20-25 %, UTO, B CBOIO 04epesb,
CBUAETEeNbCTBYET O €ro HaKoMmUTe/IbHOM AeNCTBUN.

Mpn NpUMeHeHUW pPasINYHBIX NPenapaToB BaXHO W3-
yyaTb M YUYUTbIBATb He TONBbKO B/USHME Ha YpOXail-
HOCTb, HO U X BAVSIH/E Ha TOBapHOEe Ka4veCTBO MI00B.
B pesynbrate HabnogeHWl’ i Hamm 6bI10 YCTaHOBEHO,
yTO NMpUMeHeHue JlurHorymata AM cnocobcTByeT yBenu-
UEHWIO OV KPYTHbBIX NNo4oB (60 Mm 1 6o1ee) (Tabnunua
3). Tak, B 2023 rogy VX Aonsi cocTaBuna 28 npotie 25 %
B KOHTpOJie, B 2024 — 25 npotuB 22 %, B 2025 — 29 npo-
TVB 25 %. OfHOBpPEeMEHHO CHUXXanack A0Ns MeKUX nJo-
£0B (54-38 MM), UTO yKa3bIBAET HA y/lyuLLeH/e TOBAPHOrO
KayecTBa N1oA0B MaHjapvHa copTta ‘KoeaHo Bace'.

Tabnuua 2
BnansHme npyMmeHeHuns npenapata «/lurHorymat AM» Ha ypoXKaiHOCTb MaHZapuHa copTta ‘Kawano Wase’, 2023-2025 rr.
Tahle 2
Effect of the use of Lignohumate AM on the yield of mandarin of the ‘Kawano Wase’ variety, 2023-2025
Ypo>xkaiAiHOCTb
BapunaHT MoBTOpPHOCTL 2023 rop, 2024 rop, 2025 rop,
Kr/aep. u/ra Kr/pep. u/ra Kr/pep. u/ra
I 14,8+6,1 246,2 9,3+1,0 171,5 9,8+0,8 163,2
II 14,613,2 2424 9,3+1,3 154,9 10,2+0,8 168,8
KoHTposb (Boga)
II 14,9+1,9 246,8 9,0+1,5 149,4 11,5%2,2 182,6
CpegHee 14,8+0,2 245,1 9,2+0,2 158,6 10,5£0,9 171,5
I 16,1£1,9 266,7 9,7+0,8 160,5 10,21,6 168,8
1I 15+1,4 249,6 9,3+0,8 154,9 13,843,3 229,6
JlnrHorymat AM
III 17,841,5 296,0 10,341,3 171,5 14,3£1,5 237,9
CpepaHee 16,3+1,4 270,8 9,840,5 162,3 12,842,2 2121

ATPAPHBIA BECTHUK CEBEPHOIO KABKA3A | TOM 16 Ne 3/2026

12



BnusaHwe JlnurHorymata AM Ha mop$0onornto, ypoxkaiHoCTb
1 ToBapHoe kayvectBo nnogos Citrus reticulata var. unshiu
‘Kowano Wase' B ycnoBusx cybTponmkos Poccum

B.M. lopuukos, A.C. KyneLios,
P.B. Kynan

TBaJ?S::amg nprMeHeHust Npenapata J/lInrHorymata AM Ha ToBapHOe KayecTBo MaHZapuHa copTa ‘Kawano Wase’, 2023-2025 rr.
Table 3
Effect of the use of Lignohumate AM on the commercial quality of mandarin of the ‘Kawano Wase’ variety, 2023-2025
FOCT 4428-82
BapuaHT Fop nccnepoBaHus I II II1
60 MM n 6onee 60-54 mm 54-38 mm

2023 25 29 45

KoHTposb (Boaa) 2024 22 25 53

2025 25 22 53

2023 28 35 38

NurHorymat AM 2024 25 30 45

2025 29 26 45

SAK/THYEHHE

Pe3ynbTaTbl TpexneTHUX WCCAefOBaHWIA MOKa3anu,
YTO MHOTOKpaTHble 06paboTkn MaHAapuHa copTa ‘Ko-
BaHo Bace' JlurHorymatom AM B TeueHne BeretTaLMoH-
HOro nMeproja OKasblBaloT YCTONYMBOE MOJIOXKUTENb-
HoOe BANSAHWE Ha NPOAYKTUBHOCTb U KayecTBO YpOXas.
Bo Bce rogbl HabNOAEHWIA faHHbBIA BapyaHT npeBocC-
XOAWJT KOHTPO/Ib MO YPOXAMHOCTY, NPUYeM BeNYMHA
BapblpOBana B 3aBMCMMOCTM OT MOFOAHbIX YCIOBUIA,
AOCTUTas MaKCMMasibHbIX 3HaYEHWI K TpeTbeMy rogy
(80 20-25 %). B HebnaronpuATHbIX ycnoeusax (2024 roa)
npumeHeHue JSinrHorymata AM cnoco6CTByeT CHUXe-

Bknap, aBTopoB

B. M. TopwkoB: pa3paboTka KOHLenuuu, Kypupo-
BaHMe [aHHbIX, NMpOBejeHVe WNCCeA0BaHusA, aaMu-
HUCTPATMBHOE  PYKOBOACTBO  MCCNeA0BaTeNIbCKUM
NpPOeKTOM, Hay4yHoe PyKOBOACTBO, BM3yanm3aums, Ha-
nucaHve YepHOBMKA PYKOMUCKU, HamuUcaHme pykonu-
W — peLeH3VpoBaHMe 1 pefakTnpoBaHue.

A. C. KynewoB: dopManbHbI aHanms, npoBeseHne
nccnesoBaHus, BU3yanmsaLums, HanMcaHme YepHoBMKa
PYKOMUCK, HanmncaHne pykonucm — peLeH3rpoBaHmne
N pefakTUpoBaHMe.

P. B. KynsaH: nposegeHve mnccnefoBaHUdA, aiMUHN-
CTPaTUBHOE PYKOBOACTBO MCC/IeA0BaTeIbCKMM MpoeK-
TOM, NpesoCTaBNeHVe pecypcoB, HanvcaHne pykonu-
W — peLeH3npoBaHVe N peaakTrpoBaHme.

122

HUIO NOTEPU YPOXKANHOCTY B CPaBHEHUIN C KOHTPOJIEM,
UYTO rOBOPUT O MOBbILLIEHWM afanTUBHOMO NoTeHLMana
pacteHuii. Kpome Toro, naTukpaTHasi obpaboTka cro-
cob6CTBYeT yBeNMYEHMIO MI0J0B KPYMHON dpakumm
3a CYeT CHWKEHWUS MeNIKOW.

Taknm obpasom, perynspHoe npumMeHeHve JIMrHory-
Mata AM aBnseTca 3¢GPeKTUBHLIM arpoTexHUYecKnM
npremMom, obecneyrBatoLLM NMOBbILLEHME YPOXKaNHO-
CTW, ee CTabUNbHOCTY MO roZam 1 ynyyLleHne Kadect-
BEHHbIX MoKa3aTesieil NJ0A0B 3a CYeT KOMMIEKCHOro
$131010ro-6MOXMMNYECKOr0 BO3AECTBUS Ha pacTe-
HUSA.
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AHHOTALIUA

BBEJEHUE. MHOrouncneHHble NCCef0BaHMA yKa3biBalOT HAa aaNTOreHHYH pPosib r'yMu-
HOBbIX BeLLleCTB, YTO MO3BOJIAET MPU UX MPUMEHEHNN CHUXATb HeraTuBHble Nocies-
CTBUSI HE TONIbKO MOFOAHbIX KaTakAN3MOB, HO 1 YMeHbLUaTb CTPecC OT MpUMeHeHus
necTMUMA0B, HaNYMA B Cpeje TOKCUYECKMX COefVNHEHWIA, BKItoYas Taxenble MeTan-
Nbl. OAHaKo CyLLecTByeT HejoCTaTouHas N3YyYeHHOCTb MeXaHW3MOB UX BO3AeNcTBmA
Ha CeNbCKOXO3SIACTBEHHbIE PacTeHUs, B TOM YMCae Ha K1eTOYHble CTPYKTYpbl pacTe-
HUIA.

LIENb. MokasaTe BAVSAHME TYMUWHOBOMO Mpenaparta Ha POCT AYMeHs O6bIKHOBEHHOrO
B YC/IOBUSIX CTPECCa, BbI3BAHHOIO 3arpsi3HeHEeM CBUHLIOM.

MATEPUANIbI U METOJIbl. B ycnoBursix nabopaTopHOro aKcrepmMeHTa npoBeseHo Moaenu-
poBaHVe 3arpsisHeHUs cpejbl aLeTaToM CBMHLA M MOMbITKa HeliTpannsaumm Tokcu-
Yeckoro AecTBUS CBUHLIA Ha PacTeHUst SUMeHst 06bIKHOBEHHOTO BBeZEHVEM B Cpesy
rYMWHOBOrO npenapaTa. Moge/bHblii OMnbIT MPOBOAUAV MPU MOMOLLY MMAPOMOHHOIO
MeTo/a BbIpalLMBaHWs pacTeHWin. B kavecTBe cybCTpaTa MCMOb30BasCs MPOMbIThIN
OT MNa U NPOKa/eHHbI KBapLeBblid Necok, B Ka4ecTBe NMTaTeIbHOro pacTBopa bbiia
MCrnofb3oBaHa NMUTaTesibHas cMech MNPAHNLLIHMKOBA. PacTeHUs BblpallmBanunce B Teye-
HVe 14 aHeli (4ns AUMEHs 3TO HaYvaso KyllueHust). 3aTeM NpoBoAUAN MopdoMeTpurYe-
CKne U3mMepeHKs, a Takxke N3Mepsan LmToMoppomeTpryeckme nokasaTenm.

PE3YJITATBL. 3arpsizHeHMe cyb6cTpaTa CBUHLOM BbI3bIBaeT M3MEHEHUsI B pa3mepax Kop-
HEeBOI CUCTeMbl 1 HaA3eMHO YacTy SSUMEHS], CHUXKAEeT Maccy pacTeHunin. Mukpockonu-
Yeckuii aHanm3 BbIIBU/ U3MEHEHUsI B LLUTOMOPGOMETPUYECKUX NOoKa3aTensix KopHen
N INCTbEB, KOTOPble BblpaXanucb B yBeIMYEHUN MOMNepe"HOro pasMepa KOpHs pac-
TEHWSA MO CPAaBHEHUIO C KOHTPOJIEM W JONM MPOBOAALLUX TKaHel B HEM, a Takxe mno-
BPEXAEHUN KNeTOK XJIOPEHXUMbl INCTHEB Y YMEHbLUEHUN KOAUYECTBA NAaCTUL B HUX.

SAKNIOYEHUE. NMprMeHeHMe ryMUHOBOro Npenaparta MNo3BOANAO YaCTUYHO CKOMMEeHCU-
poBaTb HeraTvBHble 3pPeKTbl, CNOCOOCTBYA afjanTaumy pacTeHUn K AeACTBUIO MOJI-
NIOTaHTa 3a CYyeT OMTUMM3ALMKN MPOLLECCOB KOPHEObpa3oBaHWA 1 BOCCTAHOB/IEHUSA
KOAIMuecTBa NAacTug B KeTKax IMCTOBbIX MAACTUH.

KNHYEBLIE CNOBA: 3arpsA3HeHVe CBMHLIOM, TYMWHOBBIM MpenapaTt 13 BEpPMUKOMIMOCT],
AYMeHb, LMToMOppOMeTpnYecKie nokasaTenm
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ABSTRACT

INTRODUCTION. Numerous studies indicate the adaptogenic role of humic substances,
which allows their application to reduce the negative consequences of not only weather
disasters but also to decrease stress from pesticide application and the presence of
toxic compounds in the environment, including heavy metals. However, there is insuf-
ficient knowledge regarding the mechanisms of their impact on agricultural plants, in-
cluding plant cellular structures.

AIM. To demonstrate the effect of a humic preparation on the growth of common barley
under stress conditions caused by lead pollution.

MATERIALS AND METHODS. Under laboratory experiment conditions, environmental pollution
with lead acetate was simulated, and an attempt was made to neutralize the toxic effect
of lead on common barley plants by introducing a humic preparation into the medium.
The pot experiment was modeled using the hydroponic method of plant cultivation. Silt-
washed and calcined quartz sand was used as a substrate, and Pryanishnikov's nutrient
mixture was used as a nutrient solution. Plants were grown for 14 days (which corre-
sponds to the beginning of tillering for barley). Subsequently, morphometric measure-
ments were performed, and cytomorphometric parameters were measured.

RESULTS. Substrate pollution with lead causes changes in the size of the root system
and the aboveground part of barley, and reduces plant weight. Microscopic analysis
revealed changes in the cytomorphometric parameters of roots and leaves, which were
expressed in an increase in the root cross-sectional size compared to the control and
the proportion of conducting tissues within it, as well as damage to leaf chlorenchyma
cells and a decrease in the number of plastids inside them.

CONCLUSION. The application of the humic preparation allowed for a partial compensation
of the negative effects, promoting plant adaptation to the pollutant action due to the
optimization of root formation processes and the restoration of the number of plastids
in the cells of leaf blades.

KEYWORDS: lead pollution, humic preparation from vermicompost, barley, cytomorpho-
metric parameters
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Bnnaxne r'YMUHOBOTO rnperapaTta Ha pacTeHnsa ApoBOro A4mMeHa
B yCNOBUAX CTpecCa OT NOoBbILLEHHOro coAep>XaHusA CBMHLa

B.B. becueTHukos, O.C. besyrnosa

BBEAEHUE

'YMUHOBblE BeLlecTBa MPeACTaBAAOT CObOV BbICO-
KOMOJIeKyNsipHble NMPUPOAHbIE OpraHu4veckne coeam-
HeHVs, obpasyollmecs B pesynbraTe rymuoukaumm
pPacTUTENbHBLIX W >XMBOTHbIX OCTaTKOB. B JaHHyH
rpynmny XMMUYECKnX BeLLeCTB BXOAAT N'YMUHOBbIE KUNC-
NOTbl U GYNbBOKMCNOTHI, UX conuv (rymatbl 1 ¢ynbBa-
Tbl), @ TaKXe TYMUWH, pasnnyatoLmecs: MoiekynspHo
Maccovi, pacTBOPUMOCTbHO W XMMUYECKON aKTUBHO-
ctbto [1]. VX coctaB v CBOICTBA HAxXoAAaTCA B 3aBu-
CUMOCTM OT WCXOAHOr0 OpraHM4eckoro martepuana
1 yCNoBUI ryMUPUKaALMK, YTO 06YC/IOBANBAET 3HaUN-
TenbHOe pasHoobpasve MexaHW3MOB UX B3anMogel-
CTBUS C pacTeHusaMn [2-4].

B arpoxumun ygobpeHus v npenapatbl Ha OCHOBe
NYYMWUHOBBIX BeLLLeCTB paccMaTpuBatoTcsa Kak 3ddek-
TUBHbIE PeryasTopbl MOYBEHHOI0 NAOA0POANA N GU-
3M0N0TNYECKN aKTUBHble COeAMHEHUs, CMOoCObHble
OKa3blBaTb KOMMJEKCHOe B/MSHME Ha pacTeHus.
YCTaHOBNEHO, YTO MPUMEHEeHMe TYMUHOBbLIX Mpena-
paToB CTUMYAMPYeT POCT 1 PasBUTNE KOPHEBOW CU-
ctemsl [5; 6], akTMBM3MpYeT NpoLecchl poToCMHTE3A
n depMeHTaTMBHOIM akTMBHOCTK [7-9], ycunusaeT
NnornoLeHne Makpo- M MUKPOIJIEMEHTOB W MOBbI-
waeT 3¢PeKTUBHOCTL UCMONB30BaHUS yAObpeHul
[10; 11]. Bnarogaps BbICOKOW €MKOCTU KaTMOHHOIO
obMeHa, Hannunio GYHKLMOHAaNbHbIX KapboKCub-
HbIX 1 (eHONIbHbIX FPYMM, a TakXe BbIPaXeHHbIM
KOMM/1eKCO0bpasyoLmMM CBOMCTBAM OHM yYacTBYIOT
B TPaHchopMaum N MUrpaLmn 31eMEHTOB NUTaHNS,
YyNy4yLlaoT arpoxmumMmyeckrie CBOMCTBa MOYBbLI, CMO-
CO6CTBYIOT GOPMUPOBAHNIO BOLOMPOYHONM CTPYKTY-
pbl 1 MOBBILLIAT MUKPOBNONOrMYECKY0 aKTUBHOCTb
[12-15]. CoBOKynHOCTb 3TUX 3¢deKTOB MO3BONAET
paccmaTpmBaTb TYMWHOBbIE BellecTBa He TONbKO
KaK CTUMYNSAITOpPbl pPOCTa, HO U KakK 3dPeKTUBHbIE
afianToreHbl, MOBbIWAOLWME YCTONYMBOCTL pacTe-
HUIM K HebnaronpuATHbLIM $akTopam OKpyXaroLer

cpeasbl.

3arpsi3HeHWe MoYB TSXeNbIMU MeTanaMu SBASETCS
OAHOM M3 BaXHbIX MpobiemM COBpPeMEHHOro 3emse-
AEeNnvsi, Tak Kak AaHHble XMMnJyeckmne BellecTBa obna-
AAK0T YCTOMUMBOCTLIO K Buoerpajaumnm 1 CnocobHbI
HakanaMBaTbCs B NMOYBEHHOM Mpodune, NocTeneHHo
AOCTUrast TOKCUYECKUX KOHUEeHTpauwuii [16; 17]. 3T1o
MOXeT MPUBOANTL K CHUKEHUIO MPOAYKTUBHOCTY
CeNbCKOXO3SICTBEHHbIX PACTEHUM U YXYALLUEHUIO Ka-
yecTBa nosny4daemon npoaykuuun. Cpegn Hambosnee
pacnpocTpaHeHHbIX N TOKCUYHBIX 3arpsisHUTeNein oco-
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60e MecTo 3aHMMaeT CBUMHeELL, MOCTyMNaroLWmnin B OKpY-
XaloLLyto cpesy BCIeACTBME MPOMbILLIEHHbIX BbI6pO-
COB WV B KayecTBe M0OHOYHOro KOMMOHEHTa B COCTaBe
bochopHbIX yaobpeHuii [18]. MoHbI CBMHLA He nrpatoT
KaKom-1mbo poan B BMOXMMUYECKMX Mpoueccax pac-
TEHWIA, 0AHAKO M3BECTHO, YTO OH MOXET MOrIoLWaThCs
1 HaKanaMBaTbCs B HUX. ITO MPUBOANT K YrHETEHWHO
poCTa KOPHEBOW CUCTEMbI U HAZA3EMHbIX OPraHoB, CHU-
XEHU VHTEHCMBHOCTM $GOTOCUHTE3a U AbIXaHWS, Ha-
pyLUEHWIO BOAHOIO U MMHEPanbHOro obMeHa, a Takxe
Bbl3blBaeT pasBUTME OKMCINTENbHOro cTpecca U no-
BpeXaeHue KNeTO4YHbIX CTPYKTYp, YTO 0COH6eHHO onac-
HO Ha PaHHUKX CTaAMAX Pa3BUTUA pacTeHuid [19-21].

B cBSI3U C 3TVMM 3HauYMTeNbHbIN NHTEpeC NpesCcTaBs-
eT VCMNonb30BaHVe NpenapaToB Ha OCHOBe coneli ry-
MWHOBbIX BELLECTB A1 CHUXEHNS GUTOTOKCUYHOCTY
TSOKENbIX MeTannoB. TeM He MeHee C/IOXHOCTb U Ba-
prabenbHOCTb XMMNYECKOro CocTaBa NYMUHOBbLIX Be-
LLleCcTB 06YC/IOBANBAET HEAOCTAaTOUHYHO M3YYeHHOCTb
MeXaHV3MOB NX BO3AeNCTBUS Ha CeIbCKOXO035MCTBEH-
Hble pacTeHus. lMpuyeM HanMeHee W3yYeHbl TymMu-
HOBble BeLLeCcTBa C TOUKWU 3PEHUs WX BO3AENCTBUS
Ha KNeTOYHble CTPYKTYPbl PAaCTEHNIA.

MATEPUAJIBI U METO/ZbI

JTMyecKMe acneKTbl

PaboTa He npeaycmaTpuBana 3KCNePUMEHTOB Ha XU-
BOTHbIX W NHOASX, MO3TOMY 3TUYeCKMe 3aKIoYeHNs
He TpeboBanuChb.

Matepuansi

Mpy NpoBeeHWW UCCNef0BaHWS B KayecTBe MCTOY-
HUKa NYMWHOBBIX BeLLLeCTB NUCMO/b30BasCs npenapat
«BIO-/loH», Moflyyaemblii MpY MOMOLLM  LLENOYHOIA
3KCTpaKUMM 13 BepMuKoMMnocTa. JaHHbIA npenapat
MOCTaBSIETCS MPOU3BOANTENIEM B BUAE XMAKOFO KOH-
LeHTpaTa TeMHo-6yporo ugeTa.

B KauecTBe TeCTOBOI KyNbTYypPbl MCMONB30BaJIN AUMEHb
06bIKHOBeHHbIV (Hordeum vulgare L.), copT ‘PaTHUK'.
[aHHbI cpeAHecnenblii COPT BKOYEH B rocyap-
CTBeHHbIV peecTp B 2004 rogy n pekoMeHAoBaH A4S
BblpalLMBaHNs Ha TeppuTopmusax PocToBckor obnactu
1 CTaBpOMNO/IbCKOro Kpas.

06opyaoBanne

YnbTpamunkpoTom Leica EM UC6 (TepmanHus).
TpuHokynap JTIOMO Mukmea-6 (Poccus).
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Bnnanne F'YMWHOBOTIO NMpenapaTta Ha pacTeHna ApoBOro A4MeHs
B yC/I0BMAX CTpecca OT NOBbILLIEHHOIO cojep>XaHna CBMHUA

B.B. becueTHukos, O.C. besyrnosa

Peakrtusbi

AueTat cBrHUa (II) (Pb(CH,;CO0),).

FnyTapoBblii anbaerng (2,5 %) B HaTpuii-bochaTHOM
6ydepe (pH = 7,3).

TeTpaokcua ocMuis (2 %) B HaTpuit-pochaTHom Bydepe
(pH =7,3).

JNoKCMAHAas cMosa «IroH-812».

runoxnoput Hatpus (5 %).

STWNOBBLIA CANPT.

AueToH.

AnctnnnvpoBaHHas Boja.

Metoabi

MogenbHbI OMNbIT NPOBOAUICA MPY MOMOLLM FUAPO-
MOHHOro MeToAa BblpalLMBaHUsA pacTeHUi. B KayecTse
cybcTpaTa MCnonb30Bancs NPOMBbITHIA OT Uaa U Npoka-
NeHHbIV KBapLeBbl Necok, B KayecTBe MuUTaTesbHOro
pactBopa 6bls1a MCNob30BaHa NuTaTeNbHas cMeck MNpsi-
HMLLUHVIKOBA ', BKtOUaoLLAst Makpo- U MUKPO3IEMEHTBI.

MNony4yeHHble pe3ynbTaThl U3MepeHUi bbinn 0bpabo-
TaHbl C MUCMOMb30BaHMEM MpOorpaMMHoOro obecneve-
Husa (Image), LibreOffice Calc) n meTogoB MaTemaTu-
UeCKOW CTaTUCTUKM 2.

Mpoueaypa uccneoBanus

JlabopaTopHbI MOZAeNbHbIA 3KCMNEePUMEHT BKKOYan
4 BapuaHTa: 1. KoHTponb (uncTtas cMmecb [MpaAHUL-

HukoBa); 2. KoHTponb + BIO-ZoH; 3. KoHTponb +
+ Pb(CH,C00),, 4. KoHTponb + Pb(CH,COO0), + BIO-/loH.
KonnuectBo noBTOpHOCTEN B KaXAOM BapmaHTe - 3.

B nonvnponuneHoBbln KoHTeliHep o6bemom 300 mn
B ABa 3Tana nomewjanocb 400 r nNoAroToBAEHHOrO
necka. CHayana Hacbinanacb nepsas Mnopuuvsa recka
maccoi 300 r 1 Ha BbIPOBHEHHYO MOBEPXHOCTb PaBHO-
MEpPHO BbICEBA/INCh MPOPOLLEHHbIE CEMEHa AuMeHs 3
C OAMHAKOBOW ANVHOW KOPHA B KoAu4yecTse 8 LUTYK
Ha KOHTelHep. 3aTeM CBepXy Hacbinanacb BTOpas nop-
umsa necka maccoin 100 r Ans MOKPbLITUSA CEMSIH CBEPXY
1 B KOHTelHep 3anmBanacb nuratenbHas cmecb ps-
HULWHKKOBa 06BbeMoM 100 ma. CocTaB MCNOMb30BaH-
HOV MuUTaTeNbHOM cMmecn npeAacTaBieH B Tabnuvue 1.
Tpebyemoe KoNMYecTBO NUTaTeNIbHOM CMecn onpege-
NIAN0Ch NPy MOMOLLM pacyeTa BNaroeMKoCTU Mecka.
Mepes npopaliMBaHieM ceMeHa AYMeHs 6biv OYUn-
LeHbl OT BK/HOYEHUIA, OTCOPTMPOBaHbI MO pa3smepy
1 AN18 CTepuan3anmm NpoMblTbl 5 % pPacTBOPOM rMMox-
JiopuTa HaTpUA ¢ nocsegyroLlein 5-KpaTHOM NPOMbIB-
KOV B AUCTUNINPOBAHHOM BOZe ANSA YAaNeHusa ocrat-
KOB aHTUCeNTMKa.

TexHOreHHoe 3arpsisHeHue CBWHLIOM MOZenpoBanv
C WUCNONBb30BaHVEM BOAOPACTBOPUMON CONM — aLle-
TaTa cBuHua (II) (Pb(CH,COO0),), koTopas BHOcMNachb
B Cy6CTpaT B KOHUeHTpauuu 2000 Mr/kr B nepecyeTe
Ha CBMHeL,. Bbicokas KOHLeHTpauus CBMHLA BbibpaHa
C LeSIblo MOAENNPOBaHNS YCI0BUIA NHTEHCVBHOTO 3a-
rPA3HEHUSA TAXEbIM METaslIoM, a TakXKe B CBSA3U C TeM,
YTO NJAHNPOBANCH KPAaTKOBPEMEHHbIN 3KCNEPUMEHT.

Tabnvua 1
XVIMNYeCKnin COCTaB U cofepXXaHne KOMMOHEHTOB NUTaTenbHo cmecn MpAHNLIHNKOBa
Table 1
Chemical composition and content of the components of Pryanishnikov’s nutrient medium
Xumunueckoe Xrmunueckoe Xumunueckoe
Copep>kaHwue, r/n Copep>xaHue, r/n Coaep>xaHue, r/n
coegnHeHune coegnHeHune coegnHeHue
NH,NO, 0,240 MnCl,-5H,0 0,150 CuS0,'5H,0
Na,HPO,"12H,0 0,358 H,BO, 0,100 Znso,
FeCl,6H,0 0,025 LiCl AL(SO,);
0,056
CaS0,2H,0 0,344 SnCl,2H,0 NiSO,-6H,0
0,028
MgSO0,7H,0 0,123 KI Co(NO,),"6H,0
KCl 0,005 KBr TiO,

T XKypbuukuii 3. V1. Teopusi 1 NpakTiika BereTaLMoHHOro metoga. M. : Hayka, 1968. 260 c.

2 [JlocnexoB B. A. MeTozuka nonesoro onbiTa (C 0CHOBaMM CTaTUCTMUECKOW 06paboTKy pesyibTaToB UcciefoBaHwmin). Mockea :

Arponpomusgar, 1985. 351 c.

3 TOCT 12038-84. «<MeTozbl ONpesesneHnst BCXOXKECTN CEMSIH Ce/bCKOXO3AMCTBEHHbIX KyNbTyp». MockBa : /13gaTenscTBo ctaHaap-

TOB, 1984. 8 C.
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Bnnaxne r'YMUHOBOTO rnperapaTta Ha pacTeHnsa ApoBOro A4mMeHa
B yCNOBUAX CTpecCa OT NOoBbILLEHHOro coAep>XaHusA CBMHLa

B.B. becueTHukos, O.C. besyrnosa

N'ymnHoBbIA npenapat BIO-[loH BHocuncs B cybcTpat
B KOHLEHTpauum 5 Ma/n B COOTBETCTBUMN C PeKOMEH-
AyeMoli NponsBoAnTeNemM A030M.

CemeHa npopalyBanmcb 3 CyTOK, 3aTEM BblCaXKeHHble
CemMeHa BblpalLMBanuch elle B TedeHuve 14 gHeid (ana
AYMEHS 3TO Hayano KyLeHuns). Mo HaCcTynIeHno AaH-
HOro Nepuoja pacTeHns M3BAeKaan N3 KOHTelrHepa,
ouyuLLann OT OCTaTKOB CybCTpaTa, 3aTeM MPOBOAUIN
M3MepeHve ANVHbI KOPHS, BbICOTbl Nobera 1 B3BeLlu-
BaHVe MacChbl CbIpbIX pacTeHuid. [ocne BbiCyLLIMBaHUSA
06pasLoB onpesensnm X BO34yLLHO-CYyXyr Maccy.

B npouecce cHATUS MopdomMeTpmyeckmx rnokasaTe-
el napannenbHO NPOBOAMAN OTOOP 06pa3LoB ANA
npoBejeHNs MUKPOCKOMUYECKOro UCCnefoBaHuUS.
Ana 3Toro cHauyana OT KOPHeM WM ANCTOBbIX MAa-
CTUH WCCNefyemMoro siUMeHsl 6pUTBEHHbLIM J1e3BU-
eM oTceKkanncb Hebonbline dparMeHTbl pasmMepom
1-1,5 Mm3. ®parMeHTbl KOpHel oT6UpPanncb B 30He
BCacblBaHWS, ¢parMeHTbl NNCTOBLIX NAACTUH U3 Ce-
peinHbl NNCTbEeB. 3aTeM ANA NpejoTBpaLLeHns Mno-
CTMOpPTaNbHbIX M3MEHEeHUN OHW nocnejoBaTeNbHO
nomMeLlanncb B CBEXENPUroTOBAEHHbIE TUCTOXUMU-
yeckme $puKcaTopsbl, B Ka4ecTBe KOTOPbIX BbICTynaau
pacTBopbl ryTapoBoro anbgernga (2,5 %) n Tetpa-
okcnga ocmus (2 %) B HaTpuli-pochaTtHoM Bydepe
(pH =7,3). 3adunKcnpoBaHHbIe pparMeHTbl pacTeHWni
06e3B0OXVBaNN Npu NOMOLLM CEPUN PacTBOPOB 3TU-
NOBOro CNYpTa 1 aLeToHa C yBeNM4YMBatoLLeicsa KOH-
LeHTpauuner, a nocne 3T0ro 3aamBany 3noKCUAHOWN
CMONON «3N0oH-812». MNMoArotoBka MOAYTOHKUX Cpe-
308 (700 HM) ANst CBETOONTMYECKOr0 aHann3a NpoBo-
AMNack C MOMOLLBbIO CTEKNAHHbLIX HOXEWN Ha ynbTpa-
MuUkpoToMe Leica EM UC6 (TepmaHusi). Anqa co3gaHus
KOHTpacTa MWCMo/b30Baca KpacuTeslb Ha OCHOBE
cMecn MeTUNEeHOBOro CMHEero 1 ToNynANHOBOMO CU-
Hero. CBeToBas MUKPOCKOMMUS BbIMOJIHEHA C UCMOJb-
30BaHneM TpuHokynsipa JJIOMO Mukmeg-6 (Poccus).
POTOCHUMKM 6bIIN MONyYeHbl Npy yBenndeHumn 400
Kpar.

PE3YJILTATbI U ObCY)XAEHUE

PocT 1 pa3BuTMe CeNbCKOXO3AMCTBEHHbIX PacTeHWUi
Ha paHHUX CTafMsAX OHTOreHesa B 60/bLUONA CTeneHu
onpeAensaoT UX MOCAeAYIOLLYI0 XXU3HEeCnocobHOCTb
1 KayecTBO MPOM3BOAMMOro ypoxas. B 3ToT nepuog
NPONCXOANT MHTEHCMBHOE GOPMUPOBaHME KOPHEBOA
CUCTEMBI 1 Haf3eMHbIX OPraHOB 3a CYeT AefleHns Mo-
NnoAbIX Knetok n ux anddepeHumposaHuns. MNporeka-
H1e 3TUX NPoLLeccoB TpebyeT CyLLecTBEHHOW 3aTpaThl
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3Heprun 1 nuTaTeslbHbIX 3/IeMEHTOB, MOCTYrJieHne
KOTOPbIX CUIbHO OrpaHM4YeHo 1 obecneynBaeTcs npe-
VIMYLLLeCTBEHHO 3HAOCNEpPMOM ceMeHu. o 3Tol ke
npUYMHe 3alnTHbIe MeXaHN3Mbl MONOAOr0 pacTeHus
TakXe He MOryT ObITb Pa3BUTbl B MOJIHOM Mepe, 1 OHO
HaxXoAMTCA B COCTOAHMM HanbONbLUen YyBCTBUTE/b-
HOCTU K HebnaronpusTHbeiM dakTopamMm BHeLLHen cpe-
Abl, B TOM 4ncie K NPUCYTCTBUK TOKCUMYHBIX 3/1€eMeH-
TOB U CHVXXEHHOI JOCTYMHOCTU 31€MeHTOB NMUTaHMS.
Hapsagy ¢ 3TuM 13BeCcTHO, YTO npenapaTbl Ha OCHOBe
r'YMUHOBBIX BeLLecTB MogobHo ¢uToropmMoHam Cro-
CO6HbI OKa3biBaTb CTUMYAMpYtOLLEe AeCTBME Ha POCT
pacTeHWiA 1 MNpoLeccbl HaKoMAeHUsi BereTaTMBHOM
6110MacChl, YTO MOXEeT CNoCO6CTBOBAaTL MOBbLILLIEHUIO
YCTOMNUMBOCTN PaCcTEHUM Ha paHHMX 3Tanax ux ¢op-
MUpOBaHMA. B cBA3M € 3TUM sBAseTCA Lenecoobpas-
HbIM onpegjeneHne MoppomMeTpruYecknx nokasatenen
nccnesyemblx pacTeHnn.

B xosze npoBegeHuss mopdoMeTprYeckoro aHanmsa
KOpHel 1 HaA3eMHOWM YacTu AYMeHss 06bIKHOBEHHO-
ro (pucyHok 1) 6b110 06HaAPYXXEHO, YTO MPUCYTCTBUE
VIOHOB CBMHLLA 0Ka3ano CyLeCTBEHHbIN TOKCUYECKUIA
3dPeKkT N NOBANANO HA ANVHY KOPHS W BbICOTY Haj-
3eMHOW 4YacTh SAUMEHsl, CHMU3MB AaHHble MokasaTenu
6osee 4yeM HamMonoOBUHY. PacTeHnst C 3arpsi3HEHHOIO
BapuaHTa 6e3 BHeceHUWs rymaTta obnaganu nioxo pas-
BUTO KOPHEBOW CUCTEMOW, @ Ha NNCTbAX U NX KOHYU-
Kax Habnwaanucb 6enbie NaTHAa, CBA3aHHbIe C LXTO-
TOKCUYECKVM JeNncTBneM cBuHua [22; 23].

[lobaBneHue B cybcTpaT ryMUHOBOro npenapata BIO-
[loH oka3ano HeofHO3HaYHbIM 3pdeKkT Ha nccneaye-
Mble pacTeHus: Ha 060MX BapmaHTax Cc gobasneHu-
eM ryMVUHOBOTrO npenaparta Habo4aeTcs CHUXeHne
ONVIHBI KOPHEBOW CUCTeMbl SUMeHs Mpu ofgHoBpe-
MEHHOM YyBe/MYeHUN pPa3sMepoB HaA3eMHOW 4acTu
pacTeHVin Mo CpaBHEHWIO C MNapHbIM BapuMaHTOM
6e3 06paboTkun. [laHHbI HeraTueHbI 3¢ dekT, CKo-
pee BCero, CBA3aH C TeM, 4YTO, Kak M 6OJbLUNHCTBO
KOHLLEHTPUPOBAHHbIX NpernapaToB Ha OCHOBE ryMu-
HOBbIX BeLLeCcTB, pacCMaTpMBaeMblii rymaT nonyya-
eTcs M3 BEepMUKOMMNOCTa METOAOM LLEeNOYHOM 3KC-
TpakuMn npu nomMowm rugpokcuga Hatpus (NaOH)
M MO 3TOM MpUYMHE VMeeT LLENOYHY peakuuto
(pH=8,7).3Ta 0cO6EHHOCTL, a TaKXe HEO6XOANUMOCTb
NPUMeHEeHNss TYMaToB B MOBbILIEHHOM KOHUEHTpa-
LN Npu BHeCeHUW B CcybCcTpaT B COBOKYMHOCTU
NPUBOAAT K BPEMEHHbIM OXOramM MOJO/AbIX KOPHeN
[24; 25]. Tem He MeHee BHeceHue BIO-/loHa no3so-
JINNO CHU3UTb CTPecc OT TSXeNoro MeTtasnna Ha pas-
BUTME HAA3eMHOW 4acTh, OTBETCTBEHHOM 3a ¢oTo-
CUHTE3, 1 YyBE/INUNTb ee pa3Mepsbl.
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[J/1viHa KopHeli 1 BbicoTa No6eros auMeHsi 06bikHOBeHHOTo (Hordeum vulgare L.) copTa ‘PaTHUK' B yC/I0BUSIX 3arpsis-
HeHWs cybcTpaTa CBUHLLIOM 1 BHECEHWS T'YMUHOBOTO YA06peHus

Figure 1

Root length and shoot height of common barley (Hordeum vulgare L.) cv. ‘Ratnik’ under conditions of lead-contami-

nated substrate and humic fertilizer application
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PucyHok 2

BnaxxHasi 1 cyxasi Macca ssuMeHs 06bIKHOBeHHOro (Hordeum vulgare L.) copTa 'PaTHUK' B yC/I0BUSIX 3arpsi3HEHUS Cy6-

cTpaTa CBMHLIOM 1 BHECEHWS TYMUHOBOIO YA06peHus.

MpumeyaHue: Ha rpaduke no nesoii ocn Y 0TNI0XEeHa Macca pacTeHniA BO BAAXKHOM COCTOSIHMM; MO NpaBoii ocv Y — Macca pacTeHnii

B CyXOM COCTOAHUN

Figure 2

Fresh and dry biomass of common barley (Hordeum vulgare L.) cv. ‘Ratnik’ under conditions of lead-contaminated

substrate and humic fertilizer application.

Note: Fresh biomass is presented on the left Y-axis, whereas dry biomass is presented on the right Y-axis

NMomMrMO BO34eNCTBUS Ha OOLLYH AJIMHY KOPHEBOW
CUCTeMbl 1 BbICOTY NMOberoB paccMaTpvBaeMble Hera-
TVBHble $akTOpbl TakXe MOryT OKasblBaTb B/AUSIHME
Ha Habop bMoNornyYeckon Macchbl pacTeHUsAMU. Tak, Ha-
npumep, N3BECTHO, YTO MOHbI CBMHLA HapyLLAKT Mpo-
Leccbl 0bMeHa BeLLLeCTB U BOAbl B KJIeTKaxX pacTeHuid,
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BbI3bIBasi TEM CaMbIM UX JepopMaLuio, yrHETEHNE po-
CTa v yBe/IYeHVe X pa3mMepoB B pe3y/ibTaTe U36bITouY-
HOro HakomneHust BoAbl B LieHTpanbHOM Bakyonu [26;
27]. Ha nposiBneHve nogo6Horo adpdekta MOXeT yka-
3blBaTb 3aMeTHasi Pa3HMLIA MeXZAY Maccoli CbipbIX 1 Bbl-
CYLLEHHBIX pacTeHuii (prcyHok 2). Mpu BbipalMBaHM
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SIUMEHS Ha 3arpsisHEHHOM cybCTpaTe Hapsiy C pasme-
pamMy pacTeHVsi MPOU3OLLIO CEPbE3HOE YMEHbLLEHNe
1NX Maccbl 6onee YeM Ha ABe TPeTU OT KOHTPOAS. BHe-
CeHue rymaTa no3Bo/INI0 He TObKO YBeINYUTL Maccy
pacTeHuii, HO N CMeCTUTb BanaHC B CTOPOHY Habopa
CYXO Macchbl 3a cYeT pa3BUTUSI HAA3EMHOM YacTu.

MNpv BHECEHMN T'YMMHOBOrO npernaparta B YACTY M-
TaTeNlbHYI CMeCb TakXe OTMeYanoCb CHUXeHMe mMac-
Cbl pacTeHuii. BeposaTHO, Habnogaemoe yMeHbLUeHe
Macchbl CBSAI3aHO C OCOBEHHOCTSIMY BO3AENCTBUS TyMU-
HOBOro mnpenapaTta Ha aHaTtoMo-mopdosornyeckmne
XapaKkTepuUCcTUKN NNCTbeB. Tak, Hapsgy C yBenuue-
HVYeM 06X pa3MepoB HaA3eMHOW 4YacTu pacTeHun
NMPOVCXOANI0 YBEINUYEHNE PAa3MEPOB K/1ETOK X/TOpeH-
XUMbl N MEXK/IETOUYHOr0 MPOCTPAHCTBA, UTO, B CBOH
ouepesb, COMPOBOXAANOCL YTOJLLEHVEM JINCTOBbIX
nnactnHok (taénuua 2). MogobHble M3MEHEHUs MO-
ryT CBUAETEeNbCTBOBaTh 06 YCUAEHN MHTEHCUBHOCTY
MpoLLecCOB MOr/IOWeHNs U obMeHa Biarm pacrteHus-
MU. Taknm 06pa3oM, BbISIBIEHHOE CHUVXXeHMe Macchl
MOXeT 6bITb 06YC/IOBNIEHO He YrHeTEHNEM pocTa, a ne-
pepacnpeseneHnemM pecypcoB M U3MEHEHNEM aHaTO-
MUYECKOM CTPYKTYpbl HaA3eMHbIX OPraHOB PacTeHul
noj BAVSHMEM 'YMWUHOBOTO Mpenapara.

Kak y>ke 6b110 YNOMSIHYTO paHee, CBMHeL, Bbl3Ba Mo-
sBneHne 6enbiX NATEeH Ha AUCTbAX AuMeHs. [Mogob-
HbIi MPU3HaK yKa3blBaeT Ha HapyLleHWe MpoLeccoB
obpasoBaHUsA xnopodusina B KNeTKax XJ0PEeHXUMbI,
YTO MOXET 6bITb CBA3aHO CO CHUKEHMEM KONMYecTBa
xnoponnactoB (Tabnuua 2), oTBETCTBEHHbIX 3a NpoTe-
KaHue poToCcnHTe3a.

Takke BaXHO OTMETWUTb, UYTO B PACCMOTPEHHbIX 06-
pasuax JMCTOBbIX MAACTUH C 3arpsi3HEHHOro Bapw-
aHTa «K + Pb» HekoTopasi 4acTb K/IeTOK MapeHXUMbI
He Mmena cHOPMMPOBABLUMXCS MNACTUL WAWN BOBCE
6blna nogeepxkeHa Hekpo3y. NYMWHOBLIA npenapaT

MOMOT CHU3UTb Harpysky Ha GbOTOCMHTETUYECKUIA an-
napat M yayywmnTb COCTOSIHME K/ETOK XJIOPEHXVMBbI,
a TaKkke yBeIMUNTb COoAepXKaHue MaacTug B HUX.

MoMUMO NNCTbEB M3MEHEHUs OblIM  OTMeYeHbl
1N B KOPHAX pacTeHWiA, KOTOopble SABASTCA M1aBHbIM
6apbepoM Ha nyTu nosroTaHTa. Mpy BHECEHU CBUH-
La Mpou30LLIO yBeanYveHne nornepeyvyHoro pasmMepa
KOPHS pacTeHnss MO CpaBHeHWIo ¢ KoHTposiem. Couve-
TaHHOe BHeceHue cBrHUa 1 BIO-/ZloH BbI3Bano aHano-
rMUHbI 3¢ deKT, HO B AOMOSIHEHME K 3TOMY MPOU30-
WO U YMeHbLUEHMe A0V LEeHTPaabHOro UMANHAPA
(ctenst). Mpu 3TOM OTAENbHOE BHECEHME TyMaTa Takmnx
nocneAcTBMiA He BbI3Baso, @, HA060POT, YMEHbLLWIO
O6LLYI TONLMHY KOPHA W YBEANYWAO AONKO CTeNbl.
Takas peakums Ha pacTeHWst MOXeT ObiTb CBS3aHa
C onTMMM3auMenn npoueccoB 06pa3oBaHUSA TKaHewn
noj fencTBrnemM rymaTa, Kotopasi B 4JaHHOM C/iy4ae Bbl-
paXkaeTcs B CTUMYISLMW POCTa KOPOBOrO C/1I0S1 KOPHS
1 Cy>XeHUV NPOBOAALLMX TKaHel. 9TO NO3BONAET Kop-
HeBOW cucTeMe pacTeHun 6onee 3pPeKTUBHO BbIMNOJI-
HATb 6apbepHyto GYHKLMIO, OrpaHUYMBasg CKOPOCTb
NOCTYyMNJeHNs 1N TPaHCIOKALMM NOHOB CBMHLA B Haj-
3eMHble OpraHbl Mo Kcuaeme. Takmum obpa3om, cknagbl-
BalOTCH YCJIOBUSA, MPU KOTOPbIX MPOUCXOANT CHUXKEHME
VHTEHCVBHOCTW OAHOMOMEHTHOro BO34eiCcTBMA MOoJI-
JIIOTaHTa Ha TKaHW pacTeHUin N NoCTeneHHoe ero Ha-
KOM/eHve, BCNeACTBME Hero pa3BuUTME BblpaXXeHHOro
TOoKCcMYeckoro apdekTa MoXeT pacTarnBaTbCs BO Bpe-
MEeHU 1 CMeLLaTbCs Ha 6bonee Mo3gHWN Nepurog,

SAK/TIHYEHUE

PEByJ'IbTaTbI rnpoBeageHHOro ncanesoBaHmA rnokasanu,
UTO 3arpdasHeHne cy6CTpaTa NOHaMWn CBVHLA Bbl3biBa-
€T BblpaXXeHHble N3MEHEHUA B pa3Mepax KOpHeBOVI
CUCTEMbI U HAA3EMHOWM YacTu SUMEHS, a Takxe Hera-

TLTEl’Tw(I)l::ozpq)omeTpmquKVle nokasaTenu sumeHst obblkHoBeHHoro (Hordeum vulgare L.) copTa ‘PaTHuk’
Table 2
Cytomorphometric parameters of common barley (Hordeum vulgare L.) cultivar ‘Ratnik’
KopHun Jlnctba
BapuaHTe Pasmep KopHsi, Pasmep cTenbl, TonwuHa Pasmep KieTku CpeaHee
MKM? MKM? JINCTa, MKM XJIOPEHXUMbI, MKM? | KOJ1-BO NAacTua, WwT
K 91853,97 + 5238,73 9181,20 + 974,32 88,14 + 23,27 292,35 + 69,34 9,32+ 1,89
K + BIO-ZloH 82136,73 + 5820,48 10315,71 + 879,42 133,51 £ 47,33 380,40 + 115,98 8,92 + 1,31
K+ Pb 102444,66 + 6540,22 11427,50 + 603,21 123,13 £ 33,12 274,07 + 62,08 6,30 + 1,21
K + Pb + BIO-ZloH | 103802,69 + 6801,25 8405,22 + 618,90 113,31 £ 32,17 269,65 + 59,56 7,63 £ 1,85
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TUBHO BAUSIET HA MacCy pacTeHWin. Hapsiay ¢ 3TUM Mu-
KPOCKOMUYECKUIA aHaNn3 BbIIBUI U3MEHEHUS B LINTO-
MopdOMETPUUECKNX MOKa3aTeNsax KOPHel 1N NUCTbEB,
KOTOpble BbIpaXasiucb rMaBHbIM 06pa3oM B M3MeHe-
HUW MonepeyYHbIX pa3MepoB KOPHS U JOAW MPOBO-
ASLNX TKaHeN B HeM, a TakxKe MOBpexXAeHUN KNeToK
XNOPEeHXUMbI NINCTBEB U YMEHbLUEHUW KONMYecTBa

nnacTng B Hux. NpriMeHeHne ryMMHOBOroO npenapa-
Ta Ha OCHOBe BEPMWKOMMOCTa MO3BOANAO YaCTUYHO
CKOMMNEeHCMpOoBaTb NOA06HbIe HeraTMBHblE 3PPeKThI,
CNocobCTByS ajanTaumy pacTeHUn K AelCcTBUIO Mon-
NOTaHTa 3a cYeT OMNTMMM3ALMM MPOLLECCOB KOpHe-
06pa3oBaHNA 1 BOCCTAHOBNEHWSA KOMYeCTBa NAacTng
B K/JIeTKaX INCTOBbIX NAACTUH.
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